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Abstract

Leaf processing of two plant species, sugar maple (Acer saccharum) and river birch
(Betula nigra), was studied in two, north central Pennsylvania streams of different orders
during the summer and fall. Processing rates, or k values, organic content, and
macroinvertebrates were monitored at 7, 21, 28, and 35-day intervals in the summer and
at eight intervals from 8 to 48 days in the fall. Ergosterol was "‘extracted from incubated
leaves using procedures by Newell (1988) and measured with HPLC. The effect ofd
incubation time, plant species, season, and stream pH on leaf processing was assessed.
Orgénic contents of both plant species decreased over incubation time due to nutrient
leaching and microbial degradation. Processing rates for Acer saccharum and Betula
nigra were significantly lower in the third-order stream than the second-order stream
because of a significantly lower pH and colder water temperatures (P=0.786, P=0.159).
Acer saccharum decomposed significantly faster in the summer than Betula nigra in both
Mill Creek and Big Bear Creek (P=0.787, P=0.689, ¢=0.05). Summer fungal biomass
levels were significantly higher in the second-order stream due to the lower pH of the third-
order stream (P=0.066, a=0.05). The highest fungal biomass concentration found was
2.28 ug/mg for the 7-day, Acer saccharum incubation. A significant difference was found
between the summer and fall fungal biomasses of Betula nigra (P=0.500, a=0.05).
However, Acer saccharum had no significant difference in its summer and fall fungal
biomass, possibly due to its fast decomposition rate (P=0.024, @=0.05). Total
invertebrates in the summer increased as fungal biomass decreased. In conclusion, this
study showed increased fungal biomass in the fall and increased processing rates in the
summer. Future studies should try other methods of incubation and extraction, along with

a larger sample size because uncontrollable weather conditions cause sample loss.



Introduction

Allocthonous material such as leaf litter is a primary energy source for woodland
stream ecosystems. Fungi, particularly aquatic hyphomycetes, are the main
microorganisms involved in initial leaf breakdown in these streams. The fungi soften leaf
tissue with pectin-degrading enzymes. This softening increases the cell-sloughing rate,
which leads to increased availability of structural polysacéharides like cellulose. Fungi are
absorptive heterotrophs, therefore, they also feed on the leaves, which aidé in leaf
particulation. Then, the macroinvertebrates feed upon the detritus, or decaying leaf
matter, because the fungi make the detritus more nutritious. Shredders are the primary
macroinvertebrate involved in this processing of leaves by insects (Suberkropp 1994).
Figure 1 summarizes the food web of a stream and emphasizes the importance of fungi in
leaf processing.

The aquatic hyphomycetes’s membrane contains a sterol called ergosterol, similar
to a human'’s cholesterol (Newell 2000). Therefore, ergosterol’'s presence in leaf litter
indicates fungal life and functions as a valuable fungal index molecule because previous
research shows that ergosterol is not found in vascular plants (Gessner and Chauvet
1994). In addition, the 5,7 double bonds of ergosterol aliow sensitive detection of an
ergosterol extraction’s ultraviolet absorption because it peaks at 282 nanometers (Newell
1988).

Researchers have found that a stream’s fungal activity is controlled by internal
characteristics of leaf tissue such as tannin and lignin and environmental conditions like
the water's temperature and nutrient concentration. Evidence shows that leaf-inhabiting
fungi obtain their inorganic nutrition, like phosphorus, from the stream water (Suberkropp

1995). Sridhar and Barlocher (2000) also state that external sources of phosphorus and



nitrogen promote fungal growth and metabolism that increases leaf decay; nitrogen
possibly makes leaves more appetizing for invertebrates.

Environmental factors, like pH, temperature, and season, assist in determining leaf
processing in a stream. For example, energy and material availability to a stream’s
macroconsumers decreases when a stream becomes acidic. In addition, leaves from
different tree species have been shown to decompose at different rates. Varying leaf
species can be assigned to decomposition groups through a determination of leaf
processing (k). Processing rates, k values of >0.01 are usually considered in Group |, or
the fast decomposers, according to Peterson and Cummins (1974). Group Il, the medium
decomposers, have k values of 0.005-0.010 and Group li, the slow decomposers, have k
values <0.005. Consistent with Solada et al. (2000) processing rates, or k values, are
significantly lower in streams with a low pH. Studies in a Tennessee woodland stream
have shown that ergostérol levels are the lowest in the summer and peak in the fall to
early winter (Suberkropp 1997). Normally, fungal biomass is positively correlated with

temperature, but in many cases, temperature’s effect can be overridden by the
accessibility of leaves as an organic substrate. Furthermore, one West Virginia stream
study showed that streams with a lower pH have lower fungal biomass levels along with
increased invertebrate density (Engstrom et al. 2000).

The main objective of this study was to assess fungi's role in leaf decomposition in
two Pennsylvania mountain streams using an ergosterol assaﬂ/. A comparison of summer
and fall leaf processing rates in two different watersheds was made for two species of
trees, Acer saccharum (sugar maple) and Betula nigra (river birch). The

macroinvertebrate component of the food web was also determined.



Methods and Materials
Study Sites Description

This study was conducted in two, north central Pennsylvania streams of two
different orders. Both streams are in Lycoming County. The Mill Creek site is a second-
order stream below Warrensville, PA adjacent to Dr. Zimmerman'’s property. Big Bear
Creek site is a third-order stream flowing through the Dunwoody Sportsmens’ Club near
Barbours, PA. However, the Big Bear Creek site was not used in the fall because of the
construction of Rosgen structures in September 2000 that were being used for a separate
study to improve trout habitat. Using the EPA habitat assessment by Plafkin et al. (1989),
as presented in Figure 2, the Big Bear Creek sitevruns thrsugh a denser forested area and
has a well-developed riparian zone indicated by a high habitat assessment score of 187,
as opposed to the Mill Creek site with a score of 141, as shown in Table 1. The Mill Creek
site is the downstream énd of about 7 miles of stream flowing through a mixed agricultural
and residential area.
Physical and Chemical Water Analysis

Physical measurements of each stream site were taken at both the beginning and
end of all incubation periods. Dissolved oxygen (DO) and temperature (°C) were
determined using a hand-held YS! model 55 DO meter. Velocity (m/s) was assessed
using a Swoffer Model 2100 flow meter. Depth (cm) was measured using a meter stick
and width (m) was determined using a meter tape. Chemical ’énalyses of pH, alkalinity
(ppm CaCOs3), nitrate (ppm NO3), nitrite (ppm NO,"), orthophosphorus (ppm PO,*), and
conductivity (uS) were done in the laboratory following Standard Methods procedures
(American Public Health Association 1995) within 24 hours of sample collection on water

samples taken from each site. Between collection and water analysis, samples were
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placed in ice during transport and later refrigerated in the lab. Water samples were
collected at three intervals during the summer and four intervals during the fall. The
titration method using 0.2 N H,SO,4 was used for alkalinity and pH was assessed on a
Corning pH Meter 440. Nitrate and nitrite was measured on a HACH DR/4000
Spectrophotometer and orthophosphorus was measured on a HACH DR/2000
Spectrophotometer. A Hanna Instrument Conductivity/TDS meter model HI 9635 was
used to determine conductivity. Standards were run on all instruments.
Leaf Litter Organic Content and Processing Rates

Leaf litter decomposition was tested using two species of leaves: Acer saccharum
(sugar maple) and Betula nigra (river birch). Sugar maple and river birch leaves were
picked preabscission in early June and early September. Acer saccharum leaves were
picked from a tree at Lycoming College, Williamsport, PA, while the Betula nigra leaves
were picked from a free at the Mill Creek site. Leaves were kept in a cold room at 5°C
until they could be incubated. Each leaf pack consisted of five leaves that were placed on
a numbered brick and fastened with 3 rubber bands, as shown in Figure 3. The surface
area (cm®) of individual leaves was taken using the LI-COR Model LI-3000A portable area
meter. For the summer period, 48 leaf packs were incubated in Big Bear Creek and Mill
Creek (4 collection dates x 2 leaf species x 3 replicates x 2 sites). Leaves were placed in
the streamé on June 14, 2000 and incubated for periods of 7, 21, 28, and 35 days. Also,
over 70 leaf packs of sugar maple and river birch were incubéted beginning on July 11,
2000 in Big Bear Creek and Mill Creek for long-term incubation until September. At each
collection date, three leaf packs were removed from the stream and placed in Ziploc bags
to be transported back to the laboratory. Once at the laboratory, the leaves were rinsed

with deionized water and invertebrates were collected off of the leaves and preserved in
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70% ethanol. For the fall period, twenty;four leaf packs (6 collection dates x 2 leaf species
X 2 replicates) were incubated beginning on September 19, 2000 in Mill Creek for 8, 17,
24, 31, 36, 41, 45, and 48 days. Two leaf packs were recovered at each collection date
and transported back to the laboratory in Ziploc bags, where invertebrates were collected
and preserved in 70% ethanol.

After taking the post-incubation surface area, several leaves were placed in the
drying oven at 80°C for approximately 24 hours. Individual leaves were ground using a
mortar and pestle. The ground leaves were placed in clean crucibles that were labeled
accordingly and pre-weighed on an analytical balance. The leaves were ignited in a muffle
oven at 650°C for one hour. The percent organic matter content was calculated as the
weight loss due to muffling. Processing rates for each species were determined using the
equation Wi=W, ™, where W, is the post-incubation surface area, W, is the pre-incubation
surface area, and t is the time in days. Therefore, k= -[{in (WyWo)}/ t] (Peterson and
Cummins 1974).

Invertebrate Analysis

Collected macroinvertebrates were sorted by species and incubation period length
and identified to a functional feeding group as set by Cummins and Wilzbach (1985).
Functional feeding groups include shredders, collectors (gathering and filtering), scrapers,
and predators. Figure 4 shows the general food web of a stream and the importance of
each functional feeding group in breaking down organic material. Shredders depend on
large organic matter like leaves, wood, and needles, and other plant material derived from
the riparian zone. Collectors use small particles of organic matter by either gathering from
deposits on the steam bed or filtering from the flowing water. Scrapers remove attached

algae from rocks or logs in the current. Predators have specific body parts for capturing



prey. Total numbers of invertebrates were also tallied for each species and incubation

date.
Fungal Biomass Determination

Another study was conducted to determine fungal biomass concentrations in leaf
detritus by ergosterol quantification. In the summer, Big Bear and Mill Creek were yet
again the two study sites. The leaf packs consisted of five leaves per pack of Acer
saccharum, sugar maple, and Betula nigra, river bifch, leaves that had been collected
preabscission, stored, and incubated, as were the leaves in the leaf decomposition study.
Forty-eight leaf packs were again incubated between the two sites for 7, 21, 28, and 35
days. At each collection date, the leaf packs were transpbrted back to the laboratory in
Ziploc bags where the leaves were rinsed with deionized water and the invertebrates were
collected from the leaves and preserved. In the fall, Mill Creek was again the only site
able to be studied. Twénty-four leaf packs of five leaves/pack (12 Acer saccharum and 12
Betula nigra) were incubated there, as in the leaf decomposition study. Incubation periods
were again 8, 17, 24, 31, 36, and 48 days. At each collection date, the leaf packs were
placed in Ziploc bags to be taken back to the laboratory where leaves were rinsed and the
invertebrates were coliected from the leaves and preserved. Leaves were placed in a
freezer until ergosterol extraction could be performed.

A stock ergosterol standard solution was prepared by dissolving 0.2001 g of 95%
ergosterol (Aldrich) in 200 mL of HPLC-grade methanol. One?‘mL of the stock ergosterol
. standard solution was diluted to 50 mL to reach a final working ergosterol standard
solution of 19.01 ug ergosterol/mL methanol (see Appendix I). High-Pressure Liquid
Chromatdgraphy (HPLC) was used to detect ergosterol peaks. The HPLC system used

consisted of a Waters 510 pump, a Whatman Partisil 5 OD5-3 25 cm x 4.6 mm column set



to monitor 282 nm (the wavelength of maximum absorption by ergosterol), 100 4L sample
loop, and a Waters 991 photodioide array detector with Millenium software. Varying
volumes of the standard solution ranging from 5 uL to 80 uL were injected into the HPLC
system to establish a standard curve by plotting peak areas against known ergosterol
amounts, as shown in Figure 5.

Extraction was done using procedures, with some modifications, as stated by
Newell et al. (1988). For each sample, 10 discs were cut from the leaves using a 13 mm
cork borer and placed in 25 mL of HPLC-grade methanol in a round-bottom flask. The
flask was lowered into an 80°C water bath and refluxed for 30 minutes. Five mL of 4%
KOH was added and the solution was refluxed for an additional 30 minutes. When the
solution cooled to room temperature, it was fitered by water aspiration through a 60 mL
Buchner funnel (glass frit, coarse, 40-60 zm) to remove any debris and transferred to a 65-
mL screw cap vial. Fivé mL of 20% (w/v) salt water were placed in the vial to promote
layer separation. Three consecutive portions of pentane (10 mL, 5 mL, and 5 mL) were
added. After each addition, the vial was repeatedly inverted, pressure was released, and
the top pentane layer containing the ergosterol was removed and combined in a separate
vial. The pentane layer was filtered through a 0.45 ym nylon membrane with a glass
microfiber prefilter (Whatman Autovial, Cat # AV125UNAO) and the bottom layer of
methanol was removed. Uncovered vials were placed in a hood overnight with air
circulation to evaporate the pentane. After evaporation, sam'p;le residues were redissolved
in 1 mL of HPLC-grade methanol and sonnicated until all residues was dissolved. The
sample was then filtered through a 13 mm 0.45 ym nylon membrane. The HPLC-grade
methanol used as the solvent was degassed in the solvent bottle by simultaneous

application of vacuum and sonnication (Cole-Parmer sonnicator bath 8845-30). Prior to



sample injection, a baseline was established on the HPLC for twenty minutes to assure
that no impurities were in the system. A sample was injected into the system and run with
HPLC-grade methanol through a Whatman Partisil 5 0D5-3 25 ¢cm x 4.6 mm column at a
flow rate of 1.5 mL/minute and a detection wavelength of 282 nm. Experimental peak
areas (see HPLC printout example in Figure 6, see Appendix Il for all experimental HPLC
printouts) were manually reintegrated (see Figure 7) to eliminate underlying base area
caused by carryover from preceding peaks. The péak areas were compared to the
standard curve to obtain experimental ergosterol amounts. These amounts were then
corrected for the volume injected and the dissolution volume. Finally, the experimental
ergosterol concentration was converted to grams of fungall biomass using a conversion
factor of 182 g fungal biomass/g ergosterol (see Gessner and Chauvet 1992). Finally, the

. grams of fungal biomass/sample were divided by the original leaf disc mass that
underwent a reflux extréctiqn. Lastly, g fungal biomass/g detritus was converted to ug
fungal biomass/mg detritus.

Before running sample extractions, extractions were run on fresh leaves, ones that
were picked off the same trees that were used for leaves to be incubated in the stream.
These extractions were done to verify that there was no ergosterol present in vascular
plants, only in aquatic hyphomycetes that colonize the incubated plant material.

- Furthermore, two duplicate recovery studies for the reflux extraction procedure
were performed. Ergosterol (20 ug) was reflux extracted, folldWing the same procedures
“as described above for the leaves, and run on the HPLC. Also, a 20 ug sample ergosterol

sample was run directly on the HPLC (no prior reflux). The peak area of the known
ergosterol was compared to the ergosterol peak from the extracted ergosterol to obtain the

;

. amount of ergosterol recovered. The resulting amount was shown as a percent recovered
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from the original 20 ig. This determined the efficiency of the extraction procedure
employed.
Statistical Analysis

Data analysis was done using a two-sample hypothesis test at a a-level of 0.05.

Analysis was performed on SPSS 10.0 Windows computer program (SPSS 2000).

Results
Physical and Chemical Water Analysis

The results of summer (Mill Creek and Big Bear Creek) and the fall (Mill Creek)
chemical water analysis are presented in Tables 2-3 and t’he physical water analysis is
presented in Tables 4-5. In general, alkalinity, nitrates, nitrites, and orthophosphorus were
higher in Mill Creek than in Big Bear Creek. The summer pH in Big Bear Creek Was
significantly lower than the summer pH in Mill Creek (P=0.079). Big Bear Creek exhibited
the lowest pH of 5.3 in the summer study. Mill Creek had a significant pH increase from
the summer to fall study and showed the highest pH of 8.09 in September (P=0.144).
Alkalinity was higher in Mill Creek in the fall than in the summer; conductivity was also
higher in Milt Creek in the fall study. Mill Creek’s temperature was higher than Big Bear
Creek’s temperature in the summer study with a high of 15.4°C. Mill Creek’s temperature
was lower in the fall than in the summer, with a low temperature of 6.1°C.

Percent Organic Content

Percent organic content results are shown in Figures 8-10. Data gaps are due to
weather conditions not leaving enough leaves to sample for that period. In the summer
study of Mili Creek, Acer saccharum, sugar maple, percent organic content decreased

slightly over incubation time. lts organic content decreased by 16% from 28 to 35
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incubation days. Overall, Acer saccharum had a higher organic content than Betula nigra,
river birch. In the summer study of Big Bear Creek, sugar maple and river birch organic
content generally decreased. Fall organic content (Mill Creek) for sugar maple decreased |
slightly as incubation time increased. River birch organic content also generally
decreased over incubation time. In general, river birch organic contents were higher in the
fall than in the summer in Mill Creek. However, sugar maple organic contents were higher
in the summer than the fall in Mill Creek.
Leaf Processing Rates

Processing rates (k) are shown in Tables 6. Both sites’ summer values for Acer
saccharum, sugar maple, and Betula nigra, river birch Iea;/es are k> 0.01, so they are
considered fast decomposers by Peterson and Cummins (1974). Summer leaf processing
values were significantly lower in Big Bear Creek than in Mill Creek for both sugar maple
and river birch leaves (P=0.786, P=0.159). In both Mill Creek and Big Bear Creek, sugar
maple had significantly higher summer k values of 0.110 and 0.027, respectively, than the
river birch leaves (P=0.787, P=0.689). However, the fall k values of Acer and Betula
leaves at Mill Creek exhibited no significant difference (P=0.014). Finally, summer k
values at Mill Creek were significantly higher than the fall k values for both sugar maple
and river birch leaves (P=0.751, P=0.060).
Invertebrate Analysis

Results of the invertebrate analysis are shown in Figures 11-14. For both leaf
species for the summer study in Mill Creek, the total number of invertebrates increased
between days 7 and 21 and decreased for the rest of the incubation. The Acer
saccharum, sugar maple, and Betula nigra, river birch, leaves contained mainly filtering

collectors. For the summer study in Big Bear Creek, total invertebrates for both leaf
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species increased between days 7 and 28, but decreased from days 28 and 35. The
prevalent functional feeding group in Big Bear Creek on Acer leaves was the gathering
collectors for the 7- 28- and 35-day samples. The predominant group on Betula leaves at |
this site was the filtering collectors for the 7- and 28-day samples and the gathering
collectors for the 21- and 35- day samples. In the fall study of Mill Creek, total
invertebrates for both leaf species increased slowly to the 41-day mark and decreased
untit 48 days. The sugar maple leaves held predominantly gathering collectors for the 8-,
24-, and 31-day samples, while the 17-, 41-, and 48-day samples had a prevalence of
filtering collectors. Fall-incubated river birch leaves contained predominantly gathering
collectors for the 8-, 17-, and 24-day sample. The 31-da§ sample has mainly scrapers,
while the 41-and 48-day samples had mainly shredders. Any data gaps are due to high
water conditions destroying or washing leaf packs downstream.

Fungal Biomass

The results of the recovery study revealed the extraction procedure yielded 16.8 ug
ergosterol and 17.7 ug ergosterol from 20 ug ergosterol. This corresponds to 84% and
89% efficiency of the reflux extraction procedure.

Fungal biomass concentrations are shown in Figures 15-18. Any data gaps are
because the incubated leaves for that date were gone from the brick or the brick had been
washed downstream. Ergosterol eluted in the HPLC between 5.3 and 5.8 minutes.
Summer fungal biomass levels of Acer saccharum, sugar mable, leaves were significantly
higher in Mill Creek than in Big Bear Creek (P=0.066). The highest concentration was
2.28 ug/mg detritus, found at the 7-day Mill Creek incubation. Though Mill Creek had
generally significantly higher river birch fungal biomass concentrations, the highest value

of 2.24 ug/mg detritus was exhibited in Big Bear Creek at the 7-day incubation (P=0.153).
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The Betula nigra, river birch, biomass levels at Big Bear Creek declined from the 7-day
mark, as time increaged, as did the sugar maple biomass. In the fall, fungal biomass (Mill
Creek) concentrations were higher for river birch leaves compared to sugar maple leaves.
The highest amount found was 8.43 ug/mg detritus at the 41-day incubation. Fall Befula
fungal biomass concentrations generally increased over incubation time, though they
peaked at 41 days and then decreased. Fall Acer biomass levels, on the other hand,
generally remained at the same low level throughout the incubation time. The highest_
amount that was found was 1.12 ug/mg detritus at the 45-day mark. When comparing fall
and summer fungal biomass concentrations, Betula exhib_ited significantly higher fungal
biomass levels in the fall than the summer (P=0.500). On the other hand, Acer showed no
significant difference in fungal biomass levels between the fall and the summer incubation
in Mill Creek (P=0.024).

All of the leaf packs that had been incubating in the streams for 3 months were
either entirely gone because the brick had been carried downstream or the leaf pack was
gone. Two river birch leaf packs, though, at Mill Creek were intact enough to analyze the
fungal biomass content. These results are shown in Figure 18. Sample 1 had a fungal
biomass content of 1.94 ug/mg detritus, while Sample 2 had a fungal biomass level of 0.89
ug/mg detritus, roughly a 2 to 1 ratio of fungal biomass to fungal biomass. These résults
are comparable to the fungal biomass amounts in the 8- and 17-day river birch samples in
the fall study.

The fresh leaf extractions that were performed showed no presence of ergosterol

- after being run on the HPLC.
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Discussion

The governing energy source of woodland stream ecosystems is allocthonous input
such as leaf litter (Peterson and Cummins 1974). As leaves enter a stream, they are
colonized by fungi, mainly a group called aquatic hyphomycetes. The membranes of
these particular fungi contain a sterol called ergosterol. Ergosterol has been proven not to
be a component of vascular plants, so its presence can be used to quantify the amount of
fungal biomass on leaf litter (Gessner and Chauvet 1994).

Summer and fall organic contents generally decreased over incubation time for both
Acer saccharum and Betula nigra at both sites. This trend was expected because
increased nutrient leaching and microbial degradation over incubation time would cause
organic content to decrease.

Summer leaf processing values (k) were significantly lower in Big Bear Creek than
in Mill Creek for both Acer saccharum and Betula nigra (P=0.786, P=0.159). This finding
may also be due to the significantly lower pH in Big ABear Creek because Solada et al.
(2000) found that k values are significantly lower in acidic streams because the
acidification reduces the nutrient base for aquatic consumers (P=0.079). Summer k
values for Acer saccharum and Betula nigra in Mill Creek were significantly higher than
Mill Creek fall k values (P=0.751, P=0.060). Maloney and Lamberti’s (1995) research on
leaf decomposition of various leaf species, including sugar maple, shows that summer leaf
processing may be higher than fall processing because of the invertebrate abundance in
the summer. The higher summer k values may also be attributed to by the higher summer
water temperatures, which increase leaf decay. Furthermore, for both Mill Creek and Big
Bear Creek in the summer, sugar maple had a significantly higher k value (0.110, 0.0271)

than river birch leaves (P=0.787, P=0.689). This data is confirmed by Peterson and
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Cummins (1974) research that places sugar maple in the fast decomposers category,
k>0.01. Additionally, sugar maple leaves may be processed faster because of the
increased surface area of sugar maple leaves that provides more surface area for
microbial colonization (Maloney and Lamberti 1995).

Summer fungal biomass concentrations for Acer saccharum and Betula nigra were
significantly higher in Mill Creek than in Big Bear Creek, possibly due to the significantly
more acidic conditions of Big Bear Creek (P=0.066, P=0.153). Invertebrate densities,
though, were generally higher in Big Bear Creek than in Mili Creek. These results coincide
with Engstrom et al.’s (2000) findings that acidic streams have lower fungal biomass along
with increased invertebrate densities because acidic conditions decrease energy and other
material accessibility to stream macroconsumers. River birch fungal biomass levels in Mill
Creek were found to be higher in the fall than in the summer, which coincides with
Suberkropp’s (1997) and Aimer's (1985) research that found ergosterol levels to peak in
the fall to early winter and to be lowest in the summer. However, sugar maple fungal
biomass levels were not consistent with the literature because this study showed no
significant difference between the summer and fall fungal biomass values for sugar mapie
leaves (P=0.024). This finding could be due to the significantly faster processing of sugar

| maple leaves, which means less leaf material remains as a substrate for microbial
colonization. Compared to Suberkropp’s (1997) research that determined fungal biomass
concentrations of leaf litter in a Tennessee woodland streamf'this study's ergosterol levels
are relatively low. This finding could be due to the method of leaf pack incubation or the
type of ergosterol extraction procedure.

Summer total invertebrates at both sites showed an increasing trend as fungal

biomass decreased. This is an expected trend because fungi condition incubated leaves
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making them more nutritious for invertebrates (Suberkropp 1997). Therefore,
invertebrates will colonize the leaves more when there are more microbes present. As a
result, fungal biomass concentrations will eventually decrease with increased invertebrate
colonization.

There are drawbacks to the leaf pack construction technique employed in this
study. First, the use of rubber bands in fastening leaves to the brick does not allow
determination of how. much loss is due to just physical breaks and not decomposition.
Fishing line may be used in future studies because it has less surface area than rubber
bands. Moreover, many leaf packs were lost due to high water events tearing the leaf
packs off of the bricks or carrying the bricks completely ddwnstream. Another leaf pack
construction technique that should be evaluated is placing leaves in nylon mesh bags.
Boulton and Boon (1991) state that this method provides similar environmental conditions
inside the bag as‘ is outside the bag. Also, major quantities of detritus material will not
escape through the bag. However, mesh bags may exclude large shredders and change
water currents around the bag, which may alter potential microbial colonization. Overall, in
further studies, both techniques could be employed for comparison of invertebrate,
decomposition, and microbial effects.

Additionally, a further study could be performed to identify exact species of aquatic
hyphomycetes on the leaf litter that had been incubated in these two sites. One study
researched which species of aquatic hyphomycetes dominaté varying temperature period
(Suberkropp 1984). Leaf species preference may also be taken into consideration as a
factor for dominating fungi. Suberkropp (1984) outlines three incubation methods that can

- be used to assess background aquatic hyphomycetes that would potentially colonize leaf

pacKs.



The pattern of fungal biomass’ presence was significantly correlated with season,
temperature, and pH. Furthermore, leaf-processing values were consistent with other
studies in that k values were higher in the summer than in the fall. Future studies on this
subject should consider a larger sample size and the other research methods previously
mentioned.

Overall, fungal biomass amounts were higher in the fall-than in the summer and
were higher in the less acidic stream. Leaf processing, or the k values, was faster in the
warmer stream and in the summer. Also, leaf processing was more rapid for the sugar

maple leaves than the river birch leaves.
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