
THE ROLE OF SHREDDERS IN DETRITAL DYNAMICS 

OF PERlvfANENT AND TEMPORARY STHEAMS 

by 

John Michael Kirby 

Dissertation submitted to the Faculty of the 

Virginia Polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

DOCTOR OF PHILOSOPHY 

in 

Zoology 

APPROVED: 

J. Webster, Chairman 

F. Benfield R. Voshell 

G. Pardue A. Buikema 

J. Cairns 

March, 1982 

Blacksburg, Virginia 



ACKNOWLEDGDvtENTS 

The author wishes to express sincere appreciation to Dr. Jack 

Webster, chairman of my committee, and Dr. Fred Benfield for their time, 

guidance, and support extended to me during my tenure at Virginia Tech. 

I would also like to acknowledge the cooperation and guidance offered to 

me by the rest of my conunittee: Dr. Reese Voshell, Dr. Garland Pardue, 

Dr. Arthur Buikema, and Dr •• Tohn Cairns. 

I am very grateful to the Biology Department at V.P.I. and S.U. for 

the graduate teaching assistantships awarded to me. This support was not 

only valuable in the monetary sense, but allowed me to improve my 

teaching skills. My research would have suffered if not for the ut>e of 

vehicles, equipment, and other support provided by the Center for 

1':nviromnent.al [)tudlen. I am grateful for thl.G n::;:;:istuncc. Sped.al 

thanlrn to the secretaries of the Center for Envirorunental Studies for 

all of the aid and support offered to me. 

My wife, Connie Kirby, deserves my deepest gratitude and love. Her 

support and understanding were keystones to the successful completion 

of my dissertation work. I hope I can repay this debt in like measure 

in the future. 

ii 



Introduction 

Site Description 

Methods 

Results 

Discussion 

Surmnary 

References Cited 

Curriculum Vitae 

TABLE OF CONT:t:NTS 

iii 

Page 

1 

5 

9 

15 

47 

61 

64 

7J 



INTRODUCTION 

The importance of leaves from riparian vecetation to stream eco-

system energy dynamics is a tenet of stream ecology (e.g., Cummins, 197~.; 

Cummins, 1977; Vannote et al., 1980). Leaves, or coarse particulate 

organic matter (CPCM), are major components of the detrital energy base 

of small headwater streams draining forested watersheds in the eastern 

deciduous forest of North J\mer:ica. Leaf detritw: :in both terrestrial 

and aquatic systems is broken down by a combination of physical, chemi-

cal, nnd bioloeical fnctorG includinr, mechanical brenkage, leaching of 

water soluble compounds, microbial decomposition, and invertebrate 

feeding (Cummins, 197L,; Anderson and MacJi'ndyen, 1975). 

There are many instances where the heterotrophic organisms of an 

ecosystem modify or regulate the flow of energy wlth:in and betv1een 

trophic levels. Chew (1974) reviewed the importance of detritivores and 

herbivores in regulating terrestrial decomposition processes and in 

influencing plant production and diversity. He concluded that regulatory 

properties of consumers were more important to ecosystem functioning 

than oimply the ability to move energy through the system. Lee and 

Inman (1975) indicated that consumers may not provide stability to the 

ecosystem, but may dampen deviations from equilibrium and help maintain 

system homeostasis. Based on various ecosystem models, O'Neill (1976) 

suggested that small changes in heterotroph biomass could re-establish 

ecosystem equilibrium and reduce effects of perturbation. 

In terrestrial ecosystems consumer regulation often increases the 

primary production of the ecosystem. For example, pbytophagous insects 
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are important regulators of forest primary production (Mattson and Addy, 

1975). Wildebeest grazing in the Serengeti Plains increase net primary 

productivity of the grassland by preventing plant senescence (McNaughton, 

1976). The leaf cutter ant, Atta colombica, of a tropical forest accel-

erates net primary production by cropping leaves for use in nest con-

struction (Lugo et al., 1973). 

Certain aspects of nutrient cycling can al130 be regulated, in part, 

by consumers. Kitchell et al. (1979) reviewed c:onsumer regulation of 

nutrient cycling and concluded that nutrient cycling rates may be 

altered by translocation (movement of nutrients across subsystem 

boundaries) or transformation (change in the surface/volume relationship 

of a prey organism or other food substrate) of nutrients by consumer 

consumption or behavior patterns. 

In aquatic ec:osystems Gro.~inG zooplankters affected algal produc-

tivity, growth, community structure, and succession, all of which can 

influence energy flow in an aquatic ecosystem (Porter, 1976 and 1977). 

Wallace et al. (1977) and Merritt and Wallace (1981) stressed the impor-

tance of stream invertebrates that filter particulate organic matter 

from suspension in retarding the loss of energy from a given stretch of 

stream. 

Stream insects that feed directly on vascular plant detritus are 

designated o.s shredders ( Currunins, 1973 ). Terrestrial invertebrates 

with similar feeding habits significantly affect the breakdown rates of 

leaves on forest floors (reviewed by Crossley, 1977). The role of 

shredders in streams has been more difficult to define (Anderson and 
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Sedell, 1979) and has been evaluated by two general techniques: compari-

sons of breakdown rates in streams with different shredder abundances, 

and calculations of detritus utilization budgets from shredder ingestion 

or production data. Hart and Hownuller (1975), Iversen (1975), and 

Sedell et al. (1975) compared leaf breakdown in two or n~re streams and, 

in each case, suggested that differences in breakdown rates were due to 

differences in the invertebrate fauna. Petersen and Cummins (197/f) 

found slower leaf breakdown rates in artificial channels where shredders 

were excluded than in channels where shredders were present. Fisher and 

Likens (19'73) found that macroconsumers accounted i'or only a small 

portion of the energy flow in Bear Brook. However, Cummins (1971) 

estimated that detri ti vores in a woodland strerun ingested almost 32~~ of 

gross LPOM (large particulate organic matter) input on a daily basis, 

and Webster and Patton (1979) calculated that unnual detritivore inges-

tion in a small stream at Coweeta Hydrologic Laboratory was approximately 

80% of leaf fall. 

Since detritivores have relatively low assimilation efficiencies 

(e.g., Berrie, 1976; Golladay, 1981), much of the leaf matter ingested 

by detritivores is returned to the stream greatly reduced in size. This 

fine particulate organic matter (FPOM) provides an energy source for 

other consumers that feed on deposits of FPOM or filter FPOM from 

suspension (Short and Maslin, 1977; Wallace et al., 1977). Grafius 

and Anderson (1979) found that though Lepidostoma quercina production 

was only a small portion of the total secondary production in Berry 

Creek, this shredd<:'r produced sufficient FPOM to support 1/4 to 1/2 of 
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the simuliid production in the stream. Based on laboratory experiments, 

Curmnins et al. (1973) concluded that shredders have an important influ-

ence on energy flow in detritus dominated stream ecosystems. 

One way to investigate the influence of feeding activities of leaf 

shredding insects on detrital dynamics is to compare detrital processing 

parameters among streams with different levels of shredder abundance. 

In this study I have compared rates of leaf breakdown and POM transport 

in three temporary and three permanent streams draining small forested 

watersheds. It was postulated that temporary strean1s, due to their 

seasonal dry periods, would have fewer species of shredders und/or 

fewer numbers of individuals per species than permanent streams 

(Williams und Hync:::;, 1977). This hus been demonstrated in ::;everal 

studies (Clifford, 1966; Williams and Hynes, 1976; Iversen et al., 

1978). I further postulated that reductions in shredder populations 

in the temporary streams would result in concomitant changes of various 

detrital parameters. 



SITE DESCRIPTION 

This study was conducted in six first-order tributaries of Guy's 

Run, a tributary of the Calfpasture River (James River Basin, 

Rockbridge County, Virginia; 79 39' W longitude, 38 58 1 N latitude). 

Most of the 19 km2 watershed of Guy's Run is located within the Goshen 

Wildlife Management Area. 

The six tributaries of Guy'~; Il.un used in this study arc typical of 

the low order, low nutrient streams of the southern Appalachian Moun-

to.lns. Glade Brook, Deckney Hollow, and Three Dwarf Run are permanent 

streams. Highest flows occur in winter and lowest flows in summer. 

Dry Branch, Tower Branch, and Grave Branch are temporary streams with 

no channel flow during late summer and early autumn. The six streams 

varied in Jenc;th, width, gradient, und watertihed area (Table 1). 

Average stream velocity and temperature were similar among the six 

streams (Table 2). Overstory vegetation of the six watersheds is 

dominated by several oak species, hemlock, red maple, hickory, and 

several other deciduous species (Table 3). 
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'fable l. Stream lengths, widths, gradients, c..::d \-;-a ters!"!ed areas fer t:r.=ee permanent strec.r::s and 

t!'.ree temporary streams in the Guy's Run waters!:ed. 

Stream Streer. St re an Watershed 
l~mgth (m) Width (:::) Gradient (m/m) lu.'eas ( kr.12 ) 

Pern:anent Stree.Jns 

Grale Brook 400 2.30 0.22 1.13 

Beckney Hollov: 1350 1.75 0.08 0.83 O' 

'Ir.ree Dwarf Rlll1 550 1.98 0.06 0.38 

Tempcrary Streru:s 

Dry Branch 549 1.20 0.15 C.33 

'Icwer Branch 555 1.60 0.1:3 0.94 

Grave Branch 1173 1.20 0.05 0.36 



Table 2. Mean(± 95% CI) and ranges of strear.: velocities (m/sec) and water temperatures (c) 

recorded from the six study streams. 

Strear.:i 
Velocities 

Stream 
Ter.iperatures 

Glade 
Brook 

0.29± 
.06 

8.58± 
2.24 

Beclmey 
Hollow 

0.36± 
.08 

8.93± 
2.61 

Three 
Dwarf Run 

0.24± 
.C6 

9. ('6± 
2.42 

Drjr 
Brar.. ch 

0.20± 
.06 

7.96± 
2.40 

~cv1er 
.Crar..c:r_ 

0.28± 
.C19 

8.33± 
2.4? 

Grave 
Branch 

0.28± 
.11 

8.87± 
2.44 

--J 



Table J. Percent composition of overstory vegetation of the six study ><atersheds. Percents ba.sed 

en basa.l area ( ri2 /h) as determined by the Bit terli ch Method. 

Glade Beclmey Three Dry Tower Grave 
Brcok Hollow twarf Rur! Branch Bran ct Brar.ch 

Vr.nite Oak 10 5 11 6 6 /.,/J 
Chestnut Oak 6 14 26 2J 25 2 
Rec/Black Oak 14 34 28 18 17 lC 
Scarlet/Pin Oak 4 0 5 17 2 i:::. 

" ,I 

Red Maple L 10 8 4 12 lJ 
Yellow Eirch J 1 5 5 4 
Dogwood 2 1 1 J 9 
Witch Eazel 1 1 1 1 
Tulip Tree 8 J 5 3 " 4 ,::,. 

Black locust 1 1 2 2 
Sassafras 1 
Cucumber Magnclia 4 1 1 
Pignut Hickory 8 11 8 6 10 lC 
Sycamore 2 1 4 
Sugar }.:S.ple 1 2 1 l 
Hemlock 26 6 4 6 1 
\~bite Pine 4 2 J 6 3 
Pitch Pine 1 4 1 l 

00 



METHODS 

Leaf Breakdown Rntes 

Leaf breakdown rates were measured in the six study streams using 

nylon mesh bags (10 x 10 cm, 1 cm2 openings) filled with approximately 

five grams of dried and weighed red maple (Acer rubrum) leaves. Thirty 

bags were placed in each stream on 20 January 1979, and five bags were 

recovered from each site on six dates (approximately JO day sampline 

intervals) beginning 10 February 1979 and ending 5 July 1979 before the 

temporary streams becurne dry. The same sampling regime was used to 

measure leaf breakdown for a second year. Thirty bags were placed in 

each stream on 8 December 1979 and the final five bags were removed from 

each site on 5 July 1980. 

Retrieved leaf bugs were put into individual plaf;tic bags, placed 

on ice, and transported to the laboratory where invertebrates were 

sorted and preserved for identification. The leaf material was air-dried 

to constant weight. Subsamples (1 g) from each bag were ashed (500 C, 

15 min) to determine ash free dry weight (AFDW) of the remaining leaf 

matter. Breakdown rates were calculated by regressing log transformed 

remaining weight against exposure time (Jenny et al., 1949; Olson, 196J). 

Breakdown rates were compared using the Least Significant Difference 

test for comparisons of two or more slopes (Sokal and Rohlf, 1969). 

Microbial respiration was measured on red maple leaves using a 

Gilson Respirometer. Two replicate discs were punched from the leaves 

collected from a stream on a given pickup date. The leaf discs were 

Lhcn placed in respirometry flasts containing filtered stream water. 
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The flasks were attached to the Gilson apparatus and allowed to equili-

brate at 21 C for 4 - 5 hours. Two flasks, which contained only 

filtered streams water, were used as reference flasks. Microbial 

respiration was measured in u1 o2/mg leaf tissue/hour. 

Particulate Organic Matter 

Suspended particulate organic matter ( seston) was collected from 

the six study streams on 10 dates beginninu in Aucust 1978 and ending in 

June 1980. Larger POM size fractions were collected by pouring 

measured volumes of stream water through u 20 urn plankton net. Water 

was also collected in carboys to obtain samples of smaller particles. 

All POM samples were collected during periods of bn.se flow. .Samples 

were analyzed using a wet filtration system (Gurtz et al., 1980). 

Measured volumes of r;trerun water or resuspended net r;runples were filtered 

with suction through a series of stainless steel screens into the 

following size classes: 234 um, 105 - 234 um, 43 - 105 um, 25 - 43 

um. Material collected on the screens was resuspended and collected on 

pre-ashed, pre-weighed Gelman A/E glass fiber filters. An aliquot of 

material passing through the 25 um screen was filtered through a glass 

fiber filter to obtain a 0.5 - 25 um size fraction. All samples were 

oven-dried (50 C, 2Li h), desiccated (24 h), weighed, ashed (500 C, 15 

min), rewetted (to restore water of hydration; Weber, 1973), redried, 

desiccated, and weighed. 

free dry weight (AFDW). 

From these weights POM was determined as ash-

POM concentrations (mg/l), median Pa~ particle 

sizes (um), and transport load (g/d) were calculated based on weight. 

Flow measurements used in the analysis of the POM data were determined 
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either by capturing the total discharge per unit of time in a bucket 

(liters of water) or by measuring stream velocity, width, and depth and 

computing discharge from these measurements. 

Leaf Pack Shredders 

Benthic organisms were placed into the shredder functional group 

based on life history and feeding behavior studies from tbe literature 

and based on preliminary fcedine studies by this author. 

Shredders were sorted live from leaf' packs in the laboratory and 

preserved in Ii% formalin and later transferred to 70% ETOH. Shredders 

were identified (to genus and when possible to species), emunerated, 

and measured ( lene;tl1 and head capsule w:i.dth in mm). Mean shredder 

densities were calculated as numbers of organisms/g AFDW of leaf matter. 

Biornusf; (me DW clJrcdders/c AFDW l<)Uf mnLtcr) wns estimated usine length 

(mm) measurements and oven-dried weights (60 C, 24 h) of freshly killed 

{exposure to carbonated water for 15 min) organisms. These data were 

then regressed to obtain length-dry weight relationships for each 

shredder genus or species (Table 4). The lengths (mm) of preserved 

shredders, collected from leaf packs or natural substrates, were then 

used in these regression formulas to obtain dry weight biomass for 

each genus or species. 

Shredders and CPOM in the Substrate 

A Surber square-foot sampler (220 um mesh size) was used to quan-

titatively sample shredders from substrates of the six streams on 16 

dates between 27 January 1979 and 5 July 1980. Three Surber samples 



Table 4. Regression statistics for length (mr:) and dr~' weight (EE) data used to determine shredder 

cionass estimates. 

N Slope Inte!'cept R2 Mea.."! ~!.ea!l 

!..ength Dry Weight 

Allonarcys 37 .00388 -.C:L.,079 .88 19.0 0.0330 

Peltoperla 40 .00094 -.00205 .98 5.5 0.0031 
...... 

Leuctra 45 .00009 -.0:)017 .9c 6.1 O.OOOL. I\.) 

Lepidostoma 31 .00003 -.O'JCOl .98 4.7 0.0013 

Pycnopsyche 30 .00204 -.C:l.494 .90 13.0 0.0116 

:ipula 40 .00084 -.C~246 .9L 25.0 0.0085 
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were collected from each stream on a given sampling date. The substrate 

was sampled to a depth of 10 cm when possible. Samples were collected 

from riffles using stratified random sampling. The samples were pooled 

and the organisms preserved in ~-% formalin for analysis in the labora-

tory. Shredders were identified, enumerated, and meamU'ed as above. 

The biomass of each shredder was estimated using the regression equations 

discussed above. 

Benthic CPC!vt was also collected from the Surber samples. Identifi-

able leaves were separated to species and air-drj.ed, and weighed. 

Annual dry weight production of shredders was estimated using the size 

frequency method described by Hynes and Coleman (1968) and as modified 

by Hamilton (1969). This method does not require species identifica-

tion, but treats the average size frequency distribution of populatlons 

over the year as an "average cohor·t,". The production estimate was then 

corrected to actual development period, or cohort production interval 

(CPI), of the nymph or larvae using the method proposed by Benke (1979) 

and Benke and Wallace (1980). The CPI for each species was estimated 

from size distributions of individuals collected from monthly substrate 

samples and from literature data on voltinism and development periods. 

Leuctra spp. were found to be univoltine (Hynes, 1970; Merritt and 

Cummins, 1978) and I used an estimated CPI of 270 days. Peltoperla is 

thought to have a two year cycle (Merritt and Cummins, 1978) and I 

estimated a CPI of 660 days. Allonarcys has a 2-4 year life cycle 

(Hynes, 1970; Merritt and Cummins, 1978 ) and I used a conservative CPI 

of 780 days. All Trichoptera were considered univoltine (Wiggins, 
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1977; Merritt and Cununins, 1978) and I used a CPI of 270 days for all 

genera. Tipula was considered univoltine and to have a CPI of 270 days 

based on benthic substrate samples. Length classes were constructed 

from measurements of preserved material. Dry weights used in estimating 

production were obtained from the length/dry weight regression formulae. 

The production estimates of all genera were combined to obtain shredder 

annual production. 



RESULTS 

Maple Leaf Breakdown 

Breakdown of red maple leaf packs in the six study streams for 

two sampling seasons is shown in Figures 1 and 2. Generally, permanent 

streams had faster breakdown rates than temporary streams (Table 5). 

First-year breakdown rates for Glade Drook and Beckney Hollow, both 

permanent streams, were significantly faster (P < 0.05) than the other 

four streams. Second-year breakdown rates for all streams, except 

Grave Branch, were not significantly different. However, the order of 

breakdown rates for both seasons is nearly identical suggesting a 

relatively consistent trend in CPOM processing among streams. 

Microbial respiration measured on second season red maple leaf 

packs suggested that most of the streams had similar microbial activi-

ties (Table 6). The only stream with significantly different respira-

tion (P < 0.05, two-way anova) and multirange test was Dry Branch, a 

temporary stream. Dry Branch red maple leaves had the highest average 

microbial respiration and Glade Drook, a pern1anent stream, the lowest. 

Microbial respiration did not correlate well with leaf breakdown rates 

(r = 0.04, N = 6). 

Density and Biomass of Shredders on Leaf Packs 

The dominant shredders found on the leaf packs were two trichop-

teran genera, Lepidostoma sp. and Pycnopsyche sp., four plecopteran 

genera, Leuctra sp., Peltoperlo maria, Allonarcys proteus, 

Taeniopteryx sp., and one dipteran, Tipula sp. Other invertebrates 

15 
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Table 5. Red maple leaf breakdO\m rates in 

Stream 

Season 1 

Beclmey Hollo\'.' 

Glade Brool: 

Dry Branch 

Tower Branch 

Three Dwarf Rur, 

Grave Branch 

Season 2 

Beclmey Hollow 

Glade Brook 

Dry Branch 

Three Dwarf Run 

Tower Branch 

Grave Branch 

_i 
Breakdovm Rate ( C. - ) 

0.0175 

0.0149 

0.0098 

0.0077 

0.0059 

0.0045 

0.0127 

0.0109 

0.0080 

0.0064 

0.0061 

0.0029 

the six study stres:-:s for t\'iO seasons. 

95% CI r2 N 

±0.0C78 0.72 35 

±O.C075 0.66 35 

±0.0050 0.65 35 

±0.0051 o. 53 35 

±0.0GL5 0.46 35 

±O.OOL7 0.33 34 

±O.C018 0.86 35 

±0.0014 0.88 35 

±0.0018 0.69 35 

±0.0011 0.79 35 

±0.0015 0.66 35 

±0.0015 0.34 34 

1vertical bars indicate rates that were not sigr,ificantly different ( = C.05). 

Least Significant1 
Difference 

I 
. 
. 

' I 

I-' 
00 



Table 6. Mean(± standard error) respiration (ul o2/g DW leaf natter/hr) of microbes colonizing 

red maple leaf packs from the six study streans. Respi!'ation rates we!'e determined using a 

Gilson respirometer viit!:. a v.-ater bath temperature of 21 C. 

Glade Beckney Three Dry Tower Grave 
Brook Hollow Di':arf Rur. Eran ch Branch Branch 

10 Dec 1979 387 ± 68 .393 ± 81 295 ± 88 579 ± 102 325 ± 54 432 ± 77 

10 Jan 1980 280 ± 30 410 ± 60 272 ± 29 262 ± 36 304 ± 27 22L ± 24 

11 Feb 1980 378 ± 31 229 ± 23 i.51 ± 34 440 ± 62 249 ± 36 307 ± 22 

27 Mar 1980 280 ± 24 213 ± 59 349 ± 60 122 ± 60 204 ± 41 245 ± 31 

16 May 1980 219 ± 48 258 ± 56 202 ± 40 4c9 ± 137 467 ± 120 453 ± 120 

5 Jul 1980 202 ± 60 457 ± 255 477 ± 162 718 ± 193 455 ± 106 

I-' 

'° 
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categorized o.s shredders were rarely found in the leaf packs. Shredder 

density on first seasan leuf packs increased with time, especially after 

about 70 days, as the leaves became conditioned by microbes (Figure J). 

Densities from the second season were generally higher than first 

season, especially for the two permanent streams, Glade Brook and 

Beclmey Hollow which were significantly different from the other 

streams ( P < 0. 05, two-way anovu and multi range test) (Figure L~). 

However, Tower Drnnch, a temporary stream, had a decrease in second 

season shredder numbers, particularly during late spring and early 

swruner. For both seu:.mrw densitie~; of shredders in the permanent 

streams increased during early summer. 

Averace biomass of shredders colonizing leaf packs in the second 

season was significantly (P < 0.05, two-way anova and multirange test) 

larger than during the first season, except for Tower Branch (Table 7). 

The trend for shredder biomass in the first season was a general 

increase through time, however, in second season there were two packs 

of shredder biomass, winter and early spring. 

Total shredder biomass on maple leaves from two permanent streams, 

Beckney Hollow and Glade Brook, was significantly (P < 0.05, two-way 

anova and multirange test) larger than for the other four streams for 

both sampling seasons. Three Dwarf Run and Dry Branch had intermediate 

biomass for both seasons, while the two remaining temporary streams, 

Tower Branch and Grave Branch, had the smallest biomass. 

The species composition of shredders was more varied in permanent 

streams than in temporary streams. Allonarcys proteus, Pycnopsyche 
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':'able 7. Total shredder biomass (mg dr;y weigf:t shredde:::-s/g AFD\'! red m5.ple leaf matter) on leaf 

:packs from the six streams for two sampling seaso!ls. 

Glade Bed~ney '=tree Dry Tower Grave 
Brook Hollov; 17.;arf Run Eran ch Branch Brf:.!l c !'-. 

Season 1 

10 Feb 1979 0 . .39 6.54 0.0 0.74 0.0 0.36 
10 Mar 1979 0.57 4.78 l.85 0.40 O.J7 0.29 
31 Mar 1979 8.l2 J.18 l. 72 O.JO 0.66 o.o 
28 Apr 1979 8.40 J.23 1.03 1.64 2.8J 0.55 l\.) 

w 
19 May 1979 10.JO 6.62 2.00 6.38 2.84 l.l2 

5 Jul 1979 19.14 .34.75 0.78 J.25 1.28 1.87 
x = 7.87 = 9.85 = 1.2.3 = 2.11 = l.JJ = 0.69 

Seasor: 2 

8 Dec 1979 4.21 15.23 2.J6 J.05 0.41 0.94 
~o Jan 1980 20.97 21.77 J.16 5.lJ 2.91 2.83 
11 Feb 1980 29.96 15. 71 2.Jl 18.70 4.64 4.65 
27 Mar 1980 19.46 20.07 10.97 0.0 0.71 J.95 
16 May 1980 5.22 66.61 7.64 6 . .33 0.0 14.96 

5 Jul 1980 23.22 210.60 6.71 1.18 0.0 
x = 17.17 = 58.JJ = 5. 52 = 5.7J = 1 . .35 = 5 .1.,6 



sp., and Peltoperla maria were the primary organisms colonizing leaf 

bags in the permanent streams. The dominant shredders on leaf packs 

from all six streams for both seasons were Leuctra spp. and Lepidostoma 

sp. (Table 8). The plecopterans Allonarcys proteus and Peltoperla maria 

constituted a small percentage of total shredder densities on leaf 

packs. Tipula spp., a common dipteran shredder, was found predominantly 

on permanent strean1 leaf bags during the second season. Pycnopsyche 

and Taeniopteryx were folllld in very low densities on leaf packs from 

all streams. 

The main contributors to shredder biomass on leaf packs were 

Peltoperla maria, Leuctra spp., and a few Allonarcys proteus and Tipula 

spp. (Table 9). The relatively high Leuctra biomass was due to their 

large numbers on the leaf packs during the spring and early summer, 

while moderate biomass of shredders such as J\llonarcys and Tipula were 

due to a few large individuals. Generally, individual shredder biomass 

was greatest in two permanent streams, Glade Brook and Beckney Hollow, 

intermediate in Three Dwarf nun and Dry Branch, and low in the temporary 

streams Grave and Tower Branches. 

Shredder and CPOM Composition in the Substrate 

Seasonal trends in shredder densities based on benthos collections 

fluctuated more widely than shredder densitles noted from leaf bags 

(Table 10). However, differences in densities of shredders among 

streams followed the same trend for both benthic and leaf bag samples. 

Mean densities of shredders in two permanent streams, Glade Brook and 



Table 8. Mea...ri numbers (no. shredders/g AYDW rec ;::aple leaf mat:er) and percent composition of 

i~di vi dual shredder genera from each strean fc:r "':•;o sar:pling seasons. 

Glade Beckr.ey Ttree Dry Tower Grave 
Brook Hollow Th·.·arf F .. un Brc....'1.ct Branch Branch 

x # 
/0 x % x % x % x % x % 

Season 1 

J..llonarcys 1. 78 10 0.70 2 - - O.OL 1 
Peltoperla - - 4.86 17 0.17 4 0.09 1 - - - - N 
Leuctra 10.39 58 12.42 44 3.i,.4 74 6.0L 67 6.65 72 2.29 82 \..,"'I 

Lepidostoma 5.46 30 10.02 37 0.86 19 2.8; 32 2.50 27 0.52 19 
Pycnopsyche 0.33 2 0.07 1 O.l7 4 

Sea.son 2 

Allonarcys 0.62 2 1.90 2 
Peltoperla 1.36 4 22.83 29 0.19 1 0.1,.3 4 0.21 9 
Taeniopteryx - - 0.12 1 0.30 2 0.20 2 
Leuctra 26.01 75 28.03 36 14.86 71,. 5.98 49 0.13 5 6.98 96 
Lepidostoma 5.88 17 15.97 20 2.70 14 5.18 L3 2.11 86 0.05 1 
Pycnopsyche 0.49 1 0.55 1 0.28 1 0.30 2 
Tipula 0. 51 1 8.87 11 1.67 8 0.09 1 - - 0.22 J 



Table 9. Mean biomass (mg shredders/g AFDW re~ naple leaf ffiatter) and rercent composition of 

individual shredder genera fron each stream fer two sarr~ling seasons. 

Glade Beckney Three Dry To\':er Grave 
Brook Hollov.: Dwar: Rur.. Eran cl". 3ranct Branch 

x % x % x ~ x ~ x % x ~ r- ,, " 
Season 1 

Allonarcys 1.53 17 1.20 12 - - O.C3 , -
Peltoperla - - 3.85 39 0.39 32 0.13 6 - - - - I\) 

Leuctra 4.63 59 3,14 32 0.54 1..,4 1.1..,8 7C 0.96 72 0.63 91 O' 

Lepidostoma 0.90 11 1.57 16 0.13 11 0.46 22 0.36 27 0.06 9 
P-Jcnopsyche 0.97 12 0.06 1 0.16 13 

See.sen 2 

.Allonarcys 2.57 15 2.82 5 
Peltoperla 5.94 35 23.85 41 0.90 12 1. 57 -r. )v 1.04 78 
Leuctra 5,35 31 15.77 27 2.58 1-,,,) 1.39 24 0.04 3 3.30 61 
Taeniopteryx - - 0.01 1 0.05 1 0.04 l 
Lepidostoma 1.00 6 2.54 4 0.42 5 1.02 le 0.26 19 0.01 1 
Pycnopsyche 0.86 5 0.74 1 0.32 4 0.70 1 " _e:, 

Tipula 1.43 8 12.54 22 3.51 45 0.98 17 - - 2.15 39 



Table 10. Monthly standing stocks ( s1'..redders/r:2) of s!-J.Tedders collected fron the substrate of the 

s:x streams by Surber sampler. 

Glade Beckney Tr..ree Dry Tower Grave 
Brook Hollow Dl·;e.rf Rur: :2rar~ch Branch Branc!: 

27 Jan 1979 57 50 11 43 75 0 
3 Mar 68 46 14 7 61 25 

.31 Mar 223 104 50 39 18 32 
21 Apr 43 54 75 36 0 0 
:1..2 May 75 93 39 36 36 72 

5 Jul 82 65 29 14 29 11 I'\) 
~ 

19 Jul 61 115 22 dry dry dry 
21 Sep 82 18 4 4 c 7 
6 Oct 36 50 39 18 0 7 
3 Nov 104 115 129 179 36 32 
l Dec 140 194 136 136 75 90 

19 Jan 1980 124 197 147 75 47 11 
11 Feb 115 82 47 18 57 46 
27 W!ar 158 125 82 39 47 32 
16 May 100 93 43 129 11 10 

// 

5 Jul 176 68 25 25 0 
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Beckney Hollow, were significantly (P < 0.05, one-way anova and multi-

range test ) higher than for the other f om· streruns (Table 11 ) . Three 

Dwarf Run, a permanent stream, and Dry Dranch, a temporary stream, had 

intermediate shredder densities. Tower Branch and Grave Branch, both 

temporary streams, had the lowest benthic shredder densities. Based on 

mean standing stocks, Leuctra spp., Lepidostoma sp., and Peltoperla 

maria were the most abundant shredders in the substrate of the six 

streams (Table 12). 

Differences in biomass were even more pronounced than differences 

in shredder densities between the two stream types (Table 11). The 

permanent streams had larger mean biomass values than did temporary 

streams. This was especially true for Glade Brook and Beckney Hollow 

which had significantly ( P < 0. 05, one-way anova and mul tirange test) 

larger biomass than the other four streams. Dry Brilllch, a temporary 

stream, and Three Dwarf Run, a permanent stream, were intermediate. 

The two remaining temporary streams had very low biomass. On a monthly 

basis the permanent streams usually had larger shredder biomass than 

the temporary streams (Table lJ). All three permanent streams gener-

ally had much larger biomass for individual shredder species than the 

temporary streams (Table 1L1 ) • Allonarcys proteus and Pel toper la maria 

were the two main contributors to shredder biomass in the permanent 

streams, while Leuctra spp., Peltoperla maria, and a few Tipula and 

Pycnopsyche were the most important in temporary streams. For all 

seasons the permanent streams had larger shredder densities and much 

larger hiornass in the substrate thnn temporary streams (Fie;ure 5). 



':able 11. Mea..Tl (± 95% CI) and ranges of shred.C.er standing stocks and biomass for shredders 

collected fron the benthic substrates cf the s~x strean:s by Surber sar.:ip~er. 

Standing Stocks (no./~2 ) Bionass (mg DW/m2 ) 

Pernanent Strean;s 

Glade Brook 103 ± 26 (36 - 233) 350 ± 228 (13 - 1452) 

Beckney Hollo'\': 92 ± 25 (18 - 197) 486 ± 353 (15 - 2522) 

Three r;~;arf F.cr. 56 ± 22 (4 -r" 176 ± lL,L,. ( 2 - 1216) !\) 
-J.:I) '° 

Te~porary Streams 

try Branch 53 ± 27 (4 - 179) 66 ± 52 (2 - 399) 

'rower Branch 33 ± 14 ( 0 - 75) 20 ± 16 ( 0 - 121) 

Grave Branch 29 ± 14 ( 0 - 90) 31 ± 22 (0 - 145) 



:able 12. Mean standing stocks (no. shredders/=2 ) and percent composition of shredder genera 

collected from the substrate of the six stre~s cy Surcer sampler. 

Allonarcys 

Peltoperla 

Leuctra 

Tc:.eniopteryx 

lepidostoma 

Pycnopsyche 

Tipula 

Glade 
Brook 

x % 

15 19 

10 13 

28 35 

11 13 

11 13 

4 5 

2 2 

Beckney 
Eollo'.'i 

x 

15 

5 

74 

-
6 

4 

2 

cf 
/0 

14 

5 

70 

-
6 

3 

2 

Three 
D.:arf Run 

x % 

15 5 

32 32 
~.., 

j _, 33 

6 6 

9 8 

L 4 

2 2 

Dry 
Branch 

x % 

5 8 

12 18 

23 35 

12 18 

10 15 

5 8 

3 5 

Tower 
Branch 

x % 

1 2 

2 5 

16 48 

4 11 

11 33 

- -
- -

Grave 
Branch 

x % 

, 1 .. 
16 36 

11 24 

9 19 

7 16 

2 5 

w 
0 



Table 13. Monthly biomass (mg sr~edders/r.-?) c:"' s!"lredders collected fror:i the substrate of 

the six streams by Surber sampler. 

Glade Beckne;y ~hree Dry Tower Grave 
Brook Hollov;- D;•;arf Rtrr, Branch Bra.net Branch 

27 Jan 1979 21 1+76 2 8 20 0 
3 Mar 196 37 25 2 23 10 

31 Mar 889 244 185 15 6 6 
21 Apr 65 42 82 7 0 0 
12 May 18 18 27 L 7 13 w 

5 Jul 13 16 11 11 11 1 f-' 

19 Jul 60 159 88 dry dry dry 
21 Sep 34 214 39 13 0 14 
6 Oct J02 85 24 7 0 89 
3 Nov 63 1534 75 103 31 8 
1 Dec 1453 2523 271 76 121 69 

19 Jan 1980 403 1470 1217 166 52 2 
11 Feb 114 174 27 28 10 145 
27 16..ar 1285 395 224 88 19 38 
16 May 585 375 321 399 2 36 

5 Jul 104 24 205 57 0 
x 350 487 176 72 19 31 



!able 14. Mean bior:ass (mg shredders/rr?) and percent composition of sr..redder genera collected 

from the substrate cf the six streams t:i Surber sampler. 

Allonarcys 

Peltoperla 

Leuctra 

Taeniopteryx 

Lepidostoma 

Pycnopsyche 

Tipula 

Glade 
Brook 

x 

.312 

14 

17 

-
l 

1 

6 

% 

89 

4 

5 

-
1 

1 

2 

Beckney 
Hollow 

x % 

402 80 

81 16 

e 1 

l 1 

l 1 

5 1 

10 2 

T:hree 
Dwarf Rur: 

x % 

111 63 

1..,2 24 

5 .3 

l 1 

l l 

2 1 

16 9 

Dry 
Branch 

x % 

- -
3S 59 

7 10 

l 1 

l 2 

7 11 
,~ 

_,::_ 18 

Tower 
Branch 

x % 

13 51 

6 23 

5 20 

1 1 

l 5 

- -
- -

Grave 
Brar1ch 

x % 

3 9 

4 13 

l 1 

1 4 

11 .35 

12 38 

w 
I\) 
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PERMANENT STREAM o 
TEMPORARY STREAM o 

,..141 S-.•1030 

27 3 31 21 12 5 19 21 6 3 1 19 11 27 16 5 
JAN MAR MAR APR MAY JUL JUL SEP OCT NOV DEC JAN FEB MAR MAY JUL 
~ w 

Figure 5. Combined densities and biomass estimates of shredders 

collected from the substrates of the permanent and 

temporary streams on 16 sampling dates. 
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Seasonal trends were generally similar for both stream types, though 

attenuated in the temporary streams. 

Total shredder production was higher in the pennanent streams than 

in the temporary streams (Table 15). Beckney Hollow, a permanent 

stream, had highest production ( 6.11 g DW/m2 /y) while Tower Branch, a 

temporary stream, had lowest production (0.26 g DW/m2/y). Shredder 

production in the six streams was greatly influenced by the larger 

shredder species. In permanen-L streams Allonarcyt: protem: and Tipula 

spp. had the greatest production. The production of Allonarcys proteus 

was greatest in Deckney Hollow, but the turnover ratios were similar 

for this species in all permanent streams. Tipula spp. had a lower 

production rate in Glade Drook tban in Beckney llollov1, but the turnover 

rate for this dipteran in Glade Brook was higher. Lepidostoma sp., 

Leuctra spp., and Peltoperla maria had higher production in Deckney 

Hollow than in the other two permanent streams, but the turnover 

ratios for these shredders fluctuated widely among streams. Tipula 

spp. were the most important component of shredder production in the 

temporary streams. Dry Branch and Grave Branch had similar production 

and turnover ratios for Tipula. This species, as indicated by 

earlier data, was not. found in Tower Branch. Production by the 

remaining shredders was generally higher in Dry Branch than in the 

other two temporary streams. 

There were no apparent differences in mean standing crop of ben-

thi c CPOM among the six study streams (P > 0.05, two-way anova and 

multirange test) (Table 16). There were significant differences 



Tc.tle 15 . .Annual dry weight production (P), bicr::c.ss (B), and t\L"l"Ilover re.tics (P/B) of the don:.inant 

si:redders found in the six study streans. 

Lepidostoma Leuctra Peltoperla Allonarcys Tipula 

P B P/B P B P/B P B P/B P E P/B p B P/B 

Permanent Stre2.I'.!s 

Glc.de Brook 9 2 5 61 14 4 280 37 8 995 2ii 5 2430 4-0 ::> / 5 

Beckney Eollov; 7 1 7 45 9 5 470 82 6 1650 257 6 3942 480 8 \,,..) 
\J1 

T:hree Dwarf Rur: 11 2 6 22 5 4 304 L'i . ' 7 828 1: ".l --, 7 2200 400 8 

Temporary Stree.ns 

Dry Branch 11 2 6 30 8 4 350 6L 5 1910 532 4 

Tower Branch 13 2 7 32 7 5 200 23 9 

Grave Branch 9 2 5 13 5 3 31 7 4 1640 412 4 

P =mg DW shredder/m2/y 

B = mg DW shredder/m2 



'lable 16. Benthic CPOM standing crops (g DVl/r}) of deciduous leaves collected by Surber sar.;.pler 

from the six study streams. 

Glade Beclmey Three Dry To'\'ier Grave 
Brook Hollow Dwarf Rur.. Branch Bre.I2ch Bra.net 

6 Oct 1979 31 14 25 23 46 17 

J Nov 1979 124 137 7o , 52 47 92 

1 Dec 1979 66 107 56 47 48 83 w 
O' 

19 Jan 1980 78 168 44 214 94 91 

ll Feb 1980 99 145 99 153 112 110 

27 Mar 1980 120 122 142 163 107 130 

16 May 1980 19 40 41 93 32 37 

5 Jul 1980 0 0 5 0 6 6 
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among CPOM standing crops among dates ( P < 0. 05, two-way an ova and 

multirange test). October, May, and July standing crops were signifi-

cantly different from each other and the remaining dates. CPOM standing 

stocks, in all streams, increased in the autumn, peaked during ndd-

winter, and declined in late spring and early summer. The leaf species 

composition of the benthic CPOM from the six streams was similar to 

the overotory composition of these waternhedfJ. Several oak species 

dominated the benthic CPOM, while red maple, yellow birch, and a few 

other deciduous species were also common in the samples. 

POM Transport 

POM concentrations were generally higher in the permanent streams 

than in the temporary streams (Table 17). Concentrations in the 

permanent streams were highest in sununer, lowest in winter, and inter-

mediate in spring and autumn. POM concentrations in the temporary 

streams declined in early summer, and then the midsummer to midauturnn 

dry period halted further POM transport. Through the peak period 

(N.ay-Sept. ), POM concentrations were consistently highest in Beckney 

Hollow, lowest in Three Dwarf Run, and intermediate in Glade Brook. 

Among the temporary streams, Dry Branch generally had the highest POM 

concentrations. Trends in average POM particle sizes were not as 

clear, but followed the same general pattern (Table 18). The average 

particle size was usually largest in Beckney Hollow and Glade Brook, 

both permanent streams, and smallest in Tower and Grave Branches, both 

temporary streams. Three Dwarf Run and Dry Branch were intermediate. 

Transport of POM (g/day) was ereater in the permanent streams than in 



Table 17. Mea...11s and standard errors of POM conce!ltraticr:s (mg/1) for each stream on nine ss...'lpling 

cates. Horizontal lines indicate strec..I!'!s with significantly different concentrations (P C.05, 

cne-v;ay anova and mul tirange test). GB = Glade Brook, BE = Beckney Hollow, JD = Three Dwarf Run, 

DB = Dry Brar..ch, TB = Tower Branct, GV = Grave Branch. Asterisks indicate permanent streams. 

7 Aug 78 

BH* GB* TB 

1. 50 ± .03 1. .31 ± • .31 . .30 ± • 02 

\,.) 
en 

1 Feb 79 

BH* .3D* GB* TB GV DB 

.15 ± .01 .15 ± .01 .12 ± .01 .12 ± .01 .10 ± .01 .07 ± .01 

17 May 79 

BH* GB* .'.3D* GV DB TB 

.91 ± .07 .74 ± .05 • 71 ± .07 • .'.38 ± .04 • .'.35 ± .02 .29 ± .03 



Table 17 Continued. 

11 Jul 79 

B'-~* GB* 

1. 52 ± .13 1.41 ± .15 

2 Sep 79 

BE* GB* 

:'... 31 ± .08 . 79 ± .09 

9 Nov 79 

BE* 3D* 

.74 ± .02 .73 ± .02 

.3D* 

• 91 ± .C6 

.3D* 

.49 ± .18 

DB 

.61 ± .03 

(teqlorary streams dry) 

(te~pcrary streams cry) 

GB* TB 

.46 ± .01 • .37 ± • 01 

(GV dry) 

w 
'° 



!able 17 Continued. 

29 Jan 80 

GB* BH* DB 

.68 ± .09 .41 ± .01 .41 ± • Cl 

19 .Apr 80 

G!3* BH* DB 

.68 ± .10 .67 ± .03 .44 ± .12 

24 Jun 80 

BH* 3D* GB* 

2.18 ± .15 1. 51 ± .01 . 75 ± .01 

r--
.!..:J 3D* 

.20 ± .03 .15 ± .01 

Gi.T 3D* 

,33 ± .02 .24 ± .03 

(te::iporary streams dry) 

GV 

.13 ± .01 

TB 

.12 ± .02 
~ 
0 



':able 18. Mea:."ls and standard errors of median PO! sizes ( l1Il!) for each strean on nine sa.IIipling dates. 

Ec·rizontal lines indicate streams with significantly different r:edian particle sizes (P O. 05, one-

7;ay anova and Eul tirange test). GB = Glade Breck, BH = Beckney Eollow, JD = Three Dwarf Run, DB = 

Dry Branch, TB = Tower Branch, GV = Grave Branch. Asterisks i:r:C.icate permB.!:ent strealils. 

7 Aug 78 

E:i* GB* TB 

31 ± 2 21 ± 2 15 ± 1 

.t-. 
I-' 

1 Feb 79 

EH* GB* TB JD* DB GV 

28 ± 2 19 ± 2 17 ± 1 16 ± 1 16 ± l 15 ± 1 

17 May 79 

BH* JD* DB GB* TB GV 

33 ± 3 32 ± 5 30 ± 3 28 ± 3 20 ± 1 l9 ± 1 



Table 18 Continued. 

11 Jul 79 

Bii* .3D* 
L5 ± 5 4.3 ± l 

2 Sep 79 

B::* JD* 

22 ± 1 21 ± 1 

9 Nov 79 

G3* DB 

32 ± 4 2.3 ± 1 

GB* 

39 ± 1 

GB* 

19 ± 1 

BH* 

22 ± 1 

(tenporary streams dry) 

(temporary streams dry) 

3D* TB 

16 ± l 16 ± 1 

(GV dry) 

J:-... 
!\) 



:able 18 Continued. 

29 Jan 80 

BH* JD* DB 

26 ± J 24 ± 4 21 ± 1 

19 Apr 80 

JD* GV BH* 

69 ± J 56 ± 12 42 ± 5 

24 Jun 80 

BH* JD* GB* 

64 ± 10 59 ± 12 35 ± 12 

GB* GV 

20 ± 1 19 ± 1 

G3* DB 

JJ ± 7 24 ± 1 

(tenporary streams dry) 

TB 

17 ± 1 

""'R J.~ 

2J ± 1 

+'-w 
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the temporary streams (Table 19). Winter POM transport in the permanent 

streams, at higher base stream discharges, was lower than sununer trans-

port values at lower stream discharges. This trend was modified by rain 

storms which would temporarily increase POM transport. However, even 

during a rising hydrograph, sununer transport was generally higher than 

winter transport. A typical seasonal hydrograph of a Guy's Run first-

order stream is represented by Piney Branch (Figure 6). 



Table 19. Means and ranges of Pa·.~ transport (g/C.ay) and means and rar.:ges of stream discharge 

(l/sec) for each study stream. N =sample size. 

Mean Transport (g/d) };~ean Discharge (l/s) N 

Perma.~ent Streams 

Glade Brook 557 (80 - 1627) 8.37 (1.60 - 16.78) 8 

Beclmey Hollow 733 (71 - 1797) 9.55 (1.64 - 23.81) 8 

Three Dwarf Run 237 (16 - 703) 6.65 (0.38 - 16.66) 8 
-l'--
Vl 

Tenporary Streams 

try Branch 116 (2 - 342) 3.00 (0.02 - 8.75) 6 

'rower Branch 153 (48 - 255) 8.21 (4.28 - 16.50) 5 

Grave Branch 93 (1 - 260) 3.55 (O.ll - 8.80) 5 
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PINEY BRANCH HYDROGRAPH 
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Figure 6. Average monthly discharge of Piney Branch, a first-order 

tributary of Guy's Run, over a 22 month period. 



DISCUSSION 

Leaf Breakdown 

Red maple leaf breakdown rates were generally faster in the perma-

nent streams than in the temporary streams. However, Three Dwarf Run, 

a permanent stream, and Dry Branch, a temporary stream, did not fit as 

expected into the permanent and temporary stream groups. In general, 

the pcrmnncnt-tempornry ::;trcmn condition in o continuum. In this 

case, Three Dwarf Run and Dry Branch had characteristics which placed 

them neur the middle of the continuwn. 'fhrec Dwnrf nun, even thoueh 

a permanent stream, had very low flow during summer and conditions in 

this stream seemed to approach that of a temporary stream. Dry 

Branch, on the other hand, took longer to dry up during summer and 

regained its channel flow earlier than the other two temporary 

streams. Dry Branch, therefore, approached the permanent stream con-

dition. The intermediate nature of these two streams along the 

permanent-temporary continuum was reflected in leaf breakdown rates, 

and other factors discussed below. 

Red maple leaf breakdown rates measured in this study were all 

slower than the rate of 0.0298 d-l found by Thomas (1970) for a small 

stream in Tennessee, but similar to the 0.0062 d-l breakdown rate 

measured in Augusta Creek by Petersen and Cummins (1974). Reed (1979) 

reported breakdown rates of red maple leaves in a eutrophic lake in 
-1 -1 Ohio of O.OJOO d at a depth of 1 m and 0.0150 d at depths of 4 m 

and 12 m. 

Hed maple leaves have generally been considered an intermediate 

47 
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species in terms of leaf processing or breaJcdovm rates (Petersen and 

Cummins, 1974; Reice, 1978), Other species of maple leaves bave been 

found to vary widely in their breakdown rates. Sedell et al. (1975) 

found that Acer circinatum (vine maple) had a breakdown rate of 

0.0068 d-l and Acer macrophyllum (bigleaf maple) a rate of 0.0024 d-1 • 

In a later study, Triska and Sedell (1976) found similar rate for vine 

and bigleaf maples in response to nitrate manipulation. Both of these 

leaves had relatively slow breakdown rates similar to the rates of red 

maple leaf breakdown in the temporary streams of this study. Petersen 

and Cummins (1974) reported a breakdown rate for Acer saccharum 

(sugar maple) of 0.0107 d-1 , which was similar to breakdown rates of 

red maple in two permanent streruns of this study, but faster than the 

temporary streams. Finally, Mathews and Kowalczewski (1968) found an 

intermediate breakdown rate of 0.0110 d-l for Acer pseudoplatanus 

in the River Thames, which was similar to the breakdown rate for red 

maple in Glade Brook for both years. 

Leaf Pack Shredder Composition, Density, and Biomass 

Shredders were a relatively impor·t,ant component of the assemblage 

of insects collected from leaf packs and ln the substrate from the six 

study streams (Table 20). Shredder and total aquatic insect composi-

tion on enclosed red maple leaf packs and in natural leaf and substrate 

samples from these six streams were similar in composition to the 

aquatic insect faunas found in other eastern and midwestern woodland 

streams (e.g., Woodall and Wallace, 1972; Petersen and Cummins, 1974). 



':able 20. Percent compositions of functional g~oups of aquatic insects collected from red maple 

:eaf packs fron the six streens. CG = collecto~/gatherers, CF = collector/filterers, P = precators, 

Sc = scrapers, Sh = shredders. 

CG CF p Sc Sh 

Pe::'Danent Stree.ms 

Glade Brook 31 3 7 0 59 

3eckney Holloi·.- 24 2 11 0 63 +'-
'° 

'::'.!ree Dwarf Rur, 40 1 17 2 40 

Te::porary Streams 

D-::y Branch 33 6 6 l 54 

':ower Branch 20 2 16 0 62 

Grave Branch 31 3 13 0 53 
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Various seasonal factors influence shredder densities on red maple 

leaf packs. Moderate densities and biomass of shredders in permanent 

streams during winter and spring were a result of fewer individuals 

of a larger size (later instars), while larger numbers of early instars 

in midsununer increased density and sometimes biomass. Hynes (1970) 

noted similar seasonal trends in stream insect biomass and density. 

Emergence of various shredders also changes density, biomass, and com-

position of the shredder populations. Two events which often occur in 

the late summer decrease densities of shredders in permanent and tem-

porary streams. Moderate cohort attrition (i.e., death) of early 

instars in the late summer and early autumn may act to initially 

decrease aquatic insect populations (Hynes, 1970). Cohort attrition is 

certainly a factor influencing shredder population structure in both 

types of streams at all times of year. Cessation of channel flow in 

temporary streams in sununer and often well into autumn either decreases 

shredder populations by death or initiates diapause in some species. 

All of the above factors may have contributed to decreased colonization 

of leaf packs, particularly in temporary streams. A factor which might 

increase the numbers of aquatic invertebrates on enclosed leaf packs 

is the nylon mesh bag which may act as a substrate for attachment by 

various species (Winterbourn, 1978). The presence of the bag may have 

increased the surface area for colonization, however bags recovered 

with little or no leaf material remaining generally lacked inverte-

brates. 
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POM Transport 

POM concentrations measured in this study were generally lower than 

the concentrations measured in other small North American streams. 

Gurtz et al. (1980) measured POM concentrations in Hugh White Creek, 

which drains in undisturbed watershed at Coweeta Hydrologic Station, 

and found average concentrations ranging from O.Jl mg/l in December to 

J.01 mg/l in July, compared to a range of 0.07 mg/l in February to 

2.18 rng/l in July in the six tributaries of Guy's Run. Higher POM 

concentrations than those found in the tributaries of Guy's Run were 

found in small streams in Pennsylvania (Sedell et al., 1978), Michigan 

(Wetzel and Manny, 1977), and Mississippi (de la Cruz and Post, 1979). 

POM concentrations more similar to the six study streams (annual 

average l mg/l) have been reported from Hubbard Brook streams (Bormann 

et al., 1969; Fisher and Likens, 197J; Bilby and Likens, 1979) and 

streams in western United States (Maciolek, 1966; Maciolek and Tunzi, 

1968; Sedell et al., 1978; Naiman and Sedell, 1979). 

The average POM particle size in the six study streams was gener-

ally smaller than the 37-65 um found in Hugh White Creek (Gurtz et al., 

1980), but larger than the average particle size (5-12 um) reported by 

Naiman and Sedell (1979) for first and second order streams in Oregon. 

In a comparison of four streams from differing geographical-hydrological 

regions in the United States, Sedell et al. (1978) found that POM 

between 0.45-5.3 urn made up to 70% of total transported seston for all 

stream sites, at all locations in all seasons. This was the predominant 

Gizc ranee of POM collected from the six tributaries of Guy's Run. 
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Seasonal trends in POM concentrations and average POM particle 

sizes were evident. During the winter, when stream flows were highest, 

POM concentrations were lowest, and the average particle size wai:; 

smallest. During sununer when str·eam flows were lowest, POM concentra-

tions were highest and the par"Licle sizes were largest. Tbese trends 

were particularly evident for the permanent streams. Similar seasonal 

trends in POM concentrations huvc been reported from other small streams. 

POM concentrations in Ilugh White Creek were ecnerally highest in surruner 

and lowest in winter (Gurtz et al., 1980). In another study, de la 

Gruz and Post (1979) noted general increases in summer POM concentra-

tions over winter values. Two peak POM concentration periods were noted 

from Augusta Creek (Wetzel and Manny, 1977): 1) a summer maximum 

associated with maximum riparian vegetation growth rates and reduced 

stream flow; 2) increasine concentrations in early winter during 

periods of high precipitation prior to ground freezing. 

Shredders and Detrital Dynamics 

Leaf breakdown rates were a direct reflection of shredder density, 

biomass, and production in the six study streams. Glade Brook and 

Beclmey Hollow, with fastest breakdown rates, had highest shredder 

densities and biomass, and Tower and Grave Branches, both ten~orary 

streams with slow breakdown rates, had low shredder density and biomass 

(Table 21). Three Dwarf Run, a permanent stream, and Dry Branch, a 

temporary stream, had intermediate breakdown rates and intermediate 

shredder densities. Significant correlations were found between red 

muple lcnr breakdown raLe w1cl t:Jhre<.lder clensi ty for both srunpling seasons 



Table 21. Means (:t 95% CI) end ranges of shredder standing etockA (no. shreddere/g AFDW leaf 

matter) end biomass (~ ehredders/g AFDW leaf matter) for ehredderA collected from red maple leaf 

pecks. 

Glade Brook 

Beckney Hollow 

Three Dwarf Run 

Dry Branch 

Tower Branch 

Grave Branch 

First Year Red Maple Leaf 
Pecks 
Standing Stocks Biomass 

Permanent Strennw 

J2 :!: 28 8 :t 5 

J - lOJ 1 - 19 

29 :t Jl 10 :!: 9 

2 - llJ J - J5 

5 t J 1 :!: 1 

0 - lJ 0 - 2 

Tempornry Streams 

9 :!: 9 2 ± 2 

1 - J2 1 - 6 

9 ± 7 1 ± 1 

0 - 27 0 - J 
J ± 2 l ± 1 
0 - 7 0 - 2 

Second Year Red Maple I~ef 
Pecka 
Stnnding Stocks Biomass 

J5 ± JS 17 ± 8 

10 - 130 4 - JO 

78 ± 92 58 :!: 56 

12 - JlO 15 - 210 

19 :!: 17 6 :!: J 

4 - 54 2 - ll 

12 ± 10 6 :t 5 

0 - J4 0 - 19 

J ± 2 1 ± 1 

0 - 5 0 - 5 
7 ± 8 5 ± 4 
1 - 24 1 - 15 

\J1 
w 
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(Table 22). As noted earlier, other researchers have found similar 

associations between the presence (or absence) of shredder organisms 

and the rate of leaf breakdown in small streams (Petersen and Cmrunins, 

1974; Hart and Howmiller, 1975; Iversen, 1975; and Sedell et al., 1975). 

Other factors which might affect breakdown rate, such as stream gradi-

ent, water velocity, stream temperature, and microbial activity, were 

not significantly correlated with red maple breakdown rates. 

There was also a strong association between shredder density, 

biomass, and production and POM characteristics of the six study 

streams. The two permanent streams, Beckney Hollow and Glade Brook, 

with the largest shredder density, also had the highest PO:M concentra-

tion and largest average particle size. Three Dwarf Run, a permanent 

stream, and Dry Branch, a temporary stream, had intermediate shredder 

densities, intermediate PCX\11 concentrations, and intermediate average 

POM particle sizes. The two remaining temporary streams had the lowest 

shredder densities, lowest POM concentrations, and smallest POM sizes. 

Transport of POM (g/day) followed the same general pattern: streams 

with high, intermediate, or low transport had large, intermediate 

or small shredder density. 

The correlations and afisociations described above suggest that 

shredders may be important in regulating POM transport. However, the 

argument ean be made that shredders are not a primaI"J factor regulating 

POM dynamics, but rather such physical characteristics as stream gradi-

ent, velocity, and stream power control POM transport (Sedell et al., 

1978). In r,cncrnl, :i.ncrenfline stream power (e.g., during storms) 



Table 22. Correlation (r) values comparing leaf breakdo~n rates for two Sa.I!!pling seasons and 

several possible leaf breakdovm factors. 

First Season 
B:::-eakdmm Rates 

Second Season 
Breakdmm Rates 

Shredder 
Densities 

0.90* 

0.72* 

Micro bi.al 
Respira ticr1 

0.04 

Stream 
Velocities 

0.36 

0.23 

* r values significantly different from zero a~ the = .Cl level. 

Stream 
Gradient 

0.22 

0.21 

Strea.tl 
Temperatures 

0.10 

0.06 \.)'l 
\.)'l 
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results in increased POM concentrations and theoretically larger average 

particle sizes being transported in the water column. However, in this 

study with all samples taken during non-storm periods, I found no rela-

tionships between stream gradient, discharge, or watershed area and 

increased POM concentration or size. There was, however, an apparent 

association between shredder density and transported POM characteristics 

in the streams of Guy's Run watershed. POM concentrations were greatest 

and average particle size largest during late spring and early surruner 

when shredder densities were the greatest. Higher shredder densities 

should result in high fecal production, thus greatly influencing both 

POM concentrations and particle size. The predominant particle sizes 

collected fell well within the range of invertelirate fecal pellet 

sizes (Joe O'Hop, personal corrununication, University of Georgia). 

Several studies liave documented Umt rising hydrographs increase 

the transported loads of POM (Lush and Hynes, 1978; Sedell et al., 

1978; Bilby and Likens, 1979; Dance et al., 1979; Paustian and Beschta, 

1979; de la Cruz and Post, 1980; Gurtz et al., 1980). However, Sedell 

et al. (1978) found only a weak relationship between POM transport rate 

and unit stream power, under normal flow conditions, in four streams 

from widely varying phys:i.ographic regions of the United States. The 

findings of the present study support the data of Sedell et al. and 

suggest that in headwater streams leaf shredding aquatic invertebrates 

play an important role in POM transport at least during non-storm 

periods. 

The direct impact of shredders on leaf breakdown and POM produc-
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tion was estimated using the back-calculation technique of Benke and 

Wallace (1980). I used an assimilation efficiency of 17% based on 

estimates by Vannote (1969), McDiffett (19701 and Golladay (1981) and a 

production efficiency (production as a percent of assimilation) of 75% 

(Vannote, 1969; McDiffett, 1970). The potential ingestion was then 

computed using estimates of leaf fall and blow-in at Guy's Run (Hornick, 

1978). Permanent streams, with higbel:lt shredder production rates, were 

most efficient in procestdne CPOM (Table 2J). A significant portion 

(17-JJ.%) of leaf breakdown in the permanent streruns can be attributed to 

shredder activities. Temporary stream uhredder populations were less 

efficient (1-12%) in processing CPOM entering these streruns. These 

comparisons corroborate the relationship noted earlier between leaf 

breakdown rate and shredder population size. 

By subtractinG afrnirnilation from ingestio11, I cst:i.mated the arnowrL 

of egesta or POM generated by shredders for the six streams (Table 2J). 

From this manipulation it is evident that the permanent stream shredders, 

especially those inhabiting Beckney Hollow and Glade Brook, contribute 

a greater proportion of POM to the seston entering the main channel of 

Guy's Run than shredder populations in temporary streams. The amount 

of shredder generated POM per strean1 per day (calculated using the 

stream length and width measurements of Table 1 and egestion of Table 

2J) often exceeded the amount of daily POM transport (Table 24). Even 

when transport was high for both permanent and temporary streams, 

shredders generated POM was usually no lower than 10% of the transport 

value. Since egestion often exceeded transport it is obvious that not 



Table 23. Shredder CPOM processing efficiency ( SPE) based on shredder production (g DW shredders/ 

rr.2y, 75% assimilation to respiration), total assi:oilation (g DW leaf ~atter/g shredder/y ), total 

iLgestion (based on 17% assimilation efficiency), and leaf fall into the six strea.n:s (g/m2/y). 

Glade Brook 

Eeckney Hollovi 

Three Dwarf Run 

Dry Branch 

Tower Branch 

Grave Branch 

Shredder 
Production 

J.80 

6.10 

J.45 

2.30 

0.25 

1.70 

Assimilaticr: Ir.gestion 

Perr.ianent Strearri.s 

15.20 89.35 

24.45 14J.4C 

lJ.60 80.0 

TeY-porary Strec.l!ls 

9.20 54.10 

1.0 5.85 

6.80 40.0 

Egesticn Leaf Fall SPE 

74.10 460 19% 

119.0 460 31% 

66.35 460 17% 

44,95 460 12% 

4.85 460 1ir ,o 

JJ.5 460 9% 

VI co 



Ts.ble 24. Transport (T, g/day) of PO:M on 10 Sc.Epling dates compared to total shredder egestion 

(~, g egesta/total stream area/day) for each strean. 

Glade Beckney '.lhree Dry Tower Grave 
Brook Hollow Dv.-arf Rur: Branch Branch Branch 

T E T E 'I E T E T E T E 

2 Jan 79 80 184 71 770 1 '2" _,c 196 5 81 48 12 1 127 

18 May 79 479 184 1.360 770 410 196 10.3 81 255 12 141 127 

10 Jul 79 184 184 4.36 770 3'i 196 2 81 dry dry \J'I 

'° 
12 Aug 79 1627 184 1797 770 dry dry dry 

9 Sep 79 99 184 186 770 16 196 dry dr-j dry 

ll Nov 79 7CJ 196 182 81 147 12 dry 

8 Dec 79 18 127 

29 Jan 80 870 184 864 770 108 196 62 81 l(f/ 12 43 127 

19 Apr 80 1000 184 773 770 .356 196 342 81 204 12 260 127 

24 Jun 80 118 184 .378 770 131 196 dry dry dry 
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all shredder egesta enters the seston at once. Much of the egesta may 

remain as benthic organic matter until entering the water colwnn during 

a rising bydrograph. Also, egestion is not constant through the year, 

but undoubtedly shows some seasonal variation. However, these compari-

sons suggest that shredder generated POM is a significant component of 

daily stream transport. 

The findings of this study suggest that leaf shredding aquatic 

insects may be important in the regulation of detrital dynamics in head-

water stream ecosystems. A regulatory role of detrital processes by 

shredders is not a new concept in stream ecology ( Cununins, 1971 and 

1973; Webster and Patton, 1979; Grafius and Anderson, 1979) but is a 

concept which has not 1.Jeen sufficiently tested. In this study I have 

integrated several major detrital processes with shredder population 

dynamics to elucidate the shreclder-de"Lritul relationship in six head-

water streams. Even though there was a great deal of variation 

between streams, shredder population structure was strongly associated 

with various detrital processes. In addition, this research further 

illuminated some of the differences in faunal structure and detrital 

processes between permanent and temporary streams of a watershed. The 

use of the temporary stream environment war> a convenient and useful 

tool in examining the role of shredders in detrital dynamics and had 

the added advantages of being a naturally occurring perturbation which 

recurs on a predictable, seasonal basis. 



SUMMARY 

This study elucidated the role of one group of aquatic inverte-

brates, leaf shredding aquatic insects (shredders), in regulating cer-

tain aspects of detrital dynamics in headwater streams. Shredder 

population dynamics were associated with several stream detrital para-

meters: CPOM breakdown rates, POM concentrations, average POM particle 

sizes, and POM transport. The shredder-detrital relationships were 

examined in two stream types: permanent and temporary. The temporary 

:-::trerun environment wnn found to depre:rn sped.es numbers, dern.d ty, 

biomass, and production of benthic invertebrates, particularly 

shredders, inhabiting this type of stream. Associated with the 

reduction in invertebrate population densities in temporary streams 

was a reduction in leaf breakdown rates and transported POM. Popula-

tions of shredders inhabiting the permanent streams had greater 

densities, biomass, and production than temporary stream populations. 

Associated with the larger shredder populations in the permanent 

streams were increased rates of leaf breakdown and increased trans-

ported POM concentrations and particle sizes. Generally, two 

permanent streams, Glade Brook and Beckney Hollow, with the largest 

shredders populations had increased detrital parameters. Two of the 

temporary streams, Tower and Grave Branches, which had smaller 

shredder populations, had decreased detrital characteristics. Three 

Dwarf Run, a permanent stream, and Dry Branch, a temporary stream, 

had intermediate shredder population levels and generally intermediate 

detrital characteristics. These factors are summarized in Table 25. 
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Table 25. General comparisons of CPOM breakdo·,.,y_ rates, sl:'i.redder populations, and transported POM 

c!~aracteristics for the six study streans. 

Leaf 
Processing Rates 

G:..ade Brook Fast 

Beckney Hollow Fast 

T!'.ree Dwarf Run Slow 

Dry Branch Intermediate 

Tower Branch Slow 

Grave Branch Slow 

Total S~.redder Density, 
Biomass, and Production 

PeI'I:lanent Streams 

F.igh 

High 

Interr,edia te 

Temporary Streams 

Interrr:ediate 

low 

low 

Prnl 
Concentrations 

High 

High 

Intermediate 

InteTilediate 

Lm·; 

Low 

POM 
Particle Sizes 

Large 

Large 

Large 

Intermediate 

Small 

Small 

O' 
N 
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The relationships stressed in this study further support the hypothesis 

that leaf shredding aquatic insects play important roles in regulating 

detrital dynamics in headwater streams. 
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THE ROLE OF S:HREDDERS IN DETRITAL DYNAMICS 

OF PERMANENT AND TEMPORARY STREAMS 

by 

John Michael Kirby 

(ABSTRACT) 

The goals of this study were 1) to integrate several aspects of 

detrital dynamics with the composition and production of shredder popula-

tions and 2) to present evidence of a shredder regulatory role in head-

water strewn detrital dynamics. The importance of leaf shredding aquatic 

insects (shredders) in the breakdown of leaf detritus and production of 

particulate organic matter (POM) was evaluated in three permanent and 

three temporary southern Appalachian headwater streams. Shredder popula-

tion dynamics were compared to several strerun det.rital parameters: CPOM 

breakdown rates, POM concentrations, average POM particle sizes, and P<lvf 

transport. In general, permanent streams with the greatest shredder 

densities, biomass, and annual production rates had the fastest leaf 

breakdown rates, highest low-flow POM concentrations, largest average POM 

particle sizes and greatest POM transport estimates. 

Temporary stream environments depressed shredder populations 

resulting in a reduction of detrital processing and POM transport. 

Microbial activity, stream velocity, base-flow discharge, and water tem-

perature did not correlate with detrital parameters for comparisons 

between permanent and temporary streams. Shredder contribution to total 

benthic CPOM breakdown in the six study streams ranged from 31% in a 

permanent stream to 1% in a temporary stream. 
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