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Introduction

Linesville Creek, a smali woodland stream located in Crawford County in North-
western Pennsylvania, has been under investigation for three years. In the course of a study
aimed at delineating the factors which determine the microdistribution patterns of the
macrobenthic invertebrates of the stream, extensive data have been gathered on the
trophic relations of the species encountered in riffle habitats.

Various aspects of the trophic relations of stream invertebrates have been studied
previously by a number of workers (LEaTHERs 1922; WissMEYER 1926; MuTTkOWSKI 1929;
PercivaL and WartenEaDp 1929; Cavenauch and Tinpen 1930; Srack 1936; Jongs 1950;
WaLsne 1950; Babcock 1951; Nacacawa 1952; Brown 1960, 1961 a, 1961 b; Demory
1961; Hynes 1961; Cuarman and Demory 1963; Cusming 1963; Davis 1963; MINCKLEY
1963; Cummins 1964; MEcoM and Cummins 1964; WARREN et al. 1964; CuapMaAN 1965;
Cummins 1965) but as yet no one has completely defined the trophic structure of a
lotic community.

It must be emphasized that the results described below represent an attempt
to determine the ingestion food web of riffle areas in the stream. Undoubtedly when
an assimilation food web is constructed it will be somewhat different. However, ingestion
data must be gathered preliminary to assimilation studies and such data are of ecological
interest. First, an ingestion food web for a stream community is probably a reasonable
approximation of the assimilation food web and, second, the impact of a consumer on
its food source is independent of assimilation, except in those few cases in which viable
cells are released in the feces.

Methods
Field Samples

A five sample transect is collected each month from a riffle section of the stream.
Each sample taken with a special riffle sampler, consists of all substrate materials down
to a depth of 5 cm and a surface area of 900 cm® The sampling device, which is
constructed of plexiglass with a foam rubber base is designed to shut off the current
around the sampling area. All sediments and associated benthic organisms are removed
from the sample area with a scoop and a 0.064 mm mesh dip net. Prior to the placement
of the sampler, current velocity is measured at the substrate water interface with a
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pigmy current meter (CorserT 1955). Before the sediments are removed, photographs of
the substrate surface are taken and periphytic and bacterial samples are collected.

Periphytic algae available as a food source for primary macroconsumers are sampled
with a scraping device fitted with a vacuum suction attachment (RoFF et al. 1965). Three
1 cm? areas are scraped from within the confines of the 900 cm?® sample area. Ten
to thirty ml of sediment are collected from each sample area in sterile bottles for
bacterial analysis.

The benthic macroinvertebrates from the field samples are removed and sorted
into species and age classes. Empirically determined weights for each species by size class
are utilized to convert numbers to weights. A value of 5585 gram calories/gram dry
weight (Trama 1957) is used to convert weights to energy equivalents.

Trophic Analysis

Most studies of stream trophic structure have been hampered by the lack of reliable
quantitative methods. Rather than follow previous methods of approximation, the tech-
nique of Mecom and Cummins (1964) was employed. The contents of the entire digestive
tract of one or more individuals in a given age class of a particular species are removed
by microdissection. After the gut contents have been suspended in distilled water and
dispersed with a magnetic stirrer, the material is drawn down on a Millipore filter (0.45
pore size). The number of guts and filter size (13 or 25 mm diameter) are selected to
yield filters of suitable density for counting. Three food categories are enumerated.

1) Periphytic algae. Enumeration of the cells, identified to species in most cases,
is continued until a total count of at least 100 cells has been achieved. Most counts
consist of one to two rows across the center of the filter, although on occasion the
entire filter must be counted. Based on the exact area of the filter counted, an estimate
of the total numbers of each species on the filter is calculated. A value of 8.34X107%
milligrams per cell is employed in the calculations of diatom dry weight. This value
is based on the weight given by Trama (1957) for Navicula minima and adjusted to
account for cells of greater weight than N. minima. A value of 3218 gm-cal/gm dry
wt (Trama 1957) is used for diatom caloric conversions.

92) Detritus. Detrital enumeration is accomplished by counting 10 fields at 400 X and
measuring the diameter of all detrital particles counted. Whenever detrital fragments can
be identified as vascular plant tissue, they are recorded as such. An empirically
determined value of weight (3.03X107% mg) per unit area for vascular plant material
collected in the field samples has been employed to convert the calculated total detrital
area on a filter to an estimated weight. To convert the detritus complex to energy
equivalents, a value of 4500 gm-cal/gm dry wt (a median value for vascular plant tissue)
is used. Actually the detrital category, as defined in this study, includes not only dead
plant and animal material but also the associated bacterial and fungal flora.

3) Animals. Each filter is scanned completely for animal fragments which are
identified to species and age class whenever possible. An estimate, based on the
occurrence of head parts, is made of the total number of individuals of each prey species
ingested.

Primary Producers

Each preserved 1 cm? periphyton scraping sample is made up to a constant volume
and subsamples are withdrawn for diatom counts and enumeration of the other algal
groups. Subsamples to be counted for diatoms are cleaned with nitric acid and
potassium dichromate and mounted in Hyrax (Houn and Herierman 1963). Counts of
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other algal groups are obtained from Millipore filtered subsamples. Separate experiments
are being conducted in order to estimate the rate of carbon fixation by the periphytic
algae. The carbon-14 method in closed circulating chambers followed by gas-phase
counting is being employed. Natural substrates from the stream bed are placed in the
light and dark chambers and an electric motor maintains an internal rate of circulation
approximating that in the stream (RorF et al.).

Detrital Food

Although as yet no completely satisfactory technique has been devised for estimating
relative amounts of available detrital material, standard bacterial plate counts have been
made from steril bottle samples taken in each 900 c¢m? sample area. The assumption
being made is that general bacterial activity will afford a rough index of the availability of
detrital material. In addition, an organic fraction is measured in conjunction with the
physical analysis of the sediments from field samples; this provides a rough estimate
of the available vascular plant detritus of allochthonous origin.

Results and Discussion

Although samples from an entrie year have been collected, only data from the
October 7, 1964 transect have been completely processed. The standing crops are
given in Table 1. Samples 1 and 5 were taken from the stream margin, 3 from the
center of the channel and 2 and 4 at intermediate positions. The standing crop
increased from the margin of the riffle and was maximized at the center of the

.riffle which seems to be correlated with increased microhabitat diversity. In
contrast, no clear-cut maximization of periphyton levels at the center of the
channel was observed.

As representative trophic data, the results of gut analyses for the netspinning
caddisfly Hydropsyche slossonae are shown in Table 2. Calculated total numbers,
weights and calories of the diatom, detritus and animal categories in the guts of
two age classes of H. slossonae are given in Table 3. Similar analyses have been
made for the other species from the October transect.

In any study of the trophic relations of stream benthos it soon becomes
apparent that the food web is extremely complex. This is apparent from Fig. 1
which shows only a portion of the food exchange pathways in a riffle area of
Linesville Creek. Therefore, in order to express the riffle trophic structure, a
technique has been used in which portions of each macrobenthic species are
assigned, on the basis of gut analyses, to one of the trophic levels shown in Fig. 2.

For example the values given in Table 8 for food categories found in
H. slossonae guts are converted to relative percents. These percentages are then
used to determine the number, amount of biomass and calories of H. slossonae
(that is the standing crop figure given at the top of Table 4) that should be
assigned to each of the three trophic levels (A,, A,’ and A,, etc.). When this is done
for each species represented in a given sample and totaled, the number, biomass
and calories/m® to be assigned to each trophic level can be determined. The cal-
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Fig. 1. A partial food web for riffle areas of Linesville Creek.
== primary producers; A" = detritus; A, = primary consumers;
Ay detntal consumers; A, , = secondary consumer levels.
Species in brackets are found only occasionally in riffle areas or live outside the riffle
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Table~l. Standing crop of five — sample transect taken October 7, 1964, riffle area,
Linesville Creek, Pennsylvania.

Numbers/900 cm?

Taxon | Sample 1 ‘ Sample 2| Sample 3 ‘ Sample 4| Sample 5
Turbellaria 1
Dugesia sp. 7 10 ‘ 1
Oligochaeta 7 18 ’ 11
Mollusca ‘
Ferrissia rivularis 75 2 8 1 2
Physa sp. 1 1
Sphaerium sp. ; 1 1 ‘ 1
Gyraulus sp. 8
Acarina 2 12 104 28 7
Decopoda 1
Orconectes sp.
Plecoptera
Acroneuria lycorias 2 6 1
Chloroperla sp. 2
Taeniopteryx maura 27 5 1 1
Ephemeroptera |
Stenonema fuscum 11 13 15 3 3
S. canadense 2 5 14 4 1
S. tripunctatum 8
S. sp.* 3 5
Isonychia albomanicata 2 7 1 1
Habrophleboides americana 7 44 54 31 18
Centroptilum album 5 8 24 2
Pseudocloeon sp. 2
Caenis anceps 1
Ephemera varia 2
E. simulans 1 1
Unident. Ephemeroptera* 3
Hemiptera :
Belastoma sp. 2 | 1
Ranatra fusca 1
Microvelia sp. 1
Megaloptera
Nigronia sp. 1 ! 1 2
Sialis sp. 1 ‘
Trichoptera
Hydropsyche bronta 17 46 30 15
H. slossonae 24 187 137 54
H. betteni 1 3 8 8
Cheumatopsyche sp. 89 227 123 | 43
Unident. Hydropsychids* 39 15
Chimarra aterrima 44 48 48 46
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Table 1 (continued).

Numbers/900 cm?

Taxon Sample 1 ‘ Sample 2. Sample 3 | Sample 4 | Sample 5
Psychomyia flavida 126 7 37 17
Polycentropus confusus 2
Cyrnellus marginalis 6 11 17 3 1
Helicopsyche borealis 15 12 19 61 66
Agapetus sp. (larvae) 123 136 102 33
A. sp. (pupae) 1 9
Goera sp. 5 5 3
Neophylax nacatus (pupae) 1 1
Pycnopsyche antica 4 1
Psilotreta indecisa 1 1 1 2
Hydroptilidae 10 1

Coleoptera
Psephenus herricki (lar.) 12 33 43 5 5
Ectoparia sp. (lar.) 3 1
Optioservus sp. (lar.) 4 78 102 39 14
O. sp. (adults) 3 4 2 2
Stenelmis beameri (lar.) 55 13
S. beameri (adults) 7 1 4 5 4
Unident. elmids (lar.)* 1
Unident. elmids (adults) 1
Helichus sp. 1 (adult) 2
Dubiraphia sp. (adults) 13
Diptera
Atherix variegata 8 14 31 3
Hemerodromia sp. 7 2 93 4
Tabanus sp. 1
Antocha sp. 11 12 140 31 5
Palpomyia sp. 3 13 3
Simulium venustum 6 20 4 2
Simuliid pupae 1 2 2
Tipula sp. A 3
Total/900 cm?

(exclusive of midges) 322 674 1416 795 , 383
Total/m2** 3574.2 7481.4 15717.6 8824.5 | 42513
Chironomid pupae 10 2 9 3

Pentaneura melanops
group, sp. (p) 9
Brillia flavifrons 1
Corynoneura sp. 13 2
Corynoneura taris 5
Unk. genus near Corynoneura 6
Cricotopus exilis 1
Cricotopus junus 4
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Table 1 (continued).

Numbers/900 cm?
Taxon Sample 1 ‘ Sample 2‘ Sample 3‘ Sample 4 | Sample 5
|
Eukiefferiella sp. near sp. 2 15 ‘ 18
Unk. genus near Eukiefferiella 22 17
Hydrobaenus sp. near ‘
paradorenus 2
Unk. genus near Metriocnemus | 8 11
Cryptochironomus sp. B ‘ 1
Limnochironomus modestus |
Microtendipes pedellus 21 | 1
Polypedilum scalaenum ‘ 1 \ 2
Tanytarsus ;
(= Calopsectra) exigua 39 “ 20
Tanytarsus sp. near pentatoma 2 ‘
Total Chironomids/900 cm? — 151 o — 83
Total Chironomids/m?** — 1676.1 | — — 921.3
Total-all taxa/900 cm? — 825 | — — 466
Total-all taxa/m?** — 975 | — — 5138.4

* Indistinguishable young stages or fragments.
** Calculated values.

culated values for H. slossonae are given in Table 4. As would be expected, the
resulting trophic placement on the basis of numbers, weights and calories of the
ingested items are different. If all food items are equally assimilable, then the
importance of secondary consumption to H. slossonae, is much greater from
the standpoint of energetics than it is when viewed in terms of the number of
ingested items. -

When periphyton cells/cm?® values are expressed on a per meter square basis,
the range is from 10°%/m? to 10**/m? for the October 7 transect. Based on an average
value of approximately 50,000 bacterial cells/ml of substrate and the weight of
allochthonous vascular plant material recovered from the sediment samples, a very
rough estimate of the detrital material available can be made.

By combining all the data for each sample of a given transect, an ingestion
trophic structure can be constructed; an example is shown in Table. 5. The con-
sumer data are based on trophic analyses of 170 macrobenthic individuals. When
the consumer portion of the ingestion trophic structure is analyzed on the basis
of weight or calories, the detrial consumer level constitutes about 30, the
primary consumer level 30%o and the predator portion about 40 %. The latter
estimate is minimal since fish (sculpins and darters) have not been included. The
importance of detritus to the energy structure of a woodland stream is apparent
and agrees well with the views expressed by Hynes (1963) and Ross (1963). Based
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Table 8. Calculated totals of algal, detritus and animal fractions in the guts of Hydro-
psyche slossonae, expressed on a per individual basis; Transect taken October 7, 1964,
data from sample 5.

Food Instar 3 Instar 4

00

C i Dry Weight Gram- [ Dry Weight Gram-

ategories Number ‘ (mg X 10-%) calories Number | (mg % 10-%) calories
Diatoms 385.8 3.217 0.010 1181.4 7.846 0.025

Detritus 6810.1 8.781 0,039 17073.4 14.047 0.063

Animals 0.8 19.000 | 0,106 | 2.3 0.115 0.001

Table 4. Trophic level placement of Hydropsyche slossonae (40 individuals of instar 3);

October 7, 1964 Transect.
Trophic Level On basis of no. |  On basis of wt. On basis of gram
Assignment of ingested items | ingested items cal. ingested items
H. slossonae i (mg)
| | ,
L N O VO I N I W W N
Relative %o
Ingestion 33.61| 66.31 | 0.08 | 10.86 | 1.78 | 87.38: 6.58 | 1.51 | 91.91
Number /m? ]
Assigned 149.38 1294.71 | 0.36
mg/m* |
Assigned ‘ 24.18 | 8.91 |194.18'
gm-cal/m? : 1
Assigned | | 81.66 | 18.74 1140.70
A, = primary macroconsumer;
Ay = detrital macroconsumer

Aq

I

secondary macroconsumer (and above).

Table 5. Empirical standing crop trophic structure for the fall community of Linesville
Creek (sample 5, October 7, 1964 transect; Ay, Ay, and Ag, etc. based on ingestion data.
Notation as in Table 4).

| Number/m?* Dry Weight Killogram-

Trophic level Biomass Calories/m?®*
(gm/m*)*

Primary producers
(periphytic only) A, | 4612 X 10 387 + 97 1245 + 811
Detritus Ay — 6.63 + 1.66 26.5 * 6.6
Primary macro-
consumers A, 981.5 (19.0) 1.313 (31.8) 6.395 (27.7)
Detritial macro-
consumers A, 4187.0 (80.9) 1.228 (29.7) 7.255 (31.4)
Secondary, etc.
macroconsumers A, 9.0 (0.1) { 1,593 (40.9) 9.439 (40.9)

* Relative per cents of the macroconsumer levels shown in parentheses.
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on an estimate of 2.5X10° algal cells ingested by all macrobenthic animals in
sample 5 (October transect) and a periphyton standing crop of 4.6X10', the
impact of grazing is less than 0.01 %s. If the amount of algae in the gut represents
that grazed in a 24 hour period, or even per hour, the impact on the periphyton
community should be negligible.

The relative percents of the overall trophic structure of Linesville Creek is
comparable to that reported by Opbum (1957) for Silver Springs, although the
Linesville Creek absolute standing crop values for secondary consumers are about
one fourth as large.

Original calorie measurements currently being made and computer analysis
should enable the construction of a month-by-month trophic structure for Lines-
ville Creek in the near future.
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Discussion

Scumritz: What fraction of detritus is derived from allochthonous material as
compared with vascular plants from the stream?

Cummins: Vascular hydrophytes are essentially absent from the region of the
stream under study.

MacroLEK: Please comment on the relative digestibility or assimilation value
of your primary food categories, diatoms, detritus and animals.

Cummins: We have no direct information on this as yet. Our approach will be
to work out the ingestion food web first and then correct it to an assimilation food
web based on laboratory tracer studies.
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MacioLex: Do you enumerate diatoms in the guts by frustule or by protoplast
within frustules?

Cummins: Enumeration is by frustules.

Iruies: How do you distinguish, in the gut contents, those diatoms (living
ones) which may have been eaten directly by the animal, from other diatoms which
were taken into the gut by predation on diatom-eaters? Even in clearly predaceous
animals (Perlidae for example), one finds large amounts of such secondary
vegetarian food.

Cummins: At this point, we make no attempt to distinguish between directly
and indirectly digested foods, unless the secondarily obtained food is still in the
gut of the ingested prey — in that case the material is not counted. Eventually, it
will be important to evaluate the assimilative importance of such secondarily
obtained food.

Revvorpson: Your method of gut analysis would bias your data in the
direction of arthropods and not include Mollusca and Platyhelminthes. Perhaps
these are not important sources of prey in your case but might be in others.

Cummins: The two phyla are relatively unimportant in our stream but the
problem has concerned us along with the question of the food of fluid feeding
species. Techniques such as those which you have used with flatworms will have
to be employed (chromatography, immunochemistry, tracers, etc.).

Eccrisnaw: Did you measure the total allochthonous plant material at each
sampling site? We find that there is a close correlation between the amounts of
benthic fauna and allochthonous plant material at sites in riffles. That you found
the largest amounts of benthic fauna in midstream and the least amounts at the
margins is probably due to greater amounts of plant detritus accumulating among
the large stones in the center of the stream, as we have found in Scotland. It is
very probable that the proportion of plant detritus in the food ingested by many
species increases with increase in the amount of plant detritus at the site where
these species occur.

CummMins: I agree that there is an important relationship between concen-
trations of allochthonous detritus and species densities. We do measure a gross
organic fraction as a part of our sediment analysis procedure. We weigh this
material and obtain calorie values whenever possible.





