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Abstract. Investigations of large and fine particle feeding detritivores (shredders and col-
lectors) fed on conditioned hickory leaves (Carya glabra) revealed density-dependent intra-
and interspecific interactions. Shredder (Tipula and Pycnopsyche) growth rates ranged from
0.47 to 1.53% increase in body wt/day depending upon density, species combinations, and
culture temperature. Collector (Stenonema) growth rate ranged from 0.13 to 1.809% body
wt/day, being greatest at high densities, particularly in combination with shredders. Food
consumption ranged from 15.7 to 33.2% body wt/day for shredders and 4.0 to 23.2% body
wt/day for collectors. After non-shredder feeding losses are accounted for, estimated shredder
standing crop required to account for processing of reported leaf litter inputs compare gen-

erally to measured shredder standing crop.

INTRODUCTION

A considerable body of data accumulated on
streams (e.g. Cummins 1966 and Hynes 1970a,
1970b) indicates that most, if not all, running waters
which have not been significantly altered by man are
predominantly heterotrophic. That is, the mainte-
nance of stream community structure and function
is dependent upon the import of organic matter from
autotrophically dominated terrestrial communities
(Nelson and Scott 1962, Hynes 1963, Egglishaw
1964, Minshall 1967, Triska 1970, Fisher 1971, Hall
1971, Fisher and Likens 1972). Thus rivers and
streams, like soil communities and the benthic com-
partments of lakes, oceans, and estuaries, are detritus
based and dependent upon excess production avail-
able by export from other systems. Therefore, it is
not surprising that the distribution of certain stream
insects is closely correlated with components of forest
biomes (Ross 1963).

Some of the mechanisms involved in the degrada-
tion of vascular plant tissue in lotic environments
have been the subject of recent studies (Kaushik and
Hynes 1968, 1971, Hynes and Kaushik 1969, Van-
note 1970, Triska 1970, Fisher 1971, Fisher and
Likens 1972), but the functional relationships among
vascular plant tissue, dissolved organic matter, mi-
crobial organisms (fungi and bacteria), and animals
have yet to be clearly defined. These general rela-
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tionships are summarized in highly simplified form
in Fig. 1. The present study was concerned with
detritivore feeding, growth, and survivorship as in-
fluenced by amount of food and density-dependent
intra- and interspecific interactions.

Although vascular hydrophytes are often important
in nutrient cycling and alteration of the physical na-
ture of streams, these plants seldom significantly enter
the trophic structure while they are living. There-
fore, the vascular hydrophytes also constitute an
autotrophic compartment exporting production to the
heterotrophic remainder of the system.

Increase in nitrogen content of leaves in stream
water has been documented and the dominance of
fungi over bacteria inferred from the presumed se-
lective action of bactericides and fungicides (Kau-
shik and Hynes 1968, 1971, Hynes and Kaushik
1969, Triska 1970). Triska (1970) correlated leaf
disappearance with aquatic hyphomycete abundance
and measured changes over time in respiration of
discs cut from leaf tissue, and in caloric content.
Fisher (1971) and Fisher and Likens (1972) showed
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that for Bear Brook, a small tributary of Hubbard
Brook, particulate organic matter is largely processed
in a given stream, while a large portion of the dis-
solved organic is apparently exported. Considerable
work has been completed on the large particle de-
tritivores, or “shredders” (Fig. 1), which feed pre-
dominantly on leaf litter that falls or is blown or
washed into streams. The species studied, Tipula
abdominalis (Vannote 1970), Peltoperla maria (Wal-
lace et al. 1970), Pteronarcys scotti (McDiffett 1970),
Pycnopsyche scabripennis (Triska 1970), and P.
scabripennis, P. gentilis and P. luculenta (Mackay
1972), all show preferences for certain leaf types.
These preferences are undoubtedly directly or in-
directly mediated through the microbial flora of the
leaves. That is, the shredders, through mechanical
and/or chemical stimuli, select leaves that are max-
imally colonized by fungi and bacteria. Observations
in our laboratory and by others (e.g. Triska 1970)
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indicate that generally the same microorganisms at-
tack all Species of vascular plant tissue entering the
stream. The differences in rates of leaf processing
are due to differing lengths of time required to ini-
tiate and complete the microbial-animal successional
pattern on various leaf species.

The fate of the fine particles produced in profusion
as a result of shredder feeding—feces and leaf frag-
ments broken loose in the feeding progess—has yet
to be studied in detail. Undoubtedly these particles
are rich substrates for microbial populations and con-
stitute a high quality food source for a large number
of fine particle feeding detritivores or ‘“collectors”
(Fig. 1).

METHODS
The methods, summarized in Fig. 2, involved mea-
surements of changes in organic content (particulate
and dissolved) and animal growth and mortality in

Determine initial volume, dissolved

organic carbon (POC, > 4.5y, not
including leaves)

40-60 days
Particulate organicmatter
Animals Remove Dissolved organic matter (PPM)
rm leaves (DOM)
Wash through 250,
scrgen
Separate to species
Dry wt. of fraction 1-
(>250,)
Count and measure Wash through 75,
Wash Determine volume and nylon netting

(remove par-

Wet weight (convert to mean) ticles and

animals)
Dry weight Dry we%ght
at 51°C at 51°¢C

(convert to mean)

sub-sample for DOC
Dry wt. of fraction w
(<250>75,,)

Measure volume and
sub-sample

DOC x 1.724 = DOM Wash through 0,45, Milli.

pore filter (triplicate)

Calculate dry weight of
fraction 3(<75>0.45y)

]

Calculate absolute
and % weight loss

Calculate 7 mortalit

% growth, instantan-

eous growth and rela-|
tive growth

[Calculate DOM weight

Calculate total weights
and relative % of each
fraction

— e~ m e m —m—m— =

per chamber

F1G. 2. Design of large (shredder) and small (collector) particle feeding detritivore

growth and consumption experiments.
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TaBLE 1. Replication, densities, and combinations of animals used in the growth experiments
Total number  Duration Number of individuals per chamber
Number of individuals of —_———————— e
of per experiment Pycnopsyche P. P.
chambers chamber (days) Stenonema Tipula lepida scabripennis  guttifer  Pteronarcys

3 Control 110 0 0 0 0 0 0
3 10 57 10 0 0 0 0 0
3 30 86 30 0 0 0 0 0
3 10 105 0 10 0 0 0 0
3 30 51 0 30 0 0 0 0
2 10 110 0 0 10 0 0 0
3 30 61 0 0 30 0 0 0
2 10 102 0 0 0 0 10 0
1 10 98 0 0 0 10 0 0
3 10 73 0 0 0 0 0 10
3 20 110 10 10 0 0 0 0
3 60 60 30 30 0 0 0 0
3 20 95 0 10 10 0 0 0
2 40 75 10 0 0 0 30 0
3 30 86 10 10 10 0 0 0
3t 30 61 10 10 10 0 0 0

LElevated temperature, 17°C.
2-liter chambers (plastic blow-mold bottles with a
portion of one side removed). The data were col-
lected to allow the calculation of “biomass budgets,”
with respiratory loss obtained by difference, and the
evaluation of the effect of various species combina-
tions and densities on growth and survivorship.
Pignut hickory leaves (Carya glabra), picked from
a single tree just prior to autumnal abscission, con-
stituted the food source in all experimental chambers
except one set in which mats of the aquatic hypho-
mycete (Fungi Imperfecti) Lunulospora curvula,
grown in sterile, malt extract liquid culture (Thorn-
ton 1963), were used. We placed these mats between
layers of 1 mm mesh plastic screen to simulate
the physical environment of leaf litter. Each growth
chamber was filled with 1.5 liters of water from a
large experimental stream (Cummins 1972; the
stream had been originally filled, 3 months earlier,
with Gull Lake water, a deep hardwater trout lake).
After an initial period of leaf leaching and condi-
tioning, each chamber was inoculated with organic
foam from Augusta Creek, a small woodland, hard-
water brown trout stream (Kalamazoo and Barry
Counties, Michigan). Such organic foam, which col-
lects in front of obstructions and in backwaters below
riffles, is an excellent source of aquatic hyphomycete
spores. Large amounts of foam, collected in plastic
bags, condense to small amounts of fluid, rich in
spores. We inoculated each chamber (except the L.
curvula set) with 25 ml of such fluid. Percent leaf
weight loss due to leaching during the initial period
was determined independently. All but one set of
aerated chambers were maintained in a large water
bath at a mean temperature of 5°C under natural
light cycles. Temperature fluctuations in the cham-
bers during the experiments (periods of 57 to 110

days, January through May) were similar to those
occurring in Augusta Creek over the same time in-
terval (chambers = 0.1-20°C, August Cr. = 0.1-
12°C). One set of three chambers was held in a
controlled temperature box at 17°C under a 12 hr
on—12 hr off light regime.

After inoculation, 7 days were allowed for spore
germination, hyphal development, and bacterial
growth (based on observations of colonization times
from the field and laboratory), before animals col-
lected from Augusta Creek were introduced into the
chambers. Table 1 lists the replications, densities, and
combinations employed. The following species were
used: shredders—cranefly larvae [Diptera, Tipulidae,
Tipula abdominalis (Say) and T. caloptera (Loew)],
caddisfly larvae [Trichoptera, Limnephilidae, Pycno-
psyche lepida (Hagen), P. guttifer (Walker), and P.
scabripennis (Rambur)], and stonefly nymphs [Pleco-
ptera, Pteronarcidae, Pteronarcys pictetii (Hagen)];
collectors—mayfly nymphs [Ephemeroptera, Hepta-
geniidae, Stenonema fuscum (Clemens), S. tripunc-
tatum (Banks), S. interpunctatum (Say), and S.
canadense (Walker)].

All cranefly larvae were in the third and fourth
instars and were grouped roughly according to total
length. The animals to be placed in any one set of
replicate chambers were sized by selecting an indi-
vidual to which all the others were matched. This
produced fairly uniform groups with the initial wet
weight C.V. (coefficient of variation) ranging from
3 to 36%. Stonefly nymphs, in the terminal and
penultimate instars, were sized according to head
width. The caddisfly larvae Pycnopsyche lepida and
P. scabripennis were in the terminal instar and P.
guttifer in the terminal and penultimate instars as
sized by head width. The mayfly nymphs were placcd
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Fic. 3. Size (total length less cerci) wet weight rela-
tionship for Stenonema nymphs. Vertical bars are stan-
dard deviations; formulae for the regression and corre-
lation coefficient are also shown.

TaBLE 2. Determinations of % water from wet (blotted
dry) and dry (51°C) weights for benthic stream inver-
tebrates used in the growth chamber experiments

Animals CV.
Species Number X % H20 S.D. S.E. (S.D.as % x)
Stenonema 155 79 .87 3.51 0.28 4.4
Tipula 186 94.51 0.89 0.07 0.9
Pycnopsyche lepida 150 79.19 3.54 0.29 4.5
P. guttifer 18 86.60 1.30 0.31 1.5
P. scabripennis 12 81.22 2.37 0.68 2.9

in groups according to total length to the nearest mm
(without caudal cerci); length-wet weight relation-
ship is shown in Fig. 3. Initial and final animal wet
weights were determined to the nearest mg after blot-
ting; final dry weights (51°C) were measured to the
nearest 0.1 mg and % water calculated (Table 2).
Instantaneous growth rate was calculated as

G; = In X final individual dry wt
— 1n X initial individual dry wt

time interval.

Since growth rates obtained in this fashion were never
significantly different (P < .01) from the calculation
of relative growth rates (Waldbauer 1968) as

GR = /X final individual dry wt

— X initial individual dry wt

time interval R

median individual dry weight over time interval

the latter has been reported throughout.

Initial and final dry weights (51°C) of leaves were
determined to the nearest mg, and dissolved organic
matter (as carbon) was measured by Dr. R. G.
Wetzel (Kellogg Biological Station) according to
procedures described by Menzel and Vaccaro (1964).

Ingestion was estimated from leaf weight loss and
consumption indices (CI), and efficiencies of con-
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version of food to growth (ECI) were calculated
after Waldbauer (1968) as follows:

C1 = mg dry wt food ingested over period

median dry wt of animals over period X days
= mg ingested/mg animal/day;
GR

ECI =
¢ CI

RESULTS AND DISCUSSION

Growth rates and survivorship for the shredders
(Tipula and Pycnopsyche) and collectors (Steno-
nema) are summarized in Tables 3-5 according to
density and species combinations. As shown in Table
3, Tipula growth rate was fairly constant over the
range of densities and species combinations investi-
gated and at the elevated temperature (17°C). An
increase of approximately 1% of body weight per
day (0.7%-1.5%) or relative growth rates averag-
ing 0.007 mg/mg/day (.006-.009) were observed
(Table 3). Density-dependent growth is indicated,
being greater at lower densities, including cases of
low density because of reduced survivorship during
the experiment. Tipula survivorship was higher when
larvae were raised in combination. with other shred-
ders and lower when grown alone or together with
Stenonema.

Leaf weight loss in chambers with Tipula, always
greater than 50%, was maximum at the elevated tem-
perature in chambers with Pycnopsyche and Steno-
nema (Table 6). In this elevated temperature experi-
ment, Tipula at low density (10/chamber) showed
good survivorship (70%) and maximum relative
growth (.009 mg/mg/day).

Although Pycnopsyche lepida and P. scabripennis
fed when held separately, resulting in leaf weight
losses from 41% to 50% (Table 6), they all lost
weight (Table 4). Either the food quality was not
sufficient (P. lepida has been shown to switch from
detrital to algal feeding in the last larval instar, Cum-
mins 1964), or these individuals of that instar com-
pleted their feeding cycle and would normally have
been burrowing into the sediments initiating the
spring-summer period of inactivity characteristic of
these species (e.g., P. lepida, Cummins 1964). Thus,
leaves were passed through the guts, but the larvae
lost weight (—.0025 to —.0047 mg/mg/day) at an
extremely consistent rate at all densities and species
combinations tested. The rate was highest and the
survivorship lowest (37% ) at the elevated temper-
ature (Table 4). P. guttifer larvae in penultimate
and early terminal instar fed and grew. Although the
differences were not significant (P > .05) because of
variations between chambers, P. guttifer grew more
at higher densities and in the presence of Stenonema.

In order to obtain enough mayfly nymphs (Steno-
nema) for the growth experiments we had to use
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TasLe 3. Comparison of Tipula growth rates (mg dry wt) and survivorship at various densities and in combination
with other species; all chambers started with 9.7 gms (dry weight) of hickory leaves. The means are for sets of

3 chambers. Mean temperature —= 5°C

Tipula
Other Relative growth
Tipula species Total % growth Growth Survivorship (mg/mg/day)
density Other species density increase + S.D.  %/day + S.D. % * S.D. + S.D.

10 — - 116.8+67.6 1.102+0.638 66.7+25.2 0.0066+0.0024

30 — — 38.8+ 5.0 0.750+0.109 56.6+28.9 0.0064 +0.0006

10 Stenonema 10 168.6+95.5 1.533+0.868 43.3+28.9 0.0079 +0.0024

30 Stenonema 30 39.0+ 5.6 0.661+0.094 56.7+29.7 0.0055+0.0006
Stenonema 10

10! + 75.7+40.0 1.304+0.690 70.0£17.3 0.0091 +£0.0039
Pycnopsyche lepida 10
Stenonema 10

102 85.5+51.0 1.018+0.607 —3 0.0068 +0.0028
Pycnopsyche lepida 10

10 Pycnopsyche lepida 10 81.9+20.2 0.862+0.213 73.3+£15.28 0.0061+0.0011

1Elevated temperature of 17°C. 2Two chambers.

3Several animals lost

TasLE 4. Comparison of Pycnopsyche growth rates (mg dry wt) and survivorship at various densities and in com-
bination with other species; all chambers started with 9.7 gms (dry weight) of hickory leaves. The means are

for sets of 3 chambers. Mean temperature = 5°C

Pycnopsyche

Pycnopsyche Other Relative
Other species Total & growth Survivorship growth (mg/mg/day)
Species Density species density change + S.D. %/day + S.D. % + S.D. + S.D.
P. lepidat 10 — — —24.2+ 0.4 —0.22+ <0.01 65.0+ 7.1 —0.0025+ <0.0001
P. lepida 30 — — —22.3+ 3.9 —0.35+£0.06 64.5+13.5 —0.0040+0.0007
P. lepida 10 Stenonema 10 —19.9+ 3.5 —0.33+£0.06 66.7+11.5 —0.0037+0.0007
P. lepida 10 Tipula 10 —25.0+ 5.2 —0.26+0.06 76.7+20.8 —0.0031+0.0008
Stenonema 10
P. lepida? 10 + —25.1+ 5.8 —0.40+0.09 36.7+20.8 —0.0047+0.0012
Tipula 10
Stenonema 10
P. lepida 10 + —27.8+ 5.7 —0.33+0.07 63.3+20.8 —0.0039+0.0010
Tipula 10
P. guttifer! 10 — — 47.6+ 1.1 0.47+£0.01 30.0+ 0.0 0.0076+0.0010
P. guttifer! 30 Stenonema 10 61.1+30.1 0.84+0.41 28.3+7.07 0.0063+0.0024
P. scabripennis3 10 — — —34.4+ — —0.351+ — 60.0+ — —0.0043 -

1Two chambers.

sizes ranging from 6 to 11 mm, although only a sin-
gle mm size class was used in any given chamber.
Smaller nymphs would be expected to have faster
relative growth rates, but weight increase was more
decisively affected by food supply and density than
by initial size (Table 5). The only set of chambers
in which Stenomena lost weight contained hyphomy-
cete fungal hyphae and no leaves. Survivorship was
high, and cast skins and feces were recovered from
the chambers at the end of the experiment. Although
the hyphomycetes may have constituted a nutrition-
ally inadequate food supply, mechanical problems
associated with nymphal feeding on hyphal mats be-
tween layers of plastic screen may well have been
responsible for the lack of growth.

Variance in estimates of Stenonema survivorship
was high, but the trend was toward reduced mor-
tality at low densities and in the absence of shred-
ders; the least interaction was with Tipula (Table

2Elevated temperature of 17°C.

30ne chamber.

5). Although growth was enhanced by increased
Stenonema density alone (0.1%/day at 10/chamber
and 0.5%/day at 30/chamber), the best growth was
at low Stenonema and high shredder density. Leaf
weight loss in chambers containing only Stenonema
was less than 25% and not significantly different
from the controls (Table 6). This suggests that Ste-
nonema feeding was on the leaf surfaces, on fine
particles, physically and microbially produced from
DOM, and on the nymphs’ own feces, rather than
on the leaf tissue and microbes growing in the leaf
matrix. This negligible effect of the mayflies on the
leaf substrate indicates that the leaf weight loss (less
controls) which occurred in chambers with both
collectors and shredders can be attributed primarily
to the feeding of shredders.

As shown in Table 6, in all but the control and
low-density Stenonema chambers the percent DOM
was significantly reduced. DOM was greater in the
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TasLe 5. Comparison of Stenonema growth rates (mg dry wt) and survivorship at various densities and in com-
bination with shredder specics; all chambers started with 9.7 gms (dry weight) of hickory leaves. The means are

for sets of 3 chambers. Mean temperature = 5°C

size class(es) in mm

Stenonema Shredder Shredder ——— e
density species density initial final

10t — 6.0 —

10 8.0-9.0 -

30 - 9.0-11.0 9.5-14.0

10 Tipula 10 9.0-11.0 10.0-14.0

302 Tipula 30 8.0 8.0-10.0

10 Pycnopsyche 10 7.0 8.0- 9.0

lepidu
102 Pycnopsyche 30 6.0-8.0 7.5-11.5
guttifer
10 Tipula 10
+
Pycnopsyche 10 6.0 6.5-9.5
lepida

Stenonenia

Relative
Total % growth Growth Survivorship growth + S.D.
increase + S.D. % /day + S.D. % + S.D. mg/mg/day
~11.0+ 9.4 —0.225+0.194 76.6+15.3 —0.0025+ 0.0022
7.1+ 1.9 0.125+0.033 70.0+26.5 0.0012+0.0003
43.3+13.0 0.503+0.151 35.5+15.7 0.0041+0.0010
22.7+£21.0 0.208+0.193 50.0+26.5 0.0018+0.0015
24.2+ 9.5 0.403+0.158 58.3+21.2 0.0036+0.0012
22.3+ 6.6 0.366+0.108 40.0+20.0 0.0033 +0.0009
74.1+ 4.8 0.938+0.061 40.0+14.1 0.0068 + 0.0003
120.7+ 7.1 1.802+0.474 36.7+11.5 0.0083 +0.0004

2Based on two chambers only.

1Raised on pure hyphomycetes (Lunulospora curvula) without leaves (fungi layered on fiberglass screening).

TABLE 6. Comparison of amounts of particulate (in three size categories) and dissolved organic matter produced in
control and animal growth chambers. All chambers in triplicate at a mean temperature of 5°C unless otherwise

indicated
27 dry weight + S.D. of the total organic matter (except leaves)
in each of the three particulate (POM) and the dissolved (DOM)
Total number % dry weight organic matter categories
of individuals loss + S.D. - - N
Species per chamber of leaves POM>250u POM <250u>75p POM <75u> .45u DOM(< .45u)

Controls 0 26.1+ 3.2 23.1+ 6.3 4.6+ 2.1 41.0+ 2.8 21.3+4.9
Stenonema 10 18.9+ 0.6 3.1+ 23.1 — 20 .4 — 25.5 —
Stenonema 30 241+ 6.7 300+ 7.4 16.1+10.1 28.9+16.3 12.2+4.3
Tipula 10 63.9+14.4 74.1+ 5.4 132+ 2.8 8.8+ 2.2 3.9+0.4
Tipula 30 68.6+ 7.9 (combined) 87.0+4.9 7.5+ 4.1 5.5+1.1
Pycnopsyche lepidat 10 4094+ 2.6 51.2+15.3 26.3+ 2.7 19.41+18.6 5.8+3.4
P. lepida 30 58.1+12.1 69.7+13.4 16.9+10.5 10.6+ 9.3 2.9+0.9
P. guttifer? 10 43.0+ 2.3 63.0+11.1 28.0+ 8.5 4.5+ 09 4.4+1.8
P. scabripennis? 10 53.6 — 75.5 -— 21.4 — <0.1 — 32 —
Pteronarcys? 10 39.9+4 3.2 23.6+12.4 109+ 7.9 58.4+ 7.8 71412
Tipula and Stenonema 20 49.8+12.1 71.0+ 3.3 11.5+ 5.7 14.4+ 5.7 32422
Tipula and Stenonema 60 67.3+ 9.2 70.6+ 8.9 8.3+ 49 18.7+ 8.1 2.4+0.3
Tipula and P. Lepida! 20 69.4+ 3.9 75.0+ 4.7 11.7+ 0.6 11.0+ 4.0 2.4+0.2
P. guttifer and Stenonema? 40 51.7+12.9 67.8+ 3.5 20.3+ 2.6 8.7+ 1.3 3.1+£1.3
Tipula, P. lepida

and Stenonema 30 56.7+ 7.4 69.3%+ 5.1 23.4+ 3.2 3.8+ 3.5 3.440.6
Tipula, P. lepida

and Stenonemat 30 85.6+ 2.1 57.8+13.9 10.6+ 5.8 29.9+20.1 1.840.6

1Two chambers only.
20ne cahmber only.

high-density Stenonema and the Pteronarcys cham-
bers than in the remaining growth experiments in-
volving shredders and collectors. All Pteronarcys had
died within 7 days after initiation of the experiment
so the results resemble in many respects those ob-
tained for the controls and Stenonema chambers.
For example, only in these chambers was the con-
version to, and accumulation of, particles > 250 p.
30% or less; in all other chambers the percentage,
which ranged from 51% to 76 %, consisted primarily
of shredder feces. The striking impact of Pteronarcys
in just 7 days is indicated by extensive leaf weight
loss and the heavy accumulation of feces (large par-
ticles, > 250 p.). The intermediate particle size (75 p-

3All animals dead after 7 days.
4Elevated temperature, 17°C.

250 p) represents a combination of broken shredder
feces, collector feces, leaf fragments, particles phys-
ically aggregated from DOM and fine particles, and
microbes. The origin of these intermediate-sized par-
ticles from DOM is indicated by the lack of signif-
icant differences in % dry weight between the control
and animal chambers (Table 6). The only fecal ma-
terial included in the fine particle category (.45 p—
75 w) would be highly fragmented, with this size
fraction undoubtedly being dominated by bacteria.
The accumulation of fine particles in the Pteronarcys’
chambers (58.4% dry wt, Table 6) probably repre-
sented microbial growth associated with nymph mor-
tality. The high percentage of fine particles in the
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elevated temperature experiment (29.9% dry wt, (controls) and half to insect metabolism (average
Table 6) also probably reflects increased microbial shredder chambers minus controls; Table 7).

growth. An average of 20% of the initial biomass As shown above, the overall activity in the cham-
(lcaf plus animal plus microbes) was respired during bers was the conversion of leaf substrate to DOM
the experiments, approximately half due to microbial  (leaching), animal biomass, smaller particles (in-

Tasir 7. Mass balance sheets for chamber growth experiments, based on the relationship: Initial leaf weight (after
leaching) + Initial DOM + Initial animal weight = Final animal weight + Final leaf weight + Final POM +
Final DOM + R where R, obtained by difference, is animal plus microbial respiration. Leachate is not included in
the initia]l DOM which was 0.002 g. Initial and final animal, leaf and POM are dry weights at 51°C. DOM was
calculated from DOC as shown in Fig. 1. All values are means of three chambers, followed by coefficients of
variation, at 5°C unless otherwise indicated

Initial wts (g) Respiration as
e ——— e — Final wts (g) a 7 of
DOM e e e - {Otal initial wt.
Species Densities 41eaf Animal Animal Leaf POM DOM Respiration (animal +leaf
+DOM)
Control 0 = —_ — 7.167 4.3 0.398 9.9 0.109 20.5 1.240 239 13.9
Stenonema 10 = 0 058 0.042 7.867 0.278 0.095 33.2' 0.734 8.2
Stenonema 30 é 0.216 268 0.113 S3.8 7.367 8.8 0.728 35.0 0.095 33.2' 0.829 46.0 9.1
Tipula 10 - 0.196 27.3 0.258 33.3 3.500 40.0 3.338 27.8 0.135 21.2 1.882 23.5 20.7
Tipula 30 2 0.742 15,5 0.584 55.0 3.043 25.2 3.343 26.8 0.190 6.8 2.498 16.3 25.9
Pycnopsyche -
lepida? 10 > 0.360 6.0 0.116 88.0 5.733 4.4 1.351 34.5 0.074 23.0 2.000 16.9 21.6
P. lepida 30 £ 1.11s 9.2 0.643 7.8 4.067 28.8 3.273 26.7 0.095 33.2! 1.954 8.5 19.5
P.guttifer? 10 5‘:—” 0.077 17.0 0.024 90.8 5.500 4.8 1.764 25.5 0.078 12.5 1.627 17.3 18.1
P. scabripenis3 10 ) 0.535 — 0.181 —  4.500 — 2.601 — 0.088 — 2.081 — 22.0
. 0
Tipula + 10 o
Stenonema 10 < 0.202 10.8 0.156 39.6 4.867 24.1 2.666 27.7 0.083 51.0 1.347 359 14.8
Tipula + 30 SJ
Stenonema 30 - 1.028 36.0 0.675 37.3 3.177 28.0 3.874 13.4 0.095 332! 2.124 30.8 21.4
Tipula + 10 ;’
P. lepidal 10 = 0.567 5.6 0.517 32.2 3.050 16.2 3.821 6.4 0.095 33.2' 2.000 5.8 21.1
P. guttifer +? 30 <
Stenonema 10 5 0.292 253 0.084 72.6 4.683 26.7 3.239 38.3 0.095 33.2! (.106 24.4 12.0
Tipula + 10 2
P. lepida +- 10 =
Stenonema 10 Z 0.565 2.8 0.236 12.7 4.200 17.2 2.686 16.2 0.095 33.21 2.265 14.1 239
Tipula + 10 z
P. lepida + 10 =
Stenonema 10 o0 0.724 11.5 0.357 48.2 1.400 14.3 5.555 30.7 0.095 33.2! 2.233 84.5 23.2
Mecan of all chambers in which final DOM was measured. 30ne chamber only.
2Two chambers only. 4Elevated temp, 17°C.
INITIAL LEAF WEIGHT
100%
Residual 307 Non-animal Conversion 50%
(remaining when shredders Animal Feeding 207
abandon leaf packs 60-100 days)
Breakage 5% Leaching 107 Respiration 67  Growth Feces, Exuviae
(first 6 days; (first 6 days; (287% of animal "
10% of non-animal 207 of non- feeding) (727, of animal feeding
conversion) animal con-
version)
Microbial and Collector Microbial Conversion 357% . M ; Ccollest "
60-100 d 3 707% of - Shredders to 7% ollectors 17
Conversion aninal comerstam ™" (91% of animal feeding)FEESE (337 of animal fecding)
Growth 217 Respiration 14%
(607 of microbial (407, of microbial
leaf conversion) leaf conversion)

Fi6. 4. Summary of relationships in leaf conversion to microbial (bacteria and fungi)
and animal (shredder and collector) respiration and growth (see Table 9). Shredders
= large particle feeding detritivores; collectors — fine particle feeding detritivores.
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TaBLE 8. Comparison of food consumption and efficiency of food conversion by Tipula, Pycnopsyche and Steno-
nema in the present study to selected literature values. (CI = consumption index = mg dry wt food ingested/mg
dry wt of animal/day; ECI = efficiency of conversion of ingested food = Relative growth rate/CI; DF = density
factor — median mg animals/median mg food in growth chambers over the period as a percent. CI and ECI after

Waldbauer 1968)

Taxa Food

Tipula
T. spp

Conditioned hickory leaves
“ “
“ “ “

“ Conditioned oak leaves
“ Conditioned hickory leaves
T. abdominalis Conditioned leaves, mixed spp.

Pycnopsyche
P. guttifer Conditioned hickory leaves
P. gentilis Conditioned leaves, several spp.
P. luculenta “ “
P. gentilis Conditioned beech leaves
P. luculenta “ “
P. gentilis “Fungal culture® on maple leaves
P. luculenta “ “
P. gentilis “Bacterial culture on maple leaves
P. luculenta “ “
P. gentilis “Sterile“ maple leaves
P. luculenta “ “
Pteronarcys scorti Conditioned leaves, mixed spp.
Stenonema
.E. spp. Conditioned hickory leaves
“ [

“ Algae (culture of Ankistrodesmus spp.)
“ Fungi (culture of Lunulospora curvula)
S. pulchellum Algae (culture of Navicula minima)
Neophylax concinnus Algae and detritus (natural stream
substrates)
Mixed species
Tipula spp. +
Stenonema spp.  Conditioned hickory leaves
T.spp. + S.spp. ¢ «
P. gurrifer +

Temp
cC) CF DI ECI Author
5 3.660  0.157 0.0421  Present study
“ 10.75¢  0.187 0.034
11 2.45 0.088 0.5651 Cummins, Petersen,
9 11.09 0.030 0.393 Howard, Wuycheck,
10 3.98 0.187 0.028)  King, Holt, Unpubl.
-2 et 0.041 e Vannote, 1970
5 0.7I 0.332 0.023 Present study
-~ -2 0.585 e
“ “ 0 536 “
“ “ 0033 «
4 4 0023 “
« “ 1.300 “ Mackay, 1972
« “« 0 728 “«
“ “« 0 739 “
“« “ 0 ]36 “«
“« 4 0030 “
« « 0006 “
10,15 ——2  0.062 = 2 McDiffett, 1970
S 0.600 0.232 0.005|  Present study
“ 4.040  0.040 0.103f
12 —2  0.082 ——2  Petersen, unpubl.
12 —— 0.020 2
20 0 2 (0.188 0.118  Trama, 1957
4-5 2 1.200 —--2  Sedell, 1971
S 2,600 0.114 0.0435 1
“ 14.090  0.106 0.043% | Present study
“ 2.7 0.235 0.0285 |

« “

Stenonema spp.

Hnitial weight of leaves after 24 hrs leaching

cluding bacteria), and CO,, with DOM being further
converted to POM in the animal chambers. The
shredders were quite efficient at converting leaf tis-
sue to smaller particles, their own biomass, and res-
piration; greater than 50% conversion was a feature
of all chambers containing Tipula and’/or Pycno-
psyche. The partitioning of the leaf conversion has
been summarized in Fig. 4.

Ingestion and conversion of food by Tipula, Py-
cnopsyche and Stenonema determined in the present
study are compared to selected data from the liter-
ature in Table 8. Since we estimated ingestion from
leaf weight loss, the data are approximations subject
to error caused by changes in leaf weight, other than
animal ingestion, that occurred in the experimental
but not the control chambers.

An overestimate of feeding would result from
non-ingestion leaf weight loss due to leaf fragmen-
tation and leaching (greater than controls) resulting
from animal feeding and movements. Although
McDiffett (1970) observed considerable leaf frag-

2necessary data not given

3median or mean value

mentation by feeding Pteronarcys, this was not a
significant factor in our experiments with Tipula,
Pycnopsyche, and Stenonema. Also, Mackay (1972)
found no such losses in her Pycnopsyche feeding
studies. Similarities in final DOM concentrations
(Table 7) and a large initial leaching weight loss
(8% ) suggest that additional leaching in the experi-
mental chambers was not significant.

An underestimate of feeding would result from in-
creases in leaf weight resulting from greater micro-
bial growth in and on the leaves in the experimental
chambers as compared to the controls or the inges-
tion of feces (coprophagy) by the animals. Although
greater microbial development on leaves in the ex-
perimental chambers was not detected by microscop-
ical examination, it is possible that grazing masked
increased turnover of fungi and bacteria. Pycno-
psyche and Tipula probably ingest fecal materials,
but observations and gut analyses suggest that such
feeding by shredders is minimal. Stenonema un-
d.ubtedly ingest feces, as indicated by increased
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TasrLe 9. Comparison of reported large particle detritus input, corrected for non-animal feeding losses, and calcu-
lated shredder feeding required to process it (using CI = .21 = mean of Pycnopsyche guttifer and Tipula) to a
measure of shredder standing crop. Estimates of leaching, microbial utilization and residual after animal feeding
from present study; mechanical breakage and fine particle (collectors) feeding from Cummins (1972) and unpub-

lished field and experimental studies

Large particle detritus weight Residual Standing crop of shredders
loss not due to animal feeding detritus required (first 3 entries)
Total input (g/m2?/day) remaining Total animal processing or available (last entry)
Source of input of large after -9 % due to fine particle for processing input
(first 3 entries) particle Mechanical Microbial 84 days feeders (collectors) = —
and standing crop detritus breakage Leaching  utilization (g/m2/day) processing by shredders Numerical Biomass
(last entry) data (g/m2/day) -5% -9.6% -17.7% -40.6%, (g/m2/day) No/m?2 g/m2
Murless (Univ. Georgia,
pers. comm.) 4.20 3.99 3.59 2.84 1.1 1.03 175 4.90
Vannote 1970 3.00 2.85 2.56 2.03 0.81 0.74 126 3.52
Fisher 1971 1.70 1.61 1.45 1.15 0.46 0.42 71 2.00
Howard (Kellogg Biol.
Sta., unpubl. data) —_ — — — — — 51 1.43

growth at high densities or in combination with other
species, and the CI values in Table 8 must be con-
sidered minimal although they are in the range of
other data reported for Stenonema. A considerable
range of CI estimates are represented in Table 8,
from .006 on inadequate food to 1.300 on apparently
high quality food. An examination of the values in-
dicates that food quality, for example leaf species
and degree of conditioning, is critical in determining
CI and related efficiencies.

Only Tipula and P. guttifer showed increased
growth per individual as a function of overall leaf
utilization. In the case of Tipula, elevated temper-
ature maximized growth and leaf conversion (Tables
3, 4, and 6). Although P. lepida and P. scabripennis
converted leaf tissue to particles, animal weight loss
was quite consistent over a considerable range of
leaf utilization, the amount being related primarily to
animal mortality (Tables 4 and 6). Stenonema
growth was not related directly to leaf weight loss
but rather to animal density, the presence of shred-
ders and, as discussed above, coprophagy (Tables 5
and 6).

Using the data for Tipula, the mean mg dry wt
leaf conversion per individual per day was 3.5 and
4.1 for the sets of chambers containing initial larval
densities of 10 and 30 respectively. This is equiv-
alent to CI values of 0.157 and 0.187 mg dry wt
leaf/mg dry wt Tipula/day (Table 8) and compares
to 12.4 mg leaf/ Pteronarcys individual/day or a CI
of 0.062 from the data of McDiffett (1971). Table 9
shows calculated standing crops of shredders neces-
sary to process levels of large particle detritus re-
ported for several woodland streams, after non-
shredder feeding losses have been accounted for.
These are compared to an estimate of shredder
standing crop from field samples taken in Augusta
Creek. Close agreement is indicated between the cal-
culated processing of the input reported by Fisher
(1971) for Bear Brook and standing crop estimates
(Tipula and Pycnopsyche) measured by Howard (un-

publ.) in Augusta Creek. If a shredder standing crop
of 41/m2, or 1.4 g/m? is expressed as a percent of
the total numerical (17,354/m2) or biomass (34.6
g/m?2) standing crop reported for a woodland stream
by Coffman et al. (1971), the values are 0.3% and
4.0% respectively.

Despite smaller size, earlier life stages than those
used in the present experiments may well have an
even greater impact on large particle detritus con-
version through higher densities and faster feeding
rates. Clearly, the role of shredders (large particle
detritivores) is an important influence on microbial
and collector (fine particle detritivore) metabolism
and growth.

LITERATURE CITED

Coffman, W. P., K. W. Cummins, and J. C. Wuycheck.
1971. Energy flow in a woodland stream ecosystem: 1.
Tissue support trophic structure of the autumnal com-
munity. Arch. Hydrobiol. 68: 232-276.

Cummins, K. W. 1964. Factors limiting the microdistri-
bution of larvae of the caddisflies Pycnopsyche lepida
(Hagen) and Pycnopsyche guttifer (Walker) in a
Michigan stream. Ecol. Monogr. 34: 271-295.

. 1966. A review of stream ecology with special

emphasis on organism-substrate relationships, p. 2-51.

In K. W. Cummins, C. A. Tryon, and R. T. Hartman

[ed.] Organism-substrate relationships in streams. Py-

matuning Symposia in Ecology, Univ. Pittsburgh, 4,

145 p.

1972. Predicting variations in energy flow
through a semi-controlled lotic ecosystem. Tech. Rep.
Mich. State Univ. Inst. Water Res. 19: 1-21.

Egglishaw, H. J. 1964, The distributional relationship
between bottom fauna and plant detritus in streams.
J. Anim, Ecol., 33: 463-476.

Fisher, S. G. 1971. Annual energy budget of a small
forest stream ecosystem, Bear Brook, West Thornton,
New Hampshire. Ph.D. Thesis. Dartmouth Coll., Han-
over, 97 p. -

and G. E. Likens. 1972, Stream ecosystem: or-
ganic energy budget. Bioscience 22: 33-35.

Hall, C. A. S. 1971. Migration and metabolism in a
stream ecosystem. Rept. Water Resources Res. Inst.,
Univ. North Carolina 49: 1-243.




Early Spring 1973

Hynes, H. B. N. 1963. Imported organic matter and
secondary production in streams. Proc. Int. Cong.
Zool. 16: 324-329.

. 1970a. The ecology of stream insects. Ann. Rev.

Ent. 15: 25-42.

. 1970b. The ecology of running waters. Univ.

Toronto Press, Toronto. 555 p.

and N. K. Kaushik. 1969. The relationship be-
tween dissolved nutrient salts and protein production
in submerged autumnal leaves. Verh. Int. Ver. Limnol.
17: 35-103.

Kaushik, N. K., and H. B. N. Hynes. 1968. Experimen-
tal study on the role of autumn-shed leaves in aquatic
environments. J. Ecol. 56: 229-243.

. 1971. The fate of the dead leaves that fall into
streams. Arch. Hydrobiol. 68: 465-515.

Mackay, R. J. 1972. The life history and ecology of
Pycnopsyche gentilis (McLachlan). P. luculenta (Bet-
ten), and P. scabripennis (Rambur), (Trichoptera:
Limnephilidae) in West Creek, Mount St. Hilarie,
Quebec. Ph.D. Thesis, McGill Univ., Montreal. 103 p.

McDiffett, W. F. 1970. The transformation of energy by
a stream detritivore Pteronarcys scotti (Plecoptera).
Ecology 51: 975-988.

Menzel, D. W., and R. F. Vaccaro. 1964. The measure-
ment of dissolved organic and particulate carbon in
seawater. Limnol. Oceanogr. 9: 138-142.

Minshall, G. W. 1967. Role of allochthonous detritus
in the trophic structure of a woodland springbrook
community. Ecology 48: 139-149.

LEAF LITTER BY STREAM DETRITIVORES

345

Nelson, D. J., and D. C. Scott. 1962. Role of detritus in
the productivity of a rock-outcrop community in a
Piedmont stream. Limnol. Oceanogr. 7: 396-413.

Ross, H. H. 1963. Stream communities and terrestrial
biomes. Arch. Hydrobiol. 59: 235-242.

Sedell, J. R. 1971. The trophic ecology and natural his-
tory of Neophylax concinnus and N. oligius (Trichop-
tera: Limnephilidae). Ph.D. Thesis, Univ. Pittsburgh,
Pittsburgh. 154 p.

Thornton, D. R. 1963. The physiology and nutrition of
some aquatic hyphomycetes. J. Gen. Microbiol. 33:
23-31.

Trama, F. B. 1957. The transformation of energy by an
aquatic herbivore, Stenonema pulchellum (Ephemerop-
tera). Ph.D. Thesis, Univ. Michigan, Ann Arbor.
140 p.

Triska, F. J. 1970. Seasonal distribution of aquatic hy-
phomycetes in relation to the disappearance of leaf
litter from a woodland stream. Ph.D. Thesis, Univ.
Pittsburgh, Pittsburgh. 189 p.

Vannote, R. L. 1970. Detrital consumers in natural sys-
tems, p. 20-23. In K. W. Cummins [ed.] The stream
ecosystem. AAAS Symposium. Tech. Rep. Mich. State
Univ. Inst. Water Res. 7: 1-42.

Waldbauer, G. P. 1968. The consumption and utilization
of food by insects. Adv. Insect Physiol. 5: 229-282.

Wallace, J. B.,, W. R. Woodall, and F. F. Sherberger.
1970. Breakdown of leaves by feeding of Peltoperla
maria nymphs (Plecoptera: Peltoperlidae) Ann. En-
tomol. Soc. Am. 63: 562-567.



	Article Contents
	p.336
	p.337
	p.338
	p.339
	p.340
	p.341
	p.342
	p.343
	p.344
	p.345

	Issue Table of Contents
	Ecology, Vol. 54, No. 2 (Mar., 1973), pp. 232-466
	Front Matter
	Commentary
	On the Limitations of the National Environmental Policy Act [pp.232-232]

	Edaphic Control of Plant Distribution in the White Mountains, Eastern California [pp.233-250]
	Predation by Damselfly Naiads on Cladoceran Populations: Fluctuating Intensity [pp.251-268]
	Comparative Demography of Two Viviparous Iguanid Lizards (Sceloporus Jarrovi and Sceloporus Poinsetti) [pp.269-283]
	Comparative Feeding Ecology of a Tropical Grassland Finch (Tiaris Olivacea) [pp.284-299]
	Vertical Migration and Feeding in Sagitta Elegans Verrill [pp.300-314]
	Time-Delay Versus Stability in Population Models with Two and Three Trophic Levels [pp.315-325]
	Demography of Gregariously Roosting Populations of the Nymphaline Butterfly Marpesia Berania in Costa Rica [pp.326-335]
	The Utilization of Leaf Litter by Stream Detritivores [pp.336-345]
	The Foraging of Small Populations of Yellow Warblers and American Redstarts [pp.346-355]
	Breeding Sex Ratios, Territoriality, and Reproductive Success in the Red-Winged Blackbird (Agelaius Phoeniceus) [pp.356-365]
	Establishment of Invertebrate Communities on Log Substrates in the Kaskaskia River, Illinois [pp.366-374]
	The Role of Behavioral Thermoregulation in the Growth Energetics of the Toad, Bufo Boreas [pp.375-383]
	The Stability of Predator-Prey Systems [pp.384-391]
	A Critical Variable Formulation of Population Dynamics [pp.392-398]
	Social Facilitation of Egg-Laying In Experimental Colonies of a Weaverbird [pp.399-405]
	Continuous Measurement of Carbon Dioxide Evolution From Partitioned Forest Floor Components [pp.406-412]
	Net Photosynthesis of Cladonia Mitis (Sand.) From Sun and Shade Sites on the Wisconsin Pine Barrens [pp.413-419]
	Air Temperature, Heat Sums, and Pollen Shedding Phenology of Longleaf Pine [pp.420-426]
	Diversity and Evenness: A Unifying Notation and Its Consequences [pp.427-432]
	Dispersion, Dispersal, and Persistence of the Annual Intertidal Alga, Postelsia Palmaeformis Ruprecht [pp.433-438]
	Structure and Cation Content of a Podzolic Soil of Long Island, N. Y., Seven Years After Destruction of the Vegetation by Chronic Gamma Irradiation [pp.439-444]
	Root Distribution Under Some Forest Types Native to West Virginia [pp.445-448]
	A Centrifuge Method for Determining Live Weights of Aquatic Insect Larvae, With a Note on Weight Loss in Preservative [pp.449-451]
	Effects of Shading on the Migratory Behavior of the Florida Harvestor Ant, Pogonomyremex Badius [pp.452-453]
	Radiotelemetry for Studying Thermoregulation in Free-Ranging Snakes [pp.454-456]
	Reviews
	A New Text in General Ecology [pp.457-458]
	Population Dynamics [pp.458-459]
	Mathematical Models [pp.459-460]
	Geographical Ecology [pp.460-461]
	Ecology of Herbaceous Wetlands in Switzerland [pp.461-462]
	Plant Ecological Studies in Southern Nevada [pp.462-463]
	Computerized Jeremiahs [pp.463-465]
	Books and Monographs Received For Review [pp.465-466]

	Back Matter





