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THE RELATIONSHIP OF LEAF PROCESSING RATES AND 
INVERTEBRATE FUNCTIONAL GROUPS TO STREAM 

ORDER IN NORTHEASTERN MINNESOTA 

Steven Nonnan Wil"liams 

Processing rates for aspen (PopuZus trenufoides) and red pine 
(Pinus resinosa) leaves were measured in first through fourth order 
streams in 1977. The purpose was to investigate the relationship 
between leaf processing rates and stream order designaticns. 

Artificial leaf packs weighing 10 g ~ere used to measure weight 
lo:::-s during two eight week periods; one: during ,jun.: and Ju ly the 
otier during October and November. Processing rates between stream 
orders were not significantly different (P>.C5) except for aspen 
le;~ves dur~ng the suITDTier. Processing rates of aspen and red pine 
leaves were significantly more rapid (P<.05) in the summer than in 
the fal1. Average processing coefficients for all stream orders 
combined were: aspen - 0.0212 in the summer and 0.0082 in the fall; 
red pine - 0.0026 in the summer and 0.0008 in the fail. 

The invertebrates associated with the leaf pucks were evaluated 
on a functional group basis. Collectors and filter feeders were the 
dominant functional groups at all stream orders on all dates. During 
both seasons shredders generally decreased with increasing stream 
order. In the summer, the ratio of shredders to collectors decreased 
with incr~asing stream order. In the fall the ratio was highest in 
f~rst and third order streams; lowest in second order streams. 

Key \vords: Decomposition; detritus processing, leaf litter, stream 
order, Populus, P.{nus, shredder, collector. 
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I NTRODIJCTI ON 

Allochthonous inputs provide the primary energy source for 

small, heterotrophic streams (Minshall 1967, Cummins et al. 1972 and 

1973, Fisher and Likens 1972 and 1973). Nelson and Scott (1962) 

reported that in a Piedmont stream, 66% of the energy available to 

primary consumers was derived from allochthonous sources, primarily 

leaf materials. Vannote (1969) stated, 11 In woodland streams the 

allochthonous detritus input may support up to t~o-tnirds of the 

annual energy requirements of p_rimary consumers." Over 99% of the 

annual energy input to Bear Brook, New Hampshire was from alloch

thonous sources (Fisher and Likens 1973). Teal (1957) attributed 76% 

of the energy at the primary consumer level in Root Spring, Massa

chusetts to material of terrestrial origin, mainly leaf material. 

Estimates of the amount of a1lochthonous matter entering streams 

have ranged from 1.37 to 5.0 g/m2/day. Vannote (1969) estimated 

1.37 g dry weight of particulate organic matter/m2/day. Hynes (1970) 

found 1 kg/meter of bank length/yr (2.74 g/m2/day assuming a 1 meter 

wide stream) for a wooded valley stream; and Mathews and Kowalczewski 

( 1969) and Kowa 1 czews k i ( 1970) , 0. 0489 g/m2 / day for the R ·j v er Thames. 

If only that area of the river under riparian vegetation is considered 

the calculation becomes 4.35 g/meter of bank length/day which is the 

same as small stream measurements. Fisher and Likens (1972) estimated 

1.70 g/m2/day for Bear Brook, New Hampshire; and Petersen and Cunmins 

l 
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(i974} 5.0 g/m2/day for a small stream in Michigan. 

Cummins (1915) proposed a stream ecosystem model based on the 

con:ept of stream order. Stream order is an index of the position 

of a stream in the hierarchy of tributaries in a watershed (Horton 

1945, Strahler 1957). First order streams are those which have no 

tributaries. When two first order streams meet a second order stream 

is fanned. Two second order streams form a third order and so on. 

Lower order streams do not affect the order designation of higher 

order streams upon entry. 

Stream ecosystems generally undergo a transition in inverte

br':.te community stn;cture and function as stream order incr-ea.ses 

(Cumm ins 1975). Sn.ail, heavily shaded, headwater streams rely on 

allochthonous material for the majority of their energy. These 

streams contain relatively large populations of shredding inverte

brates capable 0f processing the large input of terrestrial organic 

matter, mainly leaf material. Shredders reduce coarse particulate 

organic matter (>l-4 mm) to fine particulate organic matter (<l mm) 

which can be utilized by collector and filter feeding invertebrates. 

As stream order increases, allochthonous energy sources decrease in 

importance and instream primary production increases. This increase 

in primary production allov,s the development of a scraper community 

capable of utilizing this new food source. 

Boling, et al. (1975) listed four major factors that contribute 

to detritus processing: 1) feeding by stream detritivores; 2) mechan

ical disruption by organisms burrowing through detritus; 3) weakening 

and attrition of detritus by microbial action; and 4) mechanical 
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aggregation on obstacles and subsequent breakage by flowing water. 

Leaf processing has been measured in several ways. The method used 

by Petersen and Cummins (1974) and Reice (1974) allowed the loss of 

large leaf fragments while authors using mesh bags defined processed 

material as the size of material that wou1d pass through a given mesh. 

Processing rates are closely correlated with the types of detri

tal material entering a stream. Sedell, et al. (1975) found that 

hardwood leaves were colonized by microorganisms more rapidly than 

conifer leaves and therefore became available as a food source to 

invertebrates much sooner. Hart and Howmiller (1975) found higher 

invertebrate densities on leaves that were most rapidly conditioned 

by microorganisms. Woodall and Wallace (1972), working on several 

streams with different types of allochthonous inputs at the Coweeta 

Hydrologic Laboratory in North Carolina, felt that the vegetation on 

each watershed was the main factor affecting invertebrate species 

composition. They found that differences in the fauna of streams in 

four watersheds could be explained by the availability of food or 

case-making materials, both of which are controlled by watershed vege

tation. 

Hynes, et al. (1974) suggested that "the importance of leaf 

litter as a food for aquatic organisms probably lies in providing 

an energ,Y source for microbial growth." Kaushik and Hynes {1968 and 

1971) found that fungi were important decomposers of leaves. Nelson 

and Scott (1962) found the ratio of the weights of detritivores to 

detritus higher than the ratio of aquatic herbivores to plants. They 

felt that detritus feeders obtain a portion of their food in the fonn 
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of bacteria or some bacterial metabolic product. 

Mfcrobidl metabolism can account for the processing of leaf 

1 itt.er in the absence of invertebrates (Mathe\l,s and Kowalczewski 

1969, Triska 1970), but a 20% increase in processing rates was 

reported when shredders were present (Petersen and Cummins 1974). 

Jones (1975) stated that "ingestion of material by other animals 

(shredders) and excretion as feces is thought to aid the decomposi

tion process by producing a finely divided substrate which is more 

amenable to microbial attack. 11 Short and Maslin (1977) found a sig

nificant increase in nutrient availability to collectors when shred

ders were present. They noted that an increase in phosphorus uptake 

by collectors occurred, "probably because of a reduction in particle 

size thereby increasing the amount of material available as food. 11 

The purpose of this study was to investigate the relationships 

between leaf processing rates, stream order and invertebrate func

tional groups. The specific questions to be answered include: 

1) Do leaf processing rates decrease with increasing stream order?; 

2) Is there a relationship between leaf processing rates and inver

tebrate functional groups?; and 3) Do invertebrate functional groups 

confonn to the stream order model. proposed by Cummins (1975) which 

is discussed earlier in this paper? 

(' 



STUDY AREA 

The Study Area was located in Lake and St. Louis Counties in 

northeastern Minnesota (Figure 1). This area is underlain by the 

Du1uth Complex, a major rock unit of the Canadian Precambrian Shield 

(Green 1974). It generally consists of a feldspar rich gabbro over

lain by unconsolidated surficial deposits of glacial till, peat, and 

lake and stream sediments (Veith, et al. 1976). 

The area is divided into two major watersheds by the Laurentian 

Divide. Waters north of the Divide flow into Hudson Bay and waters 

south flow into Lake Superior. 

The streams studied are pennanent, relatively unimpacted streams 

that flow through a mixed coniferous-deciduous forest. They are 
) 

generally of low gradient (0.8-4.7 m/km) and consist of long, slow 

stretches connected by short riffles. The water is characteristically 

soft (alkalinity 17-53 mg/1 as CaC03), bog stained, with a pH ranging 

from 6.7-7.5. Riparian vegetation generally borders or covers the 

stream from May to September. The most common trees are alder (AZnus 

sp.), willow (Salix spp.)~ trembling aspen (PopuZus tr-arruloides), 

black spruce (Piaea mariana), and paper birch (Betuia papyrifer-a). 

A total of eight sample stations were established in the Little 

Isabella, St. Louis, and Stony River watersheds (Figure 1). These 

stations were located in riffles with mixed substrates of coarse sand, 

gravel, cobble~· bo~lder, and ledgerock. Stream orders were selected 

5 



Figure 1. Study area showing location of sampling stations. 
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from a U.S.G.S. topographic map with a scale of l :62,500. The 

width and estimated canopy cover of each station are shown in Table 

l along with the station's stream order designation and specific 

location. 

Table 1. Sampling station designations. 

Station Stream Order Location Estimated Estimated% 
Width (m) Canopy Cover 

I l T59N,R8W,S4 2 10 
IIA 2 T60N,R9W,S30 6 60 
IIB 2 T61N,R9W,S27 2 100 

IIIA 3 T61N,R9W,S27 10 20 
IIIB 3 T61N,R9W,Sl2 4 75 
IIIC 3 T61N,R9W,S30 2 5 

IVA 4 T60N,RllW,S8 12 0 
IVB 4 T58N,Rl5W,S22 12 5 



M~THODS 

Artificial leaf packs have been used to evaluate leaf processing 

in streams (Petersen and Cummins 1974, Reice 1974, Paul, Benfield and 

Cairns 1977). Leaves enclosed in mesh bags have been used by some 

authors to measure processing rates (Mathews and Kowalczewski 1969, 

Park 1974, Hart and Howmiller 1975), however, Petersen and CulTHTiins 

(1974) suggested that complete processing would be hampered because 

of decreased microbial activity and the exclusion of large inverte

brates. Petersen and Cummins (1974) and Reice (1974) used leaves 

fastened with nylon I bars to follow leaf pack processing. This 

allowed measurement of processing under near natural conditions. For 

this study processing is defined as the rate at which leaf material 

leaves a mesh bag (4 mm mesh size). 

On 8 May and 28 September, 1977, trembling aspen (Populus 

trenuloides) and red pine (Pinus resinosa) leaves were collected, air 

dried, and frozen to prevent further degradation. Aspen leaves col

lected in Sept~?ber were picked from trees just prior to abcission, 

those collected in May had been on the ground approximately seven 

months. Red pine leaves collected on both dates had been on the 

ground an undetermined length of time. The September collection 

was timed so that the leaves would be in the same condition as those 

used in other studies. Leaves collected in May were partially 

processed because of leaching of water soluble components and were 

9 
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seiected to provide infonnation on leaves that notinally enter streams 

during spring and early surrmer. 

For this study leaves were enclosed in nylon mesh bags (mesh 

size 4 mm, Minnesota Fabrics Co., Minneapolis, MN). Aspen packs 

were constructed by loosely placing 10 g of leaves on a square of 

nylon mesh, drawing the edges together and binding with a nylon wire 

tie. This fanned a circular bag approximately 10 cm in diameter 

(Figure 2). Red pine leaves were bound with a nylon wire tie to 

prevent whole leaves from slipping through the mesh. Ten gram packs 

were selected as the size which would provide a comparable processing 

rate through all seasons based on the findings of Reice (1974). 

Prior to placement in streams, three packs of each species were 

selected at random to measure moisture content. Leaves were dried 

at 105°C for 24 hr (Weber 1973) and weighed to the nearest 0.1 g. 

Leaf packs were tied to the upstream side of logs, (boards in 

the fall, Figure 3), anchored in the stream to simulate natural leaf 

pack fonnation. In May, leaf packs were placed in riffles at each 

station. Aspen packs were also placed in a pool at station IVB in 

May. In October, the sites were shifted slightly to areas of lower 

current velocity to reduce the variability in weight loss between 

individual leaf packs caused by water currents. 

Twe1ve aspen packs were placed at each station on 26 May and 

6 October, 1977 .. Three packs were removed from each station after 

2, 4, 6 and 8 weeks'in the summer. In the fall, aspen packs were 

co11ected after 1, 2, 4 and 8 weeks. 
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Figure 2. An aspen and red pine pack showing details 

of construction. 
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Figure 3. An aspen pack showing the method of anchoring 

leaf packs in the stream. 
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Similarly, in May, twelve red pine packs were used but only at 

four stations: one first order; two second order; and one fourth 

order. Three packs were collected from each station at two-week 

intervals. Because red pine processing rates were slow during the 

summer, only four packs were placed at each of the four stations in 

the fall and were left for the full eight weeks. 

15 

Leaf packs were randomly selected at the time of pickup and 

placed in plastic bags containing 100% ETOH. At the 1aboratory, the 

leaves were removed from the bag and rinsed with water to remove 

detritus and invertebrates. The leaves were dried at 105°C for 24 hr 

and weighed to the nearest 0.1 g. After the invertebrates had been 

sorted the remaining detritus was dried and the weight was added to 

that of the leaves. The amount of the detritus entering the bag from 

the stream was not significant. 

Invertebrates were identified to genus, or the lowest level 

practical, and assigned to functional groups based on the classifica

tion by Merritt and Cummins (1978). To facilitate identification, 

chironomids were boiled in 5% KOH and mounted .in CMCP-9AF. 

Data Analysis 

The following formula was used to calculate the percent dry 

weight of leaf material remaining: 

%R = w(tf) / w(ti) x 100 

where W(tf) is the amount of material remaining after a given time 

(t) and W(ti) is· th~ initial weight of leaf material. This assumes 

a linear relationship which is helpful for comparing sites, seasons, 



and leaf species (Petersen and Cummins 1974). 

Some authors have used an exponential decay model to describe 

weight loss (Fisher 1971, Petersen and Cummins 1974). This model 

assumes a constant loss of leaf material and was calculated using 

the fonnula: 

loge [%R / 100] = -kt 

where %R is the percent of leaf material remaining after time (t) 

in days, and -k is the exponential decay (processing) coefficient 

which is computed using a least squares fit of the data. 

16 

Tests for significant differences in processing rates between 

summer and fall, and between riffle and pool samples at station IVB 

were performed using the Mann-Whitney test which is the non-parametric 

alternative to the t-test. This tests the hypothesis that two inde

pendent random samples were drawn from populations having the same 

parent distribution and the same medians. Differences in processing 

rates between stream orders were tested with the Kruskal-Wallis test 

which is a one way analysis by ranks. This tests the hypothesis 

that all samples came from the same population, and therefore there 

is no difference in mean level between several samples. 

Invertebrate data were analyzed by calculating the relative 

abundance of taxa in each functional group and then the relative 

abundance of each functional group for each stream order. Dominant 

taxa were defined as those taxa which were present in the greatest 

number during a given season for each functional group. 

,. 



RESULTS 

Leaf Pack Processing 

The mean percent of leaf material remaining for aspen and red 

pine leaves after eight weeks exposure is shown in Figures 4 and 5. 

The difference in the amount of leaf material remaining between 

stream orders was significant only for aspen leaves in the summer 

(Kruskal-Wallis test, P<0.5}. The mean percent remaining for all 

stream orders combined was: aspen - 39.8% summer, 70.5% fall (Table · 

2); red pine - 81.9% summer, 95.4% fall (Table 3}. In the summer, 

aspen packs were processed slowest in first order streams while in 

the fall processing rates were 20% faster in first order streams 

than other stream orders. 

Figure 6 shows that the processing of aspen and red pine leaves 

was significantly more rapid in summer than fall (Mann-Whitney test, 

P<0.05}. The average processing coefficient for aspen leaves for all 

stream orders combined was 0.0212 (0.0102 to 0.0280} in summer and 

0.0082 (0.0055 to 0.0131} in fall (Table 2}. The average processing 

coefficient for red pine for all stream orders combined was 0.0026 

(0.0019 to 0.0033} in summer and 0.0008 (0.0007 to 0.0008} in fall 

(Table 3). 

17 



Figure 4. Mean percent of leaf material remaining with ranges for aspen after eight weeks 

exposure. (Data for first order streams during the summer are based on one leaf 

pack and ranges could not be included). 
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Figure 5. Mean percent of leaf material remaining with ranges for red. pine after eight weeks 

exposure. (Data for first order streams during the summer are based' on one leaf 

pack and ranges could not be included). 
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Table 2. Processing coefficient,% remaining, coefficient of variation and 
by stream order for aspen packs after eight weeks exposure. 

No. of Processing Mean% Coefficient 
Stream Samples Coefficient Remaining of Variation 
Order 

Su11111er Full Summer Fall Surrmer Fa 11 Su11111er Fall 

1 1 3 0.0102 0.0131 56.9 55.0 . . . . 43. 5 
2 6 6 0.0280 0.0055 24.1 75.0 41.8 9. 6 
3 5 6 0.0204 0.0831 49.3 78.4 46.1 11.6 
4 9 3 0.0260 0.0058 29. 1 74.2 53.6 13.9 

Mean 0.0212 0.0082 39.8 70.5 47. 1 19.7 

range of% remaining 

Range of% 
Remaining 

Surrvner Fa 11 

.... 27.4-69.2 
9.7-35.0 66.4-86.9 

30.5-90.2 68 . 5-92.5 
2.9-55.8 6.3.7-84.2 

2.9-90.2 27.4-92.5 

N 
N 
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'Table 3. 

Stream 
Order 

1 
2 
3 
4 

Mean 

Processing coefficient, % remaining, coefficient of variation and range of% remaining 
by stream order for red pine packs after eight weeks exposure. 

No. of Processing Mean% Coefficient Range of% 
_Samples Coefficient Remaining of Variation Remaining 

Summer Fall Summer Fall Summer Fall Summer Fall Summer Fa 11 

1 4 0.0026 0.0007 87.2 96.3 1.2 95.1-97.6 
0 0 
3 0 0.0033 81.5 6. 1 76.1-86.1 
3 4 0.0019 0.0008 95.5 2.7 2.7 0.4 75.6-79.4 95.1-95.7 

0.0026 0.0008 81.9 95.4 4.5 0.8 75.6-86.1 95.1-97.6 

N 
w 



Figure 6. Mean percent of leaf material remaining for all stream orders. 
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The weight loss for pool-riffle samples at station IVB during the 

summer is presented in Figure 7. There was no significant difference 

in weight loss between the two samples for the eight weeks of exposure 

(Mann-Whitney test, P>0.05). The mean percent leaf material remaining 

for pool samples after eight weeks was 21.84 and 18.57 for riffle 

samples. Variability in the amount of weight lost was higher in the 

riffle samples than pool samples as indicated by the range in weight 

loss in Figure 7. 

Invertebrates 

Tables 4 and 5 show the mean number of invertebrates collected 

per leaf pack. In the summer the mean number of organisms per sample 

increased with increasing stream order for both aspen and red pine 

packs. In the fall, the mean number of organisms decreased with 

increasing stream order for red pine samples. However, in aspen 

packs the number of organisms increased from first to second order 

and decreased from second through fourth order. The mean number of 

organisms was higher in summer than in fall for all stream orders. In 

general, the number of invertebrates colonizing red pine packs in

creased through the summer. The number of invertebrates colonizing 

aspen packs in the summer generally increased, however, a sharp drop 

occurred in the sixth-week collection. 

The relative abundance of each functional group is presented in 

Tables 6 and 7 and Figure 8. During both seasons, shredders generally 

decreased with increasing stream order. Collectors and/or filter feed

ers were the dominant functional group in all stream orders on all dates. 



l 

N 

"" 

Figure 7. Mean percent of leaf material remaining for aspen packs at station IVB during the summer. 
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Table 4. Mean number of invertebrates collected in aspen packs. 

Sampling Date 
Stream Order 

6-7 6-23 7-7 7-21 X 10-13 l 0-20 

l 275.9 155 .0 602.7 344.6 78.4 106.3 
2 143.0 885.8 426.2 869.9 581.2 118.0 168.4 
3 832.8 764.4 415.4 641.0 668.4 116. 5 98.7 
4 943.7 1079 .1 793.5 934.8 934.0 38.9 62.7 

x 555. l 721.1 545.0 761.9 633.3 87.9 109.0 

11-3 12-1 

400.5 174.4 
375.8 991. 9 
323.8 291 .1 
57.6 134.2 

289.4 397.9 

x 
189.9 
413.5 
207.5 
73.4 

221.1 

X(annual) 

256.2 
497.4 
437.9 
506. l 

N 
ID 



Table 5. Mean number of invertebrates collected in red pine packs. 

Sampling Date 
Stream Order 

6-9 6-23 7-7 7-21 x 12-1 

1 69.4 195.0 589.0 284.5 219.9 
2 
3 304.9 284.8 516.9 1195.7 575.6 
4 312.9 736.3 550.8 823.7 605.9 90.23 

X 229.6 405.4 533.9 869.5 488.7 155 .1 

X(annual) 

268.3 

575.6 
502.8 

w 
0 



Table 6. Functional group composition of aspen packs. 

Sampling Date 
6-9 6-23 7-7 7-21 

Functional Group 
Stream Order 

2 3 4 2 3 4 2 3 4 l 2 3 4 

Shredders 19.5 24.9 18.9 8.5 4.5 24.9 18.7 11. l 26.4 38.3 4.2 18.8 20.7 5.8 2.7 

Collectors 22.4 34.3 24.9 29.6 37.2 37.l 28.8 31.8 36.7 28.5 29.6 48.5 19.9 27.2 25.9 

Filter feeders 48.2 25.6 41.7 51.0 51.9 33.8 42.0 41.2 30.8 27.8 56.2 28.5 51.5 62.3 60.8 

Predators 7.0 10.4 8.9 5.9 2.8 2.3 8.1 8.3 5.1 5.6 5.8 2.2 6.5 3.5 5.6 

Scrapers 0.0 0.0 0.5 2.3 0.3 0.6 0.2 5.0 0.2 0.5 2.9 1.5 0.0 0.4 0.4 

Piercing herbivores 0.0 0.0 0.0 0.0 0.0 0.2 0.3 0.6 0.5 0.0 0.5 0.2 0.7 0.0 0.0 

Miscellaneous 2.9 4.7 5.4 2.4 3.5 1.3- 1.9 2.4 0.9 0.0 0.6 0.3 0.8 0.7 4.7 



Table 6. Continued. 

10-13 10-20 
Functional Group 

2 3 4 2 3 

Shredders 48.6 39.0 26. l 11.4 42.6 24.4 19 .3 

Collectors 12.4 34.2 22.0 68 .4 18.6 39.5 47 .9 

Filter feeders 37.2 20.5 47.6 11.8 36 . 2 20.3 30.2 

Predators 1.3 3.7 2.2 3.4 1.6 8.3 2.3 

Scrapers 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Piercing herbivores 0.0 0.4 0.3 3.2 0.0 0.1 o.o 
Miscellaneous 2.1 1.8 1.4 1.9 0.9 7.2 0.3 

Sampling Date 
11-3 

Stream Order 

4 2 3 

10.5 37.8 18 .1 17 . 1 • 

66.8 30.2 55.5 40.6 

18.6 26.7 18.7 36 .9 

1.9 2.7 4.0 3.4 

0.0 0.0 0.1 0.0 

0.5 0.1 0.1 0.0 

'1.3 2.3 3.6 2.0 

4 

7.0 36.9 

55.3 50.5 

28 .0 10.4 

1.8 1.9 

0.0 0.0 

0.0 o.o 
7.8 0.2 

12-1 

2 3 

18.4 24.2 

63.6 52.0 

12.1 18.3 

2.5 4.1 

0.0 0.2 

0.0 0.0 

3.4 1.5 

4 

21.2 

55.0 

22.6 

0.5 

0.0 

0.5 

0.3 

w 
N 



Table 7. Functional group composition of red pine packs. 

6-9 6-23 
_Functional Group 

3 4 3 4 

Shredders 18.8 5.0 7.7 16.9 13.1 7.7 

Collectors 39.7 22.3 38.6 46.7 27 .1 8.7 

Filter feeders 20.8 56.8 43.3 13.3 43.4 73.2 

Predators 19.1 14.2 6.4 20. 5 13.2 9.2 

Scrapers 0.0 0.0 0.7 0.0 0.7 0.0 

Piercing herbivores 0.0 0.0 0.1 0.0 0.5 0.0 

Miscellaneous 0.7 1.6 3.1 2.6 2.3 1.0 

Sampling Date 
7-7 

Stream Order 

1 3 4 

5.8 6.4 32.6 

38 .2 17 .6 16.3 

42.5 72.9 50.7 

6.4 3.0 0.5 

0.3 0.0 0.0 

0.9 0.6 0.0 

6.2 0.6 o.o 

7-21 

3 4 

2.1 4.5 

35.0 13.9 

49.3 75.0 

8.2 5.9 

0.0 0.0 

0.0 0.0 

5.7 0.3 

12-1 

1 3 

29.3 

62.5 

5.9 

1.4 

0.0 

o.o 
1.0 

4 

30.3 

55.1 

8.9 

3.0 

0.0 

0.0 

2.6 

w 
w 
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Figure 8. Invertebrate functional group composition of aspen 

packs after eight weeks exposure. 
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The dominant taxa in each functional group are presented in Table 

8. Chironomids (Diptera) were found in high numbers at all stations 

on all dates. The dominant chironomid genera were: EukiefferieZia, 

a collector; PoZypediZum, Cricotopus and BriZZia, shredders; and 

ConahapeZopia, a predator. Among plecopterans, Leuatra was a domi

nant shredder in the summer but was replaced by Paraaapnia and 

Taeniopteryx in the fall. The filter feeders were dominated mainly 

by the Simuliidae (Diptera) during both seasons. A complete list of 

taxa and the number of individuals collected during summer and fall 

is presented in the Appendix. 

The ratio of shredders to collectors was calculated for aspen 

packs and is presented in Figure 9. This ratio was higher in the fall 

than in the surrmer except in second order streams. In the summer, the 

ratio of shredders to collectors decreased with increasing stream 

order. In the fall the ratio was highest in first and third order 

streams; lowest in second order streams. The shredder to collector 

ratio for red pine samples decreased with increasing stream order in 

the surrmer (Figure 9), but was slightly higher in fourth order streams 

than first order streams in the fall. 

Water Level Fluctuations 

Since discharge data were not available for the Little Isabella 

watershed, rainfall was plotted against time and is presented in 

Figure 10. These data were then compared to discharge data for the 

Dunka River, which lies approximately 24 kilometers south of the 
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Table 8. Dominant taxa in each functional group. 

Shredders 

Collectors 

Filter feeders 

Scrapers 

Piercing herbivores 

Predators 

(P) Plecoptera, 
(G) Gastropoda 

(T) 

(' 

Suntner 

PoZypediZwn (D) 

Criaotopus (D) 

Lepidostoma (T) 

Leuatra (P) 

EukiefferieZ.Za (D) 

Orthocladinae (D) 
Miaropsectra (D) 

Parametrioanemus (D) 

Simuliidae (D) 
Hydropsychidae (T) 
Hydropsyahe (T) 

Tanytarsus (D) 

Physa (G) 
Ps eudoa lo eon ( E) 

Ithytrichia (T) 

Oxyethira (T) 

Conahape Zopia (D) 
A therix variegata 

Setipalpia (P) 
Hydracarina 

(D) 

Trichoptera, (D) Diptera, 

Fall 

Paraaapnia (P) 
BriZ.Zia (D) 
Taeniopteryx (I?) 

Filipalpia (P) 

EukiefferieZZa (D) 

Orthocladinae (D) 
EphemereZZa (E) 

Leptophlebiidae (E) 

Simuliidae (D) 
Rheo tany tarsus ( D) 

Tanytarsini (D) 
Tanytarsus (D) 

Physa (G) 
Ps~~doaZoeon (E) 

HydroptiZa (T) 

OJ:yethira (T) 

ConahapeZopia (D) 
A therix variegata 

Setipalpia (P) 
IsoperZa (P) 

(E) Ephemeroptera, 

(D) 



Figure 9. Ratio of shredders to collectors after eight weeks of exposure. (Collectors 

include both collector and filter feeder functional groups). 
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Figure 10. Inches of rainfall recorded at the Little Isabella ranger station during 1977. 
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Little Isabella River and has a similar sized drainage area. Since 

plots of rainfall and discharge were similar, I felt that rainfall data 

would provide adequate documentation of water level fluctuations during 

the sulTITler sampling period. 

Figure 10 shows that during the surmier sampling period (26 May -

21 June), peak discharges occurred just prior to each of the leaf pack 

pickup dates. 



DISCUSSION 

Leaf Pack Processing 

. Leaf processing rates in this study do not conform to the 

stream order model proposed by Cummins (1975). If leaf processing 

rates correlate with stream order, then the rate of leaf degradation 

should decrease with increasing stream order because of larger popu

lations of shredding invertebrates in lower order streams. Data from 

this study show no significant differences in processing rates between 

stream orders during the fall when shredders were most abundant. In 

the surraner, processing was slowest in first order streams where shred

ders were most prevalent and processing rates were expected to be 

highest. This was most likely a result of less mechanical breakage 

of leaves in the smaller streams due to lower current velocities. 

CulTITiins (1975) felt that initial processing of conditioned leaves 

was through ingestion by large shredders such as Pteronaroys (Plecop

tera) and the Limneph~lidae (Trichoptera). The dominant shredder taxa 

collected in this study were all small particle feeders (e.g. 

Polypedil-wn, Criootopus, Leuotra, Paraoapnia) and their feeding acti

vities could not account for the large weight loss, especially in 

summer. Benfield, et al. (1977) suggested that, "in the absence of 

large shredder species, the major route of processing was the softening 

of leaf tissue by microbial activity and subsequent fragmentation by 

mechanical breakage due largely to water currents." FieJd observations, 

43 
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and the higher coefficients of variation for weight loss in the sullTfler 

indicate that water level fluctuations and subsequent changes in cur

rent velocity could account for the rapid processing rates. 

The slower processing rates and decreased variability for red 

pine leaves during both sampling periods can be attributed to the longer 

period of time required for conditioning of conifer leaves. Different 

leaf species become conditioned by microbial activity at different 

rates resulting in differential rates of invertebrate colonization 

(Sedell, et al. 1975, Boling, et al. 1975). This is also supported 

by the present study. Greater numbers of invertebrates were present 

in the aspen packs than in the red pine packs during the first four 

weeks. This differential rate of microbial conditioning allows a 

continuous addition of new food sources to the invertebrate community 

(Petersen and Cummins 1974). 

The mean processing coefficient for aspen leaves for the fall 

period is near that reported by Petersen and Cummins (1974). The sum

mer mean processing coefficient for aspen leaves is an order of magni

tude higher than their reported fall values. The lack of reported 

data for leaf processing for the summer makes further comparisons 

impossible. The higher summer processing rates in this study for both 

leaf species can probably be attributed to greater mechanical disrup

tion as a result of higher current velocities in the summer. 

Several other factors may have contributed to the higher processing 

rates in the sun,ner including temperature, higher invertebrate numbers 

in the leaf packs, and the condition of the leaves. Aspen leaves used 
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in the surrmer were on the ground approximately seven months prior to 

collection and water soluble compounds had already been leached from 

the leaves. 

Invertebrates 

The colonization of leaf packs by invertebrates increases with 

time as the leaves become conditioned by bacteria and fungi (Sedell, 

et al. 1975). Data from this study generally support this conclusion 

(Tables 4 and 5). An exception was noted for aspen packs in the summer 

where the number of invertebrates increased during the first four 

weeks but decreased from four to six weeks. The increase during the 

first four weeks is a result of greater microbial conditioning of the 

leaves. The decrease between the fourth and sixth week might be 

explained by two factors: 1) higher current velocities that resulted 

from increased stream flow may have caused greater instability in the 

aspen packs, forcing invertebrates to leave the packs and drift down

stream; and 2) emergence of one or more cohorts of dominant species 

without replacement by the next cohort. The increase ir. the number of 

invertebrates in aspen packs from six to eight weeks was a result of 

the addition of new genera not previously collected, and more indivi

duals in those genera that had declined during the previous two weeks. 

The greater stability of red pine packs that resulted fro~ the 

differ·ent method of construction of these packs lessened the adverse 

effects of higher current velocities. The mean number of invertebrates 

colonizing red pine packs in the sur.,mer increased throughout the eight 

weeks. 



46 

The mean number of organisms per sample increased with increas

ing stream order in the summer for both aspen and red pine packs. 

This increase may be a result of greater population size and a 

greater number of species in higher order streams. More favorable 

habitat for colonization and greater physical st~bility in higher 

ordered streams probably led to larger invertebrate populations. 

In the fall, the mean number of organisms per sample generally 

decreased with increasing stream orderi indicating that a factor other 

than physical stability of the environment was determining the density 

of the invertebrates. Petersen and Cummins (1974) stated that "a 

large portion of the aquatic insect conmunity has become synchronized 

to the autumnal input of leaf material." The greater input of leaves 

to small, headwater streams in the fall results in higher shredder 

populations in these streams. 

The change in dominant taxa between seasons is a result of specific 

life cycles that are related to changes in physical factors such as 

temperature, photoperiod, and specific food sources. The taxa that 

occurred as domir.ants during both seasons generally have extended 

emergence periods, multiple generations per year or several species 

with different hatching and emergence periods within a genus. 



RECOMMENDATIONS 

1. Additional studies of leaf processing rates should include data 

on physical factors such as temperature, current velocity, pH and 

invertebrate biomass to determine the single and joint effects of 

these parameters on leaf processing. 

2. A larger data base is needed, including a greater number of 

stations and more leaf packs per station, to determine the true 

relationship between leaf processing rates and stream order. 

3. The relationship between invertebrate functional groups and 

stream order warrants further study. This form of analysis may 

provide a relatively easy method of classifying streams but fur

ther documentation of this method of analysis is necessary. 

4. A standard methodology for investigation of detritus processing 

in aquatic habitats is needed if future studies of conmunity 

function are to be of value. 

5. More information on invertebrate food habits would facilitate the 

placing of organisms into functional groups. 
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List of taxa and number of individuals collected. 

Shredders 

Plecoptera 
Pteronarcidae 

Pteronaray s 
Nemouridae {unidentified) 

Amphinenrura 
Leuctridae {unidentified) 

Leuatra 
Capniidae 

AZZoaapnia 
Paraaapnia 

Taeniopterygidae 
Taeniopteryx 

Filipalpia (suborder) 

Trichoptera 
Limnephilidae (unidentified) 

Gra:rrtno tau l ius 
Pyanopsyahe 
Neatopsyahe 
PZatyaentropus 

Lepidostomatidae 
Lepidostoma 

Diptera 
Tipulidae {unidentified) 

TipuZa 
Chironomidae 

Cl'iaotopus 
PoZypediZwn 
Bl'iZZia 
Endoahironorrrus 

Collector - gatherers 

Ephemeroptera 
Heptageniidae (unidentified) 

Stena.aron 
Stenonema (rubPWn, fusawn, 

rivu Uao Zwn) 
Baetidae (unidentified) 

Baetia (fZavistriga, frondalis, 
hageni) 

Heterva 7-oeon 

Summer Fall 

8.0 
0.3 

25.0 
85.7 

107 .2 
7.3 

59.3 

30.0 

0.3 
1.0 

1.3 

122.5 

1.3 
1.7 

1084 .0 
1794.9 

12.3 

37.0 

20.3 
150.3 

183.5 
4.0 

1.0· 
2.3 
0.7 

402.5 

250.5 
186.0 

2.7 
0.3 
1.0 

0.5 

124.1 

1.0 
6.2 

100.2 
20.8 

329.2 
0.5 

1.3 
1.0 

22.8 
23.3 

31.5 
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Sumter Fall 

Ephemeroptera (cont) 
Leptophlebiidae (unidentified) 199.3 271 .1 

ParaZeptophZebia (debiZis) 46.9 4.7 
LeptophZebia 35.8 

Ephemerellidae 
EphemereZZa 153.5 277.6 

Tri coryth i dae 
Tl'iaory thodes 264.5 

Caenidae (unidentified) 0.3 
Caenis 141.0 

Po lymi ta rci dae 
Ephoron aZbwn 0.3 

Trichoptera 
Brachycentridae 

Micrasema 6.0 l 0. 7 
Leptoceridae 

CeraaZea 6.3 0.5 

Coleoptera 
Elmidae (unidentified) 42.0 2.7 

SteneZmis 21.0 
Dubiraphia 1.5 0.3 
Maaronyahus 1.7 
Optioservus 35.6 16.5 

Diptera 
Tipulidae 

Antoaha 0.3 0.3 
Chironomidae 

Orthocladinae (subfamily) 1294.2 1039.4 
ThienemmanieZZa 43.3 17.2 
D·lpZoa Zadius 74.5 
Rheoariaotopus 347.3 37.9 
Cardioa Zadius 98.0 
Tl'issoaZadius 1.1 
F1ukiefferieZZa 1357.9 1284.7 
Parametrioanemus 419.9 216.9 
Pseatroa Zadius 23.3 1.5 

Chironomini (tribe) 162.8 3.4 
Stiatoahironomus 2. 1 

Tanytarsini (subfamily) 
Miaropseatra 447.9 8.8 

Amphipoda 
HyaZZeZa azteaa 20.2 1.7 

01 igochaeta 147.5 3 .1 
Decapoda 2.7 
Isotomidae 

Isotoma 0.3 



Filter feeders 

Ephemeroptera 
Siphlonuridae 

Isonyahia 

Trichoptera 
Philopotamidae (unidentified) 

Chimmara (soaia, obsaura) 
DolophiZodes 

Psychomyiidae (unidentified) 
Psyahomyia 

Polycentropodidae 
Neurea lipsis 

Hydropsychidae (unidentified) 
Cheumatopsyah e 
Hydropsyahe (betteni, auanis, 

slossonae, simulans, bifida) 
Maaronema (zebratum) 

Brachycentridae 
Braahyaentrus (numerosu.s) 

Diptera 
Simuliidae (unidentified) 

Simulium 
Chironomidae 

Chironominae (tribe) 
Tanytarsini (subfamily) 

Tanytarsus 
Rheotanytarsu.s 

Chironomini (subfamily) 
Miarotendipes 

Pelecypoda 
Sphaeridae 

Scrapers 

Ephemeroptera 
Baetidae 

Pseudoaloeon 
Leptophlebiidae 

Choroterpes (basilis) 

Coleoptera 
Psephinidae 

Eatopria 

Sumner Fall 

4.7 

728.5 
761.8 
67.2 
13.7 

38.8 
1650. 1 
374.6 

1630. 7 
305.7 

43.8 

2648.0 
141. 5 

672.l 
946.7 
406.6 

80.7 

1.0 

45.5 

34.0 

0.3 

0.7 
0.8 
0.3 

0.3 

0.7 
15.1 
47.0 

76.0 

2.7 

947.3 

109.6 
85.8 

128 .1 

1.0 

0.3 
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Gastopoda 
Physa 
Ferorissia 

Piercing herbivores 

Trichoptera 
Hydropilidae (unidentified) 

Hydroptita 
Agrayl,ea 
Ol'thotriahia 
Oryethira 
Mayatriahia ( ayama) 
Neotriahia 
Ithytriahia 

Predators 

Plecoptera 
Setipalpia (suborder) 

Perlidae (unidentified) 
Aaroneu.ria 
PerZesta (pZaaida) 
Phasganophora (aapitata) 
Paragnetina 

Perlodidae (unidentified) 
Isoperta 

Trichoptera 
Rhyacophilidae 

RhyaaophiZa 
Leptoceridae 

Oeaetis 
Polycentropodidae 

Nyatiophy tax 

0donata 
Anisoptera 

Calopterygidae 
CaZopteryx 

Zygoptera 
Cordulegasteridae 

Cordu Zegas te1• 
Gomphidae · 
Aeshnidae 
Macromiidae 

(' 

Summer 

4.0 
84.3 
1.3 

2.7 
3.7 

14. 7 
10.0 
0.3 

16.5 

37.5 
24.2 
30.6 
6.7 
1.3 
6.3 
0.3 
3.0 

1.7 

5.5 

1.3 

1.8 
3.0 
1.0 

9.5 
2.5 
0.3 

Fall 

0.3 

0.3 
4.0 
0.7 
0.3 
1.0 

27.3 
12.0 
2.3 

18. 1 

4.7 

0.3 
0.3 
0.5 
0.8 
0.3 
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Sumner Fall 

Megaloptera 
Corydalidae 4.0 

Coleoptera 
Dytiscidae 6.7 1.2 
Hydraenidae 1.0 
Gyrinidae 9.3 

Oiptera 
Tipulidae 

Dicranota 0.3 1.7 
Ceratopogonidae 

PaZpomyia group 26.6 0.3 
Chironomidae 

Tanypodinae (subfamily) 16. 2 11.6 
Conchape Zopia 791. 7 96.2 
NiZotanypus l 5. l 
l.avre 1, imyia 1.2 

Chironomini (tribe) 
Parachironorrrus 0.7 

Empididae 1.0 
Rhagionidae 

Atherix variegata 79.3 27.7 
Tabanidae 11.4 

Nenatoda 2.2 
Hirudinea 7.3 0.3 
Hydracarina 34.5 0.3 
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