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benthic insects. — Orkos 29; 33431,

I'he microdistribution of stream insects in relation to current velocity., substratum
particte size. silt, and detritus was studied in ficld experiments utidizing substra-
tum-fitled trays. 319 more organisms occurred in trays placed in o riffle thanin those
placed ina pool. In both riffle and pool the amount of colonization for most taxa was
least on the smallest substratum sizes studied (0.5-0.7 cm diam.). was greater on the
1.022.0 ey size. reached a maximum on the 2.5-3.5 em size. and was markedly
reduced on the largest substratum size (4.5 < 7.0 ¢cm). The reduction of current
velocity alone accounted for reductions in the numbers of four or five species. while
the addition of « ight coating of silt (-} mm deep) significantly reduced the numbers
of only three species. The 1.0-2.0 con substratum trays consistently contained more
small-stzed (<<3.95 mm) detritus particles than did the trays filled with the largest
sized substratum. When the amount of these particles was simifar in both sizes of
substrata. the preference previoustv shown by the insects for the small substratum
did not hold. Thas. insects mav colonize small (1.0-3.5 ¢m) substrata primanly
hecanse these serve as a better food collecting device than do larger (or smaller)
substrata. and manipulation of the substratum may alter the productivity of a stream
through an influcnce on its detritus storage capahility. The substratum-detritus
interaction was the overriding influence on insect microdistribution under the condi-
tons of this study and current velocity and o light deposition of silt play only
sccondary roles. A general model was formulated to show the interaction of biotic
and abiotic factors which influence the microdistribution of stream insects.

C.F. Rabeni, Center of Enviconmental Science, Unity Colfege. Unity, ME O498K.
USACGUW Minshatl, Dept of Biofogey, Fdaho State Cniversity, Pocatello 1D 83209,
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NRPOPACHPCICICHNC PCTITLIN HNCCKOMBIX B 3ABHCHMOCTH OF CROPOCTH TCYCHHS,
BCIHMIHLE HAC T CVOCTPREL, SOIIHOCTH OCH IR I JICTPITA HCCTCI0BAI0CE B
MGZICBLIX OULITAY € HONMOHILIO 10TKOR, 3anonichntx cvoerparont, B oaotkax,
HOMCHICHRLIN B IPOTORI, Ok iock 112 317, B0 I610¢ OPrauivios, 4ev i T0TKax
B 3apoiax. BooGony 1nnax veaciRoB KOTHICCTRO HUACCKOMBIX 1Y BCCX TPV
OBIITO HAMMCHBININM B TORKIX CVOCTPRTAX ¢ yactuiantt 0,5- 0.7 ¢nop imasietpe.
YRCTHYHBAIOCH HA CVOCTPatax ¢ anaserpost gacrii 1,.0-2,0 ¢, JIOCTHIATO MAK-
CINVYALL B eyOCTPATAX € JHAMCIPOA qacTiil 2.5-3.5 ¢y, a1 3areat ¢yiuecrnenno
CHIGKAOCE B CAONBIX FPYOLIX ¢yOCTPaTax ¢ yacTnuaas 4,570 ¢xr B gHamMerpe.
CHIDKCHHE CKOPOCTH TCUCHI CaNMO O Cede BCICT K CHITKCHUIO HqucacHnocty 4
HAH S BIEAOB, B TO BPeMs Kak 100as chie TOHKOro c1os ocaika (<01 o ronm-
HOMD CVTHCCTBCHHO CHITRAC T YHCIICHIOCTE TOBKO TPCX Bi10B, JTOTKitC cyBeTrpaTon-
113 1.0-2.0 ear wac i conepraan kak npannio Godee sreakie (- 3,95 en) vacTi-
YK CTPHTA, SCM TOTRE ¢ Goltee TPYOLING CVvBCTPATOM. EC1 KOIYec1 30 MeIKIX
HACTHI OBII0 OTHIHAKOBLIN 1A PAINLIY CYOCTPATAX, NPCCPCHIIVAL, PAHCC OTAICHCH -
HBHT Y HACCKOMBIX ZT1S TOHKUX CyOCTpaton, e Hadmoaacres. Takins obpaioas,
HACCKOMBIC MOFVT 3aceantn 1onkie evOerparu Ciasierp yactitr 1,0-3.5 ¢
HPCAIIC BLCTO HOTOMY, HTO O MOTYT CAYAHTL Avdiucii misnicii, yenm rpyGoic
CYOCTPATHE, 1 INeHeIHe CYGCIPATA MOKCT INCHHTEL TIPOJIVKIHBHOCTH PCKH
P BOTTCHCIBIC HA ARKY MV snio aerpria. Bianioeiicraine mexkiy eyberpa-
TON I ZICTPITONM ORILIBACT HABDOICC CIILHOC BOBACHCTBHE HA MUIKpOpacupe-
JCHCIIIC BACCKONBIX B EUHILIX VCIHOBRSIX, T TO BPCMS KAK CKOPOCTI TCHCHHA 1
PRCTHCHCACITIC OCUIKG 11 PO Y BropocTenenny o poab, Coytaua ofimast Mosen,
SCMOICTPHPYVIONIBE RALOCHCTBIC aDHOTHYCCRIX 1T OHOTHUHCCKIY ik ropan,
BIIONTN L PACHPCACICTHC PCUTLIX HECCKOMDBIX,



1. Introduction

Habitat selection by benthic stream insects depends
upon the interaction of numerous physical and biotic
factors. An organism may respond to these factors in a
preferential manner and optimum conditions may be
diffevent for each species and even for different life
stages of the same species. [nvestigation of this area of
stream ecology 1s complicated by the difticuity of sepa-
rating the effects of competing variables. The present
study reports on a series of field experiments designed
to investigate the interaction of distributional parame-
ters at the microhabitat level. Many fuctors which affect
distribution of stream insects exert thetr influence over
a wide area and usually can be ignored or controlled
when microhabitat is dealt with, For example. tempera-
ture. water chemistry. and dissolved oxyvgen may be
considered to operate in a homogeneous manner over
localized areas of a stream and attention therefore may
be directed to the heterogenous conditions within a
small arca of stream bottom. Here certain factors, most
notably current velocity, substratum conditions, and
detritus distribution (Reice 1974y, are quite varied. and
it 1s with these factors that the present study is concer-
ned. This work is an extension of studies begun by
Minshall and Minshall (1977) and incorporates the use of
additional substratum sizes and exploration ot the ef-
fects of silt and detritus. The experimental design per-
mitted determination of whether there exists a hierar-
chial pattern of factors atfecting distribution.

2. Methods and materials

2.1. The study area

All experiments were conducted in a 20-m stretch on
Mink Creek ut the northern boundary of Caribou Nati-
onal Forest. [daho (elevation 1700 my. about 300 m
downstream from the site described by Minshail and
Minshall (1977). The study area was a natural riftle.
which was manipulated at times 1o provide poot condi-
tions. Mean width of the study area was 3 m and mieun
depth was 20 cm. Free-water velocity ranged trom a
minimum of 33 ¢m s~ in December to a maximum ot 104
cm s~ inlate April. The water was alkaline (182-232 mg
=1 as CaCOw. slightly basic (pH 8.0-8.6). and {during
spring runoffy turbid (=61 JTU) (Minshall and Minshall
unpubl.).

2.2 Substratum-filled trays

Wooden trays (inside dimensions 25 ¢m % 23cm < Sem
deep) were filled with stones ol uniform size to assure i
homogeneous substratum. All particles were obtained
from Mink Creck and passed through a series of sereens
to sort out the proper sizes.

Each tray was positioned in the stream with its upper

surface flush with the stream bottom. After a coloniza-
tion period the trays were transferred to a large tub of

ot s the cianes wwere cleaned of Wl material and

removed. The contents of the tub were then concentriu-
ted by passing them through 2 0,49 mm sieve (Tyler size
30). The material in the sieve was preserved in the tield
to 59 formalin and later hand sorted by the same indivi-
dual. All experiments were conducted using the substra-
tum-filled trays.

Care was exercised toinsure that simitar conditions of
depth and solar radiation existed for all trayvs. Water
velocity was measured with a small Ott C-1 current
meter at three depths (water surface. mid-depth. S em
above substratum) over each tray when it was placed in
the stream and again at the termination of the experi-
ment.

Although organism densities have been standardized
toorganisms m~- in the Results, the Student's t-Testand
the Analysis of Variance were applied to the original
densities in the artificial substratum (625 ¢m?) using a
log -~ I transformation (Elliott 1971).

2.3. Microhabitat measurements

Current velocity

The limitations of standard current meters are evident
when one attempts to measure turbulent microcurrents
and alternating surges of water. Besides being too large
to be manipulated within the substratum. they respond
to a composite of many vectors of water flow. An alter-
nating surge of water may have a cancelling effect on a
current meter but an additive effect on an organism.

In this study these difficulties were overcome by
using the rate of dissolution of sodium chloride tablets
as an index to the rate of exchange of water molecules
over a submerged surface (McConnell and Sigler 1959).
Tablets were immersed for 2 min and current velocities
of 2-20 cm s~ were measured.

To determine current velocity within the substratum
a plastic vial was attached to the bottom of each box to

/] /]
- T e / H
/,/ / l f /,/’
// / i f} / ’ ,//, :
/ // s
T 1 /28 cm
5C(11 Yy
N Vo
; 25cm— /
cap 1 /)! holder
i i
i I i
| i
|
/ \ \ a /J
tongs \ ( \ /
A A
| / \ i water
NaC! tabiet ) — T

Fig. I. Substratum box moditied with NaCl current meter and

the NaCh tehise Balder



Water
Velocity

cm/sec

600
Weignt loss of Na C! tablet

(9}

Fig. 2. Relation of sodium chloride tablet weight loss to water
velocity using a 2 minute immersion period. The least squares
regression line is bracketed by lines enclosing the prediction
interval at 93¢ confidence.

hold the salt tablet tFig. 1). Sections of the vial were cut
out leaving three thin legs which supported the upper
portion of the vial without hindering water flow through
it. The box was filled with stones. completely surroun-
ding the tablet holder. A pre-weighed tablet was inser-
ted into a pair of tongs attached to the cap of the holder.
The tablet was positioned in the holder so as to be
strcamlined in the direction of the main current. The
apparatus was raised during some of the trials to mea-
sure water velocity throughout the substratum and at
the substratum surtace. The mean weight loss of four
tablets after immersion was taken as one measurement.
Each NaCl tablet was weighed to the nearest (07 g
After immersion the tablets were allowed to dry 24 h at
room temperature before being reweighed.

A conversion graph to relate NaCl weight loss to
current velocity (Fig. 2y was developed by passing water
through a glass tube at various current velocities and
determining NaCl dissolution. Ten trials at ten different
water velocities were made at 15°C which was = 1°C of
the stream temperatures during the ticld trials.
Detritiy
All detritus larger than 0.49 mm was collected from the
substratum trays. separated from any mineral matter.
and passed through o series of Tyler sieves to produce

two size classes (0.3 mim— 395 mm. >39° m. el
material was then dried at 60°C for 24 h and weighed. In
addition. the detritus from Group I (six trays) of Exper-
iment II was burned at 350°C for 1 h, cooled in a
chemical desiccator tor 1 h. and reweighed to determine
ash-free dry weight. The ratio of ash-free dry weight to
drv weight was consistent for all samples: therefore. dry
Wéight;alone were used to compare detritus amounts
with organism abundance.

Temperature and oxygen

On several occasions measurements were taken at difte-
rent depths and within the intersticies of the substratum
boxes. Negligible differences were found during any
one experiment and it was concluded that neither tem-
perature nor oxygen was important in influencing the
‘microdistribution of the organisms.

3. The experimental program

Experiment [. Effects of variations in substratum size and
current velocity

Methody

The first experiment was designed to offer a wide range
of substratum sizes and widelyv different current vel-
ocity conditions tor colonization. Four particle ~ize ca-
tegories were uscd. Size A consisted of stones with a
diameter of 0.5-0.7 c¢cm. Size B contained stones with
diameters of 1.0-2.0 cm and size C diameters of 2.5-3.5
cm. Size D stones. which tended to be more irreguiur,
averaged 4.5 cm in cross section and did not exceed

cm in length. Size C overlapped the “small™ - substra-
tum size class (2.6 ¢cm dia.) used by Minshall and Mins-
hall (1977), while size D was smaller than their “large™ -
substratum category (6.2 cm dia.).

One set of four trays was placed in a non-turbulen:
area with o mean treewater velocity of less than 15 em
710 A second set was posttioned 1o riffle arca witn &
mean free-water vetocity of 80 ¢ <71 Other environ-
mental factors are given in Tab, 't The colomzation
pertod was 30 d.

Tab. 1. Environmental conditions of Experiment .

Pool Rittte
Temperature Day | 2°C 2°C
Day 30 s=C 3°C
Mean depth to - Day | 9 ¢ 6 cm
substratum Day 30 24 em 1t cm
Meuan current
velocity
Water surface Day 30 e emsTt o 980 cm 7!
Mid depth Day 1 Aem st 0.0 em s
Day 30 iShemsTt 965 em s
S c¢m from
substratum Day 30 SdemsTh 280 em st
Dissolved oxygen Free water A9 mg Pt 119 mg
Within
substratum 108 mg 1! -
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Fig. 3. Distribution of the major species of insects gver the two
current velocities and four substrata of Experiment 1. The soiid
line represents the riffle and the broken line represents the
pool.

Results

The results of this experiment indicate two main points

(Fig. 3 and Tab. 2).

1. Thirtv-one percent more organisms occurred n the
riftle than in the pool.

. The distribution of insects over the range ol particle
sizes was similar for both current conditions. i.e.. the
amount of cotonization ol the majority of species was
leust on the smallest substratum particle size AL was
greater on B.reached a maximum on size C.and was
markedly reduced on the fargest substratum size D.

[9]

Tab. 2. Total insect fauna of Experiment [ and individual values for taxa not shown in Fig. 3.

organisms for the four substratum sizes.

Minshall and Minshall (1977) also found the greatest

abundance on their equivalent of size C stones.

Sixteen insect taxa colonized the substrata in suffici-
ent numbers to present a distributional pattern (Tab. 2
and Fig. 3). Three taxa (Chironomidae. Capniv, Peri-
coma) were most abundant in the pool substrata, aine in
the riffle substrata (three occurring only in the riffle).
and four (Ephemerella inermis, Pteronarcys californi-
ca. Parddeptophlebia heteronea, Optioservus quiadr-
macuiatus larvae) fairly evenly distributed between the
two. In the pool no species was most abundant in the
smallest substratum size (A or B): nine species showed
the greatest abundance in size C und four in the iargest
particle size D. In the riffle no species was most abun-
dant in size Az nine species were most abundant in size
B. four in size C. and three in size D.

Four species of mavflies occurred with regularity

X column represents mean number of

Pool torganisms m=)

Substratum particle size (cm)

0.5-0.7 12 2.5-35 453x7
A B C D

Total of all organisms S i

collected ............ ... R4 2624 6032 2640
Ameletus oregonensis

(Ephemeroptera) ... .. 0 16 16 0
Preronarcys californica

(Plecoptera) ............ 0 0 32 16
Ephemerella grandis

{Ephemeroptera) ... 0 0 0 16
Simulium spp.

(Dipteray 0 0 0 0

Riffle (organisms m™)
Substratum particle size (cm)

] 0.5-0.7 12 2535 45x7

X % Tol A B C D X % Torl
284 2196 7584 8204 8340 638

8 17 0 30 R0 0 40 33

R o 0 16 8 16 5T

4 s 0 16 192 64 68 95

0 0 o0 16 & 16 100
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av x]v colontzed the riffle substrata. Cinygmula was most
abundant in size C while Baetis was concentrated in the
two largest substrata. Paraieptophlebia heteronea was
more evenly distributed over the two current conditions
and was concentrated in the two middle sized substrata.
Ephemerella inermis was fairly evenly distributed be-
tween the pool and riffle. with the majority of organisms
inhabiting the size B substratum.

The most abundant Plecoptera was Cupnia confitsa
(Fig. 3) which heavily colonized the pool area and was

concentrated in substrata sizes Band Cinthe pooland B
2) was fairly |
evenly divided between the pooi and riffle and did not :

in the riffle. Pteronarcys californica (Tab.

appear in the two smallest particle sizes under either
current condition. /soperia fulva (Fig. 3) was collected
only from the riffle substrates and was concentrated in
the two middle-sized substrata. Alloperia spp. exhibited
the same pattern as /. fulva in the riffle but it was found
in small numbers in the pool area as well. Nemoura
cinctipes colonized in only small numbers but seemed to
concentrate in the fast current area.

The only abundant caddisfly, Glossosoma spp.. (Fig.
3) occurred in the ritfle but was never taken in the pool.
It was mostubundantin the largest-sized substratum but
was common in the three other substrata. The Chiro-
nomidae concentrated in the pool. the majority in size C
substratum; but they were also well represented in the
nffle, where each substratum contained over 200 m=
Pericomea spp. heavily colonized the pool area and was
found in increasing numbers as the substratum size in-
creased. Oprioservus quadrimaculatis occurred in both
current conditions in low numbers. with a small majo-
rity in the riffle area (Fig. 3). It concentrated in the two
middle-sized substrata.

Discussion

Experiment I shows that a slow current per se does not
necessarily inhibit colonization. When a more suitable
substratum was presented. populations of Ephemerop-
tera and Plecoptera reached over 3000 m=- where they
had beenrare or ubsent before. Most studices which have
shown fust current conditions to be essential for the
occurrence of organisms have investigated insects with
highly specialized food gathering apparatus. e.g., some
Trichoptera (Philipson 1935, Edington 1968) or Simuli-
idae (Phillipson 1956). This experiment indicates that
microdistribution of some insectsis only indirectly influ-
enced by current velocity. Current velocity does, how-
ever, directly intfluence substratum particle size.

The most productive particle sizes of this experiment
were in the intermediate range of 1-3.5 ¢m diameter.
This contrasts with results of several studies (Needham
1927, Tarzwell 1936, Pennak and Van Gerpen 1947,
Sprules 1947, Bell 1969, Barber and Kevern 1973) which
indicate mcrcdsed populduon abundance COlrethcd

B T LR R N R PO O N I N S T

aid extends the tindings of
(1977).

The influence of size. shape. and texture of the sub-
stratum on benthic invertebrates has been little investi-
gated although all three appear to exert an important
influence on distribution (Minshall and Minshall 1977).
Most studies of this parameter lack control of other
interacting variables. Early studies (Percival and Whi-
tehead 1929, Linduska 1942) showed differences in spe-
cies diversity in areas of different substrata but did not
control or separate out the influence of current velocity
or substratum shape and texture. In an attempt to stan-
dardize the substratum some investigators have filled
containers with different types of material and allowed
them to become colonized (Moon 1938. 1940, Wene and
Wickliff 1940, Minshall and Minshall 1977). In the study
by Wene and Wickliff. increasing stone size was related
to increasing numbers of organisms. and in one pool
area which had previously yielded only Chironomidae
the provision of stony substratum permitted coloniza-
tion by a large number of Trichoptera, Plecoptera, and
Ephemeroptera. The latter observation was confirmed
by Minshall and Minshall (1977) as well as by the present
study. Cummins and Lautf (1969) performed laboratory
experiments with different sized substratum particles
and a constant current. Many insects showed a definite
preference for certain particle sizes.

Results of this experiment suggested general patterns
of distribution in response to the influence of current
and substratum and were used to determine where em-
phasis would be placed in designing further tests. Two
substratum particle sizes were selected for use in the
remaining tests. sizes B and D. These are hereafter
referred to as “small” and ““large™ substratum particle
sizes.

Mansnatt and Mansna

Experiment II. Interaction of current, substratum, siit and
detritus

Methods

This experiment was designed to examine the mainte-
nance of a particular habitat type by organisms under
altered environmental conditions of current and silt. It
was assumed that factors which discourage initial colo-
nization of an area will causc emigration when imposed
on a previously suitable habitat. If emigration does not
oceur, it is assumed that the newly imposed factors do
not discourage organism habitation. Since the substrata
were manipulated for just three days before the end of
the experiment. it is unlikely that any increased coloni-
zation resulted.

Three identicat groups (I, 11, 1I1) of substratum types
were prepared. each group with three trays of small
substratum and three of large substratum. All eighteen
trays were placed in a riffle area (Fig. 4) and allowed to
be colonized for 30 d. Four trays in each group were
equipped with the apparatus for measuring within sub-
ot NG [l-\‘ Sepeeoant
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Fig. 4. Placement of the substratum travs in Expertment 11
The current diversion was erected on the 30 th day and rema-
ined in place for 3 davs, Each group contains three large and
three small substratum trays.

regime of these trays was measured before and after
reduction of current.

Many workers have emphasized the importance of
the current factor in relation to organism distribution
(c.g..Scott 1958, Ambiihl 1959, Edington 1968, Chutter
1969 but evidence has been lacking on the absolute
current ranges within the substratum which influence
organism distribution. This study attempted to over-
come the problem of relating open water current vclo-
city to that in the substratum.

After 30 d a current diversion device was placed
around Groups I and 111, and a hight coating of silt (<]
mm deep) was placed on the trays of Group I1l. This
produced @ situation where Group 1 possessed normal
current-substratum conditions. Group Il possessed re-
duced current and normal substratum conditions. and
Group Il possessed reduced current and a light coating
ol silt.

The trays remained in this condition for 72 h. This
period was sufficient for organisms to move out if condi-
tions were unfavorable vet short enough so silt would
not accumulate appreciably. An Analysis of Variance
IWoolf 1968) was conducted to determine if (1) substra-
tum particle size influenced distribution and (2) reduc-
tion of current velocity or reduction of current plus light
stlitation had an adverse cffect on habitat maintenance
by the organisms or no effect at all. The two substratum
sizes served as blocks while current and silt variations
were considered treatments. Dunnett’s procedure
(Steel and Torrie 1960) was used to determine which
treatments were stgnificantly different from the control.
Resiilrs
Current velocities: In the fast current (Group I} the
mean free-water velocity 3 cm above the substratum

Reduced current velocity
and light siltation
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sizes of substrata the mean current velocity dropped to
12 cm s™'. The velocity was further reduced to between
3-6 cm $7! at 3-cm distance within both substrata. But
the current within the small substratum was somewhat
lower than that within the large substratum. The decrea-
se in current within the small substratum was rapid.
reaching a minimum in the first cm. The reduction was
more gradual within the large substratum.

The pattern of current reduction was similar for the
slow current (Group . after current diversion) (Fig. §).
Here the current response within both substrata was
stmilar. Manipulation of the current to produce pool
conditions brought about a fivefold decrease in free-wa-
ter current over the large substratum. accompanted by @
threefold decrease at the substratum surface and a two-
fold decrease within the substratum. The fivefold de-
creaseinfree-wuter velocity overthe small substratawas
accompanied by a threefold decrease at the substratum
surface und an additional threefold decrease within the
substratum.

Detrities: All detritus was collected from each sub-
stratum tray and sorted into two size classes (0.05-3.95
mm, >3.95 mm) (Tab. 3j. The smaller class consisted
mostly of leaf fragments. which represent more nearly
the potential food for the insects than do fragments in
the >3.95-mm class which were primarily sticks and
twigs. The small substratum consistently contained
50
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. | .
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Fig. 5. Current regime within large and small substratum boxes
in norma! (A) and reduced (B) current conditions of Experi-
ment 11 as measured by the NaCl technique. The solid iine
indicates jarge substratum: the broken line indicutes small
substratum.



Detritus size class

0.05-3.95cm >395 cm Total
Substratum gm? % of Total g m? ¢ of Total g m?
Group 1
inormatl flow and silt i
Large substratum s1ze ............. 33.0 36 :?i (:(1) 1?)(1);
Small substratum size ... 81.5 80 20.2 2 .
Group 1l
(reduced flow. norm:i ~ilt)
Large substratum ~tze .. ........ ... 84.7 41 122.0 59 2]38;
Small substratum ~size ... o 133.2 90 16.5 10 .
Group 11}
(reduced flow. silt added) ) 3 e
Large substratum size .......... ... 3 44 133.8 36' Y:7§
Small substratum size ... L. 118.1 75 19.1 25 37.

more small-sized (<2393 mm) detritus partictes than did
the farge substratum and vice versa.

Bioia: The six trays of Group I served as a control (no
mantpulation was performed). Reduction of the mean
number of organisms in Group Il as compared to Group
I was considered to be due to a lessening of current
velocity fromameun of 48 ¢cm s~ toameanof 1 ems™!
(mid-water depthi. Reduction of the mean number of
msects in Group 111 as compared to Group 1 (Analysis of
Vartance Test) was considered to be due to current
reduction and a light coating of silt. Differences be-
tweern the mean numbers of insects in Group 11 and
those in Group Il were considered due tothe effect of silt
alone.

The most notable feature of this experiment is that
insects colonized the small substratum in greater num-
bers than the large substratum (Tab. 4). The preference
of seven taxa for smaller particle sizes was significant to
the 0,05 tevel. Colonization of the two substratum types
was about equal for three species: none of the organisms
concentrated n the jarge substratum.

The reduction of current velocity alone affected six
taxa significantly: Paralepiopilebia heteronea, Baetis
ricaudatis. Chironomidae. Oprioservus queadrimacu-
latus {A). Arcvnopreryy paralfela, and Alloperla spp.
Seven taxa were significantly affected by addition of
silt:: Chironomidae. Pardleprophiebia hicteronea. Ep-
lremerella grandis. Optioservus quadrimacidatus (A)
and (L), Arcvnopteryy parallela, and Alioperla spp. The
Chironomidae was the only taxon to show a significant
increase in numbers during the experiment.

Discussion

The fact that the within-substratum current regime (Fig.
5i showed a gradual reduction within large substratum
trays but an tmmediate steep decline in the small sub-
stratum. indicates the existence of a wider range of
current conditions in the large substratum. If an insect
possessed @ very narrow tolerance range for current and

Moot Ut Bt chanoes hia Ut s

for a suitable habitat would be the large substratum
However. colonization was grcatest in the smalies
substratum, which offered the least variable and slowes
current condition. In addition. Experiment I showec
that every organism which appeared in the riffle (except
Glossosoma spp. and Isoperla fulva) was common ir,
the very slow current conditions of the pool.

[t appeuars that most of these organisms will function
normally in a very slow current vejocity under certain
conditions (e.g., rubble substratum, no silt. high oxygen
content). although definite current preferences are ap-
parent. When the current in Experiment I was reduced
to 2-3 cm 87, six of eleven species emigrated in sigmfi-
cant numbers (Tab, 4). For the majority of insects in this
experiment only a minimum current velocity (about 2
em ') was required for them to function normally.
Two exceptions should be mentioned. B. rricaudatis
was found in greatest numbers throughout the study in
the fastest current conditions. Ambihi (1939). in a labo-
ratory experiment which offered pregressively increas-
ing current velocities. found species of Baetis 1o occur
at the highest velocities (near 18 ¢cm s='1. This is prob-
ublv due to Bueris™ greater oxygen reguirements (r.e..
greater than that of any otherinsectin Ambiihls™ study).
The distribution of Glossosome in this study s similar to
thatreported by Scott (1938) where the insect showed a
shuarp decrease in numbers at currents of 20 cm s7!
(frec-water velocity). This was attributed to deposited
silt which inifered with feeding. It ix possibie that the
same condition occurred during this studv (Experiment
D.

It has been amply demonstraied (see Cordone and
Kelley 1961) that an excess of sili will smother the
biotope and drastically reduce the numbers of Plecopte-
rd. Ephemeroptera. and Coleoptera. in this study the
presence of a light coating of silt (<1 mm deep) had a
varigble effect on species composition. This supports
evidence of other investigators (Ellis 1936, Hamilton
1961, Cummins and Lauff 1968} who reiched the con-
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substratuny are muu.md by an (") in column one. Those insects \wmﬁwnll\ altected by reducuon in current or stlt addion e

indicated by (7

in the appropriate column. Each value is the mean of three trays expressed as Organisms m==.

Smuatl substratum

Large substratum

Group 111 Group 11

Smaldl Group 1 Group reduced Group 1 Group 11 reduced
substiatum normtl reduced current normiil reduced current
preference current current and silt current current and silt

Chironomidae ..o oo oo " 4304 4176 3120 1274 2()(»—1: lz,;:g
Paraleptophiehia licieronea oo M 3520 19167 l'.")(\‘ lh-l)(? Ikl(zg o
Ephemerella grandis o000 . 2208 1906 1056 I(lhh o )}( :
g ~ - 0 e Y . y
COptioservas quadrintacuiains tAY 1488 ‘)'.:3 lz: _?:h - -
Baetis tricaudatus o000 0o lli'_t (w‘:(_:' 6 2 ??‘\‘ 4;0 il
Optioservus gradrimacidaties (L " 708 ‘?L' -}\M;. ;‘; o ;__;(\
Arcvnopteryy parallela oo . s12 576 24¢ ) R ; b _]P _9(]'
AlOPeria SPP. o . 416 19:- l(_wQ Lj e 8
Amcletis orevonensis oo 256 ,\(wff 272 23K '1;;'7 s
Cinvenuda minis oo 2600 208 l(\\r _l;_': g(/) N
Preroniaress calitornica oo 80 96 S 2

positive or negative effect on distribution but does not sects. The mimportance of detritus as an energy sotre

serioushy reduce insect populations,

The concentration of insects in the smaller particle
size may be explained several ways. The first is the
substratum particle size itself influenced insect beha-
vior. A bed of stones continuadly in motion could cither
the orgunisms by arinding and erushing or at
leust discourage colonization. This type habitat would
also limit algal growth and the accumulation of detritus.
However, ali substrata were stable in this study and this
Sunnot be considered important,

Fhe substratum particlealso seryes as i “eoverfactor™
(Scott 1966) and provides a surfuce area on which the
organisms exist. Determining surface area available
withim any particular tray is difficult because of surface

destroy

iregubarities: howeverin an equal volume. smaller pur-
ticle sizes offer greater surface arca for cotomzation. If
surface area were important. colonization should be
progressively greater through asertes of progressively
smiclicr substratum sizes untit the surface becomes too
material oo unstable for the animals to
However. Experiment I sugeests that thisis not
the case. In both pool and riffle. the majority of species
were more abundunt i size € (2.5-3.5 cmy substrata
than i substrata with particles either larger or smalier
thun that. Likewise. Minshall and Minshall (1977) found
that the increase m numbers of only a few taxa was
associated with an increase in surfuce arca.

Another possibility to explain insect distribution refa-
tive to substratum s that particle size may influence
subsurface current velocity . This factor has been mve-
stigated m this study. and it has been concluded that
alteration of current within the substratum cannot exp-
lain the Large differences ininsect distribution.

A more plausible explanation of the effect of substra-
tum particle size on microdistribution is that certain
substratum conditions are more cffmml ‘n mlle;lmg
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formvertebrates of u stream ccosystem s well docu
mented (Nelson and Scott 19620 Chapmun and Demon

1962 Minshall 1967, Fisher and Liken< 1973, Cummin
etal. 1973y Epghishaw (1964) bas shown a strong posi

tiv ¢ correlation between the amount of plant detritu
and the distribution of muny stream msects. However
fittle 1s known of the effect of different detrital mixture:
or sizes of detrital particles on organism distribution
The present study not only supports Egglishaw’s fin
dings. but proceeds further in an attempt to explain the
physicul factors that determine the distributian of detri
W in i stream.,

Subsvatom-derritus reiationhip: 1t found tha
large sized detrntus (=395 mmy. primartly sticks ane
pieces of wood. predominated in the Lirge substratun
sizes. and small detritad particles (+23.955, primartiy fea
fragments and soft bark. predominated in the smallt sub
stratum particle size «Tab. 2). The small size detrta
class more closeiv represents food avaiable to the i
sccts than does the large s1ze detritus since detritvore:
consume primarily the soft mesophyvll portion of the
Walluce et af. 19705 There were no wholk
leaves or mats of allochthonous material on the strean
bottom in the study area. The current velocity was toc
ereat and any such material was either
sSWeptl away.
strata

Wi

leaves (e.g..

shredded o
Down to a certain point the smaller sub
contain more interstices where the small leu
fragments can be caught and accumulate. The large:
spaces within the large substrata allow greater watel
velocity and less chance for the detritus to settle out
This suggests that more insects are colonizing the smal
ler (1.0=-2.0 cm) substrata primarily because the substra
tum purticles serve as a better food collecting device. A
final experiment was designed to differentiate the ef
fects of substratum particle size and detritus particle




Eapernment HLO bne ctdect of detritus sersus the etfect ol
substratum particie size

Mecthods

In normal conditions (Tab. 3) the boxes of large substra-
tum contained proportionally more large (>3.95 mm)
detrital particles and the small substratum travs con-
tained proportionally more small (<3.95 mm) particle si-

zes. In this test the conditions were reversed. Three |

trays of small and three of lurge substrata were prepa-
red. Interspersed in ¢cach box of small substrata were
approximately 10 ¢ of detritus in the size range of 4-8
mm. Interspersed in each box of Turge substrata were
approximutely 10 g of detritus in the size range 0.5-4
mm. This detritus was collected from Mink Creek and
returned to the laboratory for sorting and weighing.
Excess water wits removed but the detritus was never
completely dried. a precaution against destroving any

microflora which might be an important constituent of

the msects” diet. To prevent the added detritus from be-
ing washed away, cach tray was covered by an
empty imverted tray belore it was pluced in the stream.
After a minute the inverted tray was removed and very
little of the added detritus floated out.

A compromisc 7-d colonization pertod was chosen to
allow enough time for organisms to become established
and vet prevent the normal detrital distribution from
becoming re-estublished. The detritus from euach tray
was collected. sorted. and reweighed at the end of the
experiment. A Group Comparison t-Test (Woolf 1968)
wus conducted to determine if the composition of the
detritus or substratum size had an effect oninsect distri-
bution.

Resnlis

Apparently the natural deposition of detritus during the
7-d test period altered the prepured composition. At the
terminatton of the experiment the amount of small detri-
tus particles =395 mmy was similar for all trays ( Tub.
Sy Therefore. the only variable affecung colonization
was substratum particle size.

Most taxua appeared to colonize both the Lurge and
small substrata at a similar rate (Tab. 5). However. to
realistically evaluate distribution in this experiment &
taxon was arbiranily disregarded if it did not colonize
cither substratum condition with a mean greater than
100 individuals m==. Seven taxa met this criterion. but
onlv tor Eplicnicrella erandis did the difference be-
tween the mean numbers of organisms in the small and
large substrata exceed 1567 of the total. Distribution
differences between the two sizes of substrata were not
significant (P <2 0.05. Group Comparison t-Test) for any
species.

Concluxion

The results suggest that the insects were colonizing in
response to amounts of detritus. 1t is therefore conclu-
ded that detritus is of primary importance to insect

Pab, > oA Total orgamsis and v aviiiias on the suisile
tum travs at the termination of Experiment L. expressed as
organisms m~2 and g m=2. respectively. Each value is the meun

of three trays and is given with its standard deviation.

A. Organism Smuall Large
substratum  substratum
X =SD. X=z=SD

Chironomidue ................ 432 219 408 264
Ephemerclla grandis ... 427 161 253 120
Parcleopiophichia heteronea ... 176 32 133 81
Ameletus oregonensis ... 155 88 123 1%
Pericoma Spe .o 128 100 139 109
Optioservus

guadrimaculatus larvae ... .. 112 hi] 112 32
Isoperta fulva ... 0. 00 0. 112 28 8S 9
Alloperla spp. ..o o o 80 16 S3 -10
Nemoura Cincripes ..o ... 83 16 11 I8
Buactis tricaudaties ... ... 37 40 43 33
Ephemerelic incrmis oo 32 24 27 ;4
Preronareys californica ..o 27 9 64 s5
B.
Detritus size class

0.5mm-3.95mm ........... 126 29 119 29

SAmm o 9 22 2% n

stratum particle size which determines the distribution
of the detritus.

4. General theory of microdistribution

Sufficient information was acquired during this investi-
gation to permit the development of a general therory to
expldin insect microdistribution in Mink Creek (Fig. 6).
This model probably is also appheable to other streams
in which most of the potential food for benthic insects is
alfochthonous detritus and a moderate-to-fast current
velocity is present to prevent the detritus from settling
and accumutating on the substratum surface. The broad
arrows of Fig. 6 indicate the most important relation-
shipsaffecting organismmicrodistribution. butother fac-
tors may modify this pattern. Heavy siltation drastically
reduces organism populations but light siltution has
differential effect depending upon the species.

As shown in Fig. 6. current velocity interacts with all
other distributional factors. It sorts and separates the
substratum particles, deposits or carries awuy silt. tran-
sports and shreds leaf detritus. and is necessary for
organism respiration. The substratum particles act as
detritus collectors. Small particle sizes tend to accumu-
late large amounts of the small detrital particles. which
are primarily leaf fractions. This type of detritus does
not accumulate in the larger-size substrata. where the
interstices are larger and current velocity 1s higiver. Here
twigs and sticks predominate. Benthic insects concen-
trate where the food 1s most abundant (small substra-
tum) and the number of organisms should be directly
related 10 the composition of the stream bottom. Tt is
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Fig. 6. General model of biotic and ubiotic mterrefationships
influencing the microdistribution of benthic stream insects.
Refutive importance is indicated by the width of the arrows.
also probable that the greater current modifying cttect
of the smaller substratum is important to many species.
Substratum is increasingly being used in attempts to
classify streams into community types (see Thorup
1966). The present study suggests that in some situ-
ations substratum may be used to estimate or toenhance
the plmluul»n\ of sections of streams: however,
further analysis is necessary to strengthen this ideu.
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