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ERRATA
Page 57, statistical headings: for Year 1920 read Year I'JIO; for Year W09 read

Year HUG; in the ratio heading, for 1909 read 1920, and for 1920 read 1910.

The entries in the Year columns should change places.

Page 85, line 13 from bottom, for 87 read 86.

Page 88, line 20, delete red.

Page 115, line 6, over the column of figures read Acres.

Page 136, line 5, for /J.T read 131.

Page 145, First table, 4th column, for S5.9~ read 33.40; last column, for .052

read .0418.

Second table, second column, for .2158 read .2004; 5th column, for

.1131 read .0977; last column, for .0926 read .0772.

Last table, second column, for .714 read .663 and for total read $4,710;

5th column, for .374 read .323 and for total read $2,201; the last column,

for .307 read .256 and for total read $1,700.

Page 146: First table, second column, for 8.02 read 7.45 and for total read

52.92; third column, for 3.45 read 2.88 and for total read 19.10; 4th column

for 19.28 read 17.90 and for total read 127.18; last column, for 8.29 read

6.92 and for total read 46.35.

Second table, for 43.02 read 38.66.

Last table, for 8.0 read 6.7.

Page 382. line 10 from bottom, for Plat ytlieinis read Plathcmis.

Page 385, in list, the specific names of No.'s 33, 35, and 40 should end in ns

instead of a.

Pages 445 (line 4), 448 (line 4), 449 (line 23), 454 (line 8 from bottom), read

Belostomklac for Belostomatidae.

Page 457, line 21, for cornutus read cornuta.
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Article I.

—

The Apple Flea-weevil, Orchestes pallicornis Say
(Order, Coleoptera; Family, Curculionidae).* By W. P. Flint, S. C.

Chandler, and P. A. Glenn.

Historical

The apple flea-weevil was described by Thomas Say in 1831, from

specimens taken in Posey county, Indiana. At that time it was not con-

sidered an economic pest. Seventy years later Dr. S. A. Forbes reported

in the Transactions of the Illinois State Horticultural Society (1901)

that the beetle had been found fairly numerous at a number of points in

southern Illinois by Mr. E. S. G. Titus, but no damage to orchards

was noticed until 1905 and 1906, when some was reported from the

southern and western parts of the state.

In Ohio the insect was not known as an orchard pest until about

1907, when it attracted attention in two adjoining commercial orchards

near Delaware, Ohio, in the central part of the state.

The first account of its life history and habits appeared (under the

authorship of Mr. C. A. Hart) in 1911 in the 26th Report of the Illinois

State Entomologist.t and the first published record of severe damage by

the insect was published in 1913 by Dr. S. A. Forbes in the Transac-

tions of the Illinois State Horticultural Society. During that season the

weevil appeared in large numbers at several points in southern Illinois

and caused damage amounting to a destruction of 25 per cent, to 50

per cent, of the leaf surface of the apples in a number of well-sprayed

orchards. It was reported as occurring throughout the state but as

doing no appreciable damage in the northern section. In this paper

Dr. Forbes, in view of its membership in the weevil family, its infesta-

tion of the apple, and its thickened hind thighs and flea-like power and

habit of making long leaps when disturbed, gave the species the ver-

nacular name of the apple flea-weevil, and by this name it is now gener-

ally known.
During the past decade it has become so destructive over a large

area in Illinois and in a limited section of Ohio that serious study of

the life history and control of the pest has been made by both the Illi-

nois Natural History Survey and the Ohio Agricultural Experiment
Station, and the present publication is issued to set forth the results of

these studies.

* The data upon which this article is based, were accumulated for the most
part independently by the Illinois Natural History Survey and the Ohio Agricul-
tural Experiment .Station and each had made plans to publish. It was found,
however, that by combining the data and cooperating in the preparation of a re-
port a much more complete treatment of the subject would be possible. The
resulting papers, substantially equivalent, althuush not necessarily identical in
all particulars, are to be published In Bulletin 372 of the Ohio Aericultural Experi-
ment .Station, with J. S. Houser as author, and in the Bulletin of the Illinois State
Natural History Survey, with authorship as shown herewith.

t In this paper the Insect was erroneously identified as Orchestes canus, and the
remarks concerning Its distribution relate to that species.



Distribution

As just indicated, the apple flea-weevil is generally distributed over

Illinois and is particularly destructive in the central and southern sec-

tions. In Ohio it has been found at Delaware in large numbers, at

Wooster and Steubenville in small numbers, and, in correspondence,

has been reported from Cincinnati, O., California, O., and Chillicothe, O.

It is probably very sparsely distributed over the greater part of the

state, but is destructively abundant only in an area of about a square

mile near Delaware, in the central part of the state.

In Indiana, according to Prof. J. J. Davis, of the Indiana Experi-

ment Station, it is not on record as doing any notable injury.

In correspondence. Prof. C. R. Crosby, of Cornell University, re-

ports finding the weevil in several New York orchards, though not in

destructive numbers.
The general distribution of the species in North America as given

by Blatchley and Leng in the "Rhynchophora or Weevils of North East-

ern America", is as follows : "Frequent throughout Indiana ....
several localities in New Jersey and Staten Island ; . . . . Ranges
from Nova Scotia and Quebec through New England to Oregon, south

to Texas."
From this record of its wide distribution it appears to be a

native insect which is not normally troublesome but which is quite

capable of becoming a pest of prime importance when conditions

brought about by particular practices especially favor its increase. A
detailed discussion of this point will be found later on in this article.

Description

ADULT beetle

The apple flea-weevil is of insignificant size and appearance (see

Figures 1 and 2). The beetle is shining black and scarcely a tenth of
an inch long. It has a curved snout and the hind legs are strongly devel-

oped for jumping. Say's original description of the species is as follows:

"Black, antennae rufous with a black tip. Inhabits Indiana. Body
black, densely punctured ; rostrum lineated and punctured ; antennae
dull rufous, the club darker black ; thorax confluently punctured ; elytra

with punctured striae, the interstitial lines somewhat rough and flat;

thighs with a short acute tooth. Length one-tenth of an inch. Var. a.

Tarsi piceous. This species is very abundant."
Blatchley and Leng in their "Rhynchophora or Weevils of North

Eastern America" describe the species as follows : "Elongate-oval, humeri
prominent. Black, shining, sparsely clothed with very short grayish-

yellow hairs ; antennae and tarsi reddish-brown ; club dusky. Beak
stout, scarcely as long as head and thorax, coarsely and sparsely punc-
tate. Head finely granulate, sparsely and coarsely punctured. Thorax as
broad at middle as long, sides feebly rounded, disc coarsely, very densely
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Fig. 1. Adult beetle of the apple flea-weevil. (Magnified 25 diameters.)

Fio. 2. Adults of the apple flca-weevll. (Magnified 10 diameters.)



and shallowly punctured. Elytra oblong-oval, at base two-thirds wider

than thorax, striae feebly impressed, their punctures coarse ; intervals

flat, coarsely rugose, sparsely and finely punctate. Length 2.5—3 mm."
[1/10 to % inch.]

EGG

The egg is about .7 mm. (1/35 inch) long, and about half as thick,

pearly white, with ends rather abruptly rounded. It is deposited by the

beetle within the midvein or one of the larger veins of the leaf and
hence can not be seen unless it is very carefully dissected from the leaf

tissues.

Flo. 3. Full-grown larva of the apple flea-weevil, seen from above.
(Magnified 25 diameters.)

LARVA

The larva when full grown measures about one-fifth of an inch in

length, and is about one-fourth as broad at its widest part. Fr6ni the

head backward the sharply defined segments gradually increase in width



until midway of the body, whence they narrow rapidly toward the anal

tip. As might be expected of a typical leaf-mining larva, the body is

distinctly flattened. The color is dirty white. (See Figures 3 and 4.)

PUPA

The pupa is at first white, but gradually becomes darker as it ap-

proaches the adult stage. It is about three-fifths as long as the larva,

regularly oval, and about half as wide as long (see Figure 4).

Fig. 4. Larvae and pupae removed from mines.
(Magnified 6 diameters.)

Life History and Habits

The apple flea-weevil passes the winter in the adult, or beetle, stage.

Early in July the beetles begin to secrete themselves for the remainder

of the summer, the fall, and the following winter under leaves, plant

refuse, in the mulch or sod of orchards, or under any other object

which will afford protection, but as far as we know, not in the soil

proper. By far the greater number seek shelter in apple orchards, but

they have been found hibernating in negligible numbers in bunch-grass

(Andropogon sp.), blue grass, and trash along hedge rows, and under

wild crabs. They show no preference for any side of the tree, but are

more numerous where the cover is densest. In partially cultivated

orchards they are most abundant in hibernation near tlie trunk of the

tree, as is shown by the following table.

According to this table there were from 1100 to 1700 beetles hiber-

nating under each apple tree in heavily infested orchards of this type.

The heavily infested Ohio orchards had not been cultivated for

many years, and a heavy blue-grass sod covered the ground, forming a

dense layer of partly decayed vegetation over the entire surface (see

Figure 5). Under such conditions the beetles may be found in abun-

dance throughout the orchard, in larger numbers, however, under the

trees than elsewhere.



Fig. 5. The heavy sod mulch of the Glenn Sonners (old Veigon) orchard,
Delaware, Ohio, in which the beetles hibernated.

Rel^\tive Positions of Hibernation in partly cvlti-

VATED Southern Illinois Orchards,

1919, 1920, AND 1921

Location of area
X. . c^ Average No.
No. of sq. ft. ^

,g
examined j

"eeues^^per

1st sq.



On unusually warm days of winter or spring when tlie temperature

remains for several hours at 60° or 70° some of the beetles emerge, but

they return if the weather cools. At Olney, 111., during a four-year

period, there was nearly a month's difference in the dates when weevils

began to leave their winter shelter. In 1921, movement from hiberna-

tion began on March 15; in 1918, March 25; in 1914. April 8; and in

1920, March 23. No precise data were obtained in Ohio, but such infor-

mation as we have, indicates that in the main the beetles are from two to

three weeks later in leaving their winter quarters at Delaware, Ohio,

than in southern Illinois.

The time of their appearance in spring is not always contemporane-

ous with the appearance of the leaves. During some seasons they come
out in considerable numbers before the foliage is developed and cluster

on the swelling buds as if waiting for the leaves to appear. On the

other hand, in some seasons the leaves are three-quarters of an inch

long before the beetles are abroad. If there are one or two days of

exceedingly warm weather before the foliage starts, the beetles a])pear

in advance of the leaves, whereas if the foliage is developed by normal

weather the leaves are from Y^ to -)4 '"ch long before the beetles leave

their winter quarters. The above observations apply particularly to or-

chards which are in sod.

In leaving their winter shelter many of the beetles crawl up the

trunk of the tree, but most of them crawl to the tip of grass blades or

other objects and thence take flight to the branches above. Their flight

is erratic and fortunately they do not travel long distances on the wing,

and they seem unable to take flight if even a moderate breeze is blow-

ing. If the wind is fitful they cling to their swaying perches, not at-

tempting flight until a lull comes, whereupon great numbers will spring

into the air almost simultaneously.

After emerging in spring the beetles begin to mate and to feed upon
the swelling buds or expanding leaves. When the foliage is a little fur-

ther developed egg-laying commences. For this the female seeks the

midvein or one of the laterals on the under side of the leaf, and after

making a suitable cavity with her snout, deposits therein a tiny egg,

closing the cavity afterwards with a bit of excrement.

The eggs hatch in about a week and the newly emerged larva begins

feeding in the blind end of the tuimel in which it lies, and proceeds

thence to mine out the inner substance of the leaf. At first the mine is

threadlike, lengthening in the genera! direction of the edge of the leaf,

and gradually increasing in width. At the edge of the leaf the mine
takes on a somewhat blotchlike form and when completed is about two-

thirds the size of a dime. The mine is rather cons])icuous because the

leaf tissue on both its upper and lower sides dies and turns brown.

On an average the larva becomes full grown in seventeen days,

whereupon it causes an expansion in a jiart of the ujjjier and lower

surfaces of the mine which takes the form of a blister a little less than



Fia. 6. Injury to Iho developing foH.ige by the apple flea-wei'vil (left) and a
normal twig of the same variety taken from the same orchard at the
same time. This injury is done by the old adult weevils which have
passed the winter in the sod mulch.



9

a quarter of an inch in diameter. In this swelHng the larva changes to

the pupal stage, which averages five or six days in duration.

The adults leave their mines during the latter part of May in

southern Illinois, and in central Illinois and in central Ohio during the

fore part of June. Since there is but one brood per year the beetles

which appear in summer survive the winter in hibernation. They feed

for approximately a month before retiring to their winter quarters.

This feeding period is also the principal migration season, but as the

insect is not a strong flier its spread from one orchard to another is

surprisingly slow.

The beetles have been found in winter quarters as early as June
15 in southern Illinois, and by mid-July most of them are so concealed.

In the Ohio territory and in central Illinois this period is practically

complete by August 1, but a few are abroad until early fall. The move-
ment to hibernating quarters is more prolonged than that from these

quarters in spring. The time of year for the retreat of the beetles is

influenced by the weather, hot weather hastening it, and cool, cloudy

weather during the summer months delaying it.

Character of Injury and Extent of Damage

The damage done by the apple flea-weevil consists in the feeding

punctures of the weevils and the mines of the larvae. If the weevils

have emerged when the buds are just beginning to show green they in-

jure the expanding buds by inserting their beaks into them and, if

sufficiently abundant, may prevent their opening. As the leaves open,

the beetles continue their feeding, cutting holes entirely through the

tender foliage, and occasionally at this stage destroying it outright (see

Figure 6). Still later, after the leaves have become full grown, the

weevils feed for the most part on the under side, though occasionally

one is seen feeding on the upper leaf-surface. They eat out the soft

tissue, leaving the epidermis of the opposite side, thus making shallow

pits about a twenty-fifth of an inch in diameter. The unconsumed epi-

dermis turns brown a few days after the injury, and later breaks away,
leaving a hole in the leaf, and when the attack is severe the tree looks

as if it had been riddled with bird shot. Leaves on which several weevils

have fed will have from a third to half the surface destroyed. When
injured to this extent they drop prematurely, and the punctures also

atford easy access for the spores of various fungi. Upwards of 2000
beetles are frequently found on a single tree, and as each weevil makes
from ten to twenty feeding punctures a day, it is easy to understand the

amount of injury which can be done in the course of a month's feeding.

(See Figures 7 and 8.)

The mining of the leaves by the larvae is perhaps a little less de-

structive in its effect on the host than the feeding of the adult beetles.

(See Figure 9.) Where two, three, or even more mines occupy a single

leaf, it is rendered almost wholly, if not entirely, functionless. In
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heavily infested orchards, however, one may find three or four mines

to a leaf, and 25 per cent, to 30 per cent., or even more, of the leaf sur-

face is destroyed. From both kinds of injury, in the course of two or

three seasons the trees in heavily infested orchards become unthrifty

Fig. 7. Injury to apple foliage by the feeding of the adult
beetles in midsummei-. The beetles may. when sutfl-

ciently abundant, make li\ce-\vork of the foliage.

and incapable of a vigorous growth or the production of fruit buds. If

the attack continues the lower limbs die, since these are always much
more severely injured than the upper ones ; the tree is more susceptible

to the effects of late spring frosts or other adverse conditions ; and the

orchard. becomes generally unprofitable. (See Figure 10.)
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Still another effect is the killing back of all new growth or water-

sprouts arising from the main branches of the tree. Under some condi-

tions this might be considered a beneficial rather than harmful effect,

but it is the practice of some orchardists to utilize these growths in the

upper parts of old trees for starting a new top after the original tree

becomes too tall. (See Figure 11.)

The weevil has been on the increase in Illinois since 1910 and 1911.

In 1913 and 191-1 at least 25 per cent, of the orchards in southern Illi-

IHHI



12

Fig. 9. l^arval mines of the apple floa-weevil in apple leaves.
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spread under them. Later, due to shading by the trees, insufficient

grass was produced for mulching, and for some years straw or other

roughage was hauled in and spread under the trees. During the past

few years no mulching has been done and a heavy grass sod has de-

veloped. This method has furnished almost ideal hibernating quarters

for the beetles, and this is now believed to have caused the outbreak
in the Vergon orchard as well as that in the adjoining one owned by
the Delaware Apple Company. In these two orchards, containing about
seventy acres, the beetle has been increasing in abundance since 1907 and

Fig. 10. Trimming away of dead or valueless lower branches because of suc-
cessive seasons of flea-weevil injury. Orchard of the Delaware Apple
Co., Delaware, O.

has taken a toll of thousands of dollars of profits. Strangely, however,
it has not become a pest in any of the other orchards of the Delaware
section. The fact that these two orchards are somewhat isolated by a

bend in the Olentangy River from the others of the section doubtless
has had much to do in restricting the spread of the beetle. Moreover,
none of the other orchards have afforded such ideal hibernating quar-
ters as have these two.

The sum total of the injury by the apple flea-weevil is much less

in Ohio than in Illinois. The Ohio territory affected seriously is not
over a square mile in extent while in central and southern Illinois sev-

eral hundred square miles are involved.
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Fig. 11. The killing of all water-sprouts by
beetles feeding on aged applc-troes makes
it impossible to rejuvenate the orchard by
growing: lower tops.
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Hosts

By all odds the cultivated apple is the chief host of the apple flea-

weevil in Ohio and Illinois. That this is fortunate is evident, since any

insect pest which thrives equally well on one or more uncultivated hosts

renders its control on cultivated species more difficult. However, the

apple flea-weevil is known to feed in the larval or the adult stage on a

number of other hosts. What were presumably larvae of this species

were seen mining the leaves of the winged elm (Ulmus alata), American
elm (Ulmus americana), and elder (Alnus sp.) at Falls Church, Va.,

and hazelnut (Corylus americana) , at Wooster, Ohio. Larvae were

found mining the leaves of quince in Illinois and Ohio, choke cherry

(Primus virginiana) and hawthorn (Crataegus mollis) in Ohio and

adults were reared from the infested leaves. Lastly, the beetles were seen

feeding on the leaves of the wild crab (Pyrus coronaria) in Ohio and
Illinois, and are reported by others as feeding on the leaves of willow

and on the flowers of service berry (Amelanchier).

In no instance has a wild or unusual host been found severely in-

fested by either the mining larvae or the feeding beetles, even when
growing in the immediate vicinity of severely infested apple trees.

Natural Checks on Multiplication

Probably the most effective factor in natural control is the white

muscardine fungus (Sporotriclium globulifernm Speg.), a well-known

fungus parasite of insects, the spores of which germinate on the surface

of the beetle, sending their threadlike mycelium into and throughout its

tissues and causing its death. It continues to thrive on the carcass and
in time its white growth entirely envelops it. During the extremely wet

summer of 1915, weevils covered with this fungus could be found liter-

ally in thousands under the loose scales of bark on the trunks of apple

trees and in the cover around the bases of the trees in Illinois orchards

(see Figure 12). The dampness caused by repeated rain had been very

favorable to the development of this fungus in orchards that had been

heavily infested for several seasons previous, and in some of them the

flea-weevil was almost entirely exterminatd. In an orchard at Plain-

view, Illinois, where at least :«() per cent, of the leaf surface was de-

stroyed in 1!»14, a careful search of nearly two hours was required to

find a single weevil in 1!)16. No appreciable damage has been done in

this orchard during the past five years, although the weevils are now
becoming more abundant and were present in considerable numbers
during the summer of 192L It is, however, only during prolonged
periods of wet weather that this fungus has ever been an important
factor in the control of the flea-weevil. Such general prevalence of this

disease has never been ol)servcd in Ohio orchards, although beetles dead
with it are very commonly encountered there.



16



17

Artificial Control

During the last eight years, experiments have been made in Illinois

and Ohio to develop effective methods of control by banding, summer
spraying with arsenicals, summer spraying and dusting with contact in-

secticides, burning in hibernation, spraying and dusting with insecticides

in hibernation, poisoned baits oflfered as the insects are leaving hiberna-

tion, and cultivation of the soil.

BANDING

It was at first thought that the emerging beetles crawled up the

trunk of the tree in spring and this suggested the possibility of destroy-

ing them by the use of sticky bands. Preliminary experiments with tree-

tanglefoot bands placed singly about the trunks of the trees at varying

heights and doubly at various distances apart, developed the fact that

while fairly large numbers of beetles were caught on the bands, there

were about as many on the upper as on the lower where two bands were
used, showing that many of the beetles flew to the upper parts of the

tree instead of crawling up the trunk. Nevertheless a number of experi-

ments with bands were made, with results of which the following is

typical

:

On April 10 to 14, 1914, a band of tanglefoot three inches wide

was applied to the trunks of 500 mature Ben Davis trees in an orchard

of 600 trees which averaged ten to twelve inches in diameter. The loose

bark was scraped from the trunks and the tanglefoot was applied with

a wooden paddle directly to the bark, three rows in the center of the

experimental block being left untreated as a check. (See Figure 13.)

On April 20 the trees banded on the 10th and 14th averaged 250

and 200 weevils per band, respectively, but there were many weevils on

the opening leaves of the trees. May 5 there was an average of 700

weevils per band, and June 15 practically the same. The insects were
distributed quite uniformly over the bands, showing that many had been

caught by alighting on the bands and not in crawling up the trunks.

As a supplementary experiment, on April 20, three bands, 18, 12,

and 3 inches wide, were placed on one tree at a distance of 2, 8, and
18 feet from the ground, respectively. On May 5 the widest band con-

tained over 1500 weevils; the band 8 feet from the ground, 35 weevils;

and that 18 feet from the ground, 4 weevils.

To ascertain whether any benefit had been derived from the band-

ing a number of leaves were taken at random from the banded and un-

handed trees, and the larval mines were counted. The results are tab-

ulated as follows.
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A man could band from 18 to 20 trees an hour, and it required one

and a half to two ounces of tanglefoot to make a three-inch band around

a mature Ben Davis apple-tree. The expense of banding would be

about $3 per acre.

The results scarcely warrant reliance on this method as a satisfac-

tory control, but it may be serviceable when one of the more satisfactory

control measures to be discussed later can not be used.

SUMMER SPRAYING WITH ARSENICALS

Since the larvae of this species are leaf-miners they can not be

killed by arsenical sprays, and since the adults feed mainly on the under

side of the leaf an arsenical applied to the under surface, theoretically

should be effective ; but orchards sprayed regularly with arsenicals and
fungicides are as severely injured as those not sprayed at all. It was
the purpose of our experiments to ascertain whether it was possible to

devise an arsenical formula or a method of application such that the

weevil could be reached.

Obviously, such a spray should be applied when all the beetles in

the orchard are feeding on the leaf surfaces. This occurs first when the

beetles leave their winter shelter as the foliage is expanding, and again

about mid-June when the insects have just become mature and have left

the mines. Many preliminary experiments were made with arsenical

sprays in combination with soap and flour paste as spreaders, and with

lime-sulfur and Bordeaux as fungicides. Adult weevils inclosed in cages

attached to branches of apple trees the foliage of which had been sprayed

on both sides with arsenate of lead usually all died within a week.

The repellent effect of fungicides.—Early in the course of summer-
spraying, leaves were sprayed with arsenate of lead and water, and arse-

nate of lead in combination with either soap, flour paste, lime-sulfur, or

Bordeaux. When given a choice of these leaves and unsprayed leaves

the beetles fed about as freely on those sprayed with arsenate of lead

and water, either alone or combined with soap or flour paste, as they

did on unsprayed leaves, but they avoided leaves sprayed with arsenate

and water in connection with lime-sulfur or Bordeaux. It is possible,

therefore, that the addition of lime-sulfur or Bordeaux to the arsenical,

as is the regular orchard practice, renders the treatment incilfective by
repelling the weevils before they are effectivly poisoned. The following

experiment emphasizes this view

:

Adjoining rows of apple trees in a commercial orchard were sprayed

with an upshoot spray, one row with arsenate of lead and water and

the other with arsenate of lead and Bordeauif. Two days later many
dead weevils were on the ground under the trees sprayed with arsenate

of lead and water but hardly any under those sprayed with arsenate of

lead and Bordeaux. All the s])raying had been done on the same day

and in the same manner and the weevils were equally abundant on the
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two rows of trees, and the difference in results was evidently due to

the absence of Bordeaux in the one case and its presence in the other.

This would explain the ineffectiveness of the usual orchard-spraying pro-

gram in controlling the apple flea-weevil as it is the custom to combine
fungicides with the arsenical in the spray mixture.

Supplementary applications of arsenical sprays.—In an orchard

which had been sprayed according to the regular schedule for the cod-

ling-moth eight trees were given an additional or supplementary spray

according to the following formula

:

Arsenate of lead paste 3 lbs.

Flour 8 lbs.

Water 50 gal.

The spraying was done at a pressure of 150 lbs. with a Friend

45°-angIe nozzle, one hose being operated from the tower and the other

from the ground, a special effort being thus made to cover both surfaces

of the leaves. On the following day 647 dead beetles were counted on
90 square feet of canvas spread under one of the trees. Verj' few
weevils remained on the trees receiving the extra spraying, though they

were present in large numbers on adjoining trees which had received

the spray of the normal program. On the second day following the

application an average of but one weevil was found to every 24 leaves

on the extra-sprayed trees, and one on every 6 leaves of those adjoining

—a reduction of about 75 per cent, in the number of weevils because
of the spray. Eight days after the application the extra-sprayed trees

had an average of one weevil to 29 leaves, and the others had one weevil

to 6 leaves. The infestation was decreasing on the extra-sprayed trees

but not on those not sprayed, although the fonner were exposed to

reinfestation from their neighbors.

Spraying both the upper and lower leaf-surface vs. spraying the

upper surface only.—Adjoining the plot of eight trees just discussed, in

which both surfaces of the leaves were sprayed, an eight-tree plot was
sprayed at the same time with the same mixture, but in this only the upper
surface of the leaves was covered. Two days after the application there
was an average of one weevil to 13 leaves on the sprayed side, and one
weevil to 5 leaves on the unsprayed side. The sprayed side of the leaves

was thus much less infested than the unsprayed side, and the leaves

sprayed on both sides were still less so, since, as will be recalled, these

averaged one weevil to 24 leaves. This difference seems sufficient to war-
rant spraying both sides of the leaves if this supplementary application
of an arsenical is made without the addition of a fungicide.

Tests of different poison formulae.—Two series of tests were made
to determine the value of different arsenical combinations, a spray giin

being used to throw the spray upward through the tree, and thus to

cover both leaf surfaces.
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In the first test canvas was spread under the trees to catch the dead
weevils. These were collected and counted daily with results shown by

the following table.

Materials

Average number of dead weevils
per square foot

24
hours

Powdered arsenate of lead 2 lbs

Lime 1% lbs

Water 50 gal

Same formula as above

Powdered arsenate of lead 1 lb.

Water 50 gal

1.7

1.2

2.4

26
hours

48
hours

72
hours

1.3

.6 .6

Total

3.6

2.6

The estimated number of weevils per tree killed in 72 hours was

1628; and five days after the spraying it was estimated that about 50

per cent, of the weevils had been killed on the sprayed trees. No differ-

ence was seen between trees sprayed with arsenate of lead at 2 lbs. and at

1 lb. to 50 gallons of water.

In the second test, sprays described in the following table were ap-

plied May 2, when the foliage was well developed, and again May 14.

For a comparison of results a conical cheese-cloth net, SJ/ feet deep and

3 feet across the mouth (see Figure 14), was suspended, following the

second application, under a representative tree in each plot, and daily

records were kept of the dead beetles. The tip of the net was anchored

to a peg driven in the ground by a cord long enough to permit the branch

to sway and at the same time to prevent the bag from whipping and
fraying in the wind. The accompanying table shows the formulae used

and the daily catch.

This experiment was defective in the fact that the small num-
ber of trees used and their close proximity permitted the passage of

beetles from one tree to another after the sprays were applied, as is

shown especially by the appearance of dead beetles under two of the

check trees. It is plain, however, that the poison sprays took consider-

able effect, and the sprayed trees were obviously less injured by the

weevils than tiie check.

Early summer application of the arsenical.—In one instance a spray

of arsenate of lead 1 lb., lime 2 lbs., and water 50 gallons was applied

to the young leaves with a spray gun at a pressure of 200 to 225 lbs.

when the weevils were just emerging from hibernation and before many
eggs had been laid. After 24 hours, 48 dead weevils were collected from
1U2 scfuare feet of canvas spread under the tree, and after 2(> hours more,

22 additional weevils were collected.
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In this test, and in others which we have seen, the chief difficulty

with an early seasonal application of arsenicals to the expanding foliage

is that when the leaves are unfolding and growing rapidly the weevils
can select trees which are free from arsenic. This is particularly true if

the beetles are abroad in abundance when the leaf buds are just breaking,
and here an additional difficulty is encountered in that there is not
enough leaf surface on which the poison can be lodged and held.

Pig. 14. Invei'U-d doth cone suspt^nded from trees .sprayed
with arsenicals to tegt the effectiveness of the several
poisons tritd.

The residual effect of summer spraying 7i.nl li arsenicals.—One of

two adjoining orchards, both badly infested, was treated the second week
in June with an upshoot ,>^])ray of arsenate of lead without a fungicide,

at a time to poison the weevils as they left their summer mines and
began to feed. The foliage of both orchards at this time was so badly
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injured by the weevils that it was difficult later to see that any good had

been done by the spray; but the following spring, after the adults had
emerged from their winter quarters, the number of weevils was very

noticeably smaller in the sprayed orchard. To determine definitely the

difference in numbers in the two orchards, counts were made
from a large number of buds on trees in adjoining rows in the two or-

chards, and in each orchard on the third and fifth rows from these

adjoining rows. In the sprayed orchard 329 weevils were found on
4800 buds, and in the unsprayed orchard 1052 weevils on the same num-
ber. Thus over two-thirds of the weevil population was destroyed in the

sprayed orchard. Had the spray been applied two weeks earlier, no
doubt much injury to the foliage would have been prevented, and in all

probability the reduction of infestation the following year would have
been equally great.

Summary on summer spraying ivith arsenicals.—In brief, the gen-

eral conclusions which may be drawn from tlje summer application of

arsenicals and arsenicals in combination with fungicides are as follows:

In all of the trials save one, a decided repellent effect was obtained

when either lime-sulfur or Bordeaux mixture was used in connection

with the arsenical, and in this one exception a kill was obtained equal to

that following the use of arsenicals alone. In every instance where
arsenicals were applied, some killing resulted, but it is an open question

whether the percentage of beetles killed or repelled warranted the cost

of the extra application. The kind of application required, that is,

spraying the under side of the leaves, is wasteful of both material and
labor, and is therefore more expensive than the usual application in

which no effort is made to cover anything but the upper surface. The
only occasion in which extra summer applications of arsenicals might
possibly prove profitable would be in excessively severe outbreaks where
a partial control might prevent extreme weakening of the trees.

SUMMER APPLICATIONS OF CONTACT INSECTICIDES

Our experiments with summer contact insecticides were all of a

preliminary character and need only be summarized briefly. With the

exception of the last named, they were all made in June after consider-

able damage had been done by the new brood of adults. The insecticides

used, were scalecide, a mixture of scalecide and soluble sulfur, Lasher's

soap, black leaf forty, kerosene emulsion, and nicotine dust. Neither of

the first two proved effective at strengths which did not injure the

foliage.

Lasher's soap.—Twelve heavily infested trees were sprayed with a

solution of Lasher's soap, 10 lbs. to 100 gallons of water. A heavy

rain interrupted the work after the tenth tree had been sprayed. Spray-

ing the trees causes the weevils to drop, and nearly all were driven from

the trees. A canvas, spread under one of the trees before the spraying
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began, caught no less than 24,000 weevils, but most of them, though

apparently dead, showed signs of life when disturbed. Some were in-

closed in a bottle for observation, but less than 8 per cent, recovered.

Two days later two more trees were sprayed with what remained of the

solution, under the same conditions except that in this case there was

no rain. The canvas under one of the trees was blackened with the

adults which fell. These, however, were more lively than those in the

former trial, and most of them gradually recovered. Only one fifth of

the original number remained on the canvas two days later, and many
of these were alive. It was concluded that this soap was worthless as an

insecticide against the apple flea-weevil, and no further experiments with

it were made. Possibly the heavy rain had something to do with the

high mortality in the first instance.

Nicotine sulphate liquid.—A number of low-hanging branches were

sprayed with the "black leaf forty" brand of nicotine sulphate, prepared

as follows

:

Black leaf forty ^ ounce

Laundry soap; 2 ounces

Water ; 3 gallons

A canvas was spread under the tree to catch the weevils as they

dropped. Some of them showed signs of life and were sprayed again

while lying on the canvas. Three hours later all were dead.

Kerosene emulsion.—Branches infested with the weevil were sprayed

in the same manner with kerosene emulsion at strengths of 5 per cent.,

7J/2 per cent., 10 per cent., and 15 per cent. The 5 per cent, emulsion did

not kill the beetles outright, and it was necessary to spray them as they

lay on the canvas to insure their death ; but the stronger emulsions ap-

parently killed all the adults hit by them.

To test further the eflfectiveness of kerosene emulsion, 30 trees

were sprayed with a 5 per cent, and 20 trees with a 7^ per cent, emulsion.

Two canvases, each 15X30 feet, were spread under the trees while the

spraying was in progress, each with a 1X4 inch board along one end

as a convenience in moving it from tree to tree (see Figure 15). A
man or a boy was needed to handle each of the canvases. As soon as

the spraying of a tree was finished the canvas-men dragged the canvas
quickly to the next tree, and little delay was occasioned.

The weevils fell on the canvas in large numbers, and here they were
sprayed again, practically all of them being thus killed. After the ninth

tree was sprayed counts were made of the dead weevils in two areas

of a square foot each, 250 weevils being found on one square foot and
300 on the other. It was estimated that there were not less than 80,000

weevils on the canvases, indicating an average .of nearly 9000 per tree

which were killed by the treatment.

After the spraying was completed, counts were made to determine

the comparative numbers of weevils on sprayed and unsprayed trees
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close together. On unsprayed trees 236 weevils were counted on 1650
leaves and on sprayed trees 40 weevils on 2300 leaves ; or .143 and .018

weevils per leaf respectively—a decrease of about 90 per cent, in the

number of weevils.

The trees in this orchard were trimmed high and the soil was well

cultivated, hence there was nothing to interfere with the movement of
the canvases. In another orchard, however, in which the branches hung
low, many touching the ground, it was found entirely impracticable to

handle the canvases. However, satisfactory results should be obtained

with a TJ/S per cent, emulsion without the use of the canvas.

^w "^4^MH



27

placed in the original dust-container in which a little of the material re-

mained, were still alive after 4 hours, unless they had meantime been

lying directly in the dust. Such beetles survived one or two hours, but

then showed no signs of life.

Summary on summer applications of contact insecticides.—The most
promising of the contact insecticides used as summer applications was

7J4 per cent, kerosene emulsion. The 5 per cent, emulsion gave fair

results when sheets were spread under the trees and the beetles which
fell thereon were drenched. If the emulsions had been applied about

the middle of April, after the hibernating adults had migrated to the

trees and before any considerable number of eggs had been deposited,

no doubt a very great reduction in the number of the new brood and in

injury to the foliage would have resulted. A spray api:>lied at this time,

when there is little foliage on the trees, would also be effective against

aphids.

DESTROYING THE BEETLES IN HIBERNATION

As has been shown previously, the adult beetles hibernate in trash

in the orchard, and do not go into the ground, and since the period of

their retirement is of long duration—from late summer to the following

April or May—an excellent opportunity is afforded for effective work,

and the following methods were given trial.

Paradichlorobenzene

.

—Successful use of this material against the

peach-tree borer suggested its use against the a[)ple flea-weevil while in

hibernation, and it was scattered broadcast under the spreading branches
of old apple trees growing in a heavy sod-mulch. The application was
made April 12, a few days before the beetles left winter quarters, at

rates of 2, 4, 6, 8, and 12 pounds to a tree. It was evidently of no
value, since the beetles were quite as abundant on these trees after the

beetles emerged, as on their untreated neighbors.

Hydratcd lime-—Hydrated lime at the rate of 25 and 50 pounds
per tree was scattered under the spreading branches of 25-year old apple

trees growing in heavy sod. The application was made April 27 as the

beetles were becoming active, and it was thought that they might perish

in passing through the dust, but trap cages placed over representative

areas under the trees so treated, collected considerable numbers of

beetles, indicating that the application had little if any merit.

Fuel oil.—Trees growing in the same orchard in which the immedi-
ately preceding experiment was made, were treated with fuel oil spread

by means of a common garden-si)rinkling can at the rate of 2 and 4

gallons to the tree. The c|uantilies used will not properly cover such an
area, and the cost of a sufficient treatment would be prohibitive. Un-
doubtedly some beetles were destroyed, but the gross effect on the

beetle jwinilation of the trees was not noticeable. If the oil were applied

in sufficient quantity, perhaps 10 gallons per tree, control could probably
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be secured, since trap cages used on areas so treated yielded no beetles,

but possible injury to the trees which might result, still renders the

method of doubtful economy.

Poisoned bran mash.—Since the beetles sometimes leave hiberna-

tion before the apple trees are in leaf it was thought that a poisoned

bait scattered on the grass under the trees might attract the beetles and
destroy them. The standard grasshopper formula was used—bran, 20

.

lbs.; Paris green, 1 lb.; syrup, 2 quarts; 3 grated lemons; and Syi gal-

lons of water. Two and a half lbs. of the bait was scattered under the

spread of 35-year old apple trees on April 27, when the beetles were be-

coming active and the foliage was just starting. Not only did the bait

fail to attract the beetles in the open, but individuals confined with it

did not die from eating it.

Spraying the trash under the trees zuith a solution of potassium ferro-

cyanidc.—In early April, before the beetles became active, the grass and
mulch under apple trees in a badly infested orchard was evenly sprayed

with enough of a solution of potassium ferrocyanide to make the mulch
quite damp. Two strengths of the solution were tried; one of a pound
and another of 2^ pounds to 50 gallons of water. It was thought that

the fumes might kill the hibernating beetles, but no dead beetles were
found in the treated areas, and later on, when the beetles emerged, these

trees were as severely attacked as their untreated neighbors.

Spraying the trash 7vith other materials.—^In 1919, an orchard at

Flora, Illinois, heavily infested with weevils, was selected for a series of

experiments to ascertain if wetting the refuse beneath the trees with a
contact insecticide would destroy the beetles in hibernation. The orchard
had been cultivated down the center of the space between the rows but

not within six or eight feet of the trunks of the trees. The litter under
the trees was of about the usual depth. During the latter part of No-
vember plots were laid out six trees square and the litter under the

trees was sprayed with enough of the insecticides to wet thoroughly
through the cover to the surface of the soil. The amount applied was
15 gallons per tree.

Before the insecticides were applied, counts were made of the num-
bers of flea-weevils in hibernation about the bases of a number of trees

in each plot. The weevils were also counted imder five trees left un-

treated as a check. During the latter part of February another series

of counts was made on the same number of trees in the center of each

plot and the number of living and dead weevils was noted. The results

of these treatments are given in the following table.

#
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Summary concerning measures, other tlian burning, for destroying

the beetles in hibernation.—As is shown, none of the immediately fore-

going group of materials (see table) even approached satisfactory con-

trol save kerosene emulsion. This proved veiy effective at 10 per cent.

strength, and could probably be used with safety. The cost of treating

with kerosene emulsion would be approximately $20 an acre and with

scalecide $30 an acre.

BURNING IN HIBERNATION

Without use of blow torch.—The possibility of burning the apple

flea-weevil in its winter quarters has probably suggested itself to every-

one having any experience with the pest, and some of our best results

in the search for an adequate control have been obtained by this means.
Two different methods were used : burning oft the trash and leaves in

dry weather, and burning with a torch. Success in burning without a

blow torch depends largely on the character of the refuse under the

trees and its condition as to moisture content. Two tests were made in

the Braden orchard at Olney, 111., with results as shown in the accom-
panying table.

Another experiment with surface burning was made in early April,

1920, in the orchard of the Delaware Apple Company, at Delaware, O.
This orchard was 10 to 12 years old and had been in grass for several

years, so that a well-matted sod had developed. When the burning was
done the trash was fairly dry, particularly between the tree rows, and
dry enough under the trees so that the fire burned a surface layer up
to the trunk though it did not consume all the fallen leaves. Immedi-
ately under the trees, however, enough burning was done to cause
noticeable injury to the lower branches, as the low-headed type of
pruning had been practiced. No noticeable decrease in the number of

weevils in this section was found after the brood emerged ; indeed the

seasonal injury was. if anything, greater, for the burning of the surface

cover had exposed the beetles to the spring sun, thus bringing them out
of hibernation a few days earlier than on the unburned section. As a
result, they attacked the foliage with telling effect as it began to expand.

With blow torch.—This type of burning has proven, under some
conditions, the most effective of the control measures tried. If the or-

chard was partly cultivated, thus forcing the beetles to hibernate on a

comparatively small area under the trees, the result was excellent, but
if the orchard was in sod, affording hibernating quarters throughout
the area occupied by the trees, it was found to be of little value.

Two kinds of torches were used for this work, one burning kero-

sene and one gasoline. The kerosene torch, of a type commonly used
for melting asphalt in paving streets, proved tiie more effective. It is

made by the Houck Manufacturing Co., and consists of a 5-gallon

tank equipped with an air-pump and gauge for supplying and registering
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the necessary pressure. Tiie torch proper is connected to the tank by a

flexible hose, and is so constructed that the kerosene is vaporized to

form an exceedingly hot blue flame from 8 to 12 inches long and about
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4 inches wide. One man can operate the machine, stopping occasionally

to replenish the pressure by pumping.
In using the torch, all trash and mulch in a circular area some five

feet in diameter about the trunk of the tree was burned clean to the

dirt. The time required varied with the density and moisture content

of the covering. Unless the sod and mulch is especially heavy, effective

work can be done in ten to fifteen minutes per tree, but if the sod is

very heavy and of long standing, and particularly if it is damp, as much
as half an hour will be required for each tree.

Four tests were made : two in the Braden orchard at Olney, 111.

;

one in the Tanner orchard at Flora, 111. ; and one in the Vergon orchard
at Delaware, O. The following table gives the results obtained in the

first three tests.

Further proof that the burning had a marked effect in reducing the

number of weevils is seen by contrasting the numbers of mined leaves

in the burned and unburned sections the following spring. In the or-

chard treated at Olney in the winter of 1919-20, 70 per cent, of the

leaves in the unburned part and only 34 per cent, of the leaves in the

burned area showed larval mines the following spring. At Flora, 28
per cent, of the leaves showed larval mines in the unburned area and
14 per cent, in the burned area.

From examinations made in the Flora orchard at frequent inter-

vals from the time when the beetles started out of their winter quarters

in spring it was evident that there had been considerable migration of

the insects from the unburned to the burned area.

The fourth test of the blow torch for burning the weevil in hiber-

nation was made at Delaware, O., in the old Vergon orchard, the same
type of kerosene torch being used as in the Illinois work. This orchard
it will be recalled, had been in grass for many years. Since the lower
hmbs of the trees had been killed or so weakened by the flea-weevils

that they were of little value, they had been removed and the heavj'

blue-grass sod had become established quite up to the trunks of the

trees. Under this condition we found burning difficult, since, if the

sod was dampened by rain or snow, at least 30 minutes, and sometimes
longer, were required to burn over a circular area five or six feet in

diameter, and even after burning for that length of time we occasion-

ally found live weevils within the burned area. Moreover, as shown
before, all the weevils were not hibernating within the burned area,

but many were in the sod between the tree rows as well as under the

spread of the branches, hence it is easily understood why no apparent

diminution could be seen the following spring in the bunied as com-
pared with the unburned area of this orchard. In this instance, there-

fore, we were forced to conclude that burning was of little practical

value.

Sumtitary on burning in hibernation.—Our experience with this

kind of control leads us to believe that surface burning without the
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use of the blow torch is of little practical value, and under some condi-

tions may prove harmful because of the possible injury to low-hanging

branches and because it may result in the weevils leaving hibernation

early.

Burning with the blow torch is decidedly effective in partly culti-

vated orchards where the beetles are forced to concentrate for hiber-

nation around the base of the tree because the spaces between the tree

rows are either barren or the covering is not such as to attract the

beetles seeking winter quarters. Where the orchard is in heavy sod

of long standing, burning is not a satisfactory means of control be-

cause so much time is required for the operation and because the

beetles do not concentrate around the base of the tree.

CULTIVATION

By all odds the cheapest and most effective control measure tried

under Ohio conditions is clean cultivation, the object being either to

destroy the insects in hibernation by plowing them under in fall or

early winter, or else by summer cultivation to eliminate all sod and
refuse in which they could find winter quarters.

In November, lOlS, four acres were plowed to a depth of 4 inches

in the midst of the Delaware Apple Company's 40-acre orchard at

Delaware, Ohio, then owned by Mr. Hudson. This particular four

acres was chosen because it was the very worst infested section in

the property. It had been in grass for twenty years or more, and a

very tough sod had developed. Only 15 to 20 square feet remained
unturned about the base of each tree, and part of this was unsuitable for

the hibernation of the beetles because it was covered with cinders, and
because some of the protecting refuse blew away.

The following summer the injury in the plowed plot was very
slight, particularly from the beetles as they left hibernation in spring

and from the mining larvae ; but it became somewhat greater when
beetles of the new generation spread over the cultivated plot from sur-

rounding trees. However, the total injury to trees in the cultivated

plot was not of commercial importance.

This original four-acre plot has been kept in clean cultivation up
to the present time, and at no time during the four seasons have the

beetles caused commercial injury. Indeed during most of the time it

has required searching to find evidence of the 'beetles' presence in

the more, central parts of the plot. Moreover, the cultivation has
proven of benefit to the trees. They have taken on new vigor and have
been markedly more productive than trees of the same age and variety

where the ground had not been plowed.

In the summer of 1821 the remainder of the orchard was broken
up by numerous cuttings with a double disc and Fordson tractor, the

latter so covered as to pass under low limbs without injury t<3 them
(see Figure 16). The following season saw a marked limitation in the
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numbers of beetles in the entire orchard, and since the sod was alrnost

if not quite destroyed by cultivation the next year (1922), the injury

of the present year (1923) has been almost nothing. The original

Vergon orchard adjoining this one, but in which plowing was not done

until the fall of 1922, has been vei-y heavily infested, and at this time

some of the trees are so weakened that they are in a precarious situa-

tion.

Fig. 16. Fordson tractor equipped with a shield for orchard worl<. de.sigrned by
E. L. Main, Delaware. O. The boards, being smooth, lifted the limbs
without injury.

The resident growers who have watched the practical elimination

of the apple flea-weevil from the Delaware Apple Company's orchard

are firmly convinced, as have been several trained observers who have

watched the work, that cultivation has in this instance effectively con-

trolled the apple flea-weevil and at the same time has been of decided

benefit to the trees from the cultural standpoint.

It should be borne in mind, however, that the cultivation has been

absolutely thorough, and that the work done with the implements has

been supplemented when necessary by the use of hoes and mattocks

to kill any sod close to the tree trunks. On the other hand, a lack of

supplenientaiy hand-work may account for the fact that the beetle is

found in some Illinois orchards which have been only partially culti-

vated.
General Summary

1. The apple flea-weevil, a native insect generally distributed

from Nova Scotia and Quebec to Oregon, Texas, and Virginia, has



36

been found notably injurious only in southern and central Illinois and
in a limited district in central Ohio.

2. It feeds in small numbers, as beetle or larva, on a consider-

able variety of native trees and shrubs, but is definitely injurious only

to the cultivated apple.

3. The adult beetle is a shining black, densely punctate snout-

beetle, about a tenth of an inch long. It is readily distinguished by its

much thickened hind thighs and by its exceptional power of leaping,

like a flea, when disturbed. The white to brownish larva, found only

in leaf-mines, is flattened cylindrical, tapering from the middle towards

both ends. It is about a fifth of an inch long when full grown, and at

its widest part a fourth as wide as long. It hatches from an egg laid

in one of the thicker veins of the under side of the leaf, and feeds on
the leaf parenchyma, making a closed mine or burrow which is finally

expanded at its outer end into a blotchlike blister within which the larva

pupates.

4. There is but one generation a year, the newly formed adults

of which emerge from their mines in May and June, feed on the leaves

for about a month, and then, in June and July, leave the tree to conceal

themselves in what are to be their winter quarters, under grass, leaves,

and rubbish on the ground. Here they remain until spring, leaving their

shelter at about the time of the unfolding of the leaf, creeping up the

trunks of the trees, or flying to the branches above, and beginning again
to feed on the leaves, in which eggs are presently laid for the next
generation. The egg period lasts about a week, that of the larva IT days,
and the pupal period 5 or 6 days.

5. Injury is done by both the larval mines and the feeding-punc-
tures of the beetles, usually made in the under side of the leaf. The
maximum effect in badly infested orchards is a destruction of the leaf-

age suftrcient seriously to weaken the tree and reduce it to worthlessness.

6. The principal natural checks on the multiplication of the

weevils are fungus and insect parasites, the former destroying the

beetles by wholesale in wet sunmiers and the latter killing the larvae.

7. Experiments with means of control were made by banding the

tree trunks with tanglefoot, spraying or dusting the leaves with poisons

or with contact insecticides, burning the hibernating beetles in grass

and rubbish under the trees, poisoning them there with sprays and
poison dusts and by the use of poison baits, and cultivation of the

orchard at a time and in a way to bury the hibernating beetles beyond
resurrection or to keep the ground free from cover to which they might
retreat in summer for concealment and hibernation.

Thoroughly clean cultivation, carried close to the tree, was the

most effective of these means, reducing formidable infestations to in-

significance and improving the vigor and productiveness of the trees.
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Next to this was a spray of kerosene emulsion containing 7J/2

per cent, of kerosene, which, properly applied, killed practically all the

beetles—as many in one instance as 9000 to the tree.

Burning in hibernation by a powerful kerosene blow-torch, of a

kind used to melt asphalt in paving streets, was effective and useful

when an orchard had been so cultivated as to concentrate the beetle?

under the trees, provided that the cover was of a kind to be burned

completely at a reasonable expense for kerosene and labor.

None of the various other means and methods with which experi-

ments were made, were sufficiently useful or promising to justify their

recommendation.
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Article II.

—

Notes on a Collection of Erythroneura and Hvmetta

(Eit[>tcr\gkl(ic) chiefly from Illinois, ivith Descriptions of Nezv Forms.

By W. L. McAtee.

The collection here reported upon was identified and descriptions of

;ne\v forms written several months ago, completion of the report being

delayed by lack of time to trace out a few loose ends. As a new revision

of the genus Erythroneura is under way it is thought best to put on record

now these Illinois data. The Eupterygidae were long a favorite group
with the late Charles A. Hart, who substantially assisted Gillette's revision

(Proc. U. S. Nat. Mus. 20, 1898, pp. 750-773) with loans of material.

He had sorted subsequent collections of the State Natural History Survey
and had invented manuscript names for most of the undescribed forms.

A number of these were independently named in the Key to the Nearctic

Species and Varieties of Erythroneura (Trans, Am. Ent. Soc, 46, pp.
•267-321, August, 1920) by the writer, who did not have Hart's material

at hand at the time. Some of the others are here described and the writer

is glad to adopt Hart's MS. names for three of them, namely liinata,

ociilata and rnfomaculata. Many of the specimens of more recent date

here recorded were collected by J. R. Malloch, and some of an inter-

mediate period by J. D. Hood. Many records here given are the first

since the original description of the forms involved.

Genus Erythroxeura Fitch

E. vulnerata var. vulnerata Fitch, red form.—Urbana, Jan. 11, 1908,

Nov. 11, 1915; St. Joseph, Sept. 3, 1916; No. 25069; also Brownsville.

Tex., Nov. 21, 1911, palm jungle sweepings, C. A. Hart.

E. vulnerata var. niger Gillette.—Danville. March 12, 1910; Dongola,

Aug. 22, 1916 ; also Nos. 2367 1 and 25019.

E. vulnerata var. nigerrima McAtee.—Dongola. Aug. 23 ; Urbana,

Sept. 20, 1916 ; Algonquin, Oct. 5, 16, 1895 ; and Nos. 23671, and 25783.

Erytiironeur.^ oculata, new species

In outline as seen from above this species resembles £, vulnerata

Fitch, the shape of the vertex being nearly the same ; the venation how-
ever is as in my Group 2 (i. e. like that of E. obliqiuu Say). The ground
color of the present species is pale greenish yellow, and the mf)st distinc-

tive markings are: a jiair of rountl velvety black spots on the upi)er part

of face near eyes, and a similar pair, closer together on vcrte.x just hack

of apex; there are also four dark spots in a transverse row on anterior
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disk of pronotiim, a spot on each anterior angle back of eye and a falcate

vitta near middle of each lateral margin ; the basal triangles of scutellum

are velvety black. There are no other dark markings above, but the

apical cells and clearer parts of corium especially the long cells between
the sectors are chiefly dusky fumose. Red markings are present as fol-

lows: a broad, anteriorly convex lunate vitta on middle of pronotum, 3

blotches on each clavus, the middle one largest, "2 blotches between third

sector and claval suture, and 2 short lines on second sector ; the wings are

dusky fumose. Color below smoky-brown, a pale-yellow area about each
velvety black spot on face and a top-shaped pale area on middle of front;

antennae and legs pale yellowish. Length 3 mm.

Holotype, 9 . Brownsville, Tex., Nov. 30, 1910, in sweepings from
weeds, C. A. Hart (111. State Nat. Hist. Survey).

E. obliqua var. obliqua Say, red form.—Urbana, Nov. 13, 1915, Nov.
22, 1906; St. Joseph, Nov. 10, 1906; White Heath, :\Iay 7. 1909, April

30, 1916; Hopedale, Oct. 2, 1917; and Nos. 156, 279, 3341. and 25018.

Yellow form.—White Heath, Mav 7, 1909; Dubois, Aug. 8. 1917; and
Nos. 25764, and 25789.

E. obliqua var. dorsalis Gillette, red form.—\\'hite Heath, May 7,

1909; Algonquin, Tune 12, 1897; and Nos. 4459, 14873, and 25742 ; also

Iowa, Ac. Cat. 910.

E. obliqua var. stolata McAtee.—Savanna, June 12, 1917.

E. obliqua var. noevus Gillette, red form.—^^'hite Heath, ^lav 7,

1909; Urbana, Oct. 22, 1916. Yellow form.—Muncie, May 24. 1914'.

E. obliqua var. fumida Gillette, red form.—St. Joseph, Nov. 10, 1906;

Hopedale, Oct. 2, 1917; and No. 156.

E. obliqua var. electa McAtee.—St. Joseph. Nov. 10. 1006.

E. rubroscuta Gillette.—No. 3171.

E. dentata Gillette.—Meredosia, Aug. 20. 1917. Previously known
only from the type material which was collected in California.

E. abolla var. abolla McAtee, red form.—Urbana, Nov. 10, 11, 1915;

Dongola. May 10, 1916; Dubois, May 23. 1917. Yellow form.—Monti-
cello, 111., June 28, 1914; Dongola, Aug. 22, 1916. The specimen from
Monticello has diffuse red markings along posterior parts of the sectors

especially the third.

E. abolla var. varia, McAtee, red form.—White Heath. Tune 2, 1917;

St. To.seph, Nov. 10, 1906; Urbana, March 24, 1916; Meredosia, May 29.

J917; Dubois, May 22, 1917; and No. 25792. Yellow form.—Dongola.
Aug. 23. 1916.

E. abolla var. accensa Mc.\tee.—White Heath, April 30, 1916; Du-
bois, May 22, 1917.

E. tecta var. tecta McAtee.—No. 16064. E. scvpuiictata Malloch
(Bui. Brooklyn Ent. Soc. 16. No. 1, Feb. 1921. p. 25) is a synonym.
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Erythroneura mallociii. new species

Belongs in Group -i of my Key. being somewhat intermediate between
E. tccta and the remaining species ; vertex more pointed than in that

species and first apical cell small. Color of head and thorax above, pale

yellow ; sctitellum with basal triangles nearly black : tegmen with dusky
streaks which occupy nearly all of its surface except inner base of clavus,

base of corium. most of costa and distal parts of 3rd and -tth apical cells.

Face pale yellow, a v-shaped mark bounding it and clypeus, bluish black,

cheeks whitish ; body bluish black with pale yellow edgings. Length 3 mm.
Holotype, $ , Meredosia, 111., May 30, 1917. (111. State Nat. Hist.

Survey.)

Erythroneura lunata, new species

Belongs to Group 4 of my Key, having the vertex without dots and
more pointed than in E. tecta and diverging greatly in coloration from any
of the other species. Ground color somewhat opaque whitish, more or

less tinged with reddish throughout and with the following distinct

pinkish-red markings : fine irrorations tending to be grouped in a trans-

verse band between anterior angles of eyes, and a short posterior median
vitta on head, a spot in each anterior angle, more or less of front margin,

and a median vitta on pronotum ; four posteriorly oblique red streaks

from costa of tegmen, one at front of corium, one at each end of costal

plaque and one more or less ramose overlying cross-veins. The scutellum

has the base narrowly, the basal triangles, and apex dusky to black, and
there are two triangular markings on middle of clavus, and two elongate

[wsteriorly directed markings on the corii just outside these, dusky to

black, that form when tegmina are folded a broken posteriorly open semi-

circle ; a dusky band extends from hind edge of costal plaque to radial

margin, leaving costa and most of the exceptionally long first apical cell

clear ; this band is interrupted near radial margin by the paler veins ; first

apical cell with a dark dot near apex, second nearly filled by a dusky mark-
ing; fourth dusky at base. Face with an irregular cross-band and short

median vitta reddish; genitalia tipped with black, and dorsum of abdomen
with two broad dusky vittae. Length 3 mm.

Holotype, $, Urbana, 111., Nov. 11, 1915; and allotvpe, 5, White

Heath, 111., May 7, 1909. (111. State Nat. Hist. Survey.)
'

E. aclys McAtee.—White Heath. May 7, 1909.

E. illinoiensis var. illinoiensis Gillette, yellow form.—Hopedale, Oct.

2, 1917; Dongola, Aug. 24, 1916, on grape; and No. 1992. The latter

specimen is marked type but it is not referred to in the original description

so does not help to settle the question as to what specimen may properly

be regarded as the holotype of this species.

E. morgani De Long, red form.—White Heath, April 28, 1916.

Yellow form: Kampsville, Aug. 21, 1913, on .sycamore; Meredosia, May
28, 1917 ; St. Joseph, Sept. 3, 1916, on grape.
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E. hartii Gillette.—Algonquin. June 12. 189? ; Nos. 14873, 18036,

25019, 29785.

E. basilaris var. basilaris Say. red form.—White Heath. April 17,

1909; Urbana. Nov. 13, 1915, Nov. 22, 190G; St. Joseph. Nov. 10, 1906;

Hopedale, Oct. 2, 1917.

E. maculata var. maculata Gillette, red form.—Urbana. March 24,

1916, among leaves; Olney. Sept. 21. 1916. on apple; Metropohs. Aug. 20,

1916. Yellow form: Sumner. Aug. 2, 1914; Kampsville. Aug. 21. 19-13. on
sycamore; White Heath. May 7, 1909; Havana, .\pril 30. 1914; Muncie,

May 24, July 5, 1914; Nos. 25, 764, 25805, 40309, 43384. 50835; also

Colo. 1751.

E. maculata var. era JVfcAtee. yellow form.—Muncie, Nov. 1, 1913.

E. maculata var. osborni De Long, red form.—No. 156, Hart Coll.

Yellow form: St. Joseph, Sept. 3, 1916, on grape.

E. ligata var. ligata McAtee.—Algonquin. May 18, 18St6.

E. ligata var. allecta McAtee.—Algonquin, Oct. 29, 1896.

Erythroneura ligat.v var. pupillata, new v.\riety

Like Erythroneura ligata var. allecta McAtee. with the addition of

dusky coloration over anterior half of clavus and 2 dusky to black vittae

on middle of pronotuiii and scutellum sometimes coalescing to form large

blotches. Length, 3 mm. ,

Holotype, 3 , No. 25069 111. ;
paratypes, same data, also No. 152 Hart

Coll., and Urbana, 111., July 7, 1915, on window. One paratype in writer's

collection ; other material in collection of Illinois State Natural History

Survey.

E. infuscata Gillette.—Dongola. Aug. 2T, 1916; and No. 156.

E. vitis var. vitis Harris.—White Heath, May 7, 1909 ; Clayton, Sept.

30, 1916; Urbana. March 24. 1916. among leaves; Nos. 25018. 25750.

E. vitis var. corona McAtee.—White Heath, May 7, 1909. and No.

-156.

E. vitis var. bistrata McAtee.—\\'hite Heath. Mav 7, 1909; Dongola.

Aug. 27, 1916.

E. tricincta var. tricincta Fitch, red form.—^\'hite Heath. Mav 7,

1909; Nos. 156, 10819, 25019. Yellow form. White Heath. Mav 7, 1909;

No. 10819.

E. tricincta var. calycula Mc.\tee, red form.—Danville. Alarch 12,

1910. Yellow form. No. 5672.

E. comes var. comes Sav, vellow form.—Clav Citv. Sept. 2, 1909, and

No. 17398.
'

"
'

"
•

E. comes var. vitifex Fitch, yellow form.—Meredosia, May 28, 1917.
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Ervtiiroxeura comes var. pai.impsesta, new varietv

Like E. comes var. vitifex Fitch except that the red vitta on anterior

half of clavus and the adjacent short vitta on coriuni are overlaid or re-

placed by black ; the lateral vittae on pronotuni and the sides of the sculel-

luni also may be dusky to black, and the oblique dusky band across a])ical

cells is well marked. Triangular area below base of antenna, pro- and
meso-pleura, base and apex of genitalia and broad vittae on dorsum of

abdomen also may be dusky to black. Length 3 mm.
Holotype, 5 , and two 9 's, one of which is allotype, Forest City, 111.,

April 3, 19 ir. (111. State Nat. Hist. Survey.)

E. conies var. elegans McAtee.—Urbana, July 8, Oct. 12, Nov. 11,

1915; McLeansboro, Sept. 3, 1914, on Ampelopsis; White Heath, May 7,

1909; Algonquin, Aug. 28, 1894, Sept. 15, 1895; Nos. 15474, 25018; also

Colorado, 1748.

E. comes var. rubrella McAtee.—White Heath, May 7, 1909 ; .Mgon-
quin, Oct. 5. 1S95.

Erythroneura comes var. reflecta, new varietv

Much like E. comes var. rubra Gillette in connection with which it

was mentioned in my Key, but the pale markings are more extensive, and

the red ones instead of being a solid jasper-red as in that form are dilute

bluish-red with carmine edgings ; the fact that all of the red vittae are of

this compound character gives the variety the appearance of having the

most complex pattern of any of the comes varieties.

Type, 9 , Plummers Island, Md., Dec. 14, 1913, W. L. McAtee; para-

types same localitv and collector, Nov. 30, Dec. 21, 1913 ; Great Falls. Va.,

April 20, 1916, W. L. McAtee; Chain Bridge, Va., April 16, 1922, J. R.

Malloch; Centerville, 111., Aug. 16, 1914 (111. Slate Nat. Hist. Survey);

Iowa City, Iowa, June 4, 1915, L. L. Buchanan; Onaga, Kansas, Jan. 6,

1921, F. F. Crevecoeur.

E. comes var. compta McAtee, red form.—Urbana. Nov. 22, 1906;

White Heath. April 17, 1909; Hopedale, Oct. 2, 1917. Yellow form, Du-
bois, May 24, 1917.

Erythroneura comes var. rufomaculata, new variety'

Like E. comes var. compta McAtee, yellow form, except that the an-

terior two-thirds of clavus is occupied, saving a clear dot at inner angle,

by an orange-red spot, and the adjoining markings of the corium are of

the same color.

Holotype, 9 , Clay City, 111., .Aug. 17, 1911 ; paratypes, same data, also

I'rbana, 111., .Aug. 23, 1914. on grape; and 111. 1992 (111. State Nat. Hist.

Survey).
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E. comes var. amanda McAtee.—Nos. 17398, i:399.

E. comes var. ziczac Walsh, yellow form.—Meredosia, May 28, 1917;

St. Joseph, Sept. 3, 1916, on grape.

Genus Hvmetta McAtee

H. trifasciata var. balteata McAtee.—Urbana, March 24, 1916,

among leaves; Dongola, May 10, 1916; Muncie, Dec. 13, 1913; and Xos.

15416, 25807.

H. trifasciata var. albata McAtee.—Clayton, III, Sept. 30, 191G.

H. trifasciata var. anthisma McAtee.—Dubois, May 22, 1917;

Brownfield, Aug. 17, 1916; Muncie. June 3, 1917 ; and Xo. 1992.
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INTRODUCTION

A forest survey of Illinois was begun by the State Natural History

Survey in July, 1939, when Mr. R. B. Miller was engaged for a pre-

liminary general study of the Illinois situation and conditions and for

educational and publicity work intended to open the way to active, practi-

cal studies on a larger scale. In 1921 three additional foresters, with

Mr. C. J. Telford in charge, entered upon a systematic survey of Illi-

nois woodlands with a view to their location and area, their composition

and condition, their present management and utilization, and their pro-

ductivity as shown by the rates of growth of important kinds of trees

on various soils, in various situations, under various conditions, and in

all parts of the state.

As these data were accumulated, it first became possible to make

an intelligent study of the values of our woodlands, of the economics

of forest management and production in Illinois, and of the relation of

the local supply of forest products, present and prospective, actual and

possible, to the demands of our Illinois industries—matters fundamental

to any adequate forestry policy, either for the state or for the owner of

forest proi>erty or of lands especially adapted to forest culture.

This difficult, intricate, and supremely important part of the survey

program was taken up by Herman H. Chapman, Professor of Forest

Management in the Yale University School of Forestry, and the present

report, filed by him for publication in June, 1924, is the product of his

work during the summers of 1922 and 1923, supplemented by much
additional inquiry carried on under his direction by foresters Miller

and Telford, the former especially having been employed during the

greater part of two years in the accumulation and tabulation of addi-

tional data. All these materials were passed, however, under the scru-

tiny of Professor Chapman, who is the final authority for the statements,

inferences, and recommendations of the report.

Special mention should be made of the cordial co-operation, in all

stages of the survey, of the Agricultural Experiment Station of the

University of Illinois, which has given us free access to its accumulated

data and much valuable information of a more personal character con-

tributed by the members of the Station staff.

Stici'uex a. Fokbks.



Article III.

—

Second Report on a Forestry Sun'ey of Illinois. The
Econmnics of Forestry in the State. By Herman H. Chapman, Pro-

fessor of Forest Management, Yale University School of Forestry, and

Robert B. Miller, Forester, Illinois State Natural Historj^ Survey.

Foreword

Although Illinois is known as a prairie state, yet originally over 40

per cent of its area was covered by virgin forests containing magnificent

stands of hardwoods. Now ranked as third in the importance of its

agricultural products with its forest area reduced to but S per cent of

the state's surface, and these remaining forests depleted by axe and fire,

the state is yet dependent to an enormous extent on the continuation of

abundant supplies of wood to support existing industries, furnish labor

and livelihood to her increasing urban population, keep down the cost

of living, and maintain the prosperity of the farmer, as well as those

engaged in mining, manufacturing, and transportation. To depict these

conditions, to determine the relative importance of wood in all its forms

in the present economic life of Illinois, and to indicate the lines on which

it may be possible to develop a sound and comprehensive policy of deal-

ing with this problem of future wood supply, is the purpose of this

report.

Wood and the Industries of Illinois

The state has an area of 56,665 square miles, of which 56,043

square miles, or 35,867,530 acres, is land area. Of this, 89.1 per cent

is included in farms and 76.1 per cent is actually devoted to crop pro-

duction. The state ranks third in value of agricultural products, being

exceeded only by Texas and Iowa.

The population numbers 6,485,380, giving the state third rank,

following New York and Pennsylvania. There are 237,181 farms,

averaging 134.8 acres, and 16.9 per cent of the total population, or

1,090,736 persons, live upon these farms, while 68 per cent reside in

towns of 3500 or more inhabitants, and 3,095,137 persons, or nearly 48

per cent of the total population, live in Cook and DuPage counties alone.

The density of population on the farms alone does not exceed 20 ]ier

square mile, while the average density for the state as a whole, includ-
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ing the remaining village and urban population, is 115.7 per square

mile, which is exceeded only by eight states, namely,

Rhode Island 566.4 New York 317.9

Massachusetts ....479.2 Pennsylvania 194.5

New Jersey 420.0 Maryland 145.8

Connecticut 286.4 Ohio 141.4

In all densely populated states, it is evident that industries other

than fanning must support a very large proportion of the population

and wage-earners. These immense urban populations do not live as

parasites on the labor of the farmer. It is not surprising therefore to

note that Illinois ranks third in manufacturing, being outranked only

by New York and Pennsylvania, and exceeding Massachusetts and other

states in which manufacturing is paramount and agriculture of little

importance. Transjx)rtation ranks next to agriculture and manufactur-

ing in importance as an employer of labor and capital. The fourth great

industry in Illinois is mining in which the state outranks all but three

other states, Pennsylvania and West Virginia where coal is of first im-

portance, and Oklahoma whose value is found in oil. Bituminous coal

is what gives Illinois fourth rank in mining.

The relative importance to the state of these four main branches

of industry may be gaged first as giving employment to labor, second

as representing invested capital, and third as to the value of their prod-

ucts. Their statistical rank is set forth in tables on p. 48.

The differences between these four groups are brought out by the

totals. Manufacturing takes materials valued by the U. S. Census of

1919 at $3,448,270,446 and by employing approximately twice the num-
ber of persons shown by its nearest competitor, agriculture, adds about

l}i times the total valuation of farm products. This requires an in-

vestment of relatively one half the cajjital required in agriculture.

Agriculture, because of the permanent productiveness of the soil and

its limited area, has thus already been cajiitalized at a value nearly four

times as great in proportion to gross income as in manufacturing, and

with correspondingly lower margin for profits. By working longer

hours, and by the part time emjjioyment of minors, farmers produce a

greater value per person employed than is produced in factories with the

aid of the power obtained from fuel and machinery. The great factory

for food products represented by the fertile soil and equable climate of

Illinois is effectively utilized. The high investment of capital per person
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Class of industry
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representing permanent improvements or construction, is proportionately

large and the earning power per person em])loyed correspondingly high

while the percentage of earnings to capital invested is relatively low.

In the mining industry, the cajntal investment is valued propor-

tionately small. Potentially it is much higher, but as the full value can

not be realized except as the product is mined, this prospective income

is severely discounted in fixing capital values. The mines fall below

the other groups in value produced per person employed, indicating that

labor represents a relatively larger portion of the energy expended in

comparison to values produced than in other groups.

The extent to which wood is used as raw materials on farms and

in the great industries of mantifacturing, mining and transportation as

well as in construction and public works, and in merchandising and

crating goods for shipment, and the relative dependence of these activi-

ties upon the continuance of wood sup])lies are subjects of vital import-

ance to the entire population of the state.

Total Consumption of Wood in Illinois

Wood is used in many forms. The total consumption includes not

merely sawed lumber but cordwood, cross-ties, fence posts, poles, piling,

cooperage, shingles, lath, logs for veneer, charcoal, pulp, excelsior and

other wood products.

Illinois consumed 2,353,662,000 board feet of sawed lumber in 1920,

or an average of 363 board feet per capita.* Since the per ca])ita con-

sumption for the entire United States was but 295 board feet in 1919,

and was estimated at ^516 board feet in 19^0, Illinois though known as a

prairie state consumes nearly 15 per cent more lumber per cajiita than

the average for the country as a whole. In the Chicago district alone,

comprising Cook and DuPage counties, wilh .'5,095,1 ;i7 po])ulation an

average of 1,466,820,000 board feet of lumber was consumed during

the decade 1910-1920.| For this urban ])opulation, the per cai)ila use

of lumber based on the 1919 census was -173.9 board feet, which lowers

the average consumption for the remainder of the state to 258 board

feet i)er capita. The consumption of lumber on farms as coni])uted in

this study is approximately 272 board feet per capita. It is evident,

therefore, that the lumber required to sujiport the great manufacturing

industries, especially in Chicago, raises the per ca])ita consumjjtion in

• Data furnl.shed by the U. S. Forest Service.
tl;:isud on rttiirds of lumber leceUed and shipped fiom Chlc:iKO for decade

1910-19 Inclusive.
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this state above the average for the districts outside of Chicago and

for the nation at l^rge.

Converted into cubic feet of wood required to yield this quantity of

sawed lumber, a volume of 392,277,000 cubic feet is consumed, which

constitutes 69.96 per cent of the total quantity of wood used for all

purposes in the state. An additional quantity is used amounting to

168,442,988 cubic feet, or 30.04 per cent, consisting of cordwood, ties,

mine timbers, posts, cooperage, veneers, shingles, piles, and poles. The
total consumption of wood for the state is 560,719,988 cubic feet, which

is 86.46 cubic feet per capita. To supply this quantity of wood, per-

petually, would require an average of about one acre of land for each

person in the state or 6,445,057 acres to be devoted to the intensive prac-

tice of forestry. Twice this area would hardly suffice to produce this

quantity under the present neglectful, wasteful, and injurious practices

of handling our woodlands.

The total consumption of wood in the state for an average year is

shown in the following table.

Although the per capita consumption of lumber on farms as shown
on page 51 appears to be less than for the urban population, yet farmers,

as ultimate consumers of wood, require a larger proportion than these

figures show, since they are based more upon consumption of lumber

by the industries than by the consumer who ultimately receives the

Consumption of Wood in Iixinois

Product
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The Annual Consumption per Capita of Lumber fob all Puri'oses •

Class
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products, 76,061,600 cubic feet is in the form of cordwood or fuel wood

which is but a very small fraction of the total fuel consumption for the

state, though it furnishes 25.59 per cent of fuel burned on farms. Of

the remainder, totaHng 02,381,388 feet, a quantity equal to 30,257,027

cubic feet or 32.75 per cent is grown in the state. Illinois therefore has

to import over 97.6 per cent of its lumber and 65 per cent of wood

used in industry in forms other than cordwood.

Total Production of Wood in Ilunois for ax Average Year

Product

1. Cordwood

2. Mine timbers
3. Posts

4. Lumber . . .

.

5. Cross-ties .

.

6. Veneer logs

7. Piling

8. Cooperage stock

Cord
80 cu. ft.

Cu. ft.

Post
.8 cu. ft.

Bd. Ft.

Tie
Bd. Ft.

log scale
1/6 cu. ft.

Pile

22.3 cu. ft.

Cu. ft.

950,770

11.960,076

10,767,752

56,900.000
1,021.888

24,367,000

40,474

375,989

Quantity in Per cent of

cu. ft. total

Total
Exclusive of lumber
Exclusive of cordwood and lumber.

76.061,600

11,960,076
8.614.202

9,333,333

4,343,024

4,061,166

902,570

375,989

115.651.960
106,318.627

30,257,027

65.768

10.342

7.448

8.070

3.756

3.511

.780

.325

100.00

BASIS OF THE TOT.VL-PRODrCTION FIGURES

1. Total woodland X .332 cord—average derived from 100 per cent of 440
wood-lot owners* replies to questionnaire.

2. 62.3 per cent of total consumption, as indicated by statements in reply to
mining questionnaire.

3. Total woodland X 3.76 po.=;ts—average derived from 100 per cent of 440
wood-lot owners' replies to questionnaire.

4. Bulletin 1119. U. S. Department of Agriculture, making full allowance for
unrecorded customs-mills.

5. Average total production estimated from replies to railroad questionnaire
—1021 and 1922.

C. U. S. Census data. 1919—statistics for Illinois.

7. Since the average length of piling from a large number of pieces was found
to be 36.27 feet, the average contents was placed at 22.3 cubic feet. The number
of cubic feet produced in Illinois was derived from figures in the books of piling
contractors slunving the numbrr of lineal feet of piling which was secured in the
state, this amounting to between 37 and 38 per cent of the total consumption of
piling.

8. U. S. Census data, 1919, converted into cubic feet by using the V. S. Forest
Service equivalent.
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PER CK.NT OF TOTAL WOOD USED WHICH IS GROWN IX THE STATE

Per cent Per cent

Lumber 2.379 Veneers 62.120
Other products . . . 65.099 Piling 36.700
Fuel wood 100.000 Cooperage 3.274
Mine timber 60.683 Poles*
Posts 52.068 Shingles .000

Cross-ties 15.169
Average exclusive of fuel wood and lumber. .

.

32.75

Average exclusive of fuel wood only 8.169
Wood of all kinds 20.626

• Rural telephone companies use mostly white oak poles,
obtained locally for renewals, but it has been impossible to secure
any data from these companies on the total number used in
the state.

FUTURE SUPPLIES OF WOOD

What can the state do to insttre to her major industries the continu-

ance of wood supplies ? Shall land now devoted to agricitlture be planted

to trees to fill this gap between production and consumption so that Illi-

nois shall become self-supporting as to its timber needs? As shown

later, the average annual crop of wood per acre which can be grown on

Illinois land varies from IG to ]G0 cubic feet. At an average production

of 87 cubic feet per acre annually which cotild only be attained by in-

tensive forestry practice it would require (;.445,0.5T acres or 17.9fi7 per

cent of. the state's surface, to grow this amount. .All but 23.9 per cent

of the state is under actual cultivation for crops and this percentage in-

cludes cities, mines, and all waste and forest land and unimproved pas-

tures. The maximum area which could ultimately be used for forest

production is probably not over 5 million acres. It is evident, therefore,

that not even by the devotion of every acre of this land lo the most in-

tensive forest cultivation could the industries now dependent on wood

continue to exist without relying as at present on importations from out-

side the state in order to maintain their present scale of operations, irre-

spective of future increase .in population or industry. Failure to ob-

tain these enormous quantities of wood by importation supplemented by

growth of local timber will ultimately mean a basic change in industry

and perhaps very serious consequences in standards of living and even

in the growth and distribution of population. It is out of the question

for this state or its citizens to deliberately seek to curtail the production

of farm crops, live stock and horticultural products for the sake of grow-

ing forests on soils better adapted for these higher uses. Ihe policy in-

dicated is to develop forest [jtoduction on soils unprofitable for food

crops wherever such soils are found so that the state may produce as
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large a percentage as possible of home-grown timber, and to take a lively

interest in national forestry problems and policies which tend to encourage

forest production in other states and in the nation at large. With the

utmost effort, it would probably take the state 100 years or more to reach

a condition of self-support in wood production even on the present basis

of consumption.

Illinois must therefore continue to depend in large measure upon

regions which possess a greater percentage of true forest soils, from

which states it is hoped that timber may continue to be exported provided

a surplus is produced within them. Favorably situated to draw with

equal readiness from the pine and hardwood forests of the Lake states,

the hardwoods of the Mississippi Valley and the uplands of Kentucky,

Tennessee, and Arkansas, the largest remaining reserve of southern yellow

pine in Louisiana and Texas, and the last great store of virgin soft-

wood timber on the west coast and in the Inland Empire, the industries

of the state are assured of the continuance of their supply of raw- ma-

terials until such time as these supplies fail at the source for lack of proper

conservation and renewal by forestry measures. That such failure may
occur and that the available supplies of virgin timber, especially of the

hardwoods which make up approximately 50 per cent of the demands

of Illinois manufacturers, will in all probability suffer great depletion

within comparatively few decades are facts not open to questionr

Illinois industry all along the line faces the prospect of higher costs

for wood with growing scarcity of supplies. With the inability to secure

the raw materials in proper quantities except at prohibitive price, there

arises the problem of substitution of other materials whose cost, as meas-

ured by price and utility, shows a favorable margin as against wood.

SUBSTITUTES FOR WOOD

If for all the uses to which wood is put, the human race could find

substitutes which would render just as satisfactory service at lower cost,

the question of growing timber might cease to be an issue. But as long

as wood in any form for any purpose gives greater and better service

at less cost, it will continue to be used.

When wood was abundant and cheaply obtained the quantities used

per capita were excessive and the waste ran to hig'n percentages. Now
that the original forests are melting away, a new factor enters the eco-

nomic situation, that is, the cost of producing wood as a crop to replace

those supplies. Will the value of wood as compared with wood sub-
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stitutes bear this additional charge, when added to the cost of logging,

milling, and transportation? Or will substitutes be found more economi-

cal and practical than the enterprise of timber production to which the

term forestry is given?

In general, it may be said that the use of substitutes for wood is

certain to increase very rapidly in the next two or three decades, due to

the steady advance to be expected in the cost of wood of all kinds, but

that ultimately wood can be grown and placed on the market at costs

which for many purposes should easily restore its economic supremacy

and use. Such future use of wood and its extent will be limited only

by the quantities capable of being produced. Wood production, or for-

estry, Vv'ill be one of the safest forms of industry and of investment.

Meanwhile, the prospects in the near future for reduction in the

cost of living are not bright, so far as they are affected by the supply and

cost of wood. The extent to which industry will be disrupted and costs

increased by the withdrawal of wood as a raw material and the substi-

tution of other products, mineral, vegetable, or animal, may be roughly

approximated by an analysis of the economic position which wood now
occupies in Illinois industry.

The Use of Wood in Manufacturing Industries

Of the four major groups of industry, namely, manufacturing, agri-

culture, transportation, and mining, the first, or manufacturing, uses most

of its required wood-supply in the form of lumber, while the consump-

tion by the other three groups requires a large proportion of wood in the

form of round products, such as cordwood, posts, ties, and timbers.

Thus 58.37 per cent of the total lumber requirements of the state

are absorbed by the wood-using manufacturing industries, or a total of

1,373,900,000 board feet in 1920, as against 41.63 per cent for lumber

required in construction.

A complete study of the consumption of wood in the wood-using

industries, which would mean a revision of the bulletin on "Wood-using

Industries of Illinois"* (giving data for 1909 and published in 1910)

was not attempted. Instead, the total consumption of wood in all forms

was studied for certain important wood-using industries and for agri-

culture, mining, and rail transportation.

• By Roger E. Simmons. Statistician in Forest Products. U. S. Forest Service,
under direction of J. C. Blair, Chief. Dept. Hort., Univ. 111., and H. S. Sackett, Chief,
Office of Wood Utilization, U. S. Forest Service.
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The manufacturing industries for which this study was conducted
were: raihvay-car construction and repair, farm machinery and imple-

ments, wagons and vehicles, and automobiles.

The consumption of wood in these industries, compared with the

quantities used in 1909 are as follows in board feet

:

Per cent of consump-
tion in 1920 as com-

1909 1920 pared with that of 1909

Railway cars* 407,333,000 425,000,000* 104.33
Farm machinery
and implements 137,157,000 85,867,313 62.60

Wagons and
farm vehicles 35,686,000 28,327,875 79.38

Automobiles 652,602 14,177,391 2,172.44

The indicated shrinkage of wood in all manufacturing industries

for the state was 23.9 per cent, but hardwood supplies had diminished

by 46.49 per cent. Comparing these per cents with the above data, it is

seen that the consumption of wood for agricultural machinery and imple-

ments, for which purposes hardwoods are largely required, corresponds

with the shrinkage in hardwood consumption. One implement manu-

facturer sums up the situation by stating, "There are numerous places

where wood, if of suitable grade, and at equal cost, would be superior

to iron and steel, but on account of the growing scarcity we are sub-

stituting iron and steel in places where we really prefer to use wood."

The distribution of the remainder of the total quantity of wood used

in manufacturing among the groups of industries having the largest con-

sumption is approximately indicated below. The statements concerning

the packing-box industry, planing-mill products, and furniture are based

upon the 1909 consumption reduced by the average shrinkage of 22.9

per cent applicable to the total for the state. The showing for the rest

of the list is for 1920.

Board feet Per cent

Car manufacture and repairs 425.000.000 30.934
Packing boxes 286,831.275 20.877
Planing mill products 171,987,618 12 . 518

Furniture 63,683,636 4.635
Farm implements and machinery... 85,867.313 6.250

Wagons and vehicles 28,327.875 2.062
Automobiles 14.177,391 1.032

All other manufactures 298,024.892 21.692

Total 1.373,900,000 100. Oa

• Covers repairs also.
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FARM IMPLEMENTS AND MACHINERY

The amount of wood consumed in the manufacture of farm imple-

ments and machinery in 1920 as obtained from the questionnaires sent

out to the several firms was 84,214,272 board feet, and it was assumed

that this was related to the capitalization of the companies which, with

the exception of firms rated at less than $10,000, was obtained from the

Illinois Manufacturers' Association and the Secretary of State, Spring-

field. Firms consuming 82,652,082 board feet had a capitalization of

$290,133,100, while those representing a capitalization of $5,855,000, or

2.018 per cent, made no report. Assumption that the same rate of con-

sumption applies to those who did not report would add 1,653,041 board

feet to the former estimate of those reporting, or a total of 85,867,313

board feet, which it is believed is very nearly correct. A comparison

of 1909 and 1920 consumption is as follows

:

Ratio of 1909
to 1920 con-

Class of product Year 1920 Year 1909 sumption

Farm implements and farm machinery 137,157,000 85,867,313 62.6%
Wagons and heavy vehicles 35,686,000 28,327,875 79.38%

Relative Importance of Wood in the Manufacturing
Industries of Illinois

The manufacturing industries utilizing wood as a raw material en-

tering into their products may be divided into, first, those dependent en-

tirely upon wood, and which would cease to exist with the discontinuance

of its use; second, industries largely dependent on wood or making large

use of it which would be seriously incommoded by failure of supply;

third, industries dependent on wood pulj) which would be severely crip-

pled by scarcity of wood ; and fourth, industries dependent on wood for

minor uses and which it seems probable could survive without serious

loss if compelled to make complete substitution of other material for

wood. For convenience in tabulation these industries have been desig-

nated as A, B, C, and D.

GROUP A. industries DEPENDENT ENTIRELY ON WOOD

In this group come the manufacture of wooden packing-boxes, lum-

ber and planing-mill products, wood furniture, wood and paper pulp,

cooperage, wood preservation, and charcoal.

The use of wood for packing and crating illustrates the entire prob-

lem of wood in industry. With increasing costs for lumber, many forms
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of substitutes appeared, such as cartons, most of them made of wood
refuse or by-products. Although adopted for a large percentage of the

Hghter forms of merchandise, damage of goods in transit when shipped

in such containers caused the shipper to adhere to wood for so many
Hnes and in such a large proportion of freight shipments that wood for

packing boxes was largely retained, and the quantity consumed in this

industry alone, in Illinois in 1909 required 21.05 per cent of the entire

consumption of lumber in manufacturing, or about 375,000.000 board

feet, and this proportion probably holds today. In this form, cheap

supplies of wood can render an invaluable service to nearly every fonn

of manufactured products, including many which do not use wood as

raw materials.

Group A.

—

Industries Depe^vdent entirely upon Wood*

Persons
employed

Capital
invested

Cost of
principal

materials

Value of

products

Value
added by
manufac-

ture

Wooden packing-
boxes

Lumber and plan
ing-mill prod-
ucts

Wood furniture .

Wood pulp and
paper

Cooperage
Wood preserva-

tion

Charcoal

4,920

6,320

15,160

2,002

1,601

564
27

30.594

$9,002,089

24,059,331

35,330,352

13,928,741

4,849,702

2,252.853

37,676

$89,460,744

$10,297,194

20,393,106

22,164,038

8.162.201

7,623,833

1,618,683

17,113

$18,856,685

34.588.576

49,686,849

14,356,529

11,576,824
1

3,142,545;

40.565

$8,491,880

13.909.099

26.979.464

5,144.07b

3,903,720

1.417.240

23.250

$70,276,168
I
$132,248,573 $59,868,729

All industries in this group are obviously dependent on wood as a

raw material and would be discontinued with its disappearance. To-

gether these industries constitute 3.18 per cent of the total of Illinois

manufacturing enterprises.

GROUP B. INDUSTRIES WHICH MAKE EXTENSIVE USE OF WOOD

In this second group are found those industries which are greatly

benefited by access to abundant and cheap supplies of wood, especially

of hardwoods. Their products will show a decided increase in cost with

the lessening of this supply or the necessity for using substitutes, and in

•From "Manuf.-ictures", 1919. 111.. Fourteenth Census of the IT. S. Dept. of Com-
merce, Bureau of the Census, Washington. D. C.
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many instances there will be a loss also in efficiency or satisfactory

service.

Lumber and planing-mill products constitute that portion of the

industry of lumber manufacture exclusive of logging, which takes place

within the state. Logging as an industry in Illinois is relatively insignifi-

cant, constituting an enterprise equivalent to less than }i of 1 per cent of

the total manufacturing industries. But the planing-mill industry is of

greater importance, handling in 1909 12.53 per cent of all lumber con-

sumed within the state, and having closest contact with the building in-

dustries and the use of finished lumber for the construction of buildings

in cities and on farms, which, with other uses of lumber outside of manu-
factures, absorb nearly 40 per cent of all lumber consumed in the state.

The manufacture of wooden furniture as an industry must cease

to exist with the substitution of metal for wood. This industry will be

one of the last to abandon the use of wood altogether, since the prefer-

ence for wood remains strong enough to permit high prices to be paid

for woods of high quality, such as walnut.

Holding chief place among these in point of demand for wood and

its place in industry, is the construction and repair of steam and electric

raihcay cars, which, while listed under manufactures, is one of the chief

uses of wood in the transportation industry. Car-making uses for new

cars alone 28.42 per cent of all lumber used in manufacturing, and em-

ploys 7.7 per cent of all the factory employes.

Although the use of steel in car construction is increasing, yet out

of 158,022 cars of all types made in 1919 in the United States, 6G.15 per

cent were built with a wooden superstructure on a steel frame, 2.68 per

cent were all of wood, and 2.61 per cent had wooden interior finish or

linings, making a total of 71.44 per cent of new car construction all or

in part of wood.

Agricultural implements and machinery rank next as large con-

sumers of wood, taking 5.74 per cent of all lumber used in manufacture.

In this industry, more and more of the parts formerly made of wood

are being replaced by metal, and it is difficult to predict how far the

substitution will go. The same is true of wagons and vehicles, requiring

2.00 per cent, and to a certain extent of others of the industries shown

in tabulation B; but substitution becomes an urgent question first in

the great industries which require large and dependable supplies and

can not exist on the precarious output of second growth or cut-over

areas.
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The automobile industry furnishes one of the best illustrations of

the importance of wood. The consumption for automobiles in the United

States in 1923 is given by the National Automobile Chamber of Com-
merce as 780,000,000 board feet of high-grade hardwood lumber, in addi-

tion to which 200,000,000 feet were used for crating and shipping cars.

Michigan of course ranks first among the states, but Illinois occupies

sixth place in the value of motor vehicles produced, including bodies and
parts, her factories approximating 3 per cent of the total output, which

indicates a consumption of 14,177,391 board feet for 1922 and 16,610,292

for 1923. The statement for consumption of wood in Illinois by this

industry is by no means complete, since there are several factories mak-
ing accessory parts, such as bows for tops and running boards of cars,

merely as a side-line to some other industry.

There are comprised in this industry three main classes of motor

vehicles—passenger or pleasure cars, trucks, and commercial bodies for

delivery purposes. Data upon the number of each of these classes are

obtainable from the National Automobile Chamber of Commerce, but

are not given out by states. By taking their estimate for the amount of

wood in each class of car* and using the figures furnished by the United

States Bureau of Census on the number of each clrfss produced in

Illinois, it is possible to arrive at a fairly accurate figure for the total

amount of wood consumed in the state by this industry.

Through the co-operation of the Forest Products Laboratory, Madi-

son, Wisconsin, we were able to obtain the figure of 12,000,000 board

feet as the consumption for passenger cars, which varies from 150 board

feet for open cars to 325 or even 350 board feet for large closed cars.

Truck bodies require each from 200 to 250 board feet and their number

is known, but the number of commercial bodies had to be approximated,

since the Forest Products Laboratory survey did not extend to com-

mercial bodies. The total stands at over 14,000.000 board feet. This

amount is likely to increase rather than decrease from the fact presented

by the National Automobile Chamber of Commerce that there is a marked

trend towards closed cars, there having been an increase in the use of

this type from 9 per cent in 1919 to 35 per cent in 1923, and closed cars

require more wood.

Of this 12,000,000 feet for passenger bodies alone used in Illinois,

which does not include the lumber used for shipping and crating cars,

• Appendix, Note 3.
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the Forest Products Laboratory reports that it was all No. 1 common
or better, and was divided on the basis of species as follows: ash, 71

per cent; oak, 10 per cent; maple, 8 per cent; yellow poplar, 5 per cent;

birch, 3 per cent; basswood, 2 per cent; walnut, 1 per cent. Ash, be-

cause of its moderate weight in proportion to its strength, its high de-

gree of toughness, its comparative freedom from warping, and its ease

of working, leads all other woods for this purpose; and it is especially

preferred for the bodies of high-class cabs because of its ability to with-

stand the shocks and jars incident to city traffic, with its occasional acci-

dents. A very large proportion of the ash for cab manufacture is im-

ported from Arkansas.

The great increase in the use of wood with the expansion of this

industry can be seen by comparing the consumption in Illinois for 1909

with that of 1920 or 1923. With the decline in the demand for buggies,

coming with the introduction of motor-driven vehicles, many small fac-

tories began to make automobile bodies ; but the amount of wood used

by them is inconsiderable when compared with that used by the larger

and better equipped shops, which are in some instances connected with

railway-car building.*

Steel is substituted for wood wherever possible, and instead of using

solid pieces of wood there is a tendency with the perfecting of water-

proof glues to use ply-wood made up of thin pieces of veneer; and some

firms are producing a veneered top for sedans as one of their specialties.

The importance of this industry for the state as indicated particu-

larly by the number of men employed and value of products manufac-

tured, may be thus shown here in tabular form.
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-Illinois Industries labgely Dependent rrox Wood
Census of 1920

Persons
em-

ployed

Capital
invested

Cost of

principal
materials

Value of

products

Value
added by
manu-
facture

Car construction and
repair

Agricultural imple-
ments and machin-
ery

Automobiles
Pianos and organs
and materials . . ..

Wagons and vehicles
Picture frames
Dairyman's supplies
Sewing-machines. . .

.

Handles
Laundry appliances.
Cooperage
Refrigerators
Miscellaneous*

61,957

26,555
10,959

9,500

3,374

2.282

7S7
2,501

1,900

2,446

1,260

349

8,45 6

$158,455,923

150,484,328
43,584,252

45,409,050
16,151,533

3,257,085

3,175,310

8,115,991

4,074,736

9,176.002

4,067,672

898,984
19,289.218

132,286

$121,086,018

62,893.409

73,476,977

15,156,

8,112,

2,658,

1,293,

2,287,

3,983,

8,515,

2,563.

375,

16,848,

407
159
425
061
574
803
647
643
815
422

$235,915,008

128.284,716

104,883,442

36,255.055

15,364,522

7,160,155

3,505,720

7.166,783

7,339,470

14.435.533

5,786.820

1,198,255

35.178,544

$110,889,474

63.124.896

30,929,634

20,716.681

7,040,539

4,417,179

2.183.190

4,789,751

3,296,862
5.861,444

3,173.741

811.762

18,061,332

458,140,086 $319,251,360
;
$602,474,023 $275,296,485

This group of industries in which wood is ahiiost indispensable but

which may be either forced out of business or be obHged to use sub-

stitutes eventually, now totals 14.58 per cent of all Illinois manufactures.

That these industries would be tremendously benefited by the continu-

ance of cheap and plentiful supplies of lumber suited to their needs,

goes without saying.

GROUP C. INDUSTRIES DEPENDENT ON WOOD PULP AND PAPER

This third group of industries includes printing and publishing, and

the manufacture of paper for stationery and other paper goods.

Wood pulp and paper are well-nigh indispensable in this industry

and in spite of the relatively small quantities required to supply this

demand, which is approximately 4.5.50,000 cords per year as against

110,000,000 cords used for fuel alone in the United States, yet the limi-

tations of species, cost of transportation, and the relatively large quanti-

ties of material which must be assembled at one plant to reduce the cost

of manufacture have not only prevented the extensive use of substitutes

but have caused the price of pulp wood and of paper to increase con-

stantly, until American operators, dependent on the exploitation of virgin

• For itemization of "miscellaneous", see Appendix, Note 6.



63

forests with increasing costs of raw material and of transportation, are

already facing serious competition from European plants whose supplies

are drawn from well-managed forests. This condition is clearly shown

by the average prices paid for wood consumed in the manufacture of

pulp as given by the U. S. Census for 1919, covering the two previous

decades.*

These industries dependent on wood pulp and paper represent a

total of 4.73 per cent of the state's manufacturing enterprises.

Group C. Industries Depending upon Wood Pulp

Name
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ties of clear white pine lumber required for this use. In electrical ma-
chinery about seven million board feet is used for minor purposes. These

two industries alone total 5.07 per cent of Illinois manufacture.

Gboup D. Industries using Wood in a Minor Capacity
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relocate elsewhere, if such location can be found. It is evident that the

manufacturers of Illinois and the wage-earners dependent on these in-

vestments as well as the state as a whole must take a deep and lasting

economic interest in the movement for the establishment of timber pro-

duction as an enterprise, not only in Illinois but in other states as well.

What happens in the southern yellow pine cut-over lands and in the

forest areas of northern Minnesota and the upper Peninsula of Michigan,

concerns the future welfare of Illinois, which can not afford to remain

indifferent to methods or neglect which may result in serious loss through

permanent failure of the indispensable flow of raw materials to her

wood-demanding industries.

The Consumption of Wood by Steam Railroads in Illinois

Steam railroads in Illinois had a trackage in 1922 of 25,736.24 miles,

classified as large roads 23,157.68 miles, small roads 805.13 miles, switch-

ing and terminal companies, 1,773.43 miles. Railroads are not only one

of the largest consumers of wood in the state but, owing to the prefer-

ence for wooden ties, will probably remain so. Wood is required by

railroads for two major purposes, cross-ties, and cars. In addition,

lumber is consumed for buildings and minor uses, while round products

are used in the form of fence posts, piling, and poles.

cross-ties and bridge and switch ties

The consumption of cross-ties in Illinois was obtained from figures

on total consumption of cross-ties by roads with trackage in Illinois,

multiplied by the percentage of trackage within the state. These figures

give the total consumption as follows

:

CON.SrMPTION IN 1920

Cross-ties, Pieces

Ties laid

in replacement .Ties laid
Class and betterment in new track Total ties

Large roads 5,187,645 220,799 5,408.444
Medium and small roads 218.806 770 21,1.576
Switching and terminal companies.. 342,540 40,230 382,770

Totals 5.748.991 261,799 6,010,790
Per cent 95.64 4.36 100

Switch and Bridge Ties, Board Feet
Totalbd. ft.

Large roads 15.562.682 1,194,672 16,757.354

Medium and small roads 694,231 19,377 713.608
Switching and terminal companies. . 3,270.772 300,470 3.571,242

Totals 19,527,685 1,514,519 21,042.204

Per cent 92.80 7.20 100
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The average contents of bridge ties is 58.6 board feet, and of

switch ties, 44 board feet. About one third of these classes are bridge

ties, and the remainder switch ties, giving an average content for both

classes, of 48.867 board feet. Converting the board-foot contents by

this factor into ties, indicates the number so used in 1920 as 430,601,

and that used in 1921 as 428,737.

The total number of board feet for bridge and switch ties, as taken

from the tables for 1920 and 1921, arfe respectively 21,012.204 and 20.

951,122 board feet. Converting the cross-ties into their equivalent in

board feet by using 35 board feet, gives for 1920 a total of 210.377,650

board feet, and for 1921, 202.502,300. or an equivalent in number of ties

of 6.010,790 (1920) and 5.785.780 (1921).

The total number of all ties consumed becomes 6.441, 39'l for 1920

and 6,214.317 for 1921, and the total number of board feet for this

number of ties is 231,419,854 for 1920 and 223,453,422 for 1921.

Consumption ix 1921

Cross-ties, Pieces

Ties laid

in replacement

and betterment
4.812,200

236.380
491.978

Class
Large roads
Medium and small roads
Switching and terminal companies.

Totals
Per cent

5.540,558

95.7

Ties laid

in new track
232.535

7.916

4,771

245.222
4.3

Switch and Bridge Ties. Board Feet
Large roads 15,343,954 1,182.347
Medium and small roads 448.564 37.625
Switcliing and terminal companies.. 3,728,336 210,296

Totals
Per cent

10,520,854

93.2

1,430.268

6.8

Total ties

5.044.735
244.296

496,749

5,785.780

100

16.526.301

486.189

3,938,632

20.951,122

100

The following table conveniently summarizes the foregoing details.

RKrAPITflJlTION FOR THK Yk.\RS 1920 AND 1921
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CAR MANUFACTURE AND REPAIR

Car manufacture and repair constitutes the second major use of

wood by railroads. The total quantity of lumber used in these operations

of which actual record was obtained, was 420,087,887 board feet, divided

as follows

:

Construction of new cars 338,941,801

Repairs 77,146,086

Not specified '. 4,000,000

Total 420,087,887

It is roughly estimated that the addition of firms not reporting would

bring this total to 425,000,000 board feet.

FUTURE REQUIREMENTS FOR WOOD IN THE
CAR-MANUFACTURING INDUSTRY

The substitution of steel for wood in car manufacture has made

rapid strides in the last decade, but has so far not reduced appreciably

the demand for wood in this industry. Cars made entirely of wood now
constitute but 2.68 per cent of all cars manufactured, while all-steel

cars have increased to 27.95 per cent. But there remains 66.75 per

cent of all new construction, which consists of a steel frame with wooden

body, and 2.61 per cent with steel body and wooden interior. The type

of cars with steel frame manufactured in Illinois requires, for box cars,

between 5,000 and 5,500 board feet of wood for construction, while the

older type of wooden box-car required between 6,000 and 6,500 board

feet, a saving of but 1,000 board feet per car. For flat cars the re-

duction in wood used is about 1,500 board feet per car, all-wood flats

requiring 3,100 board feet as against 1,600 board feet for cars with

steel frames. Wooden coaches requiring 25,000 board feet, still utilize

18,000 board feet when steel frames are substituted, while for wood
finish in steel coaches, over 6,000 board feet is required. Thus while

steel construction is effecting an undoubted saving of wood and adds

to the strength of construction, the extensive use of wood is continued

by preference to all-steel cars in 72 per cent of new construction at the

present time, in spite of the relatively greater increase in cost of wood
materials as compared to steel. As in so many other instances, the

complete substitution of other materials for wood will not be brought

about by relative superiority of the substitute, but solely by the increas-

ing scarcity and rising prices of wood itself.
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Taking the total used for car manufacture and repair at 425,000,000

feet in 1923, there has been an increase of 17,667,000 board feet, or al-

most 5 per cent, despite substitution during the last decade. Partial

returns were obtained on consumption of lumber, fence posts, and piling

by railroads. The figures were given for the entire systems and pro-

rated to Illinois on the basis of relative mileage, as for cross-ties. The

indicated consumption of wood exclusive of car repair for the year

1922 was:
Lumber Posts Piling

Class Bd. feet Number Linear feet

Large roads 65,512,789 66,886 219,388
Small roads 1,947,177 952 84.751

Switching and terminal Go's 12,545,696 676 13,862

Total 80,005,662 68,514 318,001

The total consumption per annvun of wood by steam railroads in

Illinois is thus estimated to be

:

Miscellaneous
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ber of ties per mile, and weighting these numbers by the mileage of the

respective roads it was ascertained that for 2035.82 miles of track 5,-

638,321 ties were in service, or an average of 2,770 ties per mile. Since

from the new ties laid in 1921 and 1922 we obtain an average for re-

placements and new construction of 88 ties per mile, we conclude that

the average length of service rendered is 31.5 years. Trolley traffic is

not so hard on ties as steam traffic because the cars are very much lighter.

Some treated ties are used, and in the one case where steel ties were used

the cost appeared to be almost prohibitive. The permanent requirement

per annum for cross-ties by electric lines and trolley lines may be roughly

placed at 312,000 for renewals and new construction*, assuming that

there are 9,730,000 ties now in service on the entire 3,514 miles of these

roads. In addition to cross-ties, these electric and light and power lines

in 1921 required 46,327 poles and 8,042,399 board feet of lumber.

The total wood consumed by electric lines exclusive of lumber used

for electric cars, in 1921 was:

Number Cubic feet Multiple

Cross-ties 292,509 1,023,781 3.5

Poles 46,327 463,270 10.0

Total cubic products 1,487,051

Board feet

Lumber 8,042,399 ' 1,340,400 1/6

2,827,451
Equivalent in board feet 18,912.267

The total, for both steam and electric transportation is

:

Cubic feet

Lumber 85.508,566

Round products 2S.630.745

114,137,311 cu. ft. or 752,848,774 board feet

Tie Renewals and Replacements and the Future Tie Supplies

FOR Illinois Railroads

Transportation is literally the life-blood of the industries of the state.

Whatever affects the security or cost of railroad operation brings imme-

diate readjustments in both the cost of living and the standard of living.

The security of the road-bed is a necessity in making possible the

steady increase in weight and driving power of locomotives, speed of

passenger service, and reduction of cost of haul per ton mile. . The

•Tliis wa.s determined by returns from questionnaires sent out to members of the
Illinois Klectric Railways Association through the courtesy of their Secretary-Treas-
urer, Mr. R. V. Piather.
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weight of the standard rail has been increased ; but the foundation of the

entire structure of rail transportation is still the wooden tie.

Faced with the possibility of ultimate exhaustion of the supply of

wooden ties through depletion of the forest resources, railroad engineers

have for three decades experimented with substitutes in order to be ready

for the transition when wood was no longer available ; but even in the

face of threatened serious shortage of supply and in spite of rapidly

increasing costs, cross-ties continue to be made almost exclusively from

wood.

Not only is the number of ties other than wood now in use infinitesi-

mal, but this substitution is not yet increasing at a rate indicating a ten-

dency to abandon wood. For the year 1920, Census figures show that

out of a total of 86,829,307 ties laid in Class I track for replacements

in the U. S., but 154,378 were of material other than wood, or 18/100 of

1 per cent.

The two factors which will determine the rate of possible substi-

tution for wood in this field are service and cost. Service means the

durability or preservation of the tie in a serviceable condition capable

of supporting the rail and preserving the gage of the track. Ties cease

to render service when they break, decay, get out of shape, crumble, or

in any way lose their form and structure.

Ties in modern road-beds must withstand terrific shock from traffic.

Resiliency rather than rigidity is required, and wood presents this quality,

while more rigid metal or cement lacks it. Cement ties crumble rapidly

and are no longer considered of value. The rigid steel tie, in spite of

its less desirable qualities might ultimately supplant wood, but this sub-

stitution dei)ends also on relative costs and demonstrated period of serv-

ice. These factors still favor the wooden tie.

Wooden ties fail from two sets of causes, namely, decay, and me-

chanical .stress which causes the tie to wear out. For these reasons cross-

ties were originally made only from woods which possessed the maxi-

mum resistance to shock, combined with the greatest resistance to decay

when exposed to the surface conditions in the track. White oak and

chestnut were the favorite hardwoods, and heart pine the most widely

used material in coniferous regions.

TIMBER PRESERVATION

During the past decade the supply of the so-called class "U", or un-

treated ties, those naturally resistant to decay and therefore not requir-
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ing treatment, became insufficient to meet the needs of the roads. No
sap ties possessed this quality, and small timber, even of the desired

species, would show too large a proportion of sap to class as "U" ties.

The roads met this situation, not by substitution but by timber preserva-

tion, which enabled them to draw upon a large reser\-oir of timber of

species not sufficiently resistant to decay to have been formerly acceptable.

Instead of being confined to white oaks, black locust, walnut, pine, cedar,

cypress, catalpa, chestnut, mulberry, and sassafras, and mainly heart-

wood, the sap ties of all these species, and in addition many new species

could now be used. Of these the most important is the red or black

oak group, which grows nearly twice as rapidly as the white oak group.

Others are the ashes and hickories, honey locust, beech, formerly a wood
in little demand in most regions, birches, including the paper birch which

formerly was permitted to burn after pine lands were logged, cherries,

gums, which constitute an enormous quantity of timber in the South,

hard maple, one of the most numerous species in the northern woods,

elms, hackberry, soft maple, sycamore, and butternut. Practically the

only trees remaining which are unsuitable for ties are such species as

Cottonwood, tulip-poplar, and basswood, which are too weak to with-

stand mechanical stress, and are more valuable for other purposes. The
expansion of the field of utilization and market for cross-ties to cover

practically every species not otherwise valuable found in the wood-lots

and forests of Illinois, is one of the most significant and encouraging

phenomena of recent years, and is a striking proof of the fact that timber

crops, when grown to merchantable sizes, regardless of the species which

compose the stand, will in the future find a ready market unless the

national neglect of forest production reaches such colossal projiortions

that entire industries are dislocated and forced to resort to substitutes.

Even should such shifts occur through necessity, wood will regain its

place at any future time when it is produced in sufficient quantities to

furnish a dependable source of supply.

The effect of preservatives upon the life of ties of different species

is to establish an average .service of from 15 to 16 years per tie including

those species formerly rejected, as against about 10 years for the formerly

accepted durable species, and 2 to 5 years for the unserviceable kinds.

The relative durability is affected by several factors. Very durable

woods, such as white oak, do not show a corresponding increase in longev-

ity when treated. The greatest relative gain comes in treating such

woods as birch and maple which otherwise decay rapidly.
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The period of service is diminished by heavy traffic because of in-

creased wear, and some species, hke soft maple and ehn, show less rel-

ative resistance to heavy than to light traffic when compared with ash,

hickory, and red oak. To meet this condition in lines where the traffic

exceeds ten million tons annually, tie plates are used which distribute

the load and prevent the cutting of the tie by the rail.

The preservation of wood has been standardized by experience until

practically all commercial plants use either creosote or zinc chloride or

a combination of the two. The wood is impregnated with these materials

in closed cylinders under air pressure. The use of creosote is more
expensive, and gives greater length of service. The choice of the method

is determined by the effort to secure the lowest annual charge for re-

placements, which is derived from first cost of the treated tie and years

of service secured. As ties increase in price the tendency will be to sub-

stitute creosote for the cheaper processes.

The following table, prepared for the use of one of the larger east-

ern roads, shows both the effect of preservation upon the period of serv-

ice and the shortening of this period resulting from excessive traffic. In

final analysis, it is the total work which the tie is called on to perform,

in terms of tons of traffic, which will limit the service which can be ex-

pected of cross-ties, no matter of what species.or how well preserved

and protected. Demand for tie timber will therefore increase in the

same proportion as the increase in tonnage, and regardless of efforts to

conserve the supply by preservative treatment.

The extent to which this economic revolution in the practices of

railroads with respect to the utilization of cross-ties has progressed, is

shown by statistics of wood preservation for 1921. In that year,

55,383,515 cross-ties were treated in the United States, of which

54,327,471 were for use on steam railroads and 1,156,044 on electric

lines. As the annual consumption of ties is approximately 100,000,000

over one half of all ties are now treated. This includes practically all

the woods classed as "T", or needing the treatment.

Within another decade, practically all ties except a certain per cent

of the more durable "U" ties and ties used by small roads, will receive

preservative treatment. The larger roads which have not already adopted

the practice in loto, are rapidly enlarging their percentage of treated to

untreated ties. Partial figures indicate that the roads with trackage in

Illinois used, during 1921, 41 per cent of treated ties, and several of

the larger systems increased this per cent substantially in 1922.
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Sekviceabiott of Ties

/. Species native to Illinois

Untreated ties Treated ti^s

Heavy traffic Light traffic* Heavy traffic Light traffic*

Species Years Years Years Years

Ash 3 3 10 16
Beech 4 4 8 14

Birches 2 2 8 14

Cherry 4 6 7 14
Elm 2 3 6 12

Gums 2 2 10 14

Hackberry 2 3 6 12

Hard maples 4 4 10 14

Hickory 3 3 10 16

Honey locust 3 3 10 16

Red oak 5 5 10 16

Soft maples 2 2 6 12

Sycamore 2 2 6 12

White oak
Heart 8 10 10 16

Sap 7 8 10 16
Walnut, black
Heart 6 15 8 16
Sap 5 12 8 16

Butternut 1 2 1 10

II. Species not constituting a source of native

supplies of cross-tics

Chestnut •

Heart 3 14 3 16
Sap 2 10 3 16

Cypress
Heart 4 12 4 14

Sap 3 5 4 16
Douglas fir

Heart 5 8 7 16
Sap 3 3 7 16

Hemlock 3 4 7 14
Larch 3 6 7 14
Pine
Heart 6 12 8 Ifi

Sap 3 3 8 IG

Southern Illinois is the center of the industry of commercial wood-

preservation, containing nine large plants, while three others are located

elsewhere in the state. This is due to the strategic location of this region

with respect to available supplies of hardwood and pine ties requiring

treatment, on the one hand, and to railroad mileage in need of ties on

the other. This fact offers a distinct advantage to producers of local tie

timbers, which is only partly nullified by the practice of offering uni-

form prices for ties delivered on the right-of-way.

• Llght-trafflc tracks are those carrying not more than ten million tons annually.
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The effect of wood preservation upon the requirements of Illinois

railroads for tie timber is twofold. It greatly increases the potential

supplj' from all, and especially from local, sources, and it cuts the re-

quirements for renewals nearly in half, thus improving the position of

the roads from 300 to 400 per cent and postponing the day when the

roads will be forced to introduce other materials in place of wood for

ties.

The rate of annual renewals is the gage of the length of service of

the average cross-tie. For main tracks the number of ties per rail of

33 feet averages 20, giving 3200 per mile, while on side-tracks it runs 18,

or 2880 per mile. An average for all track and roads is sometimes

taken as 3,000 ties per mile. The annual replacements per mile, divided

into this figure, represent the life of the average tie with approximate

accuracy after the initial period following construction has elapsed. As

new construction has been practically at a standstill since 1915, this

figure should gage the future requirements of Illinois roads for tie

timber.

Figures for the years 1917-21 inclusive give for all Class I rail-

roads of the United States an average annual renewal of 235 ties per

mile. This is equivalent to a life of 12^ years, which indicates, first,

the extent to which the more durable woods have in the past been pre-

ferred and. second, the transition which is rapidly taking effect. The
roads simply could not afford to use ties whose service fell much below

10 years, and made the shift as soon as economic necessity compelled

action.

The annual requirements of Illinois roads for replacements are

slightly more than this average, being 241.0 ties per mile for re])!ace-

ments alone, and 245.9 per mile when new construction is included. It

will require probably ten years to reduce this figure to 174 ties ])er mile

for all tracks, which is the goal set for 100 per cent use of treated

cross-ties. Should the mileage of track remain fairly stable at 25,000

miles, this would require 4,350,000 ties annually. Allowing an increase

in trackage of 10 per cent and a further increase in renewals due to

heavier traffic of 20 per cent upon the ultimate mileage, the number re-

quired would be 5,742,000 ties annually.

Unless unforeseen factors arise it appears safe to estimate that a

permanent supply of 6,000,000 ties for steam roads alone should guar-

antee the continuous use of wood for cross-ties in Illinois.
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The Uses of Wood in Mining

Mining finds its great importance as a basic industry upon which

the entire structure of manufacturing depends for fuel to furnish power,

heat, and light, which are equally essential for domestic consumption.

Hence the relation of wood-supplies to this industry has an importance

much greater than if measured solely by the quantity of wood required

in the mining processes.

In Illinois this importance is increased by the fact that 95.2 per

cent of the entire mining output of the state is in the form of fuel, of

which bituminous coal comprises 77.7 per cent, and petroleum 17.5 per

cent. The residual output of 4.8 per cent is made up of limestone 2

per cent, sandstone 7/10 per cent, and other materials 2 per cent.

The production of bituminous coal, according to the reports of the

Department of Mines and Minerals, in short tons of 2000 lbs. for the

last seven years is as follows

:

Tons

1916 63,673,530

1917 78,983,527

1918 89,979,469

1919 75,099,784

1920 73,920,653

1921 80.121.948

1922 63.376,827

Average 75,007,962

Illinois ranks fourth in the value of all mining products and third

in the production of coal, the value of the latter alone in 1919 being

$138,767,835. For the year ending June 30, 1921, the number of em-

ployes in coal mines was 95,763 and the sum of $80,309,689 was paid

out in wages. Illinois coal-mine operators control 799.OGO acres of land,

of which 754,235 acres is classed as coal land, and 44,825 acres as timber

and other lands.

The use of wood is essential to the production of coal at reason-

able costs. Coal-mining requires large quantities of small timbers in

the round, leading to very close and economical utilization of timber

crops and of the contents of trees as contrasted with the waste incidental

to cutting for saw-timber only. Supplies of local timber on which

freight charges are moderate permit the utilization and later abandon-

ment of timbering in mines, without the excessive costs which would



77

be incurred in the use of substitutes such as steel or cement. In most

instances the recovery of such supports is dangerous and impracticable.

The forms in which this wood is needed are props, legs and bars,

lagging, caps, mine ties, and lumber.

Props are small timbers, either split or round, used in temporary

openings, such as in rooms for supporting the roof. Props run from

3 to 5 inches in diameter at the tip and from 2J4 to 10 feet in length,

depending upon the thickness of the coal seam.

The vertical pieces used in the entries and other more permanent

positions are called legs or posts and the horizontal piece is called a

cross-bar or, more briefly, a bar. These may be (! or 8 inches in diam-

eter at the top end and up to IG feet long.

Lagging, or riprap, consists of small poles or boards which extend

from one set of legs and bars to another to keep small pieces of roof

or wall from falling into the entries. In most cases the lagging is used

only where the ground is loose, as the rooms are usually cut in the

coal so that the walls stand well without support. The quantity of

this material used in Illinois coal mines is comparatively small.

Caps are pieces of board about one foot square used to place on

top of props or legs for the purpose of tightening up the pieces which

support the roof. Old props might be cut up and used for this same

purpose. The ordinary size for cap pieces is 12x13 inches and 1 inch in

thickness. Mine ties may be as small as 3J^ feet long by 2x4 inches,

and up to 5^ feet long by 5x6 inches. Lumber is used for general

construction, and for mine cars.

The production of bituminous coal for Illinois in 1921, of 80,121,948

tons is taken as the basis for determining the quantity of wood required

in mining this coal. Of this total, 78,399,082 tons were the output of

shipping mines.

The total consumption of wood in coal-mining was obtained for

mines producing a total of 22,146,784 tons, or 27.61: per cent of the

total output, well distributed over the entire state. The remainder was

calculated by proportion, assuming the same rate of consumption. On
this basis the coal industry consumed in 1921, 21,552,250 cubic feet of

wood in all forms, of which 19,710,000 cubic feet went into the mines

in the form of timbers* and the remainder, 1,842,260 cubic feet, was

• All forms of wood were converted into cubic feet by proper equivalent. For
props, the truncated cone formula was u.sed:

V = 0.2618 L (D" -I- dD + d«)

144
whore V = volume. L = length, D = top diameter, and d = butt diameter.

B'or lumbir G board fi et wan taken as equaling 1 cubic foot.

An average taken on 3.300,000 pieces indicated that the dimensions of the aver-
age mine prop were 5.2 feet lontr by 5.4 Inches at the middle, or a little over 6 inches
at the small end, and containod .83 cubic feet. Mine ties averaged .7 cubic feet.

Mine caps are of various sizes, but averaged 1 board foot or % cubic foot. L>eg8
and bars averaged 1.91 cubic feet.
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used as lumber, amounting to 11,053,560 board feet, for mine cars and

construction purposes.

The consumption of wood per ton of coal mined, was

:

For all purposes, including lumber .269 cubic feet.

For mine-timbering, excluding lumber and mine cars, .2-16 cubic

feet.

The forms in which this wood is used, and the quantity of each are

shown in the following table.

Wood consumed in Coal-mining in Ilunois *

Class of

material
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average contents per piece already determined. It will be noted that

91.24 per cent of all wood used in mines is in the form of round or hewn
products of which but 7.13 per cent are legs and bars of sizes capable

of yielding lumber. Thus 84.12 per cent of all the wood used in coal

mines consists of relatively small props, mine ties, and lagging, which

utilizes trees down to from 3 to 4 inches in diameter breast high.

The only use of wood comparable to this in closeness of utilization

is as cordwood for fuel. But the economic value of mine timbers is

much higher than that for cordwood, since for the consumption of .246

cubic feet, or, at 80 cubic feet per cord, of 00.3 per cent of a cord, one

ton of coal is obtained, having a fuel value, at .8 tons per cord, of 406.5

times that of the wood consumed. It requires a total of 246,37.5 cords

of wood to mine all the coal produced in Illinois, while if wood were

substituted for coal as fuel, the requirements would be 100,1.52,438 cords

as against an actual output of 1,024,614 cords, or not much over 1 per

cent of these requirements. It is therefore evident that if wood must

be grown to supply fuel, its most economical use is by converting this

wood into coal through the mining industry, and that the land required

to produce mine props is performing a service of very high value to the

community.

Cost of Mining-timbers

These relative values are reflected in the prices paid for mining

timbers as compared with those for cordwood. The average price paid

at the mines for all classes of timber reduced to cubic feet was in 1921,

18.3 cents per cubic foot, which at .246 cubic feet per ton of coal mined

gives a cost of 4. -5 cents per ton of coal for wood delivered at the mine.*

The price for the larger sizes in the form of legs and bars, was 26.7

cents, or 46 per cent greater than this average, while for mine props it

was 16.2 cents per cubic foot, or 11.5 per cent lower. The larger dimen-

sions thus command a price per cubic foot 64.3 per cent greater than the

smaller props.

• Costs of Timber Delivered at Mine. 1921

Summary of Results from Comlming Figures of Harry E. Tufft and R. B. Miller

TufTt 8,845.650 tons $302.2!I8 3.5 cents per ton
Miner 14,049.475 tons 717.601 5.1 cents per ton

Combined 22,895.125 $1,013,899 4.5

The discrepancy in tonnage between this showing for Miller and the number of
tons reported on by him in the foot-note on page 78 is expiaim d by the fact that for
2,592,685 tons he had cubic feet of wood requirement but no data on costs.
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Reduced to cords by the equivalent of 80 cubic feet per cord, the

price paid per cord for wood at the mines was

:

Props $12.96

Legs and bars 21 . 36

Average, weighted $14.64

Using 6 board feet per cubic foot, the lumber represented by the

larger-sized timbers costs $44.50 per thousand board feet at the mine,

while the same equivalent applied, for sake of comparison, to props

gives a value of $27.00 per thousand board feet.

It is evident that at these prices, mine timbers will bear the cost

of transportation over considerable distances. As the cost of substitutes

is still much higher than for wood, and, as the timbers are indispensable

to operation, it follows that as long as the freight charges from the near-

est available supply do not exceed this margin, the freight will be paid

and added to the cost of the timber laid down at the mine. The market-

ing of small sizes in this form gives a commercial outlet to material

otherwise unmerchantable. Yet under present conditions and practices,

the immediate supply of timber obtainable for Illinois mines is insufH-

cient for the demand, and is constantly decreasing.

Based on returns from companies mining one fifth of the total out-

put of coal, it was found that for 1921, 62.3 per cent of all wood used

was obtained from Illinois sources, and 3T.7 per cent was shipped in

from outside the state. The centers of largest coal production, in Frank-

lin and Williamson counties, which in 1921 produced 29.3 per cent of all

coal mined in the state, are contiguous to the largest timbered area in the

state containing the greatest percentage of non-agricultural land. Rather

than be forced to pay excessive freight on these low-grade materials,

these mines will always offer an active market for locally grown timber.

The higher the freight charges the greater the margin in favor of local

supplies. As the cost of cutting and transportation to the railroad is

apt to be similar for similar conditions, what would otherwise be paid

m freight becomes available either as reduced cost to the mines, increased

profit to the contractor or jobber who pin-chases the timbers, or increase

in the stunipage value of the timber itself. The closer the competition

and the greater the scarcity of timber, the greater the proportion of this

margin which will be secured by the owner of the timber in the form

of stumpage value.
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There are but two factors working against this prospective increase

in value to the owner. One is the possibiHty of substituting other ma-

terial for wood in the mines, the other, which is a corollary of the first,

is the disruption of the business of furnishing mine timbers from a given

region because of the extreme scarcity of wood. In either case the

tendency of mine operators is to seek a dependable supply, whether of

wood or substitutes, that can readily be secured in the needed quantities.

For such guarantee of supply, and because of the cheapened cost of

business and of handling, larger prices can be paid than for odd lots,

insufficient .in quantity, irregular in delivery, and perhaps of variable

quality. It follows that local mine-timbers have a great economic

advantage over shipments from greater distances, but that to fully se-

cure these advantages, these timbers nuist show eqvially good quality

and, still more important, be produced in quantity sufficient to supply a

large percentage of the requirements of the mines. The kinds of wood

used in the mines include nearly all classes of local timber. For legs

and bars, where strength is required, white oak is sought. For props,

mixed species are used, the only requirements being soundness or unim-

paired strength. This undiscriminating market is a great advantage in

the utilization of mixed stands.

Most of the mine timliers imported, come at present from the Ozark

region of Missouri where large tracts of small white and post oaks are

being exploited for this purpose. It is significant that in spite of these

rather extensive timber tracts in a contiguous state, the mines of Illi-

nois still draw more than 60 per cent of their timber supply from the

second growth and cut-over areas near at hand, and they will continue

to do so as long as these timbers can be obtained at prices comparable

with those of importations.

In no other industry does the intimate relation between forestry

and close utilization of wood appear so strikingly as in coal-mining. No
enterprise is more dependent on wood for its operations, and none except

the paper industry uses sizes which can be so rapidly, abundantly, and

cheaply produced. Yet in spite of these favorable circumstances, it is

generally admitted that wherever extensive mining is conducted, the

wood required for these operations is becoming increasingly scarce and

difficult to obtain. The cure for this situation lies in fire protection and

the growing of crops of timber on an extensive scale. Coal-mining will

be the first industry to feel the beneficial efTect of such practice.
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It should be emphasized that nothing but the production of large

quantities of cheap timber of small sizes will solve the problem of supply

for coal-mining. It is only to a very small degree a question of treating

or preserving timbers to prolong their life. Legs and bars which remain

in place more than two or three years may be treated profitably, but the

entire consumption of these sizes constitutes but 7.8 per cent of total

'requirements, exclusive of lumber. Ties, constituting 13.65 per cent,

might be treated to advantage. Btit the props, caps, and riprap, or 78.54

per cent of consumption, would seldom warrant the expense of preser-

vation. If about two years of use is secured, they can then be aban-

doned. The substitution of metal, concrete, or other mineral supports

for such temporary entries presents a problem of expense which will

seriously handicap all mines which can not continue to secure cheap

timber.

If the growth of timber is placed at the low average of 40 cubic

feet per acre annually, it would still require less than 500,000 acres of

woodland to furnish a perpetual supply of mining timbers for this in-

dustry. The mining companies own 799,060 acres, or 60 per cent more

land than they need to produce their own supplies. Owing to the small

sizes of the average prop or tie, these supplies can be grown in a shorter

period than for any other use except fence posts or fuel. Depending

on the soil and species, props may be grown in from 15 to 30 years. In

actual practice, lands devoted to the growing of timber should produce

nearly twice this yield, or one cord per acre. But instead of being cut

clear for small mine-timbers, these should be obtained as thinnings made

to release the better trees in order to permit the latter to grow into sizes

suitable for legs, bars, or saw-timber. Props can also be cut from the

tops of trees used for these higher purposes. Under such intensive

forest management it will be possible to furnish Illinois coal mines with

a perpetual supply of timber for all purposes from the equivalent of

400,000 acres, by utilizing only the thinnings and by-products or cord-

wood and tops grown in raising higher-priced timber. It is probable

that most companies will fail to improve this opportunity as long as they

can continue to obtain their supplies by purchase through middlemen or

contractors, preferring this method to the assumption of the enterprise

of forestry as a side-issue to their main undertaking. Woodland owners

in Illinois are probably assured of a continuous market for mining tiinbei

at constantly increasing prices, due to this lack of foresight of the opera-

tors in providing for their future needs.
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The Consumption of Wood on Farms
The three outstanding uses of wood on farms in IlHnois are for

lumber, fence posts, and fuel. The consumption of lumber is estimated

to average 1,250 board feet per farm, or a total of 296,476,250 board

feet per year on the 237,181 farms. These, and other data on use and

production of wood on farms are based partly on the results of a ques-

tionnaire sent to 1,600 farmers through cooperation with the Office of

Farm Organization and Management and the State Leader of Farm
Advisers. Each county agent was asked to supply the names of repre-

sentative farmers in his county who owned woodland. Another list of

names of farmers having over 40 acres of woodland was secured through

the assistance of Mr. A. j. Surratt, Agricultural Statistician at Spring-

field. The Natural History Survey takes this occasion to thank the 440

farmers who aided the investigation by furnishing data.

THE CONSUMPTION OF FENCE POSTS IN ILLINOIS

The average farm in Illinois contained 134.8 acres in 1920. The

amount of fencing which is required for all farms in the state was de-

rived in two ways. In Bulletin 321 of the U. S. Department of Agri-

culture on the subject "Cost of Fencing Farms in the North Central

States", Humphrey ('16) gives the number of rods of fence per acre

for farms of different sizes. Those between 100 and 140 acres require

6.3 rods per acre. The second method was the questionnaire, answers

to which covered 121,434 acres. On this area of 1S9.74 sections there

was required 10 miles and 140 rods of fence per section, or 5.21S5 rods

per acre.

The area of the average farm for which these data were taken was

354 acres. It was assumed that the average of all fences would re-

quire 1 post per rod of fence. The ratio of rods of fence per acre in-

creases as the farm-unit diminishes in area, hence a factor of increase

of 20 per cent was applied to these figures, which gave a requirement of

6.26 posts per acre for average Illinois farms of 134.8 acres as against

6.3 posts based on Bulletin 321 (in 1916) for farms of 100 to 1 10 acres.

The average farm, then, requires 843.8 fence posts in good repair.

With 31,974,775 acres of farm land in 237,181 farms, the total number

of fence posts in place is 200,163,000 in 625,506 miles of fence, equivalent

to 25 times the earth's circumference.

As the area of land in farms is not increasing but, rather, diminish-

ing, any tendency to increase the amount of fencing on the average farm
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is offset for the state as a whole. The quantity of fence posts required

annually for farm-fencing will depend upon the need for replacing de-

fective posts. These annual replacements and the ratio they bear to the

total number of posts in use is in turn determined by the average length

of life of fence posts in the ground. If this is 10 years, one tenth of the

number will represent the annual consumption required to keep up the

farm-fencing throughout the state.

To determine the average period of renewals two methods can be

applied. One is to compute it from the average duration of service of

each class of posts, weighted by the proportion of posts of this class

used. The second is to compile data on the actual number of posts re-

quired to maintain fences which have been in place long enough to need

annual replacements.

It was impracticable to determine the percentage of posts of each

species on the basis of the data gathered ; but by the second method,

based on 1800 miles of fence, the average period of service of a post

was found to be 934 years. This would indicate an annual require-

ment by farmers in the state for renewals, of 20,530,000 posts, taking

no account of the quantity used by other consumers.

In the construction of the original fences on the farms of the state,

at least two thirds of the individual owners probably had a source of

supply of fence-post material in their own wood-lots, while a large

proportion of the remainder could purchase posts from their neighbors

at no great distance. These native wood-lots yielded sufficient supplies

of the more durable species to satisfy the demand. In the southern por-

tion, white oak was the principal source of supply, with mulberry pre-

ferred whenever it was present and walnut used extensively when avail-

able. The wood-lots of the northwestern counties yielded burr and post

oak, superior even to the white oak in durability. Sassafras was made

use of as posts when it had come in on old fields and had attained

proper sizes.

But there remained in many of the prairie counties large areas with

no timber or post material except at considerable distances. On these

farms, hedges of Osage orange were extensively planted in the early

days, and small plantations of black locust were set out by many fanners

as a source of future post material. Later, about 15 to 20 years ago,

hardy catalpa was extensively advertised and planted for the same

purpose.
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The Osage orange hedges served a double purpose. During their

initial period of growth they were substituted for fences. Later, when

land became more valuable and many rods of hedges were grubbed out,

these old hedges yielded large quantities of posts, averaging from 16

to 20 per rod of hedge, thus furnishing posts for a fence 16 to 20 times

as long as the original hedge.

Of late, the supply of post timbers of these more durable species,

such as mulberry and white oak, in the wood-lots, has been nearing the

point of exhaustion. White oak grows more slowly than trees of the

red or black oak group, and on wood-lots which have been extensively

cut and grazed is less numerous than red and black oaks in the repro-

duction which springs up. The close selection of mulberry for posts

tends to exterminate this species in mixture. The white or burr oak

land in the northwest counties is of a better grade than black oak soils

and tends to pass under cultivation. This has increased the use of

several less durable species for posts, principally red or black oak, elm,

and even such trees as Cottonwood, willow, ash, and maple. All these

species are short-lived in the ground, and it does not pay to set them

unless first treated with preservatives. When so treated, their average

life compares favorably with that of untreated posts of the better species.

To determine the average length of service of the more common

post-timbers for Illinois conditions, replies to inquiry on this point were

tabulated, and the results compared with the standards of durability

published by the U. S. Forest Products Laboratory at Madison, Wis-

consin. On the basis of the actual experience of over 400 farmers, cor-

rected when the data which they furnished were insufficient and not in

agreement with those of the Laboratory, the following (p. 87) standards

of durability for posts of these species untreated, were arrived at.

The most striking fact brought out is the remarkable durability or

indestructible character of the hedge or Osage orange posts. Hedge

has been used for so long in Illinois, and so many replies were received,

that this fact, of which abundant corroborative evidence is available,

can be accepted as proved. The only question is the length of this period.

As with any species of post, this depends somewhat on the size or di-

ameter. But in Osage orange posts this has less effect than for any other

species. The sapwood is narrow, and changes to heartwood in 3 to 4

years, and small posts 2 inches in diameter have frequently given service

for 50 years. In fact, these small posts wear out by splitting through

the driving of staples, before they decay.
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Average Durabiuty of Species of Wood used fob
Fence Posts on Illinois Fakms, untbeated

Species

No. of re-

plies re-

ceived

Average
dura-
bility

years

Durability based on
virhite oak—10 years
(U. S. Forest Service)

years

Standard
recommended
for Illinois

years

II.

Durable
Osage orange
Mulberry
Black locust

Catalpa
Northern white
cedar

Burr oak
Post oak
Walnut
White oak
Sassafras
Not durable
Elm
Black and red

oak
Ash
Maple
Cottonwood
Willow

128
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Number of Posts of Diffeuf.kt Species Required Annually per 100 Acres
(Based on 6.26 posts per acre, or 626 per 100 acres)

Osage orange 15 to 16

Mulberry 31

Black locust 31

Catalpa 42

Cedar, untreated 42

Burr oak untreated 50

White oak, old growth untreated 63

Walnut 56

Treated posts of inferior woods—20 years basis 31

On basis of 30 years 21

The figure of 25 years given by the Forest Service is much too low

for this species, as evidenced by testimony on the actual life of posts. It

probably represents, not the full life of the posts but the life since they

were set out. This is the case with many of the Illinois replies.

It is evident, then, that in hedge posts we have material which, size

for size, will give twice the length of service of any known wood, and

does this without the additional expense of preservative treatment.

In other respects the results obtained from Illinois sources agree

closely with the accepted standards, except in the case of some of the

less durable species where insufficient evidence was collected. Here the

standard adopted agrees closely with that of the Forest Service. The

indicated durability of the red oak group is shortened to 5 years. None

of these species should ever be used as permanent posts without treatment.

These standards of durability apply to the average post-material as

taken from the wood-lot during the past 20 to 30 years. But with the

exhaustion of the virgin stand, posts are being taken to much greater

degree from saplings, and round posts substituted for split posts of such

species as white oak. With the increased rate of growth of saplings on

cut-over lands comes a greater percentage of sapwood, which decays

more rapidly than heartwood and shortens the average life of these posts.

FUTURE SUPPLY AND PRICE OF WOODEN FENCE POSTS

Data obtained from questionnaires sent out to farmers indicate

that in spite of depletion the woodlands of the state are still supplying

nearly 50 per cent of the fence posts needed annually on farius for re-

placements, or a total of 10,031,800 posts. Under existing conditions

a shortage of post timber has already developed and will increase in

severity. This shortage is being made up in part by importations of

white cedar posts from the Lake states, creosoted yellow-pine posts from

the south, and locust and red cedar posts from Kentucky and Tennessee.
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The species and number of these posts shipped into certain regions

of -the state is governed, as in the case of lumber, largely by freight rates.

During a nine-months period ending June 30, 1923, one southern pine

lumber company alone shipped 138 cars containing over 148,000 creo-

soted yellow-pine posts into the central prairie region of the state. The
number of imported posts will probably increase. In the southern part

of the state white oak posts sell at the lumber yards for 16 cents and red

cedar and sassafras at 30 to 40 cents. Mulberry posts sold in Union

county for 7 cents each in the woods, but this species is generally reserved

by farmers when selling timber for mine props. In northern Illinois

white cedar posts from Wisconsin sell at 25 to 45 cents, red cedar at 45

cents, and creosoted longleaf pine at 50 cents each. Native white or

burr oak posts could be bought in the summer of 1922 in northern Illi-

nois for 15 cents and Osage orange and black locust for 40 cents each.

It is probable that sapling or second growth white oak will not last

in the ground much over 8 years, hence it will pay to treat such posts

as well as those of the less durable species. The open-tank treatment

with creosote, in which heavy absorption or practically complete pene-

tration of the butt of the post is secured, is recommended for all species

listed on page 86 except red cedar, Osage orange, black locust, mulberry,

and catalpa. When so treated, all of the remaining species except willow

and Cottonwood will last 20 years and probably considerably longer, thus

reducing the annual renewal to less than 5 per cent and making red oak,

elm, soft maple, and other inferior species last as long as the more durable

species. The wood of willow and cottonwood does not take treatment

uniformly, and due to this fact posts may develop decay in a shorter

time than would be the case with some of the other species. Yet when

these two species are available in quantity they will pay for the cost of

securing and treating them in spite of this drawback.

According to MacDonald ('15) the total initial cost for treated

cottonwood posts 7 feet long and iyi inches at the top-end is 40 cents

with creosote figured at 30 cents a gallon. This makes the annual charge

for the post in place 1.6 cents, if it gives a service of 25 years, and 2

cents a year if it lasts 20 years.

In comparison with this the annual charge for an untreated white

cedar post costing 35 cents with 10 cents for setting, a total of 45 cents,

would be 3.2 cents per year if it lasted 14 years and 4.5 cents if it lasted

only 10 years. The results, then, seem to stand 2 to 1 in favor of the

treated cottonwood post over white cedar untreated.
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Information on the treating of fence posts by the open-tank method
is easily procurable from the U. S. Department of Agriculture (Hunt
'IG)* and several agricultural stations, such as Iowa (MacDonald '15)t,
Minnesota, and Louisiana (Mattoon '20 )|, and it is not necessary to go

into the details of the process here since so many excellent bulletins have

been written on the subject. There is not only a direct saving in the

cost of fencing to the farmer by creosoting the non-durable species, but,

more important still, if the practice of treating the wood of all inferior

species is universally adopted, extending the life of posts to an average

of 20 years instead of 10, there will be required in Illinois annually but

10,000,000 posts instead of the present 20,000,000 or more. By adopting

preservative treatment of fence posts the farmers of Illinois can produce

enough fence posts, at the present rate, to supply from the farm wood-
lands all of the needs of the farms for fencing.

THE USE OF SUBSTITUTES CAST IRON, STEEL, AND CEMENT POSTS

Unless home-treating of fence posts is practiced to a greater extent

by Illinois farmers, the unsatisfactory service and frequent renewals

resulting from the use of the more numerous inferior species and the

increasing prices of durable or treated posts will result in the substi-

tution of steel, iron, and concrete posts. Good authorities say that aj>

proximately 1,800,000 steel posts alone were sold in Illinois in 1932, to

say nothing of concrete and cast-iron posts, and such sales will undoubt-

edly be increased by advertising.

Undoubtedly great advances have been made by manufacturers in

the production of substitutes for the wooden post, and the steel or iron

post may have certain advantages which are strongly pressed. Among
these it is mentioned that time is saved in building fence since the posts

are driven into the ground, the bearing-surface being increased by anchor

plates ; that the steel posts act as conductors during lightning storms

;

that fence-rows can be burned out without damaging the fence ; that

frost heave is eliminated; that there is no expense for staples, and that

the farm can be given a neater appearance by the use of uniformly shaped

posts,—all of which are good selling points for the agent.

Among the types of metal posts on the market may be mentioned

those made of steel, and of galvanized and cast iron, the last two being un-

• 1916 Hunt. George M. The Preservative Treatment of Farm Timbers. U. S. Dept.
of AgT, Farmers' Bulletin 714, Washington, D. C. Sept. 21, 1916.

t 1915 MaclJonald, G. li. rrcservalivc Tioaliiient of Fence Po.sls. Hulletin 158, Iowa
Agricultural Experiment Station, Ames, Iowa. August, 1915.

t 1920 Mattoon, \V. H. Truating Fence- I'osts on Farms. Circular .N'o. 37. Extension
Division Louisiana State University in Cooperation with the U. S. Dept.
Agr. Baton Rouge, Louisiana. March, 1920.
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doubtedly the most durable, and of course more expensive. The weak

points in steel posts mentioned by the Ohio Agricultural Experiment

Station, poor quality of metal and too thin material, are being overcome

by some manufacturers. Greater care is being taken in the selection

of steel and the posts are being made heavier in cross-section, some being

of the same shape as a railroad iron. Such steel posts sell for about

45 cents each and are rated by the manufacturers with a durability of

15-25 years, although according to the Ohio Agricultural Experiment

Station, which made exhaustive observations on over 10,000 steel and

concrete posts, "this type of post has not been in use long enough to

judge of its merits". Galvanized iron posts, round in form, are made

which spread when driven into the soil, giving them a firmer anchorage.

These, which require no staples, cost 55 cents each and are rated with a

durability of 22 years. The manufacturers of galvanized steel windmill

towers are making posts of the "angle iron" variety, lighter than those

of the "T" form, which sell for 45 cents each, and they claim that some

of their windmill towers of the same material have been in service for

30 years. Makers of cast-iron posts claim that the purchase of steel

posts is a waste of money, and no one doubts the durability of cast iron

who has seen it used for underground water-pipes. As with untreated

and treated wooden posts, the relative value of steel or other substitutes

must be determined by comparing the average annual charges for the

various kinds, including the setting and renewal of the posts over a period

of years sufliciently long to afford a fair comparison.

We were not able to get a reliable estimate as to the number of

concrete posts used in Illinois yearly. Although of higher price when

purchased than steel, they have the advantage that with proper molds

they can be made on the farm with farm labor. It has been demon-

strated that they need to be reinforced and even then, due to dift'erence

in composition of materials and faulty workmanship, they have not given

as good an account of themselves as expected. The Ohio Agricultural

Experiment Station places the concrete post in about the same class as

catalpa or white cedar, the later type used by the Big Four railroad show-

ing from 10-30 per cent disintegration in from 8 to 15 years.

The existing information on the relative efTiciency of steel and con-

crete posts does not permit of the conclusion that they have as yet estab-

lished their superiority over either the durable species of post. timber

or the inferior species when properly treated. Substitution is yet ac-

companied by considerable risk and, as in other instances, is being brought
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about, not by the proved superiority of the substitute but by the progres-

sive exhaustion and failure to replace the needed supphes of wood for

this purpose.

Consumption of W'ood for Fuel on Farms

The largest consumers of wood for fuel are those who own wood-

lots and cut their own wood. A certain amount of wood is sold to city

and town dwellers and to farmers who do not own woodland, but this

quantity is limited by the comparatively high cost of transportation of

wood and the greater labor required in cutting and splitting, storing

and piling the wood for use as compared with coal, as well as by the

necessity of seasoning green wood. To dwellers in Chicago, wood is

a luxury and not a staple. The abundance and wide distribution of coal

throughout the state and its greater convenience in handling and storing,

smaller requirement in labor, and greater facility for heating and holding

fire over night in cold weather have led to a wide substitution of coal

for wood, even for domestic purposes, on farms which have wood-lots.

Coal and oil almost completely replace wood as a source of power in

industry.

From the returns of a questionnaire* it was calculated that farm-

ers consume 93.166 per cent of all the wood burned for fuel ; and that

wood supplies 25.59 per cent of the combined or total consumption by

farmers of wood and coal. The consumption of fuel oil was not ob-

tained, and would reduce the percentage of wood to the total of all

fuels used by farmers. The basis of this calculation is the questionnaire

to farmers, which indicated that as a class they purchased as much wood

as they sold, and hence consumed the equivalent of the production of

cordwood from farm wood-lots, leaving the cities to be supplied by the

equivalent of cordwood from remaining timber lands. The average

yield per acre annually was .332 cords, or a total consumed on farms

alone, of 885,792 cords from 2,668,050 acres of farm wood-lots. By
using standard weights of wood of different species, and comjniting the

true average based on an approximate per cent of different species used

as cordwood, a fuel equivalent of .8 ton of bituminous coal was obtained

to one cord of air-dry wood. A cord of black locust or hickory is the

equivalent of a ton of coal. A cord of oak is approximately equivalent

to .9 ton of coal ; beech, walnut, and ash to .8 ton ; red maple, gum,

' See Appendix, Note 6, for tabulated data.
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sycamore, and elm to .7 ton
;
yellow poplar and Cottonwood to .6 ton

;

willow and basswood to .5 ton.

It was found that the average farm of 1-10 acres which burned

wood exclusively used 21.4 cords per year, while on farms which burned

both coal and wood 13.4 cords were used and 7.66 tons of coal. Farms

burning coal only consumed 9.8 tons per year. The wood burning or

wood and coal burning farms were those which had fairly large wood-

lots, and the average of wood on all farms using it wholly or partly for

fuel was 16.1 cords per year. From this figure, divided into the assumed

total wood-production for farms of 885,79"2 cords, it is indicated that

about 55,018 farms, or 23.3 per cent of all farms, use wood for fuel

at this average rate of consumption per farm, while 76.7 per cent burn

coal or oil exclusively. When the acreage of woodland per farm is

more than 5 acres, 98. 1 per cent of the owners make considerable use

of wood for fuel, but when the wood-lot drops below 5 acres per farm.

only 44 per cent of such owners burned wood for fuel. These small

wood-lots are often grazed and park-like, or are prized for shelter or

appearance, and are not adequate as a source of wood fuel.

The indicated consumption of coal by farmers is 2,061,046 tons.

The assumed 885,792 cords of wood produced on farms at .8 ton per

cord gives the equivalent of 708,634 tons, or a total equivalent of 2,769,

680 tons for the farmers of the state as a whole, of which wood forms

25.59 per cent in fuel value. While 23.3 per cent of all farmers burn

some wood, 7.9 per cent still burn it exclusive of coal and 15.4 per cent

burn both coal and wood.

A significant fact brought out by this inquiry is that those farmers

who have a plentiful supply of wood-fuel use considerably larger quanti-

ties of fuel than when forced to buy coal. Based on fuel equivalents,

farmers burning only wood consume 176.5 per cent of the heat luiits

consumed by farmers burning only coal, while those who supplement

the use of wood by purchasing some coal consume 177.3 per cent of the

heat units consumed by those burning only coal. This discrepancy is

too large to be completely offset by the supplementary use of kerosene

or other fuel oils by those who do not have wood to burn. Farmers

who have wood-lots apparently live in greater comfort than those who
do not. Yet the coal-burning farmer pays as much for his smaller

quantity of fuel as his wood-burning neighbor, even when the cost of

labor and a fair price for stumpage is charged against the wood. The

average cost of coal to farmers was $6.60 per ton. For wood the cost
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of stunipage plus labor cost was $2.94 per cord, or the equivalent of

$3.67^ per ton of coal, a saving of 45 per cent over coal-prices, which

indicates that wood obtained from the wood-lot or neighbors at $3.94

a cord gives 79.6 per cent greater fuel-value for species with .8 tons

fuel value per cord than coal at $6.60 per ton. The relative amounts

spent on fuel at these values, and assuming all wood as purchased, are

as follows

:

Coal-iurners
Coal 9.8 tons at $G.60 $64.68

Coalatid-wood turners
Coal 7.66 tons at $6.60 $50.56
"Wood 13.4 cord at $2.94 $39.40 $89.96

Wood-humers
Wood 21.4 cords at $2.94 $62.92

Considering the fact that labor by the farmer, his family, or hired

help is in 90 per cent of all cases expended in place of money, the cash

outlay of those who burn both coal and wood is probably less than for

coal-burners, while those burning wood exclusively expend considerably

less cash. Where labor is used in winter months which would other-

wise be laid oflf, it helps to solve the problem of steady employment, and

still further increases the advantage of the use of wood for fuel.

The drawbacks to the use of wood for fuel lie in the labor re-

quired for its handling, and, in regions where labor is scarce, coal may
be used for this reason. Wood, being more bulky than coal, will not

stand transportation by either wagon or railroad over long distances in

competition with coal, hence for any but local consumption on short

hauls, wood loses the economic advantage which it bids fair always to

retain for home use on farms.

The sale of cordwood at luxury prices in large cities is of less im-

portance in the general economy of the state, though it is freciuently

a source of profit to land-owners who happen to be favorably situated.

Otherwise, most of the profit from such sales is absorbed by transporta-

tion, and by local wood dealers*.

Sources of Supply of Woods for Illinois Consumers

Sawed lumber is not only the most important and valuable of the

forms of wood consumed in Illinois, but it is the class of which the

greatest per cent is imported, and from the farthest points. But 2.4 per

• For flsures Indicating total consumption of cordwood In Illinois for the years
1917, 1919-1921 Inclusive, see Appendix, Note 7.
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cent of the lumber required in the state is home-grown and a part of

that is shipped to Indiana and Missouri.

Of the 2,353,662,000 board feet of lumber consumed in the state,

2,310,453,000 is imported, and 43,209,000 is home-grown and consumed

within the state. The sources of this imported lumber are given in

Table on page 97.

The cost of lumber to the consumer in Illinois has risen rapidly in

recent years and this rise has exceeded that of other commodities.*

Since the cost of raw materials is the automatic regulatory factor which

reflects growing scarcity as contrasted with demand, the behavior of

lumber prices and the causes of these fluctuations are worth examining.

If other materials will serve as satisfactorj' substitutes for lumber lor

all purposes, the prices of the latter can not rise much higher than those

of the substitutes without driving lumber from the market. It is be-

cause lumber is still in demand and substitutes are not yet accepted in

so many lines, that these lumber prices can and will continue to rise until

the economic advantage of cheap lumber is completely lost to the con-

sumer.

Lumber prices have risen because of several factors. First is the

general rise in the price of all commodities as the result of the lessened

purchasing power of money. In this, lumber has obviously shared.

Second is the increased distance of haul from mill to consumer, which

takes the form of freight charges. Third is the increase in freight rates

of late years. Fourth is the increased cost of logging and transportation

to the mill, due to rising prices of wages, but, in addition to these, a

fifth factor is the increasing inaccessibility of the remaining timber.

Lastly comes actual exhaustion or serious diminution of the supply,

until it fails to meet demand. This is followed by breakdown and

exodus of the manufactures which depend upon wood for raw materials.

The first of these six factors needs no demonstration and would

work no great hardship were prices and wages adjusted rapidly and

equitably to the new standards. It is the fact that wood prices rise

faster than those of average commodities, which indicates the existence

of more serious conditions.

The increased distance of haul is the most influential factor affect-

ing prices. When the Chicago market was supplied largely from the

Lake states by water transportation, prices were abnormally low. \\'ith

•Since 1865 the average price of lumber in the United States has risen 300 per
cent, while the average prices of other commodities have risen during this period but
40 per cent.



95

the cessation of this barge traffic, an increasing proportion of the supply

came from the South, which still furnishes over 50 per cent of the total.

Freight charges rose sharply. But already 25.85 per cent of shipments

come from the Rocky Mountain and Pacific Coast region, 18.58 per cent

coming from two states, Washington and Oregon, with an average

freight rate nearly twice that from the South. Within the next decade,

these percentages will be reversed and the proportion shipped from the

far west will inevitably rise to more than one half of the total, while

that from the South will be correspondingly reduced by depletion and

exhaustion of her virgin timber lands.

Even the western timber is not unlimited. The area upon which it

grows is scarcely a tenth of that which bore the forests of southern yel-

low pine, and while the stand is heavier per acre, the demand of the

entire country will be concentrated upon it. Imports into far eastern

states are increasing rapidly and are successfully competing with south-

ern yellow pine.

Freight rates advanced sharply during the war and will probably

never recede to their former levels.

There is no question about the greater costs of logging nor the rela-

tive inaccessibility of much of the timber which is now being logged.

Operators are forced to cut the more accessible timber first, when prices

are low and margin for profit and stumpage is small. By the time these

easy chances are cut over, prices have usually risen sufficiently to permit

the logging of more remote stands. Finally, in a region of high prices

near to markets, the most difficult chances can be logged at a profit,

and the margin will bear the cost of long freight hauls to bring timber

from remote regions, and of expensive operations in those regions to

tap the reservoirs of timber in rough mountainous districts, by means

of logging railroads, flumes, or other costly improvements.

With the exhaustion of the supply in any locality and the change

from an exporting to an importing region, the average local prices are

fixed by imports and based on cost of obtaining this imported lumber.

The residual local timber-supplies then advance rapidly in value, espe-

cially in stumpage value. It follows that those who hold such residual

stumpage profit largely by such holdings. This factor operates power-

fully to make the local production of timber i)rofitable, since such prod-

ucts get the advantage of the freight differential and can easily under-

sell the imported product if of ecjual quality, and still return large profits

to the owner or producer. But if through complete breakdown of sup-



96

ply, the more important wood-using industries are driven out of Illinois

or forced to close, the tendency will be to ruin the markets for the more

valuable products and take the cream off of the profits of forestry.

STATES AND REGIONS EXPORTING LUMBER TO ILLINOIS

The question as to where this enormous quantity of lumber, amount-

ing to 98.16 per cent of the quantity used annually in the state, is ob-

tained and whether such importation can be continued is one of vital

interest to its citizens. For convenience, the states exporting lumber

to Illinois have been assembled in ten groups, to conform to the group-

ing used in Bulletin 1119 of the U. S. Department of Agriculture on the

Lumber Cut of the United States, 1870-1920. Only those states within

each group which shipped lumber to Illinois in 1920 were included.

The groups, ranked in their relative importance as sources of lumber ship-

ped to Illinois, and the states from which lumber was imported in that

year are as follows :

1. Southern 'Group: Alabama, Arkansas, Florida, Georgia, Louis-

iana, Mississippi, Oklahoma, Texas.

2. North Pacific Group : Washington, Oregon.

3. Lake states Group: Michigan, Wisconsin, Minnesota.

4. North Rockies: Idaho.

5. Central : Indiana ; Kentucky, Missouri. Teiniessee, West Virginia.

6. South Pacific: California.

7. South Rockies: Arizona, Colorado.

8. North Carolina Pine: Virginia, North Carolina, South Carolina.

9. Northeastern : Maine, New Hampshire, Pennsylvania.

1 0. Prairie : Kansas.
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These groups of states shipped to lUinois in 1930, the following

quantities of lumber.

Group
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Per Cents of Total Shipmknt.s froii DrpFERKXT Regions.
Represented by Conifers and Hardwoods

Region
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tors, this 40 per cent of hardwoods will cease to be a factor in Illinois

industry.

When these facts are realized, the significance of the local supply

of hardwoods is emphasized. Illinois will never produce conifers, or

softwoods, on a large scale, for the reason that both soil and climate favor

hardwoods instead, and wherever such conditions exist, hardwoods are

capable of crowding out conifers in natural competition. In spite of the

great drafts upon local supplies for round products, which absorbed ill.27

per cent of all hardwoods produced, the remainder, or 8.73 per cent,

which was sawed into lumber and used in the state, supplied 8.26 per

cent, or one twelfth of the present consumption of hardwood lumber,

from forests which, on the whole, have not only received no care or

protection, but which have been exposed to the ravages of uncontrolled

fires since the advent of the white settler a century ago. If capable of

conversion entirely into lumber, the Illinois production of hardwoods

would have supplied almost the entire quantity of hardwood lumber con-

sumed. As will be shown, the area of land in the state unsuited to agri-

culture is for the most part well adapted to the production of hardwood
timber of fair or even of superior quality. The state thus possesses

unique natural advantages within its own borders for producing the raw

materials most needed by its wood-working industries. It is obvious

that Illinois must depend on importations for its softwood lumber. But

it is equally certain that an adequate permanent future supply of hard-

wood lumber from outside sources may not be forthcoming.

Softwoods, or lumber from cone-bearing trees, forming approxi-

mately 79 per cent of the total consumption, furnishes all but about 10

per cent of wood used for structural material or building, and in 1920

supplied two thirds of that consumed in the wood-using industries. How
large a factor these supplies of softwood timber are in the prosperity

and progress of the state can be realized by a rough appraisal of its value,

which at an estimated price of $50.00 per thousand board feet would

amount annually, for conifers, or softwoods, alone, to about $!i;j, ()()(),OOO.

In the decades from 1850 down to 1900, by far the greater propor-

tion of this lumber came from the pineries of Michigan, Wisconsin, and

Minnesota. Only when these supplies began to wane could southern

pine compete in the Chicago market with the lake shipments of white

pine or even rail rates from Minnesota. Meanwhile the magnificent

forests of the Pacific coast, unexcelled in quality and stand per acre but

restricted in area as compared with southern yellow pine, struggled
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against the handicap of heavy freight rates over distances more than

twice as great, and entered the market only by virtue of better grades

and light weights.

During the present decade these conditions are again changing rapid-

ly, and for the first time western lumber is entering the market on a

large scale in direct competition with southern shipments. The propor-

tion now stands. Southern states, 54.38 per cent of all conifers ; Western

states, 32.78 per cent, or nearly one third of the total ; Lake states. 11.43

per cent, and all other sources 1.41 per cent.

The cut of southern pine is already past its maximum. Another

decade will see the position of southern and western supplies reversed,

with the Lake states still nearer complete exhaustion. The effect of this

process is best brought out by an analysis of the comparative cost of

freight on this lumber from the different regions to Chicago. Whenever

it becomes necessary to secure the major portion of the lumber for Illi-

nois from Washington and Oregon, not only will the freight charges on

this lumber for these distances, which are over 2,000 miles, be added to

the price of the western lumber, but the same differential or margin may

be added to all other lumber of similar grade shipped from near-by points

or from the South.

The regions producing softwoods and hardwoods may be combined

and grouped into four general ones: Southern, Western, Lake states,

and Central (including Illinois and the Northeast). The supply fur-

nished by these respectively is shown in the following table.

Region M. Ft. B. M.
Per cent of

total

Per cent of

lumber
shipped into

state

Southern, including North Caro-
lina group

Western
Lake states

Central, including Illinois and
Northeastern group

1,201,361

608.397

3S3.811

160.093

2,353.662

51.04
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charges may be ascertained with accuracy sufficient for the purpose of

this study.

The table following gives these average weights and freight charges

and the total for each region by states.

Freight Charges on Lumber Shipped into Ilunois in 1920

Group
Quantity
shipped

M. Ft. B. M.

Average
weight per
M. Ft. B. M.

lbs.

Average
cost per

M. Ft. B. M.

Total freight
charges

Southern
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Freight by Rates and Weights of Lumber from selected Points
IN each State. 1920 Rates

States
Mileage basis

used
Rate per
100 lbs.*

Freight per
M. Ft. B. M.

Total cost of
freight

Louisiana
Mississippi
Arkansas
Texas
Alabama
Florida
Oklahoma
Georgia

Average iveight

per M. ft. B. M.
Washington
Oregon

Average weight
per M. ft. B. M.

Wisconsin
Minnesota
Michigan

Average weight
per M. ft. B. M.

Idaho
Montana
Average weight

per M. ft. B. M.
Missouri
Tennessee
Kentucky
Indiana
West Virginia

Average iceight

per M. ft. B. M.
California

Average weight
per M. ft. B. M.

Arizona
Colorado

Average weight
pcrM.ft.B.M.

North Carolina
South Carolina
Virginia

Average weight,
per M. ft. B. M.

New Hampshire
Pennsylvania
Maine

Average weight,
pcrM.ft.B.M.

Kansas

Average weight
per M. ft. B. M.

1,149
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The total freight bill may now be compared by regions with the

shipments of lumber from the same regions.

Region
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the future. Again, it is seen that already the average freight rate on
all lumber, by weight, has risen above that from the Southern states,

due to the 60 per cent greater cost and the increasing quantity of western

lumber. Finally, the southern freight rates are seen to average nearly

two and a half times those from the Lake states, while the western

freights reach four times the Lake states rates. At present, these west-

ern freight rates are fixed partly to meet southern competition. The
rate per mile on 100 lbs. of lumber for the diflferent regions is shown
below.

Region
Aver, haul,

miles

Aver, freight
rate per 100
lbs. (cents)

Aver, rate per
mile of haul
on 100 lbs.

(cents)

Southern
Western
Lake states

Central and East.

952
2,158

371
496

41.70
69.18
17.29
31.04

.0438

.0321

.0466

.0625

Thus the present rate on western lumber per 100 lbs. for one mile

is but 73 per cent of that from the South. If raised to an equal rate,

the cost of freight from the West would be increased 26 per cent over

present rates. This will probably not occur, since long hauls are given

a proportional reduction in rates over shorter hauls on account of

equality of terminal charges. But with southern pine eliminated, the

tendency will be for the railroads to secure an upward readjustment of

freight rates on western lumber, the only other restraining influence being

water transportation.

That the freight bill on lumber, now close to $30,000,000, will

steadily increase by the substitution of western for southern and Lake

states lumber is inevitable. With this increase, the consumer will have

to pay proportionately more for his lumber than this increase indicates,

since basic costs delivered become the basis for computing retail ex-

pense and profit. But the greatest danger lies in the fact that by the

law of marginal costs, the prices of southern and Lake states softwood

lumber will ultimately be determined by that of the Pacific coast ship-

ments, and this freight charge will be added, not merely to these western

shipments but to the entire remaining supply. The deduction can be

drawn—since southern pine lumber can be produced in reasonable

quantities to replace the vanishing present supply and can be laid down

at 60 per cent of the cost of western lumber—that, next to the Lake

states, the South should eventually furnish the larger part of tlie needed



105

lumber to Illinois in the more or less distant future. Pacific coast timber

can be shipped by water to the Atlantic seaboard at less cost than to

Chicago by rail.

The percentage of shipments from the far west will rapidly increase

as the eastern region declines, and in the decades of 1930-1960 this region

must supply by far the larger portion of the quantity used, at steadily

increasing prices. This condition will make it more and more profitable

to grow timber as a crop in regions located nearer the consumer and

with lower freight charges. Because permanently prevented by her cli-

mate and soils from ever producing an appreciably large per cent of

softwood lumber, Illinois has a direct economic interest in the proper

management of these great pine regions to the north and south, and her

citizens should emphasize this fact on every possible occasion. Mean-
while the state, by a vigorous forest policy, may succeed in producing

within her borders a substantial proportion of the hardwoods needed in

many lines of industry.

Retail Prices for Lumber in Illinois

No exhaustive study was made of the retail prices of lumber in

Illinois, but the effect of the exhaustion of the Lake states pineries, and

later of the increasing scarcity of eastern timber and shifting of the

center of production towards the far west, can be seen by exhibiting

the average prices by years of a few standard grades of lumber for the

past few decades. These are given for the decades up to 1900, and

for each year since that date, to exhibit the course of lumber prices dur-

ing the war and their subsequent stabilization at a level considerably

higher than before.

Rkt.vil Pricks, Chicago M.\rket, 1850 to 1919, Inclusive

Northern White Pine, Common Boards

Price per Price per

Year M. ft. Year M. ft.

1 850 $ 9.75 1908 $31.50

1860 9.57 1909 31.00

1870 10.92* 1910 30.75

1880 12.00 1911 31.00

1890 13.17 1912 31.25

1900 18.81 1913 33.80

1901 19.25 1914 33.00

1902 21.25 1915 33.67

1903 21.86 1916 35.50

1901 23 17 1917 45 75

1905 25.67 1918 55.75

1906 30 00 1919 61.60

1907 33.50

• Gold.
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Southern Yellow Pine—Finish, B28*

Price per Price per
Year M. ft. Year M. ft.

1900 $33.80 1912 $ 40.00

1901 30.621/2 1913 45.60

1902 34.50 1914 40.33

1903 35.00 1915 39.00

1904 33.86 1916 40.50

1905 38.83 1917 51.54
1906 41.50 1918 64.17

1907 39.50 1919 89.91

1908 38.18 1920 143.94
1909 37.73 1921 80.00

1910 37.33 1922 94.17

1911 37.33

* Surfaced on 2 sides.

Northern White Pine—Clear Boards (Rough)

Price per Price per
Year M. ft. Year M. ft.

1850 $17.00 1909 $90.00

1860 26.45 1910 91.25

1870t 39.57+ 1911 92.00

1880t 43.50 1912 92.00

1890 43.17 1913 97.00

1900 57.53 1914 97.33%
1901 60.53 1916 99.50

1902 77.00 1917 II6.S714

1903 85.00 1918 129.00

1904 84.331/3 1919 151.83%
1905 84.00 1920 225.00

1906 90.00 1921 225.00

1907 94.371/2 1922 230.00

1908 90.621/2

t Data from "Industrial Chicago," Vol, V, p, 194, by George W. Hotchkiss.
t Converted from currency to gold basis.

Soiithcrn Yellow Pine

No. 2 Common Boards SIS or 82S* i" and 6"

Price per Price per

Year M. ft. Y'ear M. ft.

1902 $19.33 1913 $25 44
1903 20.00 1914 23.47

1904 20.00 1915 24.73

1905 21.66 1916 26 40

1906 25.00 1917 33.98

1907 23.44 191S 44.35

1908 20.51 1919 53.57

1909 20.88 1920 67.73

1910 19.95 1921 38.20

1911 21.20 1922 42.10

1912 23.45

Surfaced on 2 sides.
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Douglas Fir No. 1 Common 2 X i; IS'

Price per Price per
Year M. ft. Year M. ft.

1905 122.00 1919 ?53.57
1910 23.00 1920 67.73

1915 24.73 1921 38.20

19-18 44.35 1922 42.10

Oak, Clear, Quarter-sawed White 2%"
Price per Price per

Year M. ft. Year M. ft.

1900 $66.00 1919 $190.00

1910 83.00 1920 360.00

1915 92.00 1921 182.00

1918 113.00 1922 165.00

Oak. Plain-sawed White SVt"

Price per Price per
Year M. ft. Year M. ft.

1910 $57.00 1920 $260.00
1915 63.00 1921 137.00

1918 80.00 1922 125.00

1919 138.00

Chicago prices for mixed Iwmier up to 1910 were:

Price per Price per
Year M. ft. Year M. ft.

1860 $ 8.26 1890 $15.16

1870 10.95* 1900 14.04

1880 12.70 1910 24.49

, Gold.

SUMMARY CONCERNING PROPORTION OF WOOD PRODUCTION TO WOOD
CONSUMPTION IN ILLINOIS AND CONCLUSIONS THEREFROM

Referring to the table on page 53 we see that the wood-lots of the

state have depreciated until at the present time two thirds of their entire

yield is fire-wood only, which supplies fanners with one fourth of their

fuel, so that for this inferior purpose alone the output would supply

but half the quantity burned; and a ready substitute exists in the form

of coal. The veneer industry, especially for low-grade materials used

for fruit packages, can not afford to import logs from long distances

hence it imports less than -40 per cent of its logs, and the local supply is

rapidly disappearing. About sixty per cent of the post and mine ma-

terial, which can be filled by products of small sizes, is still obtained

from local timber but with increasing difficulty, while the supply of cross-

ties has dropped to about 1.") per cent of consumption. In the case of

lumber, but 2.4 per cent is produced locally, although of hardwoods the

state supplies 8 per cent of the consumption. This means that trees of
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larger sizes are becoming increasingly scarce. The total consumption of

wood of all kinds including fire-wood is five times the rate of production,

and when fire-wood is excluded, only one twelfth of the wood products

consumed annually are grown within the state.

Two conclusions may be drawn form this summary. First, it is

evident that as a state Illinois can continue to obtain twelve times as

much wood as is produced from her own woodlands only so long as other

states consume less than ihey produce, for when the surplus in the ex-

porting states is used up, the remaining wood will tend to stay at home
and be manufactured near the source of production. The state will

continue to secure a portion of this wood, by paying sufficiently high

prices to draw it away from competitors in spite of the advantage of

freight dififerentials, but as it costs less to ship manufactured products

than logs or lumber, these wood importations will be largely of high-

grade lumber as long as such may be obtained. It is equally evident

that this great excess of consumption of lumber over actual rate of home

production is a purely temporary condition made possible by a store of

original growth which by this process is being depleted and destroyed.

When there is no wood remaining, wood must cease to be used. The

consumption of wood in the country at large will probably within 50

years drop perforce to a point which no longer exceeds growth, and will

then be 100 per cent of production. Unless imported from foreign coun-

tries, America will be producing as much wood as it consumes. How
much that will be will depend upon the success of the efforts put forth

to grow wood on forest lands. Already many Illinois industries are

feeling the pinch of scarcity and must either migrate, substitute other

materials for wood, or discontinue. The state and its population can

not aiford to neglect its 5 million acres of potential woodland. Not only

can this area be made to produce from 250,000,000 to 400,000.000 cubic

feet of wood, or from one half to two thirds the total present consump-

tion, but by better management the percentage of the more valuable

products can be greatly increased, reducing the percentage of cordwood

proportionately, and relegating it largely to the salvage of waste in tops

and slabs. With this conservation of her potential forest resources, the

state will receive tremendous benefits in all lines of industry through the

increased or maintained prosperity flowing from the forest industries

and production.
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The Forests of Illinois, Original and Present
THE original FORESTS

The pioneers who were to settle in this region, viewing for the first

time extensive natural prairies, were so impressed that they named Illi-

nois the prairie state. Yet it appears that over 40 per cent of the state

was originally wooded.

Estimates made by early explorers, and later tentatively confirmed

by the State Soil Survey, indicated that this forest area was about one

third of the state. A map prepared from the reports of the Soil Survey

reveals the original distribution of this timber. The southern counties

were all heavily timbered. These timber areas extended northward along

all the streams, diminishing in quantity and area as the land became

more level and true prairie more abundant. An extensive belt of woods

followed the Mississippi and the Illinois rivers, and in the northwestern

counties woodland again increased in area.

By carefully checking existing records it has been concluded that

the original area of woodland in the state was larger than these previous

estimates have indicated, being approximately 1.5,588,965 acres, or 4ilAG

per cent of the total of 35,867,520 acres of land in Illinois.

The manner in which these forest areas have thus been reconstructed

brings out points of considerable interest. In conducting the intensive

work of soil-mapping, the Illinois Soil Survey found that a very sharp

distinction existed between prairie soils and forest soils in the amount

of humus content. The soils which had been continuously in prairie,

under a heavy sod of grasses, contained about twice the per cent of

humus that was found in soils of similar origin and structure, but which

had continuously borne forest-cover. This difTerence was caused by the

effects of the grass roots, which filled the upper layers of the soil with

vegetable matter and excluded air, favoring the accumulation of humus,

while, by contrast, tree roots in decaying admitted air and were oxidized,

while most of the tree litter was burned, or oxidized, on the surface.

The balance between forest and prairie seems to have remained fairly

constant over a considerable period and to have been determined by two

factors, topography and soil being one, and fire the other. Wherever

the surface was broken or hilly, as along streams, tree vegetation became

established, aided by soils which contained coarser materials, while on

the flat, poorly drained prairie the soil was a black loam, of a fine texture

which is less favorable for tree growth even in planted groves than for

farm crops. Trees might and probably would have invaded the prairies
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in spite of these handicaps of soil and drainage had it not been for fires

in the grass, which must have burned at frequent, perhaps annual, in-

tervals. The prevailing winds are southwest. Almost without excep-

tion, the map of forest soils shows that the strips of timber along streams

were considerably wider on the north or east banks than on the south

or west. The fires on the exposed banks confined the timbers closely tc

the stream, while this stream-barrier permitted the forest to creep out in

the lee of the protection thus afforded. While clearing has over wide

areas removed all traces of the original forests, the record of its previous

existence is thus imbedded in the character of the soil itself, and the

reliability of the classification thus indicated has been abundantly proved

in areas where the evidence still remained in the form of stumps, or

remnants of the forest itself.

Based upon these soil classifications, the Soil Survey states that in

44 counties for which records are completed, a total of 6,105,032 acres

was originally forested. A map showing the gross areas of these

forested soils for all counties indicates that approximately 50 per

cent of the state might have originally had timber cover. But there

exist many smaller areas of prairie soils within these districts. For the

44 counties above mentioned, it was found that the area of forest soils

as shown by the map was apparently 7,016,223 acres, thus indicating

that but 85.73 per cent of the apparent forest area was actually forested,

or 6,105,032 acres.

For the entire state, a gross area of 17,838,971 acres of original

forest soils was indicated by this soil map. Applying the same reduction

per cent to this figure, the resulting net area originally forested was indi-

cated as 15,293,349 acres, or 42.64 per cent of the state. This rough

check was then confirmed in another manner.

The forty- four counties on which the Soil Survey figures were

based are distributed as follows

:

In the sixty-one counties lying in the north half of the state thirty-

two were covered and twenty-nine omitted. In the forty-one counties

making up the more heavily wooded southern half, twelve were covered

and twenty-nine omitted. It is these southern counties, whose weight

is thus considerably lessened, which raise the total of wooded area above

the one third, which applied more correctly to the remainder of the

state than to the whole. A separate computation of these two groups

of counties gave areas originally wooded as follows:
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Northern group, 61 counties

From map, 32 counties 4.665,049 acres
Actually compiled 3,928,101

Difference 736,948

or 15.797 per cent
From map, 61 counties 8,656,683

15.797 per cent 1,367,496

Net area forested 7,289,187

Southern group, J/l counties

From map, 12 counties 2,308,838

Actually compiled 2,086,931

Difference 221,907

or 9.611 per cent
From map, 41 counties 9,182,288

9.611 per cent 882,510

Net area forested 8,299,778

Total for state, area forested... 15,588,965 acres

These original forests showed an unusual variety of species. The

gums, cypress, and similar subtropical trees grew in southern Illinois,

while tamarack, arbor vitae, and associated sub-arctic species could be

found occasionally in the northern part of the state. Between these ex-

treme zones grew the wealth of hardwoods dominantly oak in character

which reached their culmination for this continent in the lower Ohio and

Wabash valleys. This hardwood forest varied, for different sections of the

state, in species composing the stand and in the forms of trees. Thus in the

southern uplands the forests were continuous and show a greater variety

of species as well as a generally better growth for similar species than

in the northern upland stands. These southern forests were noted for

the high quality of the timber which they contained. In the northern

uplands the trees grew in open park-like formations, thinning in the ad-

vance toward the prairie to the fire-scarred and gnarled outposts. There

is evidence that the forests were constantly endeavoring to encroach

upon the prairie, hut that annual fires generating an intense heat in the

abundant grass-cover burned back the tree seedlings and served as a

check upon the advance of the forest. The pioneers describe the old

forests of the prairie counties as being stands of grove-like aspect border-

ing streams and thinning rapidly as the prairie was apjiroached. To-

ward the margin, the forest floor was carpeted with a dense growth of

seedling sprouts growing between the scattered old trees. These seedling

sprouts were killed annually by the fires. The forests in the lower Ohio
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and Wabash basins were the finest hardwood stands in America. Those

of the southern uplands were excellent in character. The forests in

the valley of the larger streams of the central and northern parts of the

state were but slightly inferior to those of the Wabash-Ohio basin.

Those of the smaller streams near the prairies were open and park-like.

Several local variations are worthy of mention. While dominantly

hardwood in character, yet conifers were found in the original forests.

Cypress extended up the Ohio and Wabash rivers and along the lower

Mississippi for several miles. Probably the best stands of cypress were

found in the Cache River basin, where it grew pure or mixed with

tupelo gum. One small grove of shortleaf pine occurs on the dry

slopes of the westernmost bluff of Union county and another group

occurs in a sandstone ravine in southeastern Randolph county. White

pine grew along the river bluffs in several regions north of the Illinois

River, the southernmost outpost being on a bluff of the Spoon River in

Knox county. The red cedar was found generally throughout the state

on the drier bluffs.

Throughout the state may still be found small remnants of these

original forests. Studies made in the best of these are tabulated below.

The average yields for the original virgin stands for the respective

regions of the state were lower than those shown for the limited areas

measured.

DATA OBTAINED FROM STUDIES MADE IN THE BEST ORIGINAL FORESTS OF

ILLINOIS

I. Cypress bottom, Cache River. Based on strip line of 3.94 acres

Soft Carolina Hick- Hack-
Species Cypress maple poplar Elm Ash ory berry Total

No. of trees per acre D. B.
H. 6" and up 7(1 3.3 12.7 2 2 .5 1 91.6

B. F. yield per acre 13121 291 141 50 12 9 7 13931
Max. D. B. H., inches 30 29 20 17 15 10 12
Max. height, ft 100 80 70 GO SO 60 50

II. Ozark uplands, agricultural soil. Union county. Based on % acre plot

\Vh. B. B. wal- Sassa-
Species oak B. oak Tulip Hickory gum nut fras Total

No. of trees per acre D. B.
H. 6" and up 10 12 8 6 2 2 4-44

B. F. yield per acre 1836 4460 5480 286 270 210 12542
Max. D. B. H,, inches 25 31 27 13 13 15 14
Max. height, ft 90 100 100 65 60 65 40
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III. Little Wabash basin*, White county. Based on 3.03 acres

Wh. B. Sw. BI. Hick- Sassa- H. lo- Bl,
Species oak oak gum gum ory Elm fras cust Ash Wal. Total

No. of trees per acre
D. B. H. 6" and up 15.5 4.3 10.2 3.3 11.2 3.G 1.3 .3 2.3 1.0 53.0

B. F. yield per acre. .15503 2529 5643 188 2334 100 230 493 63 27083
Max. D. B. H.. inches 40 36 34 16 32 15 14 22 22 17
Max. height, ft 130 120 125 70 120 90 80 125 110 70

IV. Kasliaskia bottoms, Randolph county. Based on 1 acre

H.ack-
Species , Wh. oak Pin oak Hickory berry Ash Elm Total

No. of trees per acre D. B.
H. 6" and up 3 14 10 2 5 11 45

B. F. yield per acre 423 96.S0 3880 10 545 1736 16274
Max. D. B. H., inches 22 39 25 9 20 32 147
Max. height, ft 90 105 100 40 90 80 505

V. Upland, McDonough county. Based on 4 acres

Wh. Bl. Hick- BI. Wal- Bass-
Species oak oak ory Cherry Elm nut wood Total

No. of trees per acre D. B.
H. 6" and up 26.25 12.5 8.75 1 5.75 2 .75 57

B. F. yield per acre 3977 947 271 59 346 110 50 5760
Max. D. B. H., inches 30 22 17 15 18 16 IS

Max. height, ft 80 80 70 60 70 60 70

For a thousand tree-generations these forests held the land. The

Mound-builders followed the dim trails and vanished. The later Indians

altered them less than the beetles. In the hundred years that the French

held the settlements the forests were as when the Mound-builders found

them. Then entered the white settler, and in one tree-generation the

forest areas were reduced from 15,588,90.5 acres to 2,863,764 acres of

woodland, or but 18 per cent of the former area, largely cut over. Of

the stands of virgin forest there survives a mere remnant.

The pioneers coming from the east and from Kentucky, where the

very habits of living were moulded by association with the forest, knew

the value of the woodland. Experience had taught them that the finest

hardwoods grew on the most fertile soils and led them to think that areas

naturally devoid of trees were barrens. So coming upon the great ex-

pan.se of Illinois prairie they sought out the forested bottoms for home

sites. Even had the pioneer appreciated the superior agricultural value

of the prairies he could not have settled there at that time. He had not

yet emerged from the period of incessant frontier warfare and the forests

often concealed his home. Nor was he familiar with the walled-in well,

• For figures on individual trees of original forest see "Additional Notes on the
Native Trees of the Ix)wer Wabash Valley", Robert RIdgway. (Proc. U. S. Nafl
Mus., Vol. 17. 1894. pp. 409-421.)
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and so sought out a site near a running spring. The forests were the

only source of fuel and building material and he was ill-equipped to haul

heavy loads over great distances. The prairies were swept by intensely

hot fires, the winter winds found nothing to break their bleak force, and

innumerable malarial mosquitoes bred in stagnant pools. For several

years prairie land could be bought for five dollars, while forested land

sold for thirty-five dollars an acre.

Thus we find the flow of settlers in the early decades of the past

century at first a mere seepage creeping over the heavily forested areas

of the southern part of the state, skirting the prairie, extending back up

the rivers, ever following river and forest, held from the prairie until

about 1830. The tide of immigration became ever greater, crept out

from the margin of the woods in the early thirties, and suddenly flooded

the prairies in the late thirties. In 1830 the prairies had scarcely been

touched by settlement. By 1840 less than one twenty-fifth remained

unsettled. This last frontier was not the rough forest land, but parts

of Ford, Iroquois, and Champaign counties.

Settlement in Illinois in its effect upon the forests but repeated the

conditions of the older-settled states. The loamy bottomlands and best

soils were cleared. Generally the logs were heaped and burned. The
rougher slopes and poorer soils remained in forest. Although for the

most part destructive in his attitude toward forests, yet throughout the

uplands in the central and northern parts of the state, it happened that

probably for the first time in the nation's history the pioneer unwittingly

improved these forests. When in the thirties the prairie sod was broken,

forest fires were checked. The seedling sprouts which sprang up yearly

after the fires, now developed into a thick stand of saplings. The de-

mands of the region for fuel and building material resulted in cutting

the older inferior overwood. Free from shade the saplings quickly de-

veloped into a dense even-aged stand and even encroached upon the prai-

rie where not checked by the plow.

The settlement of the prairie increased the value of the limited

wooded parts of the prairie counties. Settlers would not buy prairie

land unless several acres of woodland were included. This frequently

resulted in the wood-lot, which supplied the fuel and building material,

being several miles from the farm.

Two events ocurring about 18G0 reversed the relative values of

prairie land and forest land for the prairie regions. The railroads came

to the farms, bringing building material and coal. The base-burner coal
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stove was patented and added comfort to the life of the prairie fanner.

From this date forward the forests did not greatly increase in value, but

prairie land began its climb towards $250 per acre. Thus the timber-

land owner was under a pressure to clear wherever tillage was possible,

and this has been the trend to the present day.

Present Forested Areas and their Relation to

Land Economics in the State

The figures given for the present wooded area in Illinois are as yet

tentative, pending the completion of the forest survey now being con-

ducted. They are based upon data gathered in 33 counties north and

west of the Illinois River and 13 counties in the southern part of the

state.

Those areas of woodland more than 5 acres in extent were mapped

and their totals found by counties. Two other sources of information

were available as checks. The 1920 census reported farm woodland by

counties, and in 1923 crop reports were made showing farm woodland.

The forest survey included all woodlands, the census and crop surveys

included only woodland on farms. It was shown by comparison that

the census returns were about 36 per cent higher for timber on farms

than actually shown by survey for total timber. The crop reports were

less than two per cent higher than the survey. In computing the total

timber on farms the nature of the ownership of the timber-lands was

taken into consideration. If the county had large areas of timbered

bottomland, was evidently a county where mine-company holdings were

important, or for any reason contained considerable bodies of timber-

land not on farms, the crop report figures were ordinarily used to com-

pute the area of woodland on farms. If the timber-land was entirely

on farms the survey figures were used. To get the total timber lor

the state the survey figures were used where complete, and crop-report

figures where the survey has not yet been completed.

The preliminary result gives

:

Areas of woodland on farms 2,668,050

Area of woodland not on farms 195,7 14

Total area of woodland in state 2,863,764

This total is 92.3 per cent of the area shown by the census of 1920

as contained in farm woodlands alone, and when the 19."),'; ll acres above

indicated as not included in farms is added to the census figures, this
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total, based on actual mapped areas supplemented by crop report data,

falls to 86.8 per cent of the census figures. If the original forested area

of the state was 15,588,965 acres, this indicates that 82 per cent of the

forest lands has been actually cleared and is either under crops, or pas-

ture, or is classed as waste or eroded land, and has ceased to be forest

or woodland.

The changes wrought in this remaining one sixth of the state's wood-

lands by lumbering, fire, and grazing have steadily reduced the stand

of timber in both volume per acre and number of trees, and if contin-

ued unchecked must finally result in an almost complete ruin of this resid-

ual area for forest production by natural processes.

Classification of Timber by Regions

The wooded regions of Illinois can be divided, first, into bottomland

and upland, with a further classification of each of these based on the

prevailing soils and species. The regional classes might be arranged

for the state as follows

:

I. BOTTOMLAND

a. Southern cypress.—This extends from Wabash county south

along the Wabash, Ohio, and Mississippi bottoms to McClure, in Alex-

ander county, and is found also in the Cache River bottoms. Mixed with

the cypress are such species as sweet gum, silver maple, elm, willow,

ash, Cottonwood, and Carolina poplar. In the Mississippi bottoms and

in the Cache River bottoms, in addition to these species is found tupelo

gum.

b. Mixed hardwood.—This extends from the northern range of

cypress along the flood-plains of the principal rivers, Mississippi, Illinois,

Kaskaskia, Wabash, and the lower reaches of the Little Wabash and

the Embarras. It is characterized by a great diversity of species and

shows the best growth rates and yields of any type in the state. It is

composed of such trees as the gums, sycamore, ash, hickory, pecan,

elm, Cottonwood, silver maple, and pin, swamp-white, burr, white.

Schneck's and overcup oaks, in the south; with white, swamp-white,

burr, pin, and shingle oaks, elm, hickory, ash, soft maple, river birch,

hackberry, sycamore, and cottonwood in the central and northern sec-

tions of the state.

c. Gray clay bottoms of the Big Muddy, Saline, upper Little

Wabash and upper Embarras. Pin, shingle, swamp-white, white, and

post oaks and ash, elm, hickory, and sweet gum are typical trees.
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d. Alluvial strips along the secondary streams throughout the

state. Soils are mixed loams and fertile. Basswood is a common tree

in the northern region and black walnut grows freely.

e. Sand-plains and dunes.—These are found along the middle Illi-

nois River in Mason county, southern Whiteside, and western Lee, Hen-

derson, Kankakee, Grundy, and Iroquois counties. While found on and

near bottoms they yet may have a desert vegetation. Black-jack oak

(Querciis marilandica) is found on the poorer sites, with black oak,

hickory, and white oak on the better ones. The types d and e are really

intermediate between bottomland and upland types.

UPLAND

a. Ocark upland.—This is upland south of the limit of ice invasion,

extending from southern Jackson county through southern Williamson,

Saline, Pope, and Gallatin counties. Characterized by beech, hard maple,

red, black, white, and shingle oaks, hickories, tulip-poplar, ash, red gum
and black, elm, wild black cherry, black walnut, and cucumber-tree.

b. Loessial uplands bordering the Mississippi, Illinois, and Wabash
river flood-plains. In the south, along the Mississippi and Wabash
rivers, are found all species common to the Ozark upland and, in locali-

ties, considerable basswood in addition.

c. Gray silt loam uplands of the Illinois glaciation, in the interior

of the state extending from the Ozark uplands north to the Wisconsin

moraine and black soil belt. Characterized by post, black, shingle, white,

and pin oaks and hickory.

d. Ycllozv silt loam uplands of central and northern Illinois.

Characterized by a good growth of black, white, and burr oak, and

hickory, with black walnut and black cherry on the better and scrub

oak on the poorest soils.

The tamarack swamps of Lake county, the white pine of Ogle

county, and the shortleaf jjine in Union, Jackson, and Randolph counties

are of ecological interest but are not important timber types.

Included in these forest areas at present are stands of every size

and all ages from saplings to over-mature virgin stands. In general the

bottomland stands throughout the state show a greater diversity of

species than the upland stands and are not usually even-aged. Again,

in uplands of the southern part of the state, removal by species or by

occasional larger trees has resulted in stands of uneven age. In the
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northern part of the state the upland stands are usually even-aged and

from sixty to eighty years old.

The original forests probably averaged 8,000 B. F. per acre. The

present forests for the entire state average approximately 1,435 B. F.

to the acre. The better stands of upland even-aged immature timber

of the northern part of the state run from 3,000 to 6,000 B. F. per

acre. Trees below 16 inches are numerous; above that size, very few.

The all-aged upland forests of the southern part of the state have

been overcut and not enough trees remain to insure maximum yields.

The bottomland stands throughout the state vary within greater limits

as to yield and representation of species, but probably show a higher

average than the uplands. The final class of forested lands which are

worthy of consideration are the sands supporting black-jack oak and

the gray clays supporting post oak. Yields of such stands are verj' low

and seldom produce any materials other than fuel, posts, and mine props.

Sample St.\nds and Yields—Upland

I. Even-aged immature fully stocked stand, age 8J years.

Based on strip line of 7.6 acres
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///. Even-aged immature fully stocked stand, age 90 years. 8t. Clair county
Based on 1 acre

Species White oak



absorbed practically all species down to comparatively small diameter

limits. Consequently in cutting-practices very few trees of any kind

are left. The opening up of the stand to light, results in a stimula-

tion of weed-growth and the periodic burnings prevent the establishment

of a second crop. This fire damage is an especially serious factor in the

strip of forested bluffs bordering the Mississippi plain from southern

Randolph county south to central Alexander county and in parts of the

Uplands of Gallatin, Saline, Pope, and Hardin counties. These areas

should produce much more timber than is now being grown.

The forests of the south-central part of the state from Carbondale

to Pana, roughly representing the extent of the Illinoisian glacial de-

posit, are a reflection of the extremely poor soils which characterize

this region. Post oak is the prevailing species on the poorest soils, a

very limby black oak and hickory come in on the better soils, with white

and black oak on the better-drained slopes. Along the stream bottoms

very good timber is produced, but the general type of growth for the

uplands is poor. Fires are not common, grazing is not practiced, and

the stands are well stocked, even frequently overstocked, but tree growth

is very slow. As one approaches the Wabash on the east or the Mis-

sissippi and Illinois rivers on the west the tight gray clay soils are modi-

fied by sands and loess, tree growth is better, and a wider range of

species is found. In these latter regions fires are not common nor is

grazing of the woodland the rule.

The stands of the uplands from about Pana north, or roughly cor-

responding to the Wisconsin glacial area, show a tendency toward an

even-aged type of from 60 to 80 years of age. Where not grazed they

are generally well stocked and thrifty; but grazing wood-lots is the

common practice throughout this area, resulting first in the formation

of a sod, and ultimately in the conversion from a wood-lot to a treeless

pasture.

The bottomlands of the central and northern parts of the state are

largely cleared. Where forests persist they are uneven-aged, heavily

stocked with saplings and large defective trees, and have evidently pro-

duced excellent timber.

The history of Illinois forests thus parallels that of other states to

the east, south, and north, where in the pioneer era, enormous energ)'

was expended in hewing farms out of the forests. The great advantage

which Illinois possessed in having nearly 60 per cent of her area al-

ready bare of trees and this on the most fertile soils, released that much
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more energj' for forest clearing, and by subdividing the forests into

wood-lots and distributing it among numerous owners, insured the rapid

diminution of area which has occurred.

The interplay of the three tendencies to decrease our cultivated land,

increase other unimproved land than forest on farms, and reduce de-

cidedly our farm woodland area during the decade of 1910 to 1920 is

forcibly shown in the following tables easily deduced from the agricul-

tural statistics for Illinois from the U. S. Bureau of Census.

o. Decrease in area oj land under cultivation:

Per cent of
total land area

Year Acres of Improved land of the state In other classes
1910 28,048,323 78.20 21.8

1920 27,294,533 76.098 23.092

Decrease
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and that in the last decade it has decreased 2.7 per cent. The waste

land on farms has increased 250,928 acres or 18.9 per cent, while our

'forest area has shrunk 45,300 acres in the last ten years, or at the rate

of 4,530 acres per year.

These figures have added significance when taken with those from

adjoining states, which indicate that the tide of pioneer eflfort in land-

clearing is on the ebb, and that at least for the present in all states of

the eastern wooded area, more land is being abandoned than is being

brought under cultivation annually. Even in a state as fertile, and with

so large a proportion of its surface arable, as Illinois, a large residue

of land is found which has never been cleared because it was unfit for

agriculture, and another large acreage has been cleared which after trial

has evidently proved to be of such low agricultural value that its use

for crop production has been abandoned as unprofitable.

The amount of land unsuited to ordinary farming because of its

hilly character, which makes the soil subject to erosion when cleared and

renders its cultivation unprofitable in comparison with more level and

fertile areas, has been the subject of careful investigation by the State

Soil Survey. January 4, 1917, Professor J. G. IMosier summed up the

conclusions reached by that department in the following letter:

UNIVERSITY OF ILLINOIS

Aqkicultckal Experiment Station

Urbana, Illinois, January .}. 1917.

Dr.. S. a. Forbes,
University of Illinois.

Di'AR DocTOH Forbes: In reply to your inquiry concerning the amount of

hilly land in the state not suited for ordinary farming, will say that the area
of such land covers approximately 17 per cent of the state, or 6.000,000 acres.

This large area is very irregularly distributed, but is principally along the
larger streams, as the Rock River, Mississippi, Illinois, Sangamon, and some
minor ones.

The Ozark Ridge in southern Illinois gives rise to a large area of very hilly

land. All of this was originally forested, but since it has been cleared, much
of it has eroded so badly that profitable crops can not be grown any longer, and
much of it is being abandoned or used for pasture.

In the seven southern counties, approximately 55 per cent of the area is of
this kind. In the counties bordering the Mississippi, approximately one third

is too hilly to be farmed successfully, while along the Illinois to La Salle, prob-
ably 25 per cent of the counties are made up of this land.

As to the distribution of this soil; in Johnson county it constitutes 67 per
cent of the area and is made up of the two types, yellow silt loam and stony
loam. Edwards county contains about 24 per cent and is composed of the
types, yellow silt loam, yellow fine sandy silt loam, and yellow sandy loam.
Cumberland county is considered a level county, and yet 10 per cent of its area
is too hilly to farm successfully. This land comprises the yellow silt loam and
yellow sandy loam.
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The only use that can be made of this land is for pasture or forest. In
many places it is left in permanent pasture. There is little doubt, however, but
that if this could be re-forested it would become a source of permanent income
to the owner. The abandoned land is growing up to persimmon, sassafras, and
some other forms that are of little value from the forestry standpoint.

Very truly yours,
(Signed) J. G. Moster.

In July, 1923, the areas of land of hilly and broken character, or

so-called eroded lands, were given for 44 counties by Professor R. S.

Smith, Assistant Professor of Soil Physics in the College of Agriculture,

as 2,004,860 acres, or 11.8 per cent of the total area of these counties.

These are the same counties on which the per cent of forest lands was

based. The area of these 44 counties was 16,934,240 acres, or 47.21 per

cent of the land area of the state. If this proportion held good, the area

of eroded lands for the state would be 4,232,367 acres. But the southern

half of the state containing 41 counties included but 12 of the 44 counties

measured, and so is not weighted properly. Correcting this average by

weighting these two sections, gives a total of hilly or so-called eroded

land of 4,810,149 acres.

Eroded land as described by the Soil Survey is land the original

surface of which has been washed away, leaving as a rule what is known
as yellow silt loam as the present surface, although the erosion sometimes

reaches deeper to other subsoils. Such land is commonly subject to still

further erosion which may in time injure it severely, but it is not now
necessarily unfit for general agriculture. It is impossible to state with

any certainty the absolute area within the state which is better fitted for

the growing of forest crops than for tillage, improved pasturage, or

orchards, since this will vary with economic conditions as well as with

soil quality and physical drawbacks. Not all of the so-called eroded land

is unsuited to agriculture ; on the other hand there are some areas of

sandy land, or of tight clay soils, and some bottomlands subject to over-

flow which it will not pay to drain. To these could be added a con-

siderable acreage in the aggregate representing wood-lots, plantations,

windbreaks, and hedgerows, on better soils. The total area in Illinois

which is or could be forested is probably equivalent to 4.810,149 acres,

or 13.41 per cent of the state.

What condition is this area in at ])resent ? It is ])robable that all

but a very small fraction of the remaining woodlands of 2,863,764 acres,

amounting to 7.98 per cent of the state's surface, are included in this

acreage. This leaves 1,946,385 acres as the approximate area which

has been cleared for either agriculture or pasturage, or has been used
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for hillside orchards. Subtracting the area of 1,577,663 acres listed by

the Census as waste lands, leaves a possible net acreage in productive

use other than either woodland or agricultural crops, of 368,722 acres.

Since no attempt has been made to segregate the timber-covered

areas of land which will ultimately be cleared for agriculture, though

the total has been deducted from or charged against the area of hilly, non-

agricultural land, it is probable that in the form of groves and planta-

tions, or wood-lots fully as large an area of the more level lands in the

state will be retained in timber voluntarily as will be needed for pasturage

or orcharding on the non-agricultural soils or steep hillsides. Of the

368,722 acres of soil not accounted for by woodland or by waste land

in farms, a certain per cent must fall in the area not included in farms.

The existence of a very considerable area of land actually abandoned

or waste, equal to 55.1 per cent of the total existing woodlands in the

entire state, and not classified by the owners as pasture lands, indicates

that whatever may be the ultimate division of use of non-agricultural

lands between pasture and forests, the present forest area may be in-

creased one half without taking an acre from any existing use. The

soils of many of these hilly areas are easily eroded. This is especially

true of the yellow fine sandy silt loam, yellow silt loam, and yellow

sandy loam types in the southern counties, though examples of advanced

erosion are not lacking elsewhere as set forth by Bulletin 207* of the State

Agricultural Experiment Station. These hilly areas constitute the larger

percentages of the non-agricultural or absolute forest soils of the state.

Two other classes of soil are found, which under certain conditions

should be in forest. The first is wet lands which are infertile when

drained, or which can not be drained successfully. In this class come

many islands in the Mississippi River, and areas not protected by levees.

Other tracts may be found, of which certain lands along the Big Muddy

River in Jackson and Union counties are examples, where the soil is a

tight clay which does not repay the expense of drainage. The total area

of undrained bottomland is steadily diminishing and in time will become

a negligible quantity, while the fertility of such soils and the drainage

taxes which they must pay in organized districts force their improvement

and cultivation at the earliest possible moment. Many stands of young

timber of rapid growth may yet develop on some of the least desirable

• Univeisitv of Illinois. Asiicultural Exporlment Station, Bulletin 207. "Wash-
ing of Soils ami Methods of Prevention", by J. G. Mosier and A. F. Gustatson. Urbana,
Illinois, April. 1918.
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of these areas before the time when they are finally cleared for cultiva-

tion.

The second type of soil on which forests may be grown is sand.

In several areas, of which examples may be found in Whiteside, Lee,

Mason, and Kankakee counties, soils of a very sandy character occur,

sometimes taking the form of dunes. In Mason county, success has

been attained with alfalfa on much of this soil. A great many plantations

of black locust have been made, few of which have done well. Cotton-

wood makes good development on these sands. There is great possi-

bility that various conifers may make profitable crops on such sands.

The state should vigorously undertake experimental work in reforesting

typical areas of all soil types whose agricultural value is questionable.

The Production of Wood on Illinois Farms ; the Actual Number
AND Tot.xl Acreage of Farm Wood-lots ; the Average Area

OF Wood-lots for the Farms having them
and for the State

The economic importance of the wood-lot on Illinois farms depends

upon the total area in farm wood-lots and the number of owners, from

which can easily be ascertained the average area of wood-lot per farm

and for the farms of the state. It is to be expected that in a state where

43.46 per cent of the original area was forested, including practically all

of the more hilly and eroded sections and poorer soils, the farms which

were carved out of these woodlands would still retain forested areas

perhaps more or less denuded of merchantable timber, but not yet con-

verted into cleared pasture or tilled fields.

As to the first item, the preliminary figures of the State Natural

History Survey indicate that the total farm-woodland area of the state

is 2,668,050 acres. But the number of farms actually having woodlands

is not easily ascertained. The United States Bureau of Census does not

give this infomiation, although it does collect figures on the total acreage

of farm woodlands in the various states. The number of Illinois farms

reporting merchantable timber through the Census for 1919 was but

20,0.51, which indicated a reluctance to report timber of ta.xabic value,

and a condition of depletion or over-cutting which has reduced the ma-

jority of woodlands to brush areas or young saplings.

Again, forest products of some sort were reported to the Bureau of

Census as being sold from 37,874 farms in the year 1919; but it is im-

probable that this represents the entire number owning wood-lots. Even
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if every wood-lot had merchantable timber that could be sold every year,

not all of the owners would have the time to cut and market it. The
most common product of the wood-lot is fire wood for home consumption,

but only 13.63 per cent of farmers who cut wood sell it to others, while

only 7.34 per cent of wood-lot owners cut cross-ties for sale. Lumber
is largely cut on the farms for home use, though in most instances when
this occurs some surplus is sold. The number of wood-lot owners cut-

ting lumber, according to data based on farm woodland questionnaires,

was only 60.66 per cent. Fence posts were produced on 86 per cent

of the wood-lots, but largely for home consumption. All of this goes

to show that the number of farmers reporting wood-lot products for

sale is not a reliable index of the total number of owners, but that the

number is very much greater than 37,874.

The number of famis having wood-lots may be based on the amount

of wood fuel burned on the average farm, which was found to be 16.1

cords. The farmer who produced cordwood, according to the farm

woodland questionnaries, cut an average of .332 cords per acre annually,

which for 2,863,764 acres of woodland in the state would make a total

production of 950,770 cords. Farmers own 93.166 per cent of this wood-

land, and on this basis would produce 885,792 cords of fuel wood per

year, which at 16.1 cords per year would supply 55,018 fanns with fuel.

Since the number of wood-lot owners producing their own fuel annually

was 87.36 per cent, this gives the number of wood-lot owners as 62,973,

which is about twice the number of those selling forest products from

the farm. This gives an average area per wood-lot of 42.36 acres, and

an average area of woodland for all farms of 11.25 acres.

A calculation based upon forest survey figures for certain counties

where they have been completed, supplemented by crop-report returns

from county assessors, shows a total of 2,668,050 acres of woodland on

farms owned by 98,307 farmers. This would give an average wood-lot

area of 27.14 acres per farm, or for all the farms of the state one of

11.239 acres, and for each person living on farms one of 2.44 acres.

It has been shown that to supply the wood consumption of the

state requires the product of from one to two acres per person, depend-

ing upon the fertility of the soil and the skill of the owner in forest

production. This area of 2.44 acres per person on farms indicates that

the woodland owner can, if he desires, supply the entire needs of the

farming population of the state for wood in the future but that little or

no surplus would be left for the remaining industries or population. By
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simply supplying their own needs, farmers owning woodland could sell

two thirds of the products, either to other farmers or to other indus-

tries. Since the marketing of products will follow the natural economic

trend, farmers who do not own wood-lots will suffer from lack of ade-

quate timber supplies as keenly as any other class of the population.

WOOD AS A CROP

The enterprise of producing wood as a crop for Illinois land is sub-

ject to the same physical and economic conditions as govern the grow-

ing of agricultural crops, fruits, or live stock.

The profits to be derived from wood production depend upon the

price of the products on the market, the continued demand for these

products, the cost of harvesting and marketing the crop, and, finally,

upon the productiveness of the crops themselves compared with the

cost incident to growing them.

Wood as a crop requires the practically exclusive use of land for

a long period of years. In theory, land devoted to wood crops should

remain in woodlands. The devotion of land to this crop, therefore,

means its withdrawal from agricultural production, just as the clearing

of woodlands means the withdrawal of land from wood production.

When woodland is cleared for farming, the expense of the operation is

often heavy enough to absorb all the revenue derived from the crop of

timber which is cut at the time, thus reducing the value of the woodland

as such to zero, but putting it in condition to realize presumably higher

values for farm crop production.

Since both agricultural and horticultural crops require a very high

proportion of labor annually to grow, harvest, and market them, and

the amount of this labor is for the most part determined not by the

abundance of the crop but by the area which it occupies—especially

for field crops, it follows that with successively poorer grades of .soil,

or with lessened productiveness or increased costs per acre, a point is

soon reached where the costs absorb all the income and the use of such

lands for food crops leads to progressive impoverishment of the soil

and of the owner, resulting in ultimate abandonment.

By contrast, in forest crop ])roduction the cost of labor and annual

cultivation is reduced to a remarkably low point. Natural processes

need only to be successfully initiated by the establishment of the crop

and its later protection from destructive agencies and the stand develops

with a minimum of attention. This great reduction of cash outlay and

labor costs permits the use for wood crops of practically every acre of
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land which is too poor to yield profits in food production, and this use

for forest crops promises to yield a profit or large return over and above

the actual outlay in cash or labor, a return running into hundreds, even

thousands per cent.

Against this certainty of large economic returns in yields of wood

there are two obstacles which diminish the financial profits to owners of

forest lands, namely, the cost of marketing the crop and the time re-

quired to produce it. Since the value of wood is determined, for any

owner of woodlands in any given region, by the market prices which

wood products command at the nearest point of delivery, his profits

are limited by this price less the cost of getting the wood to the market.

But often the initial form of the product, such as logs, must undergo

further manufacture, or the product is bought by jobbers or middlemen

who endeavor to keep down the price to the producer. Still more fre-

quently it happens that the purchaser buys the standing timber at a

lump sum and the owner fails to realize the value of his stumpage.

Again, wood in any form is both a bulky and heavy product. A
cubic foot of green hickory weighs 42 pounds ; one of oak, 35 pounds

or more. A cord weighs between 3100 and 3750 pounds. Transporta-

tion costs are based largely on weight, and to stand a long train-haul

from the forest to the market the price per cubic foot or per pound

must show a margin over this cost, plus costs of labor in cutting, shap-

ing and loading, freight, remanufacture, and wholesale and retail delivery.

As all of the above processes constitute well-organized businesses which

will operate only on the basis of securing a living profit, the owner of

timber stumpage, even if he receives a fair price, gets what is left after

these demands are satisfied, and this margin may be too small to de-

fray any costs incidental to crop production. This partly explains the

phenomena of cheap stumpage values and low returns which even

now are manifest in regions which have an excess of woodland over

farm land, or are located far from markets.

But the same economic processes which have operated to keep

down values of timber as a crop in the past, bid fair greatly to increase

these values in the future, provided sufficient wood is produced to rhain-

tain the customs of its use in major industries, and to prevent the too

complete substitution of other materials for wood.

Prices for wood have increased more rapidly than for other prod-

ucts, and more rai)idly than costs of labor and transportation. This

leads directly to an increase in the margin left for stumpage values, and
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this margin has increased, on the average, at a more rapid rale than

the prices for finished products. As products become scarcer, the factor

of competition becomes more active, and the producer stands a better

chance of receiving his fair share of the final market value. This proc-

ess raises the value of wood crops on all areas regardless of their loca-

tion. It makes possible a profit or stumpage value on hitherto inacces-

sible tracts, but the chief advantage is to the owner of woodland located

near markets, and whose costs of marketing are comparatively low.

If this is the situation with timber as a crop grown for sale, the

value of such crops grown for home consumption is still further en-

hanced. Every farmer is a large consumer of wood crops, as will be

shown later. With no home product he is forced to buy wood at the

highest retail price, paying all the costs and profits exacted in the course

of transportation for long distances, and rehandling by dealers. To the

extent that he can supply his own needs, the only costs to him are those

of labor and contract-sawing, and those incident to growing the crop.

It is the purpose of this investigation to determine the value of such

wood crops to the farmer as a consumer, as well as a producer for the

market.

In the selection of the species of trees to grow, the woodland owner

is largely influenced by the condition already established by natural

processes on his woodland. Trees show fully as great an adaptation

to environment as any other plant association, and from the first settle-

ment of this country the character of the forest growth has been relied

upon to indicate that of the soil itself. In practically all the eastern

states, the dearth of tree-vegetation indicated impoverished soil. Until

the nature of prairie soil became known, early settlers avoided it for

this reason. It is a safe maxim that unless proved otherwise by ex-

perience, the best trees to grow on a given site are the species which

naturally grew there in the virgin forests, and (hat trees, such as catalpa,

found in nature only on rich well-drained soils, will not produce satis-

factory forest crops if introduced on a poorer or drier site.

Again, trees inured to unfavorable conditions, like the pines, may

grow very rapidly on better soils, but will fail to reproduce naturally in

competition with the species found on such habitats.

Wood crops, as to species of trees grown and quality produced, are,

therefore, less adjustable or less easily modified than food crops. Once

the choice is made it must be followed through to maturity. Often this

choice is already determined, as in well-established forests. Aside from



130

these features the producer has several advantages. He can often

choose between different kinds of product into which he can convert

his timber. He can postpone harvesting his crop in times of depres-

sion and put it on the market when prices are high. He can produce

different quantities of products of different classes by postponing or

withholding harvesting of a portion of his stand, or selected trees. In

addition, he can greatly modify or increase the value of his crop by

selection of species for harvesting, taking out the more worthless for

fire wood and reserving the more valuable for higher uses. When
creating a new forest by planting he can exercise choice of species, just

as a farmer can decide as to what he shall plant, and, like the farmer,

his success will depend on his ability to select the crop which is adapted

to the soil and site, and not merely on his skill in planting trees or

potatoes.

The relative productiveness of different forest soils can be judged

by the volume measured in cubic feet of wood produced annually. To
obtain this figure is not an easy process unless the wood crop on the

area is all of the same age, otherwise it can not be known whether the

amount cut from the lot represents the growth of a definite period or

is merely the accumulation of an indefinite number of years. Again,

wood crops must be measured for volume production when thev have

attained a reasonable maturity, else the average annual production is

not fairly realized. Potato crops, measured when half grown, do not

show full production. But all field crops reach definite ripeness while

with woods crops this period is comparative only, and the measurement

of many different stands is necessary to determine the approximate

period of highest average annual crop-yields, and those of greatest pro-

dttction of money income.

This study will be undertaken in Illinois during the years 1924 and

1925. Meanwhile preliminary figures show that an acre of soil grown

to hardwoods will produce annually from 16 to 160 cubic feet of wood.

The production of wood, as may be expected, is in direct ratio to the

fertility of the site. This is illustrated by the following samples.

Extremely dry sandy hills may yield less hardwoods per acre than

the lowest yields which are recorded. If planted to suitable conifers, the

apparent yields may be doubled, yet when weight is considered may not

exceed greatly that of hardwoods. The maximum yields on any site

can only be secured by the growing of species, best adapted to tliis

site and to the condition of the land at the time. When land is bare
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Plot Yields (one acre each)

Plot location Species
Age
years

Cubic
feet

contents

Mean
annual
growth
cu. ft.

Weight
produced
per year

in

pounds

1. Prairie, agricultural

2. Alluvial bottom . .

.

3. Prairie, agricultural

4. Alluvial bottom....

5. Prairie
6. Upper Miss, bottoms

7. Hilly upland. . .

.

8. Alluvial bottom.

9. Hardwood bottom..

10. Prairie
11. Upland, hilly.

12. Sands
13. Upland, thin rocky..

Catalpa
Maple, ash, elm,
sycamore ....

European larch . .

Sycamore, burr
oak

Black walnut. . .

.

Maple, elm, pin
oak, others . .

.

White pine
Pin oak, b 1 a c 1?

oak, red gum.
ash, others ....

White oak, cherry.
hickory, others.

Black walnut. ...

White oa;, black
oak, others

Black oak, others
White oak, black

oak, hickory.

.

15
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products. On the average farm wood-lot it was found that the propor-

tion of the various classes of product obtained were as follows:

Proportion of
Per cent average price

Fuel wood 65.68 .118

Mine timbers 10.33 .044

Posts 7.44 .063

Lumber 8.19 .051

Cross-ties 3.75 .020

Veneer logs 3.51 .032

Piling .78 .005

Cooperage stock* .32 .002

Weighted average price

per lb .335

It is thus seen that the crop from the farm wood-lot averages 0.335

cents per pound. This price is due to the large proportion of low-priced

fuel wood. This price is equivalent to $6.70 per ton while the more

valuable products bring prices of over $18.00 per ton. The average

crop per acre now being harvested is 1415 pounds or about ^ of a ton,

worth $4:.?4, or a crop value of nearly $5.00 per acre annually.

These comparatively low prices per pound as compared with concen-

trated food crops are offset by a much lower cost of actual outlay per

pound in the production of the timber crop so that the net profit over

cash expenses greatly increases the favorable position of this crop in

land economy.

The chief objections urged against actually undertaking to grow

timber as a crop are based, not so much on the yields per acre or prices

which are possible as on the crop-period or time required, which for

private enterprise is often regarded as prohibitive, and which results in

the accumulation of interest deemed necessary to return a given per cent

on the investment, and of taxes at compound interest.

For farmers who own wood-lots there are several strong arguments

offsetting these factors. In the first place, the wood-lot, unless already

badly cut over or nearly ruined by grazing, is often if not usually in

position to sustain an annual production approaching the full possible

yield of the land in wood crops. It is a going business and, if managed

as such, incurs no compound interest charges since each year's expense

is met by income from cuttings. This is the ideal condition to maintain,

and is exemplified by many wood-lots carefully preserved and cared for,

in the southern portion of the state, which continue to yield quantities

of high-grade lumber, posts, and other products.

•Cooperage stock taken as of same vaUio as lumber.
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In the second place, it is not necessary to wait 30 to 80 years for

yields from a wood-lot. The intensive use to which a farmer can put

the small material enables him by thinnings to obtain fuel, stakes, fence

posts, and other small-sized material in not over 15 years; even within

8 to 10 years when plantations are made on bare soil, and these returns

carry the investment until the more valuable material is ready for cutting,

and pay the taxes.

The question of taxes is one which requires legislation or change

in practice. But in small wood-lots taxes are not the factor which will

either encourage or prevent the practice of forestry to any great extent,

for the reason that ordinarily the taxes on this land would be about the

same whether or not forest crops were grown, and the crop offers a

means to pay these taxes, while non-productive land does not. As be-

tween pasturing and forest crops, the question is one of relative net an-

nual income to the farm as a whole as well as to the land so used. This

will be discussed later. Forest land is usually classed as unimproved

and as such bears a lesser valuation than improved land. Such a prac-

tice, of valuing forest lands lower than lands producing agricultural crops

or orchards, is sound in theory and practice, since, as shown, forests are

crops which can and should normally be grown on poorer soils unsuited

to higher uses of food production, hence worth considerably less per acre

than a good quality of agricultural land. When small quantities of high-

grade agricultural lands are devoted to the production of special forest

crops, such as hedge or catalpa posts, the values of the crops are or

should be sufficiently high to bear the usual taxes on lands of this value.

One principle can be clearly laid down which will remove any in-

justice in taxation of forest property. Growing timber itself should

not be taxed, but only the land upon which it grows. It is as sensible

to tax growing crops of grain as to tax repeatedly the same crop of

timber during its growth.

To determine whether the woodland property belonging to the farm-

ers of the state is now producing crops which measure up to the possible

yields of such lands, the returns from 440 wood-lots were tabulated.

The table on page 131 gives the results obtained. In column 3 is indi-

cated the area out of the total of 19,986 acres which yielded products

of the designated kind within a period of 5 years for lumber, and 3 years

for other products. Fuel is cut annually on most wood-lots, and a very

high proportion amounting to 8G per cent still continue to yield fence

posts for the annual upkeep of the farm. A significant figure is the
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proportion of wood-lots yielding saw-timber, 60.66 per cent of those re-

ported falling in this class.

This, however, is probably higher than would apply to all farm

wood-lots, for a large proportion of them have been already stripped of

the more valuable trees which produce sawlogs. Based on indications

from total yields of saw-timber for the state, there are probably 30 per

cent of the wood-lots which still contain crops of this class of timber.

Production of Wood on Farm Wood-lots, Total froji 19,986 Acres of Woodland
Covered by Farm Questionnaire—440 Answers

Class of
material
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Oh this basis, the yield in cubic feet from an acre of woodland as

returned by owners, was as shown by the following table.

YiEij) Per Acre of Wood on Farm Wood-lots
Based on Answers to Questionnaire

Character
of products
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hence if "cut clean" or completely dissipated it takes many years to

build it up again to its full productiveness.

The annual yield of these wood-lots as indicated by the farm ques-

toinnaire was 43.045 cubic feet per acre. When we compare this yield

with the data shown in Table on page 135, indicating the productiveness

of dififerent classes of soil, it is evident that average grades of forest

soils will grow this much wood annually, hence it is possible to grow

timber fast enough to maintain the present rate of cutting forever, and

it may be possible to double it. But the probability is that, instead,

this yield will continue to decrease. There are two reasons for this.

First, the maintenance of an annual cut requires the reservation of a

certain quantity of wood capital in the form of young trees partly grown.

Depending on the products desired and the period required to produce

them, the growing stock required may be roughly calculated by taking

one half of the total growth or final yield of the crop. For example, if

the yield is 40 cubic feet per year and can be harvested at 50 years, the

crop yields 2000 cubic feet. Then 1000 cubic feet per acre is a normal

forest capital ; actually somewhat less than this quantity will suffice. But

if the stock or capital is exhausted by clear-cutting for cordwood or

niine timbers, it drops way below this required minimum, and when this

happens it becomes impossible to maintain the same rate of yield until

the gradual processes of growth have again built up the stock. This

scarcity occurs first for the larger and more valuable products, such as

saw-timber or veneer logs. The smaller the material harvested the

sooner it can be replaced and the greater the probability of sustaining

the yield. The second factor is far more serious, and consists of destroy-

ing the reproduction which would naturally take the place of the timber

removed. When this happens for any cause, such as fire or excessive

grazing, there is no hope of ever restoring the yield to its former volume

until such cause is removed and the reproduction re-established, perhaps

by expensive measures followed by the long wait for the new crop to

mature.

The average acre of woodland in Illinois now contains but 635 cubic

feet, which, for a low average yield of 43 cubic feet per year, would

indicate that this yield can be maintained only on the basis of cutting

the material at an age of 30 years. This period is insufficient to pro-

duce saw-timber or even cross-ties and will yield only posts, mine, tim-

bers, and cordwood. Either the future yields of Illinois wood-lots

will be confined to these products after the residue of the larger trees
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remaining has been cut, or else the cut must actually be reduced con-

siderably below 43 cubic feet per acre in order to grow new crops of

these more valuable products.

It is fair to assume, therefore, that the process of denudation or

exhaustion of the average or normal forest capital has proceeded to the

danger point, and that this annual cut of 43 cubic feet is not at present

being replaced, but that the cut actually constitutes a further depletion

of the remnant of forest capital, and may further reduce the yields and

growth in the future. The steady diminution of the cut of saw-timber

per decade in Illinois gives evidence of this tendency. Census figures

give the following production for the state in timber.

Year Board feet Year Board feet

1879 r 334,244,000 1909 170,181,000

1889 *\ 218.938,000 1919 64,628,000

1899 [ 381,584,000 1920 56,900,000

The percentage of sawed lumber to total output of wood has un-

doubtedly fallen off faster than the total production, since this material

came from the older or virgin growth of timber of which there now re-

mains but a fragment of the original stands. Some of the above output

undoubtedly represents clearing of land for agriculture.

But as these figures of actual cut in cubic feet per acre are shown

to agree closely, though accidentally, with the yields of wood crops pos-

sible on the poorer grades of land which can be termed forest soils,

they will serve as an indication, not merely of the present money-yields

from farm woodlands, but of the minimum net income which the con-

tinuous use of such lands for wood crops may be expected to produce

without undue or unusual expense in crop production and by the same

natural processes as have served to grow these crops in the past. Great

improvement over these figures is ])ossible in the way of increased yields

and better money-returns through thinnings and improved prices.

These actual yields as reported on wood-lots were then compared

with the total production of dififerent classes of material for the state,

in order to correct any error occasioned by departure of the replies from

this average due to selection of better wood-lots. The figures on total

production used for this basis are given in the table on page 138.

In applying these totals to the wood-lot areas it was assumed that

these would produce fully as much per acre as the total woodlands of

the state, given as 2,863,764 acres.

•See Appendix, Note 9.
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In determining the average yield per acre of farm wood-lots it was

considered more accurate to assume that when the total production of

the given class of product for the state was known, that for the farm

woodlands would bear the same proportion to this total as the wood-

lands themselves bore to the total forested area. This proportion is

93.166 per cent. The alternative of multiplying the results obtained

from questionnaires representing 440 units of 19,986 acres, or 86/100

of 1 per cent of the farm woodlands was considered less reliable and

in some instances was manifestly in error for the state as a whole. Pro-

duction of cordwood and of fence posts was based upon this question-

Peoduction of Wood riioir Illinois Pabm-Woodlaxds
OF 2,668,050 Acres

Product and unit
Total for farm

woodlands
Average per acre

Average per
wood-lot of
27 acres

Fuel wood
cords

Mine timbers
cubic feet . . .

.

Posts
piece

Lumber
board feet ....

Cross-ties

piece
Veneer logs
board feet . .

.

Piling
piece

Cooperage stock
cubic feet ....

885,792

11,142,700

10,031,860

53,011,340

952,050

22,701,710

37,708

350.293

.332

4.176

3.76

19.869

.357

8.508

.0141

.131

8.96

112.75

101.52

536.46

9.64

229.72

.38

3.54

Quantities of Wood cut annum.i-y from Farsi Wood-lots

Product
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naire, since state-wide figures on production were not available and for

cordwood were open to question. It will be noted that while the yield

from the questionnaire was 43.045 cubic feet per acre, that obtained from

the check in total state production was 40.435 cubic feet, or nearly

identical. But the average wood-lot yields a greater proportion of its

output in the form of cordwood and mine timljers and less high-grade

products, such as lumber, than did the selected lots, hence its net revenue

will be lower.

The percentages shown in this table indicate that at present nearly

two thirds of the wood produced by farmers goes into wood fuel, which

is the cheapest product of the wood-lot. Eleven per cent is utilized as

lumber or veneer logs and a little under 5 per cent as cross-ties, piling,

or cooperage stock, while mining timbers absorb over 10 per cent and

posts nearly 8 per cent, or a total of nearly 85 per cent in small sizes.

Although these proportions clearly indicate that the wood-lot is not

being worked to its capacity for crops of highest value, yet it must be

pointed out that logs measuring less than 9 inches at the small end will

yield less than 50 per cent of their contents as lumber. Even with full

and close utilization the proportion utilized will be

Diameter at small
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of present production. But if the yield per acre were also increased by

at least 50 per cent, which is easily possible, the capacity of the present

farm woodland area would be at least six times the yield of lumber and

logs now being cut within the state, and would then equal the total

annual output of the virgin forests of the state during the decades of

their highest production. It is improbable that this result will be at-

tained from the existing woodlands because of the pressure for cutting

at earlier ages and for bulky products, such as mine timbers or fuel.

But the yield of saw-timber can at least be increased threefold by proper

management and its percentage of the total crop doubled, so that one

quarter of the cubic yield will be in this form, which bids fair to be

the product most needed in future farm maintenance, and the most ex-

pensive to purchase.

Consumption of Wood on Illinois Farms

As stated on page 83, the three major forms in which wood is

consumed on farms are fuel, posts, and lumber, amounting to 5T6 cubic

feet per farm. An additional 7.33 cubic feet of wood is used annually

on farms for shingles. (Appendix, page ITl, Note 10.) But the farmer

is also the ultimate consumer of much of the wood which enters into

the construction of manufactured products, such as farm machinery.

boxes and crating, furniture, paper and utensils of various kinds. The

total consumption for such purposes in the state has been considered

under manufacturing industries but it was not possible to compute the

amounts consumed on farms. This consumption, however, nuist be

charged to the farmer's account and added to the more obvious major

forms of wood which he uses and which to a considerable extent he

can produce in the wood-lot. A deduction should of course be made

to the extent to which steel and cement are used as substitutes for

wooden posts. But in spite of this reduction the actual consumption

per farm will be somewhat greater than that shown in the table which

follows. •

Consumption of Wood on F.vrms Annually

Class of product and
unit
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The balance between farm consumption and farm production of

wood may be shown best by assuming that the existing woodlands aver-

aging 27.14 acres each, on 98,307 farms, is equally distributed among
the 237,181 farms of the state, giving each a wood-lot of 11.239 acres.

Pbodtjction per Average Farm on 11.239 Acres op Woodland
a. Products useful on farms

Product and unit



142

Consumption in the following percentages : fuel wood, 14 per cent ; lumber

and veneer logs, 13 per cent
;
posts, 4 per cent. The enforced purchase

of a material capable of being produced on the farm wood-lot is a

serious economic handicap to the farmers, which is becoming increasingly

evident in the steadily advancing prices he must pay for wood or its sub-

stitutes. The value of this wood crop can be measured in two ways, first

as a saleable product, second as taking the place of material which must

otherwise be purchased. High prices lead inevitably to the curtailment

of the use of both wood and its substitutes. Less fuel is bumed; build-

ings in need of renewal are not renewed; and money which would ap-

pear as a profit is sunk in the cash outlays for upkeep.

The farmer who possesses an average wood-lot of 21 acres is cut-

ting annually less fuel than the average farmer consumes in a year; if

expressed in wood, 8.964 cords as against 14.6 cords consumed in the

form of wood or coal.* In lumber and logs he produces 766.14 board

feet as against 1250 board feet used. This will supply him with all his

heavy timbers and fencing and all of his rough lumber, requiring the

purchase of only the finishing grades. He produces 101 but requires

only 86 fence posts annually. His total requirements including the ex-

clusive use of wood fuel are 1990 cubic feet. He produces 926.03 cubic

feet of these same classes of material representing, however, a surplus

of posts, and a deficit of lumber and cordwood. To balance this required

expenditure he produces for sale 165.73 cubic feet of mine timbers, cross-

ties, piling, and cooperage stock. A 27-acre wood-lot in the average neg-

lected condition of woodlands today supplies the farmer with 55 per cent

of his wood consumption and if adequately managed the increased pro-

duction and sale of merchantable products will make him permanently

independent of outside markets for wood or wood substitutes, and re-

lieve him of the cost of purchasing fuel, building material, and fencing

for all time. If coal is substituted in the ratio of 7.66 tons to 13.4 cords

of wood, shown as the average for those farms using wood and coal to-

gether, and the wood-lot managed for the production of larger percent-

ages of higher grade material, the area may be further reduced to about

16.7 acres for the average farm. Under these circumstances there is in

the present area of woodland enough productive capacity to supply two

thirds of the farms of the state with wood forever.

•See Appendix, Note 11.
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STUMPAGE PRICES IN ILLINOIS FOR SAW-TIMBER

From data gathered by the U. S. Forest Service in Illinois, Indiana,

and Ohio, based on 14,102,000 board feet of logs, the average price re-

ceived at the mill for hardwood logs wsls $24.93 per thousand board feet.

Based on 26,537,000 board feet of logs, the average price received for

hardwood stumpage was $12.86 per thousand board feet. This leaves

a margin for cost plus profit in logging, of $12.06, agreeing closely with

the results of the questionnaire, which indicated that average costs of

logging plus 20 per cent profit was $12.32.

The returns from the Illinois questionnaire were not sufficiently

numerous to indicate a safe average price of stumpage for saw-timber.

This varied from an average of $19.86 for the higher grades of logs, to

$5.22 for low-grade timber. This would indicate that the average of this

much larger quantity, or $12.86, may be safely adopted as the average

stumpage value of saw-timber for the years 1919 to 1922, in Illinois.

By species the yearly average figures show a wide variation, from a

maximum of $85.00 per thousand for walnut in 1920 to a minimum of

$3.29 for sycamore in 1922. Little reliance can be placed on these specific

averages. Walnut commands the highest stumpage prices, followed by

ash and hickory. Veneer logs of white oak command prices up to $25.00

per thousand board feet, while the poorer grades of oak lumber are some-

times sold at less than one half this price. The value of stumpage is

residual or marginal and is thus dependent on the total of costs incurred

to bring the logs to the market, as well as on the price received for these

logs, or for the lumber, or products.

The receipts and stumpage values for saw-timber were slightly in-

fluenced by the demand for walnut during the war. This species con-

stituted 13.07 per cent of the total reported sold, while census figures

for 1919 show that 3,690,000 board feet was produced in the state, or

6.48 per cent of the total. The relative amount of walnut in the returns

from farm questionnaires is, therefore, twice as great as the average

per cent for this species in the total state output, and with its high stump-

age value of $49.29 per thousand board feet tends to raise the average

price of stumpage above the actual.

The average price of oak stumpage at $32.44 is undoubtedly higher

than cash prices paid for such stumpage by purchasers, who have not

often gone much above $25.00. But the greater portion of the lumber

reported was cut by the owner and sawed in a customs sawmill. The

owner thus realized both stumpage and 20 per cent profit, which, at the
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average price of $53.07 for the lumber, netted him $32.44 stumpage and

$3.42 profit on costs of logging.

This stumpage contained a considerable percentage of veneer logs

of white oak, and to this extent represents a type of timber found orJy

in the remnants of the virgin forest and not likely to be reproduced in

the future. But other species, especially red and black oak, will furnish

materials for timbers and other domestic use, which, while not bringing

as high a price on the market, will serve as fully acceptable substitutes

in framing buildings for which purchased lumber would cost approxi-

mately the same price as that received for the saw-timber sold. The

sale of lumber at low prices is not justified where it can thus be used for

local purposes. Returns of 6.46 per cent of the total quantity reported

were for inferior species which brought a net price of $29.23 per thou-

sand board feet, leaving but $8.70 stumpage value. 1920 Census figures

give an average of all species for Illinois as $8.59.

The tendency for stumpage values to absorb an increasing per cent

of final value of the product is well illustrated by the prices paid for

walnut timber, which averaged $49.29 on the stump. So great is the

demand for this lumber in certain lines of manufacture, especially furni-

ture and gun-stocks, that buyers usually purchase it on the stump, and

even buy and grub up large stumps if still sound in order to get the wood

they contain in the crown and upper roots. Yet buyers are not averse

to purchasing walnut groves at much less than these figures whenever

the purchaser is in ignorance of the value of his stumpage and there is

absence of local competition.

Wood-lots containing virgin white oalj are now quite scarce in south-

ern Illinois, and the entire region has been gone over thoroughly. A
few owners are found who sell each year a small number of choice trees

as logs, at satisfactory prices to net them an annual income from the

wood-lot. But except for such species as walnut, which can continue

to be grown in plantations, on good soil, the day of the large high-grade

sawlog is about over for Illinois woodlands, and the saw-timber of the

future will be obtained more largely from 12 to 14-inch trees than from

those 20 to 25 inches in diameter. Such trees can be produced in shorter

periods and will suffice to supply the needs of the farm in this direction.

The sale values, costs of cutting and hauling, and stumpage values of

the remaining products were derived from the averages of the replies
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to the questionnaire to farmers. The resultant income derived from

the average wood-lot is shown in the following tallies.

Sale Price and Stumpage Value of Products Guown on Wood-ix)ts

Product
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Value of PBonucrs Grown Annually on Wooivlots

Average wood-lot per farm, 11.239 acres
Average actual wood-lot,

27 acres

Product
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At present prices and costs, fence posts are by far the most profitable

wood crop that can be grown. This product commands a fair price

nearly equal to that of the highest quality of lumber, when comparison

is based on cubic contents of the tree required to yield each product re-

spectively. But it requires 100 years or more to grow logs suitable for

high-priced veneers, and 50 to 70 years for good piling, while posts can

be grown in from 15 to 35 years depending on the soil. By comparing

the second table on page 145 with these values, it becomes evident that,

in spite of the advantage to the farmer of cutting his own fuel, the prac-

tice of utilizing growing timber for this purpose exclusively or to too

great an extent does not pay. As shown, the ratio of sale-value per cubic

foot of these products to cordwood varies from 2.4 for mine timbers up

to around 5 for posts and veneer logs, 3.0 for cross-ties and about 3.5

for lumber, piling, and cooperage. But the true comparison is found in

the relative stumpage values, for these measure the value of the timber

crop itself and not merely the return of cost of labor in harvesting. These

ratios are shown in the last table on page 146.

On the basis of these relative crop values, the wood-lot should evi-

3ently be managed so as to produce as great a volume as possible of the

higher priced products, utilizing only the non-saleable tops, limbs, and

slabs as cordwood.

The loss through converting a stand into cordwood when it will make

other products is shown in the following table, assuming a stumpage value

of $1.00 per cord for cordwood.

Product
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The time element in growing timber must be considered in this com-
parison. Posts and mine timbers may be grown in practically the same

period as cordwood, with the exception of bars and legs which require

about twice as long. Setting this period at 25 years, lumber, cross-ties,

and piling will require approximately 100 years, or 75 years longer. With

cordwood at $1.00, the value of the other products in order to earn 3 per

cent compound interest on price alone, regardless of growth or volume,

would be

:

Lumber, cross-ties, and piling 75 years $ 9.18

Veneer logs, 105 years $22.28

The actual prices and per cents earned are

:

Price per cord Per cent

Lumber $ 6.18 2%
Cross-ties 6.09 2%
Piling 11.29 3%
Veneer logs 15.91 3

The average annual income from farm woodlands is indicated as

standing around $1,688 per acre for stumpage alone, clear of all ex-

penses of harvesting. It is obvious that such income per acre will not

indicate a value equal to corn land. But corn land would grow from

2 to 3 times as much wood as this per acre annually. True forest soils,

too rough and hilly or with soil too poor in quality to permit of profit-

able agriculture, will not command corn-land values nor a tenth part

of them. The capitalized value of an income of $1,688 at 5 per cent

is $33.76 per acre. But this allows nothing for cost of crop production.

In a wood-lot which is normally stocked with many-aged trees, has abun-

dant reproduction, and every prospect for continuing to produce the nor-

mal yield of the soil every year, the only deduction from the above value

per acre would be such annual expenses including taxes, as are required

to protect and maintain the stand in its healthy and productive condition.

Even if these expenses reached 50 cents per acre, which, capitalized,

is $10.00, the value of the property would still be $23.76. Reproduction

in such wood-lots is by natural processes largely, and the chief expense

is vigilance to keep fire out of the lot.

The above value of course represents that of the land with its stock

of standing trees, and not the bare denuded soil, which is worth very

much less than this amount. True forest land of this quality is assessed

in the southern counties at around $5.00 per acre.
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Forests as a Crop on Soils of Different Qualities

introductory

The practice of forestry, or forest culture, will produce crops of

timber yielding from 50 to 100 per cent more per acre in annual

growth than the average now being harvested, of less than 45 cubic feet

per acre. A considerable proportion of these increased yields will be

obtained in the form of thinnings in even-aged stands. When no cutting

is done in a stand or crop until it is finally ready to harvest, the surviving

trees which make up the crop at that time constitute a very small per

cent of those originally composing the stand. When it happens, as in

plantations for post timber, that all the planted trees, thanks to an even

start, survive for a time, the rate of growth in diameter soon shows a

marked falling off and the growth on the whole stand tends to stagnate

until the numbers are reduced by competition and the survivors obtain

the increased crown-space required for thrifty development.

In cultivated stands of timber this reduction of numbers, instead of

being left to nature, with consequent injury to the stand and loss by

decay of the dead trees, is forestalled by removing a sufficient number of

trees at from 5 to 10-year intervals to release those selected for the

final crop. The ultimate number per acre will depend on the age and

size of the crop which is desired. Plantations seldom have over 2000

trees per acre, and unless very early thinning is possible they will not

be set closer than about 6X6 feet apart, or 1310 trees per acre. At 15

years, post timbers may be cut from such plantations. At 40 years, under

natural conditions, this number would not be over 800 trees. At 60

years it would have diminished to 450. while at 80 years, about 370

trees would survive on an acre. Normally, but one half to two thirds

of this number should be permitted to survive.

Without including the income possible from such thinnings or ad-

vance yields, the value of the final crops produced on typical acres of

Illinois woodland can be calculated.

PLANTATIONS IN STARK, OGLE, AND CHAMPAIGN COUNTIES

The possibility of supplying home-grown posts on prairie farms is

illustrated by yields of catalpa plantations at 15 years from time of

planting. Many such plantations in the state have been absolute fail-

ures, but this is due to ignorance as to the soil requirements of the tree.

Catalpa will not develop even into post timber unless planted on land of

high fertility and supplied with abundant moisture.
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Plot 1*. Catalpa Plantations in Stark county.

Yields from plantations in Stark county, at 15 years, planted 3

feet apart in rows 6 feet apart, produced 2,-130 cubic feet of wood,

equivalent to 163 cubic feet or 1.8 cords per year of growth. From
these trees 2,000 posts averaging 4 inches could be cut, leaving 830 cubic

feet or 34 per cent in the form of stakes and small fuel wood which

equals .612 cords per year. The annual average production is, then, 133

posts and .612 cords of stake or fuel wood per acre. According to table

on page 86, the requirements of an average farm of 13-1.8 acres if

catalpa is used, are 56 posts yer year, or for 100 acres, 42 posts. In

order to maintain perpetually the fences on the average farm all posts

needed will be furnished by a plantation of .42 of an acre or .315 ac'.'es

respectively. In other words, the posts may be grown on the farm by

devoting a little over 3^10 of 1 per cent of the fertile or crop area to

this crop.

The value of these posts, per year, at 30 cents each, is $40.00, and

the cost of cutting and hauling should not exceed 6 cents each, or $8.00

per acre, leaving a net stumpage value or income per acre annually, of

$32.00 on an average annual expenditure, for planting, of $2.00 (if cost

.of establishment is $30.00 per acre). If this sum of $30.00 per acre

is expended to establish a plantation the outlay per post is IJS cents,

which in 1 5 years will return 30 cents minus 6 cents for cutting at present

prices, with the owner in position to profit by every increase in value

of post material from now on. This first cost and taxes are the sum
total of actual expense in growing this post timber. It is frequently

argued that compound interest on these expenses should be included as

a cost, since the money so expended might be earning interest for 15

years at 6, 7, or 8 per cent. Quite true ; but the investor who puts his

money out at tli^e rates does not consider this interest a cost to him,

it is, rather, his income. In the same manner, the compound interest

on the cash costs of a plantation may be computed if desired, but these

do not represent a dollar expended nor do they increase the actual cost

a cent. They do enable the farmer to judge how good his investment

is ; but here again, the returns if gaged by compound interest are bet-

ter than those ordinarily secured by investors who receive annual inter-

est payments, since compound interest, especially at rates of 6 to 8 per

cent, increases much faster than simple interest at the same rates. In

These numbers refer to the plots listed on page 131.
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compound interest the money is already reinvested at the end of the

year, with no temptation to spend it or expense and delay in placing it.

Gaged by direct comparison, then, an outlay of $2.00 per acre an-

nually, or a total of $30.00 for one acre, will return a net income of $32.00

per acre annually after an initial period of 15 years has elapsed, or

$480.00 on one acre. Spread over the period of waiting, this means a

return of the original cost, plus $30.00, or an income of $1.00 per year

for each dollar invested, which is $30.00 per acre annually over and

above cost of the crop. After the fourth or fifth year, at most, no

further expense is required nor is any labor of crop production involved.

Money can be borrowed on farm property at 6 per cent. Land at

$250.00 per acre must produce a net income of $15.00 clear of expenses

to justify this value.

If compound interest at (i per cent for 15 years is required, the land,

bare of trees, at the year of planting is worth for a crop of catalpa posts

$261.55 per acre as follows

:

Taxes per acre at $1.84 for 15 years, compounded....? 42.83

Initial costs, $30.00 for 15 years 71.89

Total costs 114.72

Net income every 15 years $365.28

Discounted as a recurring crop or rental this gives the above land a

value of $261.55. The rental at 6 per cent on this value is, per acre,

$15.69 annually.

Catalpa when grown in this manner as a crop on rich agricultural

soils yields over twice the cubic volume per year that can be expected

on true forest soils of average quality. Early maturity into post sizes

and a high per cent of utilization in spite of the small sizes of the trees,

due to using the material in the round, give 66 per cent merchantable.

No account has been taken of the other 33 per cent of wood or stakes,

which will serve to defray any protection costs. The wood, even as

fuel, should be worth $3.00 per cord, and serve to reduce the coal con-

sumption or to supply kindling. The yield of this material, 830 cubic

feet, is equivalent to 10.6 cords per acre, which at $1.00 per cord stump-

age gives $10.60 or 70 cents per acre annually.

After such a plantation or system of post-production becomes estab-

lished, the property, or land with growing timber, increases rapidly in

value and becomes worth much more than $261.55. If a plantation of

15 acres is established by planting 1 acre per year, or one of an acre in
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extent by putting in 1/15 acre each year for 15 years, the plantation will

be worth per acre, $469.33.

The annual costs distributed over each acre are:

Taxes on $250.00-land $1.84
Planting and other expenses 2.00

Total cost ?3.84

Stumpage value of crop cut annually per acre 32.00

Net income per acre annually 28.16

Capitalized at 6 per cent 469.33

If 5 per cent were used, values of land and property would be pro-

portionately higher.

Catalpa posts constitute a crop which may be profitably grown on

$^0.00 land. They can not ordinarily be grown with profit, except on

Isnd of good quality. Catalpa, to succeed as a crop and to produce in

15 years the indicated yields of 2 good posts per tree, requires in the

selection of the site and soil as great care as for any variety of farm crop.

A failure with an annual crop may be remedied in one season, but with

trees the loss extends over the entire period of growth and is cumulative.

Just as corn and other field crops become unprofitable when grown on

marginal land, since the rate of income to expense diminishes, so in the

planting of this species the same principle holds good. Plantations re-

quire a considerable initial investment, which must be returned with in-

terest to justify the venture. On poor soil, either sandy or dry. or stiff

clay, compact silts, or other soils of medium or low agricultural value,

catalpa is a failure and should not be planted.

This species, therefore, is a tree with special adaptation as a post

timber—though not so durable as hedge, black locust, or mulberry—but

with very exacting requirements as a crop, which makes it profitable to

grow in competition with field crops on good soil rather than on the

poorer natural forest-soils of the state. The utilization of an area of a

Httle over 3/10 acre for every 100 acres of crop lands, on farms without

other timber, for the purpose of furnishing a perpetual supply of fence

posts of good quality, seems justified by the demonstration that the value

of such land for this crop equals that for its use for other purposes.

Plot 7. White Pine in Ogle county.

The planting of white pine may be possible in limited areas which

are free from the competition of hardwood sprouts, and in the north-

western portion of the state. The growth of this species in the limited
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area in Ogle county approaches the maximum yields obtainable in north-

ern Minnesota and Wisconsin. This stand at 75 years of age has pro-

duced lumber of the finest quality though deficient as yet in the quantity

of lumber of clear grades suitable for pattern stock or other special uses.

The stumpage value of such pine timber in Minnesota has reached an

average of $20.00 per thousand on sites approaching this in accessibility.

At 39,690 board feet the value of the crop is now $793.80 per acre, giv-

ing an average yield per year for the total period, of $10.58 per acre, ex-

clusive of the possibility of thinnings. It is not permissible to use over

4 per cent compound interest to apply over a period as long as 75 years,

and any investment which yields this total, which returns 18 times the

initial investment, must be considered a very profitable one.

This seeding was natural, hence the only expense was taxes. The

value of the crop, $793.80, properly discounted, would indicate a land-

value of $44.23, which at 4 per cent would yield an annual rental of

$1.77 per acre. Annual taxes would have to be met in theory from this

rental.

These data indicate that crops of white pine should not be grown

upon agricultural soils in place of farm crops, but that they possess possi-

bilities for sandy or poor soils whose value falls below $40.00 per acre.

Once the forest on such soils is brought to a condition of annual yields,

the value per acre based on gross income would be —^ or $264.50 per

acre, approximately that of good agricultural land. But this value in-

cludes the average stand of half-grown timber. It is just these timber

values which restore the balance of value to the poorer classes of soil

and cause these soils to bear their proportionate burden of production

and of taxes. On poorer sands, experiments should be made with other

pines.

These pines on account of their straight form and comparative light-

ness of wood produce a far greater ratio of lumber per cubic foot of

wood than do hardwoods, and the proportion is still greater when weight

is considered, or fuel value.

Plot 3. European larch in Champaign county.

This species weighs 30.65 lbs. per cubic foot as against 22 lbs. for

white pine. The yield of a plantation of larch at Champaign on rich

black loam exceeded that of the pine in Ogle county in weight per year,

giving 3,414 lbs. annually as against 1,929 lbs. for pine. In cubic feet,
,

the relative yields were, for larch 111 cu. ft. annually and for pine 85
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cu. ft., but reduced to board feet, larch yielded but 491 ft. per year as

against 529 for pine. The larch plantation was but 52 years old. had

never been thinned, and had stagnated badly for over a decade, else this

latter comparison might have been more favorable. Used as lumber.

this species is not as valuable as the white pine. At $15.00 per thousand

stumpage, the crop is worth at present, based on a yield of 25,552 board

feet, $383.28 per acre, which at 5 per cent discounts to $32.93 per acre,

giving a rental of $1.65 per acre. This allows nothing for the expense

of planting, or for taxes. At $15.00 for planting, the soil value shrinks

to $16.63, yielding $.83 with which to meet taxes.

Larch can not be raised on agricultural soils for saw-timber at a

profit. It grows well on black loam soils and would pay better returns

if cut at an earlier age for fence posts.

PLANTATIONS IN EDGAR. FULTON. AND WHITESIDE COUNTIES

Plot 5. Black 7i'aliiuf in Edgar county.

Plantations of this species if on soil of good agricultural quality

will yield up to 100 cubic feet and 3,000 lbs. of wood per year, giving,

as in this case, over 300 (328) board feet per year on an acre. Aver-

age prices for walnut logs of good quality, on the stump, are about $50.00

per thousand feet B. M. This crop yielded 16,432 board feet, valued at

$821.60 per acre, at 50 years of age, or an average per year of $16.43.

Without considering expense, the indicated soil-value at 4 per cent is

$134.54. From this, planting must be deducted, which at $15.00 per

acre, discounted, still leaves a value of $117.08 per acre for the land if

put to this use, equivalent to an annual rental of $4.68 from which to

meet taxes. This indicates that walnut plantations, while they may
serve as a grove and shelter or windbreak in part, give the soil a reason-

ably high value though not as high as under farm crops. Plantations

made for the purpose of producing large trees should if possible be of

walnut, at least in part, due to the relatively high stumpage value which

should be maintained or even increased in the future if sufficient quanti-

ties of the species are produced to maintain its use. Its qualities for

certain j)urposes, such as gun-stocks and furniture, are so superior that

its future use seems assured.

Plot 2. Plantation of Hardwoods in Fulton county on alhn-ial IhUtom.

Alluvial bottoms subject to flooding and capable of being drained,

produce rapidly growing crops of hardwood timber of good quality with-
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in reasonably short periods. This plot in Fulton county yielded 4,595

poimds per year, or 144 cubic feet of wood, and at 37 years of age had
produced a possible cut of 13,413 board feet of lumber or 363 feet per

year. Due to the small sizes produced at this age, the maple, elm, and
sycamore lumber would not command a high price as such. Ash, com-
posing 9 per cent of the stand, has a higher value. Adopting the aver-

age value of $12.86 per thousand board feet, the crop of timber is worth

$178.48 per acre. In addition to the sawlogs, 30.8 cords of wood are

yielded from tops, limbs, and smaller trees, worth 93 cents per cord on

the stump, or $27.42, a total of $199.90 per acre.

Using 5 per cent for this period of 37 years gives a soil value of

$39.34 per acre, equivalent to a rental of $1.96 per year out of which

to pay taxes. There is no expense for planting. Such soils, unless

stumpage prices received are considerably higher than $13.86, can not

be retained as forest land if they are capable of being drained and farmed;

but if not, the forest crop gives them a definite productive value and

should not be neglected.

Plot 11. Oaks in IVhitcside county on hilly land.

This typical plot, on land of poor agricultural value, yielded at the

rate of but 1,561 lbs. or 43 cubic feet per year, or about the average

which the woodlands of the state are now yielding under the existing

lack of management. The species were 89 per cent oaks, and at 71

years would give 7,427 board feet of lumber, or 105 feet per year, worth

at $12.68 on the stump, $94.17 per acre. In addition, 1,124 cubic feet

of mine timbers can be secured, at 5.2 cents stumpage per foot, or $58.45,

leaving a residue of 3.33 cords at .92 or 3.05, a total yield per acre of

$155.67 or $2.19 per year. Such investments if capitalized at 4 per cent

indicate a soil value of $10.24 per acre, equivalent to a rental of 41 cents

per year to meet taxes. Such lands if valued at more than $10.00 do not

pay 4 per cent compound interest on timber crops, though it must never

be lost sight of that over 70 years this rate gives a return of 155.7 per

cent on the dollar, or $15.57 for every dollar invested and that when

established as a business yielding annual returns, such crops give the

soil with its average stand of half-grown timber a value of $54.75 per

acre, which is higher than they would have for any other purpose if

essentially unprofitable for agricultural use.



156

The Grazing of Farm Woodlands

Grazing or pasturage forms an alternative use for practically all

farm woodlands in Illinois. Being under fence for the most part, it is

an accepted practice in the farm economy to give certain classes of stock

the run of woodlands to get what grazing they can.

The attitude of farm wood-lot owners toward this portion of their

holdings is shown by the results of the questionnaire as follows

:

Land which should be cleared for agriculture 16.45 per cent
Land which should be cleared for pasture 15.00 per cent
Total which owners desire to devote to other use than wood-
Jand 31.45 per cent

Land which should be permanently retained as woodland. .. .68.55 per cent

This large percentage, over two thirds, of the present woodland

area which the owners desire to retain as woodland indicates the in-

creasing value placed upon forest property by farmers, without any sys-

tematic elTort by the state to demonstrate this value, or to educate such

owners in the possibilities of timber as a crop, or the methods of pro-

duction. Nevertheless the tendency in the past to regard all forest land

as non-productive and to clear it as rapidly as possible still sways the

thought of many who own woodland which occupies fairly level and

fertile soil. A certain percentage of this remaining woodland probably

should be cleared and will be in time. If the owners' estimates are car-

ried out the ultimate area of farm woodland will shrink from its present

acreage of 2,668,050 acres to 1,828,948 acres. An area of 442,894 acres

will be added to the cultivated lands, and 400,207 acres to cleared pas-

tures.

It may be seriously doubted whether such results will actually be

secured as a whole, for parallel to the possible clearing and conversion

of these woodlands there has appeared a marked tendency towards

abandonment of the poorer grades of farm land as unprofitable for

cultivation. In the one decade from 1910 to 1920 an area of 753,790

acres went out of cultivation, or more than the total combined area of

proposed clearing of woodland for grazing and cultivation. Again,

on the estimates of farm owners, some 221,477 acres, or an area 55%
as great as that to be cleared for pasture, should be restored to forest

by planting. Without doubt the area which could be profitably planted

or restored to forest is many times as large as this, but the individual

farm-owners do not yet see the value of such a policy, or else they are so

impoverished by endeavoring to cultivate inhospitable soils that they
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have no desire to undertake forest improvement for the sake of the

future.

The questionnaire returns indicate an average of two acres of forest

plantations for every hundred acres of woodland, but it is not thought

that a complete census would quite bear out this total, which would

indicate 53,361 acres of forest plantations in the state. Considerable

planting has been done, however, especially in prairie sections, and when

these are added Illinois may well have over 40,000 acres all told.

In spite of the intention of Illinois farmers to retain over two thirds

of their present wood-lots as forest land, grazing of stock is practiced

on 84.57 per cent of all farm woodlands, and stock is excluded from

only 15.43 per cent of the total. The practice is thus well-nigh universal

of considering the woodland as available for pasture, due partly to con-

venience and the arrangement of fences, partly to the desire for shade

for the stock in hot weather, but primarily to the desire to extract from

the woodland a greater annual return. This pasturage yields an annual

income and increases the carrying capacity of the farm in live stock. It

utilizes land which has generally been regarded as non-productive of in-

come. So logical does its use as pasturage appear that exclusion of

stock even from the residual 15 per cent is not usually intentional so

much as it is due to inaccessibility, lack of fencing, or inconvenience.

This practice will continue unless woodland owners become convinced

that it does not pay. To demonstrate this two ciuestions must be cor-

rectly answered. First, do forest crops pay better than grazing or

pasturage? Second, are the two uses incompatible or mutually exclusive?

It is generally conceded that the quality of grasses growing under

the shade of timber is poorer than when grown in sunlight, and that

the grazing on a woodland or shaded pasture is poorer, in contrast with

open lands, in direct proportion to the amount of shade.

The carrying capacity of more or less open woodland pastures, was

found by E. R. Ilodson, of the U. S. Forest Service, to be 2.4 acres per

head of cattle. Its value in Illinois is estimated at one fifth of that of

good bottomland pasture. In Ohio, the value of the grazing is placed

at an average of 35 cents per acre as against $3.00 to $4.00 for good

grazing. The most liberal estimate of the value of grazing on woodland

pastures for Illinois is from $1.00 to $1.50 per acre annually, or not

half the value of improved pastures, which are placed at $3.00 per acre.

Stock does not need the amount of shade furnished by such wood-

lands. A few scattered trees in an open pasture are sufficient for this
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true aspects. In order to perpetuate this annual yield of the wood-lot

it is not sufficient that the existing stand continue to lay on wood, for

every time a tree dies or is cut the stand becomes thinner and more

open. Under normal or natural forest conditions, young saplings are

constantly springing up to replace the veterans and fill in these gaps. The

forest is densely stocked with trees of all ages and sizes. Very little

grass is on the forest floor, and but little underbrush. A carpet of leaves,

slowly decaying into humus, keeps the soil moist and permeable to water.

The forest thrives, and the trees are healthy, sound, and vigorous.

Many wood-lots in southern Illinois well cared for by their owners,

show such conditions.

But on woodland areas which are grazed by cattle, horses, or sheep,

a change sets in almost immediately, and continues progressively as long

as the practice is maintained. The stock devour readily all the leafy

foliage within reach, and this includes all seedlings and young saplings

not too tall for them to get at the crowns. Their trampling hardens the

soil and decreases its moisture content. Under these conditions, the re-

moval or death of an old tree is not followed by a thicket of vigorous

young reproduction, but instead a permanent opening is formed. These

openings extend, and grasses, resistant to grazing, form a sod which

makes it difficult or well-nigh impossible for tree-seedlings to start, or

else favors the less valuable species, such as ironwood or elm, instead

of oaks, tulip-poplar, and basswood.

The process of degeneration may be prolonged over a period of half

a century, but the forest is doomed as certainly as if it were allowed to

burn over every year or two. With the final cutting of the last decre])it

veterans, the revenue for the woodland ceases, the forest capital is bank-

rupt, and the only possibility of annual income lies in continuing the

practice of grazing which has brought about this destruction, mean-

while possibly permitting the barns to deteriorate because the high price

of lumber makes the cost of their replacement prohibitive.

It is certain that such a policy is self-determinative. The forest

land is not being used as such, and the future forest revenue is being

sacrificed for the sake of an immediate return for grazing, which in it-

self does not constitute a complete or efficient use of the land. The gen-

eral policy indicated by these facts is the separation of forest from pas-

ture. The two uses are actually incompatible. The forest will not re-

produce in the presence of grazing, yet its presence depresses grazing

values. The continuance of this policy is a deliberate rejection, whether
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conscious or otherwise, of the policy of growing wood crops for the

farm. Instead of retaining two thirds of the farm woodland as forest,

the owners are actually engaged in clearing for pasturage 85 per cent

of their present woodlands by a most inefficient and time-consuming

method.

It seems probable that a more enlightened and profitable policy would

be to recognize this conflict, and to definitely decide upon the areas de-

sired for permanent forest and for permanent grazing. Then these areas

should be separated by fence, excluding the stock from the true forest

area, and the pasture areas should be cleared as rapidly as possible of all

forest growth. The relative percentage of forest and pasture desired

must be worked out by each owner, with the advice of the state depart-

ment of forestry as to true forest values as a guide in this determination.

Fire in Forest Lands

Forestry Circular No. 2 of the Natural History Survey has set forth

the damage done by fires in Illinois woodlands. It is sufficient here

to summarize.

In the hardwood forest areas, which comprise practically all of the

Illinois woodlands, fire is an unmitigated evil. There is no class of

fire which does any benefit whatever to the forest. It neither benefits

reproduction nor reduces the danger of subsequent fires. Instead it

makes the recurrence of fires more certain and their character more

disastrous. There is but one thing which fires accomplish; they pro-

gressively destroy the forests. The process is much the same as that

of grazing. The reproduction of seedlings is killed as fast as it occurs,

and this eventually—by opening up the forest and bringing in hea\'y sod

and a tangle of briers and brush—prevents tree reproduction from sur-

viving or even starting. Fire acts far more rapidly and disastrously

than grazing upon the mature stand. Occasionally the entire stand is

killed. With hardwoods this usually occurs when the stand is fairly

small and young. The butts of the older trees, even though protected

by heavy bark, are sooner or later fire-scarred by killing the cambium

or live tissue on the most exposed side and this would eventually, perhaps

many years later, cause the destruction of the tree by rot and blow-down.

It is safe to say that every fire permitted to burn through a woodland

area destroys the equivalent of a year's increase at the very least.. This

when harvested would be worth from $3 to $12 per acre.
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Most fires destroy far greater values than this. Periodic fires burn-

ing at three or four-year intervals, or even at ten-year intervals, may de-

stroy all the reproduction for the period ; hence effect a loss equaling

from three to ten times the annual income, when harvested. This loss

is seldom visualized or reckoned, but constitutes a damage far greater

in its eventual total than the complete destruction of the existing stand

of old timber. It would be as sensible for a farmer to try to continue

a live-stock industr}' and pay no attention to losses of young stock because

at the time of birth they had no market value as for an owner of forest

land to expect to continue to derive revenue from it while permitting fires

to consume the progeny of the forest.

The questionnaire here gave interesting results. Out of 217 replies

44 or 20.28 per cent were not opposed to fire in wood-lots, in fact favored

it, while the remaining 173 or 79.78 per cent desired its complete exclu-

sion. As was to be expected the chief cause of fire in these woodlands

is the hunter or camper. Fox hunters, bee hunters, coon hunters, nut

and berry pickers, and ginseng hunters are all charged by the woodland

owner with a share in the guilt. The following causes w6re listed by the

given number and per cent of owners, and the list serves to indicate the

relative prevalence of these agencies in the starting of fires

:

No. Per cent

Campers and hunters 103 35.7
Carelessness 54 18.7
Burning to kill insects 37 12.8
Brush and grass burning 32 11.1
Railroads 26 9.0
Smoking 25 8.7
Lightning 8 2.7
Incendiary 3 1.0

288 99.7

Of these causes the burning to kill insects and the burning of brush and

grass are due to practices of the land owners. Comparatively few rail-

road fires occur since most railroads do not run through forest lands,

yet such fires do occur frequently along timber stretches, especially in

southern Illinois. The Chief Entomologist of the Natural History Sur-

vey, in an effort to correct the practice of broadcast burning of wood-

lands against the chinch-bug, has called attention to the fact that these

insects do not hibernate in damp or shady spots, but seek the sunny

borders of woods or fence-rows, where it is comparatively dry. The
burning-over of a wood-lot to kill bugs when a 50-foot strip along the
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south border would get them all is as bad as burning down a house tc

roast the pig instead of using the oven.

In most regions the individual wood-lot is fairly well protected

against fires occurring on the land of others. Cultivated fields and roads

form effective fire-lines, hence the predominance of the fire directly set

by persons making use of the woodland, and abusing the privileges thus

accorded them by burning over the property. A certain measure of pro-

tection may be had by posting such lands against all trespassers, but in

the greater areas of forests in southern Illinois the ability of the owner

to keep fire off his land is largely determined by its location, and where

it is surrounded or joined on one or more sides by unprotected forest-

lands constant vigilance is necessary in the dry seasons to prevent the

inevitable annual fires from burning him out. As a result, some owners

secure protection by back-firing at the first intimation of the approach

of the blaze and thus secure immunity at the sacrifice of other lands

;

while others, less favorably situated, make no attempt to check the fire

but breathe a sigh of relief when the conflagration is over for the season

and their buildings are still standing.

The owners who by reason of fortunate location or diligence have

succeeded in excluding fires and who have in addition kept out grazing,

have had the reward of seeing their forest areas restocked densely with

all manner of vigorous young trees. The reproduction of these hard-

woods in southern Illinois is especially prolific and when lacking, the

cause is not far to seek. Many of these owners take great pride in

their wood-lots as well they may, but for one wood-lot so nurtured there

are twenty which show the frightful ravages of either fire or grazing,

or of the two combined. These, and not timber-cutting, are the factors

which threaten to destroy 90 per cent of the remaining forests of Illi-

nois and put an end to their productiveness and future yields. If the

present practices of firing the woods and grazing are continued, then

inside of two more decades the production of Illinois woodland will

drop permanently to not over a fifth of its present low capacity. More

may be accomplished and at less cost by correcting these conditions in

existing woodlands than by replanting an area equally great at enormous

outlay.

A Forest Poi,icv for Illinois

The woodland area of Illinois is comparatively small, yet to^gether

with the waste lands which might be forested it comprises some five
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million acres capable of producing at least 250,000,000 cubic feet of

wood annually. The present annual production is but 115,000,000 cubic

feet, and is rapidly diminishing. The stock of timber or forest capital

is being exhausted with no thought of the future and no wide-spread

application of sound principles of crop renewal and production. Grazing

is progressively ruining the best forest areas and fires are destroying

the poorer and less well-protected tracts. Yet these forests are still sup-

plying one half of the farmer's total needs for wood, one sixth of the

railroad ties used in the state's transportation system, sixty per cent

of the timber used in its mines, thirty per cent of the piling and twenty-

five per cent of the farmer's fuel, and one half of his fence posts. The ex-

haustion of these supplies will be felt in several industries, but its in-

fluence will fall most heavily upon the farmer who, deprived of local

sources of wood for fencing and buildings, will be forced to pay increas-

ingly higher prices for these necessities or cease to operate.

On the other hand, the ownership of ninety-three per cent of the

woodlands of the state is in the hands of these farmers, who would be

the largest beneficiaries of their intensive use. There is enough wood-

land on farms to supply all the present needs of these farmers for wood

products if the wood-lots are properly managed. Farmers can get along

without extending their areas of pasturage, but they can not avoid the

use of wood or high-priced substitutes. Those who still have an over-

abundance of wood and perhaps have had wood for sale and failed to

realize a profit, are too apt to underestimate the value now and in the

future of the home supplies which they are drawing upon. They see

only the labor of getting out the wood crops. The farmer, because of

his ownership of comparatively small areas of woodland, can give it

more intensive care than any other class of owner and can make it

produce more per acre. His utilization can be practically 100 per cent.

The tops not suitable for lumber, ties, or even posts or props, can still

find service as home fuel or even sale as cordwood. It is to the farm-

owners of woodland, then, that the state must look first for the turn

of the tide and the establishment of proper practices in the care of

forest lands. With farm wood-lots in thrifty condition there will be a

constant production for sale of railroad cross-ties, mine timbers, and

even saw-timber, as well as of cordwood for consumption in cities.

The farm owner knows many things about his woods, but as a rule

he does not know enough about either the possible future value of this

woodland or the methods necessary for its protection, reproduction, and
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management. Farmers were slow to recognize the need of agricultural

experiment stations and county farm bureaus. They will more readily

admit their need for information regarding their wood-lots. Informa-

tion must be formulated regarding production on farm wood-lots, and

disseminated throughout the state by means of direct contact with the

farmers and by co-operation with the county farm advisers.

Next in importance in this program of farm extension in forestry

comes the teaching of farm forestry at the state university, in order to

supply its agricultural students with basic 'information on the manage-

ment of such woodlands for use either in the role of owners or as teach-

ers and demonstrators connected with farm-extension work as county

agents.

The first duty of the state is to provide for this instruction. This

should require a definite organized department of forestry as one of the

main branches of the state experiment station at Urbana. The purpose

of this department should be, first, to establish experimental areas in

forestry, located at several points within the state on diflferent classes

of soils, on which experiments may be conducted in the management

of existing tracts of natural forests, the reclamation of eroded lands by

forest planting, and the testing of methods of treatment of woodlands

for greater profit.

Second, from the results of these experiments supplemented by ex-

tensive observations and study throughout the state, definite practical

recommendations should be formulated for the management of farm

woodlands and this information should be carried directly to the farmer

by personal contact as well as by bulletins and other methods of pro-

moting publicity.

Third, Illinois must make a definite efYort to put an end for all time

to forest fires. This will ultimately mean, at least in certain portions

of the state, a system of fire-wardens similar to tliat in successful oper-

ation in other states. A .system of unpaid local or township fire-wardens

might be inaugurated to begin with, until experience indicates the needed

measures for improvement. The laws now on the statute botiks prescrib-

ing penalties for the setting of fires in woodlands are jirobably suffi-

cient with a slight overhauling. The essential thing is to have fire pro-

tection of forested lands placed under the jurisdiction of some branch

of state government sufficiently interested and with machinery at its

command for the sticcessful enforcement of the fire laws.
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Fourth, the state should acquire by purchase a tract of about 75,000

acres in certain counties in the southwestern portion containing the larg-

est unbroken areas of forest land, and consequently most exposed to

damage by fire. Upon this area fire-protection should be undertaken

by the use of modern methods and equipment already successful in many

other states, such as look-out-towers, paid fire-wardens, and a telephone

and trail system. The cost should be kept within reasonable proportions,

based on the area acquired, but the protection should extend over the

entire region tributary to the state-holding of land. As is now the case

in Ohio, it would be desirable for this organization for fire-profection

in the comparatively small and relatively inaccessible state forest area to

be i>laced under the direct jurisdiction of the state forestry division

at the agricultural experiment station rather than have it attached to

some other administrative department where it would not receive proper

attention or guidance and might completely fail of effectiveness. All

such projects on the part of the state, for the present at least, must be

purely educational in intention, the purjiose being to reach and influence

ihe fanil-woodland owner as rapidly and effectively as possible.

The establishment of forest parks for recreation, as exemplified by

the creation of the Cook County Forest Preserves, is not forestry in the

economic sense, nor is it intended to provide supplies of wood for Illi-

nois industry or consumption. There are several areas of woodland of

great scenic beauty in the state where the timber is still preserved by the

owners. These tracts should be acquired by the state or by counties

as parks and managed as such for the absolute preservation of the forests

and the beauty of the site. The management of these park areas requires

but a limited knowledge of forest economics or silviculture, though this

knowledge is helpful in protecting and improving the forest. The urban

populations of the state will be directly and intensely interested in these

park projects, which should be encouraged in every possible manner.

But for the present at least, they should be kept sharply distinct from

forestry, and their acquisition and management should not be confused

with that of state forests acquired for forest production or with the

project for farm wood-lot extension.

Opportunities for the State of Illinois to constitute large public hold-

ings of forest land, outside of a few tracts in the south, are circumscribed

by the divided and scattered character of the remaining timber lanth

which will continue to be owned by farmers as part of the farm economy.

The great wood-using industries of the state, now drifting with the tide
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and for the most part adopting a fatalistic attitude regarding the future

of their wood supplies, should be the first to encourage tlie forestn.-

movement in the nation at large, and in this movement the general public

of the state, through the State Forestry Association and other organiza-

tions, should heartily join.

i
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APPENDIX

NOTE I.—Cooperage, Veneers, and Shingles.

For cooperage, U. S. 1921

:

Multiple for

M pieces cubic feet Cubic feet

Tight staves 532,000 83 44,156,000
Heading 178,000 333 59,274,000
Slack staves 362,000 25 9,050,000
Heading 333,000 167 55,611,000
Hoops 21,500 25 537,500

168,628,500

For veneers. U. S. 1921

:

576,000 M ft. B. M. log scale.

Based on log scale, a divisor of 6 is used for cubic feet = 96,000,000

cu. ft.

For Illinois, no statistics on consumption of cooperage stock or

veneers are available, hence the quantity consumed must be obtained by

proportion from the total produced in the U. S. The result can only

be an approximation, but it is more accurate to include such an approxi-

mated total than to omit the item altogether. For total cooperage and

total veneers, then, the per cent consumed has been based, not on relative

population nor on the relative per cent of manufactures in the state to

total for U. S., namely, 8.12 per cent, but on the state's relative consump-

tion of lumber, which is 6.81 per cent, falling below the other two figures.

Total cooperage, 1921

:

168,628,500 X .0681 = 11,483,600 cubic feet.

Total veneers, 1921

:

96,000,000 X .0681 = 6,537,600 cubic feet.

These quantities may be considerably in error on the basis that Illi-

nois consumes larger or smaller proportions of the total production than

those adopted.

Shingles.

The consumption of wooden shingles in Illinois was based on the

same percentage, namely, G.81 per cent of the total for the United States
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Total consumption in U. S., 1921 :

9,192,704 M shingles.

Conversion factor 9 cubic feet per M shingles.

9,192,704 M X .0681 = 626,023 M, or

X 9 = 5,634,207 cubic feet.

The years on which our data are based are given below

:

Fuel 1922 Veneers 1921
Cross-ties 1921-1922 Shingles 1921
Mine timbers 1922 Piles 1922
Posts 1922 Poles 1922
Cooperage 1921 Lumber 1920

NOTES 2, 3, AND 4.—Automobilcs.

Note 2.—Although cars are made largely of other materials, yet

the average quantity of wood used in their construction was:

Passenger cars, Trucks. All cars.

Year board feet board feet board feet

1921 184.8 231 189
1922 173.6 217 176

Note 3.—Consumption of lumber in the United States for Auto-

mobiles (from National Automobile Chamber of Commerce) :

1920 Passenger cars 1.883,158 board feet.

Trucks 322,039

Total used, approximately 400,000,000
1921 Passenger cars 1,514,000

Trucks 147,550

Total lumber used 313.800,000

1922 Passenger cars 2.406,396

Trucks 252.668

Total lumber used 468,074,640

Note 4.—According to the Forest Products Laboratory, the pro-

portion of lumber used in passenger cars and trucks bears the relation

of 160 to 200. U. S. figures show that in 1922 trucks made up 9.5 per

cent and passenger cars 89.5 per cent. Multiplying 160 by 89.5 and 200

by 9.5, a weighted average of 162.2 is obtained. But the total average

is actually 176 feet, or 108.5 per cent of the trial average. The average

for each class is obtained by increasing the 160 to 200 feet by 108.5

per cent, which gives the values shown in table . .

.

The figure on consumption for both classes has been obtained by

taking 3 per cent of the output of the U. S. for each class, autos and

trucks, and multiplying by these figures. The Forest Products Labora-

tory gives 12,000,000 board feet for passenger car bodies alone, not

counting blocking and other incidental uses. It is not certain whether

the figures for actual output for Illinois arc 3 per cent for each of the
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two classes, which would indicate for passenger cars 12,532,531 board

feet and for trucks 1,644,860 board feet, but tlie agreement with the

above figure is significantly close.

NOTE 5.

Group B—Continued

Miscellanies Itemtzes). Census of 1920
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Note 7.—The U. S. Department of Agriculture has figures which

indicate a consumption of cordwood for IHinois as follows:

1917 2,400,000 cords
1919 1,896,000 cords
1920 1,422,000 cords
1921 1,659,000 cords

These figures are considerably in excess of the deductions made by

this study and, if correct, indicate a production of cordwood for 1921

of .591 cords per acre of woodland for the state, in addition to the yield

of all other products. It is not thought that such yields are probable.

If correct, it indicates a still more rapid exhaustion of the forests of

the state by over-cutting.

Note 8.—For cordwood, 80 cubic feet is taken as the converting

factor. For saw-timber, the lumber output is reckoned as requiring 1

cubic foot from the tree to produce 6 board feet, giving a factor of

.16%. For fence posts, an average size of 4 inches at the top end of a

7-foot post was fixed, giving about .8 cubic feet per post. For cross-

ties, 35 board feet per tie, and 8J/S board feet per cubic foot gave 4.25

cubic feet per average tie. allowing for waste in hewing.

Mine timbers were estimated directly in cubic feet by converting

factors as follows

:

Mine props 83 cubic feet

Bars and legs 1.91 cubic feet

Mine ties 70 cubic feet

which was fotmd to be the average for material consumed in the mines.

(See p. 77 on consumption of timber in mines.)

Piling was taken as averaging 22.3 cubic feet per piece.

Note 9.—Tabulation of census figures for lumber production by

decades in Illinois shows 334,244,000 B. F. in 1879 and 56,900.000 in

1920. During the eighties and nineties the relatively high production

was largely accounted for by logs imported from other states. During

the eighties Rock Island county produced annually 70,000.000 B. F., lead-

ing all other counties. The second in amount at that time was Massac

county with 14,000,000 B. F. The Rock Island production was from

Wisconsin and Minnesota white pine logs, the Massac from both local

and imported hardwoods. The importation of logs into southern Illi-

nois is probably still considerable, but it is negligible elsewhere.
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Note 10.—Consumption of shingles on farms.

It is assumed that the same proportion of shingles is consumed on

farms as of lumber. This is 31.523 per cent of the total for the state.

This proportion of 5,516,110 cubic feet of shingles gives 1,738,788 cubic

feet consumed on farms, or 7.331 cubic feet per year. This is a total

of 193,11)8 M shingles, or Sl-t shingles per year on each farm, taking

no account of the substitutes for shingles, which considerably increase

the total of roofing used.

Note 11.—Total coal and wood, 2,769,680 tons, converted to cords

by .8 equivalent and divided by 237,181 farms.

Note 12.—Origin of data concerning consumption of lumber.

In distributing the total quantity of lumber, 2,353,662,000 board feet,

consumed in the state in 1920, accurate statistical data are not available.

The results are approximate only, and are based on percentages derived

from previous studies and partial data. The total consumption of lum-

ber in the Chicago district in 1920 was 1,454,712,000 board feet*. This

agrees closely with the average for the decade 1911-21 of 1,466,820,300

board feet. In 1909 the total consumption of lumber in the Chicago

district was 1,622,690,000 board feet of which the building trades used

31.172 per cent, or 505,835,000 board feet, and the wood-using indus-

tries, 1,116,855,120 board feet or 68.83 per cent.

Assuming that the same ratio of consumption applies between the

building trades and the total consumption in Chicago for 1920 as for

1909 and applying this 32 per cent to the total consumption in the Chi-

cago district for 1920 the building trades would have consumed in that

year 465,507,000 board feet, which would leave 989,205,000 board feet

for the wood-using industries of Chicago alone. The best information

available in Chicago for 1923 places the consumption by the building

trades at 600,000,000 feet, so that it seems safe to place the annual con-

sumption for that purpose at between 500 and 600 million feet, exclu-

sive of planing-mill products.

That there has been a decrease in the total consumption of wood in

these wood-using industries in the last decade is indicated by the ap-

parently large decrease in the amount of hardwood timber shipped into

the state (page 98). The decrease in Chicago alone, on this basis, is

indicated as approximately 11.5 per cent since 1,116,855,120 board feet

was used in 1900 in these Chicago industries. Outside of Chicago the

• Chicago Board of Trade.
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apparent decrease had been greater. Chicago manufactures constitute

72 per cent of the manufacturing industry in Ilhnois. Applying this pcT

cent to wood-using industries, the indicated consumption of wood in

these industries outside of the Chicago district is 384,605,000 board feet

and the total for the state is 1,373,900,000 board feet. The indicated de-

crease in wood consumed outside of Chicago by these industries, based

on 664,681,000 feet in 1909, is 42.12 per cent and for the state as a whole

is 22.9 per cent. The consumption of lumber for building purposes in

the state as a whole including Chicago is thus indicated as 979,762,000

board feet and in the state outside of the Chicago district as 514,255,000

board feet. Of this amount, approximately 296,476,250 board feet is

used on farms or an average of 1250 board feet per farm annually, leav-

ing 217,778,850 board feet for building construction in towns other than

the Chicago district (Cook and DuPage counties).

ERRATA

p. 85, line 13 from bottom, for S7 read 86.

P. 115, in table, for areas and area, read acres.

P. 136, line 5, for 135 read 131.
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Article IV.

—

A Preliminary Report on the Occurrence and Distri-

bution of the Common Bacterial and Fungous Diseases of Crop Plants

in Illinois. Bv L. R. Tehon. .

The common diseases of crop plants, caused by the attack of para-

sitic fungi and bacteria, take an annual toll of the crops of Illinois that

runs into values the magnitude of which is seldom realized ; and the fact

that Illinois stands second, among the United States, to none but Texas and

Iowa in the value of its agricultural products lends an especial significance

to their destructiveness.

As early as 1881 the State Laboratory of Natural History, since

merged in the State Natural History Survey, undertook the study of the

parasitic fungi of the state, and in that and the following year A. B. Sey-

mour was employed to make an extensive collection of diseased plants.

Studies based upon Seymour's collection, but confined to identification

and classification, were made later by T. J. Burrill on the rust-producing

fungi, and by Burrill and F. S. Earle on the powdery mildew-producing

fungi, of the state.

In the forty years which have elapsed since Seymour made his col-

lection, the classification, the structure, and the life histories of the bac-

teria and fungi which cause the diseases of crop plants have been the

subject of extensive and exhaustive investigation. As a consequence,

little of economic significance now remains to be done in that direction.

The next important step in the study of plant diseases is concerned

with epidemiology—the fluctuation in severity and abundance from year

to year exhibited by all diseases. An explanation of the causes under-

lying these fluctuations promises things of the greatest importance to

the growers of our crops in the improvement of control measures and the

regulation of times and methods of their application.

A necessary preliminary step is the accumulation of a complete cata-

log of the kinds of diseases present, and of accurate information concern-

ing their distribution and severity in our state. With this purpose in

mind the Natural History Survey began in the summer of 1021, and con-

tinued through the summers of 1!)22 and 1923, an examination of the

crops of the state' the results of which are incorporated in these pages.

'The work has been carried on under the Keneral super\ Islnn of Pr. F. I..

Stevens. Professor of Plant Pathology In the University of Illinois, and under the
direction of the writer. The rapid propress made Is due In a large measure to the
enthu.siastic and capable assistance In the Held of P. A. Young during the summ. rs

3f 1922 and 1923. and of O. A. Plunkett, C. L. Porter, and C. O. Peake. during the

summer of 1922.
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The reader will find that the diseases discussed in this preliminary
report are grouped according to the crops which are subject to them.
Because of the great importance of the cereal crops their diseases are
discussed first. Following them are the diseases of forage crops ; the
diseases of fruits, including small fruits ; the diseases of vegetable and
field crops ; and the important diseases of a few commonly grown orna-
mental plants. The plan of the discussion has been to give in each case

a brief description of the disease, a short summary of its history in Illi-

nois, a statement of its distribution as now known, some indication of the

crop losses for which it is held responsible, and, finally, a brief statement
of the usual methods of control.

As a basis for the interpretation of the discussions, available infor-

mation on the distribution and value of each crop has been summarized
in a preliminary paragraph or two accompanied by an illustrative map.'
This information has been taken from the reports of the State Agricul-

tural Statistician as printed in the "Illinois Crop Reports" issued by the

federal Bureau of Markets and Crop Estimates, and from the reports for

1920 of the Bureau of the Census.

Accompanying the discussion of each disease is a map showing its

known distribution in Illinois. For the purpose of the report the county

has been selected as the unit for expressing occurrence since it would be

obviously impracticable to show on so small a map the actual place at

which the disease was found. The county serves as a practical unit for

the additional reason that diseases found in one field or in one orchard

usually may be found in the fields and orchards throughout a considerable

area of neighboring territory.

It is not to be assumed that at this stage of the survey the maps will

show the entire range or the only places of occurrence for any disease;

actually, they show only those counties in which the disease has been

found during our three seasons of work; but even with this limitation

they emphasize the almost universal prevalence of many diseases and the

limited occurrence of others.

In discussing the damage which diseases do to crops, use has been

made of estimated crop reductions, which are summarized in the text and
given in detail in tables at the end. The estimated reductions represent

the eiTect which each disease has had, in the judgment of experienced and
competent workers, upon the yield of the crop in any one season. Esti-

mates are commonly expressed in percentages ; and the equivalent loss,

in terms applicable to any crop, is arrived at in the manner illustrated by

the following example

:

' In order to have tlie maps iUu.strate clearly the relative importanoe of crops
In the several parts ot the .state it ha.s been necessary to choose an arbitrary unit
in eacli case, such as 1,000 acres or 2,000 bushels, to be represenli-d by a sinfjle dot :

but, when a county grows an amount which involves less than the arbitrary luiiiiber,

a dot has been used to indicate that the crop is jrrown there. As a consequence, .when
a county contains a single dot, the reader may interpret it to mean that less than the
amount indicated as equivalent to a dot on that map is grown there.
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It has been estimated that during the year 1921 the scab disease
caused a reduction of i per cent in the state's wheat yield; leaf rust, 1

per cent; stem rust, 0.5 per cent; loose smut, 3 per cent, and all other
diseases, 1 per cent. These, when added, give a total reduction of 9.5
per cent. The actual wheat yield of the state for that year is reported
to have been •15,234:,000 bushels. By considering that the absence of
disease would have resulted in an ideal, or 100 per cent, yield so far as
damage from disease is concerned, it can be seen that with diseases pres-
ent the actual yield was only 90.5 per cent of the ideal. A 100 per cent
yield may then be calculated as 49,982,000 bushels. With this figure as
a basis the probable losses from disease-attack can be transferred from
indefinite percentages to their more concrete and understandable equiva-
lents in bushels. Thus an estimated reduction of 4 per cent from scab
infection becomes equivalent to 1,999,000 bushels; and a 3 per cent re-

duction from loose smut infection becomes equivalent to 1,499,000 bushels
With the exception of the year 1923, the loss figures showing per-

centages and bushels have been taken from '"The Plant Disease Bulletin.

Supplement : Croj) Losses from Plant Diseases in I'he United States".

This is a publication issued by the Plant Disease Survey of the United
States Department of Agriculture. It is based upon information supplied

from each state by persons interested in, and familiar with, crops and
their diseases.

Equivalent valuations have been figured in all cases in terms of the

market price, usually as of December 1, rejOTrted by the State Agricul-

tural Statistician in the "Illinois Crop Report.s".

Observations which have been introduced in order to show how prev-

alent and how destructive diseases may become should serve a further

purpose—that of impressing upon the individual farmer his need for

taking every available precaution to prevent the occurrence of similar

devastating outbreaks among his own crops.

Diseases of Cereals

Wheat
Under average conditions wheat ranks third among the cereal crops

of Illinois in acreage and i)roduction, and second in value. Its place in

the system of crop rotation suitable to Illinois soils is so difficult to fill

with other crops that its continued importance is assured. Both spring

and winter wheats are grown in the state, the latter in all j)arts of the

state and the former in only the northern third. About three million

acres are devoted to wheat each year, ai)proxiniatcly ]()0,0<I0 of which
are seeded to spring wheat. The importance of the wheat acreage in

various parts of the state is indicated on Majj 1. Since 1921 there has

been a steady increase in acreage, due no doubt to a more general use

of such satisfactory hard winter-varieties as Turkey 10-110, Kanred, and
others. The estimated value of the wheat crop in Illinois has varied in

recent years from $16,000,000 to $r2,000,000.
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Each season the wheat crop is affected adversely by the attack oi

fungous diseases. The effects of the diseases are shown by reduced
yields and often by the inferior quaUty of the grain. There are many
of these diseases, and the injuries suffered from their combined attack

always result in appreciable losses. Estimates of these losses were
placed as low as 4.4% or 2,726,000 bushels in 1918, and as high as 22.0%
or 18,524,000 bushels in 1919. During an average year it is thought

that the reduction in yield for the state as a whole is between 8%
and 9%.

There is much variation from year to year in the severity of one or

more of these fungous diseases. Some are serious every year, and most
of the others cause important injury some seasons or in restricted locali-

ties. Their destructiveness calls for the thoughtful attention of the

wheat grower.

Rusts

Two rust diseases have been found on wheat in Illinois. The one
known as leaf rust is the more prevalent. Stem rust is common but

seldom causes the tremendous losses here that it does farther north.

Leaf Rust

Caused by Piicciiiia triticina Eriks.

Leaf rust is the most common and the most important of the wheat
diseases occurring in Illinois. Even in years unfavorable to its develop-

ment it is so abundant that nearly every plant in every field has become
infected by the time the grain is mature. Its effect upon the crop is

manifested by weakening of the stalks and sometimes by badly shrunken
or "shriveled" grain. In extreme cases the weakening of the stalks re-

sults in a falling and lodging of the straw, which increases the destructive-

ness of the disease by making it difficult or impossible to harvest the

crop.

The disease appears as small reddish spots mostly upon the leaves

but occasionally upon the stems. These spots, which lie beneath the

epidermis of the leaf and between the veins, are rarely more than one
sixteenth of an inch long, but several together may be much longer. The
breaking of the epidermis reveals a mass of orange powder within the

spot. The grains of powder are the spores of the fungus, and each
grain, or spore, is capable under proper conditions of starting a new
infection.

In Illinois, infection takes place cither in the fall or spring. The
great acreage of winter wheat gives this rust an opportunity to develop
serious infections during the fall on young wheat, and these infections

live over the winter, producing spores the following spring and thus
continuing the sjiread of the disease until the grain matures. Following
the maturity of the grain, the rust develops a "resting stage" which is
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to be found chiefly upon the under side of the leaves and on the stalks,

where it appears as covered spots, similar in size and shape to the others

but black.

The period between harvest and the appearance of the new crop

is bridged' by infections on volunteer wheat in clover and other second-

ary crops. There is an alternate stage, ^ similar to that ascribed to stem

rust, which occurs on 12 species of meadow rue (Thalictrum), but it is

noteworthy that in Illinois our common meadow rue (T. dioicum L.)

has not been found rusted.

The history of the introduction and spread of leaf rust in Illinois

is not known. The first definite record of its occurrence in this state

is a specimen collected by A. B. Seymour in McHenry covmty August

22, 1881. The following year specimens were collected in Adams county

June 2G, 29, and July G, and in McLean county July 17. In 1883 C. A.

Hart collected leaf rust in Adams county, and during later years G. P.

Clinton made several collections in Champaign, Ogle, and Knox counties.

H. W. Anderson has collected specimens in Pike county, and H. L.

Bolley^ has recorded its presence in eastern Illinois in 11)05.

Field observations of the past three seasons have brought together

a large quantity of additional data on the distribution of the disease

throughout the state. In 1922, specimens were collected in 140 places

distributed widely over the state and showing the occurrence of leaf

rust in 83 of the 102 counties. Those counties from which specimens

were not secured are widely dispersed, and are so distributed that col-

lections made in adjacent counties indicate the occurrence of leaf rust

in them as well.

During 1923 additional collections of rust were made, resulting in

a large compilation of field notes. From these the distribution of leaf

rust is seen to include practically the entire state, as shown on Map 2.

Indeed, from our observations it appears highly improbable that in the

whole state there occurs a single field of wheat in which at least some
leaf rust can not be found.

Losses from this disease are difficult to determine, but for the years

1919-1923 inclusive they have been estimated to vary from 0.5 per cent

(221,000 bushels) in 1920 to 10 per cent (5,543,000 bushels) in 1922

(see Table 1). The annual losses can not be apportioned among the

counties nor according to any lateral or longitudinal division of the state.

There is to be seen, however, a marked correlation of abundance and
severity of infection with the growing of soft winter-wheats such as

Red Wave, Early May, Fultz, Blue Stem, Harvest Queen, and Fulcaster.

The variation of leaf-rust infection from season to season depends,

as is indicated in Table 2, upon both the number of infected stalks and

' Valleau. W. D., Over-sumiTiering of leaf ru.st of cereals in Kentuck.v. Phyto-
path. 13: 338-340, 1»23.

'.laekson. H. S., and Mains, E. B., Phytopath, 11: 40, 19»1 : also Jour. Akf. Res.
22: l.';i-172, 1921.

•Scl., n. 8., 22. 51. 1905.
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the amount of diseased leaf-tissue' on each stalk. Of the two, the amount
of diseased leaf-tissue is the more important, since, as is indicated in

Table 3, it varies more than the number of infected stalks and is more
closely in accord with the estimates of loss.

In 1918 and again in 1983, when the estimated loss from rust was
low, the infected plants numbered more than 80 per cent. The increase

in the number of infected plants in 1922, when loss was estimated at

not less than 10 per cent, was not more than 15 per cent, while the in-

crease in diseased leaf-tissue on each plant at the same time was 24.1 per

cent greater than in 1923, and 47.5 per cent in excess of that in 1918.

Variations in the amount of infection in dift'erent places and in dif-

ferent years are definitely attributable to climatic conditions throughout

the growing period of the crop. Leaf-rust infection of wheat in Illinois

begins in the fall previous to the harvest. How far fall infection may
influence the seriousness of the spring attack is not entirely evident, but

it is noteworthy that in the fall preceding the very severe epidemic of

1922, winter-wheat fields were in many places so thoroughly infested

with rust as to assume an orange tinge, visible from a long distance.

Moisture and warmth in the fall are conducive to abundant infec-

tion of the young crop, and the survival of the fall infection is limited

in varying degrees by the severity of the winter. Whatever infective

material remains alive until spring serves as a source of inoculum for

the spread of the rust, and the amount of new infection at this time will

be influenced favorably or unfavorably by the presence or absence of

suitable climatic conditions.

The importance of leaf rust as a limiting factor in the production of

wheat in Illinois is not a matter of light concern. It is true that in certain

sections even in years of serious epidemics, there is only a slight loss,

but these sections are not the large wheat districts of the state. The part-

of the state in which leaf rust is most abundant and generally most
severe concides with the region of greatest wheat production. Estimates

made following the 1922 epidemic and reproduced in Table 4 show the

seriousness of the disease in 12 of the most important wheat counties

of the state. The total-loss estimate for these counties was 1,3T3,588

bushels, which may be valued at $1,469,T39.1G.

Complete prevention of leaf-rust attack and its consequent injury

to the wheat crop in Illinois is at present impossible. The fact that the

rust overwinters upon the wheat and does not commonly have an alter-

nate host precludes the possibility of control through eradicating other

hosts. Hard winter-wheats arc more resistant than the soft varieties,

and losses may be considerably reduced in places where these wheats

make a good crop. Where hard wheats are not satisfactory the ulti-

mate use of special resistant strains of the soft wheats appears to be

the ultimate solution. The experiments of the U. S. Department of

' Tlie amount of (ii-sTasid leaf-tissue is measuii d by a scale prepared by tho Offict"

of Cereal Inve.«itisations of the tl. S. Departmont of Agrriculture. in terms of the
amount of leaf-surface occupied by the rust spots.
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Agriculture and the Indiana Agricultural Experiment Station indicate

the possibility of developing rust-resistant strains from the soft wheats,

and the already-proved occurrence of these strains in such varieties as

Fulcaster, Fultz. and Red Cross should be especially encouraging to the

wheat growers in our own soft wheat regions.

Stem Rust

Caused by Puccinia graminis Pers.

The second of the two rusts occurring on wheat in Illinois is stem
rust, variously known as "rust," "black-stem-rust," "black rust," and "red

rust." During the early spring this rust appears upon growing wheat
plants, showing as red eruptions upon the stems and leaf sheaths. These
eruptions are distinguishable from leaf-rust spots in part by their location

upon the stems, hut more certainly by their appearance. They are usually

two to four times longer, or more ; the quantity of spores seems greater

and more bulging; and the epidermis appears torn and ragged around the

edges of the spots.

Just previous to the maturity of the wheat this rust, like the leaf

rust, develops a resting stage, the spots of which appear much the same

as those of the red stage in size and shape, but are black. This black

stage, or "black rust," serves to carry the fungus through the winter

months and to furnish infective material for the production of the alter-

nate stage upon the common barberry in early spring. Recent propa-

ganda on barberry eradication in the north-central states has made the

life history of this fungus, its seriousness as a crop pest, and its preva-

lence in wheat regions matters of common knowledge.

Of the cereal rusts occurring in the United States, stem rust is un-

doubtedly the most important. It is estimated that since 1918 the crop

reduction for the United States in any one year from this source has not

been less than 804,000 bushels. In Illinois, however, stem rust is not, dur-

ing average years, the serious menace that it is in the grain states of the

north and west. Nevertheless the annual toll taken by this disease in

Illinois is one not to be overlooked. Burrill' estimated that in 188.") the

loss from stem rust in lUinois amounted to $1,875,000, and in l!)]; W. P.

Flint reported a loss of 10 to 20 per cent of the crop. Estimates of loss

in Illinois for the years 1918-1923 inclusive have varied as indicated in

Table 5, from a trace in 1918 and 1922 to 901,800 bushels in 1923, valued

at approximately -$829,000.

The history of stem rust in Illinois is more definitely traceable than

that of any other disease. The first record of occurrence is a specimen

collected by A. B. Seymour in McLean county July 11, 1881. During

the same season Seymour collected slem-rust specimens in Marshall,

McHenry, Piatt, and Tazewell counties, indicating that at that time the

disease had a wide-spread distribution over the northern half of the state.

•See Stevens. F. U. Diseases of economic plants. (1921) p. 12.
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In 1911 Burrill reported its occurrence in Champaign and Montgomery
counties, and in 1918 various persons made collections of it in Boone,
Cook, Lake, Williamson, Henry, Winnebago, Macoupin, and Bureau
counties. E. F. Cuba made an additional collection in DuPage county in

1919. At present stem-rvist is known to be present on wheat in 68 of our
103 counties, as shown on Map 3. These 68 counties are so distributed

as to represent all parts of the state.

Seasonal variation in the prevalence of stem rust, like that of leaf

rust, depends upon the number of infected wheat plants and the amount
of infection on each plant. The variation in crop loss is, however, slight,

seldom amounting to more than 1 per cent. Stem rust appears later in

the season than leaf rust, and the early maturity of our winter wheats
not only greatly curtails the period through which injury to the crop may
occur, but necessitates proportionately greater degrees of infection for

every degree of estimated loss. This fact is illustrated in Table 6. The
effect of the joint occurrence of relatively large amounts of diseased leaf-

tissue and high percentages of infected stalks became apparent in 1923,

when the estimated loss reached 1.5 per cent.

Our observations, summarized in Table 7, show definite differences

in susceptibility to rust infection among wheat varieties. In general the

soft winter-wheats which are grown in the southern part of the state are

more susceptible than the semi-hard wheats of the Crimean type grown
farther north. This is noticeable not only in many fields over wide areas,

but also in adjacent fields.

Control of stem rust in Illinois is difficult. The extreme length of

the state from north to south, together with its pecu'iar latitudinal situa-

tion, presents many diversities of condition including variations in soil,

temperature, moisture, and physiography. Correlated with these condi-

tions are diverse factors of an epidemiological nature which serve to

complicate the problem further. The growing of resistant varieties such

as the hard winter wheats, where these are suitable to local conditions,

will serve to minimize crop losses from stem-rust attack. The present

tendency throughout the state to increase the acreage of the Turkey
wheats promises to materially curtail losses from rust.

In those sections where only the soft wheats appear to be suitable

the early maturity of the crop serves in a large measure to prevent verj-

serious crop losses. Nevertheless as considerable ditTerence in resistance

to rust appears to exist in the more common varieties of soft wheat under

field conditions, a judicious selection from those kinds least susceptible to

attack is quite worth while when practicable. Field observations during

1923, when stem rust was especially abundant, show the different percent-

ages of stalks infected for seven varieties of soft wheat, as indicated in

Table 8. Red Cross, Indian Swamp, Fultz, and Fulcaster appear less

susceptible than Red Wave, Mediterranean, or Red Chart".

Throughout tiie northern third of Illinois spring wheat is grown to

some extent, and it is in this section of the state thai the common barberry

(Bcrbcris Z'ulgaris L.) may be expected to play a part in the development
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of spring stem-rust infections. That the barberry does initiate some of
the northern infections is apparent, since stem rust makes its appearance
in the north and in the south almost simultaneously. In 1!)23 the first

rust infection was found in .southern Illinois June 4 and in northern Illi-

nois June 7. The severity of the northern winter makes it unlikely that

northern infections could arise simultaneously with southern infections

without the presence of the barberry. Stem-rust infection has been found
on the barberry in '^3 counties,^ as shown on Map 4. Most of these

counties lie in the northern tiiird of the stale, and it is the belief of those

engaged in the eradication of the barberry that local ei)ideniics of stem
rust are traceable to the barberry. Undoubtedly eradication of this shrub
northward will result in a marked reduction of stem rust, and the losses

it occasions, in that section of the stale.

Smut Diseases

Three of the four smut diseases of wheat occur in Illinois. They
are widely distributed over the slate, and cause a considerable cro]) loss

each season. Two of them affect the wheat heads, while the third at-

tacks the leaves.

Stinking Smut

Caused by Tilleiia lacvis Kiihn

Stinking smut, also known as "bunt", fills the grains with a black

mass of fungus spores without changing the .external appearance of the

head. The apj)earance of diseased heads is nearly normal, and usually

it is not until the wheat is harvested that the jiresence of the disease is

discovered. During threshing many of the infected grains are broken,

and the liberation of the smut is accompanied by a very noticeable foul

odor.

The first record of stinking smut in Illinois is a specimen collected

by G. P. Clinton at Urbana June 30, 1892. July 28 of the .same year

N. W. Ciraham collected the tlisease at Carhondale. During a field sur-

vey made in 1!)18 by the Office of Cereal Investigations of the United

States Department of Agriculture 51 fields examined in Illinois showed
an average of 1.8 per cent of diseased heads, but the distribution of

infection is not apjjarent from the report. In a second survey, made in

1 !)]!), among 98 fields examined in Illinois the heaviest stinking-smut
'

infection found was 24 per cent, and the average for all fields was O.li

per cent.

From the estimates of cro]) losses shown in Table 9 the seriousness

of this disease is ap])arent. Loss from stinking snnit is caj)able of accu-

rate estimation, since each infected head is entirely destroyed. Hence
the percentage of infected heads in a field represents the loss in yield

' Recent infoimatinn on the occiiiivnoe of uteni-rust infiction on {he haibi'rry was
furnished by Gordon C. Curran, State Leader of Barberry E?radicatlon In Illinois.
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in that field, and the average percentage of infected heads in the fields of

the state represents the loss for the state. Complete data are not al-

ways obtainable, but estimates indicate losses varying from a trace to

6 per cent of the state crop.

There is a further loss from this disease through dockage when
smutted grain is sold. The presence of stinking smut in threshed wheat

tends to give it an offensive odor. When the amount of stinking smut
is great the odor is so pronounced that it reduces the value of the grain

for milling purposes, and most dealers impose a dockage, or reduction

in price, upon such wheat. Dealers often refuse to purchase badly smut-

ted wheat.

The occurrence of stinking smut in Illinois is shown on Map 5.

Its distribution coincides with regions devoted to wheat production, but

it is rarely found in the northern or southern thirds of the state.

Examinations of fields in many parts of the state in 1923, the re-

sults of which are given in Table 10, suggest the field-by-field preva-

lence of this disease and indicate the severity of infection and loss on
the average farm. An average infection of 4.08 per cent was found
in 1140 acres distributed among 22 counties. All degrees of infection

were found.

While the acreage examined is not large in comparison with the

total wheat acreage of the state, if 20 acres be taken as the average
amount of wheat per farm it may be inferred that data from 57 aver-

age farms are included. These are widely distributed over the state.

and may be considered as representative of conditions of infection to be

found on the average farm; Not every wheat fieM measured up to the

average amount of stinking-smut infection, but other fields showed suf-

ficiently greater amounts to bring the average infection for each field

up to 4.08 per cent.

The yield per acre of wheat for the entire state for 1923 is estimated

at 18 bushels. At this rate the 1140 acres examined would yield 20.520

bushels, but this is less by 4.08 per cent than it might have been without

stinking-smut infection. The yield from this acreage with stinking smut
absent would have been 21,111 bushels; hence there is an apparent reduc-

tion in yield of 861 bushels which, when distributed among the 57 average

farms represented, gives a loss in yield of 15.1 bushels per farm. With
slinking-smut infection absent the individual farmer might have secured

the same yield from 19 l/(> acres that he was able to secure from 20 acres

with stinking smut infection present: or had he chosen to plant 20 acres

free from stinking-smut infection, he might have secured a yield of 375

bushels in place of 3G0 bushels.

Mention has already been made of a cash loss in marketing smutted

wheat. This loss takes the form of a dockage in the price, which amounts

in practice to a reduction in grade. When wheat is offered for sale it is

graded, and the current market-price for the grade applied. Assuming
that a load of wheat grades "Hard Red No. 1," should stinking smut he
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found in the wheat it will be regraded "No. 1—Smutty" and a reduc-
tion made in the price in proportion to the amount the dealer believes

the wheat has been damaged.
Actual figures on dockages of this kind for the 1923 crop are given

in Table 11, in which appears a reliable report of the marketing of

1,082,913 bushels of wheat in 26 representative counties. Of the crop
reported on, 25,865 bushels or 2.38 per cent were so badly smutted that

a dockage in price was applied, averaging 7.44 cents per bushel and
amounting to a total of $1,924.36. Had it been possible to include all

instances of grain so badly smutted as to be unfit for sale these figures

would have been noticeably increased.

The highest dockage actually applied was 10 cents per bushel and
the lowest 2 cents. The largest amount of smutted wheat reported from
any one county was 6,850 bushels, or more than 10 per cent of the crop

reported on from that county, while the smallest amount, aside from
those reporting nond, was 100 bushels or about 1/400 of the reported

crop.

Although the crop of the state was more than 50 times the amount
reported, the report may be considered representative of dockages aj)-

plied throughout the state. On this basis, among the 55,432,000 bushels

produced in 1922 there would be 1,324,824 bushels smutted, and the

total dockage for the state at the average rate of 7.44 cents per bushel

would amount to $98,566.90. If one adds to this amount the cash value

of field losses estimated in Table 9 at $1,157,740, the total loss to the

wheat growers of our state in 1922 from stinking-smut infection reaches

the astonishing total of $1,256,306.90, which is more than 2.1 per cent of

the eiUire value of the harvested crop.

A similar but more complete dockage report for the 1923 crop,

summarized in Table 12, includes 43 counties and 3,002,523 bushels of

wheat, of which 143,184 or 4.4 per cent were smutted and 105,574 or

3.51 per cent sufficiently snuitted to receive an average dockage of 4.88

cents per bushel, making a total loss of $5,157.57.

The greatest amount of smutted wheat reported from any one

county was 28,200 bushels and the smallest 150. The highest dockage

reported was 15 cents per bushel and the lowest 1 cent. In addition to

what is shown in the table many indefinite but reliable reports were re-

ceived of buyers refusing to purchase very severely smutted lots of

wheat. In many cases lightly smutted wheat was received at elevators

and mills without a dockage being applied.

The 1923 report includes approximately 1/20 of the state's crop.

If it be considered typical of the entire crop there would be in the 1923

crop 2.110,914 bushels sufficiently smutted to bring about, at the average

rate of 4.88 cents per bushel, a total cash dockage on the state's wheat

crop of $103,012.60.

If one cidds to this the field loss shown in Tabic 10 of 2,558,000

bushels valued at $2,402,520, he finds indicated a total cash loss of
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$3,505,532.60 from stinking-smut infection in tlie state's wheat crop.

This loss represents sHghtly more than 4.26 per cent of the total value of
the wheat crop harvested in 1923.

Field observations on the amount of stinking smut in varieties of
wheat commonly grown in Illinois as shown in Table 13 indicate that

soft wheats are more susceptible to smut infection than the hard winter
wheats.

When stinking-smut infection is present in wheat, several methods
are available for preventing its appearance in succeeding years. These
methods include change of seed, crop rotation, and seed treatment. Change
of seed is often effective if care is taken to see that the new seed is not

infected with stinking-smut spores. Crop rotation is useful in reducing
the amount of infective material in the soil. Seed treatment, however, is

by far the most effective means of control. Infection resulting from
spores in the soil is usually slight. The greatest amount of infection

comes from spores carried on the seed. If these seed-borne spores are

killed very little smut infection will be found in the succeeding crop.

Three methods of seed treatment, or seed disinfection, are in com-
mon use : ( 1 ) Formaldehyde in the proportion of 1 pint to 50 bushels

of seed is sprayed over the seed, the whole throughly mixed and covered

for five hours. (2) Copper-sulfate solution in the proportion of 1 pound
of blueslone to 10 gallons of water is also used. The seed is dipped in

this solution, thoroughly wetted, and then dried. Both the formaldehyde
and copper-sulfate treatments, though effective, are attended with diffi-

culties in the using, and if not carefully handled are apt to cause some
injury to the seed.

More recently there has come into use (3) the copper-carbonate

dust treatment, in which copper-carbonate powder is thoroughly mixed
with the seed at the rate of 2 ounces per bushel. This dry treatment may
be applied at any time before planting. It does not materially injure the

seed and may be depended upon to reduce stinking-snnit infection to a

minimum.
A more consistent use of seed treatment throughout our state is

greatly to be desired. In the past it has been the custom of growers to

wait until serious losses occurred before using preventive measures. A
consistent program of seed treatment employed each year will not only

obviate the necessity for special efforts, but will also prevent the constant

loss from light infections that occurs each year.

Loose Smut

Caused by Ustilago tiitici (Pers.) Rostr.

.\nother smut disease of wheat occurring in Illinois is loosr siiiiit.

This is more generally distributed throughout the individual fields of the

state than stinking smut, but is, on the whole, nnich less abundant. ' It

is known throughout the state as "smut," "loose snuit." and "black head."
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It appears at the flowering time of wheat. The glumes, flowers, and
grain are entirely destroyed, and their place is taken by a loose mass of

olive-green or black powder. By harvest-time nothing remains but a

little black powder on the top of the stalk where the head should have
developed.

The black powder on the diseased heads is blown by the wind to the

flowers of healthy plants, infecting them with the disease, and as the grain

develops, it also is infected. When such an infected grain is used for

seed it produces a plant bearing a black head, from which no new grain

can be harvested. The infection is carried in this way from crop to

crop inside the seed.

The earliest records of loose smut in Illinois are specimens collected

by A. B. Seymour in McLean county June 2T, 1879, and in Champaign
county June 5, 1882. Later collections were made in Champaign county

in 1888," 1889, 18!)1, and 181)2.

The distribution of this disease, so far as it is known to us at the

present time, is shown on Map 6. It is known to occur in 55 counties,

most of which lie in the southern two thirds of the state and comprise the

wheat-producing section.

Loose smut is an important factor in lessening the production of

wheat in Illinois. Over a period of seven years there has been, as is

shown in Table 1-i, a yearly infection, and consequent loss ranging from

1.5 per cent or 8r)!),()o6 bushels in 1923 to 3 per cent or 1 ,G41:,()()0 bushels

in 1922. The average annual loss for the 7-ycar period from loose-smut

infection was 2.43 per cent.

In 1922 an examination of 81 fields, summarized in Table 15, in-

dicated an average loose-smut infection of 2.13 per cent. These fields

were distributed among 2G counties and included 175(5 acres.

A similar examination in 1923 indicated, as shown in Table 1<), an

average loose-smut infection of 1.56 per cent in 254 fields distributed

among 40 counties. A total of 4,849 acres was covered, averaging slight-

ly more than 118 acres for each of the 40 counties.

The average production of wheat per acre in 1923 was 18 bushels.

On a farm growing 20 acres of wheat the production would be 3()0 bush-

els. However, this is only 98.44 per cent of what the crop might have

been had loose-smut infection not been present. Production without smut
should have been slightly more than 3()5.7 bushels, or an increase in yield

of 5.7 bushels, worth in cash $5.35. This increase is equivalent to the

crop harvested from 0.32 or nearly '/s of an acre ; hence the farmer

stands to lose not merely $5.35 worth of salable grain, but also the cost

of grain production for nearly '/^ of an acre for the entire sea.son. The
total of the two is an item not to be overlooked in the economics of pro-

duction, whether from the standpoint of the individual farmer or from

the sland])oint of the state's agricultural interests.

Control of loose smut, while attended with some difficulty for the

inexperienced, is thoroughly practicalile and should be much more cmii-

nionly undertaken. Seed should be thoroughly cleaned, and then soaked
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for from five to seven hours in water at about 62 to 72° F. It is then

placed in small bags which can be readily handled, and immersed for one
minute in a tub of water heated to 110°-120° F. At the end of the

minute it is immersed for ten minutes in a tub of water heated to 129.2°

F. and kept at that temperature. The temperature of this tub must not

rise above 131° F. At the end of the ten-minute period the wheat is

cooled in a tub of cool water and spread out to dry. If the treatment

is carefully done, and an accurate thermometer used, there will be no
injury to the seed and practically perfect smut-prevention will be obtained.

Flag Smut

Caused by Urocystis tritici Kcke.

A third smut disease of wheat occurring in Illinois is Hag smut. It

attacks the leaves of the wheat plant and appears at first as lead-colored

stripes, and those eventually break open, disclosing a mass of smut spores.

Diseased plants are usually so deformed that they do not mature. Very
rarely does a diseased stalk bear grain.

Flag smut was first found in Illinois (and in the United States) in

1919 in a few fields near Granite City in Madison county. In 1920 it

was found scattered over an area of about 2,500 acres in the same region.

Since that time, through the search made by the State Department of

Agriculture and the Natural History Survey, the disease has been found

to occur in the nine counties shown on Map 7. During 1923 it was also

found rather wide-spread in Missouri and Kansas.

In Illinois this disease has been most abundant and most serious in

the soft-wheat region in the American Bottoms in Madison and St. Clair

counties. Here, in certain wheat fields in 1923, infections involving

more than 20 per cent of the stalks were seen. The area of infestation

in the seven contiguous counties shown on the map appears to be con-

tinuous. At present only a few fields in the southwestern part of Logan

county are known to be infested, and in Hancock county just one in-

fested field has been found.

Flag smut is an extremely serious disease. Season by season the

limits of its known occurrence are being extended, and the farmers of

the state will do well to watch carefully for it in their fields. Once found,

every effort should be made to keep it under control.

As a means of control two procedures are possible, and both should

be used. All seed wheat should be thoroughly treated with copper-car-

bonate dust before planting. The method used is that described for stink-

ing smut (see p. 181). Wherever possible, resistant varieties such as

Fulcaster, and the Turkey wheats should be used.

Scab

Caused by Gibbcrella saiibinctii (Mont.) Sacc.

Scab is one of the very serious disea.ses of wheat in Illinois. Like

the other diseases which appear in epidemic form, its distribution appears
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practically coextensive with wheat-growing. When heads begin to ma-
ture, a pink moldy growth may be seen at the base of infected spikelets.

These spikelets turn yellow or brown, ripening prematurely, and the grain
which they bear is shriveled and often fungus-covered.

The first record of the occurrence of scab in Illinois is its presence
near Kappa, Woodford county, in 189(3. The next definite record is by
H. W. Anderson, who reported it in 1918 as "unusually severe," causing
5 per cent loss near Decatur and some damage in Rock Island, Winne-
bago, and Lake counties. As indicated on Map 8, it is known to occur at

the present time in 45 counties, most of which lie in central and southern
Illinois. Their general distribution suggests, however, that this disease

occurs over the entire state.

The importance of scab as a wheat disease in Illinois during the

years 1911-1923 inclusive is indicated by the estimated losses shown in

Table IT, which range from 1 per cent or 616,000 bushels in 1918 to 18

per cent or 15,156,000 bushels in 1919.

During 1922 this disease was not found in great abundance in the

fields of the state, but in 1933 it appeared to be more prevalent. An ex-

amination of 2050 acres of wheat distributed among 24 counties in 1923

revealed a scab infection involving 3.26 per cent of the heads, on each of

which 51.14 per cent of the spikelets were diseased, which indicates a

loss of 1.66 per cent of the crop in the fields examined. This, however,

includes all the observations made during the season, and it is probable

that the early reports are not as typical as the more severe infections found

later in the season.

A considerable difference in the amount of scab infection was ob-

servable on difi^erent varieties of wheat. Eight varieties on which special

observations were made showed an average infection of 2.3 per cent, as

indicated in Table 18, with individual varieties varying in amotmt of in-

fection from 0.248 per cent to 6.43 per cent. The average percentage

of infection on five varieties was less, and on three varities more, than

the average for all as shown in Table 19. The amount of dejjarture from
the average varied from 2.05 per cent less in the case of New Columbia

to 4.13 per cent more in the case of Turkey Red. Varieties indicated in

Table 19 as having infections less than the average should be useful in

regions where scab is serious.

The fungus causing scab on wheat also causes a serious corn dis-

ease, and it has been demonstrated that the disease lives in the soil on corn

debris. For the prevention of serious losses from scab it is important

to select varieties of wheat showing a degree of resistance to the disease,

to employ a rotation scheme calling for the separation of wheat and corn

on the same land by at least one year's planting of a non-susceptibic crop,

and to use particular care in field culture, seeing that corn stalks arc either

removed or completely plowed under.
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Septoria Diseases

Of these diseases there are two. One attacks the leaves of the wheat
and is known as speckled leaf-blotch, the other appears especially on the
glumes and is commonly known as glume blotch. Little is known of their

early occurrence in Illinois. Between June IS and 28, 1010, three slight

infections and one of 10 per cent were found by workers of the United
States Department of Agriculture, but the localities are not known. The
seriousness of these diseases emphasizes the need for effective control

measures.

Speckled Leaf-Blotcii

Caused by Septoria tritici Desm.

Every season there appears on the leaves of wheat plants spots of

discolored, diseased tissue. In unusual seasons this spotting may become
so severe as to injure all of the leaves seriously and to kill many of them.

The disease first appears as a more or less oval brown spot. Later,

several spots may grow together, occupying a large part of the leaf sur-

face. As the spots grow older, they show tiny black specks irregularly

distributed over them. The presence of the specks—which are the fruit-

ing bodies of the fungus causing the disease—gives the disease its name.

There are no early reports of the presence of speckled leaf-blotch in

Illinois, but in 1919 S. C. Chandler collected it at Ashley, Washington
county, April 14, and in Perry county April 10. These two collections

constitute the first actual record of this leaf blotch in Illinois. During-

1922 it was found in Saline county, but the abundance of leaf rust that

season probably prevented its being noticed elsewhere. In 1923 leaf

rust was markedly less abundant, and reports of speckled leaf-blotch

were proportionately more numerous. The disease was already prev-

alent to a considerable extent when field work was begun, as is shown
by our first report of it, a 20-acre field of Red Wave in Madison county

having an infection involving 75 per cent of the plants. Table 20. Fully

25 per cent of the leaf surface was occupied by spots, and the lower

leaves of the plants were so seriously infected as to have the appearance

of "firing." From that time on, the disease was found to be prevalent

and abundant wherever looked for. Speckled leaf-blotch is now known
to occur in 23 counties distributed widely over the state, as shown on
Map 0.

The infections found in wheat fields in the 23 counties are shown
in Table 20, from which it appears that 89.4 per cent of the wheat plants

were diseased, and that 32.2 per cent of the leaves on each diseased

plant showed leaf blotches. On this basis it would appear that this

disease injured 28.78 per cent of the leaves of the wheat plants grown in

the state in 1923. It is not to be supposed that such a marked injury

can result otherwise than in an appreciable reduction both in the quality

and quantity of grain produced.
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In the examination of fields for this disease the variety of wheat
was recorded for 2A'^^ acres. As shown in Table 2\, there were no-
table differences in the amount of infection found on nine varieties.

Among the soft wheats Fulcaster, Fultz, and New Columbia ai)]x'ar to

have suffered most, while Red Cross and Red Wave both appear to have
shown some resistance. Of the hard winter wheats Turkey 10-110

showed the most disease, and Turkey Red and Black Hull were about
equal in resistance.

No practical means of control for this disease is yet known, but the

difTerences among several varieties of wheat in susceptibilitv to attack

suggest the advisability of jjlanting the less susceptible varieties where
speckled leaf-blotch is prevalent.

Glume Blotch

Caused by Scptoria iwdornm Berk.

The glume blotch disease of wheat had not been definitely re]iorted

in Illinois previous to 1933. A single instance of infection was found
June 18 in a field near Waterloo, Monroe county. In this field more than

. 80 per cent of the plants were diseased, and on individual heads the in-

fection involved from 40 per cent to 100 per cent of the spikelcts. Un-
doubtedly this disease is of much more common occurrence than our
observations indicate.

Antiiracnose

Caused by Colletotrichiim ccrcalc Manns

This disease has probably been present in Illinois for many years,

though there are no definite rej)orts of its presence i)revious to 1!)2;}.

During the 1033-season anthracnose infections appeared in serious

amounts in the regions shown on Map 10, and Black Hull, Fultz, Red
Wave, Turkey Red, and Turkey 10-110 were the varieties diseased. Red
Wave and Fultz showed most serious infections.

As it appeared in 1923 this disease was a serious one, causing weak-
ening and falling of the straw, premature ripening, and lodging of the

grain in the field. Losses in seriously infested fields were great.

Foot-rot

Caused by Hclminthosporium spp.

Under this name are included a number of wheat troubles variously

known as "foot-rot," "root-rot," "roselle," etc. Attention was first

called to the serious nature of these diseases in Illinois in A[)ril, 11)19,

when they were mistaken in certain fields in Madison county for Aus-
tralian take-all. Later in the same year foot-rot was found in Sanga-
mon and Mason counties. In one instance a 50-acre field suffered an
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actual reduction in yield of 40 per cent, but in most cases the reduction

was less than 20 per cent.

Since that time a foot-rot of the same general character has been
found in several parts of the state, and this disease is now known to

occur in the six counties shown on Map. 11. Where it has occurred it

has been local in character and confined to small spots in a few fields.

It is only in unusual years or under very unusual local weather-condi-
tions that it may be expected to become generally serious.

Should it become generally prevalent or serious, resistant varieties

such as those developed and recommended by the Illinois Agricultural

Experiment Station may be planted.

Black-Chaff

Caused by Pscudomonas transhtcens E. F. S.

This bacterial disease appears as black sunken stripes running length-

wise of the glumes. In severe cases it may cause the grain to shrivel.

A single report of the presence of this disease in Illinois was made
bv Dr. Erwin F. Smith, ^ who reported a slight infection in Knox countv.

Map 12, in 1917.
'

Miscellaneous Diseases

Poivdery niildeiv, resulting from the attack of a superficial fungus

(Erysiphe graminis T)C.), has not been of great importance in Illinois.

It was seen and collected by H. W. Anderson at Granite City. Madison
county, May 16, 1919, and this is the only definite record of its presence in

Illinois at the present time.

Dying of wheat stalks resulting from the attack of a mushroom
(Marasmius scorodonius Fr.) was reported in 1923. A specimen col-

lected at Worden, Madison county, June 19 shows the sporophores of

the mushroom growing directly out of the basal internodes of the wheat
culm. This is extremely rare, however, and is not the source of any loss.

Oats

The oat crop in Illinois has been and probably will continue for some
years to be one of great importance. It forms a definite part of the crop-

ping plan practiced on most farms in the state. Since 1920 the acreage

has varied between 3.860,000 acres in 1922, with a crop of 110,010,000

bushels, and 4,594,000 acres in 1921, with a crop of 121.741,000 bushels.

The acreage seeded to oats in each county in 1922 is indicated on

Map 13. Every county in the state has at least some acreage. Hardin
county, with 500 acres, grows the least, and Iroquois, with 215,500 a,cres,

grows the most. By far the least acreage is found in the southern and

riant Disease Survey Bui. 2: 9S-99. 191S.
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western parts of the state, while in the northern and eastern parts large

acreages occur. If a line be drawn approximately from Rock Island

through Havana to Mattoon and eastward, it will be found that nearly

85 per cent of the states oat acreage lies north of the line, with especial

concentration in Lee and Ogle counties to the north, and Iroquois, Cham-
paign, and McLean counties to the east.

Crown Rust

Caused by Puccinia coronata Cda.

Crown rust of oats is similar in many ways to stem rust of wheat,

and one may easily be mistaken for the other since both attack oats.

As a rule, however, the black stripes of the crown rust do not appear

broken and ruptured as do those of stem rust, but remain covered by

the epidermis of the plant.

This disease was first reported in Illinois in Adams county in 1881

by A. B. Seymour. It has since been found by Seymour, Anderson, and

others in McLean, Tazewell, McHenry, and Lake counties. Its distribu-

tion as now known is shown on Map 14. It is prevalent in all parts of

the state.

It has been estimated that during the year 1910-1923 inclusive, crown

rust caused a reduction in the oat crop varying from 1 per cent in 1919

to 4 per cent in 1923. As indicated in Table 22, these reductions ranged

from 1,323,000 to 4,583,000 bushels and in valuation from $782,000 to

$1,787,000.

In 1922 an examination of 42 fields of oats, distributed among 23

counties and including 538 acres, indicated an average crown-rust in-

fection involving 91,038 per cent of the stalks and an average amount of

diseased tissue per stalk of 58.05 per cent. In 1923 a similar examina-

tion, covering G9 fields distributed among 26 counties and including 122(J

acres, showed a crown-rust infection involving 90.85 per cent of the

stalks and an average amount of diseased tissue per .stalk of 36.94 per

cent. These differences between two years are shown in Table 23 in

connection with estimated percentages of crop reduction, and from this

comparison it appears that the annual variation in crop-injury is, as in

the case of the wheat rusts, not so much a matter of the number of

diseased plants, as of the amount of diseased tissue on each plant.

Crown rust has an alternate stage on the buckthorn {Rhaumm
catharlica L.) similar to that described for stem rust of wheat. In north-

ern Illinois, where this shrub is commonly used for hedges, it has been

responsible for local epidemics of considerable ini])ortance.

Control measures involve the use of resistant varieties,' among which

are Appier, Burt, Early Ripe, Golden Rustproof, (ireen Russian, and

• DurroH. L. W,. an<l ParU.r. .1. H. "romp.-iratlve Resistance of Varieties of Oats
to Crown and Stem Rusts," Iowa Acrlcultural Experlnunt Station Research Bulletin
62. 1920.
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Ruakura. Further control may be secured by the removal of cultivated

or wild buckthorn shrubs in the neighborhood of oat fields.

Stem Rust

Caused by Puccinia gratiiinis Pers.

The stem rust disease of oats is similar in appearance to stem rust

of wheat, and the two diseases are caused by the same fungus. On oats

in Illinois stem rust appears much less commonly than crown rust and
is not often severe in its attack.

The earliest record of this disease in Illinois is a collection by A. B.

Seymour from McLean county in July, 1881. Further collections were
made by him the same year in- Champaign, Fulton, ^IcHenry, and Piatt

counties. No further collections or records appear to have been made
until 1922, but in that and the following year a distribution of stem rust

was found as shown on Map 15. Probably it is much more wide-spread.

Oat losses from stem-rust attack are rarely severe. Estimates made
since 1919 attribute to this disease only a trace of loss annually. An
examination in 1923 of 22 fields distributed among 15 counties and in-

cluding 705 acres indicated that 16.31 per cent of the stalks were in-

fected and that the average amount of diseased tissue on infected stalks

was 27.97 per cent. The amount of disease per stalk for all plants, on
this basis, would be 4.56 per cent—an amount so small as to have practi-

cally no effect upon the expected yield.

Control of stem rust of oats may be secured in the same manner
as on wheat. (See p. 180.) The oat varieties which show resistance to

stem-rust infection are few and include especially White Russian, Green
Russian, and Ruakura.

Loose Smut

Caused by Ustilago areuac (Pers.) Jens.

Loose smut of oats is similar in appearance to that of wheat already

described. The heads are attacked, and the grains transformed to masses

of black powder. Losses from this disease are large, and its importance

is great. Estimates of crop reduction due to this disease, shown in Table

24, for the years 1917-1923 inclusive range from 5 per cent to 7 per cent

—

equivalent to 5,790,000 to 18,395,000 bushels, with values ranging from

two to eleven million dollars.

The earliest record of this disease in Illinois is a specimen collected

by A. B. Seymour at Normal, McLean county, June 26, 1879. In the

following years Seymour made collections in Adams. Lake, and McLean
counties, thus demonstrating a rather wide occurrence of loose smut fn

northern Illinois. In 1900 A. D. Shamel sent out from the Illinois Agri-

cultural Ex])criment Station an inquiry concerning the occurrence -of oat

snuit in the state. In summarizing the returns, he stated that snuit oc-

curred in 12 counties, for the most part widely distributed over the state,
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and that the loss that season probably reached $5,000,000 or about $45.00
for every 40-acre oat field.

Oat smut is now known to occur in all but 21 of the 103 counties of
the state. Its distribution, as shown on Map 16, is so general that one
may reasonably suppose that it actually occurs in every county.

In 1922 an examination of 121 oat fields was made to determine the
amount of loose smut present in the average field. These fields were
distributed among -43 counties and included 1242 acres. The average in-

fection amounted to 8.36 per cent, which is equivalent to a crop reduc-
tion of the same amount. A similar examination was made in 1923 of
111 fields distributed among 41 counties and including 1596 acres. The
average loose-smut infection was 5.54 per cent.

The value of seed treatment as a means of loose-smut control was
apparent in several instances. In 1923 eight fields in 6 counties and in-

cluding 170 acres, had been planted with treated seed. The average in-

fection found in these fields was 0.42 per cent, or 5.12 per cent less than
the average found in fields generally. In terms of the average yield of
the state the grower whose oat seed was treated should have secured a
yield per acre 1.73 bushels greater than the grower whose seed was not

treated.

Seed treatment is accomplished .most easily and satisfactorily by
using formalin according to the "dry" method. Formalin, or 37' per
cent formaldehyde, diluted with an ecjual quantity of water, is sprayed
over the seed, as it is shoveled from one pile to another, at the rate of 1

quart to 50 bushels of seed. The seed is then covered for 5 hours and is

then ready for planting.

Corn

In terms of acreage, and in terms of money value, corn is the most
important crop grown in Illinois; and the importance to the nation of

Illinois' corn crop compares favorably with that of other states. In the

years 1920 to 1923 (Surratt, A. J., Illinois Crop Summary, Dec. 1, 1922,

Circ, 323, p. 60) Illinois was second only to Iowa in acres planted to corn,

and production during those years was also second only to that of Iowa.

The yield per acre for the state as a whole is, however, remarkably low,

ranging during those years from 34 to 35.5 bushels. Practically every

state in which similar conditions are approximated is reported to have

much higher yields jjcr acre, 'ihe extensive reach of Illinois from north

to south may be responsible jn some measure for this difference, since low

yields occur in the extreme south and high yields in the north. The
greatest corn acreage lies in a district running east and west through

the central two-thirds of the state, and here the yields are neither very

high nor very low.

In spite of the fact that corn constitutes by far the most important

cereal crop in Illinois its diseases appear not to be so well understood or

so amenable to control as those of wheat. The diseases of corn include
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smut, rust, and a long list of others generally grouped under the inclusive

list "root-, stalk-, and ear-rots." Among this group are diseases result-

ing from a number of parasitic and semi-parasitic fungi, and at least two
kinds of bacteria. Recognition of these diseases is, even to experts, often

a difficult matter.

The losses from corn diseases in Illinois are almost beyond estima-

tion, affecting, as they do, not only the ultimate yield from the stand, but

the development of the stand itself. Crop reductions from all reported

diseases during the years 1917-1923 inclusive, have been estimated, as

indicated in Table 25, to have varied from 2 per cent in 191T to 20.5 per

cent in 1923. The cash value of these reductions would vary between
seven and fifty-six million dollars.

Root-, Stalk-, and Ear-Rots

Included in this category are a number of diseases the nature of

which is not entirely understood. Among the fungi responsible are

Gibbcrclla satibinctii (Mont.) Sacc, Fusarinm inoiiilifoniic Shel., and
Diplodia ceae (Schw.) Lev. Despite the little knowledge of these dis-

eases now at hand, they are among the most important affecting corn,

and well deserve the amount of attention they are now receiving at the

hands of investigators.

Estimates of crop reductions from these diseases have been made for

1918-1923 inclusive, and are brought together in Table 26. These esti-

mates range from 3 per cent in 1918 to 15 per cent in 1923, or from

10,870,000 to 59,525,000 bushels and the valuations for the G-year period

ranged from $7,385,000 to $38,691,000. Large as these estimates may
seem they are probably far below the actual loss.

Root- and stalk-rots of corn are chiefly caused by the fungi Fiisariitm

monUiformc, Diplodia zcac, and Gibbcrclla sanbiiictii. The degree of in-

jury done by these organisms is dependent upon the relative susceptibility

of the corn plant in the various stages of its development and the effects

of the attack appear as rotted roots, barren stalks, or poorly tilled ears.

Ear-rots are due to the same fungi as the root-rots, but the impor-

tance of the fungi is in the following order : Diplodia, Gibbcrclla. and
Pusariiiin.

The dry car-rot caused by Dipolodia ccac is the source of consider-

able damage each year. In 1911 Burrill recorded the |irescnce of this

rot in 14 counties scattered throughout central Illinois. lie estimated the

damage to be from 1 per cent to 5 per cent, and noted that there wa^• very

little of this disease in the extreme northern and .southern sections of the

state. In 1912 he recorded it as having been more prevalent than in 1911.

The distribution of these various rot-diseases of com in Illinois is

probably wide-spread. So far as known to us, it is shown on Map 17.

Tlie 1923 observations, while not capable of a statistical summary., show
the severitv of these diseases to be very great. In 15 fields examined in
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8 counties and including 303.5 acres, an average of 5.36 per cent of the

plants were affected with rot.

Control of these diseases lies in the selection of disease-resistant

varieties and the use of disease-free seed, the balancing of nutritive ele-

ments in the soil, and the use, in some cases, of seed treatments.

Corn Smut

Caused by Ustilago zcac (Beck.) Ung.

This is the most conspicuous of the corn diseases. All aerial parts

of the corn plant are subject to its attack. In its final stage it results

in the production of large malformations filled with smutty black powder
each grain of which is a spore capable of reproducing the disease.

The annual crop reductions from this disease during a 5-year period

varied, according to the estimates shown in Table 27, from 1.5 per cent

to 3.5 per cent. While the mere statement of so small a percentage each

year is not impressive, the equivalent reduction in bushels, from seven

to twelve million, is startling.

The first record of corn smut in Illinois is found in a collection by

A. B. Seymour at Camp Point, Adams county, in 1879. The disease

was collected again in 1881 in McHenry, Piatt, McLean, and Cham-
paign counties by Seymour. Subsequent collections show the presence

of smut in Champaign county in 1890, 1891, 1893, 1895, 1896, and 1897.

These early records are sufficient to show that corn smut had at'

tained a rather wide distribution in the state a quarter of a century ago.

The present known occurrence of this disease in Illinois is shown on

Map 18. It is apparent that it is prevalent in all parts of the state.

However, as the map indicates, it is most abundant and most prevalent

in a region running east and west through central Illinois. This region

is the "corn belt" of the state, and it is here that corn smut is of great-

est importance. In 1922 it was found in 55 of the 102 counties of the

state. During tfiat season it appears to have been especially prevalent in

the southern lip of the state and throughout the northwest.

iMcld observations in 1923 in 26 fields (GIS acres) scattered through

17 representative counties indicated an average of 7.35 per cent of smut-

led plants. Probably this is not indicative of the seriousness of infec-

tion throughout the state, since in making the notes from which the

figures are drawn, corn in all .stages of development was seen.

There is lilllc evidence of resistance among the corn varieties seen.

Under favoring conditions, however. Democrat corn always appears

more severely smutted than other kinds.

Very little can be done in the control of corn smut. The fungus

ajjpcars able to live through the winter in manure and in corn refuse,

so that there is an abundance of infectious material ready to attack the

new crop. Wider sjjacing of plants for more thorough ventilation, later
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planting, and an endeavor to destroy the conspicuous spore-masses of

this fungus will help to keep the disease in check.

Brown-Spot

Caused by Physoderma zeac-maydis Shaw

This disease is usually of minor importance in Illinois. It was first

discovered here in 1911/ but the locality in which it occurred is not

known. A specimen has been preserved which shows that it was present

in Champaign county in 1913.

Brown-spot is now known to occur in 26 counties with the distribu-

tion shown on Map 19. Although our losses from it are not usually

great, it may in unusual seasons become so severe as to do serious dam-
age. This was the case during 1923, when an examination of 15 fields

distributed among 10 counties and including 381 acres showed an aver-

age of 83.1 per cent of the stalks to be diseased.

The fact that this disease can, under favoring conditions, produce

such severe infections emphasizes the need for keeping it under con-

trol. In general this depends upon the usual sanitary practises of crop

production—clean fields, good seed, and the disposal of diseased plants

elsewhere than in manure. The field notes summarized in Table 28
indicate that the Yellow Dent corn commonly grown throughout most
of the state shows the greatest resistance under field conditions, and
Democrat comes next. Certain special varieties appear to show high

susceptibility. Should the brown-spot disease become a serious menace
in any district where unusual varieties are commonly grown, a change

to Yellow Dent or Democrat may be found advantageous.

Rust

Caused by Puccinia sorghi Sclnv.

This disease is similar to the rusts of other cereals. It attacks the

leaves and produces short rusty-red stripes. The fungus causing it has

an alternate stage which occurs on the wood sorrel (Oxalis), but this

stage has never been found in Illinois. Corn rust probably overwinters

by means of its summer spores.

Specimens collected by A. B. Seymour in 1881 and 1882 show that

corn rust was ])rescnt then in at least eight widely scattered counties in

the northern half of Illinois. In 1911 Burrill recorded its presence in

Montgomery county, and in 1912 in Union county; E. F. Cuba collected

it near Galesburg in 1919; and a further collection was made in Cham-
paign county in 1919 by H. W. Anderson. At present it is known to

occur in the Ki counties shown on Maji 20.

' Bairctt, J. T. I'husodcrma cfnc-iiiai/rfis Sliaw. in Ulinoi.*. riiytopathology 3: Tl.
191.'?.



197

Very little loss has ever been attributed to this disease. In 1919, a

year when the rust seems to have been unusually abundant, only a trace

of loss was reported. The disease is apparently limited in distribution,

being confined for the most part to the northern section of the state,

and even there it is seldom abundant. No satisfactory method of con-

trol is known, and it is doubtful whether one is needed with a disease

of such slight importance.

Rosen's Disease

Caused by Pscudomonas dissohcns Rosen

This bacterial disease is characterized by the rotting of the basal

internode of the stalk. As the rotting progresses, the stalk becomes

weakened in spots and leans sidewise. The progress of the rot is such

that a continual leaning of the stalk results in further twisting, so that

by the time the stalk is down the remaining fibers of the diseased inter-

node may be twisted as much as two and a half complete turns.

It was found in Illinois in 1921 in two counties, Jackson and Ran-
dolph, where it was reported as serious in the fields affected by it. In

1922 it was again found in small amounts in a single field in Union
county, where it was reported to be causing the death of 1 per cent of

the stalks. In 1923 it was seen in Alexander county, where an examina-

tion of 100 acres revealed two infected stalks. As indicated on Map
21, its distribution is limited to four adjacent counties in southwestern

Illinois.

Rosen's disease of corn is not yet well known, and control methods

have not been worked out.

Black-Bundle Disease

Caused by Cephalosporium acrcinoiiiiini Cda.

The black-Ijundle disease of corn has not been commonly recognized

in Illinois. It appears, however, to be an important disease.

Its ajipearance in the field is recognizable from the fact that the

affected stalk takes on a striking red color. As the disease progresses,

the stalk begins to wilt at the top, the red color spreads do,wnward
throughout the stalk, and the entire stalk wilts and dies. A slashed stalk

shows the bundles to be discolored and blackened.

The present known distribution of this disease is shown on Map 22.

Undoubtedly it is nuich more widely distributed.

Its seriousness where seen, is indicated from an examination of

three fields comprising 9 acres in Champaign county. In one field 1

per cent of tJie stalks were diseased, and in each of the other two fields

2 per cent of tlic stalks. In Clark county an examination of 4 fields com-
prising 1.> acres showed 1 per cent, 2 per cent, 2 ])er cent, and 3 per

cent of the stalks diseased. The i)ercentage of infection is directly cor-
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related with loss, since infected stalks are usually sterile or bear only

nubbins.

Control consists in using carefully selected seed known to be nearly

disease-free.

Stewart's Disease

Caused by Pseudomonas stezvarti E. F. S.

One of the serious diseases of corn is Stewart's disease. Ordinarily

it is most serious on sweet corn, but under certain conditions field corn
may also suffer severely. The bacterium which causes the disease in-

vades and plugs up the fibers of the stalks, thus interfering with the

development of the plant.

Stewart's disease is known to occur in 9 counties as shown on
Map 23.

An examination of sweet-corn fields in seven counties during 1923
indicated that an average of 13 per cent of the stalks were diseased.

Such a percentage of infection is certain to result in a noticeable re-

duction in yield and indicates the necessity for using early-maturing

varieties. Northern-grown seed appears to be least often diseased and
may be used to advantage.

Rye

Rye is one of the less important of the cereals grown in Illinois,

coming after oats but before barley, and the crop of the state has had
an annual valuation of approximately $0,000,000 during recent years.

Small acreages are to be found in every county in the state, but the

greatest acreage is in northwestern and western Illinois, where, in 1922.

it reached a total of 120,000. The smallest acreage is in the extreme
southern tip of the state, where, in 24 counties, only 4,000 acres were
planted in 1922. The distribution of rye acreages is shown on Map 24.

Brown Rust

Caused by Pitcciiiia dispcrsa Eriks.

Brown rust is the most common and most serious disease of rye in

Illinois. It is comparable on rye to the leaf rust (P. triticina Eriks.)

of wheat. It appears especially on the leaves, where it produces small

oval spots, distinguishable from the spots of stem rust in part by their

position on the plant but more particularly by their much smaller size

and definitely brownish color. The amount of infection is generally

light, and the loss is usually estimated as a trace to 2 per cent.

Early reports of brown rust in Illinois are few. A. B. Seymour
made the first collection in La Salle county in June, 1882; Burrill reports

its presence in Champaign county in 1911; and a collection was made
by H. \V. Anderson at Urbana, Champaign county, June 10, 1919.
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It is known to occur in 14 counties distributed widely over the

state, as shown on Map 25.

Examinations made during 1922 in 13 fields distributed among 11

counties indicated that an average of 40 per cent of the stalks were

rusted, and similar examinations made during 1923 in 20 fields distrib-

uted among 1-1 representative counties and including 209 acres indicated

that an average of 90 per cent of the stalks were rusted, the diseased

leaf-tissue averaging 35.3 per cent on each infected plant and 31. ~ per

cent on all plants.

No satisfactory means of preventing the occurrence of this disease

is known.
Stem Rust

Caused by Pucciiiia gramin'is Pers.

Stem rust of rye is similar to the stem rust of wheat previously

described and is caused by the same fungus. In Illinois, however, it ap-

pears to be much less prevalent on rye than on wheat.

Although this disease has undoubtedly been present in the state for

many years, it was definitely reported for the first time in 1918, when
it was collected in McHenry county. In 1922 it was found in 10 coun-

ties scattered through northern Illinois. Its known distribution, as

shown on Map 26, includes 16 counties, most of which are grouped in

the northern part of the central section of the state.

Aside from the eradication of the common barberry, no satisfactory

methods of control are known.

Ekgot

Caused by Claviccps purpurea (Fr.) Tul.

Ergot attacks individual grains in the rye heads, causing them to

become greatly enlarged and distorted. The disease does not often cause

much loss, since it is seldom present in fields, and usually only a few

grains in a head are diseased. The greatest danger from this disease

lies in the poisonous nature of distorted grains. Seriously affected rye,

or wheat that has become mixed with rye, should not be fed to stock

when this disease is present in any ([uantity.

Few reports of the presence of ergot in Illinois have been made.

In 1919 it was present in several fields in Carroll county, and the in-

fection is said to have been fairly heavy but appears to have been con-

trolled by a change of seed. In 1923, and for several years before, there

were light infections in a few fields in Ogle county. Usually the most

serious infections are to be found on rye growing in wheat. An ex-

ample of this is found in observations made in Hancock county in 1923.

Several fields of wheat badly mixed with rye showed from 30 to 90 per

cent of the rye heads infected, with from 10 per cent to CO per cent of

the grains diseased. Aside from the loss in production, such grain would

be wholly unfit for feeding purposes.
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The known occurrence of this disease, as shown on Map 27. indicates

a fairly wide-spread distribution in northern Illinois.

Many other grains and grasses are susceptible to ergot attack. Cut-
ting them about flowering time prevents the spread of the disease : and
infected seed may be cleaned of it by floating out the ergot grains in a

20 per cent salt solution.

Scab

Caused by GihbcrcUa saiibiiictii (Mont.) Sacc.

Scab on rye has the same appearance as scab on wheat. It is not

known to be especially prevalent. A trace of infection was reported in

a 5-acre field in Christian county in 1923—the only definite record of

occurrence in Illinois. Control measures for this disease on rye are the

same as those recommended for wheat scab. (See p. 187.)

Leaf Smut

Caused by Urocystis occulta (W'allr.) Rab.

Leaf snuit of rye is very similar in appearance and in its efl:'ect upon
the plant, to the flag smut of wheat, and the fungi which cause the two
diseases are much alike.

Leaf smut attacks the leaves, forming long black stripes. As the

leaf dies, the black stripes break open, shredding the leaves and letting

loose large quantities of smut powder, the grains of which are the spores

by which infection is spread.

The earliest definite records of occurrence are two collections made
in Lake county in 1918 by J. L. Smith and by L. W. Almy. The known
occurrence of leaf smut, shown on Map 28. includes 5 widely separated

counties.

The presence of this disease in any quantity is certain to result in

serious losses. Fortunately the amount of infection in Illinois is small,

and except in isolated cases only slight losses occur. In individual

fields, however, serious infections sometimes occur which result in large

crop-reductions. The control measures recommended for flag smut of

wheat will prove effective for this disease. (See p. 18(5.)

Barley

Least important of the cereals grown in Illinois is barley, yet be-

tween 170,000 and 1!)0,000 acres arc grown each year from which are

harvested about five million bushels, valued in 1922 at over three mil-

lion dollars. The distribution of the acreage is shown on Map 2!>. from
which it is apjiarent that intensive production of this crop is. limited

to the northern quarter of the state. .-Mthough nearly every county

grows some barley, more than 90 per cent of the acreage lies in this sec-
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tion of the state, and it is here that the diseases of barley are of most
importance.

Leaf Rust

Caused by Piiccinia simplex (Koern.) Eriks. & Henn.

Leaf rust of barley, which is similar in appearance to the leaf rusts

of wheat and rye, is not known to be of common occurrence or to be

widely distributed in Illinois. It is known to occur in the two counties

shown on Map 30, but is undoubtedly prevalent at least throughout
northern Illinois.

Stem Rust

Caused by Pitccinia graniitiis Pers.

Stem rust appears to be of comparatively rare occurrence on barley

in Illinois. In appearance it is the same as stem rust on wheat, oats,

and rye. Wild barley {Hordeum jubatum L.) is often infected with

stem rust, but it appears not to have been definitely recorded as appear-
ing on cultivated barley jjrevious to litLS. In that"year H. W. ,\nderson

collected a specimen of it near Halfway, Williamson county.

Stem rust is now known to occur on barley in the si.\ counties shown
on Map 31. As seen in the northern counties, the infection was much
more severe than is usually found on the other cereals subject to this

disease.

Eradication of the common barberry in the northern counties should

help to control this disease.

Loose Smut

Caused by Ustilago nuda (Jens.) K. & S.

Loose smut of barley is the most serious of the barley diseases. In

appearance it is very similar to loose smut of wheat. The heads are

transformed to masses of loose black jjowder. The spread of infection

occurs at blossoming time, and diseased grains, which develo]) in an

ap])arently normal way, perpetuate the smut. Plants growing from in-

fected grain produce the worthless smutted heads.

The known distribution of loose smut, as shown on Map 32, in-

cludes 11 counties, of which i) lie in the northern part of the state, and
6 are important barley ])roducers. The disease ajjpears widely distrib-

uted over the state, but is found most alnmdantl)' in northwestern Illi-

nois in the region where the barley acreage is greatest. During Il)2.3

examinations made in 11 fields distributed among li counties and includ-

ing '.ViSi acres indicated that an average of (!.l ])cr cent of the stalks

were diseased. This is equivalent to a cro]) reduction of the same amount.
While this figure may not be re])resentative of the amount of disease to

be found in all the fields of the state, it is indicative of the seriousness

of the disease and em])hasizes the value of seed treatment. The methods
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of seed treatment recommended tor loose smut of wheat will be found

eflFective. (See pp. lSo-186.)

Covered Smut

Caused b\- Ustilago hordci (Pers.) K. & S.

This disease, which is hardly distinguishable from loose smut in the

field, has been found in Illinois once only. C. L. Porter collected it at

Galena. Jo Daviess county, July 26. 1922. There was very little infec-

tion found, and the damage was slight. Probably this disease is much
more wide-spread.

Barley Stripe

Caused by Hdminthosporiuin gram'mcuui Rab.

Stripe is next to smut the most serious disease of barley, and causes

hea\T losses each year. Its appearance is so characteristic as hardly to

allow of its being mistaken. The leaves of diseased plants show wide

longitudinal stripes in^which the green has turned yellowish or brown.

Diseased plants are dwarfed, die early, and rarely produce well-filled

heads.

It is known to occur in 5 counties, as shown on Map 33, but is prob-

ably more generally distributed.

Its serious nature is apparent from 9 fields examined in H<23, in

which an average of 31 per cent of the plants were diseased.

Stripe is readily controlled by means of a "wet" formalin seed treat-

ment. The formalin is diluted at the rate of 1 pint to 30 gallons of

water. The solution is then thoroughly mixed with the seed. After

being covered for two hours the seed is ready for sowing.

Diseases of Forage Crops

During ten years preceding 1923, the tame hay acreage in Illinois

averaged 2.9T 0.000 acres, yielding annually an average of 3,S08,000 tons,

valued at -$60,790,000. All parts of the state have large acreages de-

voted to hay and the other forage crops. The state total of 3.645,000

acres for 1922 is more than 14 times that devoted to rye, nearly 20 times

that devoted to barley, only 200.000 acres less than that devoted to oats,

22 times that devoted to spring wheat, 600.000 acres more than winter

wheat, and more than one-third of the corn acreage.

Among the crops that go to make up this acreage are especially

alfalfa, clover, timothy, and redtop. Each crop is subject to the attack

of diseases which reduce either the yield, the value, or the quality of the

crop to a greater or less extent.
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Alfalfa

Leaf Spot

Caused by Psciidopccica iiicdicagi)iis (Lib.) Sacc.

This disease is the only important alfalfa disease occurring in Illi-

nois. The first report of its presence in the state was made by Burrill

in 1912. when it was found in Champaign. Edgar, and Union counties.

Anderson reported it in Tazewell and Champaign counties in 1919. It

is now known to occur in (u counties widely distributed throughout the

state, as shown on I\Iap 34, but appears to be more general northward.
Plants infected with this disease lose their vigor, and a loss in hay

through falling of the diseased leaves also occurs. Generally not more
than one of a season's cuttings (usually the second) is seriously diseased,

but the effect on that cutting may be very severe. An examination in

1922 of 61 fields distributed among 158 rejiresentative counties and in-

cluding 3-49 acres indicated that 66.6 per cent of the plants were diseased

and that 7.64 per cent of the leaves were spotted. Similar examinations

made in 1923 in 36 fields distributed among 20 counties and including

261 acres indicated that 77.5 per cent of the plants were diseased and
3.85 per cent of the leaves spotted.

As a means of control, it is best to cut the infected crop as soon as

it becomes apparent that the result of the infection is a]3t to be severe.

If this is done the succeeding crop will usually be relatively free from
the disease.

Rust

Caused by Uroniyccs slrialiis .Schr.

This disease is said to be responsible for local losses in neighlioring

states. In Illinois it has been found in two counties, Edgar and Wood-
ford. In neither case was the infection either abundant or severe.

Anthracnose

Caused by Collctotr'ichuin trifolii Bain
This disease has been found in two counties, Putnam and Henry,

biU is not known to be of common occurrence or of a serious nature in

our state.

Root-and-Crown-kot

Caused by Fusarium sp.

During three seasons past there have been incidental reports of a

root-and-crown-rot of alfalfa apparently due to the attack of a species

of Fusarium. The first instance of this was from Randolph county, and
later reports and specimens have been received from Carroll county.
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The disease is serious and destructive where it appears, but no specific

control-measures can be recommended.

Sweet Clover

Leaf Spot

Caused by Cercospora davisii E. & E.

Leaf spot was found in Pike county near Barry in 1910 by H. W.
Anderson.

Anthracnose

Caused by Glocosporium caidivoniiii Kirch.

Anthracnose seems to be the one serious disease of sweet clover.

It causes stem cankers and some reduction in yield.

The distribution of anthracnose as known at the present time ap-

pears limited, as shown on Map 35, to northern Illinois, where it is

known to occur in 15 counties.

Red Clover

This crop is subject to the attack of five diseases.

Anthracnose

Caused by CoUctotrichnm trifolii Bain

Anthracnose has been found on red clover in the counties indicated

on Map 36. Its distribution appears limited to the extreme northern

part of the state. The fields in which it was found did not appear to be

greatly injured, and the degree of infection was usually slight.

Causfed by Glocosporium cauUvorum Kirch.

This disease has been found on red clover in Union, Ogle, DeKalb.
Champaign, and Sangamon counties.

Powdery Mildew

Caused by Erysiphc polygoni DC.

Powdery mildew appeared throughout the eastern jwrt of the United
States as a serious disease of red clover in the fall of li'Sl. This out-

break spread rajjidly westward, and in the spring of lf)22 became very
noticeable in Illinois.

Plants attacked by powdery mildew appear to have had their leaves

dusted with flour. If diseased clover is allowed to stand after time for

cutting, the (juality of the hay is imjiaired, and the quality and quantity

of yield from crops grown for seed is also impaired.
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The distribution of this disease in Illinois is shown on Map 37.

No means of control are available, but much of the injury may be
avoided by seeing that the cutting of the crop is not delayed.

Leaf Spot

Caused by Polythrincium trifolii Kuntze

Leaf spot has been found on red clover in McDonough, Carroll,

Winnebago, Adams, Schuyler, Union, Saline, Coles, Pulaski, and Menard
counties.

Rust

Caused by Uromyces fallens (Desm.) Kern.

Rust has been found on red clover in Kane, Putnam, Kendall, Union,

DeKalb, C)gle, X'ermilion, Edgar, Lake, Wayne, Bureau, Tazewell, and
Menard counties.

Timothy

Stem Rust

Caused by Puccinia graminis Pers.

The commonest and most serious disease of timothy in Illinois is

stem rust, but no early records of its occurrence are available. Its known
distribution, shown on Map 38, includes 5.5 counties and indicates a wide-

spread and common occurrence in northwestern and southern Illinois.

Le.\f Smut

Caused by Ustilago striaeformis (Westd.) Niessl.

-Smut has been found on timotli}- in Illinois, in three counties: Madi-
son. Sangamon, and Moultrie. The infection in Moultrie county re-

sulted in a 20 per cent crop-loss in one field. Other infections were not

severe.

Redtop

Stem Rust

Caused by Puccinia (/raniiiiis Pers.

The only important disease of redtop commonly found in Illinois is

stem rust.

Its presence on this cro]) was recorded by A. B. Seymour in ISSl.

It is now known to occur in 2() counties as shown on Map 3!i. The
distribution in these counties suggests that the disease is of state-wide

occurrence, though possibly more abundant southward.
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Diseases of Fruits

Apple

Among the fruits grown commercially in Illinois the apple is by far

the most important. While production varies greatly from year to year,

the value of the state's crop always runs into large figures. Since 1916

the lowest yield has been 2,381.000 bushels and the highest 9,720.000.

The lowest valuation has been $.5,575,000 and the highest $10,206,000.

The commercial crop is much less than this, ranging since 1920 from
397,000 to 1,620,000 bushels, and from $2,977,000 to $6,845,000 in valua-

tion.

The relative importance of apple-production in Illinois by counties

for 1919 ^ is indicated on Map 40. from which it may be seen that the

chief apple-producing section of the state lies southwest of a line drawn
from the northern boundary of Hancock county to the northern, boundary
of Clark county. North of this line production is mostly incidental and
comes chiefly from small farm orchards maintained for the convenience

of the owners, only the surplus reaching the markets.

Scab

Caused by Venturia inaeqiialis (Cke.) ^^'int.

Scab is probably the most common apple disease occurring in Illi-

nois. It has been known in the state at least since 1863, in which year

it is mentioned in the Transactions of the Illinois Horticultural Society

as occurring in Ogle county. During subsequent years its occurrence

is noted in these Transactions in Carroll, Ogle, Bureau. Tazewell. Cham-
paign, Adams, Pike, Cumberland, Madison, Marion, Jetferson, Rich-

land, Union, and Johnson counties.

The distribution of scab in the state is shown on ^lap 41. In 10

counties only, of the 102 of the state, has its presence not been demon-
strated, and even in these counties it is probably present.

This disease attacks the leaves, the flowering parts, and the fruit,

and results in a reduction in the quantity of fruit set, in leaf injury and

early defoliation, and in fruit-spotting. It also increases the number of

windfalls. Crop reduction occasioned by this injury is great and has

been estimated for a 5-year period ending with 1923. as recorded in

Table 29, to have ranged from 3.5 per cent in 1923 to 12 per cent in

1921. In crop reductions these percentages are equivalent to 277.000

bushels valued at $318,000 in 1923. and to 387,000 bushels valued at

$967,500 in 1921.

The seriousness of scab is illustrated in Table 30, which shows that

in 18 counties in central and southern Illinois 23 representative orchards

examined in 1923, including 1728 acres, had an average of 12.7 per -cent

" U. S. Census BuUetin for 1920. AKricuUuro: lUinois. Statistics for the state
and its counties.
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of the trees infected and 9.4 per cent of the fruit noticeably marred by
scab infection. Were it possible to include the much more severe in-

fections commonly encountered in smaller orchards, these figures would
be greatly increased.

Control of scab consists in the timely and thorough application of

effective sprays. Infection takes place in spring from the overwintering

spores, which are usually ready to begin their work between May 10 and
May 20 in Illinois, when they take advantage of any moist period to

produce infection. Application of sprays jitst previous to predicted

rains during the middle fortnight of May should succeed in keeping the

disease under control.

Blotch

Caused by Phyllosticia solitaria E. & E.

Blotch, next to scab the most serious apple disease found in Illinois,

attacks twigs, stems, fruiting spurs, leaves, and fruit. Its chief damage,
however, consists in the injury done to the fruit. On susceptible varie-

ties it may kill fruit spurs and thus considerably reduce the yield.

The early history of blotch in Illinois is unknown. The disease first

appeared in the United States about 1895, and its spread has been very

rapid. Burrill reported blotch as occurring in 8 counties in 1911 and
again in 5 counties in 1913. Its present distribution is shown on ]\[ap

42, which illustrates the southern distribution of the disease and its ex-

tension westward and northward with commercial apple-growing. It

is known to occur in 63 of the 102 counties of the state.

The crop reductions from blotch attack have been estimated, as

shown in Table 31, to have increased from 3 per cent in 1918 to 5.5

l)er cent in 1923.

The severity of this disease, when sprajs are not a[jplied. is illus-

trated in Table 32, which summarizes observations made during 1923
in ]() orchards distributed among 14 counties and including 131 acres.

Practically 100 per cent of the trees were infected, and 90.4 per cent

of the fruit was diseased. The effect of a thorough application of sprays

is shown, on the other hand, by an examination made in the same year

in 7 commercial orchards distributed among 5 representative counties.

These orchards included 20.") acres and showed only 25.2 (ler cent of

the trees infected, with 2.5 per cent of the fruit diseased.

Fire-blight

Caused by Bacillus amylovorus (Burr.) Trev.

This disease, the oldest and best known of apple diseases in Illi-

nois, attacks every above-ground part of the tree. Blossoms and leaves,

when diseased, look as if scorched by fire and burned black. On branches
ancl trunks cankers are formed, from which an exudate is given off.
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Spread of the disease is accomplished by insects and to some extent by

the wind.

The history of this disease in IlHnois, as indicated by discussions in

the Transactions of the Illinois Horticultural Society, is practically co-

extensive with apple-growing ; and while the injury to apples is not so

great as to pears and quinces, the loss to the state is larger because of

the greater importance of the apple crop.

Damage done by this disease is often very severe. In 191i' it was
placed at $500,000 for one county and at $1.-500,000 for the state as a

whole. For the period 1918-1923, inclusive, the crop reduction has

varied, as shown in Table 33, from a trace in two seasons to 1.5 per

cent in two other seasons. The equivalent reduction in bushels has

ranged from 3,000 to 112,000 bushels and the valuation from $7,500 to

$128,000.

The known distribution of fire-blight is shown on ]\Iap 43. There
are only 13 counties in the state in which this disease is not known to

occur.

There is no satisfactory means of control. Cutting out diseased

parts with tools sterilized in a 1-10(10 mercuric chloride solution is help-

ful in a new orchard, but in old orchards the only effective measure is

the prompt eradication of blight cankers.

Rust

Caused by Gyinnosporangiitm juniperi-virginianac Schw.

Rust is one of the very common apple diseases found in the state.

Leaves and fruit are especially susceptible to attack. Leaf injury and
defoliation, if severe over several seasons, markedly stunts the growth
of trees. On the fruit, rust spots cause malformation or disfiguration,

which prevents the fruit from being marketed as first-class produce.

According to Burrill,'- rust has been present on apples in Illinois

since 1881 or 1882. The earliest actual collection was made by a Mr.
Snow in Perry county in 189G. G. P. Clinton made two collections in

1898, one in Washington county and one in Marion, and a further col-

lection was made in Richland county in 1899 by a Mr. Woodworth.
In 1911 Burrill found the disease in 5 widely separated counties and

in 1913 in 2 counties additional. The known distribution of a]iplc rust

at the ])resent time is shown on Ma|) J4.

The damage resulting from the attack of this disease is estimated

by Anderson^ to be over $25,0(iO annually. Estimates of crop reduc-

tions made for the years 1919-1923, inclusive, and reproduced in Table
34, range from a trace to 1.5 jicr cent, annually amounting to between

' rickett. B. S. The blieht of npples. pears ami quimes. HI. Art. EXper. Sta.
Circ. 172. 1014.

-Tarasitic funei of Illinois. Rul. Ul. State Lab. Nat. Hist. 2: 240. 188.i.
' Disea.sis of Illinois Fiuits. 111. Aki-. Exper. Sta. Ciri-. 241 : 37. 1920.
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15,000 and 159,000 bushels, the valuation ranginf^ from $21,000 to

•$1G6.000.

The seriousness of rust in apple orchards is indicated by an cxanii-

nation made in 1922 of 50 orchards distributed among 25 counties. An
average of 58. G per cent of the leaves and 3 per cent of the fruits were
found diseased. Fruit infection was seen for the most part only in those

orchards where extremely severe leaf infections occurred.

The fungus which causes apple rust is similar to the rust fungi of

cereals in that it depends for its propagation upon the presence of a second

host, which is, in this case, the common cedar (Juiiipcriis v'lrglniana L.).

On the cedar the fungus causes the well-known "cedar apple." Spores

borne upon these apples are transferred to near-by apple-trees on air

currents, and the infection of the apple is accomplished.

There has been an attempt to secure the eradication of cedars in

certain parts of Illinois as a preventive measure in the control of apple

rust. On Map 45 is shown the distribution of cedar rust so far as it is

now known. A comparison of the distribution here shown with that of

the apple rust on Map 44, reveals a very striking correlation.

Control of apple rust may be accomplished more or less successfully

by the api)lication of Bordeaux mixture and lead arsenate or by lime-

sulfur. More effective control can be had, however, by eradicating all

red cedars within one mile of the orchard. Where cedars are too abun-

dant for eradication, new orchards should include only resistant varieties,

among which are especially the Grimes and the Liveland Raspberry.

Bl.\ck Rot

Caused by Physolospora cydoniac Arn.

Black rot attacks the fruit, leaves, and twigs; but, as with blotch, the

greatest loss comes from the injury done to the fruit.

Leaf infection, in the form of round spots, is commonly recognized

under the name of "frog-eye". Twig and limb cankers are compara-

tively rare, but when cankers on old limbs have enlarged sufficiently they

girdle the limb and bring about the death of all parts beyond them. The

entrance of the fungus into the apple is dependent upon the presence of

wounds—especially insect punctures. Besides the actual rotting of fruit,

diseased a]i])les drop early, and considerable rotting occurs in storage.

The earliest record of the occurrence of this disease in Illinois is

1879, but the exact location is not known. The present known distri-

bution, as shown by the 1922 and 1923 survey, is indicated on Map 4(5.

The disease has been found in orchards in (!9 counties, and ranges in its

distri-bution from the northern to the .southern boundary of the state.

'I'here ajipear to be two general regions of occurrence: The first lies in

the southeastern part of the state in the Ohio, Wabash, and lower Missis-

sippi vallevs; the second appears to conform to the upper Mississip])i

Valley north of the junction of that river and the Illinois. Northward,
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this area spreads eastward so as to include the Rock River valley, the

tributaries of the Illinois, and the watershed of Lake Michigan.
Losses from this disease are probably greater than is ordinarily sus-

pected. Estimates of crop reductions for the years 1918-1923, inclusive,

and reproduced in Table 35, vary from a trace to 2 per cent. When
definite estimates have been made they have ranged from 33,000 to 199,-

000 bushels, and from $61,000 to $208,000 in valuation.

The seriousness of black-rot infection is indicated by an examination,

made in 1922, of 22 orchards distributed among 18 counties and includ-

ing 54 acres. Of the trees 91.2 per cent were infected, and the notes in-

dictate that 27.3 per cent of the leaves and 0.92 per cent of the fruits were
diseased.

To keep black rot under control it is necessary to cut out and burn
all dead wood in the trees, to cut out all cankers with sterile tools, to keep
fallen fruit picked up, and to apply an extra spray of Bordeaux in late

July or early August.

Blister Canker

Caused by NiDiunnlaria discrcta Tul.

Blister canker, also known as "Illinois canker" and as "nail-head,"

is one of Illinois' serious apple diseases. It was first reported in the state

by Hasselbring in 1902. Since that time the disease appears to have

been increasing and spreading steadily. This has been especially true

because of the large proportion of Ben Davis apples grown; for this

variety, more than any other, is susceptible to attack. Besides Ben Davis,

Delicious, Gano, and Willow Twig are especially susceptible.

As usually seen in its advanced stages the blister canker is character-

ized by a covering of dead bark, often loose and shredding, through which
project warts having the appearance of heads of nails driven into the tree.

The distribution of blister canker in Illinois is shown on Map 4?. It

reaches from the southern tip of the state, where infections have been
found in Massac and Pope counties, to the northern boundary, where in-

fections have been seen in Lake, McHenry, and Boone counties. The
disease is known to be present in Ofi of the 102 counties of the state, and
in practically all of the important apple-growing counties. As we know
it at present, the disease occupies a range of territory including, in south-

ern Illinois, the tributaries of the Wabash and Ohio rivers and, in the

extreme southwest, those of the Mississippi. Northward the disease is

wide-spread in the valley of the Mississippi and Illinois rivers.

Injury by this disease results in the death of the wood. Girdling

eventually occurs, and all the twigs or branches beyond the girdle die.

Or, if the canker is on the main trunk, the whole tree dies.

Crop losses from blister canker are large, and the disease is especial-

ly serious, because the damage done to a tree in one season can not be
repaired but continues to cause losses season after season. Anderson'

' .\nilpison. H. W. Disea-ses of Illinoi.s Fruits. 111. Acf. Kxper. Sta. Circ, 241:
.31. 1020.
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estimates an average annual loss of 1 per cent of the apple crop, the valu-
ation ranging from $25,000 to $30,000. For the 1922 and 1923 seasons
estimated losses of 1 per cent were equivalent to 98,000 bushels valued
at $102,000 and 74,000 bushels valued at $85,000.

The seriousness of this disease in our orchards is illustrated by the
results, shown in Table 3C, of an examination of 21 Ben Davis orchards
distributed among 14 representative counties. The examinations were
made during the summers of 1922 and 1923 and showed that 21.8 per
cent of the trees were diseased.

How uncared-for infections may result was shown in 1922 by a
special survey, with careful examination of trees in three Wayne county
orchards. In orchard Number 1, which was about 50 years old, there
were 400 trees, of which 95 per cent were diseased with blister canker;
100 trees had been killed and were being taken out; 100 other trees were
dead or so nearly dead as to bear no crop; 150 trees were so severely
diseased as to have their crop materially reduced ; and only 50 trees were
still in good bearing.

In orchard Number 2, which had 150 trees, 100 were dead or nearly
so, and the remaining 50 were badly diseased and bearing small crops of
inferior fruit.

Orchard Number 3 had about 300 trees, many of which were dead
and many others dying. More than 80 per cent of the trees were dis-

eased with blister canker, and the crop was poor in quantitv and of in-

ferior quality.

Control of this disease consists in carefully pruning out all infection

as soon as it becomes apparent, and in the use, so far as practicable, of

varieties relatively resistant to the disease.

Bitter Rot

Caused by Glonwrella cingnlata (Stonem.) S. & v. S.

Bitter rot, a disease which affects the fruit especially, though often

causing stem cankers, is ajiparently limited to the extreme southern part

of the state.

The past history of this disease in Illinois is not well known except

for the serious outbreak of 1901 and 1902. .\t that time the disease was
studied by Burrill, Blair, Clinton, von Schrenk, and Spaulding, and the

loss in the state estimated at a very large figure. During subsequent

vears the disease a])pears to have become less and less severe until 1923,

when another outbreak occurred. Bitter rot was seen in the counties

indicated on Map 48, and the crop reduction due to its presence was
estimated at 1 per cent or 74,000 bushels valued at $85,000.

Control of bitter rot demands careful attention to the application of

sprays before the disease appears. When it does appear sprays should

be supplemented by careful and thorou.gh hand-picking of diseased fruits.

Since the disease overwinters in the twig cankers, these should be cut out

of the trees wherever they are found.
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Brown Rot

Caused by Sclcrotinia c'uierea (Bon.) Schroet.

While very serious on peaches and plums, brown rot does not often

become either abundant or severe on apples. Its occurrence in Illinois

was noted by Clinton^ in 1902 and by Conel," in 1914. Very little dam-
age has ever been attributed to it in our state, though in rainy seasons it

may become very severe locally.

Its known occurrence in Illinois is shown on Map 49, which indicates

a greater frequency of occurrence in the southwestern tip of the state,

where its abundance is probably encouraged by the moisture present in

the valley of the Ohio and the Mississippi.

The methods useful in controlling brown rot are outlined under

peach brown-rot. (See p. 220.)

Powdery Mildew

Caused by Podospliacra Icucotricha (E. & E.) Salm.

Powdery mildew of apple is not a common disease. It appears as

a white, powdery coating on the under surface of the leaves, and occa-

sionally upon the leaf stems and on young twigs.

The damage from this disease consists chiefly in a stunting of the

leaves and an early leaf- fall.

Powdery mildew is apparently of rare occurrence in Illinois. Its

distribution, as known at present, is shown on Map 50.

The usual spray schedule is stifficient, tmder ordinary circumstances,

to keep it under control.

SooTV Blotch

Caused by Glocodes pomigcna (Schw.) Colby

This disease is very often found associated with the "fly-speck"

disease on apples. It differs in appearance, however, being diltuse and
causing a blotchy appearance over a considerable part of the surface of

the fruit. The chief injury is a disfiguration of the fruit.

The distribution of sooty blotch in Illinois is shown on Map .11. It

is known to occur, as the map indicates, in 19 counties, 17 of wiiich are

situated in the southern half of the state.

Varieties known to have been .severely affected include especially

Ben Davis and Grimes Golden. There is not, however, any apparent

distinction between varieties as to susceptibility. The disease appears to

develop commonly in damji situations or during moist seasons.

For control, the usual sjirays in July and August are helpful. In

orchards on low ground open pruning of the trees .serves to keep the

disease well controlled.

'Clinton. G. P. .\ppl<< rots in Illinois. III. .\ki-. Kxper. St.i. Bui. 69. 1902.
= riiiicl. .1. L. A stiiilv of tln' brown rot funeus In the vicinity ot Champaign

and I'rbana. Illinois. I'hyt.ii>:ith, 4: 9J. 1914.
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Fly-speck

Caused by Lcplothyriuiii pond (Mont. &Fr.) Sacc.

Fly-speck appears to be of common occurrence within the state. The
common name is descriptive of the disease, which appears as black

specks, usually smaller than a pin-head, on the fruit. It may also occur

on the twigs.

No actual damage is caused by this disease. Its only efifect is, in

serious cases, to mar the appearance of the fruit, thereby impairing its

market value to a certain extent.

Distribution within the state is shown on Map 53.

According to Colby ,^ when infections are severe enough to mar the

fruit, the specks can be removed by the use of Javelle water. This prac-

tice is probably advisable only in preparing the very finest fruit for the

market.

Crown-gall

Caused by Pseiidomonas tumefacicns E. F. S.

Crown-gall, known also under the names "crown knot," "hairy root,"

and "root knot," is common not only on apples, but on many other plants.

The disease is recognized in two common forms, as galls and as

hairy root. It is most common and most serious in nurseries; but the

rigid requirements of nursery inspection laws have prevented its serious

spread into orchards.

Its known distribution in orchards is shown on Majj 53. A
very much wider distribution in nurseries would be evident were it pos-

sible to bring together proper re])orts. Distrilnition in orchards is ap-

parent as a rule only when trees die and crown-gall is demonstrated upon

their removal to have been the cause of death.

Serious losses in nurseries from this disease and the doubtful serious-

ness of its efifects on older trees indicate a need for further investigation.

Canker.s

Bark cankers of apple are frec[uently met with in orchards. Among
those usually considered as diseases the following are known to occur in

Illinois:

Valsa canker {Valsa ambicns Fr.) has been found in Pike and De-

Kalb counties.

European canker (Ncclrui-dilissiina Tul.) is reported from Stci)hen-

son county.

Myxosporium canker {My.vosporiiim corticohtm Edg.) has been

found in Champaign county.

These cankers can be cut out with sterilized tools when seen, and
subsequent injury to the infected trees thereby avoided.

•Polbv. A. S. Sooty blotch of pomaceous fruits. Tran.'<. III. St. Acail. Sci. 13 •.

139-175. 1920.
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Leaf Spots

There are numerous leaf spots of apple which are of relatively com-
mon occurrence but which usually do very little damage. Among those

known to be present in Illinois is one caused by Coniothyrium pyriana

(Sacc.) Shel., which has been found in Champaign and Ogle counties,

and a second caused by Phoinopsis malt Rob., found in Union county.

The regular spray schedule is sufficient for their control.

Pear

Pear, so far as number of trees indicates, is the third most import-

ant fruit crop of Illinois. According to the census reports for 192o

there were within the state 54, .58.5 pear trees of bearing age. distributed

so as to include 21.3 per cent of the farms of the state. Pear culture is.

however, on the decline—a fact which is due in no small degree to the

serious efifects of the diseases to which it is subject. The number of

bearing trees in 1920 was nearly 11,000 less than in 1010.

Since 1912 the annual production has varied from 100,000 to 603,000
bushels valued at $270,000 to $T35,000. The ten-year average from 1012

to 1921, inclusive, was 397,000 bushels, for which an average price of

$1.24 is estimated, bringing the annual valuation of the crop up to $473,000
for that period.

The distribution of production, in bushels, according to the 1920
census, is indicated on Map 54. In general, production is massed in the

southwestern half of the state, and here there appear to be three centers:

(1) along the Mississippi north of its junction with the Illinois River.

including especially Adams and Hancock counties: (2) in the extreme
southwestern part of the state, along the Mississippi including especiallv

St. Clair, Randolph, Jackson, Union, and Pulaski comities: and (3) an
area of concentration practically confined to Marion county.

According to the data of the 1920 census the most important coun-

ties, mentioned in the order of their rank, are Union, Marion. Pulaski,

St. Clair, Jackson, Adams, and Hancock.

Blight

Caused by Bacillus amylovonis (Burr.) Trev.

This disease is the same as the fire-blight of apple and quince.

The history of pear blight in Illinois is better known than that of

any other disease. From discussions in the Transactions of the Illinois

Horticultural Society in 1802 it ajijiears that the disease had by that time

become wide-spread, generally recognized, and universally feared. For

vears it was the subject of nuich (li,scussion at horticultural meetings

within the state, and the fear was often expressed that unless .some means
of control were discovered it would shortly wipe out every orchard in

the state.
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This disease is now so universally known that no description of it

should be necessary. An enumeration of its various names, such as
blight, pear-blight, fire-blight, blossom-blight, blight-canker, spur-blight,

etc., will serve as an identification of the disease even to the inexperienced
orchardist.

As the various names imply, pear blight attacks leaves, twigs, flowers,

fruit, and even large branches and trunks. One reason for its extremely

serious effects upon the pear tree is its ability to cause trunk-cankers

which girdle trees and result in their death.

Losses from pear blight are great—so great that to term this dis-

ease the one limiting factor in the growing of pears in Illinois is not an
exaggeration. Losses result annually in crop reductions, but the injury

to trees is often so severe that its efifects impair the quantity of the crop
through many subsequent seasons. Anderson* estimates that losses from
blight average annually in the United States 25 per cent of the potential

bearing power of the trees. Pickett" places the loss from this disease

on the fruits mentioned at $5()0,()(1() for 1 county and at $1,500,000 for

the entire state, and reports that southern Illinois is more aflfected than

northern.

Estimates of crop reductions caused by this disease in Illinois in

1922 and 1!)23 are shown in Table 37. In the former year the reduction

of 5 per cent was equivalent to 26,800 bushels valued at $2G,800, and in

1923 the crop reduction of G per cent was equivalent to 19,000 bushels

valued at $i:,S()0.

The distribution of pear blight in Illinois is shown on Map 55. It

occurs from the northern to the southern and from the eastern to the

western boundaries of the state and is known in all but 27 counties, the

majority of which produce very small pear crops.

In Table 38 are shown the results of field examinations made in 28

orchards in 1922. These orchards were located in 25 coimties. From
the table it appears that 50 per cent of the trees showed infections in-

volving 1().9 per cent of the branches on each tree. This is equivalent

to 8.5 per cent of all the branches on all the trees, and represents the dam-

age done to the trees in a single season of rather mild disease. It is not

to be supposed that this injury was uniform on all branches, for injury

to branches varies greatly. Such infections, however, usually involve a

com]3lete loss of the fruit which would have been produced, and give rise

in many cases to cankers in the body of the tree, which may persist from

year to year. Such "hold-over" cankers j^rovide an abundance of ma-

terial for bringing about new infections the following season. Moreover,

the annual enlargement of these cankers usually results in the eventual

death of large parts of the tree.

During the .season of 1923 similar examinations, summarized in

Table 39, were made in 10 orchards aggregating 131 acres, and distributed

• Anderson, H. W. Diseases of nlinols Kiuits. Ml. AKr. Exper. Sta. Clrc. 241 : 71.

1S20.
'PIckell, B. S. Tlic UllKlit of Apples, I'ears and Quinee-s. III. Afir. EJxper, Sta.

Circ. 172. 1914.
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among 9 counties. Practically 100 per cent of the trees were infected
with blight, which involved an average of 43.1 per cent of the branches.

No satisfactory means of control is known but. as in the case of
apple fire-blight, cutting out diseased twigs in young orchards and elimi-
nating hold-over cankers in old orchards are helpful. .\ certain amount
of freedom may be secured by planting relatively resistant varieties, such
as Kieffer, Duchess, Koonce, Anjou, Seckel, Vermont Beauty. Garber, and
Lincoln. However, even these varieties are so susceptible to attack that

only the closest attention to the orchard will prevent extremely serious

losses.

Le.\f Blight

Caused by Fabraca maculata (Lev.) Atk.

This disease of the pear is second in importance to pear blight.

Though common, it is not often sufficiently abundant to cause serious

damage. It is limited for the most part to the leaves, where it causes

circular spots, at first carmine-red, later developing a brown center bear-

ing a single black spot. Similar spots are occasionally produced on the

fruit and on the twigs. Severe infections result in serious defoliation.

As a rule the loss caused bv this disease is small. Epidemics are

rare, and fruit is seldom infected. The disease should not be confused,

as the name indicates that it might be. with pear blight.

The earliest known occurrence of it in Illinois was in L'nion county

in 1912. Its present known distribution is shown on Map 5fi.

The prevalence of leaf blight in orchards and its importance as a

disease w-as illustrated by examinations made in 12 orchards in 1922.

Among some 400 trees 33 per cent were infected and 49 per cent of the

leaves were diseased.

Control of this disease is obtained by the use of the usual sprays.

Scab

Caused by I'cntiiria pyr'ina Aderh.

Scab is not of common occurrence in Illinois. In appearance it is

similar to the scab of ap]iles and is caused by a similar fungus.

Its known occurrence in the state is shown on Map .37, which indi-

cates a wide' distribution. It has not appeared commonly, however, in

the important pear-producing regions. The S counties in which it is

known to occur are widely separated but, with the exception of Jackson

county, lie outside of the areas of intensive culture.

Injury by this disease to leaves and fruit, as in the case of apple, con-

stitutes its chief menace. Control is accomplished with the usual sprays.

Black Rot

Caused by Physalospora cydoniac Arn.

This disease is identical with the black rot of apples but it is not of

such common occurrence, nor apparently so serious, on the pear.
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It is known to occur, as sliown on Map 58, in seven counties, four of
which lie within the northern third of the state. Its occurrence in Ran-
dolph and Jackson counties, in the southwest, brings it within the inten-
sive pear-producing region and indicates the possibility of severe loss

under certain conditions.

Le.af Spot

Caused by Mycosphacrclla scutiiia (Fr.) Schroet.

Leaf spot is a disease which is often- confused with the leaf blight

previously described. It is distinguishable, however, by its more angular
spots, which are usually brownish, with, at later periods, grayish centers

bearing several small black dots. It does not occur on the fruit or twigs.

Leaf-spot attack results in the early falling of leaves; hence it is of im-

portance in nurseries, where serious infections may materially interfere

with the proper development of young trees.

The first report of this disease in Illinois was made by Burrill in

1912, when he recorded its occurrence in Union county. Its distribution

as known at present is shown on Map 5!), but it probably has a much
wider occurrence than the map shows.

Control, when necessary, is gained by the use of the usual sprays.

Quince

This fruit is not grown commercially to any great extent in Illinois.

For the most i)art single trees, or a few trees at the most, are maintained

to supply the home table.

ihe diseases of the quince important in Illinois are few, and prob-

ably result in greater losses than would be the case were trees maintained

in well-cared- for commercial plantings. The following are known to

occur in Illinois.

Leaf Blight

Caused by Fabraca maciilata (Lev.) Atk.

This disease is the same as the leaf blight of pear, but its effect on
quince is much more marked and constitutes the chief cause of loss from
disease. In appearance it is similar to pear leaf-blight, but it is much
more commonly found on the fruit of quince, where severe infections

cause marked distortion. On twigs the spots are elongated, and they

frequently cause the death of the twigs by girdling.

Leaf blight is known to occur in Illinois in eleven counties, nine of

which lie in the southern tip of the state, as shown on Map 60. The twc
central counties, indicate a possible northward extension of the disease

under favorable conditions.

Control is had by the application of lime-sulfur spray, as for pears.



218

Fire-Blight

Caused by Bacillus aniylovorits (Burr.) Trev.

Fire-blight of quince is caused by the same bacterium as fire-blight

of apple and pear blight. It is usually fairly common, but is less severe on

quince than on the other fruits.

Its presence in the state has been recorded from time to time, and .

its present known occurrence, as shown on Map 61, gives it a distribution

practically co-extensive with the observed cultivation of the quince.

Injury to uncared-for trees may often be very serious, but a careful

pruning-out of diseased parts as they appear will prevent its spread as

will also the elimination of hold-over cankers.

Powdery Mildew

Caused by Podosphacra oxyacanthac (DC.) De Bary

Powdery mildew is one of two rather uncommon diseases of quince

in Illinois. It appears as a whitish powder covering the upper side of

the leaves and often extending down the leaf-stems. Under favoring

circumstances the mildew may result in severe leaf-injury, accompanied

by early and damaging leaf-fall.

The first collection of this disease was made by G. P. Clinton in Sep-

tember, 1894, presumably in Champaign county. It was found in 1922

in Coles and Edgar counties, where severe infections were seen on a few
trees. Its present known distribution is small, as shown on Map 62.

Rust

Caused by Gyuinosporangiutu gcrtninalc (Schw.) Kern

The rust of quince is similar in appearance to apple rust, and is

caused by a similar fungus. It is not known to occur commonly in Illi-

nois, but it is a much more serious disease than the apple rust because it

attacks especially the fruits and twigs.

Quince rust was found in Hardin county in 1919. and this consti-

tutes the only record of its occurrence in the state.

As with apple rust, control is to be had through the eradication of

near-by cedars.

MlSCELL.\NEGUS DiSE.ASES

The quince, which is closely related to the apple and the pear, is sub-

ject to the attack of several diseases commonly found on those fruits.

Among these should be noted especially black rot. bitter rot, brown rot,

crown-gall, and bark cankers.

None of these have so far been found on quince in Illinois with the

exception of a bark .canker caused by the fungus Valsa Icucostoma

(Pers.) Fr., which was found in 1919 in Tazewell county.
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Peach

Peaches constitute one of the most important fruit crops of Illinois.

Though the production of large crops is dependent upon favorable
weather, the average annual production is large and of considerable value.

Map 03 shows the status of peach-])roduction in Illinois in l!)li), as

indicated in the Census Reports of 1 !)•.'(); Map (>4 shows the distribution

of peach trees in the state in 192;? according to later U. S. Census figures.

The area of greatest production lies generally in the southern half of the

state below a line drawn east and west along the northern boundary of

Pike county. Within this region peach-production is intensified in cer-

tain areas. One such area is along the Mississippi from Pike county
south through St. Clair county. A second includes especially Marion
and Jefferson counties, and a third the three extreme southern tiers of

counties. This last area is by far the most important, since it includes

Union county, with its tremendously large production, and Jackson and
Johnson counties. Union, Marion, and Jackson are the most important

peach-producing counties in the state.

According to the ]!)2() census there were within the state a total of

1,851,037 peach trees, of which 1,011,325 were reported to be of bearing

age. Many of the remaining 800,000 and upwards will have come into

bearing since then, and it is probable that the regions of important pro-

duction will have been altered so as to correspond more directly with tree

distribution, as shown on Map Gi. In general, the large commercial area

remains the same, but with a marked northward extension along the

Illinois River. The total number of trees is reported to be distributed

over 55,908 farms or 23.6 per cent of the farms of the state.

During 1912-1921, inclusive, the peach-production of the state ranged

from 70,000 bushels (valued at $281,000) in 1921 to 1,998,000 bushels

(valued at $2,297,000) in 1913, the yearly average for the decade being

estimated at 724,500 bushels, valued 'at $1,543,000.

Hkown Rot

Caused by Sdcrotiiiia ciiicrca (Bon.) Schroet.

This disease, though sometimes attacking pomaceous fruits, is ])ri-

marily a disease of the stone fruits. It is by far the most serious peach

disease in Illinois and is nio.st injurious to the fruit, causing large losses

not only in the orchard, but also when the fruit is in storage or in transit.

Under favorable circumstances the brown-rot fungus may cause a blos-

som-blight and a twig-blight; and less fre(|uently, cankers on limbs.

The early history of this disease in Illinois is not known, I'rubablv

it is coextensive with peach-growing. Piurrill recorded its occurrence in

1911 in 3 counties, Chamjjaign, Montgomery, and LInion, with the note

that there was little injury that season because of unfavorably dry
weather.
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The known distribution of brown rot of peaches in Illinois, is as

shown on Map 65. It appears to be general over the southern tip of the

state, including the counties important in commercial peach-production.

Northward, distribution is more scattered, covering in a general way the

territory between the Illinois and Mississippi Rivers. Toward the east,

an irregular distribution occurs in six counties which lie along the tribu-

taries of the Illinois and Wabash Rivers. It is probable that brown rot

is even more wide-spread than has been recorded.

Estimates of crop reductions from brown rot for 191T-1923, and
reproduced in Table 40, vary from none in 1918 to 12 per cent in 1917,

equivalent to 50,000 bushels valued at $97,000. These amounts represent

the loss in orchards, and do not include the tremendous losses which often

occur between the harvesting of the crop and its ultimate disposal to the

consumer.
An examination in 1922 of 32 orchards of varying size, scattered

uniformly through 24 counties, indicated an average infection of 17 per

cent of the trees and nearly 15 per cent of the fruit. Field notes of

1923 show that in 9 orchards the average of infected trees was slightly

more than 62 per cent, with infected fruit averaging 26 per cent.

Control of brown rot is often difficult, since an outbreak may occur

whenever sufficiently wet weather comes on. Twig and blossom blight

is especially to be expected in damp springs and serious fruit infection

may appear any time during the season during damp warm weather. The
application of proper sprays should therefore be made with particular

reference to predicted weather conditions. Assiduous adherence to such

a schedule may reasonably be expected to do away with the considerable

losses which might otherwise occur.

Leaf-curl

Caused by Exoasciis deforni<ins (Berk.) Fckl.

This disease is probably second to brown rot in destructiveness to

peaches. It is confined to the current year's growth, aflfecting leaves,

twigs, and blossoms. The leaves appear thickened along the veins, caus-

ing the blade to become folded, wrinkled, and puffed, and the edges to

curl in on the under side. Ultimately the leaves turn yellow and fall

from the tree.

The early history of this disease in Illinois is not known. It was

reported by Burrill to have occurred in Champaign county in 1890 and

in Champaign and Livingston counties in 1911. The extent of its prev-

alence as now known is shown on Map 66, which indicates its occurrence

in 62 of the 102 counties of the state. The area of most common occur-

rence lies along the northern boundary of the region of commercial peach-

production and this fact lends color to the belief that this is a northern

disease. It should be remembered, however, that leaf-curl is very readily

controlled and that its apparent common distribution on the northern edge

of the commercial district may result from a more perfect control south-
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ward and also from the presence of an increasing number of private
plantings northward in which disease-control is not practiced.

The abundance and severity of leaf-curl on peach may be illustrated

by notes from the observations made in 1933.

"In Pike county, in a one-acre block of Lemon Clings all were in-

fected and suffering considerable defoliation. A ten-acre tract of Belle

of Georgia and Champion showed a large amount of infection, with de-
foliation of 10 to 15 per cent on the Belle of Georgia. In Edwards
county a one-acre orchard of Elbertas showed 10 per cent of the leaves

infected, and a two-acre tract of Hales 50 per cent of the leaves infected."

The use of resistant varieties is helpful in controlling this disease,

At least, an effort should be made to avoid the planting of susceptible

varieties, such as Lemon Cling and Belle of Georgia. Less susceptible,

but still remarkably subject to infection, are the Elberta, the Hale, and
the Carmen.

Further control is readily accomplished in most cases by the appli-

cation of the customary dormant lime-sulfur spray, with especial atten-

tion given to thoroughly coating the buds.

Bacterial Shot-hole

Caused by Pseudomonas pruni E. F. S.

This constitutes the third important disease of peaches in Illinois,

It affects both the fruit and twigs, but is especially noticeable on the leaves,

where it appears as small spots, at first light colored but later becoming
darker and eventually turning brown. Ultimately the spots separate from
the leaves and fall out, giving the characteristic shot-hole appearance.

Serious infection causes defoliation. On twigs spots are formed which

turn dark and may kill the twig. Small purple spots, usually not more
than 1/1 (J of an inch in diameter, are produced on the fruit, the skin

cracks, the appearance of the fruit is marred, and it is made especially

susceptible to attack by brown rot.

The history of the bacterial shot-hole as a serious peach disease in

Illinois dates back only to 1!)15. According to Anderson' it was observed

near Centralia in litT-i. Since that time it has been widely observed, and

is a disease needing careful attention for its control.

Its distribution as indicated by specimens collected in 1922 and 1923

is shown on Map GT, which indicates its occurrence in 82 counties

There appears to be no marked fluctuation in its severity from year

to year. A crop reduction of 2 per cent was estimated for 1922 and 1923.

In the first year this amounted to 22,000 bushels valued at $38,000 and

in the .second year to 14,000 bushels valued at $3(),00().

Infection is very general where it has been observed to occur. In

20 orchards examined during 1923 in 12 representative counties and

covering 1002 acres, 92.2 per cent of the trees were affected by this dis-

> Diseases of Illinois Fruits. HI. Acr. lOxpi-r. Sta. Circ. 211: 90. 1920.
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ease, diseased areas were found on an average of 31.-1 per cent of the

leaves, and the amount of infected fruit varied from 10 per cent to 45 per

cent.

The fact that this disease is caused by a bacterium renders it difficuh

to control, and spraying seems to have little etTect. Cultivation and the

application of fertilizers, especially sodium nitrate, which tend to increase

the vigor of the trees, are etTective in holding it in check.

Scab

Caused by Ckidosporhim carpophihtm Thuem.

Scab of peaches, also known as "freckle," is a very common disease

in Illinois and is probably more disastrous in its effect than is usually

supposed. While attacking leaves and twigs to a certain extent, it is

primarily a disease of the fruit. Usually it appears on the exposed side

of the fruit and is often considered as a natural reaction to sunshine

—

hence the name "freckle." Serious infection, however, results in mis-

shaped, unevenly ripened fruit. Cracks often appear which reach to the

stone of the peach. The fruit is thus rendered unsuitable for ready

marketing and is also made more liable to brown-rot injury and internal

breakdown.
The early history of this disease in Illinois is not well known. The

earliest record of it is a specimen collected by F. S. Earle in Union county

in 1881.

During 1922 and 1923 scab was found to occur in -Hi counties, the

distribution of which is shown on Map (58. It occurs most commonly in

the south quarter of the state. Occurrence northward is nuich more
scattered and irregular, and reaches only to Carroll and Ogle counties.

The prevalence of scab is illustrated by an examination, in 1923, of

12 orchards, distributed among six counties. Infection was found on

8G.7 per cent of the trees and involved T9 per cent of the fruit produced

in the 12 orchards. The apparent damage caused by fruit infection varied

greatly in the several orchards and various expressions concerning its

frequency occurred in the notes as follows : great, 5 times : much, 3

times ; some, 2 times ; little, twice. Of the 88 acres reported on, great

damage was found on 54, much on ?, some on 23, and little on 4. In

reports showing much to great injury to the crop, mention is made re-

peatedly of the quantity of fruit cracked and deformed. Where injury

was less it consisted chiefly in a lesser degree of deformation and spotting

of the fruit which detracts from its appearance and makes it unsalable

as of the first class.

Control of peach scab consists j^artly in the use of resistant varieties

and partly in the use of a well-apiilicd spray. Early Crawford.IIiley,

and Carmen are commonly thought to be most resistant, with Elberta,

Hale, and Belle of Georgia next. These varieties, however, may nut al-

ways be suitable to the needs of the grower, who nuist then depend upon

his' sprays for control. As infection begins when the petals have been
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off the tree about a month the first appHcation of lime-sulfur spray should

be made three to four weeks after petal-fall. Subsequent applications

of this spray for the control of brown rot serve also to control scab.

Die-back

Caused by P\ilsa Icncostoma (Pers.) Fr.

Of lesser importance than the preceding diseases is die-back. It

occurs on the trunk and limbs but is especially a disease of the twigs.

Infection of buds, and of twigs through wounds, occurs during the

growing season, and is followed by tiie death of the twigs, which, during

the season following, may be killed-back for four inches or more.

The distribution of die-back of peaches in Illinois is indicated on

Map 69, where it is shown to occur in 11 counties widely scattered through

northern Illinois, and in one couniy in southern Illinois.

Spraying does not appear to control die-back satisfactorily, though

it does lessen the amount of the disease. It is imjxjrtant to cut out care-

fully all parts showing evidence of infection.

Minor Dise.xses

Besides those previously noted, there occur in Illinois several jieach

diseases which do not materially affect either the welfare of the tree or

the quantity or quality of the crop.

Leaf spot, caused by Ccrcospora circiiinscissa Sacc, has been found

in Champaign and Marion counties. It is not known to be widely dis-

tributed, or common where it does occur.

Frosty mildew, caused by Ccrcospora pcrsica Sacc, appears as a

yellow leaf-spot, the under side of the spots having a frosty appearance

from the spore-bearing hyphae of the fungus. This disease is reported

to have been found in Illinois previous to 188.5, by F. S. Earle,' and it

was found in Union county in 1881 by A. B. Seymour. These early re-

ports constitute all that is known of its occurrence in this state.

Apricot

The apricot is not grown extensively in Illinois. It is nevertheless

subject to the attack of a number of diseases, several of which are the

same as, or similar to, those affecting peach, ])lum, and cherry, and, in

general, control is secured by the same means. Those known lo occur

on apricot in Illinois are the following:

Scab, caused by Cladosporium carpopliiliiiii Tluiem., was found in

Boone and Schuyler counties in 1922.

Bacterial shot-hole, caused by Pscudomouas pritiii E. F. .S. has

been found in Coles, Monroe, Hardin, Fdgar, .Massac, Saline, and Ran-

' Ellla, J. B., and EVtrhait. B. M. Jouin. Myo. 1 : 56. 1S8B.
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dolph counties, all in the southern half of the state and most of them
in its tip.

Brown rot, caused by Sclcrotinia cinerea (Bon.) Schroet., has been

found in Schuyler, Bond, and Fulton counties.

Plum

Although commercial production of this fruit is not practiced ex-

tensively in the state, most farms have one or more trees which supply

the home table, and not infrequently small orchards which supply local

markets.

Many of the diseases of the plum are the same as those attacking

the peach. Others which attack plums attack cherries also.

Browx Rot

Caused by Sclcrotinia cincrca (Bon.) Schroet.

Brown rot of plum is simjlar to the brown rot of peach, and is

caused by the same fungus. It is the most important plum-disease oc-

curring in the state, and for several years past has caused an average

annual crop-loss estimated at five per cent.

Its distribution in Illinois is shown on Map TO. It is known to

occur in 50 counties, distributed in all parts of the state.

Brown rot appears to be a disease more serious on plum than on
peach. Its severity is illustrated by an examination of 395 trees made in

21 counties in 1922, where it was found on 43.9 per cent of the trees, and
8.8 per cent of the fruit. A similar examination in 1923 of 83 trees in

8 well distributed counties showed that an average of 94.1 per cent of

the trees were infected and 50.5 per cent of the fruit diseased.

The fruit loss, however, is not the whole story for the brown-rot

fungus causes a twig and blossom blight which does notable damage
each year. In 1922, instances were common where from 10 to 30 per

cent of the young twigs were killed.

Brown rot of plum is controlled like that of peach by the use of

sprays, but ov^'ing to the unusual seriousness of the plum disease, ex-

treme care must be taken to apply them thoroughly.

Leaf Blight

Caused by Coccomyces pnitiophorac Higg.

Leaf blight is, next to brown rot. the most common disease of plum
in Illinois. Its injury apjiears limited to the leaves, on which it causes

round, discolored spots, rather definitely limited in size. The spotted

tissue eventually falls out of the leaf, giving it a "shot-hole" appearance.

and serious defoliation often results.
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The known occurrence of leaf blight in Illinois is shown on Map
71. It has been found in 56 counties widely distributed over the state.

Loss from this disease is difficult to estimate, but it was less than 1

per cent in 1923 and about 1 per cent in 1923. The field notes for 1923
indicate that of the plum trees examined in 9 counties 100 per cent were
afTected, each tree having more than 90 per cent of its leaves spotted by
this disease.

Control of leaf blight is obtained by the use of the usual sprays,

though in this case the addition of lead arsenate to the lime-sulfur in-

creases its effectiveness, while a further addition of iron sulfate (1^4
pounds to 50 gallons of spray) lessens the injury to the foliage.

Bl,ACK-KN0T

Caused by Dibotryoii morbosum (Schw.) T. & S.

Unique among the diseases of stone fruits is the black-knot of plum,

in that it is wholly confined to the woody part of the tree, and the injury

which it causes is permanent.

It first appears on young branches, where it causes knots up to six

inches in length and half an inch in diameter. The knots are usually on
but one side of the twig, though they often completely encircle it. They
are at first greenish and quite soft but later become black and hard.

The history of black-knot in Illinois, so far as known, dates from
the year 188", when it was found at Edgewood, Efifingham county. In
1898 it was reported from Clark county, in 1899 from Marion and Stark

counties, in 1900 from Cook and Madison counties, and in 1903 from
Edgar countj'. The majority of these early collections were presumably
from nurseries, as they are among the collections of the State Nursery
Inspector. In 1911 Burrill reportefl the disease in Champaign, Clark,

and Montgomery counties, with the notation that it was serious locally.

In 191.3 he added Bond, Coles, and Crawford counties to the list, saying

that black-knot was common in the last two.

The distribution of black-knot as known at the present time is shown
on Map ?2. It is known to occur in only 21 counties, few of which are

in the northern part of the state.

The best protection against the losses which black-knot causes, lies

in the use of resistant varieties, among which the Wild Gocse is pre-

eminent. With other varieties constant watchfulness is necessary to in-

sure cutting out all knots as soon as they are recognized. Badly affected

trees are beyond hope and had better be cut down at once. Spraying is

not effective.

Scab

Caused by Cladosporium carpophilum Thuem.

Pliuii .scab is apparently of rare occurrence in Illinois. L'p to the

]jresent tinie it has been found in only three counties along the northern
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boundary of the state—Jo Daviess, Stephenson, and Winnebago. The
DeSoto variety appears to be most often diseased.

Bacterial Shot-hole

Caused by Pscudomonas primi E. F. S.

This disease, which is the same as the bacterial shot-hole of peach,

causes serious damage to both the leaves and the fruit, and produces

cankers on the twigs. On the whole the disease appears to produce more
serious effects on the plum than on the peach. It is not. however, so

common or abundant on the plum, possibly because the more immune
varieties, the Americana and Wild Goose, are among those most com-
monly grown. Japanese varieties are very susceptible.

The distribution of this disease appears at the present time to be

limited to southern Illinois. It is known to occur in 13 counties as

shown on Map 7;5.

Control measures are the same as for peach shot-hole (p. 222).

Leaf-curl

Caused by Exoasciis mirabilis Atk.

Recently there has appeared in Illinois a disease of plum not pre-

viously known in the state, best described under the name of leaf-curl.

Infection, which appears to take place in the bud or when the branch is

still very young, results in a marked distortion of leaves, dwarfing and
distortion of the twig, and eventual death, of the part diseased.

The known occurrence of this disease in the state is shown on Map
74. It is not yet commonly distributed, but it has a wide range and the

damage it causes is often serious. So far as observations go it appears

to be rather definitely limited to the Wild Goose group of plums.

It can be controlled in some measure by means of the usual sprays,

but their use should be supplemented by pruning out diseased parts,

taking particular care to cut a considerable distance below the manifest

injury and to have the tools thoroughly disinfected.

Cherry

Cherries like plums are not extensively cultivated in the state on a

commercial scale but they are grown almost everywhere to su]iply home
tables and local markets in season. On this account diseases of the cherry

are the more common and serious for isolated trees or small orchards

usually receive less care than commercial plantings.

Powdery Mh.df.w

Caused by Podox/'iMcra oxyacaiillmc (DC.) De Bary

Cherry is the only one of the Illinois fruits that is commonly sub-

ject to attack by a jxiwdcrv mildew. Iv'irly in June, wiiite, powdery
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spots appear on the under side of the leaves and rapidly increase in size

and number thereafter until they cover the entire under surface. The
leaves then begin to curl ujjward and inward and similar patches of

jiowdery mold appear on the twigs.

The damage from this disease results from interference with the

functioning of the leaves, and the injury done by the fungus causes early

defoliation and a marked stunting of diseased twigs.

The history of powdery mildew on cherry in Illinois reaches back

to 1881, when it was found in McHenry, Rock Island, and Piatt counties

by A. B. Seymour. In 1883 Seymour found it in Adams and McLean
counties. It was reported in Ogle county in 1888 and 1890, in Kankakee
county in 189!), in Union county after 1880 by F. S. Earle, and in Cham-
paign county in 1893, 1897, 1911, and 1919. These early reports show
its occurrence in nine counties, eight of which lie within the northern

half of the state.

As a result of the surveys made in 1921, 1923, and 192:1 powdery
mildew is now known to occur on the cherry in 65 counties as shown on

Map T5. These counties may be roughly divided into two groups, lying

respectively in the southern tip of the state and the northern half. Be-

tween these groups is a considerable area in which this disease has not

yet been found.

Control of this disease is usually satisfactory if the ordinary lime-

sulfur spray schedule is followed. If special control measures become
necessary, it is best to use sulfur dust. Because powdery mildew is a

superficial disease, dusting is effective even when begun after it has made
its appearance.

Brown Rot

Caused by Sclcrotiiiin cinerca (Bon.) Schroet.

The brown rot of cherry is the same as the brown rot of peach and

plum. In Illinois, however, the abundance of sweet cherries explains the

rare occurrence of the disease, since they are less susceptible to its attack

than sour cherries.

It is known to occur in 1 4 counties, widely distributed over the state,

as shown on Map 7(!. It is somewhat the most common in southern

Illinois.

Leaf Blight

Caused by Coccoiuyccs liicmalis Higg.

This leaf blight is similar to leaf blight of the i)lum and is caused

by a similar fungus. It is, in Ulindis, the most serious of the diseases to

which the cherry is subject.

In late May or early June small, purplish, irregular or angular spots

appear on the leaves, which, when badly s])Otted, turn yellow and fall off.

Severe defoliation, which is by no means uncommon under Illinois con-

ditions, results in a serious weakening of the tree.
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Leaf blight of cherry is known to occur in 84 counties. Its distri-

bution, as shown on Map ?T, indicates a wide-spread and common occur-

rence in all parts of the state.

It was estimated to have causeed a 1 to 2 per cent crop-loss during

the seasons of 1922 and 1923.

Its control is relatively easy, by the use of either lime-sulfur or

Bordeaux mixture just after the petals fall and again about two weeks
later. If lime-sulfur is used lead arsenate and iron-sulfate should be

added.
The black cherry, Prunus scrotina Ehrh., which has been commonly

domesticated, is subject to a leaf blight very similar in appearance to

the preceding and caused by a similar fungus (Coccomyccs liitescens

Higg.). Its known distribution in Illinois on black cherry is shown
on Map 78.

Bacteri.\l Shot-hole

Caused by Pscudonionas pruiii E. F. S.

This disease is similar to the disease of the same name on peach

and plum, and is caused by the same bacterium. It has been foimd on
cherries in Saline county, in the southern part of the state, and in Kiio.\

county in the northern part.

Grape

Grape-growing on a commercial scale is not general in Illinois but

it has been developed in more or less restricted areas. Xevertheless,

there are to be found in the neighborhood of every town of any size one
or more growers who cater to the local market, and it is unusual indeed

to find a farm which does not have one or more vines producing grapes

for home consumption. According to the 1920 census there were
l,(f42,527 grape-vines of bearing age in the state, yielding a crop of

10,339,018 pounds in 1919. In addition there were 180,172 vines not yet

of bearing age. The distribution of these vines in the state is shown on
Map 79.

Concentration of grape-production on a commercial basis occurs

especially in territory adjacent to large cities ; near Cairo in the south.

St. Louis in the southwest, Springfield, Rloomington, and Peoria in cen-

tral Illinois, La Salle and Chicago farther north, and Rock Island and
Moline in the west. The region of greatest production in the state, is

not, however, so related. This is the region surrounding Xauvoo, in Han-
cock county, where nearly 25 per cent of the vines of the state are located

and where in 1919 more than 20 per cent of the entire crop of the state

was grown.
Aside from the strictly commercial concentration of gra])e-growing

in certain regions, production is more or less general over the entire

state. There is no community in which the grape crop does not have

some importance, and its total value is undoubtedly great.



329

Black Rot

Caused by Guignardia bidzvcllii (Ell.) V. & R.

Black rot is the most important grape disease in Illinois. While it

attacks all above-ground parts of the vine, it is most commonly seen as

a fruit rot and leaf spot.

On the fruit it first appears as a small white spot, which is soon sur-

rounded by a brown ring. The fruit beneath the spot becomes rotten,

and small black dots appear upon the surface of the spot. Eventually

the entire fruit rots and shrivels to a small, dark mummy. The black-

rot leaf-spot appears as a brown, more or less circular spot with a darker

margin. In late summer it bears minute black dots on its surface. Stem
lesions are charaterized by a dead brown area over which are scattered

tiny black dots.

The history of thjs disease is extensive. It is reported to have been

present in destructive amounts in Madison county as early as 1861, and

references are made in the Transactions of the Illinois Horticultural So-

ciety to a grape disease, probably black rot, which appeared from time

to time in Champaign, Hancock, and Madison counties.

Its present known occurrence in the state is shown on Map 80. The
63 counties are so distributed as to indicate that it has a state-wide distri-

bution.

Control is secured in this and other diseases of grapes by the care-

ful and thorough application of sprays.

DowNv Mildew

Caused by Plasmopara vlticola B. & C.

Downy mildew is probably second in seriousness among grape dis-

eases occurring in Illinois. It is especially a leaf disease, but also at-

tacks young stems, fruit, and leaf-stems. On the leaves it appears as

white mildewed spots on the lower surface. The leaves first take on a

slightly water-soaked appearance where the mildew occurs, and as the

spots enlarge they curl ujiward and inward and are eventually killed.

Disea.sed flowers do not set fruit ; and fruit, when attacked, either shells

off from the vine or dies and becomes mummified.

The history of this disease in Illinois dates back to 1882, when it

was collected by A. B. Seymour at Fall Creek, Adams county. A later

collection was made by G. P. Clinton at Urbana in 18!)2, and Burrill re-

cords its occurrence in Chami)aign county in 1912 and 1913.

Its present known distribution in the .state is shown on Map 81. Its

occurrence has been demonstrated in 30 counties, with a very irregular

distribution suggesting a wide range of occurrence for the disease.

Control is accomplished through the usual sprays.
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Anthracnose

Caused by Gloeosporium ampelophagum (Pass.) Sacc.

Anthracnose, a disease of lesser importance on grapes in Illinois, at-

tacks all green parts of the vine, but especially the young shoots, berries.

leaf stalks, and berry stems. On shoots and other stem parts it causes
small reddish brown, somewhat sunken spots, which enlarge to an oval,

with a gray and noticeably sunken center. Spots on berries first appear
round and dark brown, but are later surrounded by a bright red ring,

giving them a marked bird's-eye appearance. The attacked berries even-
tually rot.

Anthracnose has probably been present in Illinois ever since grapes
have been grown in the state. Evidently, however, it has been confused
with black rot, so that early reports found in the Transactions of the

State Horticultural Society are not definite enough to be dependable.
The present known occurrence of anthracnose is shown on Map 82.

Of the 18 counties in which it is known to occur all but threp lie in the

northern half of the state. The relatively unimportant nature of this

disease to the commercial producer is apparent from the fact that, with
the exception of the grape regions in Madison, Sangamon, and La Salle

counties, anthracnose has not been found in the important grape-growing
centers. Its known range in the state appears, from our present infor-

mation, to be strikingly northern.

A partial explanation of the absence of anthracnose from commercial
regions is to be found in the fact that the Concord grape, so commonly
grown in Illinois, appears to be markedly resistant.

Where special effort is necessary to control this disease, the usual

program of summer spraying, supplemented by a dormant spray ( lime-

sulfur, 1-8), will be found satisfactory.

Powdery Mildew

Caused by Uncinula necator (Schw.) Burr.

Powdery mildew, like the downy mildew, is chiefly a leaf disease, but

differs in that it is caused by a fungus which is almost entirely super-

ficial. All young parts of the vine are subject to attack. Whitish,

powdery spots appear on the leaves. As the spots grow larger they cause

a stunting of young leaves, and older leaves curl upward and eventually

die. Mildewed blossoms fail to set fruit, and diseased berries either shell

of? or are badly deformed or cracked.

It is thought that powdery mildew shares with the downy mildew
the place of second importance among grape diseases in Illinois, but ob-

servation on distribution and severity are not yet sufficient to show its

relative importance clearly,.

The earliest definite record of this disease is a collection niade at

Cobden, Union countv, in 1881. Anderson collected it at Urbana, Cham-
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paign county, in 1921. BurrilF records its presence in Wabash, Union,
and Champaign counties.

The present known occurrence of powdery mildew on cultivated

grape is shown on Map 83 to include 8 counties, but it is probably much
more widely distributed.

The usual sprays suffice for its control.

Brambles

The brambles include raspberries, blackberries, loganberries, and
dewberries. Commercial production of these fruits, while of consider-
able importance for the state, is not scattered uniformly over the state,

but appears to be localized in small areas of concentrated production.
All the brambles are subject to the same diseases, but one disease

may commonly be severe on one bramble and mild on another. These
diseases will, therefore, be discussed from the standpoint of the disease

rather than the host, with appropriate notes on susceptibility under each.

Anthracnose

Caused by Plcctodiscclla vencta Burk.

Anthracnose is especially a disease of the raspberry, although black-

berries, dewberries, and loganberries are subject to it; but besides the

raspberry only the blackberry appears to suffer from it severely.

Anthracnose appears at first on the canes as small, purplish, slightly-

raised spots which increase in size, their centers becoming cracked and
dull gray. They are usually oval with a raised purplish border, but when
numerous they grow together, forming large, irregular, grayish cracked
areas on the canes. Similar spots occur on the petioles, leaf ribs, and
berry-stems ; and more rarely small purplish spots appear late in the

season on leaves

Damage done by anthracnose is limited almost entirely to canes, but

by direct injury to them the entire plant is weakened. Losses from
this disease have been variously estimated. Anderson- re])orts that in

1908 the loss was 8 per cent of the crop. In 1923 it was estimated at

3 per cent.

The earliest Illinois record is in a collection made by Charles

Wheeler'' at I-lvanston, Cook county, in IcS.Sj. Another collection was
made by F. S. Earle in Union county in 1884.

At the i)resent time the disease is known to occur in 45 counties,

most of which lie in the northern half of the state, as shown on Map 84.

Anthracnose appears, however, to have an extensive distribution, includ-

ing all parts of the state, and an examination of gardens would undoubt-
edly show its occurrence in every one of our 102 counties.

'Bui. 111. .'St. I^b. Nat. Hist. 2:407. 1887.
'III. Agr. Kxpr-r. CIrc. 211: 114. 1920.
> Ellis. .1. li.. .'inil EvLihJiit. B. XI. Joiirn. Mvc. 3: 12fl, 1SS7.
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It is difficult to control, and measures must be thoroughly and con-
scientiously carried out if the desired results are to be obtained. Lime-
sulfur is applied as a spray before growth starts (25/2 gallons lime-sulfur

to 50 gallons water) and again just before blossoming. New plants

should be free from anthracnose when set. In the patch clean cultiva-

tion is essential, as the shade and moisture provided by rank weeds are
extremely favorable to infection.

Cane Blight

Caused by Leptosphaeria coniothyrium Sacc.

Cane blight is known only on the raspberry. Both red and black
varieties are subject to attack. This, like anthracnose, is primarily a
disease of the canes. The first sign of its presence is a wilting of
branches about the time the berries start to ripen. On the canes, below
the wilted branches, there may be found at this time diseased areas usual-

ly several inches long in which the bark is light-colored and the wood
dead and discolored. On diseased bark there appear small black dots,

which are often surrounded by smoky halos.

Damage from this disease results first from its direct effect upon
the fruit of wilted branches and second from its injurious effects upon
the plant itself. The crop loss from it in Illinois is estimated at about

0.5 per cent annually.

The earliest report we have of cane blight in Illinois is one by Bur-
rill, mentioning its occurrence during 1912 in Kane and Randolph coun-

ties. These two occurrences, one in the extreme north and one in the

extreme south of the state, indicate that at that time it may have been

much more widely distributed over the state than was supposed.

Its present known occurrence in the state is shown on Map So. It

has been found in 36 counties, and has a wide though irregular distribu-

tion, reaching both the southern and the northern borders of the state.

Southward, its occurrence is only occasional, as shown by the few coun-

ties in which it has been found, and the limited number of times it has

been seen. The northern third of the state appears to be an area of con-

centrated occurrence, from which more than 60 per cent of our speci-

mens and reports have come.

Control of cane blight can be attained in some measure through the

use of resistant varieties. The Columbian is reported to be very resist-

ant, and the Cuthbert most susceptible. Sprays applied for other dis-

eases are helpful but do not prove satisfactory alone. The nature of

the disease and its life history suggest that new plants should be free

from it when set, that old canes should be cut out and burned as soon

as possible, and that care should be taken in cultivation to avoid injuring

canes and thus providing points of entrance for the fungus.
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Spur Blight

Caused by Mycosphacrclla ruhina (Pk.) Jacz.

Spur blight, or "gray bark," is a disease of the red raspberry. It

appears on young canes as a brownish discoloration, located usually just

below the leaf stems on the lower parts of the canes. It can be seen

after about the middle of July. The diseased area then enlarges length-

wise of the stem for several inches above and below the nodes, and the

bark becomes dry and brown, and splits longitudinally. Later, usually

in September, tiny black spots appear on the diseased areas.

The damage done by this disease is of the same nature as that done

by anthracnose and cane blight. Spur blight is, however, so uncommon
that the actual loss in the state is slight.

The present known occurrence of spur blight in Illinois is shown on
Map 86. It has been found in six counties only, all of which are in north-

ern Illinois.

Control is not usually necessary, but where desirable may be attained

by the application on young canes only of 3-2-50 Bordeaux mixture to

which has been added two pounds of rosin-fish-oil soap. Four applica-

tions should be made, at two-week intervals, beginning when the canes

are 8 to 12 inches high.

Leaf Spot

Caused by Mycosphacrclla rubi Roark

Leaf spot, also known as Septoria leaf-spot, is the most common
of the bramble diseases. Red raspberry and dewberry are most suscep-

tible to it but it is unusually abundant on all the brambles. It begins to

appear early in June as small purplish spots on the leaves. These enlarge

somewhat, their centers turn gray or ash-color—on the blackberry tan

or brown—with a definite purple border. Eventually minute black dots

appear scattered over the spots.

Injury from this disease is usually limited to the leaves, but canes

may sometimes be diseased. In favorable seasons infection may become

so severe as to cause early and damaging defoliation.

The earliest record of this disease is a report of its occurrence in

Illinois in 1887 by G. Martin^ under the name of Rhabdospora. No
specific locality is given. Under the name of Septoria rubi West., it was

reported by l'>urrill in Champaign county in 1911 and in Champaign and

Union counties in 1912.

It is now known to occur in Illinois as indicated on Map 87. It has

been found in 35 counties widely distributed over the state. Its distri-

bution is not uniform, however, and occurrence is rare northward. It

increases in frequency southward, until in the southern third of the state

it appears to be abundant everywhere.

'Journ. Myc. 3: 90. 1887.
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It is rarely necessary to employ control measures against this dis-

ease. When necessary, either lime-sulfur or Bordeaux, made up accord-

ing to the 3-3-50 formula to avoid injury from stronger mixtures, will be
found satisfactory.

Orange Rust

Caused by Gymnoconia intcrstitialis (Schlecht) Lagerh.

Orange rust, the most conspicuous and one of the most serious oi

the bramble diseases, is in Illinois especially a blackberry disease. It is

easily recognized by the striking orange color of the leaves of infected

plants in spring.

In late April or early May small greenish-yellow spots appear on the

under surface of the leaves of infected plants, and within a few weeks
the leaf surface ruptures, exposing large patches of orange spores on the

lower surface. The disease is systemic, and persists within the plants

from year to year, dwarfing, deforming, and eventually killing them. All

sprouts from runners of diseased plants are infected.

The history of bramble orange rust in Illinois dates back to 1850.

Its present known distribution on economic hosts is shown on Map 88.

It appears to be more common and more abundant southward, and is

rather rare in the northern third of the state.

Control is to be had only by digging out and burning infected plants.

The disease pervades all parts of the plant, persisting there until the

plant dies. Infection may be prevented to some extent by planting re-

sistant varieties, such as Snyder, and by taking care to eradicate all wild

blackberries in the neighborhood.

Crown-gall

Caused by Psciidomouas tiDiicfacnciis E. F. S.

Crown-gall, while occurring on all the brambles, is in Illinois par-

ticularly destructive to red raspberries. Damage from this disease is

extremely serious and is said to be the most important of the factors

limiting raspberry production in the state at the present time.

Its known occurrence is shown on Map 89. It has been found in

28 counties widely scattered over the state, but appears to be less common
southward.

Plants in the nursery suffer most from it, and it is there that most

plants become infected. If the grower would avoid loss from this dis-

ease he must insist on plants absolutely free from infection.

Bramble-streak

The so-called bramble-streak is a disease aft'ecting only the black-

cap raspberry. In other states it is said to be extremely serious. .

It was first found in Illinois by A. S. Colby near Peoria in 1922.
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Observations during the season of 19'i;5 have established its occurrence

in 6 additional counties, distributed as shown on Map 90.

No definite cause is known for it, but it appears to be serious

where seen and should receive prompt attention from growers. The only

control known is to dig out and burn diseased plants.

Leaf Blight

Caused by Ccrcospora bliti Tharp

This bramble leaf blight, first described in Texas and said to be

serious there, was found in 1922 in Jackson county, Illinois. It is caused

by a fungus which makes large inroads upon leaf-tissue and may cause

serious defoliation.

Powdery Mildew

Caused by Sphacrotlicca liiiiiiuli (DC.) Burr.

Powdery mildew is of rare occurrence in Illinois and causes no

damage. It has been found in Champaign, Ogle, and Marion counties

on blackberry ; and on raspberry in Ogle county. . On dewberry it has

been found in Champaign county ; and on the native wild blackberry, in

Marion county.

Gooseberry and Currant

These two fruits are not grown to any great extent commercially in

Illinois, but they are extremely common in the home gardens. As with

the brambles, their diseases are so largely the same for both that they

are discussed together.

Anthkacnose

Caused by Pscitdopcsi::a ribls Kleb.

Anthracnose is the most important disease of gooseberry and cur-

rant and occurs conmionly on both. On leaves it has the form of dark

or reddish brown, very small spots, scattered over the upper surface in

greater or less numbers. These spots enlarge only slightly, and as they

grow old develop a single black dot in their center. Seriously infected

leaves become mottled, or turn yellow and fall early in the season.

Damage done by this disease results from the injurious effects of

premature defoliation, from spotting of the fruit, which sometimes oc-

curs, and from poor development of fruit, due to infection of the fruit

stems.

The present known occurrence of the disease in Illinois is shown
on Map 91. It has been found in 21 counties, widely distributed over

the state.

Control is secured, when necessary, by the use of lime sulfur (1-50),

making the first application as soon as the leaves ajipear, and following

with additional treatments every fortnight until about (he first of .Xugust.
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Leaf Spot

Caused by Mycosphacrclla grossulariae (Fr.) Lind.

The leaf spot of currant and gooseberry is, like anthracnose, chiefly

a leaf disease. While both fruits are commonly subject to it, currants

usually suffer the more severely.

It appears on the leaves as spots, more or less circular in outline,

from one eighth to a quarter of an inch in diameter, and with a dark

reddish or brownish margin, within which is an area of dead, brown
leaf-tissue, over which a number of tiny black dots are scattered. In-

jury takes the form of a yellowing and dying of the leaf, followed by

early defoliation.

The larger size of the spots, the central dead area, and the numerous
tiny black dots serve to distinguish leaf spot from anthracnose.

Not many early reports of this disease in Illinois appear to have

been made. At present it is known to occur in ;50 counties, which are

grouped in three districts, as shown on Map 92. In the north, leaf spot

has been noted in 5 counties and a majority of the reports show that it

occurred in this region especially on red currant. In central-eastern

Illinois reports from 4 counties note its occurrence especially on the

flowering currant. In the southern tip of the state leaf spot appears

commonly prevalent and abundant through 20 counties. In this region

gooseberries and currants are both commonly found diseased, though

here there is again a majority of reports on currant.

For control of leaf spot, the same application as for anthracnose

will be found effective.

Powdery Mildew

Caused by Sphacrothcca mors-tivac (Schw.) B. & C.

Powdery mildew is of less importance than leaf spot. Both cur-

rant and gooseberry are subject to its attack, but it is more frequent or

gooseberry.

It appears, like other powdery mildews, as a white, powdery growth

over the leaves. Berries and young shoots are often attacked. The in-

jury consists in stunting the growth of leaves and shoots, and in dis-

liguring the berries to the extent of making them unsalable.

Powdery mildew has been known to occur in Illinois since 1881.

when it was found in McLean county, and it has since been reported in

La Salle, Pulaski, and Gallatin counties.

It can be controlled by the use of lime-sulfur (1-40) spray applied

when the buds open and at 10-day intervals thereafter until 5 applica-

tions have been made. A better spray, since no injury to the fruit re-

sults from its use, is potassium sulphid, one ounce in 2 gallons of water.
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Strawberry

Among the fruits raised for commercial sale in Illinois the straw-

berry occupies a leading position—second, it is said, only to the apple.

That this is true may be understood if it be remembered that in addition

to extensive areas of production for large-city markets there is usually

one gardener at least near every town of any size who maintains a patch

ranging from half an acre to five or more acres to supply the seasonal

demands of the town.

According to the U. S. Census report for 1920 there were in the

state 49.")8 acres given over to strawberry culture from which (1,901,199

quarts of berries were harvested. The regional distribution of commer-
cial production corresponds to that of the acreage devoted to straw-

berry culture, which is shown on Map 93. There is a considerable con-

centration of strawberry production in western Illinois in Adams, Han-
cock, and McDonough counties ; in northern Illinois in Winnebago
county ; in central Illinois in Macon and Sangamon counties ; and south-

ward in Williamson and Johnson counties. The greatest commercial
production occurs, however, in Pulaski county (480 acres), Fayette

county (:J.'30 acres), Union county (310 acres), and Marion county (160
acres).

According to the U. S. Bureau of Markets, commercial acreage

during the years 1918-1923, inclusive, ranged from .'iOOO to 3590 acres,

yielding from 48 to 70 crates of 24 quarts each, per acre. The total an-

nual yield of the state for this period ranged from 383 to .jB(i cars of

400 crates each.

According to the same authority the croj) of 1921—some 17.3. (iOO

crates—sold for $3.77 per crate, making a total value of $062,245 for

the commercial crop reported on. This statement includes only about
three fourths of the acreage reported in the census tables, and a total

value for the entire state of nearly $883,000 is a reasonable estimate.

Mycosphaerella Leaf-Spot

Caused by Mycosphaerella fnujariac (Schw.) Lind.

Leaf spot is the one extremely imijortant strawberry disease com-
monly occurring in Illinois. It is limited, for the most part, to the leaves,

on which it produces spots which are at first minute, purplish red, and
apparent only on the upper surface. Later they enlarge and show on
both surfaces as circular spots with a small light-brown central area

surrounded by a distinct purplish ring. .'\n abundance of them on a leaf

often causes its death.

S])ots of similar apjiearance often occur on the leaf and on fruit

stems, and when on the latter they miy so weaken it as to reduce the

size and quality of the fruit.
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At the present time this disease is known to occur in 85 counties,

the state-wide distribution of which is shown on Map 94. It is prob-

ably to be found everywhere throughout the state.

It is so common and so generally injurious that the reduction in yield

has been estimated for several years past at between 10 and 13 per cent.

In 1921 a reduction of 10 per cent would have meant a loss from the

commercial crop of practically 17.300 crates or slightly more than 44

cars, equivalent to 6 crates per acre, or a reduction of the average acre

yield from 60 crates to 54.

Control where necessary may be had by an application of Bordeaux
mixture before the blossoms open and again at intervals after harvest.

Cleaning off infected leaves when new plants are set also helps.

Dendrophoma Le.\f-Spot

Caused by Dendrophoma obscurans (Ell.) And.

A second leaf-spot, less common than the preceding, but sometimes

very injurious, produces rather large brown spots, surrounded by a dif-

fused darker brown or purplish border of considerable width. If the

attack is severe a large part of the leaf may be involved, considerably re-

ducing its eft'ective surface.

The first reports of this disease in Illinois were made by Anderson

in 1920.^ Since then it has been seen frequently, and its present known
distribution is shown on Map 95. It is known to occur in 12 counties

widely distributed over the state. The district of most frequent occur-

rence, so far as now known, lies in central Illinois, and it is in this region

also that reports of greatest severity originate.

Leaf Scorch

Caused by Mollisia carliana (E. & E.) Sacc.

This is a leaf .spot of strawberry of relatively infrequent occurrence.

H. W. Anderson^ first reported its occurrence in Illinois in Champaign

county in 1921 on certain varieties imported from Michigan. It has

not been reported from any other part of the state.

Control of Fruit Diseases

Diseases of fruits are chiefly controlled cither by spraying with suit-

able preparations or by the cutting out of diseased parts. Other

practices which are helpful have already been mentioned in connection

with the diseases for which they are effective. .\ combination of sprays

with insecticides is often useful as controlling the ravages of both dis-

eases and insects.

Anderson. H. W. Dendrophoma loaf blight of Strawberry. 1\\. \ev. Exp. t=ta.

Bui. 229. 1920.
2 Plant Disease Survey Bulletin. Supplement 20: Id. 1922.
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Two sprays are in common use and have generally been found satis-

factory. These are Bordeaux mixture and lime-sulfur, both of which
are obtainable as commercial preparations or may be made up as needed.
When small quantities are wanted, commercially prepared Bordeaux mix-
ture is satisfactory; and when lime-sulfur is used, it is generally more
convenient to use a ready-made material. Descriptions of these sprays,

the methods of preparation, and the times of application are to be found
in publications of the Illinois Agricultural Experiment Station, especially

Circular No. 2T7, "Directions for spraying fruits in Illinois," published

jointly by the Department of Horticulture and the Natural History Sur-

vey in February, 1924.

Diseases of Vegetable Crops

Potato

In the production of potatoes Illinois held in 1922 the sixteenth
place, while in acreage it was twelfth. According to the Census reports
for 1920 there were 8G,38-1 acres devoted to potato-growing in the state.

The distribution of the commercial acreage as reported in 1922 is shown
on Map 9G, each dot representing approximately 500 acres. From this

map it appears that St. Clair county is the outstanding producer, with a
noticeable extension of the industry into counties immediatelv to the

north and south. A second area of intensive growing is found in north-

ern Illinois, beginning in Rock Island county and running more or less

continuously through the border counties of the state north, east, and
then south to include Will county, with Whiteside and Cook counties

leading in acreage.

The potato crop is estimated to have ranged from 5,200,000 bushels

in 1919, valued at $10,192,000, to 9,568,000 bushels in 1923, valued at

$8,420,000.

Earlv Blight

Caused by Alternaria solaiii { E. & M.) J. & G.

Early blight is the commonest potato disease in Illinois. It appears
on the leaves as circular grayish to brownish spots, dry, dead, and con-

centrically marked. They first appear about the time the tubers begin

to form, and gradually increase in size and nuniber, coalescing and occu-

pying large areas of leaf tissue. In severe cases all the leaves on the

plants may be completely killed, leaving only the stem alive and green.

Burrill recorded the presence of this di.sease in Cham])aign county in

1911. During 1922 and 1923 it was found in 15 counties, the distribu-

tion of which is shown on Map 97. It appears from this map that it is

more common in the southern half of the stale than northward.

Crop reductions from early blight have been estimated at 1 per cent

in 1922 and 1.5 per cent in 1923, equivalent to (!S,()00 bushels valued at

$61,200 and 145,000 bushels valued at $127,600 for the years mentioned.
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Late Blight

Caused by Phytophthora infestans (Mont.) De Bary

In most of the states where potato growing is impwrtant, the most
dreaded disease is late blight. In Illinois it was first reported in 1882

by A. B. Seymour, who collected specimens August 7 at Camp Point,

Adams county, and at Freeport, Stephenson county, September 13. A
collection by Burrill, without date or place, is reported by G. ^^^ Wilson.'

These are the only records of the occurrence of late blight in Illinois.

It is noteworthy that in all the examinations of potato fields made by our

Survey during the past three seasons no instance of late blight has been

foimd. It has never been known to cause serious loss in Illinois.

Scab

Caused by Actinomyces scabies (Thax.) Giiss.

Scab is a very common tuber disease of the potato in Illinois. It is

characterized by roughening and pitting of the tuber. It first appears

on the surface of the tuber as a tiny reddish or brownish spot, which
increases in size, deepens in color, and eventually develops the rough,

corky incrustation so commonly seen.

It has not been widely reported in Illinois. It was reported present

in Champaign and Coles counties in 1911, and in Champaign county in

1912 by Burrill. It is now known to occur in 16 counties, the distribu-

tion of which is shown on Map 98. This indicates a wide range over the

state, and it is probable that further search will prove the disease to be

much more general than it now appears to be. Observations made in

192.3 indicated an injury equivalent to a crop reduction of approximately

1 per cent. In terms of the 1923 yield, this is equivalent to 96,000 bushels

valued at $84,400.

Control of scab is difficult, since the disease infests soil in which it

has once occurred. Rotation of crops on infected soil, treatment of in-

fected seed-potatoes with formalin or mercuric chloride, and withholding

fertilizers which favor scab development serve to keep the disease in

check.

Black Leg

Caused by Bacillus astroscpticiis van H.

This is a bacterial disease which causes a stunting of the plants and
a rotting of the stem below the ground, later resulting in the death of the

plant. It was present, but not seriously abundant, in 1923 in three coun-

ties, Logan, Lawrence, and Monroe. It is seed borne, and prevention

demands careful selection and treatment of seed tubers.

' Bui, Torr. Bot. Club. 34 : 392. 1907



241

Black Scurf

Caused by Rhizoctonia sp.

This disease, which results in blackened, rotted stems, the wilting

and dying of young shoots, and aerial tubers, has been found but once in

Illinois, in July, 1922, near Ryder, Jefferson county.

Infection arises from diseased tubers and from soil infection. Pre-

ventive measures include use of clean seed, crop rotation, and general

sanitary practices in field cultivation.

Wilt

Caused by Fusarlmn sp.

The wilt disease results in wilting and stunting of the tops, death of

roots, and serious storage rots. It was found in 1923 in Lawrence county.

In a small field of Irish Cobber practically all the plants were diseased,

and it appeared that the loss would be severe. As a preventive meas-
ure, the use of infected tubers for seed should be avoided.

Curly Dwarf, or Mosaic

This disease, of unknown cause, results in stunted and variously de-

formed plants, mottled coloring of the leaves, and noticeably reduced
yields. It is probable that it is wide-spread in the state, but it has been
noticed thus far only in Carroll comity, where it was found in several

fields in 1923. Its history there indicated that it had been present for

several years. It is seed borne, and tubers for seed should be selected

from fields free from disease.

Tomato

The tomato is an important crop in Illinois. In 1921 there were
only 9 states having a greater acreage, and in the same year the total

commercial crop was exceeded by only 8 states. During the years 1918-

1921 the tomato acreage in the state varied from T,()(;4 to 9,355 acres;

and the yield, from 24,724 tons to 59,5S4 tons. This crop is used for

local consumption, for immediate distribution and sale, and for canning

and the manufacture of tomato products.

In addition to the commercial crop of the state, growers maintain

small patches in the neighborhood of towns, from which the local seasonal

market is supplied.

The tomato is subject to a variety of diseases, several of which arc

similar to those of the potato.

Early Blight

Caused by Altcrnaria solani (E. & M.) J. & G.

Early blight is one of the commonest and most wide-spread of tomato

diseases in Illinois. It causes numerous small, more or less angular, con-
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ceiitrically-marked spots upon the leaves, and when serious infection

occurs the leaves dry up and die.

As shown on Map 99, it has been found in IT counties.

The severity of the disease, as indicated by field observations, indi-

cates an injury equivalent to a 4 per cent reduction in the crop for each

of the years 1921, 1922, and 1923. Such a percentage, when applied to

the commercial product of 1921, the last year for which published figures

are available, represents a reduction in yield of 1.030 tons, equivalent to

the yield of 294 acres.

Control is readily obtained by spraying with Bordeaux mixture, be-

ginning at the first sign of the disease and continuing the application every

3 to 10 days through wet weather.

Wilt

Caused by Fitsariuui lycopcrsici Sacc.

Wilt, the most destructive of the tomato diseases in Illinois, gains

entrance through the roots and penetrates the water-conducting tissues,

plugging them and causing a wilting, and finally the death of the plant.

A characteristic feature of the disease is the fact that besides causing the

plants to wilt it turns the sap vessels brown or black. Usually the dis-

ease does not become evident until after the fruit has set.

This disease is known to have been in Illinois since 1911, in which
year Burrill reported that it was becoming very serious. Presumably he

referred to its occurrence in Union county. The following year he re-

ported it as wide-spread in southern Illinois, and according to C. E. Durst

probably 50 per cent of the crop was destroyed in Union county.

Tomato wilt is now known to occur in 22 counties, the distribution

of which is shown on Map 100. It appears to be limited to the southern

two-thirds of the state, and is most common in the southern third.

Field observations made in 1923 and 1923 indicated an injury equiva-

lent to a crop loss of 10 and 12 per cent respectively. If the average of

these figures be applied to the 1921 production it would mean a crop re-

duction of 3,055 tons, equivalent to the yield from some 870 additional

acres.

The fungus causing tomato wilt persists in the soil after it is once
introduced, and control can be secured only through a rotation of crops,

whereby tomatoes are kept off the infected ground for several years.

Le.\f Spot

Caused by Septoria lycopcrsici Speg.

Tomato leaf spot is wholly a disease of the leaves. It starts on the

lower part of the plant and eventually involves all the leaves. Those
severely spotted turn brown ami appear blighted, and when the disease

is severe throughout a patch serious damage results.
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In 1911 leat spot was reported by Burrill in Champaign comity and
in a group of 8 counties in southern Illinois; but in 1912 in Champaign
county only.

At present leaf spot is known to occur in 26 counties, the distribu-

tion of which is shown on Map 101. It appears to be wide-spread over the

state, but in northern Illinois it is only occasional, while in southern Illi-

nois it is apparently common.
Loss from this disease is not usually great, but may at any time

become so. Control is readily obtained with Bordeaux mixture.

Sweet Potato

According to the 1920 census, there were cS,ii03 acres in Illinois de-

voted in 1919 to the raising of sweet potatoes, with a yield of 6(!8,S1.")

bushels. According to the reports of the State Agricultural Statistician

the acreage since 1919 has been about 9,000 acres, yielding between
850,000 and 990,000 bushels, valued at from $890,000 to $1,179,000.

Only 8 counties are reported to have no commercial acreage in 1922.

For the most part the county acreage is small, running from 3 to 90

acres. Union county is an outstanding producer, with an acreage of

1,974. Johnson and Pulaski counties each has over 500 acres and Will-

iamson over 400. The acreage of important counties is indicated on

Map 102. The principal sweet potato region lies, therefore, in southern

Illinois, with a considerable acreage also in Adams and Cass counties.

Illinois shares fifteenth rank in acreage with Delaware and Mary-
land. In yield per acre it ranked seventh in 1 !)2 1 . and in total ])ro(luc-

tion in the same year it ranked sixteenth.

Two diseases appear to be common in Illinois.

Black Rot

Caused by Sphaeronema fiiiibriatmii (II. & H.) Sacc.

Black rot is the most serious disease of sweet potato in Illinois.

Dark brown to black spots appear on the surface of the potato and ex-

tend in all directions, finally involving the entire root. In storage the

rot is also extremely destructive.

This disease is known to occur in Illinois in ihe six counties indi

cated on Map 103. They are widely distributed over the .state but in-

clude only two counties—Pulaski and Cass—with a large sweet potato

acreage.

For a control of this disease the use of disease-free roots in start-

ing cuttings, the maintenance of seed beds free from the disease, and
the cultural practices used for all soil-infecting diseases are essential.
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Wilt

Caused by Fusariuyn sp.

Sweet potato wilt, known also as stem-rot, is caused by a species of

Fusarium which grows within the plant, killing and rotting the roots

and causing the wilting and death of the tops.

It is known to occur in 8 Illinois counties, rather widely separated,

as shown on Map 104. Three of the S counties have important commer-
cial acreages. Where the disease has been seen it has been severe in the

extreme. The loss in Cass county, on the Nancy Hall variety, ranged

from 5 to 10 per cent, in two Union county fields from 5 to 10 per cent,

and elsewhere from 1 to 10 per cent.

Control involves the use of healthy seed, clean soil in the seed-bed,

and a consistent rotation of crops on infected land.

Cantaloupe

During the years 1918-1921 the commercial cantaloupe acreage in

Illinois varied from 865 to 880 acres, the state ranking 14th in acreage

of this crop. The yield per acre varied from 142 to 200 standard crates

of 45 melons each, and the total yield varied from 35G cars (3.j0 crates

per car) in 1918 to 505 cars in 1921.

In addition to this commercial crop there is probably an equal pro-

duction by local growers who supply the small-town seasonal markets.

The commercial production of cantaloupes, while carried on more
or less generally over the state, is usually confined locally to a relatively

small area, where suitable soil conditions exist.

Diseases of the cantaloupe, while not numerous, may often be severe.

Wilt

Caused by Bacillus tracheiphilus E. F. S.

Wilt is a bacterial disease which causes the vine to wilt and die. It

has probably been present in Illinois for years but it has not been often

reported. Burrill found it in Union county in 1918, and it was seen in

1923 in the Poag Station melon-district in Madison county, and was
more widely observed in 1933.

At present it is known to occur on cantaloupe and nuiskmelon in

18 counties, the distribution of which is shown on Map 105. It appears

wide-spread in the state, with none of the larger areas of production

free from it.

Losses due to it as observed in the field during 1923 especially,

varied usually from 1 to 1 per cent : more rarely, from 20 to 30 per

cent.

Control is obtained by pulling and burning diseased plants, by crop

rotation, and by ."ipraying to prevent its spread by insects.
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Anthracnose

Caused by Colletotrichum lagcnarium (Pers.) E. & H.

Anthracnose is a fungus disease which attacks leaves, stems, and
fruit of cantaloupe doing serious damage, especially to the fruit under

favoring weather conditions. It has not been frequently reported in

Illinois, but is known to occur in 8 counties so widely scattered over

the state as to indicate its rather general prevalence. Counties in which

it has been seen are Carroll, Rock Island, Henderson, Knox, Pike,

Lawrence, Gallatin, and Union. The infections seen in Knox, Lawrence,

and Gallatin counties were generally severe, while those occurring else-

where were, for the most part, light.

This disease is controlled by treatment of the seed and by the appli-

cation of Bordeaux spray (4-4-50) later in the season.

Mosaic

The mosaic disease of cantaloupes, the cause of which is not known,
results in a stunting of vines and a poorer crop. It has not been fre-

quently reported. At present it is known to occur in Whiteside, Sanga-

mon. Christian, and Union counties. Rocky Ford melons in Christian

couiUy showed 30 per cent of the plants diseased and in Whiteside

county Tip-top melons showed infection, while Osage and Rocky Ford
plants were free from it.

Milkweeds are said to be subject to the disease, which is carried by

insects from them to the cantaloupe.

Watermelon

The acreage devoted to watermelons in Illinois for commercial pro-

duction varied from 1,100 acres in 1918 to more than 3000 acres in 1019

and ]!»21 and to nearly 3000 acres in 1920. The yield is said to run

from %^i\ to 615 melons per acre, the latter figure being the average

yield in 1921. Total production in 1920 was 1.014 cars of 1000 melons
each, and in 1921 it was 1,894 cars. Production for local markets adds
considerably to this acreage and yield.

The watermelon is subject to several diseases, some of which arc

also common to the cantaloupe and cucumber.

Wilt

Caused by Fusarium nivcum E. F. S.

Wilt, undoubtedly the most serious watermelon disease in Illinois,

results in a drooping and wilting of the leaves, and eventually in the

death of the plant. The fungus which causes it lives in the soil, gains

entrance through the root, and at first plugs the water vessels, later
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bringing about the death of the parts attacked. Cutting across the main

root near the crown of the plant shows an abnormal yellow color in the

woody parts.

First reports of this disease in Illinois were made in 1921 by An-
derson, who found it serious locally. In 1922 it was so severe where

seen, as to cause a general loss of 25 per cent of the crop. In 1923 wilt

appeared less severe but was thought to have resulted in about a 20 per

cent crop reduction.

It is now known to occur in 21 counties, widely distributed, as indi-

cated on Map 106, and representative to a marked degree of the regions

in which melon culture is important, thus suggesting that wilt is wide-

spread and common in Illinois.

Its seriousness may be illustrated by a summary of some of the

1923 field notes. In Cass county in a 10-acre field of melons, largely

Irish Gray, more than 90 per cent of the vines of that variety were dead

by September first. In a two-acre field in Mason county more than 50

per cent of the vines were dead by August 31. In Henderson county

some 20 acres devoted to melons, especially Irish Gray and Excel,

showed 80 to 90 per cent of the vines dead before the melons ripened.

It is reported that in White county, where there is a large melon acreage,

the wilt completely destroys the crop in many individual fields. In John-
son county 50 to 100 per cent loss is reported. In Gallatin county 5 to

15 per cent loss commonly occurs, but in a 7-acre field of Tom Watson
melons 85 per cent of the plants were dead by August G. In Lawrence
county the variety Excel suflfered to the extent of 20 to GO per cent.

These notes, while not representing the condition of infection in the

average field, are certainty illustrative of the damage this disease can

cause.

To escape these tremendous losses, it is necessary to understand

that the fungus which causes the disease inhabits the soil and that when
soil has once become infected it may remain so for years, producing

the disease in every watermelon crop planted on the land. If water-

melons are cropped on the same land year after year it is to be expected

that within a few years it will be impossible to grow melons profitably

on that land. This soil infection is commonly noticed by growers, and
there is much doubt whether land once infected with wilt can ever be

profitably used again for melons. One grower reports severe wilt on
land not cropped to melons for eleven years ; another reports bad wilt

after 23 years ; another, who ])ractices a 3-year rotation, finds he has

large losses ; and another, after an 8-year rotation, found his crop severely

diseased. Certainly it is not safe to crop wilt-infected land to melons
short of a 10-year lapse in such cropping. Additional* care must be

taken to grow crops which will not be likely to spread the infection to

the manure heap, and thence to all jxirts of the farm.

The ultimate solution of the jiroblcm of wilt control will iircibably

be found in the development of wilt-resistant varieties. This task has

been undertaken and is already yielding promising results.
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Antiikacnose

Caused by Collctotriclium lagenarium (Pers.) E. & H.

Anthracnose of watermelons is usually less severe in Illinois ihan

wilt. However, during the 1923 season unusual weather so favored

its development that in many places it resulted in damage so severe as

to obscure completely the effects of wilt. Anthracnose causes severe

spotting of the leaves and, in serious cases, death of the vine. Sunken
diseased spots are produced on the melons which mar their appearance

and furnish points of entrance for rot-producing fungi.

This disease has not been reported often in Illinois in years past.

The first known outbreak of a serious character occurred in 1923 in the

four counties indicated on Maj) 101. Perhaps it is merely a coincidence

that the counties in which anthracnose was found lie in approximately

the same latitude. In Mason comity certain fields were seen in which

80 per cent of the melons showed anthracnose spots ; and in Clark county

many fields were a total loss.

Control of anthracnose may be had by treating the seed with mer-

curic chloride (l-lOO(t) before planting and by the application of Bor-

deaux about picking-time. Seed treatment alone may result in a great

reduction of disease, as was illustrated in one case in 1923, where only

3 per cent of the crop from treated seed was lost, while neighboring

fields grown from untreated seed were complete failures.

Cucumber

The production of cucumbers in Illinois, aside from those raised

by local gardeners to supply local markets, ajjpears to be largely limited

to production for canning and manufacturing purposes. Available fig-

ures indicate a rather steady reduction in acreage, yet the state is still

among the important producers, and there are sections of it in which

cucumbers arc an important crojx Estimates indicate a commercial

acreage varying from 1700 acres in 191S to 811 acres in 1921. with an

annual production ranging from 9(1, (iOO bushels in 1918 to 67,.jO() bushels

in 1921. The average yield per acre for both years was 51 bushels.

In general the cucumber is subject to the same diseases as are canta-

loupe and watermelon, though their relative inijiortance is less in the

case of the cucumber.

W I I.T

Caused by Bacillus trachciphiUis E. F. S.

Cucumber wilt is a bacterial disease caused by the same organism

that causes the wilt of cantaloupe, and its a])i>earance is practically the

same on both.

It has not been reported often in Illinois, .-uid the infections that

have been seen have usually been mild. In 1922 it was reported in 6
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counties and in 1933 in 11 counties additional, making a total known oc-
currence in 17 counties. They are widely distributed over the southern
two-thirds of the state, as shown on Map 108, suggesting a wide-spread
occurrence of the disease in that section of the state.

Its seriousness in 1923 is indicated by some of the field notes. In
Sangamon county certain patches showed from 10 to 40 per cent of the

plants infected ; in Effingham county we have a record of a 10 per cent
infection, and a similar record for two patches in Warren county ; in

Lawrence county 60 per cent infection was recorded ; from Union and
Alexander counties there were several reports of 1 to 2 per cent, one
from Alexander of 5 per cent ; and another from Clinton county of 20 per
cent ; and in Union county in some of the larger fields 20 to 100 per cent

of the plants were infected.

Control in this case is the same as that outlined under cantaloupe.

(See p. 244.)

Anthracnose

Caused by Colletotrichum lagenarium (Pers.) E. & H.

Anthracnose of cucumber is similar to that of watermelon and canta-

loupe and is caused by the same fungus.

Doolittle's report of it in Illinois in 1922 is the first record of its

presence in the state. In 1923 it was found in Union county, where in

many instances it appeared to be a troublesome disease. It was especially

prominent near Dongola and Balcom, where the percentage of infected

vines varied from 20 to 100. Observations made on about 6 acres in

this region indicated the probability of considerable damage resulting from
the attack.

Control is to be had through seed treatment and spraying, as indicated

for watermelon anthracnose (p. 247).

Mosaic

Mosaic, next to wilt, is probably the most important disease cucumber
growers have to contend with in Illinois. While the cause of it is un-

known, its appearance is familiar to most growers, who know it not only

as mosaic, but also as "leaf-mottle" and "white-pickle."

Bierbaum reported the disease in Union county in 1922. and in

1933 it was found in Union, Sangamon, and Macon counties. Wherever
found it has been serious. In Alacon county 30 per cent of the plants

seen were diseased. In Union county in many fields from 50 to 75 per

cent of the plants were diseased, and in one instance 80 per cent of the

cucumbers picked for pickling showed its presence. In Sangamon county

the percentage of infected plants varied from 15 to 70 per cent.

Control consists in keeping in check such insects as spread the dis-

ease from plant to plant, and in eradicating wild cucumbers and milkweed

plants from the neighborhood of the field since both of these are subject

to the disease and serve to introduce it into the cropped fields.
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Downy Mildew

Caused by Pseudoperonospora cubcnsis (B. & C.) Rostow

The downy mildew disease appears as a leaf spot, which may be very
destructive under favoring conditions. It was rejiorted by Burrill to

have occurred in Union and Effingham counties in 1911, and this is our
only report of its presence in the state.

Angular Leaf-spot

Caused by Psendomonas lachrymans E. F. S. and Bryan

The angular leaf-spot of cucumber, caused by a bacterium, is not

known to have occurred in Illinois previous to 1923. During that sea-

son, it was seen occasionally in Union county and once in Pulaski county.

In a 5-acre field in Alexander county [jraclically all the plants were dis-

eased, but the infection was light and little damage resulted.

Asparagus

The land devoted to asparagus-growing in Illinois averages annually

nearly 2000 acres for commercial production, and the annual yields per
acre is above 9.j crates. The annual yield of the state for commercial
purposes is about 332 cars of 000 crates each. Illinois ranks either

second or third in conmiercial production, and California is the only

state which greatly exceeds it.

Asparagus is subject to two diseases in Illinois, both important, not

only to the commercial grower, but to the many gardeners who cater to

local markets, and in the home garden.

Rust

Caused by Puccinia asparagi DC.

Asparagus rust is widely distributed and often serious in its effects.

It has the ai)i)carance of the rust described on other ])lanls.

It is not known how long this disease has been iircscnt in Illinois, but

it was probably first recorded here in I,s99. Since tliat time it has been
frequently seen and reported.

It is now known in 30 counties, distributed over the state as shown
on Map 109. It appears prevalent in two sections of the state—one in

southern and one in northern Illinois, and its presence in Champaign,
Edgar, and Coles counties probably indicates a wider distribution.

Its control lies in the use of varieties not susceptible to rust. Among
these are the Palmetto varieties and resistant strains of Washington
asparagus. .Additional control may be gained by dusting with sulfur or

spraying with sulfur-soda-soap.



250

Anthracnose

Caused by Collctotriclnim sp.

Anthracnose of asparagus has not been often reported. It produces

on the stem a light-colored spot of considerable size which becomes
covered by black dots, composed of the reproductive structures of the

fungus.

Its only known occurrence in Illinois was at Polo, Ogle county, in

1932 and it was not serious there.

Beet and Swiss Chard

Beet and Swiss chard are among the commonest of the garden vege-

tables. It is seldom that a garden, no matter how small, does not have

at least its row of beets, and local gardeners usually grow a considerable

quantity for sale in season at their local markets. There is one disease

common to both plants.

Leaf Spot

Caused by Ccrcospora hcticola Sacc.

Leaf spot is the only serious disease of these vegetables known in

Illinois. It appears as roundish gray-brown spots with purple borders,

often so numerous as to destroy the leaf, resulting in smaller roots, and
spoiling the leaves for use as greens.

It has been known in Illinois at least since 1888, when it was found

in Champaign county by M. B. Waite. It is known at the present time

in 67 counties, the distribution of which is shown on Map 110. It is

evidently wide-spread and common in the state.

Cabbage

Beginning with 1019, Illinois has ranked among the states growing
important cabbage crops. An acreage of from 1300 to 1(500 acres, with
an annual yield per acre of from 5 to 8 tons and a total production for

commercial purposes of from 530 to 1040 cars of 12.5 tons each, places

the state high in the list as to cabbage production. If the diseases of

this crop were under control the yield per acre might equal or exceed that

of Wisconsin and Michigan.

Yellows

Caused by Fitsarhtm conglutinans Woll.

Cabbage yellows stands out pre-eminently as the limiting factor in

cabbage production in Illinois. It is commonly known as "yellows."

"yellow-sides," and "dry-rot." Its first symptom is a yellowish color of

the lower leaves, often restricted to one side of the plant or even to one
side of the leaf, which first appears from two to four weeks after trans-
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planting. The yellow leaves are eventually shed, and the plant may die,

or, if it continues to live, it produces a long leafless stem capped by a
small and worthless head.

How long this disease has been present in Illinois is not known.
Burrill reported it in Cook county in 1911, with the note that it was doing
considerable injury. In the following year he reported it from Madison
and St. Clair counties, as causing there a 50 per cent loss, estimated at

$35,000.

It is at present known in 23 Illinois coimties as shown on Map 111,

which may be taken to indicate in a measure its abundance in the state.

It is commonest and most severe southward ; but toward the north, while

still extremely severe, it is confined rather noticeably to commercial or

local-garden plantings. Late crops appear to be most severely injured.

Control of this disease requires either a soil not infected with its

fungus, or the use of resistant varieties, among which are certain selected

strains known as the Wisconsin Hollander. It may possibly be carried

by the seed, and seed disinfection is advisable to prevent its introduction.

Rotation is essential to check its injurious development after it has been

introduced.

Black Rot

Caused by Pscitdoinoiias cauipcstris (Pam.) E. F. S.

Black rot is second in importance among cabbage diseases in Illi-

nois. Infection starts in the water pores at the leaf margin, travels down
the veins, killing the leaf tissue as it goes, and finally enters the stem,

where the bacteria clog the sap-carrying tissues and pass to other parts

of the plant.

Black rot is widely prevalent in the state. It is known in 41 coun-

ties, as shown on Map 112. It seems to be most general in southeastern

Illinois, but its prevalence elsewhere is shown by the widely scattered

counties in which it occurs. Losses from this disease in Illinois have

been estimated to range from 1 to 4 per cent of the annual crop.

Control consists in seed treatment, in crop rotation, and in avoiding

the replanting of land to related crops, such as radishes and cauliflower.

Club-Root

Caused by Plasmodiophora brassicac \\'or.

Club-root, a malformation disease of the cabbage, produces large

knots or galls on the roots changing their structure so as to interfere

with their normal function, and the plant becomes sickly, grows slowly,

and often fails to head.

The only reliable early record of club-root in Illinois is a report by

Burrill of its presence in 1911 in Cook county, where it was doing only

a small amount of damage. In 192.3 it was again found in Cook county,

on only a few ])lants in a 1-acre field.
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Club-root is controlled by growing the young plants in beds not in-

fected and in using a rotation without crucifers other than cabbage.

Black Mold

Caused by Alternaria hrassicac (Berk.) Sacc.

Black mold, or black leaf-spot, appears chiefly as round black spots

often marked with concentric brown rings on the lower leaves of the

plant.

This disease is not often serious in the field. It was reported by the

Bureau of Markets to have caused some damage to cabbage heads shipped

from Illinois in 1921. It has been found on field cabbage in Knox, Alar-

ion, Pulaski, and Alexander counties, which indicates a wide range over

the state. Northern infections appear less severe than southern.

Miscellaneous Dise.\ses

Two leaf diseases of cabbage which are of minor importance have

been found in Illinois. One, commonly called' "ring spot", caused by

Mycosphacrclla brassicicola (Duby) Lindau, was found in Pope county

in 1933 ; the other, a leaf spot caused by Ccrcospora bloxami B. & Br.,

was found in Pope county in 1932 and in Alexander county in 1923.

Cauliflower

The growing of cauliflower is of some importance in the trucking

areas of the state. In general, this crop is subject to the same diseases

as is cabbage, though in Illinois black rot is the only one thus far seen.

It has been found in Peoria county, where from 5 to 30 per cent of the

plants were infected, and in Cook county in the south Halsted district,

where from 1 to 10 per cent of the plants were infected.

Measures of control are described under cabbage.

Bean

In trucking areas bean-growing is of some importance, and local

gardeners usually cater to the needs of markets.

Anthracnose

Caused bv CoJlctotrichum Undcmutbiaiiutn (S. & M.) B. & C.

.Anthracnose of bean is especially destructive. It appears as a spot

on the leaves, stems, and pods. It is most injurious on the pods, where

it forms a round, sunken, rust-colored spot with a reddish border.

The first report of this disease in Illinois was made by C. E. Durst,

who found it in 1912 injuring 20 per cent of the crop near Anna. Union
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county. In 1922 and 1923 it was found in Jackson and Peoria counties,
where it appeared to injure from 1 to 5 per cent of the crop.

Blight

Caused by Psciidoinonas phascoli E. F. S.

Bhght is a bacterial disease. It may be severe on the leaves and
pods, where it causes dark, water-soaked spots. It is known in 8 widely
scattered Illinois counties, the distribution of which is shown on Map 1 13.

Rust

Caused by Uromyccs appcndiculatus (Pers.) Lev.

Rust of the bean is especially a disease of the leaves, although it

occasionally attacks stems and pods. It appears as rusty spots or blisters,

which eventually break open, exposing a mass of rusty powder.
It is known to have been present in Illinois since 1881, in which year

it was found by A. B. Seymour in Union county.

It is now known in 6 counties, the distribution of which is shown
on Map 114. Apparently it is widely distributed, but is most common in

southern Illinois.

Onion

Approximately 1000 acres are devoted annually to the growing of

onions for commercial purposes in Illinois. The yield varies from 200
to over 400 bushels per acre, and the total production varies from 400

to 800 cars of 12.5 tons each per annum. It is estimated that of the 442
cars produced in 1921, 44 were sold in home markets and .!9S were
shipped outside the state.

Smut

Caused by Urocystis cepulae Frost

The one onion disease of importance in the field in Illinois is smut.

It is carried over in the soil from year to year, from which it attacks

only the seedling plants, causing dark stripes on the leaves, dwarfing,

death of the tops, and death of tlie bulbs.

This disease was first reported in Illinois in 1918, when it was said

to have caused a 25 per cent crop injury acconi])anied by a 10 to 15 ])er

cent crop loss. Presumably the rejiort was made by J. C. Walker and
had to do with the Cook county onion district. The disease is now known
to occur in Cook and Peoria counties.

Treatment for prevention consists in spraying the seeds with a

formaldehyde solution as they are being planted.

Lettuce

This crop, so commonly grown in home gardens, by local truckers

for their markets, and to some extent in greenhouses for winter-con-
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sumption, and southward for supplying the early demand of northern
markets, is subject to several diseases, of which only one appears com-
mon in Illinois.

Leaf Blight

Caused by Septoria lactucac Pass.

The blight of lettuce attacks the outer leaves, though rarely causing

much damage. It has been in Illiijois at least since 1S87 according to

Martin,^ and is now known in 19 counties, distributed as shown on
Map 115. Its range apparently extends from northern Illinois to the

southern tip of the state, and it is most general in the extreme south.

Its control requires merely the practice of sanitary cultivation.

Rhubarb

Rhubarb is not subject to many diseases in Illinois, but at least one
of them is extremely serious.

Crown and Stalk Rot

Caused by Phytophthora sp.

Crown and stalk rot is the most serious disease of rhubarb in Illi-

nois. How long it has been present in the state is not known, but it

certainly has been destructive since 1919. At present it seems to be

confined to southern Illinois. It is of especial concern in Union county
and has been found in Pulaski county also.

Some idea of the seriousness of the disease may be conveyed by
two field notes made in 1923: Near Alto Pass, in Union county, a new
field of about 5 acres showed a large percentage of infected plants, and
along one side a third of the plants were already dead. In spots in a

half-acre field in Pulaski, from 10 per cent to 40 per cent were infected

and many were dead.

This disease has not been studied, and control measures can not

be recommended.

Leaf Spot

Caused by Phyllosticta straniiiiclla Bres.

Leaf spot of rhubarb is common in Illinois and at times destruc-

tive. Stevens reported the disease as injurious in 1918 in Kankakee and

Champaign counties.

During 1923 it was found in IG counties as shown on ^fap 116. It

is evidently wide-spread and appears not to be limited to any one part

of the state.

.lourn. Myc. 3 : 63. 18S7
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Antiiracnose

Caused by Colletotrichuni cntmpcns Sacc.

This disease is reported by Stevens as causing a serious rot of the

leaf stalks in many Illinois localities.

Radish

The radish is commonly grown by local gardeners for sale at local

markets and early in the season is to some extent shipped to more
northern markets. It is subject to several diseases, which are, how-
ever, rarely severe in Illinois.

White Rust

Caused by Albugo Candida (Pers.) Kze.

White rust is a fungous disease which results in excessive growth
and distortion of the flowers and seed pods. For the most part it is

injurious only to plants grown for seed.

The earliest reported occurrence of it in Illinois was in Champaign
county in 1882. It is now known in 17 counties widely distributed over

the state, as shown on Map 11 T. The area of most general occurrence

appears, however, to lie within the northern third of the state.

Other Diseases

Downy mildew, caused by Pcronospora parasitica (Pers.) De Bary,

was found in Ogle county in ]92;;2 ; and a leaf spot, caused by Ccrcospora
criicifcraritm E. & E., was found in Champaign county by Clinton in

].s;)() but has not been reported from Illinois since then.

Horseradish

This crop is commonly grown in home gardens, and local gardeners

often grow it in quantity and prepare the roots for sale at their local

markets and to manufacturers of condiments.

Leaf Spot

Caused by Ccrcospora aniwraciac Sacc.

The one disease of horseradish known to occur in Illinois is a leaf

spot, round and light-colored. Often the dead s[jots fall out and severe

infection may result in considerable leaf injury.

This disease was first found in Illinois ])y Clinton, who collected

leaves infected by it in Champaign county in 189C. It was also found

in 1898.

This leaf spot is now known to occur in 24 Illinois counties, as

shown on Map 118. They are widely scattered over the state and indi-

cate a state-wide distribution for the disease.
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Diseases of Ornamental Plants

The diseases of ornamental plants affect the appearance of the plants

and often check growth and flowering.

Rose

Many kinds of roses, are grown in Illinois—Rugosas, Ramblers,

Climbers, and Teas for outdoor decoration, and an endless variety under

glass for cut flowers. The distribution of the diseases here reported is

limited mainly to those found on outdoor plants.

Powdery Mildew

Caused by Sphaerothcca pannosa (Wallr.) Lev.

Powdery mildew covers rose leaves with a white, powdery, fungous
growth. When present in abundance it attacks the young shoots and
leaves, and causes their dwarfing, curling, and malformation. It is often

serious on cuttings in the greenhouse.

It was first reported in Illinois by Seymour, who collected a specimen
at Camp Point, Adams county, in July IS"; 9 and at X'illa Ridge, Pulaski

county, in 1881, and again in Cook county in the same year.

At present powdery mildew on roses is known to occur in 68 coun-
ties, the distribution of which is shown on Map 119. It appears gener-

ally distributed over the state, and is especially common in both the ex-

treme north and the extreme sovuh. Something of its general occur-

rence may be inferred from the fact that the Survey herbarium now
contains more than 300 specimens of mildew, collected on cultivated

roses, including practically every type grown for outdoor decoration.

The Ramblers and Climbing roses seem to be most severely attacked.

Mildew is readily controlled either indoors or out, by dusting the

plants thoroughly with a mixture of 90 parts sulfur and 10 parts lead

arsenate.

Bl.\ck SroT

Caused by Diplocarpoii rosac Wolf

Black spot of the rose is a leaf disease, producing irregularly cir-

cular black spots on the upper surfaces of mature leaves. Those dis-

eased usually fall prematurely, and serious infections may prove de-

structive.

At present, black spot is known to occur in 51 counties, distributed

as indicated on Map 120. It is wide-spread in the state and appears to

be commonest and most general in the southern tip and in the northwest

corner of the state.

Many reports indicate that black spot is injurious to potted roses

in greenhouses, and this has been found to be true especially in Christian

and Logan counties.
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It may be controlled by the application of ammoniacal copper car-

bonate, lime-sulfur, or Bordeaux.

Leaf Si'ot

Caused by Phyllosticta rosac Desm.

Leaf spot of rose is of less common occurrence than black spot and

is not often serious.

It is known to occur in 18 counties, as shown on Map 121. With
this, as with the black-spot disease, there appear to be two regions of

most common occurrence, one in the southern tip of the state, and one

in the extreme northwest.

It may be controlled, when necessary, by application of any of the

standard fungicides.

Lilac

The lilac, with its several cultivated varieties, is of large import-

ance in the decorative plantings of the state, and is also of considerable

value to the nurseryman. In Illinois it is subject to only one serious

disease.

Powdery Mildew

Caused by Microsphacra alni (Wall.) Salm.

Powdery mildew of lilac appears, as a rule, late in summer, cover-

ing the leaves with a whitish powder, which presently becomes gray and
dirty. When the season favors, it may cause severe and early defolia-

tion.

This very common disease has the distinction of being the first

one definitely recorded in Illinois. It was collected in McLean county
in 1873 and again in 1879 by Seymour. Further collections were made
in 1881 and 1882 in 9 counties—Jo Daviess, McHenry, Lake, Cook,
Rock Island, La Salle, McLean, Jackson, and Union—indicating a wide-
spread occurrence over the state at that time.

At present, powdery mildew is known in 59 counties, the distribu-

tion of which is shown on Map 182. The commonness of the disease

where it has been found may be illustrated by the fact that there are

in the Survey herbarium 190 specimens of this mildew.

Carnation

The carnation, grown in greenhouses for cut flowers and in many
varieties in gardens for decoration and for flowers, suffers from a single

common disease, the "carnation rust."
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Rust

Caused by Uromyccs caryophyllinus (Schw.) W'int.

This rust appears as small, reddish-brown, more or less circular

spots upon the leaves and stems, the plant tissue for some distance around
usually taking on a sickly, yellowish color.

This disease is a pest in greenhouses especially, where it may be

quite destructive. It is known in 10 counties in Illinois, as shown on
Map 123, indicating its wide-spread occurrence over practically the whole
state.

Control measures consist, first of all, in the selection of cuttings

which are not infected. Free ventilation, and watering of the soil only,

with a periodical spraying with copper sulfate, one pound to 25 gallons

of water, are very helpful in preventing the spread of the disease in

greenhouses.

Virginia Creeper

The Virginia creeper, commonly used as a' decorative vine, is subject

to two diseases, which are of some importance in that they may impair

the appearance of the vine and may reduce the growth of the plant in the

ntirsery.

Leaf spot

Caused by Gnignardia bidzvcllii (Ell.) V. & R.

The leaf spot is identical with the black-rot disease of grapes and
has, on the leaves, essentially the same appearance.

It is known lo occur in 21 counties, as shown on Map 124. It ap-

pears to be especially abundant in southern Illinois, with only occasiona

occurrence northward.

Powdery mildew

Caused by Uncuuila nccator (Schw.) Burr.

Powdery mildew is identical in appearance with the powdery mildew
of grapes.

It is known to occur in !> counties as shown on Map 125. It is ap-

parently widely distributed in Illinois, with a most frequent occurrence

in the northern part of the state.

This and the preceding disease of the X'irginia creeper are controlled

by the same means as on grapes.

Snapdragon

The snapdragon, grown extensively in greenhouses for cut flowers

and in gardens for decoration, is subject in Illinois to one common dis-

ease, the snapdragon rust.
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Rust

Caused by Pitccinia antirrhini Diet. & Holw.

Rust is evident on the snapdragon as reddish-brown pustules about
the size of a large pin-head upon the leaves. These spots, if numerous,
may seriously detract from the appearance of the plant, limit its growth,
and check flower production.

Snapdragon rust is known to occur in Illinois in 7 counties, whose
distribution, as shown on Map 126. indicates a very wide range of this

disease in the state, with the commonest occurrence probably northward.
It is controlled in greenhouses by so directing the watering of the

flats and benches as to avoid splashing or dropping of the water from
leaf to leaf.

Conclusion

The preceding pages contain an account of 165 of the plant diseases

occurring in Illinois. They attack 44 of our crops and, according to the

classification given in Table 41. 115 of them are serious either continu-

ously or in years favorable to them while 50 are commonly of less sig-

nificance. These are not all the diseases attacking crops in this state, yet

the number is large enough to suggest that their presence is a continual

menace to successful production and that they are, because of their wide-

spread distribution and common occurrence, the cause of a not inconsider-

able yearly reduction in the crop yield of the state.

How great the yearly loss is may be inferred from the estimates

summarized in Table 42 from the more detailed estimates previously

given. Five diseases of wheat are estimated to have caused a loss aver-

aging annually 7.712,800 bushels valued at $11,837,000; two diseases of

oats have caused an average annual loss of 12,820,000 bushels valued

at $6,47 9,000: and two diseases of corn have caused a similar loss of

35,013,000 bushels valued at $24,840,000. Among the fruits, six apple

diseases reduce the crop annually by 814,980 bushels valued at $1,240,500

;

one pear disease causes a yearly loss of 22,900 bushels valued at $22,300

;

and one peach disease, a yearly loss of 13.850 bushels valued at $31,220.

These 16 diseases attacking 6 of our chief crojjs are responsible for a

reduction in yield averaging annually 5(5,398.900 bushels valued at $44,-

452,000. If it were possible to state in concrete terms the losses resulting

from the remaining 99 serious diseases and the damage done by the 50

less serious ones, these figures would undoubtedly be multiplied many
times; but such a statement would only serve to make more impressive

the facts already emphasized—thai many diseases are widely distributed,

that most of them are serious, and that the infection of crop plants can

result only in costly reductions in yield.

Losses can be largely avoided by using the a[>i)roved methods of

prevention and control which are given briefly in this bulletin for nearly

all the important diseases. This is a subject, however, which deserves
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a more detailed treatment than is consistent with the scope and object

of this preliminary report.

TABLES OF CROP REDUCTION AND LOSSES.

TABLE 1.

—

Estimated Wheat Losses from Leiaf Rust. 1919-1923

Year
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TABLE 4.

—

Estimates of Wheat Losses from Leaf Rust
RESULTING FROM THE 1922 EPIDEMIC

County
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TABLE 7.

—

Field Observations on Susceptibility of Wheat Types
TO Stem-Rust Infection

Variety
Acres

examined

Per cent of

stalks

infected

Per cent of

diseased
tissue

Soft Wheats:
Pultz
Red Cross
Red Wave
Salzer's Advance

Hard Wheats:
Turkeys
Kanred

102
80
45
48

837
2

75
61.5

92.5

100.0

49.2

3fr.0

22.5

47.5

37.5

60.0

21.

10.

TABLE 8.

—

Susceptibility of Soft Whhu.ts
TO Stem-Rust Infection

Variety
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TABLE 10.

—

Stinking-Smut Infections found in Wheat Fiexds in 1923
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TABLE 11.

—

Cash Dockage on Stinkixg-Smct-Infested Wheat, 1922-Ceop

County
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TABLE 12.
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TABLE 12—Concluded.

County
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TABLE 15.

—

Loose-Smut Infections found in Wheat Fields

IN 1922

County
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TABLE 16.

—

Loose-Smut Infections in Wheat Fields in 1923

County
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TABLE 17.

—

Estimated Wheat Losses from Scab in Illinois

Year
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TABLE 20.

—

Speckled Leaf-Blotch Infectiows

SEEN ON Wheat in 1923
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TABLE 22.

—

Estimated Cro? Reduction from
Crown Rust op Oats

Year
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TABLE 26.—EsTrMATEO Cbop Reductions fbom Root-.

Stai.k-. and Ear kots of Cobx

Year
Reduction,
per cent

Reduction,
bushels

Cash loss

1918
1919
1920
1921
1923

3

5

4

10
15

10,870,000

16,183,000

12,518,000
35,372.000

59,525,000

$13,044,000
21,037,000
7,385,000

13.442,000

38,691,000

TABLE 27.

—

Estimated Crop Reductions from the Smut
OF COEN

Year
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TABLE 30.

—

Prevalence of Apple-Scab Infections in Orchards during 1923

County
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TABLE 32.

—

Prevalence of Blotch in UNSPRAYia) Apple Orchards in 1923

County
Orchards
examined Acres

Per cent of trees

infected
Per cent of fruit

infected

Hamilton
Saline
White
Randolph
Christian
Shelby
Bond
Clinton
Union
Alexander
Johnson
Williamson
Jasper
Effingham

Total
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TABLE 35.

—

Estimated Crop Reductions from
Black Rot of Apple

Year
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TABLE 38.

—

Abundance of Peab-Blioht Infection in 1922

County
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TABLE 39.

—

Abundance of PEAR-BuonT Infection in 1923
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TABLE 41.

—

Tabulation of Diseases Discussed i.t tiie Text

Crop Serious
diseases

Less serious
diseases

Total

Cereals and Forage
Wheat
Oat
Corn
Rye
Barley
Alfalfa
Sweet Clover
Red Clover
Timothy
Redtop

Fruits, including Small Fruits
Apple
Pear
Quince
Peach
Apricot
Plum
Cherry
Grape
Brambles (Blackberry, etc.)

Currant and Gooseberry
Strawberry

Vegetable and Field Crops
Potato
Tomato
Sweet Potato
Cantaloupe
Watermelon
Cucumber
Asparagus
Beet
Cabbage
Cauliflower
Bean
Onion
Lettuce
Rliubarb
Radish
Horseradish

Ornamental plants
Rose
Lilac
Virginia Creeper
Snapdragon
Carnation

Total for the 44 crops

4

2

4

3

6

4

4

8

3

3

7

3

2

3

2

5

1

1

4

1

3

1

1

2

1

1

2

1

2

1

1

115

8

1

5

2

2

3

1

3

1

9

1

3

3

1

1

2

1

2

1

13
3

7

5
5

4
2

5

2
1

17
5

5

7

3

6

4
4
9

3

3

7

3

2
3

2

5
2

1

6

1

3

1

1

3

50 165
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TABLE 42.

—

Average Annual Estimated Crop Reductions and Money Lossbs

RESULTING FROM DISEASE ATTACK

Crop and disease





MAPS

Illustrating the distribution of the diseases

discussed in the text.
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Map of Illinois, with county names for comparison
with the following maps.
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Article \'.

—

Cliaiigcs in the Small Bottom Fauna of Peoria Lake,

ip^o to iij32. By Rcibekt E. Richardson.

Introduction

Early in July ]9v!2 the cooperative program of chemical and bio-

logical investigations of the middle Illinois River and Peoria Lake

begun in the summer of 1920 by the State Natural History Survey and

the State Water Survey was again taken up after an interval of two

years. The summer's work included, as one item among several others,

between the date of opening and the middle of September, quantitative

bottom dredgings at seventy-one stations in the channel and wide

waters of Peoria Lake and contiguous river between Chillicothe and

the Peoria and Pekin L'nion Railway Bridge opposite the lower part

of the city of Peoria. The dredging stations were distributed over

approximately the area covered by the thirty-five stations worked in

Peoria Lake in the summer of 1920, and covered a linear distance of

19.9 miles. Collections were made and handled as in 1920. Assist-

ance was furnished by Dr. C. P. Alexander in determining the larval

Chironomidae (midges), by Mr. F. C. Baker and by Dr. \^ Stei-ki on

snails of the family Sphaeriidac, and by Prof. Frank Smith and Dr.

J. P. Moore on the worms and leeches. The nitrogen- data on which

the 1921 curve of per cent free ammonia is based have been furnished

in advance of publication by the U. S. Public Health Service.

Destruction of the Old Botto.m F.\un.\

In a paper* published in December, 1921, on the changes in the

bottom and shore fauna of the middle Illinois River, it was shown that

between the period 1913-1915 and the summer of 1920, there had been

an almost complete extermination of the older normal bottom popula-

tion over a stretch of around 90 miles of river, including Peoria Lake,

extending from Chillicothe to Beardsiown. The same jieriod also saw

• Bui. ni. Nat. Hist. Surv., Vol. XIV. Art. 4. pp. 33-75.
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the point of practically complete oxygen exhaustion, a foot below the

surface, in midsummer, move 83 miles down stream, from Morris,

C3.5 miles below Chicago, to Chillicothe, UG.ri miles below ; and saw

the surface dissolved oxygen at the same time of year fall from around

1 p. p. m. to as low as 1 p. p. m. at Havana, 20T miles below Chicago.

During the same five or six years, also, the zone of high free ammonia,

with the ratio (per cent) on the base of the total nitrogen between 40

and 60 per cent, moved down the river more than 50 miles, or from

Spring Valley, 108.6 miles below Chicago, to Peoria Narrows, 160.9

miles below ; while the upper limits of the zone of well clarified effluent,

with free ammonia around or under 10 per cent of the total nitrogen,

receded from Beardstown to Kampsville, a distance of about 5? miles,

or to within about 30 miles of the mouth of the 327 mile continuous

waterway to Grafton. See charts following.

Between 1914 and 1918 the total weight of animals slaughtered

at the Chicago stockyards (Tables, pp. 331 and 332) had increased at

a rate more than eight times as fast as the estimated normal rate of

increase of human population; and there had been large increase in

the rates of operation of the Corn Products Refining plants both at

Argo and Pekin ; while the average dilution employed in the Chicago

Sanitary Canal was changed in an amount relatively small.

The years 1911 to 1911 inclusive had been rather quiescent years

for the packing industry, the total weight of animals slaughtered drop-

ping off gradually during that time from about 3,3S3 million pounds

in 1911 to 3,040 million pounds in 1914. From the 1914 low figure

the weight of slaughterings climbed rapidly, with only a slight reces-

sion during 1917, to a peak of 4,870 million pounds in 1918. represent-

ing an increase of fully GO per cent over the 1914 yearly rate (^Tablc.

p. 332) ; and about oO per cent over the average rate of 3.258 million

pounds for the four years 1911-1914.

The increase in the Packingtown wastes entering the sanitary

canal in the four years 1914 to 1918 amounted in population equivalent

on the basis of the Sanitary District's own figures* to more than

523,000 persons, or almost treble the estimated actual increase in human

population during the period ; or to more than the total 1920 popula-

tion of the city of Buffalo, New York. During peak weeks of 19 16,

• Packingtown Report II. 1921, pp. 8. 14. 231, etc.
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191 T, and 1918 the weekly rale of killings ran for weeks at a time at

more than double the average weekly rate of 1914; and in November
and December, 1918, particularly, at rates representing increases of 110

to 145 per cent over the average weekly rate five years earlier. These

weekly peaks were in the late fall or early winter, when it is presumed

that a large portion of the wastes would settle to the bottom, not far

away from their source, ready to be washed out, still to a considerable

extent undecomposed, with the first heavy rains of spring.

Heavy mortality among the snails was noted at points all the way

from Spring Valley to Havana during and following summer floods

in 1917. In August of that year dead snails acres in extent were seen

floating down the Illinois past Peoria and Havana ; and in places

were from one to two feet deep along the water-front at Peoria.

In late summer 1918, while in the field with chemists of the State

Water Survey, it was noted that all snails except one species of Mus-

culium and one Campeloma of imusual hardiness seemed already to

have been killed both at Lacon and Chillicothe. During the five weeks

July 22 to August 31 that year we got our first records of surface

dissolved oxygen under one part per million south of Spring Valley

—

finding them then extending as far sputh as Lacon*.

After 1918, up to the end of 1921, there was a long-sustained re-

cession in the packing industry, which carried the slaughtering figures

off more than a billion and a third pounds from the 1918 peak, or to

wifhin 443 million pounds of the 1914 rate (only 14.5 per cent above

the 1914 figure).

Between 1921 and 1928 the slaughtering rate moved up 400 mil-

lion pounds to a year total for 1922 of 3,975 million, and this was ac-

complished without seeming to exert any further seriously unfavorable

influence on chemical or biological conditions ; except as it was possibly

reflected in increase in numbers of the sludge or nuid worms (Tubi-

ficidae).

The present paper compares the condition of the bottom fauna of

Peoria Lake as found in July-September, 1922, with that of the sum-

mer of 1920, which was probably very close to its point of low condi-

tion following the mortality of 1917-1918, just referred to; with the

result, in general, of indicating an essentially slight though measurable

improvement in the two years.

•Third Annual Report. State Dlv. Waterways, 1919-19:'li. pp. 28-32.
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Since 1932 there has continued a gradual rise in the Packingtown

slaughterings, which brought them at the end of 1923 to a year total

of 4,461 million pounds, or to a point again only 8.4 per cent under

the 1918 peak of 4,870 billion pounds.

ToL-VL Weight of Amsials Slaughtered axd

Population Equivalent 1911-1924



331

Weight of Animals Slaughtered—Cattle, She3:p, a.nd Hogs onxt

weekly rate, pounds
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Changes in Chicago PoPtx.A.TioN (Est.) and

Packingtown Equivalent, 1914 to 1918
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Terminology with Reference to Degree of

Pollution and Tolerance

The terms used in the present paper to describe the varying de-

grees of tolerance exhibited by the small bottom animals do not differ

essentially from those used by Forbes and Richardson, 1913: i. e.,

septic, pollutional, contaminate, and clean-ivater, in order of decreas-

ing pollution. For the purpose of greater flexibility and at the same

time better suitability of application to the animals themselves, I have

substituted the word tolerant, with qualifying adjectives, for the word

contaminate as used in the 1913 paper. After the comparatively few

cases of species in the present bottom fauna with authentic previous

records of pollutional or unusually tolerant habit*, the tests of tolerance

used have been (1) survival under conditions of much lower than

normal oxygen supply; (2) association with other authentic pollutional

or unusually tolerant species; or (3) survival in areas where species

of known cleaner preferences have wholly succumbed. It can not be

too strongly urged that at the best we do not find in the actual field

habitats the hard and fast lines perhaps too easily suggested by the

use of these and other group terms by authors. The great flexibility

called for in classifications of the kind is particularly well illustrated

in the recent species lists from the bottom muds of Peoria Lake, which

may be said to have been neither septic at the worst nor clean at the

best, either in 1920 or 1922; by the occurrence there side by side in

both years of tubificid worms and midge larvae characteristic of the

septic zones of the upper Illinois, and of a number of species of sphae-

riid snails thought of usually heretofore as of clean-water habit, though

now shown to have more than the ordinary amount of tolerance.

The approximate position of the various subdivisions of Peoria

Lake in the zonal system above recognized may be outlined as follows,

basing conclusions on the chemical, plankton, and bottom-fauna data

of 1920 and 1922.

/. Pollutional Zone:—Chillicothc to lozver End

of Upper Peoria Lake. Distance 7.5 miles

The dissolved oxygen in midsummer both in 1920 and 1922 ranged

here normally between 0.5 and under 3 p. p. m. Though below the

septic zone, in the most proper sense, this is still the zone of vast num-

• Includes Tubifcx tubifcx ; CMronomua pluvwaus, and a very few others.
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bers of Tubificidae, including Tubifex and several species of Limno-

drilus ; as well as of Chironomus plimiosiis. Practically the only snails

surviving here recently are those that are more than ordinarily tolerant

—the list including several species of Sphaeriidae, but only one mem-
ber of the family Viviparidae (Cainpeloma subsoUdum) . On the

plankton side this is the zone of blue-green algae, these organisms, both

filamentous and non-filamentous types, .giving a blackish blue color

to the plankton samples, easily visible to the unaided eye immediately

after treatment with alcohol-formalin preservative, in the case of col-

lections made either in July, August, or September, and as far south

as Spring Bay Narrows or even the upper end of the middle lake.

Rotifer tardus was common in the plankton in the summer of 1920,

while shelled rotifers were rare.

2. Sub-poUulioiial or Contaminate Zone; or Zone of Tolerant

Bottom Animals:—Head or Center of Middle Peoria

Lake to foot of Loiver Peoria Lake

Distance about 12 miles

The dissolved oxygen ranged usually from around 2.5 to more

than 5 p. p. ni. through the summer season, both 1930 and 1922. The

blackish blue color given the upper lake plankton by the blue-greens

begins to disappear rapidly at or just below Mossville ; the blue-green

organisms thereafter giving way to great increase in chlamydomonads

and other chlorophyll-bearing forms. Shelled types of rotifers of the

family Brachionidae increase rapidly down the middle lake and Rotifer

tardus tapers out almost altogether at Peoria Narrows. In the bottom

fauna, sphaeriid snails increase in variety in the middle lake, but the

Viviparidae and Amnicolidae remain absent, both there and in the

lower lake. In the lower lake, areas or zones of heavy local pollution

and of unusually fast current cause mixed conditions ; and there are

otherwise in this portion of the river more or less insensible gradations

between conditions nearly clean, contaminate, and poUutional.

1 IvDUOGR.APHICAL SUBDIVISION

The bottom collections made in the summer of 1922 were all made

under substantially average low water conditions. Although we went

several times within between 50 and 100 feet from shore with the

dredge, few depths under five feet were found even at that distance

;
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while traces of vegetation worth mentioning were found at only two

stations in all three lakes all stimnier. The collections of 1922 are thus

practically altogether open-lake dredgings, from areas where the bottom

animals are subject to the full influence of low oxygen when it occurs,

and where they receive a minimum of aid from the reacrating or

freshening eiTects of shore vegetation and spring water. Noting the

very wide extent to which the largely deaerated waters of the river

spread out in the upper lake wide-waters opposite Rome—where the

bottom dissolved oxygen was under 1 p. p. m. for fully a half mile to

the eastward of the mid-channel line on August 9, 1922—it has seemed

best to emphasize distance from mid-channel rather than depth in the

zonal subdivision of the wide waters. Thus in all cross-sections in

1932 in the lake proper we had first a mid-channel stop, in an imagi-

nary channel some 700 feet wide, the approximate width of the luain

channel at ChiUicothe ; next a first wide-water zone embracing several

collections in which the first haul was usually taken 400 to 600 feet

to either side of the mid-channel line; and last a second wide-water

zone extending from 1800 to 4500 feet eastward or westward of the

mid-channel line, depending upon the width of the lake in the area

crossed.

A table of distances down stream between stations at which cross-

sections were made, follows.
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Table op Mile Numbers and Distances, Peoria Lake, 1922
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2. The extension of range of the surviving Sphaeriidae between

1920 and 1923 went hand in hand with large expansion (following the

lull due to business depression of 1921) in the Packingtown slaughter-

ings at Chicago, and with tremendous increase in numbers of tubificid

worms in the nuids of tlie upper lake and the river at Chillicolhe ; and

suggests perhaps a progressive immunization of the already tolerant

sphaeriid snails to conditions which a few years earlier might have

gone harder with them.

3. Both in the upper and the middle lake .in 1933 improvement in

the condition of the muds is indicated by increase in variety of the

species lists (1) as we proceed down stream; and (2) as we proceed

outward from mid-channel stations into the wide waters.

4. In the lower lake there are various evidences of mixed con-

ditions on the bottom, partly due, in the wide waters, to wind-blown

local pollution ; and so far as suitable situations for a few cleaner-

preference forms are provided, apparently due to the much greater

current that prevails in the lower lake channel, or in the narrows (in

our results included as lake stations) immediately above or below it.

5. Species that have definitely disappeared from Peoria Lake

since 1913-1915 include all but three or four kinds out of a total of

more than forty kinds of fresh-water mussels; all of the snails of the

family Aninicolidae ; all but one species of the formerly important and

especially conspicuous snail family Viviparidae ; and a varied weed

fauna.

C. P'rom the rather restricted list of small bottom invertebrates

that seem to have been exterminated in Peoria Lake since 1913-1915,

compared with the decidedly larger lists from the vicinity of Havana*,

it is suggested that upper and middle Peoria Lake may have been

subjected to a measurable amount of injury from up-river pdllution

prior to 1915.

• Sec Article VI of this volume, on 1"J23 fauna.
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Upper Peoria Lake and the Illinois River, Chillicothe to

Spring Bay. (Mile 146.5—153.2 below Lake
Michigan)

Hydrography

The three cross-sections in the upper lake district in 1022 began

with one in the river proper at Chillicothe. which is only a half mile

above the present low-water head of the upper lake, 6.7 miles above

its approximate foot at Spring Bay, and 14.5 miles above the head of

the lower lake at Peoria Narrows. The two cross-sections through

the lake proper included one at Rome, 2.8 miles below Chillicothe,

where the extreme width at recent summer low water has been in the

neighborhood of 4,800 feet; and one on a line a mile and a half above

Spring Bay, 5.2 miles below Chillicothe, where low water widths have

recently been somewhat more than G.OOO feet. ^lid-channel depths

at Chillicothe in August 1922 were around 22 feet, but were only 13

or 14 feet opposite Rome and Spring Bay, at the first of which places

considerable filling has evidently occurred since 1901. The soiuidings

made in the east wide-waters opposite Rome were not over 6.5 feet

in the first 1,500 feet; and did not exceed 5 feet in the next 2.000. A
mile and a half above Spring Bay depths in the open lake were nnich

greater, nine- fo more than ten-foot soundings continuing for 3.500

feet beyond the mid-channel line on the east or widest side. The

bottom in the river at Chillicothe was deep mud ; and throughout the

upper lake was uniformly soft black nuid at the stations visited, except

on the far west side above Spring Bay, where harder mixed nuid and

gravel bottom reaches out a hundred feet or more from the bank at

low water.

Though the odors of the bottom sediments in the upper lake

showed striking differences between 1915 and 1920, as described in a

previous paper, it was not always an easy matter to make out reciUy

definite differences between the summers of 1920 and 1922. While

some average improvement evidently occurred in the two years, it

wa^ clear also that there was still abundant room for more. Sum-
marizing the records from this portion of the lake for the summer
of 1922, it is fountl that we noted abundant bubbling at all stations;

distinctly foul odors at seven stations out of the total of twenty-three

;

mildly bad odors at nine out of the twenty-three stations ; and had no
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record or records of uncertain value at seven stations. This exhibit

compares with bad odors at all stations in the summer of 1!)20, but is

qualified in value by the feature that worse odors were noted in the

summer of 1922 well to the east and west of the main channel than

within it. both opposite Rome and just above Spring Bay ; and rather

milder ones in the river channel at Chillicothe than at the worst sta-

tions in the wide-water cross-sections three to five miles farther south.

The possibility that the very unusual flood of January-April 1922

flushed out the channel at the same time that it brought in a new load

of putrescible sediment to the wide waters suggests itself as a plau-

sible explanation of some of these changes, as also of the fact that the

spongy gas-filled mud noted in the summer of 1920 at several upper

lake stations in or near the steamboat channel did not appear in any of

our 1922 dredge hauls.

Toward the west bank below Rome some spreading of Potamoge-

ton occurred between 1920 and 1922 ; and in September 1922 mats of

Lemnaceae were found here, and also in the brushy southwest corner

of the upper lake opposite Spring Bay. The total area supplied with

vegetation is, however, insignificant compared with that of the low-

water period between 1910 and 1915, on gages little if any lower. No
living vegetation at all was encountered at any of tiic stations actually

dredged in the summer of 1922.

Dissolved Oxygen

The dissolved oxygen one foot from the bottom in mid-channel

at Chillicothe fell as low as 0.3 p. p. m. in July 1922, and to 0.2 p. p. m.

in August. The bottom oxygen during the same period in mid-channel

opposite Rome dropped to 0.2 p. p. m. on July 3, 1922 ; rose to 2.0

p. p. m. on July 27; fell to 0.5 on August 9; and rose again to 1.G on

August 29. On August 9, when the bottom oxygen in the channel at

Rome was 0.5 p. p. m., bottom figures under one part per million were

recorded at six wide-water stations east of the steamboat channel in

the Rome cross-section, averaging more than 600 feet apart and ex-

tending altogether more than 3600 feet eastward of the mid-channel

station.

At points between a mile and a half above Spring Bay and the

foot of the upper lake at Spring Bay Narrows, which is 7.7 miles be-

low Chillicothe. the bottom dissolved oxygen in July and .lugiist 1922
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ranged between 1.4 and 3.9 parts per million. The bottom figure on

July 88, 1922, at Spring Bay Narrows (1.4 p. p. m.) was lower than

the figure at Rome the day before; but both on July 3, 1922 (when

it was 3.3 at Spring Bay Narrows), and on August 29, 1922 (when

it was 3.9), a relatively large improvement had taken place in the

approximate five-miles distance between Rome and the foot of the lake.

The variation in the gage at Peoria during the period July 3 to August

29 was a little less than two feet. The lowest bottom dissolved oxygen

figures at Chillicothe were recorded on July 3, August 9, and August

29, on gages 11.3, 10.4, and 9.8 feet corresponding; and the highest

on a gage of 10.7 feet on July 27. The lowest bottom figures at Rome
occurred on July 3 at a gage of 11.3 feet Peoria, and on Augfust 9 at

gage 10.4; while the high figures (1.6 to 2.0 p. p. m.) came on July 27

and August 29 on gages 10.7 and 9.8 feet.

Bottom oxygen figures slightly lower than any of these were re-

corded at Chillicothe and Rome and in the vicinity of Spring Bay in

the summer of 1920. A table comparing the channel figures from the

upper lake and Chillicothe for 1922 and 1920 follows.

Bottom Dissolved O.xyoen, Mio-Ciianxei-, Upper Peoria Lake, 1920-1922

midsummer figures, parts per mii.liox

Peo. gage
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Small Bottom Animals

Nineteen species of small bottom invertebrates were recorded from

twenty-three dredging stations between Chillicothe and a mile and a

half above Spring Bay, near the lower end of upper Peoria Lake, in

the summer of 1922 (Table, p. 342). This increased number compare;

with eleven or twelve kinds taken at eight stations in very nearly the

same area in the corresponding months of 1920. That the increase

may to some extent be due to the greater number of stations visited,

particularly in the wide waters, in 1922, has not been allowed to escape

our notice. IMore probable explanations, however, include the increase

in the worm list (+2) due to a more thorough study of that group

in 1922, and the evident increase, mostly in the wide waters, of the

less tolerant snails (+5), that seem to have escaped total destruction

between 1915 and 1920, but that had not had time by 1920 to extend

again over their old range sufficiently to make the chance good of

getting them in collections. It will be noted, also, in ensuing pages,

that other equally important changes were apparent at the end of the

two year interval that could have no possible connection with an in-

crease in the number of stations.

Both in 1922 and 1920 the majority of the species taken in the

upper lake, whether in channel or wide waters, belonged to the more

distinctly pollutional or tolerant groups of small bottom animals; that

is, small annelid worms (Tubificidae), leeches, midge larvae, and toler-

ant snails. The more sensitive varieties of the old snail, insect, crus-

tacean, and other small bottom population of 191.j and before were

in 1922 as in 1920 wholly absent from all hauls taken in the upper

lake more than 50 feet from shore. There was, however, to be set

down fairly definitely on the side of improvement during the two years

following 1920 the noticeable increase in the number of kinds and

abundance of the tolerant snails, already mentioned ; and, more quali-

fiedly, because they may have merely been washed out by the violent

flood of the spring of 1922, the decrease in both numbers and kinds of

more pollutional midge larvae. Suggesting caution, on the other hand,

in accepting at face value these apparent evidences of improvement,

was the remarkable increase in abundance at all stations in the upper

lake in 1922 of the small oligochaete worms, which were present in

numbers exceeding any that we have before recorded from anywhere

in the Illinois River.
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As will be seen in the tables that follow, there was noticeable a

sharp difference between the rates of increase in the species lists in

mid-channel and in the open lake from 1920 to 1922. In fact, substan-

tially no. favorable change in number seems to have occurred in the two

years in the channel, where decrease in kinds of midges was balanced

by increase in worms, leeches, and tolerant snails ; and where, in 1922,

the number of all species taken decreased instead of increasing as we
proceeded down the lake from Chillicothe. In the wide waters, on

the other hand, there was an increase in the list of species in the two

years from 11+ to 18+ ; and the increase was almost all due to the

multiplication in variety of the less tolerant kinds of snails and midges,

(see Table below). Further evidence of improvement in the extra-

channel zones is seen as we go down stream (see Table on following

page) ; as also in the near to more than doubling of the species lists in

size, both in the Rome and the Spring Bay cross-section, as we move
outward from the channel into the wide waters (Table on p. 344).

Summary of Bottom Species Lists, Uppee Peoria Lake, Summer 1922

1. comparison with 1920. number of kixds takex
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Summary of Bottom Si-ecies Lists, Upper Peoria Lake, Summer 1922

2. t'hanoes down stream. number of kinds taken
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Summary of Bottom Spkcies Lists. Upper Peoeia Lake. Summer 1922

3. changes from mid-channel outward into wide waters

rrUMBER OF KINDS TAKEN
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related family of free living worms known as Naididae was rejiresented

by small numbers of one or more undetermined species.

The species of the genera Tubifex and Limnodrilus live in tubes

or burrows in the soft top ooze of stream bottoms, from which they

protrude the posterior end, waving it constantly when imdisturbfd, as

an accessory act in respiration. When very abundant these worms
literally carpet the bottom with a living naji of reddish brown or deeii

red. This fact is the more easily visualized by those who have not

seen them when it is known that they occurred in luiinbers as high as

fiO.OOO per square yard in upper Peoria Lake in the summer of 1922.

Such numbers amount to nearly 'J.jO rows of 250 each in such a space,

and call for a separation between individuals amounting to less than

fifteen-hundredths of an inch in each direction.

The several times recorded occurrence of Tubifex tubifex in un-

usually septic situations in recent years by European writers, as about

the edges of septic tanks and very near the sources of the pollution

in sewage-fouled streams, seems to have led to the entire group being

referred to rather indiscriminately by local authors la ely as "slime

worms" or "sludge worms," with little or no reference at all to the

possible varying preferences or the identity of individual species. This

has been no doubt largely a result of the difficult and time-consuming

technique necessary in the determination of species in this group, and

the extreme rarity of specialists competent to render an opinion upon

them. Some of them occur quite frequently, however, in ordinary

clean bottom in our inland lakes and streams; and extensive carpets

of them have been observed near the edges of deep reservoirs thought

clean enough to be a part of the source of a city's water supply. Even

Tubifex tubifex has recently been reported by Muttkowski (1918)

from the bottom muds of Lake Mcndota; and was found, as repre-

sented by the American form as here understood, to be commonly

present in the comparatively clean nuids of thf Illinois River at and

near Havana in the early days of operations at the Illinois Biological

Station.

Of the Tubificidae taken in upper Peoria L:ike in 1!)22 far the

most abundant one was not T. tubifex as might have been ex])ectcd on

the basis of recent .American and European records, but Lintiiodrilus

Iwffmeistcri. This worm occurred at twenty-one out of twenty-three

of the collecting stations in the ui)per lake, including all cross-sections,

and like T. tubifex and the undescribed species of Limnodrilus was
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most abundant in the two upper cross-sections, opposite Chillicothe

and Rome, at the latter of which the dissolved oxygen one foot above

bottom was under one part per million at stations embracing over a

mile of lake-width early in August. The species was also taken, how-

ever, at a large proportion of the stations in the upper part of the

middle lake and at a few in the lower.

The undescribed species of Limnodriliis had a distribution in the

summer of 1922 very much like that of L. hoffiiieisteri, be'ing taken at

nineteen out of the twenty-three upper lake stations, embracing three

cross-sections ; and was also taken in scattered hauls both In the middle

and the lower lake. Tuhifcx tubifex, on the other hand, was taken in

or just above the upper lake in 1922 only in the Chillicothe and Rome
cross-sections, where it occurred at only six out of twelve stations

;

was not recorded at all from the eleven stations in the Spring Bay

cross-section ; and was recorded only once each from the middle and

lower lakes.

The distinct tendency toward confinement of Tubifex tuhifcx, as

here understood, to the Chillicothe and Roman cross-sections may be

accepted as further confirmation of the value of that species as an indi-

cator of bad bottom ; though it is believed that the facts of outside

distribution before mentioned suggest that great caution be used before

basing conclusions as to the cleanness of muds upon mere occurrence,

either of this or other species.

When the totals of all Tubificidae are tabulated, it is suggested

that numbers may be quite as important as specific identity when we

are seeking an index of the condition of the bottom muds in the small

annelids. Averaging 22,400 at Chillicothe, and averaging 29,000 and

ranging as high as 69,000 opposite Rome in early August, 1922, the

total of all worms dropped to only 2,100 per square yard in the next

2.4 miles (cross-section 1.5 miles above Spring Bay) ; and to a figure

of only 420 per square yard in the first cross-section in the middle

lake, another 4.5 miles south. The sharp decline in the 2.4 miles be-

tween Rome and the next cross-section southward corresponded to a

rise of less than two parts per million in the bottom dissolved oxygen

on the round of August 9, 1922, and was proportionately more eni-

frtiatic than the oxygen figures in suggesting the rapidity of improve-

ment in the water and the muds after they spread out into the upper

lake wide-waters just above Rome.
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Collections
averaged
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The reasons for the iiiucli greater abundance of these worms in

the summer of 1922 than in the summer of 1920, when the average

oxygen supply was somewhat less at the lowest than in 1922 at upper

lake stations, are not clear unless we assume that the increase followed,

as it might quite naturally, the bringing in with the very unusual flood

of the winter and spring of 1922 of a new load of rich sediments, along

with a richer bottom bacterial flora, than were present in the summer
of 1920, following a more quiescent spring season. In fact, these

worms do not seem to be bound to their habitat so much by a quali-

tative as by a quantitative food relation, deriving their sustenance

as they do, without apparent selection, from the bacteria and other

living and dead organic matter in the soft bottom-sediments, which

they first swallow oi masse. So far as a low oxygen supply is con-

cerned, they seem merely able to tolerate it by virtue of their ability to

store haemoglobin and to effect a mechanical aeration of their imme-

diate surroundings, rather than to be in any true sense partial or obli-

gate to it.

LEECHES

Two species of leeches were taken in the upper lake in the summer
of 1922 : the first, Erpobdclla f<unctata (Leidy), in the channel opposite

Chillicothe; the second, Hclobdclla nephcloid'\i (Graf), in the wide

waters 3,600 feet eastward of mid-channel in the cross-section a mile

and a half above Spring Bay. The first species mentioned was taken

also in 1922 in the river at the P. P. U. Railway Bridge opposite the

lower part of the city of Peoria whei'e the pretty well aerated waters

of the lower lake are being mixed with the discharge from the main

sewers. ErpobdcUa punctata was noted by Baker (1922) as common
at stations in the Big Vermilion River in 1918-1920 where gas bubbling

was continuous in warm weather and where the mussels were dead

;

and by Weston and Turner (191T) as common at the upper and worst

polluted stations in the Covveeset below Brockton, Massachusetts.

Muttkovvski (1918), on the other hand, reported ErpobdcUa f'linctata

to be common along clean gravelly shores of Lake Mendota.

Hclobdclla ncphcloldca, in addition to its occurrence in the upper

lake above Spring Bay at stations where distinctly bad X)dors were re-

corded, was also taken in the wide waters of the middle lake opposite

Mossville ; in the steamboat channel and the wide waters of the lower

lake opposite Fulton Street, Peoria; and. in company with ErpobdcUa
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punctata, below the outlet of the lower lake at the P. P. U. Railway

Bridge. We have found no definite outside records of habitats of this

species. The conclusion is evidently to be drawn, with respect both to

this and the other species named, that they are of rather indifferent

value as an index" of the condition of muds in the Illinois River.

MIDGE I,.\KVAE

Larvae of midges occurred in oin- 1933 dredge-hauls from upper

Peoria Lake at only eight out of the total of twenty-three stations, and

failed altogether to appear at any of the channel stations. The total

number of identified kinds was the same as in the summer of 1930,

but three of the more pollutional species of that year were not taken

at all in 1923, and the single 1932 species known to be unusually toler-

ant (C. plumosus Linn., var.) occurred only at three extra-channel

upper lake stations, one each in the Chillicothe, Rome, and Spring Bay
cross-sections. Undetermined species of Chironomus, Procladius, and

Tanypus were taken at a few open lake stations well eastward of the

channel opposite Rome and Spring Bay; and a few specimens of Tanv-

pus monilis Linn., in the past reported only from cleaner situations,

were taken toward the west side opposite Rome, in a haul in which

tubificid worms exceeded 7,000 per square yard and unusually foul

odors "were noted.

In the summer of 1930 all channel hauls contained midge larvae,

though the recognized more tolerant kinds then as in 1933 came from

the stations outside the channel. In the middle lake and in the lower

in 1922 larval Chironomidae occurred at a nuich larger projjortion of

all stations than in the upjjer lake, although no important increase in

numbers was noted at the stations southward.

With the exception of C. plumosus or its varieties, and of two

other pollutional species (C. dccorus Johannscn and Tanypus dyar't

Coquillett) taken rather frequently in the summer of 1930, neither in

1933 or 1930 did numbers of chironomid larvae attain importance in

Peoria Lake (Table, p. 317). The first-named species does, however,

seem to bear an unusually distinct relation to pollution ; as has been

noted since some years ago in studies of its sister forms in Europe,

where variation in the length of its ventral blood-gills has been ob-

served to coincide more or less definitely with diflferences in the oxygen

sui^ply. The recent Illinois River and Peoria Lake specimens which

we have referred to this species do not seem to differ very materially
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except in that respect from the abundant larva formerly referred to

C. fcntans in our work of ten years or so ago at and above Havana—

-

a form which seems to have wholly disappeared from this section of

the Illinois River since some time before 1920. The practical confine-

ment of the more poUutional kinds of midge larvae recently to the lake

zones outside the channel, while to an extent perhaps a result of habitat

preference unconnected with pollution, places them conveniently in

those areas where the bottom receives the largest fresh supplies of rich

sediment as the gage recedes after floods.

UNUSUALLY TOLER.^NT SX.MLS

One of the most surprising facts that came out of the study of

the bottom dredgings from upper Peoria Lake was the enormous multi-

plication at Chillicothe and in the lake opposite Rome between 1920

and 1933 of the little sphaeriid snail, MuscuUum traiisz'crsiiiit Linsley.

Nuinbers of this small bivalve, familiar to local hunters and fishermen

under the name of "duck shell", reached a hundred thousand per square

yard in parts of the upper portion of the upper lake in the summer of

1923. Average numbers for all stations in cross-sections passed 51,000

at Chillicothe and 39,000 opposite Rome, these figures representing

equivalents of weight valuations between 19,000 and 25,000 pounds

per acre over limited areas, on the supposition' that all the yourfg and

half grown lived to become adult. The distribution of the largest

hauls of this little snail agreed closely with the location of the largest

catches of mud worms, and also an equally abrupt average decline in

the Musculium figures corresponded to the drop in worm figures al-

ready mentioned as having taken place in the two miles between the

Rome cross-section and the next one south. This decline was followed

by further decrease or showed little recovery in the areas sampled in

the middle and lower lakes. (Table, p. 347.)

The ability of this snail to withstand low oxygen is well supported

by previous evidence from the Illinois River, where it occurred in

small numbers near the banks as far north as Marseilles in the sum-

mers of 1911 and 1912. Its recent extremely rapid nuiltiplication in

the worst instead of the best portion of its old range in Peoria Lake.

amounting to from 50 to more than 2,000 times numbers as of the

summer of 1920, may be supposed, however, to reflect quite probably

some other factor than those involved in the original habitat preferences

of the species. Perhaps it is true that an important consideration has
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been that this snail has recently met almost no hindrance to multipli-

cation from its greatest predatory enemy, the carp, in this poorly

aerated section of Peoria Lake. The supposition that its recent dis-

tribution and abundance has been in substance inverse to that of the

coarse bottom-feeding fishes is borne out by such information as we
have concerning the location of the most profitable seine hauls recently

above Peoria Narrows. It may also be the case that there has re-

cently been some increase in an already relatively strong innnunity in

this species to the ill efiects of low oxygen.

LESS TOLERANT SNAILS

It was in the group of less tolerant snails that the greatest increase

in variety of the small bottom fauna of the upper lake occurred in the

two years following 1920. The species included under this designa-

tion are all evidently less tolerant than MhschUuiii transvcrsnm, as

shown both by their greater rarity in upper Peoria Lake in 1922, and

by the fact that none of them occurred quite so far north in the Illi-

nois River in 1912 as that very tolerant species. Though less tolerant

than that unusually hardy form, they are all evidently considerably

more so than several other snail species (particularly Vhipara contec-

toidcs Binney, V. suhpnrpurca Say, Lioplax subcarinatus Say, and

Anmicola emarginata Kiister), all of which were common in Peoria

Lake up to 1915 but have not since appeared in collections from either

the upper, middle, or lower lake. Though no representative of this

group could be called abundant at any upper lake station in 1922, we

took then, in all, five species, all but one belonging to the Sphaeriidae,

compared with a single S])ecies in 1920. The channel collections con-

tributed two species, MusciiUkiii tnntcatum Linsley and Pisidiitni coiii-

prcssiim Prime, against none at all in 1920; and the collections from

the open lake five kinds, M. truticatum, P. compressum, P. paupcrcn-

liiw var. crystalcnse Sterki, a species of Pisidium near P. complanalitm

Sterki, and Caiiipcloimi subsolidiiui Anthony, as against the last species

alone in the summer of 1920.

Of these five snails, only one, the large viviparid, C. subsolidttin,

has been previously known through published records, so far as we

know, to be much more than ordinarily resistant to pollution or low

oxygen. This snail was taken by us in the Illinois River in 1912 as

far north as Starved Rock, or farther north than any other snail excejjt

Mitscniiiiiii transvcrstiiit ; and was recently reported by Miss Jewell
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(1922) from the acid waters of the Big Muddy. The distribution of

Campeloma siibsoUdum in upper Peoria Lake in 1922, was confined

to two stations in the far east wide-waters a mile and a half above

Spring Bay. Bad odors and abundant bubbling were noted at both of

these stations, and the bottom dissolved oxygen was under three parts

per million in July, and considerably lower in August.

While MnscuUum trtmcatum did not appear at all in 1920 collec-

tions from any part of Peoria Lake, in August 1922 we found it at

seven out of the nine stations in the Rome cross-section, including the

channel, and at one station in the upper portion of the middle lake.

Numbers in the Rome cross-section ran as high as TOO per square

yard, and the species was associated with Tubificidae at stations where

they exceeded forty thousand. This species was found in the Illinois

River channel in 1919 as far north as De Pue and Spring Valley, and

seems to possess not far from as high a degree of tolerance as its

more prolific coingener, M. transversiim. It seems, in fact, to differ

from it mainly at the present time in Peoria Lake as it did in the past

in the cleaner waters of the Illinois, in a lesser aptitude for multiply-

ing and occupying the capacity of its range.

Of the three species of Pisidium taken in the upper lake in 1922,

P. compressum had much the widest distribution, occurring at six out

of the total of 23 stations, compared with no records at all in 1920.

It was present at three stations in the Rome cross-section, including

the mid-channel station, and was associated there with Tubificidae and

other annelid worms whose combined numbers exceeded 45.000. per

square yard. This little shell also occurred in the upper lake in 1922

at three stations toward the west end of the Spring Bay cross-section,

and extended southward into the middle lake and the upper jwrtion of

the lower. In 1912 it was taken in the channel of the Illinois at Spring

Valley, De Pue, Henr\-, and Chillicothe.

Pisidium paupcrculuni, var. crystalciisc Sterki occurred in the

upper lake in 1922 at only two stations, both west of the main channel

in the cross-section a mile and half above Spring Bay. At one of

these two hauls unvisually bad odors were noted and Tubificidae and

other small annelids passed 5,000 per square yard. ' The species was

not taken in the Illinois River above Henry in the summer of 1912,

and is apparently to be graded as somewhat less tolerant than P. com-

pressuni.
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A third species of Pisidium, close to P. complanatiiin Sterki, was
taken twice in the summer of 1922 in the far east wide-waters of the

upper lake, once in the Rome and once in the Spring Bay cross-r.ection.

Tubificidae exceeded 6,000 per square yard at one of these stations

and especially bad odors were recorded at both.

It may be mentioned here that Miss Emmeline Moore (informa-

tion by correspondence) found Pisidium compressum and also an un-

named species near P. abditnin Haldcman in waters of the Skaneateles

outlet, New York, recently, under conditions that suggested a high

degree of tolerance. It is also of interest in the present connection

to recall that Juday (1908) took a species of this genus (P. idahoensc

Roper) in the deeper waters of the glacial lakes of Wisconsin, at

depths where for more than two months in the year there •\vas nearly

if not complete oxygen exhaustion. These specimens were found to

be quiescent under those conditions, but to revive upon being placed

in well-aerated water.

Belonging to a group of snails and other botlo.ni species still less

tolerant than the Pisidia, is the little Valvata tricarinala Say, which we
took in small numbers in August 1932 about a hundred feet from the

west bank opposite Spring Bay. Here there was somewhat solider

bottom than farther out in the lake, though no vegetation ; and no

especially bad odor was recorded. As this species is more frequently

than not a shore form and more than ordinarily partial to vegetation,

the question of the amount of tolerance possessed by it does not affect

any conclusions already or later drawn as to the condition of the bottom

nnids of the great portion of upper Peoria Lake.

Middle Peoria Lake, Mossville to Al Fresco Park
(Mile 154.9—159.3 below Lake Michigan)

Hydrography

The three bottom fauna cross-sections through the middle lake in

the summer of 1922 began at Mossville, 3.2 miles below the last sec-

tion in the upper lake, and were approximately two miles apart in all

cases. The one at Mossville was 8.4 miles below Chillicothe, the one

at the foot of Horshor Island 10.9 miles below, and the one opposite

Al Fresco Park 12.8 miles below the first cross-section taken in 1922.

The width of Peoria Lake at Mossville in August 1922 was around

4,500 feet ; but had rapidly expanded to al)out 7,000 opposite the foot
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of Horshor Island ; and declined again to about 3,500 at Al Fresco

Park. Mid-channel depths in the first two cross-sections were not

over 13 feet, but were 18 feet opposite Al Fresco Park, where the Icike

is beginning to taper to the lower narrows and the current is notice-

ably stronger than farther northward. Extra-channel depths in the

middle lake cross-sections were nearly all over seven feet, and depths

of nine to ten feet were met in all three throughout a total width sweep

of 2,500 to 3,000 feet. Soft mud bottom was found everywhere ex-

cept in the last hundred feet next the west bank, where there was some

sand or gravel.

A more readily recognizable change for the better since 1 920 could

be perceived in the bottom sediments of the middle lake in the summer
of 1922 than was the case in the upper. Although bubbling was abun-

dant at nearly all stations, and mild bad odors at a majority of them,

no very foul odors such as were encountered in or near the channel

as far south as Al Fresco Park in 1920 were noticed anywhere in the

middle lake in the summer of 1922. Improvement between Mossville

and Al Fresco Park, a distance of about four and a half miles, was

clearly evidenced by the entire absence of foul odors and the fewness

of bubbles at a number of the wide-waters stations opposite the latter

place.

Replacement of vegetation does not seem to have progressed so

far in the two years since 1920 in the middle as in the upper lake, a

circumstance possibly having some connection with the fact that the

middle lake is regularly seined. Sparse patches of Potamogeton and

Vallisneria were visible near the west bank in late August and early

September 1922 in the lower half of the lake, but the great weed-beds

that formerly covered hundreds of acres in the upper half of the lake

were as absent from the landscape as they were in 1920.

Dissolved Oxygen

There was a plentiful supply of dissolved oxygen over the greater

part of the middle lake in July 1922, when on gages between 11.3

and 10.7 feet more than five parts per million were -found a foot from

the bottom a mile below Mossville, and nearly or more than six parts

per million opposite Al Fresco Park in mid-channel samples. But

before the end of the first two weeks of .\ugust, on a gage down to

10,3 feet, the mid-chnnncl tigure a mile below ^lossville had dropped
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to 2.2 p. p. m., and was only 3.4 p. p. m. a mile and a half above the

foot of the lake. Similar mid-channel figures (2.8 p. p. ni. one foot

from bottom) were obtained a mile below Mossville late in August

(gage 9.8 feet) ; and on September 13, after a slight rise, when the

low figure for 1922, 1.7 p. p. m., was recorded. At Al Fresco Park

on the last two dates mid-channel bottom oxygen was 5.3 and 4 p. p. ni.

In the wide waters a mile below Mossville the bottom oxygen rose

rapidly toward the west bank in late July 1922, topping 10.2 p. p. m.,

or about a part and a half above saturation, about a hundred feet from

shore on July 28. But in the far east wide-waters on the same date

the figures obtained a foot from the bottom ranged between 3.1 and

3.4 p. p. m., or a part to more than that lower than the channel figures.

However, at this time, in the wide waters as in the channel, bottom

oxygen figures rose rapidly as we proceeded down the lake, ranging

between four and six parts per million opposite the foot of Horshor

Island and six to more than seven opposite Al Fresco Park. On
August 9, 1922, bottom figures were under 1 p. p. m. in the open lake

at three stations in the cross-section a mile below Mossville, and were

as high as 3 p. p. m. only at distances more than 3,000 feet east or

2,000 west of mid-channel (it will be noted that the lake is some 2,000

feet wider at low water here than directly opposite Mossville). (Jn

the same date open lake figures opposite Al Fresco Park were under

4 p. p. m. as far as 1,300 feet east of the mid-channel line, but had

risen to 6.7 p. p. m. within a total of 2,000 feet.

In August 1920 appreciably lower bottom dissolved oxygen figures

than any of those obtained in the summer of 1920 were recorded from

the middle lake, both in its upper portion in the vicinity of Mossville

and toward the lower end opposite Al Fresco Park. Then, as in 1922,

there was sometimes quite rapid improvement from the channel out-

ward into the wide waters, particularly in the lower portion. But in

the second week of August 1920, figures under 1 p. p. m. were found

more than 2,500 feet to the east of the mid-channel line at Al Fresco

Park. Neither in 1920 nor 1922 did these extreme low figures have a

very extended duration in the open lake, but were likely to be succeeded

within a week or two, coincidently with a sudden increase in the green

microplankton, by figures four to five parts per million higher. Even

bottom dissolved oxygen figures above saturation were recorded once

in 1920 from a middle lake wide-water station, late in August, though
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this was in the lower part of the lake, and not above the middle as in

the latter part of July 1922.

Bottom Dissolved Oxygen, Mid-chaxnkl, Middle Peobia Lake. 1920-1922

Midsummer Figures, Parts per Million

Peoria
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Compared with 1!)20, there was substantially a doubling in var-

iety of the 1922 lists, whether in channel, wide waters, or all zones

combined (Table 2, p. 358). The increases over 1!)20 were principally

due to multiplication of kinds of the less tolerant snails, which rose in

the two years from one to ten species ; and to the less tolerant kinds

of larval midges, which increased from two kinds to five. Both the

snails and the less tolerant midges showed the greatest gain in the

wide waters, at the same time that the more pollutional kinds of midges

fell off in representation in the extra-channel areas as compared with

1920.

The changes in the species lists of the middle lake from its upper

to its low-er end in 1922 were irregular in the channel, the Al Fresco

Park stations showing scarcely better than those opposite Mossville,

four and a half iiiiles above (Table on p. 359). The largest variety of

channel species was found in the intermediate cross-section, opposite

the foot of Horshor Island, and about half way between the head and

the foot of the lake. In the wide waters there was a more regular

showing of improvement southward from Mossville, both the Horshor

Island and the Al Fresco cross-sections yielding nearly or quite twice

as many of the less tolerant snails and from three to four times as

man}' of the less tolerant midges as were taken opposite the Mossville

station.

In all three of the middle lake cross-sections of 1922 there was

marked increase in variety of species as we proceeded outward into

the wide waters from the steamboat channel (Table on p. 360). This

improvement was mainly due in all three cross-sections to the increase

in number of kinds of less tolerant snails ; which rose in the Moss-

ville section from none in the channel to three kinds in the wide waters

;

in the Horshor Island section from three kinds in the channel to six

kinds in the wide waters ; and in the Al Fresco Park section from one

kind in the channel to five kinds at the extra-channel stations.
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Summary of Bottom Species Lists, Middle Peoeia Lake, Summer of 1922

1. comparison with upper lake. number of kinds taken
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Summary of Bottom Species Lists, Middle Peokia Lake, Simmeu of 1922

3. changes dowx stueam. number of kinds taken
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Summary of Bottom Species Lists. Middle Peoria Lake, Summer 1922

4. changes from muvchannel outward into wide waters

numbers of kinds taken
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WORMS

Except for the irregular continuation of the decline in numbers

already noticed in the upper lake, and their failure to appear at all in

the collections opposite Al Fresco Park, the lubificid worms presented

little of interest in the middle lake in the summer of 1933. Substan-

tially the same list of species was found as in the upper lake, though

in all cases in much smaller average numbers and with more scattered

distribution. The various species of Limnodrilus, rather than Tuhifex

tubifcx, led as in the upper lake in frequency ; while the local form of

Tubifcx tubifex was found at only a single station in the channel oppo-

site the foot of Horshor Island.

The absence of small annelids from the Al Fresco Park hauls is

not to be taken as conclusive evidence that they were not there al-

though noticeably improved conditions on the bottom were visible also

in other respects. It is more probable that if we had increased the

fraction of the Petersen dredge sample sieved for them at least small

numbers of some of the species would have been found.

LEECHES

Leeches were represented in the 1923 middle lake hauls by two

species, the same number as in the upper lake. One of them, Heloh-

della ncphcloidca (Graf), occurred in the wide waters of the Mossville

cross-section, and was also recorded in 1923 from the wide waters of

the upper lake above Spring Bay. The second, HelobdcUa stacpialis

(Linnaeus), although it occurred in the middle lake in 1933 only in

the lower or Al Fresco Park cross-section, was one of the two com-

monest leeches at the more heavily polluted stations of the Coweeset

just below Brockton, Massachusetts, in 1914 (Weston and Turner

191?). ErpobdcUa punctata (Leidy), which was taken in the channel

at Chillicothe in 1923 and was the other common leech at the upper

Coweeset hauls in 1914, was not found in middle Peoria Lake collec-

tions in the season of 1922.

MIDGE L.\RVAE

While a total of six species of immature midges were recorded

from the middle lake in the summer of 1922, compared with five in

1920, the more distinctly tolerant or pollutional kinds were reduced

in 1922 in the middle as in the upper lake from three to only one. The
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one, a variety of Chirouomus plutnosus Linnaeus or a species very

closely allied to it, occurred at fourteen of the thirty stations covered

in the middle lake in \'.)'2'2. It was, however, absent in all collections

in the upper or Mossville cross-section, and reached its highest aver-

age numbers in the cross-section opposite the foot of Horshor Island,

or through almost the exact center of the lake.

Chironomids of more uncertain status were represented in the

middle lake hauls of the summer of 1!)22 b)' not less than five species.

Of these, Chirouomus digitatus jMalloch has not before to our knowl-

edge been recorded from any but ordinarily clean bottom. The others

included a species very near C. matiiriis Johannsen, which was taken

in foul muds in the lower lake both in 1922 and 1920 ; and an uncertain

number of unidentified kinds of Chironomus, Tanypus, and Procladius.

UNUSUALLY TOLER.ANT SN'.MLS

While the snails were easily led in abundance in the middle lake

as in the upper in the summer of 1922 by the vmusually tolerant Miiscu-

liutn transvcrsum Say, the figures for that species were small compared

with the numbers reached by it the same season in the upper lake. The

largest all-station average of a single cross-section amounted only to

a little over 2,500 per square yard, or about a fifteenth of the average

of the nine 1922 stations in the best upper lake cross-section (opposite

Rome) ; and the smallest to only one sixtieth of the nine-station aver-

age of the same cross-section. Though so small compared with upper

lake figures, those of the middle lake represented valuation equivalents

between 200 and nearly 500 pounds per acre and made up the largest

single item by weight of the whole 1922 middle lake bottom fauna.

LESS toli:r.\nt sn.mls

Ten other kinds of snails, all presumed to be of lesser tolerance

than MuscitHum transvcrsum but more tolerant than several species

of the old fauna that have not appeared in any part of the open waters

of Peoria Lake since before 1920, and all but one belonging to the

Sphaeriidae, were taken in the middle lake in the summer of 1922.

Numbers were small in all cases, and all recorded occurrences were

at stations well away from the channel and toward the east or west

margins of the lake, or, if wiilely distributed, in its lower portion.

This number of species is just double that of the less tolerant groi^>

of snails listed from the ujiper lake in 1922, and compares with a
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single snail species besides M. transvcrsum from the middle lake in

1920. Five of these species were the same as the five already listed

from the upper lake on a preceding page. This group, distinguished

from the other five by the fact of occurrence above the middle lake

in 1923, included one sphaeriid of the genus Musculium, one viviparid,

and three species of the sphaeriid genus Pisidium, sometimes called

pea-clams in the literature. The five new entrants in the 1923 li.sts,

embracing snails whose farthest northward occurrence in 1922 was

the middle lake, included three additional species of Pisidium not taken

in the upper lake in 1922 or in any part of either the upper, middle,

or lower lakes in 1920, and two species of Sphaeriuni, also not taken

in the upper lake in the summer of 1922, but one of them recorded

from the lower lake in 1930.

The distinction between these two groups of the less tolerant snails

and their relation, in the matter of tolerance to pollution, to the other

recent snail groups and to the Viviparidae and Amnicolidae apparently

exterminated between 1915 and 1920 is shown in the table that follows.
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Lower Peoria Lake and Illinois River, Peoria Narrows
to Peoria and Pekin Union Railway Bridge

(Mile 161.0—166.4 below Lake Michigan)

HVDK0GKA^HY

In or adjacent to lower Peoria Lake in the summer of ]y"22 bottom

dredgings were made at eighteen stations in four cross-sections. Col-

lections began at the foot of Peoria Narrows, which is just above the

head of the lower lake wide-waters and is not far from a quarter of

a mile wide at recent low water, and ended at the P. P. U. Railway

Bridge across the Illinois River about a mile and a half below the

foot, which lies slightly below the center of the city of Peoria. The

two intermediate cross-sections through the lake proper were opposite

Workhouse Point, a little less than two miles below the Narrows ; and

opposite the foot of Fulton Street, a mile and a half below the first

open lake cross-section and less than a mile above the lake's foot. The
full width of the lake was somewhat more than a mile at the Point

and considerably less than a mile opposite Fulton Street, though a]i-

preciably wider in between, during the summer months of 1!)22.

Though a good deal smaller, as measured either by length or

width, than the upper or the middle lake, being only about three aiifl

a half miles long as compared with nearly six for the middle lake and

more than six for the upper, the lower lake with its immediately con-

tiguous areas, as here regarded, presents a visibly greater variety of

habitats than either of the others, and differs from them also in several

other main features. Its entire lower half is narrowed to an efYectual

width of much less than a mile by a long submerged but formerly

wooded island on the east side, whose outside edge is only about three

quarters of a mile from tlie Peoria water-front opposite. The effect

of this is that throughout the central and lower portion of the lower

lake, where our main cross-sections were made both in ]!)22 and 1!I20.

the great body of moving water passes through a relatively narrow

and deep prism, with depths between twelve and fourteen feet pre-

vailing over a total width of nearly half a mile, and with, as a conse-

quence, a greater average current everywhere in the open portion than

in corresponding sections of the upper or middle lake.

The west littoral of the lower lake receives the discharge from

most of the main sewers and industrial drains of a city of nearly

100,000 people, but although this is true, during the summer season
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the prevailing direction of the winds and the current together seem to

keep this soiHng material largely confined between the channel and

the bank as far as the foot of the lake, where the first extensive mix-

ing of lake water and local sewage appears ordinarily to take place.

The general orientation of both the channel and the adjacent wide-

waters is such, however, that in the fall of the year and occasionally

during the summer season, north or slightly north of west winds may
cause much more mixing of the sewage with the lake water eastward.

Soft mud bottom was met at all stations in the lower lake proper.

Harder mud and shell bottom was found in midstream at the Narrows,

and nearly clean sand at the P. P. U. Bridge, where the current is

four to five times that in the channel opposite Workhouse Point and

six to seven times midstream current riieasured near the middle of

the middle lake in the summer of 1930.

Since the first cross-section in the lake proper was above most of

the main sewers, and we confined our collecting below that place to

the channel and the open lake eastward of it, no especial foul odors

were recorded at any of the lower lake stations in the 1922 summer
season. Bubbling was observed in abundance at most stations op-

posite Workhouse Point, as also at the farthest eastward stations op-

posite Fulton Street, but in the middle of the main channel and at

most open lake stations opposite Fulton Street neither bubbles nor

unusually bad odors were noted.

Little restoration of the killed-out vegetation in the southeastern

part of the lower lake had occurred in the two years since 1920, the

thin Potamogeton patcli on the east side facing Liberty Street looking

about as it did in the summer of 1920. Traces of Vallisneria were

brought up by the dredge at the station nearest the we.^t shore off

Workhouse Point, but no vegetation was encountered in any other

hauls.

Dissolved O.xvgen

Both in the summer of 1922 and of 1920 the supply of dissolved

oxygen a foot from the bottom in mid-channel at the foot of Peoria

Narrows ranged between 50 and 75 per cent of saturation, numerous

samples taken between the middle of July and the middle of Sep-

tember 1920 averaging 5.1 to 6.4 parts per million, and eight samples

taken in September 1922 averaging 4.8, with a range from 3.6 to 6.2

p. p, m.' Soon after the middle of July 1920 almost as high or higher
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figures than at the Narrows continued in mid-channel to and below

the foot of the lake. But in the first week of August 1920 the bottom

oxygen dropped sharply below the Narrows from a high figure for

the season of 6.4 p. p. m. to only 3.4 a mile below, and to 2.0 p. p. m.

opposite Green Street, which is a mile above the foot of the lake. On
the same dates a rapid rise in bottom oxygen figures from the channel

eastward into the wide waters was noted a mile below the Narrows

;

but opposite Green Street samples showed between three and two

parts per million for two fifths of a mile eastward into the open lake.

Bottom Dissolved O.xygen, Mio-C'HA.\Ntx, Loweu Peouia Lake, 1920-1922

Midsummer Figures, Parts per Million—Averages
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number from ten kinds to only four kinds of the less tolerant snails,

at the same time with the first appearance below Chillicothe of seven

miscellaneous small botloni animals of presumably lesser tolerance

than any of the groups taken either in 1922 or 1920 in the middle or

the upper lake.

The comparison of 1922 collections from the lower lake with

those of 1920 (Table on p. 3?0) showed less dicerence than app>eared

either in the upper or middle lake, and suggests that this section of

the lake, with its greater average current, and its long histor)- of local

pollution, has at the present time a small bottom population somewhat

better adjusted to the prevailing conditions than has been the case

recently in the portions of the lake above Peoria Narrows.

As we would expect from the heavy local pollution adjacent to

the channel on the east side, there was a greater increase in variety

in the species lists from the channel outward into the wide waters

(from 2 kinds to 12 kinds in the Workhouse Point cross-section; and

from 8 kinds to 17 kinds in the Fulton Street section) than either in

the middle or the upper lake (Table on p. 372). This was despite the

fact that the corrective action of the more rapid current in and also

well outside of the channel here permits the existence of several cur-

rent-loving forms that have not been found since- 1015 above the lower

lake ; and that wind- or wave-carried local pollution has apparently

reduced the number of kinds of the less tolerant Sphaeriidae in the

wide waters.

The changes in the lower lake species lists down stream (Table

on p. 371) were irregular and of no special significance.
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Summary of Bottom Species Lists, Lower Peokia Lajce, Summer of 1922

2. comparison with 1920. number of kinds taken
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Summary of Bottom Species Lists, Lower Peoria Lake, Summer 1922

, 3. changes down stream, number of kinds taken
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Summary op Bottom Spbx:ibs Lists, Lower Peoria Lake, Simmer 1922

4. changes from mid-chan.nel outward ivto wide waters.

NUMBe'R OF KINDS TAKEN
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and upper lake figures and with the lower lake figures for 1920, which

for unknown reasons averaged even less than those of 1928, is shown

in the table on page 3-l~ preceding.

LEECH F.S

Four species of leeches were taken in the lower lake in the sum-

mer of 1922, which was more than were found in either the middle

or upper lake in 1922 or in the lower in 1920. These four species in-

cluded Erpobdella punctata and Helohdclla stagnalis, both of which

have been recently listed from outside of Illinois in polluted bottom;

Helobdclla nephcloidca. which was taken in the upper lake above

Spring Bay in 1922 where odors were bad and bubbles were abundant;

and Dina parva, of which we have no local or outside records from

foul bottom. Erpobdella punctata was found only in the mixture of

local sewage and lake water at the P. P. U. Bridge, below the foot of

the lake, that and the occurrence in mid-channel at Chillicothe being

the only records obtained anywhere in the summer of 1922. With a

single exception, occurrences of iiie other three species were limited

to the Fulton Street cross-section, where leeches were especially com-

mon in the suminer of 1922 both in channel and extra-channel collec-

tions.

MIDGE LARVAE

Though average abundance of midge larvae did not go as high in

the lower lake as in the upper and middle lakes in the summer of

1922, both the total number of species identified and the number known

to be more than usually tolerant was greater. The three pollutional

forms included the common one from the upper and middle lakes,

Chironomns pUimosus, var. as well as also typical C. plumosus, which

was taken once opposite Fulton Street ; and C. nmtiirus Johannsen,

which was taken at two hauls in the cross-section opposite Workhouse

Point. In addition there were upwards of five or six kinds of Chiro-

nomidae of more or less doubtful position, two of them apparently less

tolerant than the three above mentioned. These two were Cliirono-

mtis digitatus Malloch, which was also taken in the middle cross-sec-

tion in the middle lake in 1922, and which occurred in clean iriuds in

Lake Mendota, studied by Muttkowski in 1918; and Tanypiis uioiiilis

Linnaeus, found once in the Fulton Street cross-section, well to the

eastward, and except for its occurrence not far from mid-channel

opposite Rome in August 1922, not known to us to favor bad bottom.
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UNUSUALLY TOLERANT SXAILS

Musculium transversum, the leader of the water-breathing snails

in enduring low oxygen and other effects of pollution in upper Peoria

Lake, continued in the lower lake to still lower levels the decline begun

between Rome and Spring Bay in the summer of 1922 and showed no

increase worth mentioning over 1920 abundance (Table, p. 347).

The lower lake has recently had ordinarily a sufficient supply of oxy-

gen at levels well above the bottom for the coarser commercial fishes,

and is subject to little or no seining as a consequence of the almost

entire absence of good landing places. Perhaps the little-restricted

fish foraging may account in part for the small numbers recently found

not only of this species but also of others, including mud worms and

midge larvae, in the lower lake. A second circumstance that may
have bearing on the recent scarcity of this snail in lower Peoria Lake

is that in the period between 1913 and 1915, when bottom conditions

were more nearly normal in this part of the Illinois River, the upper

lake was, as in 1922, its principal stronghold. In those years the

lower lake snail fauna was largely made up of species of Viviparidae

and Pleuroceridae, though 71/. traiisz'crsiiin was also taken in some

hauls in moderate or small numbers.

LESS TOLERANT SNAILS

The less tolerant snails from lower lake hauls in the summer of

1928 were of only four kinds, as against ten kinds from the middle

lake the same season, but no more than three from the lower lake in

the summer of 1920. Three of these, Pmdinm coiiiprissuiii, P. pau-

perculum, var. crystalcnse, and Campcloma subsoliduni were present

both in upper and middle lake collections in 1932, while the fourth,

Spliacriiim staiuinciini. had its farthest northward 1922 occurrence in

the middle lake. All four of them were found in the Peoria Narrows

hauls, and three of them, or all excepting the variety of P. paupercu-

lum, were taken on the west beach side in the Workhouse Point cross-

section. Only the two of them least reputed previously for sensitive-

ness, P. coinprcssinn and Campcloin-a subsolidum, were found in the

channel or eastward of it below Peoria Narrows: and none of them

was taken at stations more than 500 feet to the eastward of the mid-

channel line or .south of the upper and cleaner third of the lower lake.

Numbers per collection or per unit of bottom area were small and

relatively unimportant in all cases.
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While the comparison with variety and abundance in the same
group in the middle lake in 1922 was distinctly unfavorable, that with

the lower lake in the summer two years before, particularly in the

case of the Pisidia, was less so, and suggests moderate improvement

within the limited area of best conditions in the two years. Besides

taking in 1922 one more species than we did in 1920, one or the other

of the two species of that genus was found at five in all of the total

of eighteen stations visited in 1922; whereas in the summer of 1920

only a single species of the genus {P. comprcssuui) was taken, and it

was confined to a single station in the Peoria Narrows cross-section.

No explanation of the reduction in variety in this group between

the middle and lower lakes recently is furnished by the comparison

with our 1913 and 1915 data. In those years we took as many kinds

and as great average numbers of Pisidium in the lower as in the middle

lake, and more kinds of Sphaerium in the lower lake than in either

the middle or upper; and found as well species of both genera at the

wide-water stations in the lower half of the lower lake, where they

were not taken at all either in 1922 or 1920. In view of these facts,

though based in some cases on few collections, it is difficult to avoid

the conclusion that local pollution has been injurious to this group in

lower Peoria Lake recently.

LESS TOLERANT ASSOCIATED GROUP

A group of seven miscellaneous species having at first sight no

characteristics in common except the fact that none of them was taken

above the lower lake cither in 1922 or 1920 completes the list of lower

lake bottom animals taken by us in the season of 1922. Of this group

three appeared in 1922 that were not found in collections in 1920, and

three inl920 that were absent in 1922, giving us seven representatives

of the lot in each summer's collections. The list included, as taken

either in 1922 or 1920, the following species, embracing insects other

than Chironomidac
;
young mussels

;
pleurocerid snails ; sponges ; bry-

ozoans ; and Crustacea :

1922 only.

Corixa species.—Peoria Narrows, in strong current.

Lcptocerid (caddis) larva.—Peoria Narrows, in strong current.

Anodonta iiiibeeillis .Say.—Mid-channel, opposite l-'ulton Street,

Pforia. in current.



1922 and 1920.

Goniobasis livescens Menke.—P. P. U. Bridge, in strong current.

Sponge species.—Peoria Narrows, in strong current, 1920; op-

posite Fulton Street, Peoria, 1922, 600 feet east of mid-channel, in

current greater than that outside of channel in middle or upper lake.

Hyalella knickerbockeri (Bate).—In or near channel, several sta-

tions, both 1923 and 1920, in current; once in far wide-waters, 1920.

near edge of smartweed bed.

Plumatclla pr'mccps var. fniticosa Kraepelin.—Peoria Narrows

and P. P.. U. Bridge in strong curent, and just outside of channel op-

posite Liberty Street, 1920; mid-channel and 600 feet east, opposite

Fulton Street, 1922.

1920 only.

Quadrula plicata Say, young.—Peoria Narrows only, in strong

current.

Plcuroccra clcvatuiu var. Iczi'isii Lea.—Peoria Narrows and P. P.

U. Bridge, in strong current.

Hydropsyche species.—Peoria Narrows and P. P. U. Bridge, a

strong current.

Evidently an important consideration about this otherwise motley

group is that ail but one of them were confined both in 1922 and 1920

either to the swifter water at Peoria Narrows or the P. P. U. Rail-

way Bridge, slightly above and below the lake proper ; or were con-

fined if taken in open lake cross-sections to the first 600 feet eastward

of the mid-channel line, where also the current is appreciably greater

than in corresponding locations in the upper and middle lakes. Be-

sides this, the little fresh-water shrimp, Hyalella, which was found

once in the east wide-waters near the edge of a smartweed bed, as

also the species of Corixa, are really not bottom forms in the strict

sense, being both free swimmers to a considerable extent and. in the

case of the corixids, coming to the surface occasionally for air.

In favor, on the other hand, of a higher degree of tolerance in

all members of this group than that jiossessed b)- the recently extermi-

nated mussels, snails, and other bottom species of all three lakes is

the fact that they have survived in recent years where so many other

species have perished. Such a supposition receives support from our

records from the polluted waters of the upper Illinois River obtained

in the years 1911 and 1912 (Forbes and Richardson, 1913). At that

time the identical species in the case of five of the 1920-1922 list



(Quadrula plicata, Pleuroccra elevatum, var. lewisii, Goniobasis livcs-

ceiis, Hyalella knickerbockeri, Plumatella princeps, var. fniticosa*,

and species closely allied in three other cases) were taken at stations in

the polluted sections of the upper Illinois where surface dissolved

oxygen ranged between 1.4 and 2.7 parts per million, and where the

great bulk of the normal bottom population had already been destroyed.

One of the .snails, also, Pleuroccra elcvatum, was one of the only two

snails taken by Jewell in the acid waters of the Big Muddy River in

southern Illinois in 1919 (Jewell, 1922).

Comparison of the Recent Small Invertebrate Bottom
and Weed Fauna of Peoria Lake with that of

1913-1915.

GENERAL COMPARISON

Pre-] 930 records of the bottom fauna, including the mussels, from

the section of the Illinois River covered in the present paper were

made by us at Chillicothe in the autumn of 1911 and the sinnmer of

1912; and collections of the smaller bottom species only were made

in a series of cross-sections between Chillicothe and the foot of lower

Peoria Lake in the summers of 1913 and 1914 (Forbes and Richard-

son, 1913 : Richardson, 1921). In addition to this earlier work of our

own, the United States Bureau of Fisheries made a survey of the

mussel resources of Peoria Lake, in connection with one of the entire

Illinois River, during the years 1911 and 1912 (Danglade, 1914).

In making comparisons with these earlier records it is not possible

always to be as exact as one could wish, because determinations were

not carried out in as much detail in the earlier period as has been

the case with more recent collections. For this reason, and also be-

cause of the necessarily very small fraction of the total bottom area

covered by dredge hauls, neither our lists of the earlier nor the more

recent bottom species of the lake are assumed to be as complete as they

might have been with heavier programs of dredgings. Previous ex-

perience in dredging in the Illinois River and in other wa'.ers in Illi-

nois has shown, however, that the number of bottom species that may

be expected in single hauls is never very large, apparently as a con-

sequence of a general rule that one or two or at the best a few species

tend to iiredominate, usually with great distinctness, in a given range.

• At that time Incorrectly Identified.
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In view of this fact, added to the generally rational and therefore

explicable nature of the results, it seems not unreasonable to suppose

that in the total of one hundred and fifty-two hauls in Peoria Lake

between 1913 and 1923 (46 in 1913-1915, as a part of a total of 387

for the entire river; and 106 in 1920-1922) we probably obtained in

both periods examples of at least most of the commoner species inso-

far as these are present during the summer season.

As all subdivisions of Peoria Lake were well supplied with coarse

aquatic vegetation over a large portion of their area up to 1915, in

order to obtain fair comparison with our 1920 and 1922 records, w-hich

were made after the old weed-beds had been destroyed, it has been

necessary to exclude a good many of the less distinctly bottom forms

of the pre-1920 lists. The exclusions cover a sizable assortment of

free-swimming, weed-dwelling, and air-breathing species, not belong-

ing in a proper sense to the bottom, which formerly entered in con-

siderable numbers into bottom collections made in the shallower areas

where there was more or less vegetation. Most of the excluded forms,

it may be noted, have also disappeared since nine or ten years ago,

along with the vegetation, over practically the entire area of Peoria

Lake.

Having regard at present, then, only to the more exclusively

bottom-species, both in the case of the earlier and the more recent

records, we find that we took as nearly as may be calculated a total

of 22 or more kinds in the upper lake in 1913-1915, of which at least

8 have since disappeared ; 26 or more species in the middle lake, of

which 12 have since dropped out ; 43 or more species from the lower

lake, of which 19 have disappeared ; and from the bottom muds of

all three lakes combined no less than 61 species, of which at least 23

are missing in recent collections, although recent hauls have been more

than double the number of the earlier ones.

In evident contrast with the reduction of representation in the

lists of more sensitive species, the tabulation (p. 383) indicates good-

sized additions in all three lakes to the totals of more tolerant kinds

since 1915. While a part of these apparent additions in the ix)llu-

tional or tolerant column have undoubtedly taken place, especially in

the Tubificidae and Chironomidae, it is probable that the more complete

identification of the more recent material accounts for a part of them.

It is, however, quite certain that there has been large increase in

numerical abundance since 1915 of some of the more pollutional forms.
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Of interest also is the apparent indication of a larger variety of

bottom species in the lower lake than in the upper or middle lake be-

fore 1920, and a correspondingly greater loss of kinds in the lower

lake species lists between 1915 and 1922. It is quite posisble that the

upper and middle lakes may have been injured to a minor extent by

sanitary canal pollution before 1915 and in advance of serious injury

to the lower lake from the same or local causes. But this can not

now be proven, and the continued existence of a healthy and varied

mussel fauna (see page 3S.-)) between Peoria Narrows and Chilli-

cothe as late as 1!)15, is against assuming that there had by that time

been any very serious change, at least in the channel, in or quite near

to which the mussel beds have always been located.

The greater variety of habitats furnished by the lower lake and

its connections, already mentioned, may account for a good deal of

the difference shown
; and some of it may result from the greater num-

ber of lower lake bottom collections in the earlier jieriod, including

fuller special studies on the Chironomidae there than elsewhere, in

the course of short visits by Malloch to Peoria in liHli and 1914 ( Mal-

loch, 1915). But as si)ecial evidence suggesting earlier injury, par-

ticularly to the wide waters of both the upper and middle lakes, where

sedimentation after the spring floods is particularly heavy, may be

mentioned the noticeable absence or extreme rarity in the 191.3-1915

collections of several groups of insects; such as the commoner aquatic

Coleoptera ; various Odonata; and from the upper lake in particular,

the common May-fly nymph of the genus Hexagenia, as well as other

Ephemeridae. The limited amount of collecting in the vegetation

zones before 1920 also showed much poorer results than were easily

to be obtained at that time with the .same amount of effort in the lakes

possessing similar aquatic vegetation near Havana.

COMMONER SMALL BOTTOM ANIMALS THAT HAVE
nrSAPPEAKED SINCE 1915

While reviewing the missing members of the old fauna, it will be

recalled that the species obtained in Peoria Lake in 1922 and 1920

have already been arranged, in this and earlier ])apers in a descend-

ing order of tolerance without so far disclosing any that seem to have

a clear title as clean bottom species. The subjoined lists may be sup-

posed, on the contrary, to include a considerable number of kinds that

fall fairly under that designation, so far as they are applicable at all
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to the inhabitants of the bottom muds of our larger streams under

present-day conditions.

PLANARIANS

Various unidentified species of planarians, attached to shells, bits

of bark, leaves, etc., were not uncommon in Peoria Lake bottom hauls

in years previous to 1930. These did not appear in any of our 1920

or 1922 bottom dredgings, or on any of a quite large number of dead

mussel shells examined in the summer of 1920, although a few were

noted in sediment samples caught in the relatively fast current at

Peoria Narrows in August 1923 by a machine set about eighteen inches

above the bottom.

BRYOZOA

While only a single species of bryozoan, Plutnatella prin-ceps, var.

fruticosa, was found in Peoria Lake bottom collections in 1920 or 1922,

two other species, Paludicella ehrcnhergii Van Beneden and Uniafclla

gracilis Leidy, were common on live or dead shells in the deeper water

everywhere below Chillicothe up to the summer of 1915. On many

of the mussel shells examined in the summer of 1920 there were marks

apparently left by the attachment of former colonies of these species.

SNAILS

The list of snails missing since 191.5 includes two conspicuous

cases of large and abundant kinds which were formerly so common
in collections nearly everywhere in the lake that they gave their char-

acter largely to the majority of hauls made between Chillicothe and

Peoria in 1913 and 1915. These were Vivipara contectoides W. G.

Binney and Lioplax subcarinatus Say.

Species of snails that occurred in smaller numbers, but which

seem to be of scarcely less importance as index organisms, include a

second large species of Vivipara, V. subpurpurca Say, which was taken

several times in the earlier collections, only in the middle and lower

lakes, and principally in the lower. Notable also, up to 1915, vvas the

little Amnicola cmarginata Kiister, which, although not widely dis-

tributed, occurred before 1930 in fairly large numbers over limited

areas in both the middle and lower lake.

Two species of Valvata, V. tricarinata Say and V. bicarinata Lea,

were formerly not far from equally common in the wide waters of

the first two of the lakes. The first one was taken in a single haul
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also in the summer of 1932 within less than a hundred feet of the bank

at the lower end of the upper lake, but the other appeared in none of

our collections from anywhere between Chillicothe and Peoria in 1930

and 1922. These two species, while evidently partial to shallow weedy
waters, also habitually spread far from shore in our local bottomland

lakes; occurring in lakes near Havana in 1914 and 1915 in six to

nine feet of water on plain mud bottom, and in the four to seven foot

depth zone in upper Peoria Lake before 1930. A species of Ainnicola

near A. liiiwsa Say, partaking of the habit of the Vaivatas just de-

scribed, of becoming bottom or weed species at will, was taken in the

shallower areas of the upper and middle lakes before 1920.

Other bottom-dwelling snails taken in Peoria Lake in 1913 and
191.") collections but since then not seen, included one or"more species

of the little lini]X't-like .'Xncylus, which was formerly common on shells

and sticks in the deeper water near the channel; a species of Pleuro-

cera, P. sitbularc Lea, which occurred less commonly than its more

abundant congener, P. clcvatum lennsii, which latter species still per-

sists in small numbers in the more rapid current in the lower lake

;

and the comparatively large amnicolid Somatogyriis siibglobosus Say,

which was taken in small numbers only in the upper lake.

INSECTS

Among larvae and nymphs of insects which have recently disap-

peared entirely from open-water dredgings in all three lakes the most

important are members of the family Ephemeridae, or May-flics; of

several families of Odonata, or dragon-flies ; and of the commonest

of the midge families locally, the Chironomidae.

In 1913 and 1915 the common May-fly, Hexagenia variabilis

Eaton, was occasional in collections from both the middle and lower

lakes, but has not since been taken in the Illinois River above Havana.

Specimens of two other genera of May-flics that have since failed to

appear, Callibaetis and Caenis, were also taken several times in the

course of the dredging before 1980 in the two lower lakes.

The principal Chironomidae that have disajipearQd include Ciii-

ronomus tentans Fabricius, formerly one of the most generally dis-

tributed and abundant, and because of its large size most conspicuous

of the midge larvae of Peoria Lake and other middle Illinois River

situations during the summer season. Other larval midges definitely

missing recently, include Chironomus nigricans Johannscn ; one or more
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species of the genus Cricotopus ; and a species of the genus Ortho-

cladius.

Several unidentified species of at least three families of dragon-

flies, whose nymphs have no green or other bright color*, are for the

present admitted to the list of bottom forms that have disappeared

from Peoria Lake' since eight or ten years ago although some members

of this group have recently been found to be unusually tolerant.

Stickney (1922) found Libellida pulchcUa Drury very tolerant to con-

ditions of low oxygen in recent experiments at Urbana ; and Baker

(1923) took the same species in the comparatively foul muds of the

Big Vermilion at St. Joseph, where all the mussels had been killed.

The writer took Chromagrion condittini Hagen and Platythcmls lydia

Drury in the; Kishwaukee River below De Kalb in February 1922 in

water polluted by acid wa.stes from steel mills to such an extent that

most of the normal bottom fauna had been driven out or destroyed.

The disappearance of nymphs of this group recently in the Peoria

district may have been more in the nature of an indirect effect of the

destruction of the vegetation, which served as headquarters for the

adults, than evidence in all cases of unusual sensitiveness.

* Some green nymphs of the family Airrionidae have been excluded, as weed

species, from the present comparison.
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Number of Species of Small Bottom Animals Taken in Peokia Lake,
1913-1915 TO 1920-1922. All Zones Comhined; Accidental Wf:ed

and Surface Forms Excluded; no Duplications
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ALMOST COMPLETE EXTINCTION OF AN ABUNDANT AND
VARIED MUSSEL FAUNA SINCE 1913-1915

If we add to the list of exterminated small bottom animals the

most of the mussels found by Danglade (1914) in Peoria Lake in 1911

and 1912, and now apparently all gone but an inconsequential number

of the hardier species in the lower lake, this addition raises the total

of missing bottom species from more than twenty to more than sixty

kinds. Danglade listed in all, from the three lakes, a total of forty-

one species, of which twenty came from Chillicothe and thirty from

the middle lake. The number of kinds taken in the lower lake was

not stated. The location of the most important commercial mussel

beds as described by Danglade as they existed in 1911-1912, included

beds above and below Rome : a mile above' Spring Bay and in Spring

Bay Narrows ; below Mossville ; and between Al Fresco Park and

Peoria Narrows. The continued existence in good condition of the

Mossville and Al Fresco Park beds, and of a vast bed of bluepoints.

(Ouadnda plicata) more than two miles long in the lower lake, extend-

ing from the center of the channel eastward, was verified by sketch

maps furnished us as late as November 1915 by Havana pearl-hunters

who spent the summer and fall of 1915 in Peoria Lake.

In the summer of 1930 and of 1922 we took with the Petersen

dredge a single specimen each in the lower lake of two species, but no

trace of live mussels of any kind in the waters above Peoria Narrows.

We also, in July 1920, went carefully over a small boatload of mussel

shells taken with a dip-net the same day by a Peoria musseler who we

thought must have a market for dead shells to justify the otherwise

unproductive work that he was doing. The number of shells we

found alive was extremely few and all belonged to one or the other of

two species, the bluepoint, Ouadrnla plicata; or the warty-back, Quad-

rtiki pHsltilosa. It is significant that both of these species were taken

by us farther north in the polluted upper Illinois River in the summer

of 1912 than any other mussels with the exception of one species

{Sympltyiiota cuinplanata) ; the first having been taken at Starved

Rock in company with 5". complanata; and the second at Spring Valley.

The list of Peoria Lake mussels as of 1911-1913 that follows is

as presented by Danglade (191-i), except for the starring of the two

unusually tolerant species of Quadrula above noted, and of theappar-

ently hardy dwarf species of Anodonta which wc took with the Peter-
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sen dredge in the lower lake in the summer of 1922. The fact that the

full Danglade list for Peoria Lake, inclusive of Chillicothe, of forty-

one species, was only eight short of his complete list of forty-nine

kinds for the entire Illinois River in 1911-1912 does not suggest that

the channel areas of Peoria Lake had been seriously injured up to

that time, although the Chillicothe list had already apparently suffered

some reduction.

Mussels Reported by Danglade (1914) from Peoria Lake, Inclusive

OF Chillicothe, in 1911-1912, but wmcii Appear to ha\-b Since

BEEN C0>IPLETELY EXTERMINATED ABOVE PeORIA NaUBOVPS, AND
TO HAVE Nearly All Perished in the Lower Lake

The three species of which we obtained records in the lower lake in 1920

and 1922 are starred; those taken or seen by Danglade both at Chillicothe

and in the lake below there, or at Chillicothe only, are marked with a C.

No. 16 was taken at Chillicothe only.

1. Quadrula granifera. C
2. Quadrula ebena. C.

3. Quadrula plena

4. Quadrula solida

5. Quadrula coccinea

6. Quadrula obliqua

7. Quadrula trigona.

8. Quadrula rubiginosa

*9. Quadrula pusiulosa. C
10. Quadrula fragosa

11. Quadrula lachrymosa. C

12. Quadrula metanevra

13. Quadrula heros. C
14. Quadrula undulata. C

•15. Quadrula plicata. C
16. Unio crassidens. C
17. Unio gibbosus. C
18. Symphynota complanata

19. Arcidens confragosus. C

20. Anodonta corpulenta

21. Anodonta suborbiculata

*22. Anodonta imbecilis

23. Strophitus edentulus

24. Obliquaria reflexa. C
25. Tritigonia tiiberculata

26. Plagiola donacitormis

27. Plagiola elegans

28. Plagiola securis. C
29. Obovaria ellipsis

30. Lampsilis laevissima

31. Lanip.silis gracilis. C
32. Lampsilis alata

33. Lampsilis parva

34. Lampsilis recta, C
35. Lampsilis fallaciosa.

36. Lampsilis anodontoides

37. Lampsilis higginsi. C
38. Lampsilis orbiculata. C
39. Lampsilis ligamentina. i

40. Lampsilis luteola. C
41. Lampsilis ventricosa
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Ati, Zonks

1932; 2S stations
ssaectlons

POLLOTIONAI, MORE TOLEKANT, OR DOUBTFUI.

Wormi (,Tuhifici<!ac and Xaididae)

Limnodrilus hoftmeistori Claparfide

Umnocirilus n. sp.*

Tubitex tubif« {JluUer) ? or var.

Limnoiirilus sp. like L. claparede-

iauus Ratzel

Naidiiiae. iinidentifleil

5

At least 3 or 4 spp., unldpntlfled

3+

Erpobdella punctata (Leidy)

Helobdella nepheloidea (Grat)

Leeches

One unidentified species

PolUitional or more tolerant midge larvae

Cliironomus plumosus Linnaeus, var. Chironomus plumosus Linnaeus

Chironomus decorus Johannsen
Tanypus dyari Coquillett

3

Midge larvae of doubtful status

Chironomus sp. or spp.

Procladius sp. or spp.

Tanypus sp. or spp.

Tanypus monilis Linnaeus

4+

Chironomus sp. or spp.

Tsmypus sp. or spp.

2+

Vnusually tolerant snails

Musculium transversum Say
{
Musculium transversum Say

1
!

1

LESS TOLERANT GEOHP (SNAILS ONLY)

Less tolerant stuiils, first group, (upper lake, farthest northward
occurrence, 19B2)

Musculium truncatum Linsley I Campeloma subsolidum Anthony
Pisidium compressum Prime
Pisidium pauperculum, var. crystal-

,

ense Sterk;

Pisidium sp. near complanatum
Sterki

Campeloma subsolidum Anthony
6

CLEANEB WATEE OR LESS TOLEEANT ASSOCLATED GEOUP
Mussels
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COMPARISON OF SPEt'IKS LISTS; MIDDLE PEORIA LAKE

Whmc WATiuia

1 ; . I osasGCtions 1920: 8 stations; 2 cross-sections

I'OM.ITIONAL, MOKK TOIJatAST, OR DOUBTFUL

lVor»is {TubificUItie and Naididae)

Limnodrilus hoffmeisteri Claparfide

Limnortrilus n. sp.

Tubifcx tubifex (Miiller)? or var.

Naididae. unidentified

Other uuidentitled, immature

4+

At least 3 or 4 spp., unidentified

3+

Helobdella nepheloidea (Graf)

Helobdella stagnalis (Linnaeus)

Leeches

Unidentified species

PoUutional or more tolerant midpe larvae

Chironomus plumosus Linnaeus, var. Chironomus plumosus Linnaeus

Chironomus plumosus Linnaeus, var.

Tanypus dyari Coquillett

3

Midge larvae of douitful status

Chironomus sp. near C. maturus

Johannsen

Chironomus digitacus Malloch

Chironomus sp. or spp.

Procladius sp. or spp.

Tanypus sp, or spp.

5+

Chironomus sp. or spp.

Tanypus sp. or spp.

2+

Unusually tolerant snails

Musculium transversum Say Musculium transcersum Say
1

I

1

LESS TOLERANT GEOITP (SNAILS ONLY)

Less tolerant snails, first group, (upper lake, farthest northward
occurrence, 1922)

Campeloma subsolidum AnthonyMusculium truncatum Linsley

nsiiirum e<-/rapT"<???inrrTTTTTT^

Pisidium pauperculum, var. crj'stal-

ense Sterkl

Pisidium sp. near P. complanatum
Sterki

Campeloma subsolidum Anthony
5

Less tolerant snails, second group, (middle lake, farthest north-

ward occurrence, 1022)

Pisidium pauperculum Sterki

Pisidium sp. like P. sp. from L.

Winnebago, Sterki

Pisidium sp. unidentified. Sterki

Sphaerium stamineum Conrad
Sphaerium striatinum, var. lilycash-

ense Baker

5

MusieU

HnaiU

Bryozoa

Sponges

Crustacea

CLEANER WATER OR LESS TOLERANT ASSOCIATED GROUP

Mussels

Snails

Bryozoa

Sponges

Crustacea

Other insects than midges

Total 23+

Other insects than midges

Total 11+

1922: 27 stations; 3 cross-sections 1920: 6 stations; 2 croBS-sections

POLLUTIONAL, MORE TOLERANT, OR DOURTFTJL

Worms (Tuhiflcidae and Naididae)

Limnodrilus hoffmeisteri ClaparSde

Limnodrilus n. sp.

Naididae. unidentified

Other unidentified, immature
3+

At least 3 unidentified spp.

Helobdella nepheloidea (Graf)

Helobdella stagnalis (Linnaeus)

Leeches

Unidentified species

PoUutional or more tolerant midge larvae

Chironomus plumosus Linnaeus, var.

Midge larvae of

Chironomus sp. near C. maturus
Johannsen

Chironomus digitatus Malloch

Chironomus sp. or spp.

Procladius sp. or spp.

Tanypus sp. or spp.

5+

Chironomus plumosus Linnaeus
Chironomus plumosus Linnaeus, var.

Tanypus dyari Coquillett

3

doubtful status

Chironomus sp. or spp.

Tanypus sp. or spp.

2+

Unusually tolerant snails

Musculium transversum Say I Musculium transversum Say
1

I

1

LESS TOLERANT GROUP ( SNAILS ONLY)

Less tolerant snails, first group, (upper lake, farthest northtvard

occurrence, 1022)

Musculium truncatum Linsley Campeloma subsolidum Anthony

Pisidium compressum Prime
FibHliuin ijauporculum, var ory^rtnl-

ense Sterki

Pisidium sp. near P. complanatum

Starki

Campeloma subsolidum Anthony

5

Less tolerant snails, second group, (middle lake, farthest north-

ivard occun-ence, 1022)

Pisidium pauperculum Sterki

Pisidium sp. unidentified, Sterki

Sphaerium stamineum Conrad

Sphaerium striatinum, var. lilycash-

ense Baker

4

Mussels

Snails

Bryozoa

Sponges

Crustacea

LESS TOLEItANT ASSOCIATED GROUP

Mussels

Snails

Other insects than midges

Total 21+

Bryozoa

Sponges

Crustacea

Other insects tha7i midges

Total 11+

1922: 3 stations; 3 cross-sectlonB 1920: 2 stations; 2 cross-sections

POIXUTIONAI,, MORR TOLERANT, OR DOUBTTUL

Worms (Tubificidae and Naididae)

Limnodrilus hoffmeisteri Claparfede
Limnodrilus n. sp.

Tubifex tubifex (Miiller) or var.?

Naididae. unidentified

4

At lea«t 3 unidentified spp.

Leeches

3

Leeches

I

Leeches

PoUutional or more tolerant midge larvae

Chironomus plumosus Linnaeus, var.
|
Tanypus dyari Coquillett

1
1

1

Midge larvae of doubtful status

Chironomus sp. or spp.

1

Chironomus sp. or spp.

1

Unusually tolerant snails

Musculium transversum Say i

1

LESS I-OLERANT GROUP (SNAILS ONLV)

Less tolerant snails, first group, (upper lake, farthest northward
occurrence, 1022)

Pisidium compressum Prime
Pisidium sp. near P. complanatum

Sterki

Less tolerant snails, sec07id group, (middle lake, farthest nortJi-

ward occurrence, 1022)

Pisidium sp. like P. sp. from L. Win-
nebago, Sterki

Sphaerium striatinum. var. lilycash-

CLEANEa WATER Oil LESS TOLEILiST ASSOCIATED GROUP

Mussels
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All Zonks

COMl'AUIHON OK yPEc:iIi:s LISTS; LOWKR PEORIA LAKE

WUTE WaTEBS

1922: IS Btatious: 3 cross-sections 1920: 19 atatlons; 6 cross-sectiona 1922: 14 stations; 4 cross-sections 1920: 14 stations; B croas-sectlons

rOia.l)T10NAI^ MOKE TOLKKANT, OR DOUllTFUL

Worms (Tuhificidac and Naididae)

Linmodrilus hoffmeistori ClaiiarSde

Limnodrilus n. sp.

Tubifex (ubifex (Miiller) or var.?

New genus

Other unidentified, Immaturo

4+

At least 3 unidentified spp.

3

Erpolidella punctata (Leidy)

Helobdella staEnalis (Linnaeus)

Helobdella nepheloidea (Graf)

Dina parva Moore

4

Leeches

Erpobilella punctata (Leidy)

Helobdella stagnalls (Linnaeus)

Pollutional or more tolerant midge larvae

Chironomus plumosus Linnaeus

Chironomus plumosus Linnaeus, var.

Cbironomus maturus Jobannsen

Chironomus plumosus Linnaeus
Chironomus plumosus Linnaeus, var.

Chironomus maturus Johannsen
Chironomus frequens Johannsen
4

Midue larvae of doubtful status

Chironomus digitatus Malloch

Tanypus monilis Linnaeus

Chironomus sp. or spp.

Procladius sp. or spp.

Tanypus sp. or spp.

Chironomus crasslcaudatus Malloch
Palpomyia longipennis Loew?
Chironomus sp. or spp.

Tanypus sp. or spp.

4+

Unusually tolerant snails

Musculium transversum Say i MuscuHum transversum Say
1

I
1

LESS TOLEltANT GROUP ( SNAILS ONLY)

Less tolerant snails, first group, (upper lake, farthest northward
occurrence, 1922)

Pisidmm compressum Prime
Pisidium pauperculum, var. crystal-

ense Sterki

Campeloma subsolidum Anthony

Pisidi

Camp'
:'m f'ninr

uiiini Anihdiiy

Less tolerajit snails, second group, (middle lake, farthest north-
ward occurrenee, 1922)

Sphaerium stamineum Conrad
I Sphaerium slaminsum Conrad

^
I

1

CIJIAXER WATKB OK LESS TOLERANT ASSOCL\TED GROUP

Mussels

Anodonta imbeeiUis Say
j

Quadrula plicata Say

Goniobasis livescens Menke

1

Snails

Goniobasis livescens Menke
Pleurocera elevatum, var. lewisii Lea
2

Plumatella princep.s. var. fruticosa
Kraepelln

1

Bryozoa

Plumatella princeps, var. fruLicosa
Kraepelin

1

l-'nidentified species

1

Sponges

I

Unidentified species

1

Crustaeea
Hyalella knickerbockerl (Bate)

I Hyalella knickerbockeri (Bate)

I
1

Other inseets than midges
Caddis larva (Leptoceridae)
Corlxld nymph
2

Total 28+

Hydropsyche sp.

1

Total 24+

POLLUTIONAL, MORK TOLERANT, OR DOUBTFUL

M'orms [Tubificidae and Naididae)
Limnodrilus hoffmeiateri Clapar^de
Limnodrilus n. sp.

Tubifex tubifex (Muller) or var.?

New genus

Other unidentified, Immature
4+

At least two unidentified spp.

Erpobdella punctata (Leidy)

Helobdella stagnalls (Linnaeus)
Helobdella nepheloidea (Graf)

Dina parva Moore
4

Leeches

Erpobdella punctata (Leidy)
Helobdella stagnalis (Linnaeus)

Pollutional or more tolerajit midges

Chironomus plumosus Linnaeus, var.

Chironomus maturus Johannsen
Chironomus plumosus Linnaeus

Chironomus plumosus Linnaeus
Chironomus plumosus Linnaeus, var.

Chironomus maturus Johannsen
Chironomus frequens Johannsen
4

Chironomus digitatus Malloch

Tanypus monilis Linnaeus
Chironomus sp. or spp.

Procladius sp. or spp.

Tanypus sp. or spp.

5+

Midge larvae of doubtful status

Chironomus crasslcaudatus Malloch
Palpomyia longipennis Loew?
Chironomus sp. or spp.

3+

Unusually tolerant snails

Musculium transversum Say i Musculium transversum Say
1

I

1

LESH TOLRRANT GROUP (SNAILS ONLY)

Lrs.-i tulrrtijit stiails, first group, (upper lake, farthest northward
oeCMrrewce, 1922)

r i' -.-nin Prime
b^iilidum Anthony

Pisitliuni compressum Prime

Pisidium pauperculum, var. crystal- C...

ense Sterki

Campeloma subsolidum Anthony

3

Less tolerant snails, second group, (middle lake, farthest north-

ward oecurrence, 1922)

Sphaerium stamineum Conrad I Sphaerium stamineum Conrad

1 I
1

CUOANER WATER OR LESS TOLERANT ASSOCIATED GROUP

Mussels

I Quadrula plicata Say

1

Goniobasis livescens Menke

1

Snails

Goniobasis livescens Menke
Pleurocera elevatum, var. lewisii Lea

2

Bryozoa

Plumatella priuceps, var. fruticosa

Kraepelin

1

Plumatella princeps, var. fruticosa

Kraepelin

1

Unidentified species

1

Sponges

I

Unidentified species

I
1

Orustacea

Hyalella knickerbockeri (Bate) Hyalella knickerbockerl (Bate)

1 I 1

Other insects than midges

Caddis larva (Leptoceridae) Hydropsyche sp.

Corlxid nymph
2 1

Total 27+

ClIASNEt^

1922: 4 stations; 4 cross-flections 1920: 5 stations; 6 crowMwctUnui

POIiUTIONAL, MORi; TOLERANT, OB DOUItTFXJI.

Worms {Tubificidae and Naididae)

Limnodrilus hoffmeiateri ClaparMe
Limnodrilus n. sp.

Unidentified

3

At IcaHt 3 unidentified spp.

3

Leeches

Helobdella stagnalis (Linnaeus)

Helobdella nepheloidea (Graf)

Dina parva Moore

Pollutional or more tolerant midges

j
Chironomus plumosus Linnaeus
Chironomus plumosus Linnaeus, var,

Chironomus maturus Johannsen
Chironomus frequens Johannsen
4

Millar Inrviic nf thtuhfful xinlus

Chironomus sp. or spp.

1

Chironomus sp. or spp.

Tanypus sp. or spp,

Chironomus crasslcaudatus Malloch

3+

Unusually tolerant snails

Musculium transversum Say [ Musculium transversum Say
1

!

1

LESS TOLERANT GROUP (SNAILS ONLY)

Less tolerant snails, first group, (upper lake, farthest 7iorthward

occurrenee, 1022)

Pisidium compressum Prime
|
Campeloma subsolidum Anthony

Campeloma subsolidum Anthony
2

I

1

Less tolerant snails, second group, (rniddle lake, farthest north-

ward occurrence, l[i~^)

— --

j

Sphaerium stamineum Conrad

I
1

CLEANER WATER OR LESS TOLERANT ASSOC'LiTED GROUP

Mussels

Anodonta imbecillis Say

1
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Article V'I.—The Illinois Riz'cr Bottom Faiiiia in /p-'j?. Bv Robert

E. Richardson.

The i)resent paper is based on one hundred and fifty Petersen
sampler collections taken in the Illinois River and Peoria Lake between

June and September 1923 ; includinj^- •H> taken between La Salle and the

head of Peoria Lake; 75 in the lake or its entrance, outlet, or connecting-

'"narrows" ; and 40 below the lake and between Peoria and Beardstown.
The subdivision of the river and lake into zones follows that in the

article on the 1922 bottom fauna as respects Peoria Lake, emphasizing

distance from the channel center rather than depth, and recognizing three

subdivisions as follows: (1) a central, imaginary, channel zone of about

700 feet average total width; (2) to either side and adjacent to this an

intermediate zone extending outwand to the 1500 foot line, on either sitle

of the channel center; and outside of this, where the width permits. (:?)

an outer zone extending anywhere from somewhat more than 1500 to

more than -1800 feet beyond the mid-channel line at recent summer levels

with normal rainfall. In the river the so-called intermediate and outer

zones corres])ond for the most part, except where the river is very shal-

low, to the zones of 4 to 7 and 1 to 3 feet as used in preceding papers,

reference being to recent normal summer levels.

The subdivision of the species on the basis of degree of tolerance

also follows in main features that of the 1923 paper, which recognizes,

in general, three greater groups, as follows

;

Group I. Pollutional or more or less tolerant species, including all

recent tubificid worms, leeches, and midge larvae of Peoria Lake ; and a

number of more than ordinarily tolerant snails belonging chiefly to the

sphaeriid genera Musculium and Pisidium. The basis of inclusion in

this group has been chiefly the fact of survival in Peoria Lake through

1920, a short time before which year a sizable list of the more .sensitive

of the members of the old bottom population seem to have been wholly

exterminated. P'or the distinction between the words pollutional and

tolerant as used above and elsewhere in this ])aper, and the general align-

ment of terminoolgy with that of our 191;! paper on the biology of the

Upper Illinois*, see the paper on changes in the bottom fauna of Peoria

Lake, 1920 to 1922t.
Group II. Cleaner preference species, including principally current-

loving forms of snails, Bryozoa. insects, and Crustacea, that have per-

sisted in Peoria Lake or in the river shortly southward through and.

• But. III. state Kab. Nat. Hist.. Vol. IX.Art. 10. .Tune. I91.'!.

t Hill III. .'^tale .Vat. Hist. Siirv.. Vol. XV. Art. V. 1!I25.
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since l'J2(), usually near shore cir in unusually good current, but where

all of the species in Group III have disappeared.

Group III. Missing members of the old bottom fauna, as of our

lists of 1913-1915, including snails of the families Viviparidae and Amni-
colidae, chiefly ; insects or insect larvae or nymphs of the orders Ephe-

merida, Odonata, Hemiptera, Neuroptera, and Coleoptera ; and various

other small bottom animals.

The word pollutional as here used corresponds roughly to Kolkwitz's

term "mesosaprobic" and to Forbes and Richardson's term "pollutional".

as used in the 1913 paper on the Illinois River. Both in its use and in

that of the word "tolerant" (rather than "contaminate") it has been my
purpose to attain greater flexibility than might be expected with the

customary restricted use of these or similar terms ; and by the use of the

latter term, more especially, to express better the breadth of range, merg-

ing preferences, and adaptability of the not inconsiderable group of

species which find their true position, quite unbounded by hard and fast

lines, almost anywhere between pollutional and strictly clean-water forms.

SUJIM.\UV

In the 44 miles of the Illinois River above Peoria Lake examined
in the summer of 1923 all of the bottom organisms taken belonged to

the more strictly pollutional or unusually tolerant kinds : the most of

them being small worms, at least one variety of which has previously

both in Illinois and elsewhere been found to be characteristic of septic

sludge. In this portion of the river the "sludge worms" were found to

be most abundant outside the channel, where there is greatest sedimen-

tation after floods.

The small bottom animals taken in 11123 in the broadly expanded
20-mile section of river between Chillicothe and the foot of Peoria Lake
were with a few exceptions jiollutional or more or less tolerant forms,

in variety, abundance, and dispersal, showing no essential change since

the summer of 1922.

Toward shore on the west or sand blutT side of the first 14 miles

of this 20-mile section, and in the faster current of the upper and lower
"narrows" or adjacent waters several less tolerant to fairly clean prefer-

ence species were taken, as they were also in 1920 and 1922: and these

showed some evidence of increase both in variety and numbers within

their recent range as thus localized.

In about 71.5 miles of river below Peoria studied in 1923 enumera-

tions showed a clear though irregular <lccline in abundance of the tuhificid

worms as comj^ared with numbers above Peoria, as well as a decrease in

variety of other pollutional or unusually tolerant species. But when
the distribution of the collecting stations is taken into account this can

not be believed to signify much if anything more than that the niost of

this section of river has too hard a bottom or loo sharp local gradients to

furnish good lodgment and a "settled susiiended" food supply for these
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types of organisms. This vit-w receives support also from the fact that
in this portion of the river such cleaner preference bottom species as are
represented at all occur on the average in less variety than do similar
forms in the lower part of Peoria Lake.

In respect to the number of species of the old 11)13-1!)] 5 bottom
fauna that have apparently been exterminated by the sewage since some-
what less than 10 years ago, the various reaches below the head of Peoria
Lake examined in 1!)23 compare as follows : Peoria Lake, twelve
species exterminated ; Wesley to Copperas Creek Dam, thirteen species

;

Spring Lake Canal to Havana, 68-G9 species ; Matanzas to Beardstown,
24-25 species.

It is particularly noteworthy that the greatest injury since 1913-1915

seems to have been done in the short but formerly exceedingly rich sec-

tion just above Havana ; where current is slackest and sedimentation most
abundant after floods ; or where, in other words, there was at the same
time most danger and the most that was capable of being destroyed.

The similarity of its hydrographical conditions to those of the one-

time rich Liverpool-Havana section, and the fact that the list of species

known to be missing from Peoria Lake since 1913-1915 is so small in

comparison strongly suggests that at least the portion of Peoria Lake
above the lower narrows had been to some extent injured by Chicago

sewage previous to 1915.

Evidence that the lower section of Peoria Lake, below the lower

narrows and opposite the city, has for several years been receiving serious

injury from wind and wave-borne local pollution is seen in the fact that

the improvement noted both in 19'20, 1922, and 1923 as we proceed south-

ward through the "upper" and "middle" lakes is wholly discontinued in

the "lower lake", when we properly discount the occurrences of a few

current-loving cleaner preference forms restricted to areas of unusual

current.

The bottom animals covered above and in the following pages in-

cludjE only the smaller kinds, and are wholly exclusive of adult commer-

cial mussels, which have been largely exterminated recently in Peoria

Lake and in the river as far south as Havana.

Illinois River above Peoria Lake,

La Salle—Chillicothe, 44 Miles

With the exception of the single occurrence of the little shrimp

Hyalella kuickerhockcri in swift water near the shore below the dam at

Henry—an insignificant circumstance—all of the small bottom species

taken in 1923 in the river between La Salle and the head of Peoria Lake
belonged to the more strictly pollutional or tolerant groui)s, including

only: ui>wards of half a dozen varieties of Tubiticidae, small worms
some of which are characteristic of .septic sludge; two or three varieties

of leeches ; a similar number of kinds of chironomid larvae, of which one,
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Chirononms dccorus, has a previous definite record of pollutional habit

;

and three species of sphaeriid snails, of which one, Musculhim transvcr-

siim, has previously been found in company with tubificid worms where
their numbers exceeded 40,000 per square yard. Both in the channel

and the outer zones of the river between La Salle and Henry, in the first

38.5 miles of the section dredged in 1923, nothing at all but tubificid

worms were taken. Miisculium transz'ersum was taken at most stations

between the Henry dam and Chillicothe (15.5 miles) ; the few kinds of

midge larvae and leeches not until Lacon or below : and the two less

tolerant Sphaeriidae only at or within two or three miles of Chillicothe.

The bulk of the tubificid worms taken in the more polluted reaches.

as in upper Peoria Lake in 19-?2 and 1923, were not identified as Tttbifc.v

tubifcx, the common pollutional form recorded in Europe, but as species

of the genus Limnodrilus.

The largest numbers of all tubificid worms combined, and of Tubifcx

tubifcx and the two principal species of Limnodrilus taken singly, per

unit of bottom area, did not occur in the river channel, but in the shal-

lower water close to or outside the 3-foot line, where conditions favor

the greatest sedimentation.

Peoria Lake,

ChiUicothe—P. P. U. Bridge*, 20 Miles

In Peoria Lake in 1923 rather rapid increase is visible in the variety

of the small bottom fauna as we proceed southward, as well as increase

of the less tolerant forms in identical areas as compared with 1920 and

1922. But it is equally clear that the increases in kinds and in abun-

dance of the less tolerant groups are greatest, and that they in fact show
a strong tendency to be localized, either (1) quite close to shore; (2) in

the faster current of Peoria Narrows or other essentially river situations

included in the comparisons; or (3) in the rather limited area represented

l)y the southwest third or less of the lower lake that lies between Long
Shore Beach and Al Fresco Park. Except at a few stations in swifter

current*, also, numbers and bulk of the species with greatest preference

for clean bottom are uniformly nuich smaller per unit of bottom area

than are the numbers and volume of the tubificid worms and others of

the pollutional or more tolerant groups taken alongside of them.

* Where bulky growths of sponge or Bryozoa occurred.
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It is noted both of Tubifcx tubifcx and of the more abundant species
of Limnodrihis that, quite contrary to the findings in the river above
Chiilicothe in 1923, their numbers in upper and middle Peoria Lake ran
about as high if not higher in the cliannel than in either of the outer zones.
This is, however, in agreement with such information as we have about
velocities, which evidently permit much more sedimentation in the lake
channel during flood recessions than can ordinarily take place in average
river above the lake.

The sludge worms as a whole showed an irregular decline southward
of the upper lake in 1923, both in the channel and in the outer zones,
with exception of some upturn in the figures at Peoria Narrows and the
U. S. Slips, which are unexplained. Unworked out specific dift'erences
might be concerned here. It is at least known that not all species of
Limnodrilus. or even Tubifex, forthat matter, are equally tolerant of or
partial to polluted bottom.

Compared with 1922, both the Tubificidae and the very tolerant
sphaeriid snail {M. transvcrsmn) showed conspicuous decline in num-
bers in the upper lake in 1923 collections. This was true in all zones
in the upper lake and should, it would seem, mean improvement. In the
middle lake, however, numbers both o.f the worms arid of the snail showed
a tendency to equal or even to exceed the numbers per square yard of
bottom area found in 1922. Perhaps efl^ects of seining, and of varying
amounts of feeding by bottom-ranging fishes might be concerned in

these irregularities. If they are, evidence such as we have on the variety

of bottom-dwelling forms present, and their preferences, are of more
importance in the definition of degrees of pollution than such numbers
are likely to be.

Peoria Lake, 1923 Compared with 1922. Av. Nos. veb, Sq. Yd.
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Peoria Lakk. 1923 Comparkd with 1922. Av. Xos. per Sq. Yd.
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abundant in collections from near the lower end of the middle lake, where
snails and some of the other less tolerant groups were taken in variety.

Incompleteness of the determinations has also jiroljably included among
the Chironomidae, which are in the following tables all listed as at least

mildly tolerant, some species which are essentially cleaner water forms.
But if that is the case, it does not probably invalidate the comparison
of 1953 species lists with those of 1922 for evidence of increase in

cleaner-preference species, since most of the 108;5 larvae seem to have
counterparts in the 1!)22 (or 1920) collections.

Study of the dates of collection of this group in the summer of 1933
shows that from IMossville north decidedly more Chiroiiomidae occurred
in July and August than in June collections; while in the lower half

of the middle lake the largest ntmibers were recorded in June in one
cross-section (opposite Long Shore Beach) and in July or August in

two others (opposite Towhead and Al Fresco). Cbironomus pliiiiiosus

var., a supposed ])ollutional species, occurred in all three months, and C.

dcconis. another with a similar record, occurred both in June and August.
On the face of things to be taken as evidence of improvement in

the muds since 1922 would seem to be the sizable increases shown in the

twelve-month period in all three of the sections of Peoria Lake in both

the total numlier of bottom species of all kinds taken and in the number
of group 11* kinds (i. "e., current-loving snails, young mussels, other

insects than Chironomidae, and miscellaneous associated species such

as sponges. P>ryozoans. Planarians, etc.). Combining all collections from
all zones, and taking account of these gross figures only, without regard

to ])Ossible special or localized conditions at points of e.xact occurrence

of grouj) II species, it is found that in the upper lake in 1923 there

were 5 group II kinds taken as compared with one in 1922 ; in the middle

lake T as compared with none at all ; and in the lower lake, including

Peoria Narrows and P. P. U. Bridge in 1922 and those two stations

and the McKinley Bridge in 1923, 11 kinds as compared to 7. Corre-

spondingly, of the total number of all kinds taken, it is found that it

rose in the upper lake from ]S to 24-2.") in the year; in the middle lake

from 23 to 29-30; and in the lower lake from 21 to 24. Since the total

number of collections in all zones combined was very nearly the same in

all three lakes in 1922 and 1923 (U. L. : 1922, 23; 1923, 21; M. L.

:

1922. 30; 1923. 30; L. L. : 1922, 18; 1923, 24). at least the changes in

the totals would not be expected to have been due to changes in thorough-

ness of collecting. Further favoring improvement, particularly in the

extra-chaimel zones of the upper and middle lakes, where the greatest

increase in group II s])ecies occurred, would appear to be the fact that

the increases in the number of species in those areas in both lakes took

jilace in the face of decreases in the number of collections between 1922

• In text and t.ibulatlons that foUow. the No. II (troup l.s .set over aealn8t
group I. made up of the m<»re or less delinitely poUutfcinal or tolerant groups of
tubincid norms, leeches, midge larvae, and .sphaerlld or other snails which have
".mood the racket" in I'eorla Lake in the last few years.
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and 1923 (U. L. : ex-channel, 1923, 20; 1923. 9; M. L. : ex-channel, 1922,

27; 1923, 20).

Points of exception that must be noted are, however, several, as

will be seen from what follows

:

First it is noted that the two species of snails of" the family Val-
vatidae {V. bicar'mata and V. tricariiiata) which made tip the sole rep-

resentation of grovip II as above defined in the extra-channel zones of

the upper lake proper in 1923 both came from very close to the west
shore at Rome, and so can not be regarded as standing for any ver\-

appreciable part of the extensive upper lake wide-waters. A single oc-

currence of an unidentified caddis larva was also noted in the haul from
the middle of the "Goose Pond", the shallow backwater to the northeast

of the upper end of the upper lake which is rather better protected from
sewage invasion than the open portions of the main lake, .\gain. in the

upper lake channel in 1923 the only two group II species taken were spt-

cies of Bryozoa {Phimatclla princcps, two varieties) which attach them-
selves to dead shells, and do not live in the mud as do typical bottom
species ; and both of these have previously been found in the Illinois River

to exhibit a considerable degree of tolerance to pollution if there is some
current present. One of them was taken in Spring Bay Narrows only,

and the other at Chillicothe*, at both of which places there is much more
current than in the lake proper.

Analysis of the group II records from the middle lake shows, first of

the intermediate zone (stations within first 1500 feet of the mid-channel
line), that all occurrences were restricted to the lower third of the lake,

and to the westf side of the channel ; and that four out of the total of

seven group II species were taken between Long Shore Beach and Al
Fresco Park within 50 feet of the west shore. Of the three group II

species taken in the outer zone of the middle lake one was taken close to

the west shore opposite Mossville ; one 600 feet from the west shore oppo-
site the same station; while the third record (of Pliivmtclla princcps. var.

friiticosa, a current-loving form), from 1900 feet east of the mid-channel

line opposite Al Fresco Park, is most jirobably based on an error— i. e..

mixing of material either in the field, the field laboratory, or at Urbana.
The amount found in the bottle was only a trace and could easily have

been stuck in the sieve at a neighboring channel station and released at

the other without having been noticed. Last, the sole representative of

group II from the middle lake channvl (I'ah-ata bicai'i)iatii var. iionncilis)

was taken in the middle of the channel in 20 feet of water in the same
southwest corner of the lake that housed the great majority of tlie ex-

channel representatives of the same group.

The principal increases in number of group II species in lower lake

cross-sections over 1922 were not in the extra-channel zones, as in the

* Includeti as an upper lake station for bettor comparison will) 1922 records.
when ChiUicothe was last station north in series.

t Stations on tliis side are for the most I'tart closer to the sandy (west) bluff.
and are lietter washed at times of flood than the formerly largely hnishy lake
areas to the eastward of the steamboat channel.
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upper and middle lakes, but in the channel itself, where both the fastest

and the average current are considerably greater than anything to be met
with in either the upi)cr or middle lake, if Spring Bay Narrows and pos-

sibly also a short stretch of channel below Al Fresco Park be excepted.

Also, when the lower lake collections of 192;} are sejiarated into hauls

from the open lake, or lake projier (U. S. Slips and Main Street cross-

sections), and hauls from Peoria Narrows, McKinley Bridge, and P. P.

U. Bridge—included with lower lake averages, for better comparison with
1922 in some of the tables following—it is found that there were 12 spe-

cies of the II group in the swifter water hauls to only one in the hauls

made in the wide portion of the lake. This is quite iu line with (he finding

of 1922 that about the only cleaner-preference forms that have survived

in or re-entered these waters since the mortality of the years shortly pre-

ceding 1920, are current-loving forms—as Pleuroceridae among snails;

caddis species of the family Hydropsychidae ; and a few sponges and
Bryozoa. The comparatively small representation both of group I and
group II species in the extra-channel zones of the lower lake proper sug-

gests, also, as did the data of 1922, that there continues here some bad
effect of wind-blown local pollution.

Ptobi.\ L.\kk, 1922-1923

Increase or Decrease in Number of Collections



404

ment in the sanitary condition of the bottom muds. Tabulation shows,
however, for the four commoner species in the upper lake and for six in

the middle lake almost identical percentages of occurrence in both vears.
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been possible to distinguish the present and recent sphaeriid snail fauna
of the lake and ujjper river as belonging to a distinctly more tolerant

grouping than any except possibly one (Cainpcloiiui subsolidinn) of the

Illinois River Gastropoda.

Illinois River below Peoria,

P. P. U. Bridge—Beardstown, 71.5 Miles

Some imjM'ovement is indicated as we ))rocccd down the river from
Peoria, it appears, both by the lessening variety and abundance of the

tubilicid worms and the more ])ollutioiTal midge larvae; tables, pp 407-408.

The large decreases in the total of group I—polliilional and more or less

tolerant species—from 34-35 kinds in Peoria Lake to just over a dozen
kinds in the two reaches of river recognized above and below Havana,
do not, however, mean at all what a first glance at the figures might
indicate. The far greater ])ortion of the decrease in the number of group
I species is in fact due to the dropping out below Peoria Lake of most of

the less tolerant S])haeriid snails and Chironomidae ; a matter without

doubt due largely t(j the lesser suitability of the generally harder mud or

sand and shell bottom of the river in these sections (if we excejjt the first

S miles above Hanava ) than to any other cause; the species of Pisidium

and Sphaerium, in particular, which have persisted through the recent

pollution in Peoria Lake, never having been found either in variety or

numbers in the river between Peoria and Beardstown in the past fomleen
years of collecting.

So far as the'grou]) II or cleaner-i)reference species are concerned,

again, instead of increasing down stream below Peoria as the grou]> I

kinds decrease, as we would expect if the latter indicated im]irovement,

they also fall oflf rapidly in variety as we proceed south, though, it is to

be noted, along with a rather marked decrease also in the number of col-

lections ; table, \>. UKi. The greatest variety of grouji II kinds in the three'

reaches recognized below Peoria Lake was taken in \.\\^ somewhat more
than 20 miles between Wesley and the Copperas Creek Dam, where IS

group II species were taken in \\yi'A in 21 collections, comjjaring with 20

in Peoria Lake from 75 collections the same season. Here there is for

the most ]iart good current, and princii)ally harder bottom than in Peoria

Lake, both of which indicate reduced sedimentation, which seems to pro-

tect a good many current-loving organisms, such as Planaria, Bryozoa of

.several kinds, the larvae of certain Trichojjtera (caddis-flies), and others,

which might otherwise succumb in the face of the new load of Peoria and

Pekin ))oilution. Between the inouth of the S])ring Lake Canal, shortly

below Copperas Creek Dam, and Havana, the number of cleaner-prefer-

ence s|)ecies taken dio]iped to only twelve kinds in the total of nine collec-

tions taken; a number perhajis not unduly small, in view both of the con-

dition of the mud and the small number f)f collections; though it is recalled

that this was by all odds the richest section along the whole Illinois River

some ten years ago, at which time it yielded nearly seventy kinds of small
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bottom animals, practically all of common occurrence at some stations in

the range, which have since then disapiieared from collections altogether;

pp. 413 and 419. Here, in the first eight miles aljove the Spoon River
bar, at Havana, sedimentation is especially active at times of floQd reces-

sion, finally depositing on the bottom a gOodly portion of the load of more
or less putrescible svispended solids that mostly passed over the heads of

the bottom animals in the reaches between Liverpool and Peoria. Below
Havana, in the thirty odd miles to Beardstown, in the summer of 1023 only
six group n species were found in a total of thirteen bottom hauls taken.

This section of the Illinois, was, however, rather noticeably ]Kior in bot-

tom species at most of the stations worked in the seasons of collecting be-

tween 1913 and 1915 ; though even our lists from it show a total of fully

two dozen kinds of small bottom animals that have failed altogether to

appear in collections made since and including 19"30.

Decrf.\sk of Both Grovp I and Groii' II* Spbcies

FKOM Pkori.v Lake Southward, 1923
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Total TtuiKuiDAK and T. tubifex Taken Above Pex)ria, 1923*

Average Nos. per Sq. Yd.
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Total Tiiukicidak am) T. iiniiKX Takkx Below PEoitfA. 1923*

AVT.RAGE NOS. I'KK S(J. Yl).

Total Tubificidae

Channel
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is noted, on the other hand, in the Hniited reach of around nineteen

miles between the Spring Lake Canal and Havana, .where in 192;) twelve

cleaner-preference forms were taken in nine dredge hauls compared
with only two in fourteen hauls in 1920, a finding that would seem at

least on its face to indicate some improvement in the condition of the

muds in the three years. The number of group II species taken below-

Havana was, however, only half as many in 1923 as in 1920, in a mileage

considerablv greater, though with the number of collections less, run-

ning to a total of only six species in thirteen collections covering

thirty miles of river length in 1923, compared with twelve kinds in

twenty-two collections from about 19 miles of river in the summer three

years before. As already mentioned, the section of more or less shifting

sand or sand and shell to hard bottom between Havana and Reardstown

was known before the recent mortality for the sparseness and irregularity

of distribution of its small bottom poi)ulation ; and because of this and

the factors favorable to error that lie back of it, less importance is prob-

ably to be attached to such variations in numbers than in sections where

the bottom-dwelling organisms—chiefly mud bottom forms in the Illinois

River—have a more suitable and more stable substratum on wdiich to

live. A better test of the changes that have taken place in recent years

in this and other sections of the Illinois River, inclusive of Peoria

Lake, because it concerns both larger numbers and greater and therefore

more convincing contrasts, consists in g'jing farther back, to the period

1913-1915. comparing our recent species lists with those of that time,

and noting the absentee names of the old fauna, side by side with recent

survivals and new entrants.
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Changes in Number of Group II (cleaner preference)

Species betwekn 1920 and 1923

all zones combined
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•greater emphasis on the area embraced under the head of Peoria Lake,
which, inclusive of ChilHcothe and the P. P. U. Bridge, amounts to an
even twenty miles; and where 181 of the total number of 260 hauls were
made. In the three short reaches recognized below Peoria collections
ran only 27, 23, and 35, compared with 50, 55, and 59 in the same
sections in the period 1913-1915. In both periods there was an essen-
tially similar distribution of collections as between channel and shore,
or shallower water zones ; with the dift'erence, itself apparently attribut-

able to the same influence that destroyed the bottom organisms, that

more vegetation was encountered at the shallower stations in the earlier

than in the more recent collecting. In making the comparisons many
of the more distinctly weed-forms have been thrown out entirely, .though
some species of both periods that live a part of the time in the bottom and
a part on vegetation are necessarily included. To equalize matters
further, some of the 1913-1915 material that had been earlier rather

incompletely determined for a mass-valuation calculation, was gone over

again in 1923 for additional species, at the expense of several weeks' time.

The results of the comparisons are shown in the table on page 413,

following. Briefly, the figures show around a dozen kinds of formerly
common cleaner-preference species of small bottom animals that have
disappeared from Peoria Lake in ten years ; a similar number for the

twenty odd miles between Peoria and the Copperas Creek Dam ; nearly

seventy kinds that have recently failed to appear in the first ten to nine-

teen miles above Havana ; and twenty-four or more kinds that are miss-

ing in the more than thirty miles between Havana and Beardstown.
These numbers include no fresh-water mussels except a very few scat-

tering occurrences of very young or dwarf individuals, taken with the

mud dipper, small Blake dredge, or Petersen dredge ; and would be very

much larger, particularly in Peoria Lake, had it been possible recently

to cover the area thoroughly with a commercial mussel bar, for com-
parison with Danglade's 1911-1912* lists of nuissels from the Illinois

River.

Despite the inequalities and deficiencies mentioned, the results of the

comparisons seem for the most part understandable, as they are con-

sistent with each other and with otherwise ascertained facts of the biology

and hydrography. First, with regard to the relatively enormous losses

of cleaner-preference species in the formerly exceedingly rich reach

of river just above Havana: Here is where the bottom fauna formerly

had both its greatest variety and its greatest abundance ; favored both

by the slacker current above the Havana or Spoon River bar and the

rich soft mud bottom resulting therefrom. Here also because of the

same factor of more abundant sedimentation was where the more sensi-

tive bottom organisms might be expected to be put in the greatest jeopardy

as the stability of the suspended matters carried this far down the river

became lessened.

• Report. U. S. Bureau of Fl.xherles. 1913.
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The notably small size of the list of missing species of the old 1913-

1915 fauna of Peoria Lake, on the other hand, particularly when it is

considered that the number of collections taken in the earlier period.

46 in all, was more than four-fifths as many as supplied the abundantly
varied species lists from the reach Liverpool-Havana, seems at first prac-

tically unexplainable unless we assume that Peoria Lake had already

been injured by the sewage of Chicago and up-river towns still earlier

than that time. Conspicuous among the missing forms in Peoria Lake
collections in 1913-1015 were various aquatic insects, particularly those

belonging to groups other than the Diptera: as Odonata, Hemiptera.
Neuroptera, and Coleoptera. Though the shallower areas at that time

were abundantly su]3plied with aquatic plants it was noticed that results

even of "weed tank" collecting were extremely poor, also, as compared
with results obtained in the same way in the shallow lakes at Havana.
But though aquatic insects other than Chironomidae were rare, the rela-

tively sensitive Viviparidae and Amnicolidac, that have since disappeared

as far south as Beardstown, were still holding on. though not in nearly

as great numbers as near Havana. And as late as 1912-1914 Danglade
in work for the U. S. Fisheries Bureau found more than forty kinds

of mussels between Chillicothe and Peoria Lake, of which twenty kinds

were counted in the piles picked over at Chillicothe. Evidently, if there

was any injury previously to 1913-1915 it must have been principally in

the wide waters—the mussels are for the most part of the channel or

near it—and would point to certain groups of aquatic insects as even more
sensitive than the recently exterminated Gastropoda.

Of the "missing" lists from the reaches distinguished below Peoria

Lake it may be noted that the first one, that between Wesley and the

Copperas Creek Dam, was very probably quite as early as 1913-1915 in-

fluenced somewhat unfavorably by the heavy load of Peoria and Pekin

wastes ; as well as by the limiting influences on the variety of small

bottom animals of the swifter current and harder bottoiy. Li the latter

respect the section of river between Havana and Beardstown was simi-

lar, to a large though not to ([uite so great an extent, perhaps, if the

slack water pool above the mouth of the Sangamon be taken into account.

That, and the greater distance from the Peoria and Pekin drains, favored

a somewhat greater variety of cleaner-preference forms ten years ago

than we could have expected between Peoria and the Copperas Creek

Dam ; though far from that which seemed to develop so easily in the lake-

like section of ten or so miles just above Havana.
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Number of Species* of Small Botto.m Am.m.^ls i.\ 1923 Collections Compabed
WITH Ni-MiiEB Missing in S.vme CoLLraxio.Ns o.x Basis of 1913-1915 Recobds

Alt. Zones Co-Miilnkii
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Total Numbers of Group II, or CLEAXiai-PREFEEENCE Species.
Compared avitii Total Number of Collections.

1920-1923
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2. Leeches (Hirudinea).

At least four or five species, including ai)parently, Erfyobdclla punc-
tata (Leidy). and two species of Melobdella : taken in all zones of the

river and lake, from Lacon southward, 1!l"^;!. The sjjccies of Er]i()hdel]a

mentioned was definitely associated with ijollution in W'eston and Turner's

studies of the Coweeset River in 1!»11.

3. Midge Larvae of pollutional habit. (Chironomidae)
Chironomus pUimosus Linnaeus, var.

Chironotnus decants Johannsen
Cliiroiioimis lobifcnis Say
Several undetermined Cliironominac and Tanypinae, like the

three species of Chironomus preceding, with range from Chilli-

cothe or head of upper Peoria Lake, south.

4. Other Chironomidae, witli distribution for most part from middle or

lower Peoria Lake southward.
Chirononiiis digitatus Malloch
Cricotopus species

Orthocladius

Palpoiiiyia spp., probably two.

Forcipoinyia species

Procladiits species

Tallypus species

Unidentified Chironominae and Tanypinae, several species.

It is quite possible that some of these imperfectly determined forms
are in reality species with distinct preference for clean bottom ; but occur-

rence in Peoria Lake, even in the outer zones, in its recent condition, may
be taken to indicate rather more than the degree of tolerance shown by the

more sensitive species of that description.

5. Sphaeriid Snail of especially tolerant habit.

MitscuUum transvasum Say. This species was found associated

with sludge worms of the genera Limnodrilus and Tubifex, where there

was almost complete oxvgen exlmustion one foot from bottom, both in

1020 and 1922.

6. Sphaeriid Snails of less tolerant* habit.

MuscuUum truncatmn Linsley

Pisidium coniprcssum Prime
Pisidiuiii coin planat urn Sterki

Pisidium paupcrculum var. ciystalcnse Sterki

Pisidium species

Sphacrium staiiiinciim Conrad
Sphacrium striatiuum Lamarck
Sphacrium striatiuum var. lilycashcnsc Baker
Sphacrium species

• The distribution of this subdivision of group I. ami reasons for their distinc-
tion in degree of tolerance from other Illinois River snails. Is discussed In detail
In the 1922 paper on Peoria Lake.
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7. Viviparid Snail of unusual tolerance.

Campeloma suhsolidmn Anthony. This species was taken in upper
Peoria Lake in 1922 ; and in the river as far north as Starved Rock in

1912, which was at that time sHghtly above the lower limit of the

Sohaerotikis zone.

Group II

CLEANER PREFERENCE SPECIES; BUT SEE QUALIFICATIONS BELOW

Though these species are clearly to be grouped as cleaner-preference •

forms by comparison with those included in Group I preceding, as com-
pared with the assemblage of species wholly exterminated in Peoria Lake
and the Illinois River to a point below Havana shortly before 1920 even

they may be judged to possess a measurable, if rather slight, degree of

tolerance. They are for the most part, both in Peoria Lake and elsewhere,

however, confined either to locations very near shore; to the swifter water

sections, as the narrows of the lake, or shortly below dams; or to the

southwest comer of middle Peoria Lake, just above Peoria Narrows (see

p. 17, and foot-note thereto).

1. Mussels (Unionidae)

Lampsllis pawns Barnes. S. W. portion of middle lake and
Peoria Narrows.

Lampsilis gracilis Barnes, young. Wesley, shore-zone in good
current.

Lampsilis species, young. Wesley and Seven Mile Island, in

current.

Plaqiola donaciformis Lea. Quiver Beach, more probably from

the lake than the river hauls. Label does not distinguish.

2. Snails. (Valvatidae and Pleuroceridae)

Valvata bicarinata Lea. W. beach, Rome.
Valvata tricarinata (Say). W. beach,' Rome: also taken in same

location summer 1922.

Valvata bicarinata var. normalis \\'alker. Shore zone, Mossville

;

channe, Al Fresco Parkl

Gouiobasis livcsccns Mcnke. Channel. Peoria Narrows and

McKinley Bridge, in strong current.

Plciiroccra clcvatum var. Ici^^isii. Channel, Peoria Narrows, Mc-
Kinley Bridge, and Pckin, in strong current.

3. Sponges (Porifera)

One or more species taken. Channel at Peoria Xerrows and

Pekin, in strong current.

4. Fresh-water Hydroids. (Hydrozoa)

Cordxlophora lacuslris .Mlman. Kingston Ferry near shore.
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5. Planarian Worms. (Turbellaria)

Several unidentified species. Common in the channel from
Spring Bay south ; and in outer zones from P. P. U. Bridge

south.

6. Crustaceans. ( Amphipoda and Isopoda)

Hyalclla knickcrbockcri Bate. Channel from Peoria Narrows
south ; outer zone, as far north, once, as below dam at Henry.

AscUus intcnncdiiis Forbes. Channel, Kingston Ferry.

7. *Moss Animals. (Bryozoa)

Plimiatclla f^riiiccf's Kraejielin. var. fniticosa. From Chilli-

cothe south, in the channel ; was noted to be especially toler-
'

ant, also, in the up])er river in 1911-1912, at that time occur-

ring as far north as Starved Rock, but incorrectly named.
A recorded occurrence in V.i'i'3 in the outer zone opposite

.\1 Fresco Park is probably an error, as the organism rerjuires

good current unless conditions are otherwise excellent.

Plimiatclla priiiccf's Kraepelin, var. iiiiicosa-sf^oiu/iosii. Chan-
nel, Peoria Narrows south.

PUtmatella polymovpha Kraejielin, var. repots. Channel. Wes-
ley south, in current.

Paludicella ehrcnbergii van Benden. Channel, McKinley
Bridge south, in good current ; outer zone. Seven Mile Is-

land and Kingston and south.

VrnatcUa gracilis Leidy. Channel at McKinley Bridge and

Pekin, in strong current.

8. Caddis-fly Larvae. ( Trichoptera

)

Hxdropsychc species. Channel. Peoria Narrows south, in cur-

rent ; outer zone at foot of Grand Island.

Polyccntropus species. Channel, Copperas Creek below dam
and south, in current.

Molaiiiia species. Near shore. Quiver Beach. Probably a

lake collection, as this is a sand beach form.

Unidentified species. Unknown current-loving form at McKin-
ley Bridge in channel, and south ; one or two stagnant-water

. species, with basket-shaped cases, in outer zones from Rome
south.

9. .May-fly Nymphs (Ephemerida)

Hcxageitia bilitieata Say, Channel at Havana and at hi;id of

Hickory Island : near shore, once at Pekin a\u\ once each

at foot of Grand I.^land and head of Hickory Island.

• I think a better common name would be soft-w;ined or frish-watir ci.ral;
a.«! the group wa.s originally includiil with the iiiarin<- inralH by Klirenberi; about
a hundred years ago.



418

10. Dragon-fly Nymphs (Odonata)

Ischmira species. Channel, McKinley Bridge, in strong current.

Goniphits plagiatus Selys. Channel at Liverpool.
Goniphus species. Near shore at Kingston Ferry.

11. Orl-fly Larvae (Neuropteraj

Sialis infumata Newman. Near shore, S. W. end lower Peoria
Lake.

Pre-1920 Bottom Species* Recently

Missing from Illinois River and Peoria Lake

Dredge Hauls

From Species Lists of 1913-1915,

REFERRED TO AS GrOI'P III IN PRECEDING T.\BLES

1. lllhw'is River and Peoria Lake, Chillicothe to P. P. U.
Bridge, inclusii'e. Tzvche species; 46 collections;

all zones couibined.

Mollusca
Viviparidae

Fivipara conteetoidcs W. G. Binney
Vivipara subpurpurea Say
Lioplax subcarlnatus (Say)

Amnicolidae
A>nnicola einarginafa Kiister

Amnicola liniosa (Say)
Somatogynts siibglobosus (Saj')

Ancylidae
Ancylus species

Insects

Ephemerida
Hexagenia bilineata Say
Callibactis species

Caenis species

Diptera

Chironoinus tentans Fabricius

Chironomus nigricans Johannsen

2. Illinois Ri^rr, Pekin to Copperas Creek Daw. inclusive.

Thirteen species; 30 collections; all cones combined.

^lolhisca

LTnionidae

Anodonta iinbecillis Say

• No mus.sols included except very young indi\'it1ualR or dwarf
species: i. e.. tliose talten witii mud dipper or small iron dredije.
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Viviparidac

Vivipara contcctoidcs W. G. Biniiey

Fivipara suhpurpurca Say
Lioplax subcariiiatus (Say)
Canipcloiiia sitbsoliiiiiin Anthony

Pleuroceridae

Goniobasis livcscciis Menke
Ancylidae
A lieylus species

Aninicolidae

Aiiinicola cmarginata Kiister

Amnicola lustrica Pilsbry

Valvatidae

Valvata tricarinata (Say)
Planorbidae

Planorbis parvus Say
Fori fera

Unidentified fresh-water sponges, at least one
species.

Crustacea

Isopoda
Ascllus iufcniicdius Forbes

3. Illinuis River, Liverpool to Havana inelusive. Sixt\-
nine species; 55 collections; all cones combined.

Mollusca
Unionidae
Anodonta corpulenta Cooper. Young
Anodonta iinbecillis Say
Lainpsilis lutenlus (Lamarck). Young
Laiiipsilis fallaciosus Simpson, Young
Lampsilis parvus Barnes
Plagiola donaciformis Lea

Sphaeriidae

Sphacriuni stainineuui Conrad
Sphaeriuut striatinuni Lamarck
Spliaeriuni simile Say

Viviparidac

Vivipara conteetoides W. G. Binney
Vivipara subpurpurea Say
Campeloma dccisum Say
Lioplax subcarinatus (Say)

Pleuroceridae
Goniobasis livescens Menke
Pleurocera clevotum, var. lewisii Lea

Amnicolidac
Soniatofjynis subglobosus (Say)
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«

Amnicola cincinnatiensis (Anthony)
Ainnicola limosa (Say)

Amnicola lustrica Pilsbry

Valvatidae

Valvata tricarinata Lea
Valvala bicarinata (Say)

Physidae
Apparently at least two species

Planorbidae
Planorbis parvus Say
Planorb'is trivolvis Say
Planorbis exacutiis Say

Lymnaeidae
Lyinnaca fminilis Say
Lymnaea paliistris (Muller)

Ancylidae

Ancylits species

Porifera
Unidentified fresh-water sponges, at least 3

kinds

Hirudinea
Apparently at least 3 species of leeches not re-

cently taken.

Crustacea
Palaemonidae
Palacmonctcs c.rilipes Stimpson

Insects

Ephemerida
Callibactis species

Caenis species

Hcxagcnia bilincata Say
Hcplagcnia species

Odonata
Calopteryx species

Unidentified Agrionidae, at least two species.

Mcsothonis simplicicoUis Say
Epicorditlia princcps Hagen

Heniiptera

Corixa burmcislcri Ficber

Corixa species

Notoiiccfa species

Zaitlia Huminca (Say)
Neuroptcra

Sialis infnmata Newman
Corydalis species

Trichoptcra
Rhyacophila species
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Polycentropus species

Coleoptera

BcrosHs species

Tropistcniiis species

Pcltodytcs species

StcncUuis species

Unidentified parnid, etc., at least two species.

Diptera

Chiroiiotnns teutons Fabricius

Chiroiiomus viridicollis v. d. \^^ulp

Chironomus fcrnigincoviltatus Zetterstedt

CliiroHomiis inodcstjis Say
Cricotopiis trifasciatiis Panzer
Corcthra punctipcniiis Say
Sepedon species

Odontomyia species

Unidentified tabanid

Psychoda species

4. Illinois River. Matanzas to Bcardstown, inclusive.

Twenty-five species; 59 collections; all zones com-
bined

Mollusca
Unionidae

Strophitns edentulus (Say). Young
Plagiola clegaus Lea. Young
Anodonta imhccillis Say

Viviparidae

Vivipara contectoides W. G. Binney
Vivipara sitbpurptirca Say
Lioplax subcarinatus Say

Pleuroceridae

Plenrocera elevatum, var. Ictvisii Lea

Goniobasis livescens Menke
Anmicolidae
Amnicola emarginafa Kiister

S'oinatogynis snbglobosus (Say)
Pbysidae

Apparently at least two species.

Ancylidae
Ancylus species

Hirudinea
At least two species of leeches not recently

taken.

Insects

Ephemerida
Hexaqenia bilincata Say
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Hcptagcnia species

Coleoptera

Stcnclmis species

Diptera
Tanypus monilis Linnaeus
Palpomyia longipcnnis Loew
Chironoinus dux Johannsen
Chirouoiiuis fcrrugbicovittatus Zetterstedt

Chironomus tcntans Fabricius

Cricotopus trifaciatus Panzer
Procladius concinnns Coquillett
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Article VII.

—

Some Obscnrntions on the Oxygen Requiretnents of

Fishes in the Illinois River. By David H. Thompson.

Introduction

The amount of oxygen dissolved in the water is one of the most im-

portant factors hmiting the fish life of the Illinois River. Every year

low dissolved oxygen concentrations over a large portion of the river

profoundly affect the food, distribution, and even the existence of the

fishes. In the conservation of the Illinois River fishery it becomes neces-

sary to evaluate the oxj'gen requirements of the more common fishes.

The Illinois Natural History Survey and the State Water Survey have

for many years conducted a biological and chemical survey of the Illi-

nois River. As a result, the general oxygen conditions are rather com-
pletely known for the various parts of the river during the different sea-

sons of the year, and the distribution of fishes is well enough understood

to show the general relation to the range of oxygen concentrations. The
present paper is the result of an attempt to determine more precisely the

minimal oxygen requirements of the common fishes and some of the

effects of low dissolved oxygen concentrations, especially in winter.

Dr. R. E. Greenfield and Mr. A. L. Sotier, of the State Water Sur-

vey, made a series of dissolved oxygen determinations on the river dur-

ing the latter part of January, 1925. They reported that the fishes were

crowding into the "spring holes" in Peoria Lake, evidently on account of

unsuitable conditions in parts of the lake which were frozen over. The
writer, accompanied part of the time by Mr. Sotier, spent the latter part

of January and all of February gathering data on the fish life of the river

and making dissolved oxygen determinations in places where fishes were

being taken, where fishes were dying, and where fishes usually had been

taken but were absent at the time on account of special conditions of the

water. Much credit is due a number of fishermen for collateral infor-

mation and for their co-operation in the field work.

Some valuable determinations of dissolved oxygen in the channel

were made by the State Water Survey on January 23 and 24 and on Feb-

bruary (i and 7, 1925, which are published here for the first time.

The General Relation of Ice and Dissolved Oxygen

It is a common observation that fish often die in the winter under the

ice. This has been noticed most often where the ice has completely

covered the water for a considerable period. It is also commonly said by
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fishermen, in certain places, that when a hole is cut in the ice the fish

will come to the place "to get air" and are very easily taken. It seems
quite clear that the reason fish die under ice or come to holes in the ice is

because there is a deficiency of dissolved oxygen in the water.

A layer of ice over a body of water very effectually prevents the

interchange of gases between the water and the air. The ice itself does
not decrease the amount of oxygen, but it stops the aeration of the water.

The decrease in amount of dissolved oxygen is brought about by the oxi-

dation of organic matter in the water. This organic matter does not
oxidize directly, but it forms the food of the bacteria and of larger plank-

ton—the immense numbers of minute plants and animals which utilize

the oxygen in their life processes. As a result, the amount of dissolved

oxygen that is removed from the water depends on the amount of organic

matter present and on the rate at which this is consumed by aquatic organ-

isms.

The life processes of these plants and animals which consume the

oxygen go on very slowly in water that is cold enough to be covered with

ice. It would seem that for this reason those lakes and very sluggish

streams which are frozen over early and thaw out late would sutler

most from the lack of oxygen. However, due to their sluggishness the

solid organic matter settles to the bottom and can not quickly reduce the

dissolved oxygen content of the whole body of water. In the deeper

lakes fish do not die under the ice, probably because of the relative scanti-

ness of organic matter and the greater amount of dissolved oxygen in the

deeper water. In most streams large amounts of organic matter are

constantly being added by drainage from the land and by wastes from
cities. The stirring action of the current is usually sufficient to keep

much of the solid organic matter in suspension and thus it exposes all

parts of the stream to loss of oxygen. Some streams are so swift that

they do not freeze over completely, and enough open water i.> left to keep

the dissolved oxygen content of the water high enough for the life of

fishes.

Recent Observations on the Relation of Ice and

Dissolved Oxygen in the Illinois River

The Illinois River is not often covered with ice long enough for the

oxygen dissolved in the water to be reduced to a point where the fish

show signs of distress. The river froze over in December, 1924, and did

not thaw out until the first week in February, 1925. It was completely

covered with ice except for small patches of open water where the cur-

rent was swiftest, notably in Peoria Narrows and below all bridges.

Fishermen say that this is the first lime the river has been frozen over

for any considerable time since the winter of 1917-1918. Kofoid* states

that during the winter of 1894-95 the river froze over the latter part of

December and the ice did not go out until the last of February.. Thb

• EuL in. state Lab. Nat. Hist., 6:176. 1901.
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ice was present during a prolonged period of low water, and it was ac-
companied by the almost complete disappearance of the plankton organ-
isms and by the death of large numbers of fish. Although this occurred
before the Chicago Drainage Canal was opened, it must be remembered
that the Illinois River was even then a heavily polluted stream. At that

time the volume of water carried was much smaller than at present and
the rate of flow was slower. It seems probable that the river because
of its slower current was more likely to freeze over then than now, but
that this tendency was partially counteracted by greater changes in level

which tended to break up the ice and keep the channel open.

During January and February, 1925, dissolved oxygen determina-
tions were made in the Illinois River and related waters between La Salle

and Meredosia. Table I shows the results of these determinations to-

gether with notes on ice conditions and temperature of the water. Since
the river froze over before Christmas, it seems probable that when the

field work was begun, January 2;5, dissolved oxygen concentration had
reached its lowest point. Sami^les taken on January 23 and 21 showed
about 1.7 parts per million of dissolved oxygen at Peoria Narrows, Pekin,
and Havana, but those from Henry and La Salle showed about 6 parts per
million. This is probably not because of better aeration up-stream but
becau.se the initial charge of oxygen dissolved in the water that diluted

the sewage had, on account of the low temperature, not yet been consumed.
It is quite probable that at this time the very low oxygen prevailed from
Peoria Narrows to the mouth of the river at Grafton. On I'ebruarv 2.

oxygen concentrations as low as 0.4 part per million were found in Mud
Lake, which is partly fed by river water. Records of bullheads dying
in the traps and seines in Treadway Lake and Coleman Lake indicate

tbat low dissolved oxygen concentrations prevailed also in those back-
waters that are fed by the river. A sample taken in the middle of Quiver
Lake showed 2.3 parts per million of dissolved oxygen. This compara-
tively high figure is due to the highly oxygenated water coming out of

Quiver Creek. On February 4 samples taken in Treadway Lake and
Coleman Lake showed over 5 parts per million of dissolved oxygen. This
high figure is brought about by the dilution of these lakes with Sanga-
mon River water. By February 5, when the river channel was partly

o])en, sam])les at Beardstown showed 3.3 and 3.7 parts per million of dis-

solved oxygen in mid-channel with 4.6 and 4.1 near the east bank, due

to the better water coming out of Sangamon River. On February 6 and
7 there was much open water, but the water temperature w-as still between
0° and 4° C. Samples taken at Henry and Chillicothe showed about

5 parts per million of dissolved oxygen, which is somewhat lower than

the up-stream samples taken two weeks previously ; but the samples taken

at Peoria Narrows and Pekin gave about 3 parts per million, almost twice

the amount found on the earlier trip. The thawing continued until the

channel was free of ice by February S. On February 10 at Browning
the channel showed 5.8 parts per million of dissolved oxygen. The next

day at Beardstown it was 6.6.
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A sample taken February 17 at Peoria Narrows with some new
shore ice present showed 7.6 parts per miUion of dissolved oxygen, and
a sample on February 18 showed 7.2 at the same place, with no change
in temperature. On February 19 at Water-works Point, where there

was still some shore ice. samples showed 8.9 parts per million of dis-

solved oxygen. For the remainder of February the dissolved oxygen
figures ranged from 8 to 10 parts per million in the vicinity of Beards-
town and Meredosia, with no ice and with the water temperature abotit

4° C.

From late autumn until late spring the water of the Illinois River

is cold enough to slow down the oxygen consumption of the organisms
that utilize the sewage and other organic matter in the river to a point

where the rate of aeration balances or exceeds the rate of oxygen con-

sumption. Under these conditions the amount of oxygen present is suffi-

cient for the ordinary river animals. If, however, aeration is stopped
by the freezing over of the river the dissolved oxygen is gradually ex-

hausted until it becomes so low in Upper Peoria Lake that fish show
signs of distress. When this condition is established, it does not change
until the ice goes out or until it is diluted with a large amount of water
highly charged with oxygen. When the ice goes out of a small fraction

of the channel there is a marked increase in the amount of oxygen dis-

solved in the water, and in about a week the normal cold water concen-

tration of dissolved oxygen is established.

The Effect of Low Dissolved Oxygen
Concentrations on the Fishes of the Illinois River

Fishes, like all other living things, require a more or less constant

supply of oxygen to maintain the activities of life, but the minimal

amount may vary greatly for the different forms of life. A striking

example of this is the problem in hand. The minute organisms which

feed on sewage and other organic matter can live and consume oxygen
in concentration too small to support the life of fishes. Some of them,

indeed, can live in a total absence of dissolved oxj'gen, since they are

able to derive oxygen from complex organic compounds.
A fact of fundamental importance to the existence of fishes is their

ability to avoid oxygen concentrations that would be fatal to them. When
low dissolved oxygen concentration obtains in a body of water, such as

the Illinois River, the fishes retreat into backwater lakes, spring holes,

mouths of tributaries, and other places where stagnation has not de-

veloped.

A case of this kind recently occurred near the town of S[)ring Bay
on the east shore of upper Peoria Lake, where there is a lagoon fed by
springs. At rather low stages of the river this lagoon, which has an

area of about two acres, is filled with clear, well-aerated water, warm
enough to j)revent freezing. Some time after the river was completely

frozen over in January, 1925, the fishes began to crowd into this spring
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hole, and several carloads of carp and buffalo were taken here during

the last two weeks of January. A rise in the stage of the river largely

diluted this better water with the oxygen-deficient river water, and large

numbers of minnows, large-mouth black bass fingerlings, crappies, sun-

fishes, etcetera, died ; and the carp became much distressed and swam
at the surface with their heads out of the water. Part of the ice then

went out of the channel, the dissolved oxygen in the river water increased,

and the fishes no longer were attracted to this place. The unusually large

numbers of gulls that frequented the river at that time may indicate an

unusually large number of dead fishes ; but, with the above exception,

no dead fishes were seen by the writer except where they had been con-

fined in live-boxes, traps, and nets, and could not escape from the oxygen-
deficient water.

Those animals which are more sedentary in their habits and can not

so readily avoid oxygen-deficient water suffer more severely than the

fishes. After the recent prolonged period of ice, large numbers of dead

snails were washed up on the east shore of lower Peoria Lake. Fisher-

men in the vicinity of Meredosia and Beardstown have in recent years

remarked the growing scarcity of air-breathing animals that hibernate

on the bottom of the river, such as bull-frogs, snapping turtles, and soft-

shelled turtles. Some of the turtles, however, such as the painted turtle,

the ridge-back turtle, and the terrapin, do not bury themselves in the mud
and hibernate, but remain active, as shown by the fact that they are caught
in hoop-nets and traps throughout the winter. These latter species of

turtles are much more plentiful in the lower Illinois River than the

hibernating species. In cold water, frogs and turtles utilize the oxygen
in the water and can dispense with the use of their lungs. If they re-

main active they select the better water the same as the fish; but if they

bury themselves in the mud and become dormant, it may be that they

die there from deficiency of oxygen during times of stagnation.

In the attempt to determine what dissolved oxygen concentrations

the different fishes avoid and what concentrations are fatal to them, dis-

solved oxygen determinations were made where fish were being taken,

where they customarily had been taken but were absent at the time, and
where fish were dying. The procedure followed was to accompany a

fisherman who was raising hoop-nets and take dissolved o.xygen samples
at the nets. This was done at nets which had been fishing one, two, or

at most three days, and, when convenient, both when the nets were set

and when they were raised. The samples were usually taken near the

bottom because that is where the fish spend most of their time. One
advantage of hoop-nets is that they can be used in all kinds of situations

where the hauling of seines is often impossible. For the purpose of

ascertaining the relations of fish life to dissolved oxygen, hoo])-nets

have the further advantage, that they fish a very restricted area. The
amount of fish taken by them depends on conditions which cause the fish

to move about, such as high winds, changes in the stage of water, changes
in the quality of the water, and changes in temperature. What may be



431

considered a disadvantage of hoop-nets is their selcctiveness. Sluggish
fish are not caught as often as active fish. Carp avoid small-mesh
nets and traps, but they are readily taken in large-mesh nets. Chan-
nel cat and bullheads seem to go most readily into small-mesh nets

and basket traps, probably because, being largely nocturnal and hifl-

ing during the day, they go into the nets for concealment.
Table II gives the winter data showing the relation of fishes to

different conditions of ice and dissolved oxygen. It seems quite cer-

tain that dissolved oxygen concentrations between zero and two
parts per million will kill all kinds of fishes. Carp and buf?alo have
been found living in water showing as low as 3.5 parts per million.

As a rule, a variety of fishes were found only when they were four

or more parts per million, and the greatest variety of fishes was taken
when there were nine parts per million. This catch was made on
February 2G-27 in Vette Swale when at least twenty-two and ]ier-

haps as many as twenty-six species of the larger fishes were taken
in nine 2y>-mch mesh four-foot hoop-nets.

It was noticed a number of times that carp and buffalo taken
from oxygen-deficient water were very light in color and sluggish
in their movements, while the same kinds of fishes taken from well-

aerated water were quite darkly pigmented and very active when
disturbed.

Mention was made by fishermen, from time to time, at several
points on the Illinois River, of the inferior value of certain fish be-
cause they were "gassy"—their expression for a taste and smell of

the flesh of the fish, like the smell of coal gas. Others have described
it as like the taste of kerosene or of tar ; but to the writer it seems
more than anything else like the smell of the putrifying mud on the
bottom of the river, which is very like that of coal gas. This taste is

often so pronounced as to make the fish very disagreeable as food.

"Gassy" fish are definitely associated with periods of prolonged ice

on the river, mortality in nets and traps, and other indications of a

.scanty supply of dissolved oxygen. The species which most com-
monly have this taste are carp, buffalo, channel cat, and bullheads, and
these are the species which are most often found living in water with
a low oxygen concentration. If these fishes are kept in well-aerated

M'ater for a few days, they lose this "gassy" taste.

During the winter, except when the river is frozen over, fishes do
not suffer directly from lack of dissolved oxygen. From November
to May, in open water, the rate of aeration exceeds the rate of oxygen
consumption, so that there is usually a sufficiency of dissolved oxygen.

In midsummer, down as far as Peoria and .sometimes below, except
during high water, lack of dissolved oxygen excludes fishes from large

feeding grounds and destroys large amounts of fish food. For example,
Mr. Richardson observed a heavy mortality of snails in Peoria Lake in

August, 1917. As increase in temiterature accelerates the life processes
of fishes, lack of dissolved oxygen can not be endured in warm water as

long as in cold.
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Bureau of Fisheries. The factors entering into the increase of the fish

yield were principally

:

(1) The introduction of the German carp.

(2) The increase in fishing operations.

(3) The increase in the area of the river due to the addition of

water from Lake Michig^an.

(4) The increase in the food supply resulting from the sewage.

T.UJI.K
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taken. Here the factors making for increased yield have been offset

largely by reclamation of the bottomlands. The greatest change took

place in the Peoria-Browning section, where there was a marked increase

in fish yield up to 190S and an equally marked decrease after 1908. Here
the reclamation of bottomlands, notably the Thompson's Lake district,

took place several years later than in the lower section of the river. In

the upper section (La Salle-Chillicothe), although considerably less land

has been reclaimed, and the higher stage of the river has increased the

area of water, the fish yield shown by the 1921 and 1922 figures is scarce-

ly half its former value. This decrease has been brought about entirely

by the conditions produced by an excess of sewage.. The most important

effect of an excess of sewage is the reduction of dissolved oxygen to a

point where fish life is excluded from immense areas of water.
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INTRODUCTION

Publication of the following paper, prepared in 1921, setting forth

the effects on aquatic insects of the heavy pollution of a small

stream by sewage from the twin towns of Champaign and Urbana, has
been delayed by deficiency of funds for the printing of articles in the

Bulletin of the State Natural Histor\' Survey, preference having been
given there to papers of a more immediate importance.

The recent installation of an adequate plant for the purification of

the sewage of these towns before it enters the stream has removed, it is

hoped forever, the pollutional conditions here described, and the biologi-

cal effects of this renovation can presently be made manifest by a com-
parison of the restored insect life of the stream with that here discussed.

As an indispensable and irreplaceable basis for such a comparison this

paper has acquired a very special value, and fortunately its publication

need be no longer delayed.

A wide-spread campaign, vigorously promoted by the Izaak Walton
League, for the sup])ression of stream pollution is stimulating a study

of the subject throughout the country, and a carefully prepared bibli-

ography appended to this report will doubtless be found useful as a guide

to published information, widely scattered as this is in very many jour-

nals, American and European.
Stephen A. Forbes.





Article VIII.

—

An Entomological Survey of the Salt Fork of the

Vermilion River in igji/imth a Bibliography of Aquatic Insects. By.

Charles P. Alexander.

The Salt Fork is the most westerly of the three Illinois branches of

the \'ermilion River, and one of the chief affluents of the Wabash from
the west. It takes rise in a group of small streams in the west-central part

of Champaign county, Illinois, flowing south to Urbana, thence east to

near St. Joseph. Near this village the stream takes a large bend and
flows southward to near the village of Sidney, after which it flows in a

general easterly direction, vmiting with the Vermilion River just west
of Danville. The Middle Fork unites with the Salt Fork between the

villages of Oakwood and Hillery.

Originally a clean-water, permanent stream, the Salt Fork was later

utilized to receive the sewage and manufacturing wastes of the cities of

Urbana and Champaign, with the inevitable consequence that for several

miles beyond the Twin Cities the stream became badly polluted and con-

taminated to the elimination of a great majority of the less tolerant mem-
bers of the original fauna and flora. Thus we have on a small scale

almost a duplication of the conditions obtaining in the upper reaches of

the Illinois River which receives the sewage of Chicago and cities along

its banks. The biological changes that have taken place in the Illinois

River as a result of the diversion of the Chicago sewage to this stream
twenty-five years ago, have been critically studied and recorded in a

series of papers by Forbes and Richardson cited in the general bibliography

in the second part of this paper. The Salt Fork stream, flowing close

to the University of Illinois, has more recently attracted the attention of

local naturalists, and one paper has already been published which is con-

cerned with the effects of pollution on its fauna. This ]iaper by Baker

(1922) on the molluscan fauna of the Vermilion River and the Salt Fork
is of especial value in its particular field in this connection. At the sug-

gestion of Dr. Stephen A. Forbes, Chief of the State Natural History

Survey, the writer in 1921 attempted to supplement Mr. Baker's studies

from a purely entomological view-point. The stream was examined at

short intervals, from above the source of ]X)llution near Crystal Lake,

Urbana, to just beyond the union of the Salt and Middle forks near

Hiller>' in \'crniilion county. Illinois. A total of thirty-three stations

were establisl;ed, correspoiiding rather closely with the collecting {)oints

chosen by Mr. Baker and with the bacteriological stations of the Illinois

Water Survey. The collections of insects taken at the various stations

are recorded later in this paper. An effort has been made to decide

which of the species may be taken as indicators of the various degrees of
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pollution commonly recognized, but the results have scarcely justified any
sharp lines of subdivision except that between foul-water and clean-

water species. The rather numerous tolerant species that can dwell in

a varying degree of contamination occupy an intermediate classification

that is discussed in some detail in its proj>er place.

When a stream becomes polluted by sewage or chemicals, the most
sensitive and least tolerant species of plants and animals are soon elimin-

ated, being gradually replaced by more tolerant forms as the amount and
degree of pollution increases. The destruction of the clean-water insect

fauna is often compensated for by a marked increase in the number of
species and individuals of certain unusually tolerant or foul-water forms,
notably species of small annelid worms (Tubificidae) and larvae of midg-
es (Chironomidae) which, in places, form an important source of food
for the few species of tolerant fish that exist in such waters. Thus in

certain areas of both the Illinois River and the Salt Fork, almost the

only water-breathing insect life consists of larvae of a few species of

various genera of midges which are often extremely abundant.

Sewage Entomology

Considerable literature has been written upon the fauna and flora

of polluted water-courses and sewage-disposal plants. The entomology
of polluted streams exhibits certain general features which may be briefly

outlined as follows.

The. septic or grossly polluted portions of a stream are those in

which the decomposition of organic matters is progressing actively, pro-
ducing an abundance of carbon dioxide and the earlier and more com-
plex nitrogenous decomposition products to the more or less complete
exclusion of dissolved oxygen. The organisms of this zone are those

which have been termed by Kolkwitz and Marsson (1900) polvsaprobic
and by Forbes and Richardson (1913) septic or saprobic. The lower
forms of plant life, especially Schizomycetes, are abundant. Insects are
very rare and include no water-breathing forms. The most conspicuous
insects of this zone, both in America and Europe, are the so-called "rat-

tailed maggots"—larvae of certain syrphid flies (Eristalis and Hclophi-
lus). Eristalis tcnax (Linn.) was the only insect recorded bv Kolk-
witz and Marsson (1909), Johnson (1914), and Suter and Moore (1922)
from this zone. It should be understood that this larva is air-breathing,

obtaining its oxygen supply through the spiracles at the tip of a long,

extensile breathing tube, the spiracular disk being held at the surface
while the animal feeds at will beneath. The range of oxygen content
usually selected by this species of Eristalis is stated by Suter and Moore
(1923) to be from to 40 per cent saturation. Other characteristic oi-

ganisms of this region are the sludge-worms belonging t>o the family
Tubificidae. The mud bottoms of the saprobic zone invariablv have an
offensive odor and are blackened by deposits of iron sulphide which churn
up in dark clouds when the bottom is disturbed.
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The polluted or mesosaprobic zone represents the next step toward

purification of the waters. A variety of higher water-plants may exist in

this zone and there may be considerable amounts of dissolved oxygen

present. The natural physical re-aeration of the water and the oxygen
given oflf by the higher plants or the more tolerant phytoplanktonts per-

mit the existence of a much larger and more diversified fauna than

was fovmd in the saprobic zone. To this zone Kolkwitz and Marsson
gave the name mesosaprobic, and further divided it into the sub-zones

alpha, more strongly polluted, and beta, less strongly ])olluted. The two

subdivisions of this region correspond in a general way to the poUutional

and contaminate zones of Forbes and Richardson (1913). The fermen-

tations that consume oxygen have become less here and the decomposi-

tion of the nitrogenous products has progressed to the stage where free

amomnia usually predominates, though amounts of both ammonia nitro-

gen and dissolved oxygen are subject to change in a wide range; Kolk-

witz and iMarsson (1909) record eight in.secls from their alpha zone,

and nine from their beta zone. Of the alpha forms, all but three are air-

breathers, these being Stratiomyia chamaelcon L., Psychoda phalacnaidcs

L., P. sexpunctata Curt. {'=al'ternata Say), Ptyclwp'tera contamiuata L..

and Vclia currcns Fabr. An orl-fly, Sialis liitaria L., and the two midges

Chironomus plnmosus L. and Tanypus monilis L. are water-breathers.

From the beta sub-zone all but one of the species are water-breathers.

The air-breathing species is Cnlcx aiinuhita F. ; the water-breathing forms

are caddis-worms (Trichoptera, 4) and Diptcra (1). From this same

zone Johnson (1911) records three species of Diptera only, these being

Chironomus phimosus L., Psychoda phalacnoides L., and P. sexpunctata

Curt. (=alternata Say), all air-breathing species. Suter and Moore de-

scribe the sewage-fly {Psychoda alternata Say) and the sewage crane-

fly (Erioptera sp.) from conditions which belong to this zone. The large,

brick-red larvae of the phantom crane-fly, Bittaeomorpha clavipcs

(^Fabr.), were found by Weston and Turner (1917) to be important

factors in the reduction of sewage in the Coweeset stream near Brock-

ton, Massachusetts, and to belong to the mesosaprobic zone. In the Salt

Fork, the writer found a considerable number of insects which would

seem to find their place chiefly in the beta mesosaprobic or weakly pol-

lutional zone. This list includes a variety of water-scavenger beetles (Hy-

drophilidac), belonging to the genera Tropistcriius (2), Hclophorus

(1), Enochrus (1), Paracymiis (1), Berosus (2), almost all adult air-

breathing beetles but including also many larvae. The occurrence of the

immature stages of these beetles and others listed in the fir.st section of

this ])aper, together with water-breathing nymphs of a May-fly, Callibactis

sp., in company with large numbers of sludge-worms (Tubificidae), sug-

gests that the insects are more than ordinarily tolerant of pollution.

The part of a stream lying between the mesosaprobic lower limit and

that of the cleanest zone normal to rivers has been called by Kolkwitz and

Marsson oligosaprobic, and by Forbes and Richardson the zone of clean

water. The water here is regularly of the normal jnirity characteristic of
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streams unpolluted by man, and the waste organic nitrogen has been more
or less completely mineralized. The rate of consumption of dissolved

oxygen is slow, and is often more than balanced by mechanical and biolog-
'

ical re-aeration. The water has a slightly alkaline reaction and is at low
stages highly transparent, unless colored by algae. A great variety of

both plant and animal life occurs, but characteristic saprobic forms are,

at least in large numbers, lacking. Members of the Characeae. very sensi-

tive to pollutional conditions, begin to reappear where physical conditions

are suitable and in their proper geographical range. The gradual increase

in the amount and variety of light green algal forms, replacing the blue-

greens, further indicates a clearing up of the water. From this region

Kolkwitz and Marsson record a rather extended list of insects belonging

to the following groups: Plecoptera (4), Ephemerida (6), .\nistoptera

(2), Zygoptera (2), Trichoptera (7), Hemiptera (8), Diptera fSayo-

myia (1), Coleoptera (6), Dytiscidae (4), Gyriiiidae (1), Hydrophilidae

(1). The Plecoptera and Ephemerida have in the past experience of the

writer and of other American authors been usually associated with the

best aerated and most nearly pure water in this zone. There is often some
invasion of the freer-ranging cleaner water species into the mososaprobic,

beta, or contaminate zone, especially after heavy rains, these species often

including higher forms of aquatic life, such as fish.

The above remarks apply chiefly to sewage in streams. A rather sim-

ilar condition obtains in the disposal of organic matter in sewage-disposal

plants. Here the principal insect involved is the sewage-fly, Psychoda
altcrnata Say, which sometimes occurs in vast numbers. The gelatinous

or amorphous film (milk of aluminum) which is used in the filters sup-

ports a myriad of lower organisms and it is upon these forms that the

sewage-fly lives. It apparently does no harm in the filter-plant, but when
it becomes numerous, as happens in some of the larger eastern cities, as

Baltimore, the adult flies become a serious nuisance to housewives in the

vicinitv. This subject has been discussed in detail bv Headlee and Beck-

with (1918) and Headlee (1919).—see p. 460. .'

Description of the St.ations made in the 1921 Survey

OF THE S.\LT Fork of the \"ermilion River

As mentioned above, a total of thirty-three stations were established

during the progress of the survey. The location of these stations, with

lists of the insects occurring at each, is given below.

The Salt Fork above the entrance of the Urbana and Champaign
sewers is a small, clean-water stream. Beyond the mouths of these

sewers for a distance of several miles, the streaiu has been artificially

straightened and deepened into what is termed the Drainage Ditch, a

distance of approximately thirteen miles. This ditch continues to just

west of the village of St. Joseph. The condition of the water in the

drainage ditch is very bad, with no water-breathing insects pre.sent.

About a mile west of St. Joseph, or a short distance above (west of) the
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entrance of Spoon River, the conditions are considerably ameliorated

and numerous tolerant insects and other forms of life are found. This
pollutional or upper mesosaprobic condition obtains to near mid-distance

between St. Joseph and Sidney where the water becomes still cleaner, and
may be considered mesosaprobic, beta, or contaminate, in the classifica-

tions already cited. At or near the village of Sidney, the exact place

varying with the season and amount of rains, the condition of the stream

has become such that it supports a fauna that may be considered as

oligosaprobic, or that normal to clean water, and this continues to the

union of the stream with the Vermilion River.

The conditions by stations may be briefly summarized as follows

:

Station i.—Salt Fork stream above the sewer outlets ; clean-water or

oligosaprobic fauna. (Check Station)

Stations 2, J.—Pollutional or mesosaprobic, alpha.

Stations 4-9, Ji.—Septic or polysaprobic.

Stations 10, 12, /j, 2g, ^o.—Pollutional or mesosaprobic, alpha.

Station 11.—Spoon River ; clean-water fauna or oligosaprobic.

(Check Station.)

Stations 14, 15, 26-2S, 32.—Contaminate or mesosoprobic, beta.

Stations 16-25, 33-—Clean-water, or oligosaprobic.

Station i.—Taken on the Salt Fork at the bridge over Market Street,

Urbana, in Crystal Lake Park, July 20. Water clear, the fauna strictly

a clean-water one.

Ephemerida. Ephemeridae : Hcptagcnia sp.", naiades.

Cacuis sp., possibly diminiita Walk,

Hemiptera. Veliidae : Rliatjoz'clia obcsa Uhl.

Gerridae: Trcpobatcs pictus (H. S.)

Trichoptera. Hydropsychidae : Hydropsyclic sp.

Decapoda. Canibants sp., abundant.

Station 2.—The Boneyard stream, near the Big Four Shops, Urbana,

immediately before it unites with the Salt Fork, July 20 The stream

here is about eight feet wide, heavily polluted on the south side, the north

three feet much clearer. Depth approximately one foot. Bottom gravel,

without much sludge.

Hemiptera. Corixidae.

Coleoptera. Dytiscidae : Laccophilus proximus Say, adults.

Diptera. Chironomidae : Tanypiis sp., two larvae.

Sludge-worms, Tubificidae, abundant.

Station J.—Salt Fork, 100 feet below the entrance of the Boneyard

stream, July 20. Collections made in the riffles where the water was

fairly well aerated in spite of the pollution.

Coleoptera. Haliplidae: Pcltodytcs 12-punrtatus (Say), adults.

Dytiscidae: Laccophilus proximus Say, aduUs.

L maculosus (Germ.), adults.
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Diptera. Cliironomidae : Cliirotwinus sp., \z.rvat.

Sludge-worms, Tubificidae, very abundant.
Adults of the damsel-fly, Hctacrina amcricana (Fabr.) were very

abundant along the stream but no naiades could be found.

Station 4.—Salt Fork, one-fourth mile below the outlet of the Cham-
paign sewer, July 30. Stream wide and fast-flowing, but the bottom
black and with a foul odor.

Hemiptera. Gerridae : Gerris marginatus Say, one adult.

Beneath the surface, the only life found was a sparse number of

sludge-worms. The damsel-fly Ischnura verticalis (Say) was common
but no naiades were to be found.

Station 5.—Salt Fork at the first iron bridge (between the Cham-
paign sewer outlet and the Augurville bridge), July 20. The water runs
rapidly and the upper surfaces of the rocks appear rather clean, though
blackened. On lifting the rubble, however, a mass of inky black sludge

is loosened that would preclude any except the most septic organisms.

No insects occurred and no other life except a few specimens of sludge-

worms.

Station 6.—The Au.gin'ville or Brownfield Bridge. July 20. The
stream here is broken into riffles but this does not suffice to support a

fauna any more varied than at the last station. No insects occur and
only a few sludge-worms. Adults of the following Odonata were noted

:

Plathcrnis lydia (Dru.) and Argia violacca (Hagen). These presumably
come from ponds or backwaters with clean water, as no naiades were
taken at this station.

Station 7.—Third bridge over the Salt Fork, July 20. Conditions

quite as at Station 6. No insects were to be found and only a few sludge-

worms.

Station 8.—Cottonwood Bridge, July 20. The stream here was very

low (July 20) and extremely black and polluted. Odor bad. No life

of any sort

Station 0,—Mayview Bridge, July 20. Conditions here about as at

Station 8. The only insects in the water were large swarms of whirligig

beetles, Diucutcs auicricanus Say. A careful search was made for their

larvae but these do not occur and the swarms must migrate from purer

water. Adults of Odonata, Plathemis lydia (Dru.) and Isclniura verti-

calis (Say) were noted, but not ovipositing.

Station 10.—The Salt Fork. 100 yards above (west of) the mouth
of Spoon River, near St. Joseph, July 23. Water low (6 to ^ inches)

but the sandy bottom very clear, not polluted heavih' as in Stations up
to nine. There is no apparent bad odor, but the people living here state

that later in the season at times the odor is very bad. Frogs and turtles



445

live in this water but no fish were found, although they probably come in

from Spoon River at high water. Insect life was surprisingly abundant
and included many water-breathing species.

Hemiptera. Belostomatidae : Bclostoma flumincum Say, nymphs
of all sizes, adults.

Gerridae : Gcrris marginatits Say, adults.

Mesoveliidae : Mcsovclia inulsanti White, adults

common, some winged.
Coleoptera. Dytiscidae: Laccophiliis niaciilosiis ( Germ.), adults

and larvae.

Bidcssus lacustris (Say), adults.

Gyrinidae : Dinciites amcricamis Say, adults.

Hydrophilidae: Tropistcnius glahcr (Hbst.),
adults and larvae.

T. lateralis (Fabr.), adults.

Hcloplwrus lincattts Say, adults.

Bcrosus pcregrimus (Hbst.), adults.

Eiwchnis ochracciis (Melsh.), adults.

Paracyinus subcupreus (Say), adults.

Helmidae : Steuclmis sp., one adult.

Diptera. Chironomidae : Cliiroiiomns z'iridicolUs v. d. \\'.,

extremeJv abundant, larvae.

Tabanidae : Tabaiius sp., one larva.

The great abundance of water scavenger-beetles, Hydro]ihilidae. and
Chlrononius viridicoUls indicate a polluted but scarcely septic condition

of the water.

Station ii.—Spoon River, 100 yards above the union with Salt

Fork, July 23.. Studied as a check on the main stream. The stream here

is ver)' muddj' but the bottom is hard, comi)osed of gravel, small crushed

stones, and broken shells. The stream is almost choked with great beds

of water-willow, Dianthcra amcricana.

Ephemerida. Fjihemeridae : Hcxagcnia bilineata Say, large nai-

ades.

Odonata. .Aeschnidae : Anax jumus (Dru.), young naiades.

Libellulidae : Plathemis lydia (Dru.), adults.

Coenagrionidac : Ischnitra vcrticalis (Say), adults.

Enallagma cxsulans (TTag.), adults and naiades

abundant.

E. antciinatum (Say), naiades.

Hemiptera. Corixidae : unidentified.

Gerridae: Trcpobatcs pictus (H. S.), adults and
nymphs.

Neuroptera. Sialidae: Sialis infuiuata Newm., larvae of various

sizes.

Coleoptera. Dytiscidae: LaccophUiis maculosus (Germ.),
adults.
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Haliplidae: Pcltodytes 12-punctatus (Say), aduhs.

P. cdentulus (Lee), adults rare.

Hydrophiliade : Bcrosus striatus (Say), adults.

Diptera. Chironomidae : Procladius sp., larvae.

Chironomus sp., larvae, few.

The occurrence of Hcxagcnia and Sialis usually indicates a clean-

water fauna, though Sialis infiimata has been found to prefer trashy and

sometimes slightly foul places.

Station 12.—Station made in the Salt Fork, one mile west of the

junction with Spoon River, July 23. The Fork here is deep but foul-

smelling. Masses of sludge lie about the bottom, giving it a mottled ap-

pearance.

Odonata. Libellulidae : LibcUula puJcbcUa Dru. and Plathe-

iiiis lydia (Dru.). .A-dult females were obser\^ed

ovipositing in the stream but no naiades were

found.

Hemiptera. Cori.xidae : common, all adults.

Gerridae : Gcrris marginatus Say, adults.

Coleoptera. Dytiscidae : Laccophiliis proximus Say. adults.

Haliplidae: Pcltodytcs is-punctafus (Say), adults.

Hydrophilidae : Bcrosus striatus Say. adults.

Diptera. Chironomidae: Chironomus- sp.. larvae abundant.

Palponi\ia sp.. larvae common.
Sludge-worms. A very large species of Tubifcx occurs.

Station /?.—Railroad Bridge west of St. Joseph. July 23. The
river here is of bad odor and the bottom blotched with small masses of

sludge. Small patches of duckweed (Lciniia) float on the stream-sur-

face.

Ephemeridae : Callihactis sp., possibly fcrruginca

Walk., a few naiades. This is the most tolerant

May-fly known to the writer.

Aeschnidae : Anax Junius (Dru.), naiades.

Libellulidae: LibcUula pulchcUa Dru., naiades.

Mesoveliidae: Mcsovclia mnlsanti White, adults.

Dytiscidae: Laccophiliis proximus Say, adults.

Haliplidae: Pcltodytcs u-punctatus (Say), adults.

P. cdentulus ( Lee), adults, few.

Hydrophilidae: Tropistcruus sp.. large larvae.

Enochrus ochraccus (Melsh.). adults.

Bcrosus striatus (Say), adults.

Diptera. Chironomidae: Palpoinyia sp., larvae common.
Procladius sp., larvae, few.

Chironomus sp., larvae, abtmdant.

Sludge-worms, Tubifcx sp.. and blood-worms. Chironomus sp.. are

abundant in the shallow waters.

Ephemerida.

Odonata.

Hemiptera.
Coleoptera.
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Station 14.—Benchmark 666, south of St. Joseph, August 9. The
stream here is comparatively clear. There are some small masses of

sludge but the whole stream is virtually choked with great masses of

the water-net. Hydrodictyon. In the water, small areas of Sagittaria

are growing, indicating a clearing up of polluted conditions.

Hemiptera. Corixidae: extremely abundant, mostly adults but

including many large nymphs.
Diptera. Chironomidae : Procladius sp., larvae.

Chirononuis sp., larvae, a few only.

No Ephemeridae, Odonata, or Coleoptera were taken here on this

date (compare with Station 28 later). A few sludge-worms were
found.

Station 15.—The Shakerack Bridge, one and one-half miles west

of Tipton, August 9. The bridge is at the west end of a small wood-
land. The stream here is comparatively deep but dirty. No algal or

other plant life occurs.

Ephemerida. Ephemeridae : Callibactis sp., possibly fcrnigiiwa

Walk., fully grown naiades.

Odonata. Aeschnidae : Goinf'liHs sp.. small naiades of a bur-

rowing species.

Hemiptera. Corixidae : common, mostly young nymphs, al-

though a few adults were found.

Diptera. Chironomidae: Chironomus sp., few lar\ae.

Sludge-worms still common.

Station 16.—The Stone bridge, one-half mile east of Sidney, .\ugust

9. The stream here appears practically normal. Great beds of water-

willow, Dianthcra, almost choke the stream. A large and varied aquatic

insect fauna occurs here, including abundant Odonata and ephemerid

naiades.

Ephemerida. Ephemeridae: Hcxaqcuia biliiicata Say, naiades.

Hcptagcnia sp., fully grown naiades.

Cacnis sp., possibly diniiiiiita W'k., naiades.

Callibactis sp., naiades.

Odonata. Libellulidae : Libcllula piilchcUa Dru., naiades,

Coenagrionidae : Ischnnra vcrticalis (Say), na-

iades.

Enallagiiia sp., naiades.

Hemiptera. Corixidae: common.
Notonectidae: Notonccta variabilis Ficb., several,

adults and nymphs.
Bucnoa platycncmis Ficb., adults and nymphs.

B. margaritacca Bueno, adults.

Gerridae: Mctrobatcs hrspcrins Uhl., adults and

nymphs.
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Mesoveliidae : McsovcUa mulsanti White, adults

and nymphs.
Hydrometridae : Hydromctra martini Kirk, adults.

Belostomatidae : Belostoma flumilie it in Say, com-
mon, the males with egg-masses.

Neuroptera. Sialidae: Sialis infumata Newm., larvae.

Coleoptera. Haliplidae: Pcltodytcs 12-punctatits (Say), adults.

Hydrophilidae : Tropistcrmis glabcr (Hbst.), lar-

vae and adults.

Berosus striatus (Say), larvae and adults.

Diptera. Chironomidae : Chironomus sp., a few larvae.

No sludge-worms are present. Cambarus sp. and HyalcUa knickcr-

bockeri are common. The occurrence especially of Hcxagcnia and Siaiis

point to clean-water conditions. These genera were last taken at Station

11, the Spoon River. Tadpoles, and young catfish and sunfish are com-
mon.

Station ly.—Five miles east of Sidney, about three miles west of

Homer Park, August 17. At the place where collections were made the

stream has a bottom that is almost pure clay. Small fish of fihgerling

length are abundant and many set-lines of the natives indicate good fish-

ing. Insect life in this clay bottom is not large or varied.

Odonata. Aeschnidae : Coof/'/nfjr sp., a few naiades.

Hemiptera. Corixidae : common.
Gerridae: Mctrobatcs hcspcrius Uhl., nymphs of

the second and third inslars common.
Neuroptera. Sialidae : Sialis infumata Newm., lan-a.

Coleoptera. Gyrinidae: Dincutcs amcricaitus Say, adults.

Station 18.—Below the dam at Homer Park, August 17. Riffles over
the broken stone and small pebbles. An entirely clean-water fauna pres-

ent.

Plecoptera. Perlidae : PcrJa sp., naiades.

Ephemerida. Ephemeridae : Polymitarcys albus (Say), naiades.

Ephcmerella sp.

Caenis sp., possibly diininuta \Vk.

Hcptagcnia sp.

Bactis sp.

Chirotenctcs alboinanicafus Ndm.
Odonata. Aeschnidae: Ophiogomphus sp., naiades.

Agrionidae: Hctacrina aincricaiia (Fabr.), adults

were common, ovipositing in the clean water.

Coenagrionidae : Argia mocsta putrida Hag.,
adults were common, ovipositing in the clean

water.

Hemiptera. Corixidae: common.
Hydrometridae: Hydromftra martini Kirk., few

adults.
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Gerridae : Mctrobatcs licspcriiis Uhl., adults and
nymphs abundant.

Veliidae: R'liai/oz'cUci obcsa Uhl., adults and
nymphs abundant.

Neuroptera. Sialidae : Corydalis corniita (Linn.), small larvae

common.
Sialis iiifiiiuata Newm., larvae.

Trichoptera. Hydropsychidae : Hydropsychc sp., extremely
common with their nets.

Coleoptera. Hydrophilidae : Tropistcrnus g labor (Hbst.),
adults.

Bcrosus striatus (Say), adults.

Enochrus ochraceus (Melsh.), adults.

Helmidae : Stenelmis sp., adults and larvae com-
mon.

Diptera. Chironomidae : Chiroiiouius sp., small larvae.

Station ip.—One and one-half miles east of Homer Park, August
22. Great beds of water-willow, Dianthera, in the stream. Collections

were made principally in these dense beds.

Ephemerida. Ephemeridae: Hcxageuia bilineata Say, naiades.

Odonata. Aeschnidac : Gomplms sp., naiades.

Coenagrionidae : E'nallagina sp., naiades.

Hemiptera. Belostoniatidae: Belostoma flumineum Say, adults

and nymphs.
Gerridae : Gcrris marginatus Say, adults.

Tfepobatcs pictiis (H. S.), adults and nymphs.
Mesoveliidae: McsovcUa mulsanti White, adults

and nymphs.
Hydrometridae: Hydromctra iiiartini Kirk., adults

and nymphs.
Coleoptera. Helmidae : Hclmis vittata Melsh., adults.

Stenelmis sp., adults and larvae abundant.

Dascyllidae: Cyplion sp., or Scirtes sp., larvae

very common.
Diptera. Chironomidae: C/i/roHo;)(;(.f sp., larvae.

Cambarus sp.. very abundant. Small catfish and sunfish are very

numerous.

Station 20.—Two miles southwest of Fithian, August 22. Here
the stream is nearly choked with water-willow, Dianthera, with some beds

of Elod'ca.

Plccoptera. Perlidae: Perla sp., naiades.

Ephemerida. Ephemeridae: Hcxagcnia bilineata Say, naiades.

Polymitarcys albus (Say), naiades.

Caenis sp., possibly diminuta Wk., naiades.

Baelis sp.. naiades.

Heptagcnia sp., naiades.
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Odonata. Libellulidae : Macromia sp., possibly illinoiensis

Walsh, numerous small naiades.

Coenagrionidae : Enallagma antcnnatnin (Say),
small naiades.

Enallagma sp., naiades abundant.
Agrionidae: Hetaerina amcricana (Fabr.), adults

common, ovipositing in the stream.

Hemiptera. Nepidae: Rauatra amcricana ( Mont.), adults.

Hydrometridae : Hydronictra ;;jar/;;;t Kirk., adults

abundant.
Mesoveliidae : Mesovelia iniilsaiiti White, adults

abundant.

Gerridae : Trcpobalcs pictiis (H. S.), few nymphs
and adults.

Neuroptera. Sialidae : Sialis iufvmata Newm., fully grown lar-

vae.

Coleoptera. Gyrinidae : Gyrinits acncolus Lee, adults.

Helmidae : Hclinis vittata Melsh., adults.

Stcnehnis sp., adults and larvae.

Diptera. Culicidae : Anopheles punclipcnms Say, larvae.

Station 21.—Salt Fork, one-fourth mile below its union with Stony
Creek, August 25. The bottom is covered with coarse rubble, forming
riffles. The banks and margins of the stream are dense with Dianthcra

which in places quite chokes the stream.

Plecoptera.

Ephemerida.

Odonata.

Hemiptera.

Neuroptera.

Trichoptera.

Perlidae : Pcrla sp., naiades.

Ephemeridae: Hcxagcnia bilineata Say, naiades.

Ephemera sp., naiades.

Bactis sp., naiades abundant.

Heptageiiia sp., several species, naiades.

Chirotcnctcs albomanicatus Ndm.. naiades.

Agrionidae: Hcfacriiia aiiicricaini (Fabr.), adults

common, ovipositing in the stream.

Coenagrionidae : Argia niocsta piitrida Hag. and
Ischnura vcrticalis (Say), adults common, ovi-

positing in the stream.

Gerridae: Mctrobatcs hcspcritis Uhl., adults abun-
dant.

Veliidae: Rliagovella obcsa Uhl., adults abundant.

Mesoveliidae: Alesovelia iiiiilsaitti White, adults

abundant.
Sialidae: Corydalis coniuta (Linn.) larvae very

abundant, all sizes from newly emerged to almost

fully grown.
Hydropsychidae : Hydropsyclie sp., larvae and

their nets.
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Coleoptera. Gyrinidae: Dincntcs amcricamis Say, adults
scarce.

Helmidae : Stcnchnis sp., larvae.

Diptera. Chirononiidae : Tanytarstts sp., larvae and cases.

Caiiibanis and species of darters were common in the stream.

Station 22.—Stony Creek, one-halt mile above its union with the

Salt Fork ; a check station, August 2,5. The stream here is small but

flowing in riffles. The fauna is strictly that of normally clean water,

though slightly different from that of the adjoining parts of the Salt

Fork.

Hemiptera. Corixidac: unidentified.

Genidae, Trcpnhatcs f^ictus ( 11. S.). adults abun-
dant.

Hydrometridae : Hydronictra martini Kirk., adults.

Coleoptera. Hali]:)lidae : Pcltodytcs i2-piinctatiis (Say), adults.

Dryopidae: HcUchns lilhophihts (Germ,), adults

abundant.
Helmidae : Stcnchnis sp., adults abundant.

Diptera. Tabanidae: Clirysops sp., larvae.

Station .'?. Bridge south of Oakwood, Aug. 2!). The collections

made here show a large and varied fresh-water fauna.

Plecoptera. Perlidae: Pcrla sp., half-grown naiades.

Ephemerida. E]jhenieridae : Hcxagcnia biliiicata Say, naiades

abundant.
Polymitarcys albiis (.Say), naiades.

Cacnis sp., possibly diniinitta Wk., naiades.

Hcptagcnia sp., two species, naiades.

Chirotcnctcs alhomanicatns Ndm.
Baetis sp., naiades.

Odonata. Aeschnidae: Epiacschna hcros (Fabr.), naiades.

Goniplius sp., burrowing species, naiades.

Libellulidae : Macromia sp., possibly ilUnoiensis

Walsh, naiades of various sizes.

Agrionidac: Hetacrina amcricana (Fabr.), adults

very abundant, ovipositing in water.

Coenagrionidae : linaUagnia sp., naiades common.
E. cxsidans Hag., adults connnon.

Hemiptera. Ncpidae: Kanatra amcricana (Mont.), adults.

Gerridae: Trcpobates picttis (H. S.), adults and
nymphs.

Mctrobatcs hcspcrius Uhl., adults and nymphs.
Vcliidae : RhagorcHa obcsa Uhl., adults and

nymj)hs.

Mcsoveliidac : Mesovelia mulsanti W h i t e, adults

and nymphs.
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Corixidae : adults.

Gelastocoridae : Gclastocoris oculatus (Fabr )

adults and nymphs along wet margins of stream

Neuroptera. Sialidae : Sialis iiifiiiitala Xewm., lan'ae.

Corydalis cornnta (Linn.), larvae.

Trichoptera. Hydropsychidae : Hydropsyclic sp., larvae an<l
nets.

Coleoptera. Gyrinidae : Dincutcs aincricanus Say. adults.

Haliplidae: Peltodytcs 12-punctatus (Say), adults.

Hydrophilidae : Tropistcrmis glabcr (Hbst.),
adults.

Dryopidae: Helichus Uthophilus (Germ.), adults.

Diptera. Tipulidae : Erioccra sp., possibly i/ibbosa Doane,

larvae beneath stones in rapid water.

Chironomidae : Chironomus sp., larvae abundant.

Tabanidae: Tahamis sp., larva.

Station 24.—Collections made beyond the mouth of the ^liddle

Fork, one and one-half miles south of Hillery. The conditions here were
very much as in the Salt Fork farther west. Most collections were
made in the rapids and among the roots of the Dianthcra beds. The
water at this date (August 31) was very low and had a strong odor

like that of decaying fish.

Plecoptera. Perlidae : Ptcrouarcys dorsata Say, naiades.

Perla sp., naiades of various sizes.

Ephemerida. Ephemeridae : Cacnis sp., possibly dintiiiuta \Y\<.,

naiades.

Hcptagcnia sp., naiades.

Chirofcnctcs alboinaiiicatus Ndm., naiades.

Callibaetis sp., possibly fcrruginca Wk., na-

iades.

Odonata. . .Aeschnidae : Gomphus sp., naiades.

Libellulidae : Macrom'ia sp., possibly illiiioicnsis

Walsh, naiades common.
Agrionidae : Hctacriiia anicricaiia (Fabr.), na-

iades abundant.

Coenagrionidae : Argia iiiocsta piitrida Hag., na-

iades abundant.

Hemiptera. Corixidae : adults and nymphs.
Gerridae : Mctrobatcs Iicspcrlus Uhl., adults.

Mesoveliidae : Mcsoi'clia )in<Isaiiti \\'hite, adults.

Veliidae : Rhagovclia obcsa Uhl., adults and
nymphs abundant.

Neuroptera. Sialidae: Corydalis cornnta (Linn.), larvae, all

sizes, extremely abundant.

Trichoptera. Hydropsychidae. Hydropsyclic sp., larvae abun-

dant.
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Coleoptera. Gyrinidac : Dliiciitcs aincriranns Say, :xdnh9i. ,

Dryopidae : Hclichus litlwphihis (Germ.), adults.

Heliiiidae : Stcnchnis sp., larvae and adults.

Diptera. Tipulidae : llrioccra sp., possibly gibbosa Doane,
larva.

Station 3^.—The bridge at Sidney, re-check on September (equals

Station 16). Conditions are about as on the previous examination
(August 9) except that the water is hij^jher due to heavy rains. A farmer
states that until three years ago the stream was pure and supported many
fish. The past two years, however, the stream became polluted, although
the water looked clear, and all life died out. In 1921 the .stream was
muddy and vertebrate life re-appeared, this including certain fish, frogs,

and turtles. It is of interest to note that the following summer (1923)
the stream was again badly polluted and vertebrate life, including virtu-

ally all of the fish, was destroyed to a distance of two or three miles

beyond Sidney. The exact nature of the pollution has not been ascer-

tained, although it seems probable that it was a waste product of some
one of the factories of Champaign and Urbana. Officers from the State

Fish Commission who were sent to examine this condition in 1922 at the

instance of the local Fish and Game Clubs, reported that it might be

some years before the stream re-established its former condition.

Odonata. Coenagrionidae : EiialUKjina sp., naiades.

Hemiptera. Corixidae : adults and nymijhs.

Nepidae: Ranatra americana (Mont.), adults.

Hydrometridae : liydromctra martini Kirk., adults.

Notonectidae : Bucnoa platycnemis Fieb., adults

and nymphs.
Coleoptera. Dytiscidae: Laccophilus pniximns Say, adults.

L. uiaculosHS (Germ.), adults.

Hydropoms .sp.

Station j6.—The Shakerack Bridge, re-check on September 9 (equals

Station l.")). The second collection revealed some species that were not

noted on the former visit. Stream muddy, with no bottom vegetation.

Ephemerida. Ephemeridae : CaUibactis sp., pi)ssibly ferruginea
Walk., naiades abundant.

Odonata. Libellulidae : .S" A'/n/ic/rinn sp., naiades.

Hemiptera. Corixidae : adults and n3-mi)hs abundant.

Coleoptera. Dytsicidae: Laccophilus proxiums Say, adults
and larvae abundant.

Di])tera. Chironnmidac : Froc/od/iu sp., larvae.

Chironomus sp., larvae abundant.

Station 3/.—Benchmark 66, re-check on September 9 (ecjuals Sta-

tion 14). A very abundant fauna at this time.

Ephemerida. I'.iihcmcridae : CaUibactis sp., jiossibly ferruginea

Walk., naiades.



454

• Odonata. Libellulidae :. Plalliciiiis lydia {Dru.}. naiades.

Hemiptera. Corixidae : adults and nymphs.
Coleoptera. Dytiscidae : Laccophihts inaciilosiis (Germ.), adults.

Comptotomus intcrrogatus (Fabr.), adults.

Dytiscid larvae abundant.

Haliplidae: PcUodytcs I ?-piiuctatiis (Say), adults.

P. cdcntuhis Lee, adults.

Hydrophilidae : Bcrosiis sp.. larvae abundant.

Diptera. Chironomidpe : Pfi//'0!nr/a sp., larvae.

Procladiiis sp., larvae. '

Chironomus sp., larvae abundant.

Sludge worms abundant.

Station 28.—Salt Fork, 100 yards south of the railroad bridge near

St. Joseph, September 16 (nearly equals Station 13). The water is high

and several land areas present on the first examination (July 2:i) are now
submerged. The fauna here is almost identical with that of Station 27.

Ephemerida. Ephemeridae: Callibaclis sp., possibly fcrrugiiica

Walk., naiades.

Hemiptera. Corixidae : adults and nymphs abundant.

Belostomatidae : Bclostoiita dumincum Say, adults

and nymphs.
,

Gerridae : Gcrris luargiiiafiis Say, adults.

Mesoveliidae : McsovcJia iiiiilsanti White, nymphs,

Coleoptera. Dytiscidae: Laccophiliis in a c 11 1 s it s (Germ.),

adults.

Haliplidae: Pcltodytcs u-puuctatus (Say), adults

abundant.
Hydrophilidae : Tropistcrnus g I ab c r (Hbst.)

,

adults.

Bcrosus striatus Say, adults.

Diptera. Chironomidae: Procladius sp., larvae and pupae.

Chironomus sp., larvae abundant.

Station -'9.—Salt Fork one mile west of the junction with Spoon

River, re-check September 10 (equals Station 1'3). Water very high at

this date.

Hemiptera. Corixidae : adults.

Belostomatidae: Bclostoma diiniincuni Say, adults

and nvmphs of all sizes.

Coleoptera. Haliplidae: PcUodytcs u-pitnctatus (Say), adults.

Hydrophilidae: Tropistcrnus glabcr (Hbst.),

adults and larvae abundant.

Diptera. Chironomidae: Cliironoinus viridicollis v. d. W.,

larvae very abundant.

No Odonata or Ephemerida found.



455

Station jo.—Sail Fork 100 feet below (east of) Spoon River, Sep-
tember 16. The water is high and very muddy but when the bottom is

disturbed it churns up black. The pure water of Spoon River undoubt-
edly helps very considerably in ])urifyin,e; the waters of the Fork but these

are still polluted, at least at this season.

Hemiptera. Corixidae : adults and nymphs.
Coleoptera. I^ytiscidae: Laccopliihts proxiiiius Say, adults.

L. maadosus (Germ.), adults.

Hydrophilidae : Tropistcnius [i I a b c r (Ilbst.).

adults.

T. lateralis (Fabr.), adults.

Enochnts ochraccus (Melsh.), adults.

Diptera. Chironomidae : Chironoiiius .sp., larvae abundant.

No sludge-worms were noted today.

Station j/.—Collections made in the Salt Fork 100 feet below (east

of) the entrance of the Boneyard stream, September 2'.]. Water very
foul, all stones being draped with the foul-water fungus, Spliacrotilus

natans Kutzing.

Diptera. Chironomidae: Chironomus sp., a few larvae.

No sludge-worms noted.

Station ^s.—Collection made 100 feet above (west of) the Boneyard
stream, September 23. The water looks clear but along the margins the

net stirs up black clouds as in a polluted stream.

Odbnata. Cocnagrionidae : Iscluutra vcrticalis (Say), na-

iades.

Coleoptera. Hali|)lidac: Pcltodylcs TJ-piinctatiis (Say), adults.

Hydro])hilidae : Tropistcrnus g lab e r (Hbst.)

,

adults.

Ascllus is very common here.

Station j?J.—Collection made in the Salt Fork 250 feet above (west

of) the entrance to the Boneyard stream, September 2:5. The water here

is comparatively pure, the stones being draped with green algae, with

beds of Elodca growing along the margin.

Hemiptera. N'eliidac: Rtnujovclia obcsa Uhl, adults.

Trichoptcra. 1 lydropsychidai- : Hydropsychc sp., larvae and

nets.

Coleoptera. llaliplidae: Pcltodytcs i^-punctatiis (Say), adults.

Cambarns sp., young and adults, and Asellus are very common at

this point.
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Notes ox the Stecies of Ixsects Collected

Plecoptera

As stated elsewhere in this paper, stone-fl}- naiades are notable inhah

itants of rapids and well-aerated streams. In the present collection none
were found except in clean water. The majority of specimens discovered

in 1921 were species of the genus Pcrla. Ptcronarcys was found only in

the stream beyond the union of the Middle and Salt forks.

Epiiemerid,\

Most species of May-flies are markedly intolerant of pollution. In
the present survey, one species (CalUhaetis) was constantly found in con-
taminated waters, or even, in one case, in waters that might be considered
as polluted. All other members of the family Ephemeridae found, were
distinctly clean-water species, these belonging to the genera Hcxagcnia,
Ephemera, Polymitarcy's, Heptagcnia, Bactis, Cliirotciietcs, Caciiis, Calli-

bactis, and Ephemcrella.

Odonata

Naiades of Anax Junius and Lihellula pulchella were taken at Station

13 under conditions indicating pollution. The latter species has been
taken in the Boneyard stream by students in the Department of Zoology
at the University of Illinois and must be considered as being the

most tolerant species encountered on this survey. Species of the genera
Goiiiphus and Synipctrum were found in the stream at the Shakerack
bridge (Stations 15 and "?6) under conditions indicating contamination.

All of the above are water-breathing forms. No naiades of the suborder
Zygoptera were to be found in the stream except in clean water but there

they occurred in great abundance. The Odonate fauna of the unpolluted

portions of the Salt Fork belong to the genera Goinplins, OphiogomphuS,
Epiacschna, Macromia, Hetacrina. Enallagma, and Ischiuira. In addition

to these naiades, adult dragon-flies were observed ovipositing in the

stream. These included Lihellula pulchella and Platheiiiis lydia at Station

12, where the stream was strongly polluted, but it can not be stated that

the naiades mature in polluted or septic streams. The fact that these in-

sects oviposit in places where there is no chance of the continuance of the

species is well known, as in temporary puddles over concrete pavement.

In clean parts of the Salt Fork other adult dragon-flies seen ovipositing

in the stream included such species as Hetaeriiia ainericaiia, Argia mocsta

putrida, and Ischnura z'crticalis.

Hemii'tera

A water-strider, Gcrris mnrginatus, wqs obsers'ed at Station 4 where

conditions were unquestionably septic. As the insect is an air-breather

its occurrance here has no significance. At Station 10, where the water

was considered to be polluted, the following groups of water-bugs were

found: Corixidae, Belostomidae (Belostoiiia tlumi)icum, including
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nymphs of various sizes as well as adults), Gcrridae (Gcrris m-arginatus

adults)', and Alesoveliidae {Mcsoi'clia iintlsanti, adults; some of them
winged—a rather rare occurrence in aquatic lleteroptera and one most
frequently observed under conditions such as the present ones). The
abundance of these insects under pollutional conditions is scarcely signifi-

cant since they are all air-breathing forms tliat can come to the water-

surface to obtain their supply of oxygen. The smaller water-strtders

(Gerridae, Trcpobatcs pic Ins and Metrobatcs hcsperius; Velilidae,

RhagovcUa obcsa) ; the back-swimmers (Notonectidae, Notonecta vari-

abilis. Bnciwa platycncmis. B. tnargarilacca) ; the Nepidae (Ranafra

aincricana), and the Hydrometridae (Hydromctra martini) were all

closely associated with clean water in the present survey. A number of

genera aild species of Corixidae were taken but the names are not vailable

for consideration in this report.

Neuroptera

The lar\a of the orl-fly Sialis iiifiaiiata is to be considered as an
indicator of fairly clean water conditions, though it has been observed by
Needham to prefer trashy places, and one of the European species, 5'.

lutaria, was recorded by Kolkwitz and Marsson as living under strongly

pollutional conditions. Similarly the larvae of the other Nearctic mem-
bers of the family Sialidae, ChaitUodes spp. and Corydalis cornntus L., are

apparently confined to unpolluted waters. The larvae of the latter, the

familiar Dobson or hellgrammite of bass fishermen, was very numerous
in the lower portions of the Salt Fork and after the union with the Middle

Fork.
Trichoptera

Species of the genus Hydropsyche, together with their nets and cases,

were very common in the clean waters of the stream. None was observed
anywhere in the stream under conditions that could be considered as being

pollutional or even contaminate.

COLEOPTERA

At Station 8 in the most septic part of the Salt Fork, large swarms
of whirligig beetles, Dineufcs americanus, were noted. These, being air-

breathers, are quite independent of the poisonous conditions beneath them
and a careful search failed to reveal any sign of their larvae. 'J'here can
be no doubt that they breed in clean waters and later move to the

places where found. Whirligigs were common at intervals along the

stream and in most instances proved to belong to this same species. Water
scavenger-beetles ( Ilydrophilidae) were common at Stations 10. 13, 28,

and 20, in polluted and contaminated portions of the stream. These in-

cluded a rather considerable number of genera and species (Tropistrniiis,

Hclophorus. Berosus, Enochrus, and Paracyiuus). In clearer waters

members of this family was less abundant. The polluted waters included

not only the adult beetles but also a great abundrnice of larvae of the same.
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Almost the same statements apply to the Haliplidae, two species of Pclto-

dytes being very numerous in the stream between St. Joseph and Sidney
under conditions that were strongly contaminate. Dytiscidae, the

predaceous water-beetles, were about equally common in contaminated
portions of the stream and at the critical station (!.j and 10) near the

bridge at Sidney where clean water conditions obtain for the first time.

The Parnid beetles (Dryopoidea) included adults of a species of Stcncl-

mis under pollutional conditions at Station 10. The majority of the mem-
bers of this group appeared only in the cleaner water situations, however,
as shown by the large numbers of specimens of Hclichus lithophihts.

Hclmis vittata, and species of Stcnehnxs taken, the last-named being found
both in the larval and adult stages. Although careful search was made for

them, no specimens of the water-penny, Pscphciius hcrricki (DeKay),
were noted.* It may be that the range of the species is more northerly

than the latitude of the Salt Fork. Members of the famil)' Dascyllidae

were noted commonly along the stream margins and among the beds of

Dianthera in clean water conditions. The larval stage was the only one

noted, and these may belong either to the genus Cyphon or to Scirtes.

* The writer can see no just reason for ignoring DeKay's name. Fhtvicola herrlcki.
applied to the larva of tliis species, under the misconce'ption of its being an isopod
crustacean, six years before the adult beetle was named Psephenus lecontei by Le-
conte. The generic name Fluvicola is preoccupied in Aves (Swainson 1S27) and so
can be dropped from consideration. However, there seems to be no reason for ignor-
ing DeKay's specific name based on the immature stages. Similarly DeKay's Fhtvi-
cola tnberculata is very pr'obably the larva of Hclichus lithophilits. An entirely com-
parable case is found in the May-fly Prosopistovia foliacenm- Foiirc. in Europe, and
in this instance the use of this name has never been questioned. The insect was de-
scribed in 1764 by Geoffrey as a crustaceous form and re-named by pourcroy in 1785
as a species of Crustacea. It was fully a century after its original discovery that the
true i-elationship of this remarkable insect was made known.

DiPTERA

Together with the tubificid worms, members of the dipterous families

Psychodidae, Chironomidae, and -Syrphidae are considered as among
the best indicators of septic or pollutional conditions. The larvae of the

Psychodidae and Syrphidae are air-breathers, obtaining their supplv of

oxygen directly from the atmosphere through Ijrea thing-tubes, verv short

in the former case, extremely long and extensile in the case of the rat-

tailed maggots {Erisfalls and Hdophilits). No members of these septic

groups were encountered in the 1921 survey. The great family of midges,

Chironomidae, includes a range of species from forms which can
stand pollution (such as Tanypus iiwnilis. L., Chironomus plinuosiis L.,

C. maturus Job., and C. frcqucns Joh.) ; and less tolerant forms (such as

Cluronoiiiits crassicaudatiis Mall., C. decerns Joh., C. glohifcnis Say,

C. z'iridicollis v. d. W., Tanypus dyari Coq.) to others which appear to

be strictly clean-water species and unable at all to stand pollutional con-

ditions (such as Cliironomus nigricans Joh., C. fcrrugincoi'ittatns Zett.,

and Procladius concinnus Coq.). For a detailed consideration of these

species the reader is referred to the paper by Richardson (inSla, page
72 and table).
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In Europe, Rhode (1912) records Chiroummis interru[<tns (Kieff.)

and C. rliyparobins (Kieff.) as being polysaprohic : Chiroiioiniis dichro-
moccnis (Kieff.), Prodiamcsa iciitliyobrota (Kieff'.) and Pclohia cn-
hydra rliypophila Kieff. as being between polysaprohic and alpha met;osa-
probic. From the alpha mesosaprobic sub-zone he records Chironomits
pentatomus (Kieff".), C. tliuniini (Kieff'.), Isocladhis albipcs Kieff., Crico-
topiis pctlokitits Kieff'., Pscctrotanypus brcvicalcar Kieff'., Trichotaiivpits

bifurcatiis Kieff'., var., Dactylncladins setosipciinis Kieff., and D. Iiaiiii-

fcr Kieff'. From the beta mesosaj^robic zone he records three s])ecics of
Chironomus. The long, snake-like larvae of Palpoinyia were common
in polluted waters at Stations 12, 13, and 21.

The only Tipulidae noted on this survey were a few larvae of a car-

nivorous species (Erioccra) in strictly clean waters. The sewage crane-
fly (Erioptcra sp., possibly z'cspcrtina O. S., discussed by Suler and
Moore (1922), is a species that can stand rather unusual conditions of

pollution for members of this genus. The two common genera of Pty-
chopteridae, Bittacouiorpha and Ptychoptcra. are well-known inhabitants

of contaminated water situations in streams. In Europe, Ptychoptcra
contaminata lives in filthy waters and was found by Kolkwitz and Mars-
son in their mesosaprobic or polluted zone. Similarly Bittacomorpha
claz'ipcs was found by Weston and Turner (1917) in the polluted Co-
weeset stream in Massachusetts. The larvae of members of this family

are generally similar to the rat-tailed maggots in form, having the spira-

cles situated at the ends of an enormously elongated and extensile breath-

ing tube that is projected above the water-level while the larva feeds at

will beneath the surface.

A BiBLiodR.sniY OF Aqu.\tic Insects

In the following ])ages is given a list of the papers relating to aquatic

insects. An especial effort has been made to comjilete the Inbiiogniphy

for the past decade. No attempt has been m;ide to include scattered

references to distribution, anatomy, histology, and similar subjects, but

it has been endeavored to make the bibliography as complete as possible

for the immature stages, biology, ecology, and physiology. It should be
noted that the references include only those to the stage found in the

water—the naiades of Odonata, Plecoptera. and Fphcmerida ; the nym])hs

and adults of Hemiptera; the larvae and pu|)ae of Xeuroptera, 'i'richop-

tera, Lejiidoptera, Diptera, and certain Colco])tcra ; and the lar\'ae and
adults of Coleojitera and Hymenoj)tera. The numerous references to

the aerial stages of these insects are altogether omitted. It is the in-

tended purpose of this bibliography to aid the students of hydrobiology

and limnology to determine the forms of insect life that they find in the

water, and the inclusion of other stages would serve no especial func-

tion.

The literature of aquatic insects is widely scattered and there are

no exhaustive lists of references excej)t in a few special groups. The
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relevant articles in these groups are incorporated in the present paper, and

those which are provided with a bibliography are indicated in the follow-

ing list by an asterisk preceding the title.

Sewage Entomology
Headlee, Thomas J.

1919. Practical application of the methods recently discovered

for the control of the sprinkling sewage filter fly {Psychoda
aUcrnata). Journ. Econ. Ent. 13: 35-1:1, 4 figs., 2 pis.

Headlee, Thos. J., and Beckwith, Charles S.

1918. Sprinkling sewage filter fly, Psychoda altcniata Say. Idem,
11: 395-401.

Johnson, J. W. Haigh
1914. * A contribtition to the biolog}- of sewage disposal. Journ.

Econ. Biol. 9: 108-124, 12r-184', 33 figs.

KOLKWITZ, R., AND MarSSON, M.
1909. Okologie der tierischen Saprobien. Beitrage zur Lehre

von der biologischen gewasserbeurteilung. Internat. Revue
Hydrobiol. und Hydrogr. 2: 126-152.

Marsson, M.
1904. Die Abwasser-Flora und -Fauna einiger Klaranlagen bei

Berlin und ihre Bedeutung fiir die Reinigung Stadtischer

Abwasser. Mitt, aus d. Konig. Prufungsanstalt fur Wasser-
versorgung und Abwasserbeseitigung, 4

:

Rhode, Carl
1912. Tendipediden des anorganisch verschmutzten Wassers.

Deutsch. Ent. Zcitsch., 1912: 289-291.

1912a. Tendipediden des organisch verschmutzten Wassers. Idem,
291-298.

SuTER, Russell, and Moore, Emmeline
1922. Stream Pollution Studies. New York State Conserv.

Comm. 1922: 3-27, 7 pis.

Weston, Robert Spurr, and Turner, C. E.

1917. Studies on the digestion of a sewage-filter effluent by a
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Revue Hydrobiol. und Hydrogr., Biol. Suppl, 3 : 1-108, 70

figs., pis. 1-7.

Brociier, Frank
1911. Recherches sur la respiration des insectes aquatiqucs ad-

ultes. Les Hacmonia. Ann. biol. lacustre, 5: 5-26.

BuscK, August
1909. Boving's studies of the early stages of Donacia (Coleop-

tera, Chryson\elidae). Proc. Ent. .Soc. Washington. 11: 73-

i 0.
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Dewitz, H.
1SS8. Entnehmen die Larven der Donacien vermittelst Stigmen

oder Athemrohren deii Luftraumen der Pflanzen die Sauer-
stoffhaltige Luft? Berl. Ent. Zeitsch., 32 : 5-6.

DiEBEL, Johannes
1910. * BeitrJige zur Kenntnis von Donacia und Macroplea un-

ter besonderer Berucksichtigving der Atmung. Zool. Tahrb..

Anat., 31: 107-160, pis. 1-3.

Klefbeck, Einar
1916. Bidrag till kannedomen om Macroplea ciirtisii Lac. Ent.

Tidskr., 37: 111-114, 2 figs.

Lacordaire, Th.
1S51. Bemerkungen viber die Larve der Hacmoiiia Gylloihalii

Lac. (Donacia zostcrae Gyll.). Stett. Ent. Zeitg., 12: 263-

265.

MacGillivray, Alex. D.

1903. Aquatic Chrysomelidae and a table of the families of Cole-

opterous larvae. Bui. N. Y. State Mus. 68: 288-327, pis.

21-31.

Martin, A.
1898. Uber GalcruccUa nyinphcac L. Illust. Zeitsch. Ent.. 3: 16.

Packard, A. S.

1875. The transformations of Donacia proxiina Kirby. V. S.

Geol. and Geog. Survey of Colorado and .\djacent Territo-

ries, 1875: 806-807.
'

Ferris, Edou.\rd
1848. Histoire des metamorphoses de la Donacia sagittariae.

Ann. Soc. Ent. France, (2) 6: 33-48, pi. 2.

Sanderson, E. Dwight
1900. The larvae of Donacia piscatrix, Lac, and crassipcs. Fab.

Can. Ent., 32 : 249-263. 29 figs.

1903. Notes upon the structure and classification of Chrysomelid
larvae. Proc. Ent. Soc. Washington, 5: 21-30, fig. 1.

SCHAUPP, F. G.

1883. Larva of GalcruccUa sagittariae, Gyll. Bui. Brooklyn Ent.

Soc, 6 : 54.

SCHMIDT-SCHWEDT, E.

1887. Ueber Athmung der Larven und Puppen von Donacia
crassipcs. Berl. Ent. Zeitsch., 31 : 325-334, pi. 5.

1889. Noch einmal iiber die Athmung der Larven von Dona-cia

crassipcs. /rfc;;;, 33 : 299-308, 2 figs.
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Weed, Clarence M.
1889. Studies in pond life. I. 6. An aquatic leaf-beetle (Doitacia

siiblilis, Kunze). Bui. Ohio Exper. Sta., Tech., ser. 1 : 12-13.

Weiss, Harry B., and West, Erdman
1920. Notes on Galcntcclla nviiiphcae L., the pond-lily leaf-beetle

(Coleop.). Can. Ent., 52: 237-239.

Willem. Victor
1907. (No title) [Habits of Haciiwnia.] Ann. Soc. Ent. Bel-

gique, 51 : 289-290.

curculionidae

Blatchley, W. S., and Leng, C. W.
1916. Rhvnchophora or weevils of northeastern America, pp. 1-

682, 155 figs.

Brocher, Frank
1912. Observations biologiques sur quelques curculionidcs a(|ua-

tiques. Ann. biol. lacustre, 5: 180-186.

DiPTERA

General References to the Diptera

Beling. Theodor
1875. Beitrag zur Metamorphose der Zweif^iigeligen Insecten.

Arch. Naturgesch., 41 : 31-57.

1882. Beitrag zur Metamorphose zweifliigeliger Insecten aus den
Familien Tabanidae, Leptidae, Asilidae, Empidae, Dolichopi-

dae und Syrphidae. Idem, 48: 187-240.

1888. Beitrag zur Metamorphose einiger zweifliigeliger In.sccten

aus den Familien Tabanidae, Empidae und Syrphidae. \'erh.

zool.-bot. Ges. Wien, 3S : 1-4.

Brauer, Friedrich
1883. * Die Zweifliigler des Kaiserlichen Museums zu Wien.

HI. Systematische Studien auf Grundlage der Dipteren-

Larven nebst einer zusammenstellung von Beispielen aus der

Literalur iiber dieselben und Bcschreibung neuer Formen.

Denksch, kais. Akad, wis.sensch, Wien, math.-nat. cl., 47 :
1-

100, 5 pis.

Brocher, Frank
1910. Observations biologiques sur quelques Diptcres et Hymen-

opteres dits "aquatiques". Ann. biol. lacustre, 4: 170-186.

Edwards, F. W.
1919. A note on the egg-burster of eucephalous fly-larvae. Ann.

Mag. Nat. Hist., (9) 3: 372-376, 5 figs.
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Greene, Charles T.

1917. A contribution to the biology of N. A. Diptera. Proc. Ent.
Soc. Washington, 19 : 146-161, pis. 17-20.

Grunberg, K.
1909. Diptera. Erster Teil. Siisswasserfauna Deutschlands,

2A: 1-305, 348 figs.

Hart, C. A.
1895. On the entomology of the Illinois River and adjacent

waters. First paper. Bui. Illinois State Lab. Nat. Hist., 4:

184-270, pis. 5-13.

JOHANNSEN, O. A.
1903. Aquatic Nematocerous Diptera. Bui. N. Y. State Mus..,

68 : 328-441, pis. 33-50.

Jones, Frank Morton
1916. Two insect associates of the California pitcher-plant, Dar-

lingtonia californica (Dipt.). Ent. News, 27: 385-392, pis.

20-21.

Knab, Frederick
1915. The Nemocera not a natural group of Diptera. Ann. Ent.

Soc. Amer., 8 : 93-98.

LuTZ, Adolpho
1912. Beitrage zur Kenntnis der Biologic der blutsaugenden Dip-

teren. J\Ieni. Inst. Oswaldo Cruz, 4 : 75-83.

Malloch, John Russell
1915. Notes on North American Diptera, with descriptions of

new species in the collection of the Illinois State Laboratory
of Natural History. Bui. Illinois State Lab. Nat. Hist., lo':

213-243, pis. 13-15.

1917. A preliminary classification of Diptera, exclusive of Pupi-

para, based upon larval and pupa! characters with keys to

imagines in certain families. Part I. Idem, 12: 161-409, pis.

28-57.

MeIJERE, J. C. H. DE
1916. Beitrage zur Kenntnis der Dipteren-Larven und -Puppen.

Zool. Jahrb., Syst., 40 : 177-322, pis.

Meinert, F.

1886. De eucephaJe myggelarver. Stu' les larves eucephales des

Dipteres. Leurs moeurs et leurs metamorphoses. Danske
videnskaberne Selskabs skrifter, math.-nat. cl., (6) 3: 373-

493, 4 pis.
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Tragardh, Ivar
1903. Beitrage zur Kenntnis der Dipterenhirven. Arkiv for

Zoologi, 1 : 1-43, pis. 1-4.

Vaney, C.

1902. Contributions a letude des larves et des metamorphoses des
Dipteres. Ann. Univ. Lyon (n. s.) 9: 1-178, 4 pis.

psvchodidae

Dell, John Alexander
1905. * The structure and life history of Psvclwda scx-pnnctata,

Curtis. Trans. Ent. Soc. London, 1905 :" 293-311. 14 figs.

FULLAWAY, D. T.

1907. Immature stages of a Psychodid fly. Ent. News, 18 : 386-

389, figs. 1-2.

Haseman, Leonard
1907. A monograph of the North American Psychodidae, includ-

ing ten new species and an aquatic Psychodid from Florida.

Trans. Amer. Ent. Soc, 33 : 299-332, pis. 5-8.

1908. Notes on the Psychodidae. Ent. News, 19 : 274-285, 2 figs.

1910. * The structure and metamorphosis of the alimentary canal

of the larva of Psvchoda altcrnata Say. Ann. Ent. Soc.

Amer., 3 : 277-308, pls- 44-48.

Headlee, Thomas J.

1919. Practical application of the methods recently discovered

for the control of the sprinkling sewage filter fly {Psychoda
altcrnata). Journ. Econ. Ent., 12: 35-41, 4 figs., 2 pis.

Headlee, Thomas J., and Beckwith, Charles S.

1918. Sprinkling sewage filter fly {Psychoda altcrnata Say).

Idem, 11: 395-401.

Howlett, F. M.
1915. A preliminary note on the identification of sand flies. Bui.

Ent. Research, 6: 293-29G, pis. 11-12.

Johnson, J. W. Haigh
1914. * A contribution to the biology of .sewage disposal. Journ.

Econ. Biol., 9: 105-124, 127-164, 33 figs.

Kellogg, Vernon L.

1901. An aquatic Psychodid. Ent. News, 12 : 46-49, 4 figs.

King, Harold H.
1913. On the bionomics of the sand flies (Phlcbotomus) of

Tokar, Anglo-Egyptian Sudan. Bui. ent. Research, 4 :
83-84.
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Knab, Frederick
1913. New moth-flies (Psychodidae) bred from Bromeliaceae

and other plants. Proc. U. S. Nat. Mus., 46 : 103-106.

MiALL, Louis C, and Walker, Norman
1895. * The life-history of Pcricoma cancscens (Psychodidae;,

with a bibliographical and critical appendix by Baron Os-
ten Sacken. Trans. Ent. Soc. London, 1895 : 141-153, pis.

3-4.

Miller, David, and Watt, Morris N.
1915. Contributions to the study of New Zealand Entomology,

from an economical and biological standpoint. No. 5. Psy-
choda conspicillata Hudson. Trans. N. Z. Inst., 47 : 275-

278, 8 figs.

MULLER, FtIITZ

1888. Larven von Miicken und Haarfliiglern mit zweierlei ab-

wechselnd thiitigen Athemwerkzeugen. Ent. Nachr., 14: 273-

27 7, 3 i^gs.

1895. Contribution towards the historj' of a new form of larvae

of Psychodidae (Diptera) from Brazil. Trans. Ent. Soc.

London, 1895: 479-482, pis. 10-11.

Muttkowski, R. a.
1915. New insect life histories 1. Psxchoda cinerca Banks. Bui.

Wisconsin Nat. Hist. Soc, (n. s.) "l3: 109-116, fig. 1.

OsTEN Sacken, C. R.

1895. * Remarks on the homologies and differences between the

first stages of Pericoiim, Hal., and those of the new Bra-
zilian species. Trans. Ent. Soc. London, 1895 : 483-487.

Welch, Paul S.

1912. Observations on the life history of a new species of Psy-
clioda. Ann. Ent. Soc. Amer., 5: 411-418, pis. 31-32.

Zuelzer, Marg.\rete
1909. Beitrag zur Kenntnis der Entwicklung von Psychoda scx-

pitnctata Curtis, der Schmetterlingsmiicke. Alitth. konigl.

Priifungsanstalt Wasserversorgung und Abwiisserbeseitig-

ung, BerHn, 13 : 213-224, pis. 1-2.

The following papers also contain valuable references to

the early stages of Psychodidae: Malloch, 1917. (General

Diptera, p. 508), Suter and Moore, 1922, Sewage Entomology,

p. 460.
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Ptychopteridae

TOPSENT, fiMILE

1914. fitude sur Ptychoptcra alhimana (Diptere Nemoccre).
i\rch. zool. exp. et gen., 55: notes et revue, 81-1)4.

The following papers also refer to the Ptychopteridae:
Alexander, 11151 (Tipulidae—see below); Wesenberg-Lnnd,
1915 Hydrobiology, p. 463, de Meijere, 1910, and Hart, lS9o
General Diptera, p. 508.

' Tipulidae
Alexander, Charles P.

1912. A bromeliad-inhabiting crane-fly (Tipulidae, Dipt.). Ent.

News, 23: 415-417, figs.

1915. The biology of the North American crane-flies (Ti]nilidae,

Diptera) IV. The tribe Hexatoniini. Journ. Knt. and
Zool., r : 1-9. 2 pis.

1931. * The crane-flies of New York. Part II. Biolog)' and
Phylogeny. Cornell Univ. Agr. e.xper. Sta., I\Iem 38: 691-

1133, pis. 12-97.

Alexander, Charles P., and Llovd, J. T.

1914. The biology of the North American crane-flies (Tipulidae,

Diptera) I. The genus Erioccra Macquart. lourn. luit.

and Zool., 6: 13-37, 3 pis.

Alexander, Charles P., and Malloch, J. R.

1920. Notes on the life history of a crane fly of the genus

Gcranomxia Haliday (Tiinilidae, Diptera). Trans. Illinois

Acad. Sci.. 13: 310-31!), pi.

Beling, Tiieodor
1873. Beitrag zur Naturgeschichte (]\Ietamorphosc) verschied-

ener Arten aus der Familie der Tipulidcn. \'erli. K.-K.

Zool.-Bot. Gesell. Wien, 23: 575-592.

1878. Zweiter Beitrag zur Naturgeschichte ( Metamorphose) ver-

schiedener Arten aus der Familie der Tiijulidcn. Idem. 28:

21-56.

1886. Dritter Beitrag zur Naturgeschichte (Metamorpho.se) ver-

schicdener Arten aus der Familie der Tipuliden. Idem, 36:

171-214.

Bengtsson, Simon
1897. * Studier ofver insektlarver. I. Till kiinnedomen nm l.ir-

ven af Phalacroccra rcpUcata (Lin.). Handl. Kongl. Fysi-

ogr. Sallskapets i Lund, 8: 1-117, pis.

Brocher, Frank
1909. Metamorphoses du Tipula hiiiata L. Ann. biul. iacustre,

4: 42-13.
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Hkown, James Meikle
1910. Some points in the anatomy of the larva of Tipitla max-

ima. Trans. Linn. Soc. London, Zool., (2) 11: 125-135,

pis.

Gerbig, Fritz
1913. * tJber Tipuliden-Larven mit besonderer Beriicksichtigung

der Respirationsorgane. Zool. Jahrb., Syst., 35 : 127-184,

pis.

GlARD, A.
1895. Sur I'ethologie de Phalacroccra rcplicata L. (Dip.). Bui.

Soc. Ent. France 1895 : ccxxxv.

Hudson, G. V.
1920. Illustrated life-histories of New Zealand insects. Xo. 1.

Trans. New Zealand Inst, 52: 32-34, pi.

Johnson, Charles W.
1906. Notes on some dipterous larvae. Psyche, 13 : 1-4, figs.

Lenz, Fr.

1920. Thauinastoptcra calceata Mik. Eine gehausetragende Tip-

ulidenlarve. Arch. Naturgesch., 85 A, 4: 114-136. figs.

1920a. Die Metamorphose der Cylindrotomiden. Idem, 85 A, 6:

113-146, figs.

Lew, Leo
1919. Contributions a I'etude des metamorphoses aquatiques des

Dipteres. Ann. biol. lacustre, 9 : 201-248, 2 col. pi.

MiALL, Louis Compton
1893. Dicranota ; a carnivorous tipulid larva. Trans. Ent. Soc.

London, 1893 : 235-253, pis.

MlALL, L. C, AND ShELFORD, R.

1897. The structure and life-history of Phalacroccra rcplicata.

Idem, 1897: 343-361, pis.

Mik, Josef
1886. Ueber EUiptcra ommissa Egg. Wien. ent. Ztg., 5 : 337-

344, pi.

MiJLLER, G. W.
1908. Ober die Larve von Triogma trisiilcata Schumm. Ann.

biol. lacustre, 3 : 15.

Needham, James G.

1903. Some new life histories of Diptera. Bui. New York State

Mus. 68: 279-287, figs.
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OsTEN Sacken, C. R.

1897. Remarks on the literature of the earlier stages of the

Cylindrotomina, a section of the Tipulidae. Trans. Ent. Soc.

London, 1897: 362-366.

Blepharoceridae
Agharkar, S. p.

1914. On a new species of Blepharocerid fly from Kashmir, to-

gether with a description of some larvae from the same lo-

cality. Rec. Indian Mus., 10: 159-164, pis. 16-17.

Bezzi, Mario
1912. * Blefaroceridi italianii con descrizione di una nuova

forma e di due species esotiche. Boll. Soc. Ital. Firenze, 44

:

1-114.

Campbell, J. W.
1921. Notes on the Blepharoceridae (Diptera) of New Zealand.

Trans. N. Z. Inst., 53: 258-288, 10 + 150 figs.

Chilton, Charles
1906. Note on the occurrence in New Zealand of Dipterous in-

sects belonging to the family Blepharoceridae. Idem, 38:

277-278, pi. 46.

Dewitz, H.
1881. Beschreibung der Larve und Puppe von Liponcura brevi-

rostris Low. (Dipterenfamilie Blepharoceridae) Berl. Ent.

Zeitschr. 25 : 61-66, pi. 4.

Edwards, F. W.
1912. Description of a new species of Blepharoceridae from

South Africa. Ann. Mag. Nat. Hist. (8) 9: 633-634, pi. 20.

1915. On EIporta, a new genus of Blepharocerid flies from South

Africa. Idem, (8) 16: 203-215, 22 figs.

1916. A third species of the genus Elporm, Edw. (Diptera, Ble-

pharoceridae). Idem, (8) 17: 309-311, fig.

Hetschko, Alfred
1911. Zur Kenntnis der Biologic und Verbreitung der Liponeura-

Arten (Dip.). Wien. Ent. Zeitung. 30: 273-278.

1912. Biologisches liber Apistomyia elcgans Big. Idem, 31 :
305-

307.

1912a. Die Metamorphose von Liponeura cinerascens Lw. Idem,

31: 319-325, 5 figs.

1919. Die Larve von Hapalothrix lugubris Lw. Idem, 37 : 201-

206, pi. 3.

Johannsen, O. A.

1903 Blepharoceridae, in Aquatic Nematocerous Diptera. Bui.

N. Y. State Mus. 68: 328-441, pi.
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Kellogg, Vernon L.

1900. Notes on the life-history and structure of Blepharocera
capitata Loew. Ent. News, 11 : 305-318, 5 figs.

1901. Food of larvae of Simulium and Blepharocera. Psyche,
9: 166-167.

1903. The re-discovery of Philorus (Blepharoc'er-a) yosemite
Osten Sacken. Idem, 10: 186-187.

1903a. The net-winged midges (Blepharoceridae) of North
America. Proc. Calif. Acad. ' Sci., Zoo!., (3) 3: 187-233,

pis. 18-23.

1907. Family Blepharoceridae. Genera Insectorum, Fasc. 56:
1-15, 3 pi.

KoMAREK, Julius
1914. Die Morphologic und Physiologic der Haftscheiben der

Blepharoceridenlarven. Sitbzer. bohm. Ges. Wiss., math.-

nat., 1914: 1-38, 10 figs.

Lamb, C. G.

1913. On two Blepharocerids from New Zealand (note by Hud-
son on habits). Trans. N. Z. Inst., 45: 70-75, figs.

LuTZ, Adolpho
1930. Dipteros da familia Blepharoceridae, observados no Brazil

(Blepharoceriden aus Brasilien). Memorias do Institute

Oswaldo Cruz, 13 : 31-43, pis. 1-7.

Muller, Fritz
1879. A metamorphose de um insecto diptcro. Arch. Mus. Nac.

Rio de Janeiro, 4 : 47-85, pis. 4-7.

Scott, Hugh
1915. * The early stages of Paltostoma scliiiieri. Williston (Dip-

tera, Blepharoceridae). Ann. Mag. Nat. Hist., (8) 15: 181-

203, pis. 9-11.

WiERZEJSKI, A.
1881. Zur Kenntnis der Blepharoceriden-Entwickelung. Zool.

Anzeig., (4) 4: 212-216.

SiMULIIDAE

Aigner-Abafi, L. v.

1903. Die Kolumbacser Fliege. AUgemein. Zeitsch. Ent., 8: 93-

96, 124-137.

Barnard, W. S.

1880. Notes on the development of a blackfly {Siiitiiliiiiii) com-
mon in the raoids around Ithaca, N. Y. Amer. Ent., 3: 191-

193.
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Britten, H.
1915. A note on the oviposition of Siinitliuiu maculaium Mg. Ent.

Mo. Mag., 51 : 170-171.

Edwards, F. W.
1921. On the British species of ^zwitf/iMm. II. The early stages;

with corrections and additions to Part I. Bui. Ent. Res.,
11: 211-346, 7 figs.

Forbes, S. A.
1912. * On black-flies and buffalo-gnats (Siiiiiilium) as possible

carriers of pellagra in Illinois. '27th Rep. State Ent. Illinois:

21-55, figs. 1-25.

Friedrichs, K.
1920. Vorlauf. Mitt. Sitzber. Abh. Naturf. Gesell. Rostock, 7:

211-226.

Howard, L. O.
1888. Notes on a SiniuUum common at Ithaca, N. Y. Insect

Life, 1 : 99-101.

1894. Death web of young trout. Idem, 1:50.

JOHANNSEN, O. A.
1903. Aquatic Nematocerous Diptera. Bui. N. Y. State Mus.

68 : 328-441, pis. 33-50.

Kellogg, Vernon L.

liJOl. Food of larvae of Siiiiiiliiiiii and Blepharocera. Psyche,
9: 166-167.

LuTz, AdolfHO
1909. Contribuiqao para o conhecimento das esjiecies brazileiras

do genero "Siinulium". Beitrag zur Kenntniss dcr brasilian-

ischen Siiuiiliuiiiartcn. Mem. Inst. Oswaldo Cruz, 1: 124-

146.

19 JO. Segunda contribuiqao para o conhecimento das especies

brazileiras do genero "Simnlium". Zweiter Beitrag zur

Kenntniss der brasilianischen SimuUunwrteii. Idem. 2 : 213-

267, pis. 18-21.

1917. Terceira contribuicao para o conhecimcnt(j das especies

lirazileiras do genero Situuliuiu. O piuni do norte (Simidium
amaconiciim). Dritter Beitrag zur Kenntniss der brasilian-

ischen SimuUumartcn. Idem. 9: 63-67, pi. 25.

Mallocii, J. R.
1914. * American black flies or buffalo gnats. U. S. Dept. Agr.,

Tech. ser., Ent. 26: 1-82, G pis.
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McBride, Sara J., (appendix by C. V. Riley)

1870. The so-called web-worm of young trout. Amer. Ent. and
Bot., 2: 365-367.

OSTEN SaCKEN, R.

1870. * On the transformations of 5Mn!(//;(;«. Idem, 2: 229-231,

3 figs.

POMEROY, A. W. J.

1916. * Notes on five North American buffalo gnats of the genus
Simulium. Bui. U. S. Dept. Agr., 329: 1-48, figs. 15, pis. 5.

1920. New species of African Simuliidae. Ann. Mag. Nat. Hist.,

(9) 6: 72-81, 4 figs., pis. 3-4.

Riley, C. V.
1870. The death-web of young trout. Amer. Ent. and Bot., 2

:

227-228, 2 figs.

Strickland, E. H.
1911. * Some parasites of Simulium larvae and their effects on

the development of the host. Biol. Bui., 21 : 302-338, 5 pis.

Webster, F. M.
1914. Natural enemies of Simulium: Notes. Psyche, 21 : 95-99.

Chironomidae

Alverdes, Friedrich
1911. Trichocladius marinus n. sp., eine neue marine Chirono-

mide aus dem norwegischen Skargaard. Zeitsch. wissensch.

Insektenbiol., 7 : 58-63, 5 figs.

Barnard, K. H.
1911. Chironomid larvae and water snails. Ent. Mo. Mag., 47:

76-78, 4 figs.

Bause, Eberhard
1914. Die Metamorphose der Gattung Taiiyfarsus und einiger

verwandter Tendipedidenarten. Ein Beitrag zur systematik

der Tendipediden. Arch, fur Hydrobiol. und Planktonkunde,

Suppl. Bd., 2: 1-128, pis. 1-12.

Burrill, a. C.

1913. * Economic and biologic notes on the giant midge:
(Chiroiiomus (Tcndipcs) plumosus Meigcn). Bui. Wiscon-
sin Nat. Hist. Soc. 10: 124-163.

Carpenter, George H.
1894. Cltiiiio marinus, Halidav : a marine Chironomid. Ent. Mo.

Mag., (2) 5: 129-130. 2' figs.
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Deby, Julien
1889. Description of a new Dipterous insect, Psainathiomyia

pectinata. Journ. Roy. Microscop. Soc, 1889.: 180-186, pi.

14.

Dyar, Harrison G.

1903. Illustrations of the early stages of some Diptera. Proc.

Ent. Soc. Washington, 5: 56-58, pi. 1.

Edwards, F. W.
1919. Some parthenogenetic Chironomidac. Ann. Mag. Nat.

Hist., (9) 3: 222-228.

Girault, a. Arsene
1904. Tanvpiis dyari Coquillett: pupa and adult exclusion.

Psyche, 11 : 81-82.

Goetghebuer, M.
1914. Contribution a I'etude des Chironomides de Belgique. Ann.

biol. lacustre, 7 : 165-229, 3 pis.

1918. Observations sur les larves et les nymphes de quelques
Chironomides de Belgique. Idem, 9: 51-78, pis. 1-2.

Gripekoven, Hermann
1914. Minierende Tendipediden. Arch, fur Hydrobiol. und

Planktonkunde, Suppl. Bd., 2: 129-230, pis. 13-16.

Hamm, A. H.
1919. A ribbon-making fly: The oviposition of Ccratopogon niti-
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Cecidomyiidae
Felt, E. P.

1913. Gall midges in an aquatic or semiaquatic environment.

Journ. N. Y. Ent. Soc, 21: 62-63.

See also Griinberg, 1909 (General Diptera, p. 508).

Mycetopiiilidae
Jones, Frank. Morton

1920. Another pitcher-plant insect (Diptera. Sciarinae). Ent.

News, 31: 91-94, pi. 1.

Leptidae
DuFOUR, Leon

1862. Notices entomologiques. Consultation sur une larve aqua-

tique. Ann. Soc. Ent. France, (4) 2: 131-138, pi. 2.

Consult also Griinberg, 1909 (General Diptera, p. 508) ;

Needham et al., 1903, p. 286-287, (General Entomology-, p.

464) ; Beling, 1882, (General Diptera, p. 507) ; Malloch,'^i917.

\ General Diptera, p. 508.
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Stratiomyiidae
Hart, C. A.

1895. On the entomology of the Illinois River and adjacent wa-
ters. Bui. Illinois State Lab. Nat. Hist., 4: 2-ir-2G8. pi. 14.

Howard, L. O.
1895. Animal life in thermal springs. Insect Life, 7: 413-414.

Myers, J. G.
1922. Biologic notes on Odoiitoniyia atrovircns Bigot. (Dip-

tera) New Zealand Journ. Sci. Tech., 5: 12G.

Consult also Malloch, 1917 (General Diptera, p. 508) ;

Needham and Betten, 1901, General Entomology, p. 4G4.

Tabanidae
King, Harold H.

1910. Some observations on the bionomics of Tabaniis par,

Walker, and Tahatms tacniola. Pal. de Beauv. Bui. Ent.
Res., 1 : 99-104, col. pi. 9.

1910a. Some observations on the bionomics of Tabaniis ditae-

niatiis, Macquart, and Tabaiins kingi, Austen. Idem, 1 : 265-

274, 7 figs.

1915. Further notes on the bionomics of Tabanits ditaematiis,

Macq., and Tabaniis tacniola, P. de B. Idem, 5 : 347-248, pi.

36.

KUHNEMANN, ArNOLD
1917. Beschreibung von 7 Tabanidenlarven aus dem Alkohol-

material des Museums fur Naturkunde. Mitteil. Zool. Mus.
Berlin, 9: 217-218, 3 figs.

LuTz, Adolpho
1913-15 * Tabanidas do Brazil e de alguns Estados visinhos. Ta-

baniden Brasiliens und einiger Nachbarstaaten. Mem. Inst.

Oswaido Cruz, 5: 142-191, pis. 12-13. 1913. Idem. 7: 51-

119, pis. 19-21. 1915.

1914. Notas dipterologicas. Dipterologische Notizen. Zur Kennt-
nis der ersten Zustaende brasilianischer Tabanidcn. Idem.
6: 43-49.

1914a. As "Tabanidae"' do Estado do Rio de Janeiro. LU'bcr die

Tabaniden des Staates Rio de Janeiro. Idem. 6 : 69-80.

McAtee, W. L.

1911. Facts in the life historv of Gouiops chr\socoma ( Dijitera,

Tabanidae). Proc. Ent. Soc. Washington, 13 : 21-29, pis. 1-3.

Marchand, Werner
1917. Notes on the early stages of Chrxsops (Diptera, Tabani-

dae). Journ. N. Y. Ent. Soc, 25: 149-163, pis. 10-12.
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1917a. An improved method of rearing Tabanid larvae. Journ.
Econ. Ent., 10: 469-473.

1919. Collecting the larvae of Tahanus and Chrysops (Dip.).

Ent. News, 30: 131-137.

1920. * The early stages of Tabanidae. IMonogr. Rockefeller
Inst. Med. Res., 13: 1-203.

Neave, S. a.
1915. The Tabanidae of southern Nyasaland with notes on their

life histories. Bui. Ent. Res., 5: 287-320, figs. 30, pis. 27-31.

OsBURN, Raymond C.

1913. Tabanidae as inhabitants of the hvdrophytic area. Journ.
N. Y. Ent. Soc, 21: 63-65.

Walton, W. R.
1908. Notes on the ega and larva of Goniops chrysocoma (O. S.).

Ent. News, 19 : 464-465, pi. 22.

Consult also papers by Hart, 1895, (General Entomology,
p. 4,63) Malloch, 1917, General Diptera, p. 508.

Empididae
Brocher, Frank

1909. Metamorphoses de VHcmerodromia praccatoria Fall. Ann.
biol. lacustre, 4 : 44-45.

Consult also papers by Beling, 1882, 1888, Brauer, 1883,

(General Diptera, p. 507) ; Malloch, 1917 (General Diptera,

p. 508) ; Needham and Betten, 1901, General Entomology, p.

464.

dolichopodidae

Johannsen, O. a., and Crosby, C. R.

1913. The life-history of Thrypticus vtmhlcnbergia^ sp. nov.

(Diptera). Psyche, 20: 164-166, fig.

LUBBEN, HeINRICH
1908. Thrypticus smaragdinus Gerst. und seine Lebengeschichte.

Ein Beitrag zur Dolichopodenmetamorphose. Zool. Jahrb..

Syst., 26: 319-332, pi. 21.

Marciiand, Werner
1918. The larval stages of Argvra alhirausl-w. (Diptera, DoHcho-

podidae). Ent. "News, 29:" 216-229, 4 figs.

Wheeler, W. M.
1897. A genus of maritime Dolichopodidae new to America.

Proc. California Acad. Sci., Zool., (3) 1 : 145-151, pi. 4.

Consult also papers by Beling, 1882, and Brauer, 1883.

(General Diptera, p. 507); Malloch, 1917, General Diptera,

p. 508.
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Syrphidae

Jones, Chas. R.

1922. A contribution to our knowledge of the Syrphidae of Colo-

rado. Bui. Agr. Exper. Sta. Colorado, 269: 1-70. ]ils. 1-5,

col. pis. 6-8.

Metcalf, C. L.

1913. Life-histories of Syrphidae. V. Ohio Nat., 13: 81-93, pis.

4-5.

1913a. The Syrphidae of Ohio. Bui. Ohio State Univ., 17: 8-123,

3 figs. pis. 1-11.

1916. * Syrphidae of Maine. Bui. Maine Agr. Exper. Sta., 253 :

193-264, pis. 28-37.

OSBURN, R. C.

1913. Syrphidae in the hydrophytic area. Journ. N. Y. Ent.

Soc, 21: 66-67.

Consult also papers by Deling, 1882, 1888, and Brauer,

1883, General Diptera, p. 507.

Sciomyzidae

Dyar, Harrison G.

1903. Illustrations of the earlj' stages of some Diptera. Proc.

Ent. Soc. Washington, 5: 56-58, pi. 1.

Neediiam, James G., and Betten. Cornelius
1901. Aquatic in.sects in the Adirondacks. Bui. X. Y. State

Mus., 47: 577-581, pi. 14.

Ephydridae

Aldrich, J. M.
1912. The biology of some western species of the Dipterous genus

Ephydra. Journ. N. Y. Ent. Soc, 20: 77-99, pis. 7-9.

Crawford, D. L.

1912. The petroleum fly in California, Psilopa pclrolei Coq. Pom.
Journ. Ent. Zool., 4: 687-097, pi.

HiNE, James S.

1904. On Diptera of the family Ephydridae. Ohio. Xat., 4: 63-

05.

Katiiariner, L.

1899. Lebenszahigkeit der Larven von Ephydra riparia Fall.

(Cacnia halophila v. Heyden). Illust. Zeitsch. Ent., 4. 13-44.

Keilin, D.
1920. On some dipterous larvae infesting the branchial chambers

of land-crabs. Ann. Mag. Nat. Hist. (9) 8: 601-608, 8 figs.
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Packard, A. S.

1871. On insects inhabiting salt water. Amer. Journ. Sci. and

Arts, (3) 1: 100-110.

Ping, Chi
1922. The biology of Ephydra subopaca Loew. Cornell Univer-

sity Agr. Exper. Sta. Mem. 49 : 555-616, 1 fig., pis. 54-57.

Reuter, Enzio
1899. Lebenszahigkeit der EpIivdra-'Larven. lUust. Zeitsch. Ent.,

4:122-123.

VOGLER, C. H.
1900. Beitrage zur Metamorphose der Teichomysa fitsca. Idem,

5 : 1-4, 17-20, 33-35, 12 figs.

VORHIES, ChAS. T.

1917. Notes on the fauna of Great Salt Lake. Amer. Xat., 51

:

494-499.

Tachinidae

Lloyd, J. T.

1919. An aquatic dipterous parasite, Ginglymyia acrirostris

Towns., and additional notes on its Lepidopterous host, Elo-

,
phila fulicalis. Journ. N. Y. Ent. Soc, 27 : 263-265, pi. 25.

Roubaud, E.

1906. Biologic larvaire et metamorphoses de Siphoiia cristata

Fabr. Acad. Sc, Paris, Comptes rend., 142 : 1438-1439.

C0RDYLURID.\E

Meijere, J. C. H. DE
1895. Ueber zusammengesetzte Stigmen bei Dipterenlarven, nebst

einem Beitrag zur Metamorphose von Hxdroinvsa livens.

Tijd. V. Ent., 38: 65-100, pis.

Welch. P. S.

1914. Observations on tlie life history and habits of Hydroniyca

conllucns Loew, (Diptera). Ann. Ent. Soc. Amer., 7: 135-

147.

1917. Further studies on //v(/''0"n'^a fo«/?Mt'H.s- Loew, (Diptera).

Idem, 10: 3.-)-4G, pi. 3. "

'

Anthomyiidae

Aldrich, J. M.
1913. The North American species of Lispa (Diptera, Antho-

mviidae). lourn. N. Y. Ent. Soc, 21: 126-146.
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Hymenoptera

General References to the Hymenoptera

ASHMEAD, W'm. H.
1900. Some hymenopterous parasites from dragon-fly eggs. Ent.

News, 11: 615-617.

1894. Descriptions of two new Hymenopterous parasites from
water beetles. Can. Ent., 26: 24-26.

Brocher, Frank
1910. Observations biologiques sur quelques Dipteres et Hymen-

opteres dits "aquatiques". Ann. biol. lacustre, 4: 170-186,

12 figs.

Henriksejnt, Kai L.

1918. * De europaeiske Vandsnyltehvepse og deres Biologi.

(The aquatic Hymenoptera of Europe and their biology)

Ent. Meddelel, 12: 137-252, 14 figs.

Heymons, Richard
1908. Susswasser-Hymenopteren aus der Umgebung Berlins.

Deutsch. Ent. Zeitsch., 1908: 137-150, 4 figs.

Heymons, R. and H.
1909. Hymenoptera. Siisswasserfauna Deutschlands, 7 : 27-36,

P figs.

Lubbock, John
1863. On two acjuatic Hymenoptera, one of which uses its wings

in swimming. Trans. Linn. Soc. London, Zool., 24: 135-141,

pi. 23.

Matheson, Robert, and Crosby, C. R.

1912. * Aquatic Hymenoptera in America. Ann. Ent. Soc.

Amer., 5 : 65-71, 3 figs.

Rousseau, E.

1907. Les Hymenopteres aquatiques, avec description de deux

especes nouvelles par W. A. Schulz. Ann. biol. lacustre, 2

:

388-401.

RuscHKA, F., and Thienemann, a.

1913. Zur Kenntnis der Wasser-Hymenopteren. Zeitsch. wis-

sensch. Insektenbiol., 9 : 48-52, 82-87, 6 figs.

Schenkling, Sigm.
1896. Im Wasser lebende Hymenopteren. Illust. Wochensch.

Ent., 1 : 33-34.
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SCHULZ, W. A.
1910. Neuer Beitrag zur Kenntnis der Wasserimmen. Ann. biol.

lacustre, 4: 187-193.

1910a. Siisswasser-Hymenopteren aus dem See von Overmeire.
Idem, 4: 194-310.

SiLTALA, A. J., AND NiELSEN, J. C.

1906. Zur Kenntnis der Parasiten der Trichopteren. Zeitsch.

wissensch. Insektenbiol., 2 : 382-386, 3 figs.

Thienemann, August
1916. t)ber Wasserhymenopteren. Idem, 12: 49-54.

Chalcidae

Enock, Frederick
1896. Notes on aquatic Hymenoptera and re-discovery of Prest-

zi'ichia aqiiatica (Lubbock). Journ. Quekk. Micr. Club, (2)
6: 275-277.

1898. Notes on the early stages of Prestzidchia aquatica Lubbock.
Ent. Mo. Mag., (2) 9: 152-153.

1898a. Aquatic Hymenopteron. Nature, 58: 175.

Gatenby, J. Bronte
1917. The embryonic development of Trichogramma evan-escetis

Westw.. monembryonic egg parasite of Donacia simplex Fab.
Quart. Journ. Micr. Sci., 62 : 149-187, pis. lO-ll

Girault, a. a.
1911. A note on the essential characteristics of Prcstuichia aqua-

tica Lubbock. Can. Ent., 43 : 209-210.

Thienemann, August
1906. Pj-cstze.'ichia aquatica Lubbock. Zeitsch. wissensch. Insek-

tenbiol., 5: 317.

AGRIOTYriDAE

Klapalek, F.

1889. Agriotvpus aniiatiis .(^^'alker) Curtis: its life-history and
geographic distribution. Ent. Mo. Mag., 25: 339-343, 7 figs.

KOLLAR, ViNCENZ
1857. Beitrag zur Kenntnis iiber die geographische Verbreitung

des Agriotypus armatus Walker. Verb, zool.-bot. Gesell.

Wien, 7 : 189-190.

Muller, G. W.
1889. Ueber Agriotvpiis arwatiis. Zool. Jahrb., Svst., 4: 1132-

1134.

1890. Noch einmal Agriotypus armatus. Idem, 5 : 689-691.
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SlEBOLD, V.

1861. Ueber Agriotvpus aniiatits. Stett. Ent. Zeitg., 32: 59-61.

I
* Proctotrypid.xe (Serphidae)

Bradley, J. Chester
191)2. A recently discovered genus and species of aquatic Hymen-

optera. Can. Ent., 34: 179-lSO.

Knock, Fred.

189G. Aquatic Hymenoptera. Nature, 54: 28.

FoRSTER. Arnold
1847. Ueber die Familie der Mymariden. Linn. Entomol., 2:

195-233.

Ganin, M.
1869. Beitrage zur Erkenntniss der Entwickelungsgeschichte bei

den Insecten. Zeitsch. wissensch. Zool., 19: 381-451, pis.

30-33.

Marchal, Paul
1900. Sur un nouvel Hymenoptere aquatique, le LUnnodytes ger-

ripliagns n. gen., n. sp. Ann. Soc. Ent. France, 69: 171-176,

2 figs.

Braconidae

P* /., T. DE Stefaxi
' 1902. O.sservazioni biologische sopra un Braconidc acquatico,

Giardinaia uriitator, e descrizione di due altri Imenotteri

nuovi. Zool. Jahrb., Syst., 15: 625-634, pi. 34. .

SCHULZ, VV. A.

1907. Schvvimmende Braconiden. Ann. Soc. Ent. Belgique, 51:

164-173, 2 figs.

Psammocharidae

Caudell, A. N.
1922. A diving wasp. Proc. Ent. Soc. Washington, 24: 125-126.
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Article IX.

—

The Lake as a Microcosm*. By Stephen A. Forbes.

A lake is to the naturalist a chapter out of the history of a primeval

time, for the conditions of life there are primitive, the forms of life are,

as a whole, relatively low and, ancient, and the system of organic inter-

actions by which they influence and control each other has remained sub-

stantially unchanged from a remote geological period.

The animals of such a body of water are, as a whole, remarkably

isolated—closely related among themselves in all their interests, but so

far independent of the land about them that if every terrestrial animal

were suddenly annihilated it would doubtless be long before the general

multitude of the inhabitants of the lake would feel the effects of this event

in any important way. It is an islet of older, lower life in the midst of the

higher, more recent life of the surounding region. It forms a little

world within itself—a microcosm within which all the elemental forces

are at work and the play of life goes on in full, but on so small a scale

as to bring it easily within the mental grasp.

Nowhere can one see more clearly illustrated what may be called the

sensibility of such an organic complex, expressed by the fact that

whatever affects any species belonging to it, must have its influence of

some sort upon the whole assemblage. He will thus be made to see

the impossibility of studying completely any form out of relation to the

other forms; the necessity for taking a comprehensive survey of the

whole as a condition to a satisfactory understanding of any part. If one

wishes to become acquainted with the hlacic bass, for example, he will

learn but little if he Hmits himself to that species. He must evidently

study also the species upon which it depends for its existence, and the

various conditions upon which these depend. He must likewise study

the species with which it comes in competition, and the entire system of

conditions affecting their prosperity ; and by the time he has studied all

these sufificiently he will find that he has run through the whole compli-

cated mechanism of the aquatic life of the locality, both animal and vege-

table, of which his species forms but a single element.

It is under the influence of these general ideas that I propose to

examine briefly to-night the lacustrine life of Illinois, drawing my data

•This paper, originally read February 25, 1887, to the Peoria Scientific Associa-
tion (now extinct), and published In their Bulletin, was reprinted many years ago
by the Illinois State Laboratory of Natural History In an edition which has long
been out of print. A single copy remaining in the library of the Natural History
Survey is usr-d every year by clas.S( s In the University of Illinois, and a profess"!
of zoology In a Canadian unlver.'^ity borrows a copy regularly from a Peoria library
for use in his own classes. In view of this long-continued demand and In

the hope that the paper may still tn- found useful elsewhere, it is again reprinted,

with trivial emendations, and with no attempt to supply Its deficiencies or to bring
It down to date.



538

from, collections and observations made during recent years by myself

and my assistants of the State Laboratory of Natural History.

The lakes of Illinois are of two kinds, fluviatile and water-shed.

The fluviatile lakes, which are much the more numerous and important,

are appendages of the river systems of the state, being situated in the

river bottoms and connected with the adjacent streams by periodical

overflows. Their fauna is therefore substantially that of the rivers them-

selves, and the two should, of course, he studied together.

They are probably in all cases either parts of former river channels,

which have been cut ofT and abandoned by the current as the river

changed its course, or else are tracts of the high-water beds of streams

over which, for one reason or another, the periodical deposit of sedi-

ment has gone on less rapidly than over the surrounding area, and which

have thus come to form depressions in the surface which retain the

waters of overflow longer than the higher lands adjacent. Most of the

numerous ''horseshoe lakes" belong to the first of these varieties, and

the "bluff-lakes," situated along the borders of the bottoms, are many of

them examples of the second.

These fluviatile lakes are most important breeding grounds and res-

ervoirs of life, especially as they are protected from the filth and poison

of towns and manufactories by which the running waters of the state

are yearly more deeply defiled.

The amount and variety of animal life contained in them as well as

in the streams related to them is extremely variable, depending chiefly

on the frequency, extent, and duration of the spring and summer
overflows. This is, in fact, the characteristic and peculiar feature of life

in these waters. There is perhaps no better illustration of the methods

by which the flexible system of organic life adapts itself, without injury,

to widely and rapifllv fluctuating conditions. Whenever the waters of

the river remain for a long time far beyond their banks, the breeding

grounds of fishes and other animals are immensely extended, and their

food supplies increased to a corresponding degree. The slow or stag-

nant backwaters of such an overflow afford the best situations possible

for the development of myriads of Entomostraca, which furnish,

in turn, abundant food for young fishes of all descriptions. There thus

results an outpouring of life—an extraordinary multiplication of nearly

every species, most prompt and rapid, generally speaking, in such

as have the highest reproductive rate, that is to say, in those which

produce the largest average number of eggs and young for each adult.

The first to feel this tremendous impulse are the protophytes and
Protozoa, upon which most of the Entomostraca and certain minute

insect larvae depend for food. This sudden development of their food

resources causes, of course, a corresponding increase in the numbers
of the latter classes, and, through them, of all sorts of fishes. The first

fishes to feel the force of this tidal wave of life are the rapidly-breeding,

non-predaceous kinds ; and the last, the game fishes, which derive from
the others their principal food supplies. Evidently each of these classes
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must act as a check upon the one preceding it. The development of ani-

malcules is arrested and soon sent back below its highest point by the

consequent development of Entomostraca ; the latter, again, are met,

checked, and reduced in number by the innumerable shoals of fishes

with which the water speedily swarms. In this way a general ad-

justment of numbers to the new conditions would finally be reached

spontaneously; but long before any such settled balance can be es-

tablished, often of course before the full effect of this upward in-

fluence has been exhibited, a new cause of disturbance intervenes

in the disappearance of the overfloiv. As the waters retire, the

lakes are again defined; the teeming life which they contain is restricted

within daily narrower bounds, and a fearful slaughter follows; the lower

and more defenceless animals are penned up more and more closely with

their predaceous enemies, and these thrive for a time to an extraordinary

degree. To trace the further consequences of this oscillation would take

me too far. Enough has been said to illustrate the general idea that the

life of waters subject to periodical expansions of considerable duration,

is peculiarly unstable and nuctiiat.ng ; mat eacn species swings, pendulum-

like but irregularly, between a highest and a lowest point, and that this

fluctuation affects the different classes successively, in the order of their

dependence upon each other for food.

Where a water-shed is a nearly level plateau with slight irregularities

of the surface many of these will probably be imperfectly drained, and

the accumulating waters will form either marshes or lakes according

to the depth of the depressions. Highland marshes of this character

are seen in Ford, Livingston, and adjacent counties,* between the head-

waters of the Illinois and Wabash systems; and an area of water-shed

lakes occurs in Lake and McHenry counties, in northern Illinois.

The latter region is everywhere broken by low, irregular ridges of

glacial drift, with no rock but boulders anywhere in sight. The inter-

vening hollows are of every variety, from mere sink-holes, either dry or

occupied by ponds, to expanses of several square miles, forming marshes

or lakes.

This is, in fact, the southern end of a broad lake belt which bor-

ders Lakes Michigan and Superior on the west and south, extending

through eastern and northern Wisconsin and northwestern Minnesota,

and occupying the plateau which separates the headwaters of the St.

Lawrence from those of the Mississippi. These lakes are of glacial

origin, .some filling beds excavated in the solid rock, and others collecting

the surface waters in hollows of the drift. The latter class, to which all

the Illinois lakes belong, may lie either parallel to the line of glacial

action, occupying valleys between adjacent lateral moraines, or transverse

to that line and bounded by terminal moraines. Those of our own state

*A11 now drained and brought under cultivation.
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all drain at present into the Illinois through the Des Plaines and Fox;
but as the terraces around their borders indicate a former water-level

considerably higher than the present one it is likely that some of them
once emptied eastward into Lake Michigan. Several of these lakes are

clear and beautiful sheets of water, with sandy or gravelly beaches, and

shores bold and broken enough to relieve them from monotony. Sports-

men long ago discovered their advantages and club-houses and places of

summer resort are numerous on the borders of the most attractive and
easily accessible. They offer also an unusually rich field to the natur-

alist, and their zoology and botany should be better known.
The conditions of aquatic life are here in marked contrast to those

afforded by the fluviatile lakes already mentioned. Connected with each

other or with adjacent streams only by slender rivulets, varying but little

in level with the change of the season and scarcely at all from year to

year, they are characterized by an isolation, independence, and uniform-

ity which can be found nowhere else within our limits.

Among these Illinois lakes I did considerable work during October

of two successive years, using the sounding line, deep-sea thermometer,

towing net, dredge, and trawl in six lakes of northern Illinois, and in

Geneva Lake, Wisconsin, just across the line. Upon one of these

Illinois lakes I spent a week in October, and an assistant, Prof. H. Gar-

man, now of the University, spent two more, making as thorough a physi-

cal an4 zoological survey of this lake as was possible at that season of

the year.

I now propose to give you in this paper a brief general account

of the physical characters and the fauna of these lakes, and of the

relations of the one to the other ; to compare, in a general way, the ani-

mal assemblages which they contain with those of Lake Michigan
-where also I did some weeks of active aquatic work in 1881—and
with those of the fluviatile lakes of central Illinois ; to make some similar

comparisons with the lakes of Europe; and, finally, to reach the subject

which has given the title to this paper—to study the system of natural

interactions by which this mere collocation of plants and animals has

been organized as a stable and prosperous community.
First let us endeavor to form the mental picture. To make this

more graphic and true to the facts, I will describe to you some typical

lakes among those in which we worked ; and will then do what I can to

furnish you the materials for a picture of the life that swims and creeps

and crawls and burrows and climbs through the water, in and on the

bottom, and among the feathery water-plants with which large areas

of these lakes are filled.

Fox Lake, in the western border of Lake county, lies in the form
of a broad irregular crescent, truncate at the ends, and with the con-

cavity of the crescent to the northwest. The northern end is broad-

est and communicates with Petite Lake. Two points projecting inward
from the southern shore form three broad bays. The western end

opens into Nippisink Lake, Crab Island separating the two. Fox River
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enters the lake from the north, just eastward of this island, and flows

directly through the Nippisink. The length of a curved line extending
through the central part of this lake, from end to end, is very nearly

three miles, and the width of the widest part is about a mile and a quar-
ter. The shores are bold, broken, and wooded, except to the north,

where they are marshy and flat. All the northern and eastern part of

the lake was visibly shallow—covered with weeds and feeding water-

fowl, and I made no soundings there. The water there was probably

nowhere more than two fathoms in depth, and over most of that area

was doubtless under one and a half. In the western part, five lines of

soundings were run, four of them radiating from Lippincott's Point,

and the fifth crossing three of these nearly at right angles. The deepest

water was found in the middle of the mouth of the western bay, where
a small area of five fathoms occurs. On the line running northeast from
the Point, not more than one and three fburths fathoms is found. The
bottom at a short distance from the shores was everywhere a soft, deep
mud. Four hauls of the dredge were made in the western bay, and the

surface net was dragged about a mile.

Long Lake differs from this especially in its isolation, and in its

smaller size. It is about a mile and a half in length by a mile in breadth.

Its banks are all bold except at the western end, where a marshy valley

traversed by a small creek connects it with Fox Lake, at a distance of

about two miles. The deepest sounding made was six and a half fath-

oms, while the average depth of the deepest part of the bed was about

five fathoms.

Cedar Lake, upon which we spent a fortnight, is a pretty sheet of

water, the head of a chain of six lakes which open finally into the Fox.

It is about a mile in greatest diameter in each direction, with a small but

charming island bank near the center, covered with bushes and vines—

a

favorite home of birds and wild flowers. The shores vary from rolling to

bluffy except for a narrow strip of marsh through which the outlet passes,

and the bottoms and margins are gravel, sand, and mud in different parts

of its area. Much of the lake is shallow and full of water plants ; but the

southern part reaches a depth of fifty feet a short distance from the

eastern bluff.

Deep Lake, the second of this chain, is of similar character, with

a greatest depth of fifty-seven feet—the deepest sounding we made
in these smaller lakes of Illinois. In these two lakes several temper-

atures were taken with a differential thermometer. In Deep Lake, for

example, at fifty-seven feet I found the bottom temperature 53}^°

—

about that of ordinary well-water—when the air was 63°
; and in Cedar

Lake, at forty-eight feet, the bottom was 58° when the air was 61°.

Geneva Lake, Wisconsin, is a clear and beautiful body of water

about eight miles long by one and a quarter in greatest width. The
banks are all high, rollin.^. and woi dc-d, cxctpt at the eastern end, where

its outlet rises. Its deepest water is found in its western third, where it

reaches a depth of twenty-three fathoms. I made here, early in Novem-
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ber, twelve hauls of the dredge and three of the trawl, aggregating about

three miles in length, so distributed in distance and depth as to give a

good idea of the invertebrate life of the lake at that season.

And now if you will kindly let this suffice for the background or

setting of the picture of lacustrine life which I have undertaken to give

you, I will next endeavor—not to paint in the picture ; for that I have

not the artistic skill. I will confine myself to the humble and safer task

of supplying you the pigments, leaving it to your own constructive im-

aginations to put them on the canvas. ,

When one sees acres of the shallower water black with water-fowl,

and so clogged with weeds that a boat can scarcely be pushed through the

mass ; when, lifting a handful of the latter, he finds them covered with

shells and ahve with small crustaceans ; and then, dragging a towing

net for a few minutes, finds it lined with myriads of diatoms and other

microscopic algae, and with multitudes of Entomostraca, he is likely to

infer that these waters are everywhere swarming with life, from top

to bottom and from shore to shore. If, however, he will haul a dredge

for an hour or so in the deepest water he can find, he will invariably

discover an area singularly barren of both plant and animal life, yielding

scarcely anything but a small bivalve moUusk, a few low worms, and red

larvae of gnats. These inhabit a black, deep, and almost impalpable

mud or ooze, too soft and unstable to afford foothold to plants even if

the lake is shallow enough to admit a sufficient quantity of light to its

bottom to support vegetation. It is doubtless to this character of the

bottom that the barrenness of the interior parts of these lakes is due;

and this again is caused by the selective influence of gravity upon the

mud and detritus washed down by rains. The heaviest and coarsest of

this material necessarily settles nearest the margin, and only the finest

silt reaches the remotest parts of the lakes, which, filling most slowly,

remain, of course, the deepest. This ooze consists very largely, also, of

a fine organic debris. The superficial part of it contains scarcely any

sand, but has a greasy feel and rubs away, almost to nothing, between

the fingers. The largest lakes are not therefore, as a rule, by any means
the most prolific of life, but this shades inward rapidly from the shore,

and becomes at no great distance almost as simple and scanty as that

of a desert.

Among the weeds and lily-pads upon the shallows and around the

margin—the Potamogeton, Myriophyllum, Ceratophyllum, Anacharis,

and Chara, and the common Nelumbium,—among these the fishes chiefly

swim or lurk, by far the commonest being the barbaric bream^ or "pump-
kin-seed" of northern Illinois, splendid with its green and scarlet and

purple and orange. Little less abundant is the common perch (Perca

lutca) in the larger lakes—in the largest out-numbering the bream itself.

The whole sunfish family, to which the latter belongs, is in fact the

dominant group in these lakes. Of the one hundred and thirty-two fishes

of Illinois only thirty-seven are found in these waters—^about twenty-

•Lepomis gibbosus.
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eight per cent.—while eight out of our seventeen sunfishes {Centrar-
chinac ) have been taken tacrc. Next. ])erhaps, one searching the

pebbly beaches or scanning the weedy tracts will be struck by the small

number of minnows or cyprinoids which catch the eye or come out in

the net. Of our thirty-three Illinois cyprinoids, only six occur there

—

about eighteen per cent.—and only three of these are common. These
are in part replaced by shoals of the beautiful little silversides {Labidcs-

thes sicculus) , a spiny-finned fish, bright, slender, active, and voracious

—as well suppliel with teeth as a perch, and far better equipped for

self-defense than the soft-bodied and toothless cyprinoids. Next we note

that of our twelve catfishes (Sihiridae) only two have been taken in

these lakes—one the common bullhead {Ictaliinis nebulosus), which

occurs everywhere, and the other an insignificant stone cat, not as

long as one's thumb. The suckers, also, are much less abundant in

this region than farther south, the buffalo fishes' not appearing at all in

our collections. Their family is represented by worthless carp" by two
redhorse'', by the chub sucker'' and the common sucker {Catostomus
teres), and by one other species. Even the hickory shad^—an ich-

thyological weed in the Illinois—we have not found in these lakes at all.

The sheepshead'^, so common here, is also conspicuous there by its ab-

sence. The yellow bass', not rare in this river, we should not expect in

these lakes because it is, rather, a southern species ; but why the

white bass*, abundant here, in Lake Michigan, and in the Wisconsin
lakes, should be wholly absent from the lakes of the Illinois plateau, I

am unable to imagine. If it occurs there at all, it must be rare, as I

could neither find nor hear of it.

A characteristic, abundant, and attractive little fish is the log perch

(Pcrcina caprodcs)—the largest of the darters, slender, active, barred

like a zebra, spending much of its time in chase of Entomostraca among
the water plants, or prying curiously about among the stones for minute
insect larvje. Six darters in all (

litlicostoniatinae), out of the eighteen

from the state, are on our list from these lakes. The two black bass"

are the most popular game fishes—the large-mouthed species being much
the most abundant. The pickerels'", gar", and dogfish'" are there about

as here; but the shovel-fish'^ does not occur.

Of the peculiar fish fauna of Lake Michigan—the burbot'*, white

fish," trout,"' lake herring or cisco," etc., not one species occurs in

these smaller lakes, and all attempts to transfer any of them have failed

completely. The cisco is a notable fish of Geneva Lake, Wisconsin, but

does not reach Illinois except in Lake Michigan. It is useless to at-

tempt to introduce it, because the deeper areas of the interior lakes

are too limited to give it sufificient range of cool water in midsummer.
In short, the fishes of these lakes are substantially those of their

'Ictiobus bubalus. 'Ictiobus cyprinus. "Moxostoma aurcolum and M. macro-
Icpldotum. 'Erlniyzon sucetta. 'Dorosoma ccpedlanum. "Haploidonotus. 'Roccus
interruptus. "Roccus chrysops. "Micropterus. "Esox. "Ki'pldostcus. "Amia.
"Polyodon. "Lota. "CoreRonus dupelformls. '"Salvellnus namaycush.
"Coregonus artedi.
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region—excluding the Lake Michigan series (for which the lakes are

too small and warm) and those peculiar to creeks and rivers. Possibly

the relative scarcity of catfishes { Sihiridcie) is due to the comparative

clearness and cleanness of these waters. 1 see no good reason why min-

nows should be so few, unless it be the abundance of pike and Chicago

sportsmen.
,

Concerning the moUuscan fauna, I will only say that it is poor in

bivalves—as far as our observations go—and rich in univalves. Our
collections have been but partly determined, but they give us three spe-

cies of Valvata, seven of Planorbis, four Amnicolas, a Melantho, two
Physas, six Limnseas, and an Ancylus among the Gastropoda, and two
Unios, an Anodonta, a Sphserium, and a Pisidium among the Lamelli-

branchiates. Pisiduim variabilc is by far the most abundant moUusk
in the oozy bottom in the deeper parts of the lakes; and crawling

over the weeds are multitudes of small Amnicolas and Valvatas.

I'he entomology of these lakes I can merely touch upon, mention-

ing only the most important and abundant insect larvae. Hiding under
stones and driftwood, well aware, no doubt, what enticing morsels they

are to a great variety of fishes, we find a number of species of ephemerid
larvae whose specific determination we have not yet attempted. Among
the weeds are the usual larvae of dragon-flies—Agrionina and Libellu-

lina, familiar to every one ; swimming in open water the predaceous

larvae of Corethra; wriggling through the water or buried in the mud
the larvae of Chironomus—the shallow water species white, and those

from the deeper ooze of the central parts of the lakes blood-red and
larger. Among Chara on the sandy bottom are a great number and
variety of interesting case-worms—larvae of Phrj'ganeidae—most of

them inhabiting tubes of a slender conical form made of a viscid secre-

tion exuded from the mouth and strengthened and thickened by grains

of sand, fine or coarse. One of these cases, nearly naked, but usually

thinly covered with diatoms, is especially worthy of note, as it has been

reported nowhere in this country except in our collections, and was in-

deed recently described from Brazil as new. Its generic name is

Lagenopsyche, but its species undetermined. These larvae are also eaten

by fishes.

Among the worms we have of course a number of species of leeches

and of planarians,—in the mud minute Anguillulidae, like vinegar eels,

and a slender Lumbriculus which makes a tubular mud burrow for itself

in the deepest water, and also the curious A'ais probiscidca, notable for its

capacity of multiplication by transverse division.

The crustacean fauna of these lakes is more varied than any other

group. About forty species were noted in all. Crawfishes were not

especially abundant, and most belonged to a single species, Cambarus
virilis. Two amphipods occurred frequently in our collections; one,

less common here but very abuniiant farther south

—

Craiujoiiyx (jiacilis—
and one, Allorchestes dcntata, probably the commonest animal in these

waters, crawling and swimming everywhere in myriads among the sub-
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merged water-plants. An occasional Gammariis fasciatus was also

taken in the dredge. A few isopod Crustacea occur, belonging to Manca-
sellus tcnax—a species not previously found in the state.

I have reserved for the last the Entomostraca—minute crustaceans

of a surprising number and variety, and of a beauty often truly exquisite.

They belong wholly, in our waters, to the three orders, Copedoda, Ostrac-

oda, and Cladocera—the first two predaceous upon still smaller or-

ganisms and upon each other, and the last chiefly vegetarian. Twenty-
one species of Cladocera have been recognized in our collections, repre-

senting sixteen genera. It is an interesting fact that twelve of these spe-

cies are found also in the fresh waters of Europe. Five cyprids have been

detected, two of them common to Europe, and also an abundant Diapto-

mus, a variety of a European species. Several Cyclops species were
collected which have not yet been determined.

These Entomostraca swarm in microscopic myriads among the

weeds along the shore, some swimming freely, and others creeping in

the mud or climbing over the leaves of plants. Some prefer the open
water, in which they throng locally like shoals of fishes, coming to the

surface preferably by night, or on dark days, and sinking to the bottom
usually by day to avoid the sunshine. These pelagic forms, as they are

called, are often exquisitely transparent, and hence almost invisible in

their native element—a charming device of Nature to protect them
against their enemies in the open lake, where there is no chance of shel-

ter or escape. Then with an ingenuity in which one may almost detect

the flavor of sarcastic humor, Nature has turned upon these favored

children and endowed their most deadly enemies with a like transparency,

so that wherever the towing net brings to light a host of these crystalline

Cladocera, there it discovers also swimming, invisible, among them, a

lovely pair of robbers and beasts of prey—the delicate Leptodora and
the Corethra larva.

These slight, transparent, pelagic forms are much more numerous
in Lake Michigan than in any of the smaller lakes, and peculiar forms

occur there commonly which are rare in the larger lakes of Illinois

and entirely wanting in the smallest. The transparent species are also

much more abundant in the isolated smaller lakes than in those more
directly connected with the rivers.

The vertical range of the animals of Geneva Lake showed clearly

that the barrenness of the interiors of these small bodies of water was
not due to the greater depth alone. While there were a few species

of crustaceans and case-worms which occurred there abundantly near

shore but rarely or not at all at depths greater than four fathoms, and

may hence be called littoral species, there was, on the whole, little dimi-

nution either in quantity or variety of animal life until about fifteen fath-

oms had been reached. Dredging, at four or five fathoms were nearly

or quite as fruitful as any made. On the other hand, the barrenness

of the i)(>tt(im at twenty to twonty-llircc fatlionis was very remark-

able. The total product of four hauls of the dredge and one of the
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trawl at that depth, aggregating fully a mile and a half of continuous

dragging, would easily go into a two-dram vial, and represents only nine

animal species—not counting dead shells, and fragments which had
probably floated in from shallower waters. The greater part of this little

collection was composed of specimens of Lumbriculus and larvze of Chi-

ronomus. There were a few Corethra larvje, a single Gammarus, three

small leeches, and some sixteen mollusks, all but four of which belonged

to Pisidium. The others were two Sphseriums, a Valvata carinata, and a

V. sincera. None of the species taken here are peculiar, but all were of

the kinds found in the smaller lakes, and all occurred also in shallower

water. It is evident that these interior regions of the lakes must be as

destitute of; fishes as they are of plants and lower animals.

While none of the deep-water animals of the Great Lakes were
found in Geneva Lcike, other evidences of zoological affinity were de-

tected. The towing net yielded almost precisely the assemblage of species

of Entomostraca found in Lake Michigan, including many specimens

of Limnocalanus macrunis Sars; and peculiar long, smooth leeches,

common in Lake Michigan but not occurring in the small Illinois lakes,

were also found in Geneva. Many FaJvata tri-carinata lacked the middle

carina, as in Long Lake and other isolated lakes of this region.

Comparing the Daphnias of Lake Michigan with those of Geneva
Lake, Wis. (nine miles long and twenty-three fathoms in depth), those

of Long Lake, 111. (one and a half miles long and six fathoms deep),

and those of other, still smaller, lakes of that region, and the swamps
and smaller ponds as well, we shall be struck by the inferior development

of the Entomostraca of the larger bodies of water in numbers, in size

and robustness, and in reproductive power. Their smaller numbers and

size are doubtless due to the relative scarcity of food. The system, of

aquatic animal life rests essentially upon the vegetable world, although

perhaps less strictly than does the terrestrial system, and in a large and
deep lake vegetation is much less abundant than in a narrower and shal-

lower one, not only relatively to the amount of water but also to the

area of the bottom. From this deficiency of plant life results a defi-

ciency of food for Entomostraca, whether of algje, of Protozoa, or of

higher forms, and hence, of course, a smaller number of the Entomos-
traca themselves, and these with more slender bodies, suitable for more
rapid locomotion and wider range.

The difiference of reproductive energy, as shown by the much
smaller egg-masses borne by the species of the larger lakes, depends
upon the vastly greater destruction to which the paludal Crustacea are

subjected. Many of the latter occupy waters liable to be exhausted by
drought, with a consequent enormous waste of entomostracan life. The
opportunity for reproduction is here greatly limited—in some situations

to early spring alone—and the chances for destruction of the summer
eggs in the dry and often dusty soil are so numerous that only the

most prolific species can maintain themselves.



547

Further, the marshes and shallower lakes are the favorite breeding

grounds of fishes, which migrate to them in spawning time if possible,

and it is from the Entom.ostraca found here that most young fishes get

their earliest food supplies—a danger from which the deep-water species

are measurably free. Not only is a high reproductive rate rendered un-

necessary among the latter by their freedom from many dangers to which
the shallow-water species are exposed, but in view of the relatively

small amount of food available for them, a high rate of multiplication

would be a positive injury, and could result only in wholesale starvation.

All these lakes of Illinois and Wisconsin, together with the much
larger Lake Mendota at Madison (in which also I have done much work
with dredge, trawl, and seine), differ in one notable particular both

from Lake Michigan and from the larger lakes of Europe. In the latter

the bottoms in the deeper parts yield a peculiar assemblage of animal

forms which range but rarely into the littoral region, while in our inland

lakes no such deep water fauna occurs, with the exception of the cisco

and the large red Chironomus larva. At Grand Traverse Bay, in Lake
Michigan, I found at a depth of one hundred fathoms a very odd fish

of the sculpin family (Triglopsis thompsoni Gir.) which, until I collected

it, had been known only from the stomachs of fishes ; and there also

was an abundant crustacean, Mysis—the "opossum shrimp", as it is

sometimes called—the principal food of these deep lake sculpins. Two
remarkable amphipod crustaceans also belong in a peculiar way to this

deep water. In the European lakes the same Mysis occurs in the

deepest part, with several other forms not represented in our collections.

two of these being blind crustaceans related to those which in this country

occur in caves and wells.

Comparing the other features of our lake fauna with that of Europe,

we find a surprising number of Entomostraca identical ; but this is a

general phenomenon, as many of the more abundant Cladoccra and Co-

pepoda of our small wayside pools are either European species, or differ

from them so slightly that it is doubtful if they ought to he called dis-

tinct. ,

It would be quite impossible, within reasonable limits, to go into

details respecting the organic relations of the animals of these waters, and

I will content myself with two or three illustrations. As one example

of the varied and far-reaching relations into which the animals of a lake

are brought in the general struggle for life, I take the common black

bass. In the dietary of this fish I find, at different ages of the individual,

fishes of great variety, representing all the important orders of that

class ; insects in considerable number, especially the various water-bugs

and larvae of day-flies ; fresh-water shrimps ; and a great multitude of

Entomostraca of many species and genera. The fish is therefore direct-

Iv dependent upon all these classes for its existence. Next, looking to

the food of the species which the bass has eaten, and upon which it is

therefore indirectly dependent, I find that one kind of the fishes taken

feeds upon mud, algae, and Entomostraca, and another upon nearly every
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animal substance in the water, including mollusks and decomposing

organic matter. The insects taken by the bass, themselves take other in-

sects and small Crustacea. The crawfishes are nearly omnivorous,

and of! the other crustaceans some eat Entomostraca and some algae

and Protoza. At only the second step, therefore, we find our bass

brought into dependence upon nearly every class of animals in the

water.

And now, if we search for its competitors we shall find these also

extremely numerous. In the first place, I have found that all our young
fishes except the Catostomidae feed at first almost wholly on Entomos-
traca, so that the little bass finds himself at the very beginning of his

life engaged in a scramble for food with all the other little fishes in the

lake. In fact, not only young fishes but a multitude of other animals

as well, especially insects and the larger Crustacea, feed upon these

Entomostraca, so that the competitors of the bass are not confined to

members of its own class. Even mollusks, while they do not directly

compete with it do so indirectly, for they appropriate myriads of the

microscopic forms upon which the Entomostraca largely depend for

food. But the enemies of the bass do not all attack it by appropriating

its food supplies, for many devour the little fish itself. A great variety

of predaceous fishes, turtles, water-snakes, wading and diving birds,

and even bugs of gigantic dimensions destroy it on the slightest oppor-

tunity. It is in fact hardly too much to say that fishes which reach ma-
turity are relatively as rare as centenarians among human kind.

As an illustration of the remote and unsuspected rivalries which re-

veal themselves on a careful study of such a situation, we may take the

relations of fishes to the bladderwort'-—a flowering plant which fills

many acres of the water in the shallow lakes of northern Illinois. Upon
the leaves of this species are found little bladders—several hundred to

each plant—which when closely examined are seen to be tiny traps for

the capture of Entomostraca and other minute animals. The plant usual-

ly has no roots, but lives entirely upon the animal food obtained through

these little bladders. Ten of these sacs which I took at random from
a mature plant contained no less than ninety-three animals (more than

nine to a bladder), belonging to twenty-eight different species. Seventy-

six of these were Entomostraca, and eight others were minute insect lar-

vae. When we estimate the myriads of small insects and Crustacea

which these plants must appropriate during a year to their own support,

and consider the fact that these are of the kinds most useful as food for

young fishes of nearly all descriptions, we must conclude that the blad-

derworts compete with fishes for food, and tend to keep down their

number by diminishing the food resources of the young. The plants

even have a certain advantage in this competition, since they are not strict-

ly dependent on Entomostraca, as the fishes are, but sometimes take

root, developing then but very few leaves and bladders. This probably

happens under conditions unfavorable to their support by the other

'Utricularia.
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method. These simple instances will suffice to illustrate the intimate

way in which the living forms of a lake are united.

Perhaps no phenomenon of life in such a situation is more remark-
able than the steady balance of organic nature, which holds each species

within the limits of a uniform average number, year after year, although

each one is always doing its best to break across boundaries on every

side. The reproductive rate is usually enormous and the struggle for

existence is correspondingly severe. Every animal within these bounds
has its enemies, and Nature seems to have taxed her skill and ingenuity

to the utmost to furnish these enemies with contrivances for the destruc-

tion of their prey in myriads. For every defensive device with which

she has armed an animal, she has invented a still more effective apparatus

of destruction and bestowed it upon some foe, thus striving with un-

ending pertinacity to outwit herself ; and yet life does not perish in the

lake, nor even oscillate to any considerable degree, but on the contrary

the little community secluded here is as prosperous as if its state were
one of profound and perpetual peace. Although every species has to

fight its way inch by inch from the egg to maturity, yet no species is

exterminated, but each is maintained at a regular average number which
we shall find good reason to believe is the greatest for which there is,

year after year, a sufficient supply of food.

I will bring this paper to a close, already too long postponed, by
endeavoring to show how this beneficent order is maintained in the

midst of a conflict seemingly so lawless.

It is a self-evident proposition that a species can not maintain itself

continuously, year after year, unless its birth-rate at least equals its death-

rate. If it is preyed upon by another species, it must produce regularly

an excess of individuals for destruction, or else it must certainlv

dwindle and disappear. On the other hand, the dependent species evi-

dently must not appropriate, on an average, any more than the surplus

and excess of individuals upon which it preys, for if it does so it

will continuously diminish its own food supply, and thus indirectly but

surely exterminate itself. The interests of both parties will therefore be

best served by an adjustment of their respective rates of multiplication

such that the species devoured shall furnish an excess of numbers to

supply the wants of the devourer, and that the latter shall confine its

appropriations to the excess thus furnished. We thus see that there

is really a close community of interest between these two seemingly

deadly foes.

And next we note that this common interest is promoted by the

process of natural selection ; for it is the great office of this process to

eliminate the unfit. If two species standing to each other in the relation

of hunter and prey are or become badly adjusted in respect to their

rates of increase, so that the one preyed upon is kept very far below

the normal number which might find food, even if they do not presently

obliterate each other the pair are placed at a disadvantage in the battle

for life, and must suffer accordingly. Just as certainly as the thrifty
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business man who lives within his income will finally dispossess his

shiftless competitor who can never pay his debts, the well-adjusted

aquatic animal will in time crowd out its poorly-adjusted competi-

tors for food and for the various goods of life. Consequently we
may believe that in the long run and as a general rule those species

which have survived, are those which have reached a fairly close adjust-

ment in this particular.'

Two ideas are thus seen to be sufficient to explain the order evolved

from this seeming chaos ; the first that of a general community of inter-

ests among all the classes of organic beings here assembled, and the sec-

ond that of the beneficent power of natural selection which compels such

adjustments of the rates of destruction and of multiplication of the

various species as shall best promote this common interest.

Have these facts and ideas, derived from a study of our aquatic

microcosm, any general application on a higher plane ? We have here an

example of the triumphant beneficence of the laws of life applied

to conditions seemingly the most unfavorable possible for any mutually

helpful adjustment. In this lake, where competitions are fierce and con-

tinuous beyond any parallel in the worst periods of human history ; where

they take hold, not on goods of life merely, but always upon life itself

;

where mercy and charity and sympathy and magnanimity and all the vir-

tues are utterly unknown ; where robbery and murder and the deadly

tyranny of strength over weakness are the unvarying rule ; where what

we call wrong-doing is always triumphant, and what we call goodness

would be immediately fatal to its possessor,—even here, out of these hard

conditions, an order has been evolved which is the best conceivable

without a total change in the conditions themselves ; an equilibrium has

been reached and is steadily maintained that actually accomplishes for all

the parties involved the greatest good which the circumstances will at

'ill permit. In a system where life is the universal good, but the destruc-

tion of life the well-nigh universal occupation, an order has spontaneous-

ly arisen which constantly tends to maintain life at the highest limit—

a

limit far higher, in fact, with respect to both quality and quantity,

than would be possible in the absence of this destructive conflict. Is there

not, in this reflection, solid ground for a belief in the final beneficence

of the laws of organic nature? If the system of life is such that a har-

monious balance of conflicting interests has been reached where every

element is either hostile or indifferent to every other, may we not trust

much to the outcome where, as in human affairs, the spontaneous ad-

justments of nature are aided by intelligent effort, by sympathy, and by

self-sacrifice?

iPor a fulltr statt'iiient of this argument, see Bui. Ul. State l.ab. Nat. Hist.
Vol. I, No. 3. pages 5 to 10.



INDEX

Actinomyces scabies, 240.

Aeschnidae, 445, 446, 447, 448, 449, 451,

452.

Agrionidae, 382, 420, 448, 450, 451, 452.

Agrionina larvae (lacustrine), 544.

Albugo Candida, 255.

Alfalfa, 125.

diseases, 203-204, 278, 295.

Algae, 334, 442, 447, 455, 542, 546.

Allorchestes d'entata, 544.

AInus sp., 15.

Alternaria brassicae, 252.

solani, 239, 241

Amelanchier, 15.

Amia, 543.

Amnicola cincinnatiensis, 420.

emarginata, 351, 364, 380, 418, 419.

421.

(lacustrine), 544.

limosa, 364, 418, 420.

lustrica, 419, 420.

sp.. 381.

Amnicolidae, 334, 337, 363, 392, 404.

412, 418, 419, 421.

Amphipoda, 417.

Amphipods (lacustrine), 544, 547.

Anacharis, 542.

Anax Junius. 445, 446, 456.

Ancylidae, 418, 419, 420, 421.

Ancylus (lacustrine), 544.

sp., 381, 418, 419, 420, 421.

Andropogon sp., 5.

Anguillulidae (lacustrine), 544.

Animalcules (lacustrine), 539.

Animals (lacustrine), 537, 550.

rate of reproduction, 519.

struggle for existence, and natural

selection, 549-550.

system of life resulting, 550.

Anisoptera, 442.

Annelids, 341, 344, 346, 352, 361, 440.

See also Tubificidae.

Anodonta corpulenta, 384, 419.

imbecillis, 375, 384, 385, 418, 419, 421.

(lacustrine), 544.

suborbiculata, 385.

Anopheles punctipennis, 450.

Apple, 16, 206, 214.

Ben Davis, 210, 211, 212, 278.

Delicious, 210.

diseases, 206-214, 259, 272, 273-275,

278, 279, 297-301.

Flea-weevil, 1-37.

Gano, 210.

Grimes Golden, 209, 212.

Liveland Raspberry, 209.

production, 297.

Willow Twig, 210.

Apricot, 223.

diseases, 223-224, 278.

Arbor vitae. 111.

Arcidens confragosus, 385.

Argia moesta putrida, 448, 450, 452,

456.

violacea, 444.

Asellus, 455.

intermedius, 417, 419.

Ash, 61, 72, 73, 74, 85, 86, 91, 112, 113,

116, 117, 119, 131, 143.

Asparagus, 249.

diseases, 249-250, 278, 320.

Palmetto var., 249.

Washington, 249.

Bacillus amylovorus, 207, 214, 218.

astrosepticus, 240.

tracheiphilus, 244, 247.

Back-swimmers, 457.

Bacteria. 348, 424.

Bactis sp., 448, 449, 450, 451, 456.
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Barberry, common, 179, 180-181, 199,

201, 285.

Barley, 200.

diseases, 201-202, 278, 293, 294.

Wild, 201.

Bass, Black, 432, 543.

competitors for food of, 548.

dependence for food, direct and in-

direct, 547, 548.

predaceous enemies of, 548.

Large-mouth, 434.

fingerlings, 430.

Warmouth, 434.

White, 543.

Yellow, 432, 434, 543.

Basswood, 61, 72, 92, 113, 117.

Bean, diseases of, 252, 278, 321.

Beech, 72, 74, 91, 117, 119.

Beet and Swiss Chard' diseases, 250,

27S, 320.

Beetles, predaceous water-, 458.

water scavenger-, 441.

whirligig, 444, 457.

Belostoma fluminea, 445, 448, 449, 454,

456.

Belostomidae. 456. (445, 448, 449, 454

—see Errata.)

Berberis vulgaris, ISO-lSl. See also

Barberry, common.
Berosus, 441, 457.

peregrinus, 445.

sp., 421, 454, 457.

strlatus, 446, 448, 449, 454.

Bidessus lacustris, 445.

Birch, 61.

Paper, 72.

River, 116.

Birches, 72, 74.

Birds, wading and diving, destructive

to young fish, 548.

Bittacomorpha, 459.

clavipes, 441, 459.

Blackberries, diseases of. See Bram-
bles.

Snyder, 234.

Wild, 234, 235.

Bladderworts, as competitors with fish

for sustenance, 548.

Blood-worms, 446.

Blue-gill, 434.

Bluepoints, 384.

Brachionidae, 334.

Brambles, diesases of, 231-235, 278,

311, 312-313.

Bream, or Pumpkin-seed, 542.

Bryozoa, 367, 369, 375, 380, 391, 394,

395, 401, 402, 403, 405, 417.

Buckthorn, 191, 192.

hedges, 191.

Buenoa margaritacea, 447, 457.

platycnemis, 447, 453, 457.

Buffalo [fish], 430, 431, 432.

Big-mouth, 434.

Mongrel, 434.

Small-mouth, 434.

Buffalo fishes, 543.

Bull-frogs. 430.

Bullheads, 343, 425, 431. 432, 434.

Bunch-grass, 5.

Burbot, 543.

Butternut, 72, 74.

c
Cabbage, 250.

diseases. 250-252. 278. 320, 321.

Wisconsin Hollander, 251.

Caddis larva, 375, 402, 403, 405, 417.

Caddis-worms, 441.

Caenis sp., 381, 418. 420, 443, 447, 448.

449, 451. 452. 456.

Callibaetis sp., 381, 418, 420, 441, 446,

447. 452, 453. 454. 456.

CalopterjTC sp., 420.

Cambarus sp., 443, 448, 449, 451, 455.

virilis, 544.

C'ampeloma, 329.

decisum, 419.

subsolidum, 334, 351, 352. 364. 374.

395. 405. 416. 419.

Cantaloupe, 244.

diseases. 244-245, 278, 318.

Osage, 245.

Rocky Ford. 245.

Tip-top, 245.
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Carnation diseases, 257-258, 278, 324.

Carp, 351, 430, 431, 432, 434, 4.35, 543.

German, 436.

River, 434.

Case-worm larvae as food of fishes.

544.

Case-worms (lacustrine), 545.

Catalpa, 72, 84, 86, 87, 88, 129, 131, 133,

149, 150-152.

Catfisli, 448, 449.

Catfishes (lacustrine), 543, 544.

Catostomidae, 548.

Catostomus teres, 543.

Cauliflower diseases, 252, 278.

Cedar, 72, 86. 87, 88.

Centrarchinae (lacustrine), 543.

Red (or common), 112, 209, 298.

Centrarchinoe (lacustrine), 543.

Ceplialosporium acremonium, 197.

Ceratophyllum, 542.

Cercospora armoraciae, 255.

beticola, 250.

bliti. 235.

bloxami, 252.

circumscissa, 223.

cruciferarum, 255.

davisii, 204.

persica, 223.

Channel cat, 431, 432, 434.

Chara, 542, 544.

Characeae, 442.

Chauliodes spp., 457.

Cherries, 72.

Cherry, 74, 113, 118, 131, 226.

Black, 117, 228.

diseases of, 226-228, 278, 308, 309.

Wild Black, 117.

Chestnut, 72, 74.

Chironomidae, 327, 347, 349, 362, 37.-.

378, 379, 381, 393, 400, 401, 403,

405, 415, 440, 443, 444, 445, 446.

447, 448, 449, 451, 452, 453, 454.

455, 458.

Chironominae, 415.

Chironomus crassicaudatus, 458.

decorus, 349, 394, 401, 415, 458.

dichromocerus, 459.

Chironomus crassicaudatus—Contin-

ucd.

digitatus, 362, 373, 415.

dux, 422.

fcrrugineovittatus. 421, 422, 458.

frequens, 458.

globiferus, 458.

interruptus, 459.

larvae (lacustrine), 544, 546, 547.

lobiferus. 415.

maturus, 362, 373, 458.

modestus, 421.

nigricans, 381, 418, 458.

pentatomus, 459.

plumo.sus. 333, 334, 349, 362, 373, 441,

458.

plumosus, var., 373, 401, 415.

rhyparobius, 459.

.sp., 340, 362, 444, 44G, 447, 44S, 449,

452, 453, 454, 455, 459.

sp. or var., 362.

tentans, 350. 381, 418, 421, 422.

thumnii, 459.

viridicollis, 421, 445, 454, 458.

Chirotenetes albomanicatus, 448, 450.

451, 452.

sp., 456.

Chlamydomonads, 334.

Choke-cherry, 15. 16.

Chromagrion conditum, 382.

Chrysops sp., 451.

Chub-sucker. 434, 543.

Cisco, or Lake Herring, 543, 547.

Cladocera, 547.

(lacustrine), 545.

Cladosporium carpophilum, 223, 225.

Claviceps purpurea, 199.

Clover, 177.

Red, diseases. 204-205. 278. 295, 296.

Sweet, diseases. 204, 278, 295.

Coccomyces hieraalis, 227.

lutescens, 228.

prunophorae, 224.

Coenagrionidae, 445, 447, 448, 449, 450,

451, 452, 453, 455.

Coleoptera, 379, 392, 412, 421, 422, 442,

443, 445, 446, 447, 448, 449, 450,

451, 452, 453, 454, 455, 457-458.
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Coleoptera

—

Continued.

larvae and adults, 459.

larvae and pupae, 459.

Colletotrichum cereals, 189.

crumpens, 255.

lagenarium, 245, 247, 248.

llndemuthianum, 252.

sp., 250.

trifolli, 203, 204.

Comptotomus interrogatus, 454.

Conifers, 97, 98, 99, 100, 112, 125, 130.

Conlothyrium pyrlana, 214.

Copepoda, 545, 547.

Coral, fresh-water. 417.

Cordylophora lacustris, 416.

Coregonus artedi, 543.

clupeiformis, 543.

Corethra larva (lacustrine), 544, 545,

546.

punctipennis, 421.

Corixa burmeisteri, 420.

sp., 375, 376, 420.

Corixidae, 443, 445, 446, 447, 448, 451,

452, 453, 454, 455, 456, 457.

Corn, 187.

Boone County White, 272.

Democrat, 193, 196, 272.

diseases of. 193-198, 271, 272, 278,

279, 289, 290, 291.

Reid's Yellow Dent, 272.

Sweet, 198.

Yellow Dent, 196, 272.

Corydalis cornuta, 449, 450, 452, 457

(see Errata).

sp., 420.

Corylus amerlcana, 15.

Cottonwood, 72, 85, 86, 88, 92, 116, 125.

Crab-apple, Wild, 5, 15.

Crane-fly, Phantom, 441.

Sewage, 441, 459.

Crangonys gracilis, 544.

Crappie, Black, 434.

White, 434.

Crappies, 430, 432.

Crataegus mollis, 15.

Crawfishes, food of, 548.

(lacustrine), 544.

Cricotopus petiolatus, 459.

sp., 382, 415.

trifasciatus, 421, 422.

Crustacea, 341, 367, 369, 375, 391, 395,

417, 419, 420, 458.

(lacustrine), 542, 544, 545.

paludal, 546.

Cucumber, 247.

diseases, 247-249, 278, 319.

Wild, 248.

-tree, 117.

Culex annulata, 441.

Culicidae, 450.

Curculionid, 1-37.

Currant and Gooseberry diseases, 235-

236, 278, 314.

Cyclops spp. (lacustrine), 545.

Cyphon sp., 449, 458.

Cypress, 72, 74, 111, 112, 116.

Cyprids (lacustrine), 545.

Cyprinoids (lacustrine), 543.

D
Dactylocladius hamifer, 459.

setosipennis, 459.

Damsel-fly, 444.

Daphnia of L. Michigan compared
with those of lakes studied, 546.

Darters, 451.

Dascyllidae, 449, 458.

Day-flies, larvae as food of Black Bass,

547.

Decapoda, 443.

Dendrophoma obscurus, 238.

Dero .sp., 414.

Derosternus pallipes, 16.

Dewberries, diseases of. See Bram-

bles.

Dianthera, 447, 450, 452.

amerlcana, 445, 449.

Diaptomus (lacustrine), 546.

Diatoms, 542.

Dibotryon morbosum, 225.

Dina parva, 373.

Dineutes americanus. 444, 445, 448,

451, 452, 453, 457.

Diplocarpon rosae, 256.
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Diplodia zeae, 194.

Diptera, 418, 421, 422, 441, 442, 443,

444, 445, 446, 447, 448, 449, 450,

451, 452, 453, 454, 455, 458.

larvae and pupae, 459.

Dobson, 457.

Dogfish, 432, 434, 435, 543.

Dorosoma cepediauum, 543.

Dragon-flies, 456.

Dragon-fly larvae (lacustrine), 544.

larvae and nymphs, 381, 382, 418.

Dryopidae, 451, 452, 453.

Dryopoidea, 458.

"Duck shell," 350.

Duckweed, 446.

Dytiscidae, 442, 443, 445, 446, 453, 454,

455, 458.

E
Eel, 434.

Elder, 15.

Elm, 72, 73, 74, 85, 86, 88, 92, 112, 113,

116, 117, 118, 131.

American, 15.

Winged, 15.

Elodea, 449, 455.

Enallagma, 456.

antennatum, 445, 450.

exsulans, 445, 451.

sp., 447, 449, 450, 451. 453.

Enochrus, 441, 457.

ochraceus, 445, 446, 449, 455.

Entomostraca as food of fishes, 538,

539, 547.

of insects, 548.

of other crustaceans, 548.

as sustenance for bladderworts, 548.

food of, 438, 533.

inferior development in lakes, 546.

lacustrine, 545, 546.

Ephemera sp., 450, 456.

Ephemerella sp., 448, 456.

Ephemerid larvae (lacustrine), 544.

Epheraerida, 392, 417. 418, 420, 421,

442, 443, 445, 446, 447, 448, 449,

450, 451, 452, 453, 454, 456.

naiades, 459.

Ephemeridae, 379, 381. 443, 445, 446,

447, 448, 449, 450, 451, 452, 453,

456.

Epiaeschna, 456.

heros, 451.

Epicordulia princeps, 420.

Epiurus sp., 16.

Erimyzon sucetta, 543.

Eriocera sp., 452, 453, 459.

Erioptera sp., 441, 459.

Eristalis, 440, 458.

tenax, 440.

Erpobdella punctata, 348, 361, 373, 415.

Erysiphe graminis, 190.

polygoni, 204.

Erythroneura, 39.

abolla abolla, 40.

accensa, 40.

varia, 40.

aclys, 41.

basilaris basilaria, 42.

comes amanda, 44.

comes, 42.

compta, 43.

elegans, 43.

palimpsesta, 43.

reflecta, 43.

rubra, 43.

rubrella, 43.

rutomaculata. 43.

vitifex, 42, 43.

ziczac, 44.

dentata, 40.

hartii. 42.

illinoiensis illinoiensis, 41.

infuscata, 42.

ligata allecta, 42.

ligata. 42.

pupillata, 42.

lunata, 39, 41.

maculata era, 42.

maculata, 42.

osbornl, 42.

mallochi, 41.

morganl, 41.

obliqua, 39.

dorsalis, 40.
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Erythroneura

—

Continued.

electa, 40.

fumida, 40.

noeviis, 40.

obliqua, 40.

stolata, 40.

oculata, 39.

rubroscuta, 40.

rufomaculata, 39.

sexpunctata, 40.

tecta, 41.

tecta, 40.

tricincta calycula, 42.

tricincta, 42.

vitis bistrata, 42.

corona, 42.

vitis, 42.

vulnerata, 39.

niger, 39.

nigerrima, 39.

vulnerata, 39.

Esox, 543.

Etheostomatinae (lacustrine), 543.

Eulophid gen. and sp., 16.

Eupterygidae, 39.

Exoascus deformans, 220.

niirabilis, 226.

Fabraea maculata, 216, 217.

Fir, Douglas, 74, 107.

Fish, "gassy", 431.

lacustrine, of sculpin family, 547.

Fishes, 351, 399, 448, 453.

as food of Black Bass, 347.

food of, 440, 538, 539, 544, 547.

lacustrine, 539, 542-543.

breeding grounds, 538, 547.

oxygen requirement, 423-437.

Flea-weevil, Apple, 1-37.

Fluvicola, 458.

herricki, 458.

tuberculata, 458.

Forage crops and their diseases, 202-

205.

Porcipomyia sp., 415.

Progs, 430, 444. 453.

Fruits, diseases of, 206-239, 259, 272,

273-277, 278, 279, 297-315.

control of, 238-239.

Fungus, white muscardine, 15.

Fusarium conglutinans, 250.

lycopersici, 242.

moniliforme, 194.

niveum, 245.

sp., 203, 241, 244.

G
Gammarus, 546.

fasciatus, 545.

Gar, 543.

long-nosed, 434.

short-nosed, 434.

Gars, 432, 435.

Gastropoda, 405, 412.

lacustrine, 544.

Gelastocoridae, 452.

Gelastocoris oculatus, 452.

Gerridae, 443, 444, 445, 446. 447, 448,

449, 450, 451, 452, 454. 457.

.Gerris marginatus, 444, 445, 446, 449.

454, 456, 457.

Gibberella saubinetii, 186, 194, 200.

Gizzard Shad, 432.

Gloeodes pomigena, 212.

Gloeosporium ampelophagum. 230. .

caulivorum, 204.

Glomerella cingulata, 211.

Gomphus plagiatus, 418.

sp.. 418. 447, 448, 449. 451, 452, 456.

Goniobasis livescens, 364, 376, 377,

416, 419, 421.

Gooseberry and Currant diseases, 235-

236, 278, 314.

Grains, 200.

Grape, 228.

Concord, 230.

diseases, 229-231, 278, 310, 311.

production, 310.

Grass, Blue-, 5.

Grasses, 200.

Guignardia bidwellii, 229, 258.

Gulls. 430.

Gum. Black. 112, 113, 117, 119.

Red, 117. 131.
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Gum

—

Contintied.

Sweet, 113, 116.

Tupelo, 112, 116.

Gums, 72, 74, 91, 111, 116.

Gymnoconia interstitialis, 234.

Symnosporangium germinale, 21S.

juniperi-virginianae, 20S.

Gyrinidae, 442, 445, 448, 450, 451, 452,

453.

Gyrinus aeneolus, 450.

H
Hackberry, 72, 74, 112, 113, 116.

Haliplidae, 443, 446, 448, 451, 452, 454,

455, 458.

Haploidonotus, 543.

Hardwood, 97, 98-99, 100. 103. 105, 107,

111, 112, 113, 130, 143, 154, 170.

Hawthorn, 15, 16.

Hazelnut, 15.

Hedge, 133, 134. See Osage Orange.
Helichus litliophilus, 451, 452, 453, 458.

Hellgrammile, 457.

Helmidae, 445, 449, 450, 451, 453.

Helminthosporium gramineum, 202.

spp., 189.

Helmis vittata, 449, 450.

Helobdella nepheloidea, 348, 361, 373.

spp., 415.

stagnalis, 361, 373.

Helophllus, 440, 458.

Helophorus, 441, 457.

lineatus, 445.

Hemiptera, 392, 412, 420, 442, 443, 444.

445, 446, 447, 448, 449, 450, 451,

452, 453. 454, 455, 456.

nymphs and adults, 459.

Hemlock, 74.

Heptagenia sp.. 420. 422, 443, 447, 448.

449, 450, 451, 452, 456.

Hetaerina americana, 444, 448, 450.

451, 452, 456.

sp., 456.

Heteroptera, 457.

Hexagenia, 446, 448, 456.

bilineata, 417, 418, 420, 421. 445, 447.

449, 450, 451.

Hexagenia

—

Continued.

nymph, 379.

variabilis, 381.

Hickories, 72. 117.

Hickory. 73, 74, 91, 112, 113, 116, 117,

118, 119, 120, 128, 131, 143.

Hickory Shad, 543.

Hirudinea, 415, 420, 421. See also

Leeches.

Hogsucker, 434.

Hordeum jubatum, 201.

Horseradish, disease of, 255, 278, 323.

Hyalella knickerbockeri, 376, 377, 393,

417, 448.

Hydrodictyon, 447.

Hydroids. 416.

Hydrometra martini, 448, 449, 450, 451,

453, 457.

Hydrometridae, 448, 449, 450, 451, 453,

457.

Hydrophilidae, 441, 442, 445, 446, 448.

449. 452, 454, 455, 457.

Hydroporus sp., 453.

Hydropsyche sp., 376, 417, 443, 449,

450, 452, 455, 457.

Hydropsychidae, 403, 443, 449. 450, 452,

455.

Hydrozoa, 416.

Hymenoptera larvae and adults, 459.

parasitic, 16.

Hymetta, 39, 44.

trifasciata albata. 44.

anthisma, 44.

balteata, 44.

I
Ictalurus nebulosus, 543.

Ictiobus bubalus, 543.

cyprinus, 543.

Insect larvae, food of, 538.

Insects, 341, 367. 369. 375, 379, 381.

391, 392, 395, 401. 412, 418, 420.

421.

aquatic, 439-459.

bibliography of, 459-535.

as food of Black Bass, 547.

Ischnura sp., 418, 456.

verticalis, 444, 445, 447. 455, 456.
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Isocladius albipes, 459.

Isopod, lacustrine, 545.

Isopoda, 417, 419, 458.

Juniperus virginiana, 209.

Labidesthes sicculus, 543.

Laccophilus maculosus, 443, 445, 453,

454, 455.

proximus, 443, 446, 453, 455.

Lagenopsyche larva (lacustrine), 544.

Lake Herring, or Cisco, 543, 547.

Lamellibrancliiates (lacustrine), 544.

Lampsilis alata, 3S5.

anodontoides, 385.

fallaciosus, 385 (see Errata), 41.

gracilis, 385, 416.

higginsi, 385.

laevissima, 385.

ligamentina, 385.

luteolus, 385 (see Errata), 419.

orbiculata, 385.

parvus, 385, (see Errata), 416, 419.

recta, 385.

sp., 416.

ventricosa, 385.

Larch, 74.

European, 131, 153-154.

Leeches, 327, 341, 342, 343, 344, 348,

349, 358, 359, 360, 361, 367, 369, 370,

371, 372, 373, 383, 391, 393, 394, 395,

396, 397, 398, 401, 403, 406, 415, 420,

421.

lacustrine, 544, 546.

Lemna, 446.

Lemnaceae, 339.

Lepidoptera larvae and pupae, 459.

Lepidosteus, 543.

Lepomis gibbosus, 542.

Leptocorid (caddis) larva, 375.

, Leptodora, lacustrine, 545.

Leptosphaeria coniothyrium, 232.

Leptothyrium pomi, 213.

Lettuce, 253.

disease, 254, 278. 322.

Libellula pulchella, 382, 446, 447. 456.

Libellulidae, 445, 446, 447, 450, 451, 452,

453, 454.

Libellulina larvae (lacustrine), 544.

Lilac disease, 257, 278, 324.

Limnaea (lacustrine), 544.

Limnocalanus macrurus, 546.

Lininodrilus, 334, 345, 361, 372, 394,

399, 415.

claparedeianus, 344.

hotfmeisteri, 344, 345, 346.

spp., 344, 345, 346, 414.

Lioplax subcarinatus, 351, 364, 380,

404, 418, 419, 421.

Locust, Black, 72, 84, 86, 87, 88, 91,

125.

Honey, 72, 74, 113.

Loganberries, diseases o£. See Bram-

bles.

Lota, 543.

Lumbriculus, lacustrine, 544, 546.

Lymnaea humilis, 420

palustris, 420.

Lymnaeidae, 420.

M
Macromia sp., 450, 451, 452, 456.

Mancasellus tenax, 545.

Maple, 61. 72, 85, 86, 119, 131.

Hard, 72, 74, 117.

Red, 91.

Silver, 116.

Soft, 72, 73, 74, 88, 112, 116.

Marasmius scorodonius, 190.

May-flies, 456.

May-fly, 446, 458.

nymph, 441.

nymph and larvae, 379, 381, 417.

Melantho (lacustrine). 549.

Mesothemis simplicicollis. 420.

Mesovelia mulsanti. 445, 446, 448, 449.

450. 451, 452. 454, 457.

Mesoveliidae, 445, 446, 448, 449, 450,

451. 452, 454. 457.

Metrobates hesperius, 447, 448, 449.

450, 451, 452, 457.

Micropterus, 543.
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Microsphaera alni, 257.

Midge larvae, 327, 333, 341, 342, 343,

344, 347, 349, 350, 356, 357, 358,

359, 360, 361-362, 367, 369, 370,

371, 372, 373, 374, 383, 391, 394,

395, 396, 397, 398, 400, 401, 405.

406, 415, 440, 458. See also CUi-

ronomidae and Cliironomus.

Milkweeds, 245, 248.

Minnows. 430.

lacustrine, 543.

Molanna sp., 417.

Mollisia carliana, 238.

Mollusca, 418, 419, 421.

MoUusks as indirect competitors for

food of Black Bass, 548.

lacustrine, 544.

Moss animals, 417.

Moxostoma aureolum, 543.

macrolepidotum, 543.

Mud worms, 347, 348, 350, 374.

Mulberry, 72, 84, 85, 86, 87, 88.

Musculium, 329, 350, 391.

spp., 363, 403.

transversum. 347, 350, 351, 352, 362,

363, 364, 367, 374, 394, 395, 399,

400, 403, 406. 415.

truncatum, 351, 352, 364, 404, 415.

Mushroom, 190.

Muskmelon, 244.

Mussel shells, 380.

Mussels, 337, 348, 369, 376, 377, 379,

382, 384, 385, 393, 395, 401, 411, 412.

413, 414, 416, 418.

Mycosphaerella brassicicola, 252.

fragariae, 237.

grossulariae, 236.

rubi, 233.

rubina, 233.

sentina, 217.

Myriophyllum, 542.

Mysis, lacustrine, 547.

Myxosporium corticolum, 213.

N
Naidldae, 345.

Nals problscldea (lacustrine), 544.

Nectria ditissima, 213.

Nelumbium, 542.

Nepidae, 450, 451, 453. 457.

Neuroptera, 392, 412. 418, 420, 445, 448,

449, 450, 452, 457.

larvae and pupae, 459.

Notonecta, sp., 420.

variabilis, 447, 457.

Notonectidae, 447, 453, 457.

Nummularia discreta, 210.

Oak, 61. 91, 111. 128, 143, 155.

Black, 85, 86, 112, 113, 117, 118, 119,

120, 131, 144.

Black-jack, 117, 118.

Bur, 84, 85, 86, 87, 116, 117, 131.

group, red or black, 72, 85, 87.

white, 72.

Overcup, 116.

Pin, 113, 116, 117, 131.

Post, 81, 84, 86, 116, 117, 118, 120.

Red, 73, 74, 85, 86, 88, 117, 144.

Schneck's, 116.

Scrub, 117.

Shingle, 116, 117.

Swamp White, 116.

White, 72, 74, 81, 84, 85, 86, 87, 107,

112, 113, 116, 117, 118, 119, 120,

131, 144.

Oats, 190.

Appier, 191.

Burt, 191.

diseases, 191-193, 259, 271, 278, 279,

288, 289.

distribution of acreage, 288.

Early Ripe, 191.

Golden Rustproof, 191.

Green Russian, 191, 192.

Ruakura, 192.

White Russian, 192.

Obliquaria reflexa, 385.

Obovaria ellipsis, 385.

Odonata, 379, 381, 392, 412, 418, 420.

444. 445, 446, 447, 448, 449, 450.

451, 452, 453, 454, 455, 456.

naiades, 459.
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Odontomyia sp., 421.

Oligochaeta, 341, 414. '

Onion, 253.

diseases, 253, 278.

Ophiogomphus sp., 448, 456.

Orchestes canus, 1.

pallicornis, 1-37

Orl-fly larvae, 418, 441, 457.

Orthocladius, 382, 415.

Osage Orange, 84, 85, 86, 87, 88.'

Ostracod'a, 545.

Oxalis, 196.

Palaemonetes exilipes, 420.

Palaemonidae, 420.

Palpomyia longipennis, 422.

spp., 415, 446, 454, 459.

Paludicella ehrenbergii, 380, 417.

Paracymus, 441, 457.

subcupreus, 445.

Parnid beetles, 458.

spp., 421.

Pea-clams, 363.

Peach, 219.

Belle of Georgia, 221, 222.

CTiampion, 221.

Common, 221, 222.

diseases, 219-223, 259, 277, 278, 279,

305, 306.

Early Crawford, 222.

Elberta, 221, 222.

Hale. 221, 222.

Hiley, 222.

Lemon Cling, 221.

production, 304.

tree distribution, 305.

Pear, 214.

Anjou, 216.

diseases, 214-217, 259, 275, 276-277,

278, 279, 302-303.

Duchess, 216.

Garber, 216.

Kieffer, 216.

Koonce, 216.

Lincoln, 216.

production, 301.

Pear

—

Continued.

Seckel, 216.

Vermont Beauty, 216.

Pecan, 116.

Pelobia enhydra rhypophila, 459.

Peltodytes edentulus, 446, 454.

12-punctatus, 443, 446, 448, 451, 452,

454, 455, 458.

sp., 421.

Perca lutea, 542.

Perch, Common, 542.

Log, 543.

Percina caprodes, 543.

Perla sp., 448, 449, 450, 451, 452, 456.

Perlldae, 448, 449, 450, 451, 452.

Peronospora parasitica, 255.

Persimmon, 123.

Phomopsis mall, 214.

Phryganeidae larvae as food of fishes,

544.

Phyllosticta rosae, 257.

solitaria, 207.

straminella. 254.

Physa (lacustrine), 544.

Physalospora cydoniae, 209, 216.

Physidae, 420, 421.

Physoderma zeae-maydis, 196.

Phytophthora infestans, 240.

sp., 254.

Phytoplanktonts, 441.

Pickerels, 543.

Pike, 544.

Pine, 72, 74, 98.

Northern White, 105, 106. 170.

Shortleaf, 112, 117.

Southern, 100. 104.

Yellow, 95, 99, 106.

WTiite, 64, 99. 112, 117, 131, 152-153.

Pines, 129.

Pisidium, 352, 375, 391, 403. 405, 415.

abditum, 353.

complanatum, 351, 404, 415.

compressum, 351, 352, 353, 364, 374,

375, 404. 415.

idahoense, 353.

(lacustrine). 544, 546.

pauperculum, 364, 374.
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Pisidium

—

Continued.

crystalense, 351, 352, 364, 374, 404,

415.

spp., 351, 353, 364.

variabile (lacustrine), 544.

Plagiola donaciformis, 385, 416, 419.

elegans, 3S5, 421.

securis, 385.

Planarians, 380, 401, 405, 417.

lacustrine, 544.

Plankton, 334, 424, 425.

Planorbidae, 419, 420.

Planorbis exacutus,- 420.

(lacustrine), 544.

parvus, 419, 420.

trlvolvis, 420.

Plasmodiophora brassicae, 251.

Plasmopara viticola, 229.

Plathemis lydia, 382 (see Errata), 444,

445, 446, 454, 456.

Plecoptera, 442, 448. 450, 451, 452, 456.

naiades, 459.

Plectodiscella veneta, 231.

Pleurocera elevatum, 377.

lewisii, 364, 376, 377, 381, 416, 419.

subulare, 381.

Pleuroceridae, 374, 375, 403, 416, 419,

421.

Pleurotropis sp., 16.

Plum, 224.

American, 226.

De Soto, 226.

diseases, 224-226, 278, 307, 308.

Japanese var.'s, 226.

Wild Goose, 225, 226.

Pluniatella polymorphs repens, 417.

princeps fruticosa, 376, 377, 380,

402. 417.

princeps mucosa spongiosa, 417.

princeps, var.'s, 402.

Podosphaera leucotricha, 212.

oxyacanthae, 218, 226.

Polycentropus sp., 417, 421.

Polymitarcys albus, 448, 449, 451.

sp., 456.

Polyodon, .';43.

Polythrincium trifolil, 205.

Poplar, Carolina, 112, 116.

Yellow, 61, 92, 119.

Porifera, 416, 419, 420.

Potamogeton, 339, 354, 366, 542.

Potato, 239.

diseases, 239-241, 278, 316.

distribution of acreage, 315.

Irish Cobber, 241.

Sweet, 243.

diseases, 243-244, 278, 318.

distribution o£ acreage, 317.

Nancy Hall var., 244.

Procladius concinnus, 422, 458.

spp., 349, 362, 415, 446, 447, 453, 454.

Prodiamesa ichthyobrota, 459.

Prosopistoma foliaceum, 458.

Protophytes, 538.

Protozoa as food of crustaceans, 548.

of Entomostraca, 538.

of minute insect larvae, 538.

Prunus serotina, 228.

virginiana. 15.

Psectrotanypus brevicalcar, 459.

Psephenus herricki, 458.

lecontei, 458.

Pseudomonas campestris, 251.

dissolvens, 197.

lachrymans, 249.

phaseoli, 253.

pruni, 221, 223, 226, 228.

stewarti, 198.

translucens, 190.

tumefaciens, 213, 234.

Pseudoperonospora cubensis, 249.

Pseudopeziza medicaginis, 203.

ribis, 235.

Psychoda alternata, 441, 442.

phalaenoidos, 441.

sexpunctata, 441.

sp., 421.

Psychodidae, 458.

Pteronarcys, 456.

dorsata, 452.

Ptychoptera, 459.

contaminata, 441, 459.

Ptychopterldae, 459.
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Puccinia antirrhina, 259.

asparagi, 249.

coronata, 191.

dispersa, 198.

graminis, 179-181, 192, 199, 201, 205.

simplex, 201.

sorghl, 196.

triticina. 176-179.

Pumpkin-seed, or Bream, 542.

Pyrus coronaria, 15.

Quadrula coccinea, 385.

ebena, 385.

fragosa, 385.

granifera, 385.

heros, 385.

lachrymosa, 385.

metanevra, 385.

obliqua, 385.

plena, 385.

plicata, 376, 384, 385.

pustulosa, 384, 385.

rubiginosa, 385.

solida, 385.

trigona, 385.

undulata, 385.

Quercus marilandica, 117.

Quince, 15, 214, 217, 278, 303, 304.

diseases, 217-218, 278, 303, 304.

Radish diseases, 255, 278, 322.

Ranatra americana, 450, 451, 453, 457.

Raspberries, blackcap, 234, 313.

Columbian, 232.

Cuthbert, 232.

diseases (see Brambles).

red, 233, 234.

Rat-tailed maggots, 440, 458, 459.

Red-horse, 434. 543.

Redtop disease, 205, 278, 296.

Rhabdospora, 233.

Rhagovelia obesa, 443, 449, 450, 451,

452. 455, 457.

Rhamnus cathartica, 191.

Rhizoctonia sp., 241.

Rhubarb diseases, 254-255, 278, 322.

Rhyacophila sp., 420.

Roccus chrysops, 543.

interruptus, 543.

Rose, climbing, 256.

diseases, 256-257, 278, 323, 324.

Ramblers, 256.

Rotifera tardus, 334.

Rotifers, shelled, 334.

Rue, Meadow, 177.

Rye. 198.

acreage, 291.

diseases of, 198-200, 278, 292, 293.

Sagittaria, 447.

Salvelinus namaycush, 543.

Sassafras, 72, 84, 86, 112, 113, 123.

Sayomyia, 442.

Scavenger-beetles, water, 445, 457.

Schizomycetes, 440.

Scirtes sp.? 449, 458.

Sclerotinia cinerea, 212, 219, 224, 227.

Sculpin, lacustrine, 547.

Septoria lactucae, 254.

lycopersici, 242.

nodorum, 189.

rubi, 233.

tritici, 188.

Service-berry, 15.

Sewage crane-fly, 441, 459.

-fly, 441, 442.

Sheepshead. 434, 543.

Shovel-fish, 543.

Shrimp, fresh-water, 393. See Hya-

lella knickerbockeri.

Opossum, 547.

Shrimps as food of Black Bass, 547.

Sialidae. 445, 448, 449, 450, 452, 457.

Sialis. 446, 448.

infumata, 418, 420, 445, 446, 448, 449,

450, 452, 457.

lutaria, 441. 457.

Siluridae, 543, 544.

Silversides. 543.

Sipedon sp., 421.

"Slime-worms". 345.
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Sludge-worms, or mud-worms, 329,

345, 392, 399, 415, 440. 441, 443,

444, 446, 447, 448, 454, 455.

Snails, 329, 333, 334, 336, 337, 341, 342,

343, 344, 347, 350-353, 356, 357,

358, 359, 360, 362, 363, 364, 367,

368, 369, 370, 371, 372, 374-375.

376, 380-381, 383, 391, 392, 394,

395, 396, 397, 398, 399, 401, 403,

405, 406. 410. 415, 416, 430, 431.

Snapdragon rust, 259, 278, 325.

Softwoods (conifers), 97, 98, 99, 100,

103, 105.

Somatogyrus subglobosus, 364, 381,

418, 419, 421.

Sorrel, Wood, 196.

Sphaeriidae, 327, 333, 334. 336, 337,

350, 351, 362, 363, 368, 391, 394.

395, 399, 401, 403, 405, 415, 419.

Sphaerium (lacustrine), 544, 546.

simile, 419.

spp., 363, 375, 403, 405, 415.

stamineum, 364, 374, 404, 415, 419.

striatinum, 404. 415, 419.

lilycashense, 364, 415.

Sphaeronema fimbriatum, 243.

Sphaerotheca humuli, 235.

mors-uvae, 236.

pannosa, 256.

Sphaerotilus, 416.

nutans, 455.

Sponges, 367, 569, 375, 376, 394, 395,

401, 403. 416, 419, 420.

Sporotrichum globuliferum, 15.

Stenelmis sp., 421, 422, 445, 449, 450.

451, 453, 4u8.

Stonecat. 543.

Stratiomyia chamaeleon, 441.

Strawberry, 237.

diseases, 237-238, 278. 315.

distribution of acreage, 314.

Strophitus edentulus, 385. 421.

Sucker, Common. 434, 543.

Spotted, 434.

Suckers, 543.

Sunfish, 448, 449.

Green, 434.

Sunfishes, 430, 432.

lacustrine, 542.

Sweet Potato, 243. See under Potato.

Swiss Chard and Beet, disease of, 250,

278, 320.

Sycamore, 72, 74, 92, 116, 131, 143.

Sympetrum sp., 453, 456.

Sympliynota complanata, 384, 385.

Sympiesis sp., 16.

Syrphidae, 458.

Syrphus-fly larvae, 440.

Tabanidae, 445, 451, 452.

Tabanus sp., 421, 445, 452.

Tadpoles, 448.

Tamarack, 111, 117.

Tanypinae, 415.

Tanypus dyari. 349, 458.

monilis, 349, 373, 422, 441, 458.

spp., 349, 362, 415, 443.

Tanytarsus sp., 451.

Terrapin, 430.

Thalictrum, 177.

dioicum, 177.

Tilletia laevis, 181.

Timothy diseases, 205. 278, 296.

Tipulidae, 452, 453, 459.

Tomato, 241.

diseases, 241-243, 278, 316, 317.

Trepobates pictus, 443, 445, 449, 450.

451, 457.

Trichoptera, 405, 417, 420, 441, 442,

443, 449, 450, 452, 455, 457.

larvae and pupae, 459.

Trichotanypus bifurcatus, 459.

Triglopsis thompsoni, 547.

Tritigonia tuberculata, 385.

Tropisternus glaber, 445. 448, 449, 452,

454, 455.

lateralis, 445, 455.

sp., 421, 441, 446, 457.

Trout, 543.

Tube-worms, 344. See also Tubiflci

dae.

Tubifex, 334, 344. 345. 399. 415.

sp.. 344, 414. 446.
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Tubifex

—

Con Untied.

tubifex, 333, 344, 345, 346, 361, 372,

394, 399, 407, 408.

or var., 414.

Tubificidae, 329, 333, 337, 341, 344, 345,

346, 347, 349, 352, 353, 361. 372,

378, 391, 392, 393, 394, 395, 396,

397, 398, 399, 400, 401, 403, 405,

406, 407, 408, 414, 440, 441, 443,

444, 458.

Tulip, 112, 119.

-poplar, 72, 117.

Turbellaria, 417.

Turtle. Painted, 430.

Ridge-bacli, 430.

Turtles, 430, 444, 453.

destructive to young fish, 548.

snapping, 430.

soft-shelled, 430.

U
XJlmus alata, 15.

americana, 15.

Uncinula necator, 230, 258.

Unio crassidens, 385.

gibbosus, 385.

(lacustrine), 544.

Unionidae, 416, 419, 429. See also

Mussels.

Urnatella gracilis, 380, 417, 418.

Urocystis cepulae, 253.

occulta, 200.

tritici, 186.

Uromyces appendiculatus, 253.

caryophyllinus, 258.

fallens, 205.

striatus, 203.

Ustilago avenae, 192-193.

hordei, 202.

nuda, 201.

striaeformis, 205.

tritici, 184.

zeae, 195.

Utrieularia, 548. See Bladderworts.

Vallisneria, 354, 366.

Valsa ambiens, 213.

leucostonia, 218, 223.

Valvata bicarinata, 380, 381, 402, 416,

420.

bicarinata normalis, 402, 416.

carinata, 546.

(lacustrine), 544.

sincera, 546.

tricarinata, 353, 380, 381, 383, 402,

416, 420, 546.

Velia currens, 441.

Veliidae, 443, 449, 450, 451, 452, 455,

457.

Venturia inaequalis, 206.

pyrina, 216.

Virginia Creeper, diseases of, 258, 278,

325.

Vivipara contectoides, 351, 364, 380,

402, 404, 418, 419, 421.

subpurpurea, 351, 364, 380, 404, 418,

419, 421.

Viviparid'ae, 334, 337, 363, 374, 392, 412,

416, 418, 419. 421.

w
Walnut, 61, 72, 84, 86, 87, 91, 143, 144.

Black, 74, 112, 113, 117, 131, 154.

Warty-back, 384.

Water-beetles, predaceous, 458.

Water-bugs, 456.

as food of Black Bass, 547.

destructive to young fish, 548.

Water-fowl and weeds (lacustrine),

542.

Water-net, 447.

Water-penny, 458.

Water-snakes destructive to young

fish. 548.

Water-striders, 456, 457.

Water-willow. 445, 447, 449.

Watermelon, 245.

diseases, 245-247, 278, 319.

Excel, 246.

Irish Gray, 246.

Tom Watson, 246.

WTieat, 175.

Black Hull, 189, 266, 270.
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Wheat

—

Continued.

Blue Stem, 177.

Crimean type, 180.

diseases, 176-190, 259, 260-270, 27S,

279, 2S4-287.

distribution of acreage, 284.

Early May, 177.

Fulcaster, 177, 179, 180, 186, 189.

262, 266, 269, 270.

Fultz, 177, 179, ISO, 186, 189, 262,

266, 269, 270.

Harvest Queen, 177.

Indian Swamp, ISO, 262, 266.

Kanred, 175, 262.

Mediterranean, 180, 262.

New Columbia, 187, 189, 269, 270.

Red Chaff, ISO, 262.

Red Cross, 179, 189, 262, 266, 269.

270.

Red Wave, 177, 188, 189, 262, 266.

269, 270.

Wheat

—

Contiiiued.

Salzer's Advance, 262.

Stoddard Co. Pride, 269.

Turkey Red, 187, 189, 269, 270.

Turkey "10-110", 175, 189, 269, 270.

Wheats. Turkey. ISO, 186, 262, 266.

Whirligigs, 457. See also Beetles,

whirligig.

Whitefish, 543.

Willow, 85, 86, 88, 92, 116, 134.

Worms, 327, 333, 337, -341, 342, 343.

344-348, 349, 350, 352, 358, 359,

360, 361, 367, 369, 370, 371, 372,

383, 391, 392, 393, 394, 395, 396,

397, 398. 399, 401, 405, 406, 414,

417, 440, 458.

lacustrine, 542, 544.

z
Zaitha fluminea, 420.

Zatropis incerta, 16.

Zygoptera, 442, 456.
















