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DETRITAL PROCESSING AND ASSOCIATED
MACROINVERTEBRATES IN A COLORADO
MOUNTAIN STREAM!
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Abstract.

Investigation of leaf litter processing in a Colorado mountain stream revealed that

processing of alder (Alnus tenuifolia), willow (Salix bebbiana), and aspen (Populus tremuloides)
occurred at rapid rates despite water temperatures at or near 0°C. Pine (Pinus ponderosa) was pro-
cessed much more slowly. The loss rate coefficient (k) ranged from .0038 for pine to .0308 for alder.
The high biomass of shredders per gram of leaf pack is a likely explanation for the rapid processing.
Whereas a few large shredders per leaf pack are generally characteristic of eastern woodland streams,
a large number of small-sized shredders (Capnia and Zapada) colonized leaf packs in the Colorado
mountain stream. The numbers and biomass of collectors per leaf pack were directly related (P <
.01) to the ash-free dry mass of fine organic particles (75-1000 wm) indicating the importance of fine
particulate organic matter in determining the suitability of leaf litter as habitat for fine particle-feeding

detritivores.
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INTRODUCTION

Terrestrial leaf litter has been identified as a major
component in the energetics of stream ecosystems and
as a food source for stream macroinvertebrates (An-
derson and Sedell 1979). Rates of leaf litter processing
have been measured in a variety of stream types in
North America (Petersen and Cummins 1974, Sedell
et al. 1975, Benfield et al. 1977, Barlocher et al. 1978).
These and other studies have indicated that macroin-
vertebrates may play an important role in the pro-
cessing of leaf material. Furthermore, leaf litter has
been shown to be an important factor in the distribu-
tion of benthic macroinvertebrates in streams (Egglis-
haw 1964). The macroinvertebrates associated with
leaf litter in Colorado mountain streams have proven
to be different in several respects from those reported
in other studies. Thus in October 1977 a study of leaf
processing in a Colorado mountain stream was initi-
ated to determine: (1) processing rates of four common
species of leaves, (2) which macroinvertebrates colo-
nize leaf litter, and (3) the importance of leaf litter as
a source of or collecting system for fine particulate
organic detritus, and as a habitat for fine particle-feed-
ing detritivores.

DESCRIPTION OF STUDY AREA

Little Beaver Creek is located in north central Col-
orado in the South Platte River drainage system. It is
a third-order stream with a watershed area of 4600 ha.
The study site is located at an elevation of 2410 m
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where the stream emerges from a narrow valley heavi-
ly canopied with willows (Salix spp.) and alders (Alnus
tenuifolia). Quaking aspen (Populus tremuloides) and
ponderosa pine (Pinus ponderosa) are dominant tree
species on the slopes surrounding the stream. Stream
width varies from 2 to 10 m and the gradient is 8%.
Substrate consists mainly of rubble in riffles with few
pools present. The stream was completely ice covered
(up to 30 c¢m thick) and at 0°C from mid-November
through late March. Discharge was low (0.1 to 0.2 m3/
s) and relatively constant throughout this period but
increased dramatically (15 m3/s) with snowmelt in
June. Nutrients are present in low concentrations
(PO,, 10-12 ug/l; NO;, 22-29 ug/l); the water is soft
(9.4-11.3 mg/l CaCOy); and the pH is near neutral (7.0-
7.1). Dissolved oxygen is always near 100% satura-
tion.

MATERIALS AND METHOD

Leaf processing rates were studied with leaf pack
samplers (Petersen and Cummins 1974). Leaves of
willows (Salix bebbiana), alder (Alnus tenuifolia), as-
pen (Populus tremuloides) and needles of pine (Pinus
ponderosa) were collected in September 1977, just
prior to abscission for the deciduous species. Due to
the large number of leaves needed, they were picked
from more than one tree of each species, except for
pine. The leaves were air-dried, oven-dried at 60°C for
48 h, weighed into 5-g packs and strung on monofila-
ment line. A single leaf pack was lashed to each brick
and placed in a riffle area of the stream on 15 October.
Three leaf packs of each leaf type were removed from
the stream in a downstream to upstream direction after
7, 14, 28, 56, 84, 112, and (except alder) 168 days. The
initial position of the bricks was recorded so that none
would be disturbed when sampling during ice cover.
At the time of collection the brick was removed from
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TaBLE 1. Loss of mass (percent loss of initial mass + sp) of
leaf material due to leaching.

Tem-
Leaf  perature
type (°C) 24 h 48 h 72 h
Alder I 253+ 1.1 286+ 46 289 +29
S 260+40 244+20 277+ 08
Aspen I 247+39 304+88 34856
5 19.6 67 251=37 272+42
Willow I 330541 396+19 42.5+44
S 32.0+34 413+24 457+ 1.9
Pine I 4812 63+12 79+10
5 57+07 37+09 49+ 16

the stream; the leaf pack was cut free and placed in
a plastic bag containing Kahle’s fluid. Samples were
processed within 4 h to minimize possible leaf material
mass loss from the preservative, although this possible
loss was not checked experimentally.

In the laboratory the leaf pack was thoroughly
rinsed with tap water to remove accumulated sediment
and particulate organic matter. Macroinvertebrates
were separated from the material and stored in 80%
ethanol for later analysis. The rinsings were retained
from the samples collected at 28-d intervals and
washed through a 1000-um and a 75-um sieve. Inor-
ganic and organic material retained by the 75-um sieve
was dried at 60°, the mass determined and combusted
in a muffle furnace at 550° for 24 h to determine the
ash-free dry mass of organic material (Petersen and
Cummins 1974) present in the 75-1000 um size range.
The intact leaves were dried at 60° for 48 h and the
mass determined (+0.1 g). Absolute loss of mass and
percentage of the initial mass remaining were deter-
mined. Macroinvertebrates removed from the leaf
packs were identified, enumerated and the mass de-
termined after drying to constant mass at 60°. No at-
tempt was made to correct for loss of mass due to
preservation.

A laboratory study was conducted to determine loss
of mass of leaf material attributable to leaching. Pre-
weighed amounts (=0.1 g) of each leaf type were
placed separately into small jars containing 150 ml of
stream water. These jars were placed into constant-
temperature chambers maintained at 1° and 5°. Three
jars of each leaf type from each temperature were re-
moved at intervals of 24, 48, and 72 h. The leaf ma-
terial remaining was dried at 60° for 48 h, and the mass
and percent loss of mass determined.

RESULTS
Leaching

The greatest loss of mass due to leaching (72-h lab-
oratory experiments) occurred in willow (44%) and the
least in pine (6%), with alder (28%) and aspen (31%)
intermediate (mean values from Table 1). The greatest
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Fi1G. 1. Loss in mass of leaf packs in Little Beaver Creek,
Colorado, 15 October 1977 through 1 April 1978.

loss of mass for each leaf type occurred within the
first 24 h after immersion. Loss of mass increased with
time except for alder at 5° and pine at 5°. These ex-
ceptions are probably the result of individual differ-
ences among leaves. The values obtained and the lack
of temperature effects on leaching are similar to those
reported by Petersen and Cummins (1974).

Leaf processing

The loss in mass of the leaf packs over time is shown
in Fig. 1. Percent losses of mass obtained after 7 d in
the stream were not significantly different from the 72-
h laboratory leaching experiments, indicating that
leaching was mainly responsible for the initial loss of
mass. After leaching, alder demonstrated the most
rapid processing, with willow the second fastest. As-
pen was processed much more slowly and pine was
by far the slowest. In studies of Oregon streams an
alder (Alnus rubra) was one of the first leaves to be
completely processed (Sedell et al. 1974, Sedell et al.
1975). Alder leaves have been shown to have a high
concentration of nitrogen compared to other species
(Triska et al. 1975) and to be readily consumed by
stream detritivores (Wallace et al. 1970, Anderson and
Grafius 1975). The more rapid processing of alder
probably results from enhanced microbial degradation
and increased shredder utilization. We found that al-
der was processed at such a rapid rate, despite water
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temperatures at or near 0°, that after 112 d in the
stream little remained except the more resistant veins
and midribs. Alder leaf packs were not collected after
112 d for this reason. Hart and Howmiller (1975) re-
ported that alder was completely processed in 34 d in
a California coastal stream at warmer temperatures
(minimum temperature 9°). Willow was also processed
rapidly in Little Beaver Creek, especially between 112
and 168 d. Only threads of monofilament remained
on the bricks in the 168-d collections. Since the leaf
packs had been completely processed on an unknown
date between 112 and 168 d, the 168-d collections
of willow were not included in the analysis.
Fall-winter leaf processing in streams has been as-
sumed to follow an exponential decay model of the
form Y, = Y, * where Y, is the amount remaining
after time ¢ of the initial amount Y, (after leaching) and
k is the loss rate or processing coefficient (Petersen
and Cummins 1974). Following log, transformation of
the “‘percent remaining’’ data in Fig. I, linear regres-
sion was used to estimate the processing coefficient
for each leaf species after excluding the leaching loss.
All equations were highly significant (P < .01) and the

Temporal occurrence and density of three shredder species in aspen leaf packs for Little Beaver Creek, Colorado,

data fit the exponential model well. The processing
coefficient values obtained in the present study are
compared in Table 2 to those of the same or similar
species used in other studies. Although direct com-
parisons with leaf processing rates measured in other
studies are difficult to interpret due to differences in
leaf pack construction, leaf pack size, and tempera-
ture, it is evident that leaf processing occurred at a
rapid rate in Little Beaver Creek. Processing coeffi-
cients for the deciduous leaf species were approxi-
mately 1.7x greater in the Colorado mountain stream
than those reported in other studies. If compared on
a degree-day basis the difference would be even great-
er.

Macroinvertebrates

Generally the same macroinvertebrate taxa colo-
nized the four leaf pack types (Table 3). Exceptions
occurred when only a few individuals of a particular
taxon were collected from certain pack types. The
most abundant taxa collected were Baetis sp., Ephem-
erella spp., Capnia confusa, Zapada spp., Heterlim-
nius corpulentus and Orthocladius sp.

TaBLE 2. Processing coefficients (k) for various species of leaves in streams

Mean
Stream temperature

Species k order Season (°C) Reference
Alnus tenuifolia .0308 3 Fall-spring 0° Present study
Alnus rubra .0168 3 R 4° Sedell et al. 1975
Populus tremuloides .0077 3 Fall-spring 0° Present study
Populus tremuloides .0046 L. Fall-spring 3-4° Petersen and Cummins 1974
Salix bebbiana 0135 3 Fall-spring 0° Present study
Salix lucida .0078 C Fall-spring 3-4° Petersen and Cummins 1974
Pinus ponderosa .0038 3 Fall-spring 0° Present study
Pinus resinosa .0030 Fall-spring — Birlocher et al. 1978
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FiG. 3. Colonization of leaf packs in Little Beaver Creek,

Colorado, according to functional group classification.

Macroinvertebrates were assigned to functional
groups according to information contained in Merritt
and Cummins (1978) and by inspection of gut contents.
The dominant shredders were Capnia confusa, Za-
pada cinctipes and Zapada haysi. Two species of Lep-
idostoma were much less abundant. The densities of
three shredder species on the aspen leaf packs shown
in Fig. 2 are similar to the pattern found on the other
deciduous leaves. Lower densities were found on the
pine needle packs.

Other studies (Petersen and Cummins 1974, Ben-
field et al. 1977) indicate that a period of microbial
conditioning is necessary before shredders colonize
leaf litter in significant numbers. In our study, high
densities of macroinvertebrates on leaf packs were
obtained after 7 d in the stream (Fig. 3). Initially col-
lectors exhibited the highest densities, mainly due to
the presence of Buaetis. After 28 d, the densities of
shredders were higher than those of collectors except
on pine. Highest shredder density occurred at 56 d for
alder, 112 d for aspen, 28 d for willow and 112 d for
pine. Higher shredder densities were not obtained af-
ter 112 d for the more slowly decomposing leaf packs
(aspen and pine) due to the emergence of the winter
stoneflies (Fig. 2). Maximal collector densities oc-
curred at 84 d for alder, 112 d for aspen, 56 d for
willow and 14 d for pine (Fig. 3).
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TABLE 3. Macroinvertebrate taxa collected on leaf packs in
Little Beaver Creek, Colorado. Functional group classifi-
cation based on Merritt and Cummins (1978): S = shredder,
C = collector, G = grazer, and P = predator.

Func-
tional As- Wil-
Taxon group Alder pen low Pine

Ephemeroptera

Ameletus sp. C +

Baetis sp. C + + + +

Cinygmula sp. C/G + + + +

Epeorus longimanus C/C + +

Ephemerella grandis C + + + +

Ephemerella infrequens C + + + +

Paraleptophlebia sp. C + + +

Rhithrogena sp. C/IG + + + +
Plecoptera

Alloperla sp. P + + +

Capnia confusa S + + + +

Megarcys sp. P + + +

Setvena sp. P + + + +

Taenionema sp. C + + + +

Zapada cinctipes S + + + +

Zapada haysi S + + + +
Coleoptera

Heterlimnius corpulentus C + + + +

Zaitzevia sp. C +
Trichoptera

Arctopsyche sp. C + +

Brachycentrus sp. C + + + +

Glossosoma sp. C/IG +

Hydropsyche sp. C + + +

Lepidostoma sp. A S + + + +

Lepidostoma pluviale S + + + +

Rhyacophila acropedes C/pP + + + +
Diptera

Ablabesmyia sp. P + +

Atherix pachypus P + + + +

Chelifera sp. P + + +

Orthocladius sp. C + + + +

Palpomyia sp. P +

Pericoma sp. C + +

Rheotanytarsus sp. C + +

Simulium sp. C + + +
Hydracarina P + +
Oligochaeta

Eiseniella tetraedra ? +
Total number of taxa 26 28 27 22

DiscussioN

Detrital processing

Our results show that deciduous leaf packs are pro-
cessed at a faster rate in Little Beaver Creek than in
any stream previously studied using similar leaf
species under a comparable temperature regime (Pe-
tersen and Cummins 1974, Sedell et al. 1975). We had
anticipated a slower rate due to the low temperatures
encountered. While increased physical fragmentation
from swifter current is a possible explanation, Reice
(1974, 1977) concluded that current velocity had no
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significant effect on processing rate. Microbial metab-
olism of leaf tissue was not studied, but it is doubtful
that it was responsible for the rapid processing, given
the low temperature and nutrient levels. Increased col-
onization and utilization of the leaf material by shred-
ders appears to be the most plausible explanation. It
has been estimated that shredders account for about
25% of leaf pack processing in streams (Petersen and
Cummins 1975). Biomass of shredders per gram leaf
pack is shown in Fig. 4. The maximum value for alder
is approximately seven times the highest value ob-
served for a fast-decomposing leaf species in an Ore-
gon stream (Sedell et al. 1975). This high value for
alder may be somewhat exaggerated since it is a re-
flection of the rapid loss of mass exhibited by alder
rather than an increase in the presence of shredders
on a per leaf pack basis (Fig. 3). However, the de-
crease in leaf surface area may compensate for this.
Even the more slowly processed leaf species (aspen
and willow) had shredder biomass values greater than
the fast species in Oregon. It is only for the coniferous
species that the Oregon stream exhibited higher shred-
der biomass values. Since our coniferous species had
a slower processing rate than the Oregon species and
a lower shredder biomass value, this is additional evi-
dence that shredder feeding activity is largely respon-
sible for the high rates of processing found in Little
Beaver Creek. While in eastern woodland streams the
shredding process may result largely from a few large
Tipulidae or Limnephilidae per leaf pack (Petersen and
Cummins 1974), in this Colorado mountain stream a
large number of small-sized shredders such as Capnia
and Zapada are responsible. The method of feeding
by Capnia and Zapada may also differ from the larger
sized shredders. Whereas the large shredders actually
bite off chunks of leaf material, smaller shredders may
scrape the leaf surface, removing the cuticle, epider-
mis and mesophyll (Wallace et al. 1970). The scraping

pack as a function of ash-free dry mass (AFDM) in milligrams
of fresh particulate organic matter (FPOM, 75 to 1000 um).

method produces the same result as obtained from the
large shredders in that Capnia and Nemoura have
been reported to skeletonize leaves (Brinck 1949) and
thus decrease leaf weight.

Leaf packs as habitat for collectors

The microdistribution of stream benthos is a com-
plex interaction of environmental factors such as cur-
rent velocity, substrate size, and food availability
(Minshall and Minshall 1977). Leaf litter in the stream
offers a short-lived habitat for certain stream macroin-
vertebrates (Mackay and Kalff 1969). While shredders
utilize leaf litter and associated microflora as a food
source, other functional groups colonize leaf litter as
well (Table 3). Fine particulate organic matter (FPOM)
may accumulate in leaf packs from two potential
sources; the leaf material in the pack itself as it is
processed, and FPOM in transport which is filtered
from the water mass by the leaf pack. FPOM en-
trapped within the leaf packs represents a potential
food source for collectors which inhabit the leaf packs.
Thus collector colonization of leaf packs may be a
function of the amount of FPOM present. These data
are plotted in Fig. 5 and indicate that numbers and
biomass of collectors are directly related to the
amount of FPOM (75-1000 wm) present in the leaf
packs. There was no significant difference in the
amount of FPOM present between leaf types for the
entire sampling period (AOV, P > .05). Minshall and
Minshall (1977) found that the abundance of two col-
lector species was related to the amount of detritus
present (all size categories included). Egglishaw (1964)
reported that the presence of leaf material greatly af-
fected the abundance of many macroinvertebrate
species in a British stream. While quantity of FPOM
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present seems to be important for collector coloniza-
tion, food quality of the FPOM is another major con-
sideration. Ward and Cummins (1979) have found that
different types of FPOM result in differential growth
rates for a stream collector species. They determined
that ground conditioned leaves produced the greatest
growth, shredder feces was intermediate, and the least
growth occurred when natural stream FPOM was used
as a food source. This would indicate that the fresh
leaves added to the stream during autumnal abscission
represent an input of high quality food material not
only to shredders (once the leaves have been properly
conditioned), but also to collectors. Thus, collectors
living in leaf packs may be in closer proximity to a
higher quality food source than those found in the sub-
stratum. While the quantity of FPOM in the leaf packs
may be small compared to that in the sediments, its
presence during the fall and winter months coincides
with the major growth period of many stream macroin-
vertebrates (Hynes 1961), which emphasizes its im-
portance.

Results of several investigators (see references in
Anderson and Sedell 1979) have shown that the leaf
species [coarse particulate organic matter (CPOM)
quality] has a great influence on leaf litter utilization
by shredders. The data presented here show this is
also the case for a Colorado mountain stream in that
high-quality leaves such as alder are rapidly pro-
cessed. A major finding of the present study is the
important role FPOM has in determining the value of
leaf packs as a habitat for collectors. Further investi-
gation into the nutritive value and quantity of FPOM
in leaf packs compared to sedimentary FPOM is need-
ed to assess more clearly its importance in the stream
ecosystem.
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