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Abstract

Soil invertebrates are very important in decomposition and soil formation. In this
investigation we looked at how litter quality affects abundance and recruitment of soil
invertebrates to five different plant species. In our study, we measured decomposition
and faunal abundance in litter incubated for twenty-three days in an oak plot that has
been irrigated with nutrient enriched wastewater from the Falmouth Sewage Treatment
Plant and in an untreated oak control plot. Fauna abundance was measured for the litter
incubated in litterbags using a wet-filtering technigque to sieve out any soil invertebrates.
Respiration rates were measured for al the litterbags in our experiment and greater
respiration was found in litter with higher resource quality. We have also found greater
abundance of soil faunain the oak fertigated plot compared to the oak control plot,
greater abundance of soil fauna amongst high resource quality litter typesin the litters
incubated in the same oak plot, differences in faunal composition between the litter
incubated in the oak fertigated plot and differences in the faunal composition between
litter incubated in the two different oak plots. Given the difference in respiration and
faunal abundance there appears to be greater decomposition in the oak fertigated plot
compared to the oak control plot.

Keywords: Soil biology, soil invertebrates, decomposition, recruitment, litterbag
respiration rates, Phytolacca Americana, Pinus rigida, Quercus sp., Solidago sp., Vaccinium sp.

| ntroduction

Decomposition is very important in terms of returning nutrients to an ecosystem
as well as determining soil formation and structure. Litter quality has beenshown to be
an important determinate of the rate of decomposition. The lignin content of litter and
actual evapotranspiration (AET), a measure of temperature and rainfall, have been shown
to be good indicators of the rate of decomposition across ecosystems (Meentenmeyer,
1978). Theinitia Lignin: Nitrogen ratio has also been shown to be a good determinant
of decay rates in short-term studies (Melillo et al, 1982). Lavelle et a (1993) has



proposed a hierarchical model where the physical environment, resource quality and soil
organisms become more important in determining soil processes and decomposition over
decreasing spatial and temporal scales. Soil invertebrates tend to influence
decomposition on smaller spatial and temporal scales.

Soil and litter fauna are very important in regulating decomposition. Soil fauna
often act as regulators of microbial and fungal populations and act as detrital feeders.
Soil fauna often comminute litter making it more readily accessible to microbial attack.
It has been show in a short-term microcosm experiment that comminution of oak leaves
by decomposer fauna results in larger rates of carbon dioxide flux from leaf fragments
(van der Drift and Witkamp, 1960). Soil fauna can have an important role in nitrogen
cycling, specifically nitrogen mineralization. Although soil microfauna and mesofauna
do not significantly contribute to total soil respiration they often accelerate the turnover
of organic matter, microbial biomass and nutrients. Soil fauna have been shownto
contribute around thirty percent to total net nitrogen immobilization (Griffiths, 1994).
One study has estimated that soil fauna account for upwards to eighty-eight percent of net
nitrogen mineralization (Smith and Steenkamp). The species composition of soil fauna
can also have alarge impact on soil structure and decomposition. Some soil fauna such
as earthworms have a significant impact on soil structure and nutrient cycling. Haimi
and Huhta (1990) have shown that the earthworm Lubricus rubellus stimulates net
nitrogen mineralization in a conifer forest. Earthworms have often been labelled
ecosystem engineers because of the large impacts on decomposition, nutrient cycling and
soil structure.

Soil fauna have been shown to facilitate the breakdown of soil organic matter.
Anderson (1973a) has shown through a litter bag experiment with various mesh sizes that
soil fauna can signifcantly decrease the percent weight remaining of sweet chestnut
(Castanea saliva) litter in litterbags accessible to soil fauna relative to litter in litterbags
that exclude soil fauna. Soil fauna are important in their role in regulating decomposition
and in influencing nutrient flows in ecosystems.

In my investigation | am studying the effects of differing litter quality, different
nutrient loading and different water budgets in two oak plots on soil invertebrate
recruitment at the Falmouth Sewage Treatment Plant, Falmouth Massachusetts. The
Falmouth STP has been spraying nutrient enriched wastewater onto the forest since 1988
in hopes of cheaply removing nitrogen. Jordan et al (1997) has described the study site.
In my experiment the litter types vary in their quality and it is expected that greater soil
invertebrate recruitment will be present in higher quality litter types. The different
nutrient loading regimes between the oak control and oak fertigated plot may have also
have a great affect on the soil fauna abundance and composition at each plot and their
recruitment to the various litter types. The two oak plots also have very different water
budgets with the fertigated plot being much wetter than the control. It is aso expected
that this will have a greater affect on the soil fauna abundances in the two oak plots and
their recruitment to the litterbags.

In our investigation we are looking at the initial phase of decomposition and the
soil faunarecruitment during this early phase. Studies have shown a 10-20 % loss in
weight during the first month of decomposition (Mé€lillo et al, 1982). Thisis often due
primarily to leaching of materials from the litter although other processes such as
microbia action and communition are also important. In looking at the initial phase of



decomposition along with soil fauna recruitment we may be able to get an idea of the
relative importance of soil fauna on litter decomposition amongst the various litter types
in the two oak plots.

It has been shown that there is a generally a greater abundance of soil and litter
faunain the oak fertigated plots compared to the oak control plots at the Falmouth
Sewage Treatment Plant (Thimmayya, 1998). We expect greater soil invertebrate
recruitment amongst all litter types incubated in the oak fertigated plot compared to their
comparable litter types incubated in the oak control plot. We also expect to find
differences in the soil invertebrate recruitment amongst the different litter typesin the
same oak nutrient treatment plot. We expect to see greater fauna recruitment to
pokeweed and goldenrod litter, the herbaceous litter types, and less fauna recruitment to
blueberry, pine and oak. Finally we also expect to see greater soil invertebrate
recruitment amongst the blueberry fertigated, oak fertigated and pine fertigated litter
types compared to their respective control litter types.

Methods

Site Description

The Falmouth Sewage Treatment Plant has been spraying nutrient enriched
wastewater on 24 hectacres of oak and pitch pine forests on their property. The
Falmouth STP began spray irrigation of nutrient enriched wastewater in 1988. This study
was conducted in parts of the 1-ha study area at the siteinitially created by Jordon et al
(1997) (seefigure 1). A complete site description and overview of the sewage treatment
plant’s operations are given in Jordon et al (1997). We conducted our investigation in the
oak forest stands (Quercus velutina, Q. Alba) of the study site. This study was conducted
in one of the oak fertigated plots and in one of the oak control plots. Litterbags were
placed at the edge of oak fertigated plot number 1 section B and well inside oak control
plot number 1 section B (see figures 2 and 3). Both plots measure ten meters squared
although biotic and abiotic site characteristics vary between the two sites. The oak
fertigated plot and oak control plot are both characterized by the presence of Quercus
velutina, Q. Alba and some large 70-80 year old Pinusrigida (Jordon et al, 1997). The
understory layer in the two plots had a similar species composition consisting chiefly of
huckleberry (Gaylussacia baccata) and blueberry (Vaccinium spp.). Huckleberry grows
more densely in the oak control plot than in the oak fertigated plot (SES 2001,
unpublished data). Thereisadistinct difference though in the species composition
between the two oak plots. Pokeweed (Phytolacca americana) grows in the oak fertigated
plot while not in the oak control plot and grows especially well at the edges of the plot
and in the wastewater irrigation channels.

Site Physical Characteristics

pH of the organic layer was measured in each of the oak plots. A bulb corer was
used to take samples of the organic layer on each of the four sides around our litterbags in
the control and fertigated oak plots. The organic layer sample was taken at
approximately the middle of each side at 50 cm distance from the litterbags on November
14, 2001. Each organic layer sample was analyzed for pH by placing 5 grams of organic
layer material in 50mL of distilled water.




Litter collection

Litter was collected on October 30, 2001 and November 1, 2001 at the Falmouth
Sewage Treatment Plant. The following litter types were collected from various
locations in the 1-ha study site at the Falmouth STP: oak, pine, blueberry, pokeweed and
goldenrod. Oak (Quercus spp.) leaves were collected off the ground of the oak fertigated
plots and from the oak control plots at random locations. Pine (Pinusrigida) needles
were also collected from off the ground of the pine fertigated plots and pine control plots
at random locations. Blueberry leaves (Vaccinium spp.) were collected from the oak
control and oak fertigated plots by removing senesced leaves off the shrubs. Pokeweed
(Phytolacca americana) was collected by removing senesced leaves from plants in the 9-
12 meter wide irrigation channel next to the oak fertigated plots. Leaves were taken off
the plants within the channel at various random distances from the spray heads.
Goldenrod (Solidago spp.) was collected in a similar manner as pokeweed. Litter was
placed in brown paper bags and air-dried in the laboratory. Prior to being weighted out
and placed into litterbags it was oven dried at 50 degrees Celsius for approximately
twenty-four hours.

Initial Chemical AnalysissCHN and Lignin

Approximately five grams of oven-dried litter from each of following litter types
was ground up using a Wiley Bug and analyzed for CHN content; oak control, oak
fertigated, pine control, pine fertigated, goldenrod and pokeweed. The same litter types
were analyzed for lignin content.

The amount of lignin was determined using the final step of the carbon
fractionation procedure following the method described by Effland (1997). In our
determination of lignin content we have simplified the method described by Effland
(1997) by ignoring the extraction of nonpolar and water-soluble fractions and measuring
only the acid insoluble fraction of plant material. By skipping the first two extractions
our acid-insoluble fraction will contain fats and waxes as well aslignin. We are
assuming that any contribution from these other chemical fractions of the litter is
negligible.

Litterbag Methodol ogy

Litterbags measuring approximately 15cm by 15cm were constructed using two
mesh sizes. The bottom of the litterbag was made from 1mm nylon window screening
while the top of the litterbag was made from ¥4 inch nylon fish netting which had a
maximum opening size of 8mm and a minimum opening size of 6mm. The larger mesh
size on the top ensures the litterbags’ will be accessible to the mgority of soil faunawhile
the smaller mesh size on the bottom was used to ensure that material was not lost from
the litterbag.

Litterbags were made using the following litter types: Oak control leaves, Oak
fertigated leaves, Pine Control |eaves, Pine Fertigated leaves, Blueberry Control leaves,
Blueberry Fertigated leaves, Goldenrod, and Pokeweed. Three litterbag replicates per
litter type with five grams (oven dried weight) of litter were made when sufficient litter
material was available. Only three grams of blueberry leaves were used in the blueberry
control and blueberry fertigated litterbags because of the limited availability of blueberry




leaves. Generaly a complete set of litterbags consisting of eight litter types with three
replicates each along with two control litterbags were made for placement in our two
experimental plots. Only two litterbags of blueberry fertigated |eaves were made for
placement in the oak fertigated plot due to a limited amount of collected blueberry litter.
The two control litterbags consisted of a pine control litterbag and control for the
remaining litter types which all share a broadly smilar flat leaf morphology. The control
litterbag for pine needles consisted of 5 g of unraveled yellow polyprene roping that was
cut up into small segments. The second control litterbag created to simulate the
morphology of the remaining leave types consisted of 5 g of black plastic material that
was cut into small leaf- like pieces. These litterbags were placed to act as controls not
only for soil fauna recruitment but also to gauge the amount of material that would
inherently enter a litterbag.

Litterbag Placement

Litterbags were placed in the oak fertigated plot 1 section B and oak control plot 1
section B on November 9, 2001 (figure 2 and 3). All Litterbags were placed just beneath
the upper organic layer of new litterfall (O, layer) and all litter removed from the
litterbag location was put back into place to cover the litterbag. In the oak fertigated plot
the litterbags were placed randomly into a small section at the edge of the plot that
measured approximately 2.25m long and 1.2 m width. (figure 2) The spot was chosen
because there were not many shrubs or tree seedlings growing in the section. The
litterbags were arraying in three rows of six and one row of seven with a 20cm distance
between the bags (figure 4). In the oak control plot the litterbags were put out in small
section in the interior of the plot measuring approximately 2.25 m long and 1.2 min
width which lacked any major obstructions like shrubs or tree saplings (figure 3). The
litterbags were arrayed in two rows of seven and two rows of six with a 20 cm distance
between each of the litterbags (figure 5).

Litterbag Respiration Methodol ogy

On December 1, 2001 the respiration of each one of the litterbags from each of
the oak plots was measured using a Lic-Cor 6200. Respiration was measured by placing
the entire litterbag in a mason jar (volume=920mL) and measuring the carbon dioxide
flux from each of the litterbags. Carbon dioxide concentrations in the climate controlled
static chamber (mason jar) were measured over athree- minute period taking data every
12 seconds. There was a tube going from the Li-Cor 6200 into a glass mason jar and one
leaving the mason jar and going into the Li-Cor 6200. Temperature and barometric
pressure were measured for use in calculating the respiration rate of each litterbag.

Litterbag Retrieval and Soil and Litter Fauna Abundance Analysis

After respiration fluxes were measured for all the litterbags, the litterbags were
taken back to the laboratory. In the laboratory the litter from the litterbags with its
individual representative sample of fauna was transferred into plastic bags. A small
sample of litter was taken from each litterbag to be analyzed for microbial abundance and
activity (Forbes and Reardon, 2001). A gram of each of the samples was then taken from
each of the litterbags being careful not to remove any fauna and put in the drying oven.
This subsample was dried in an oven at fifty degrees Celsius for over forty-eight hours




and then weighted. We can generate a percent wet weight from the comparison of the
wet weight and dry weight and with this information we can get an idea of the water
sorption properties of the litter.

The portion of litter remaining from each litterbag was then analyzed for soil and
litter fauna. Soil and litter fauna were extracted using a wet filtering technique. The litter
sample was first picked through for large obvious fauna and then placed on a 2mm sieve
and filtered. The remaining material in the 2mm sieve was then placed in a small plastic
bin to be examined with a dissecting scope for fauna. The filtrate from the first step was
then passed through a 63 nanometer sieve and this fine portion of the litter was rinsed
into a small finger bowl to be examined for fauna. All litter samples were examined for
fauna and soil invertebratesin asimilar way. The fine portion of the sample was
examined using a magnification of 1.6 on a Zeiss dissecting scope with an ocular
magnification of ten while the coarse fraction was analyzed with a magnification of one.
In analyzing the coarse litter fraction for invertebrates al the litter was scanned for
invertebrates and then the litter was slowly removed so that any bugs adhering to the
litter would fall off and be found on the final scan of the plastic bin. The pokeweed and
goldenrod were analyzed by taken the coarse litter present and putting it in fingerbowls
so that it could be picked through better. The pokeweed and goldenrod samples tended to
have fallen apart more than the other samples so that greater effort was needed to
examine the fauna present. Faunawere identified with the aid of Dindal (1990) and
Bland and Jagues (1978). Soil and litter fauna were idertified to the lowest practical
taxa.

The fina dried weight of the litter from the litterbag was determined for
comparison with the original dried litter weight for each litterbag. The final litter weight
was determined by summing the amount of litter taken out for analysis and the amount
recovered after the litter was analyzed for fauna minus the fine portion of litter, which
was discarded during the examination of the litter for fauna. We attempted to treat each
sample the same so that the amount of error or fine litter constituent lost during
processing was similar but since goldenrod and pokeweed tended to fall apart more
readily, it is assumed that more goldenrod and pokeweed was disproportionately lost
during the processing of the litter. The wet filtering technique itself may have caused the
litter to lose weight. The water that was passed over the litter often had color, indicating
that material was leaching from the leaf litter. We attempted to keep track of the weight
as accurately as possible given time constraints, which limited our ability to use a more
precise methodology.

Results

Site Characteristics

The organic layer next to the oak control plot had a significantly lower pH than
the organic layer adjacent to the oak fertigated plot with a mean pH of 3.8 (+/-0.1)
compared to apH of 6.8 (+/- 0.2) (table 1 and 2).

Initial Chemistry Analysis
Pokeweed has the lowest percent lignin amongst the litter types analyzed
followed by oak control, oak fertigated, goldenrod, pine fertigated, and pine control (table




3 and figure 6). The carbon to nitrogen ratios for the various litter types are also very
different. Pokeweed has the lowest carbon to nitrogen ratio followed by goldenrod, oak
fertigated, oak control, pine fertigated and pine control (table 4 and figure 7). Thelignin
to nitrogen ratio for the various litter types follows the same pattern as the C:N ratio
(table 4 and figure 8). Pokeweed has the smallest lignin to nitrogen ratio followed by
goldenrod, oak fertigated, oak control, pine fertigated and pine control (table 4 and
figure 8).

Litterbag Respiration

The various litters placed in the oak fertigated plot show an increased mean rate
of respiration in the following order going from smallest to greatest: pine, oak,
blueberry, goldenrod and pokeweed (table 5 and figure 9). The most appreciable
difference is seen in the respiration rates between the pokeweed litter and goldenrod litter
(figure 9). There appears to be no significant difference between the mean respiration
rate of oak control and oak fertigated litter as well as no significant difference between
the mean respiration rate in the pine control and pine fertigated litter (figure 9) Fertigated
blueberry leaves show a greater mean respiration rate than control blueberry leaves
although the difference may not be statistically significant.

In the oak control plot an increased mean rate of respiration is present amongst
the various litters in the following order going from smallest to greatest: pine, oak,
blueberry, goldenrod and pokeweed (table 6 and figure 10). Goldenrod and Pokeweed
show the greatest mean respiration rates and appear to have significantly larger
respiration rates than the pine, oak and blueberry litters (figure 10). There does not
appear to be a significant difference in respiration rate between the pine and oak litters
although blueberry has greater respiration rate than the oak and pine litters (figure 10).
The blueberry fertigated litter, oak fertigated litter and pine fertigated litter types do not
have significantly greater respiration rates than their respective controls (figure 10).

The respiration rate of each litter correlates very well with the lignin: nitrogen
ratio of the litter. Thereisageneral trend of a decreasing respiration rate of each litter
with increasing lignin to nitrogen ratio of the litter (figure 11). Each litter type generaly
has a higher rate of respiration when incubated in the oak fertigated plot compared to
incubation in the oak control plot. The lignin to nitrogen ratio for blueberry control litter
and blueberry fertigated litter can be interpolated by adding a trend line to our data for the
litter incubated in the oak control plot and the oak fertigated plot (figure 12). We know
the average respiration rates for blueberry control and blueberry fertigated litter types and
can solve for the lignin to nitrogen ratio using the equations for the two trendlines for
litter in the oak control and oak fertigated plots. The lignin: nitrogen ratio for blueberry
control litter is approximately 29.33 while the lignin: nitrogen ratio for blueberry
fertigated litter is 26.33.

Soil and Litter Fauna Abundances

There is generally greater faunal abundance amongst the various litter types
incubated in the oak fertigated plot compared to the oak control plot (figure 13 and figure
14). The oak fertigated plot has a mean total number of organisms for al litter types per
g dry weight initia litter of 13.8 compared to the oak control plot that has a mean total




number of organisms for al litter types per g dry weight initial litter of 3.9 (table 7 and
8).

The mean number of organisms found per g initial dry weight of litter placed in
the oak fertigated plot increases from lowest to highest in the following order for the litter
types. pine, oak, blueberry, pokeweed and goldenrod (figure 13). Pokeweed and
goldenrod show the greatest mean number of organisms per g initial dry weight of litter
while goldenrod has a greater abundance of fauna than pokeweed (figure 13). Pokeweed
has a greater mean abundance of fauna but it is not statistically significant (figure 13).
Blueberry litter has a greater mean abundance of organisms per g initia dry weight of
litter compared to both oak litter and pine litter (figure 13). Blueberry, Pokeweed and
Goldenrod have significantly greater mean abundance of fauna compared to both the oak
and pine litter types (figure 13).

The mean number of organisms found per g initial dry weight of litter placed in
the oak control plot increases form lowest to highest in the following order for the litter
types: pine, pokeweed, oak, goldenrod, and blueberry (figure 14). Blueberry has a
greater mean abundance of fauna compared to goldenrod athough it is not statistically
significant (figure 14). Blueberry litter has a greater mean abundance of organisms
compared to pokeweed, oak and pine litters although it may not be statistically significant
(figure 14). Goldenrod has a greater mean abundance of organisms compared to the oak,
pine and pokeweed litter types athough it may not be statistically significant (figure 14).
There does not appear to be a significant difference in the mean abundance of fauna
between the oak and pine litter types (figure 14).

There is no significant difference in the mean abundance of fauna between the
fertigated oak and pine litter types compared to their respective control litter types when
incubated in the oak fertigated plot. (figure 13). Blueberry fertigated litter incubated in
the oak fertigated plot shows a greater mean abundance of fauna compared to blueberry
control litter although this difference may not be statistically significant (figure 13).

There appears to be no significant difference in the fauna abundance between the
fertigated pine and fertigated blueberry litter types and their respective control litter types
when incubated in the oak control plot (figure 14). In the oak control plot thereisa
greater abundance of fauna in the oak fertigated litter compared to the oak control litter
although it may not be statistically significant (figure 14).

The composition of faunal recruitment by taxa varies amongst the various litter
types in the oak fertigated plot. Collembola and Acarina represent 54% and 16%
respectively of the individuals found in oak litter in the oak fertigated plot (figure 15A).
In pine litter in the oak fertigated plot Collembola, 1sopoda, and Acarina make up the
majority of the individuals found and represent 28%, 23% and 19% respectively of the
individuals found (figure 15B). Collembola, Isopoda, and Acarina make up the majority
of the number of individuals found in blueberry litter in the oak fertigated plot (figure
15C). Collembola, Isopoda and Acarina compose 41%, 20% and 12% respectively of the
individuals found (figure 15C). Goldenrod and pokeweed litter in the oak fertigated plot
shows a very different species composition compared to the other litter types (figure 15).
Chilopoda make up 47% of the number of individuals found in goldenrod litter in the oak
fertigated plot while Collembola compose 28% of the individuals found (figure 15D). An
average of 4.5 Gastropoda were found in the goldenrod litter (table 9). Chilopoda make



up 66% of the individuals found in pokeweed litter in the oak fertigated plot while
Acarina make up 20% of the number of individuals found (figure 15E).

It isimportant to note that Annelida composed 10% of the number of individuals
found in blueberry litter in the oak fertigated plot and compose 4% of the number of
individuals found in oak litter and goldenrod litter in the oak fertigated plot (figure 15).
Annelida was not found in any of the litter types in the oak control plot (figure 16 and
table 10). All the Annelida found were identified as immature earthworms (Ivan Valiela,
personal communication).

The composition of faunal recruitment by taxa amongst the various litter typesin
the oak control plot showed less variation between the different litter types. Collembola,
Isopoda, Acarina, and Nematoda make up the mgjority of individualsin al the litter types
(figure 16). Collembola, Acarina and Nematoda make up 45 %, 37% and 11%
respectively of the individuals found in oak litter in the oak control plot (figure 16A).
Collembola, Acarina and |sopoda make up 57%, 19% and 11% respectively of the
number of individuals found in the pine litter in the oak control plot (figure 16B). The
principal fauna present in blueberry litter are Collembola, Acarina, 1sopoda and
Nematoda with each composing 56%, 21%, 8% and 8% respectively of the number of
individual found (figure 16C). Collembola make up 33% of the number of individuals
found in goldenrod litter while Acarina, Diplopoda, and Nematoda make up 15%, 17%
and 16% respectively of the number of individuals found (figure 16D). Collembola,
Acarina, Diplopoda and Nematoda make up 54%, 18%, 5% and 5% respectively of the
number of individuals found in pokeweed litter in the oak fertigated plot.

Litter Weight L oss

There was greater average weight loss for the eight litter types put in the oak
fertigated plot compared to the oak control plot (table 11 and 12). All litter types placed
in the oak fertigated plot had a larger percent weight loss compared to their respective
litter types placed in the oak control plot except pine fertigated litter and one of the
control litterbags (table 11). The various litters placed in the oak fertigated plot show
decreased % mass lost in the following order going from the greatest to the smallest:
pokeweed, goldenrod, blueberry fertigated, blueberry control, oak fertigated, oak control,
pine control and pine fertigated (table 11 and figure 17). The various litters placed in the
oak control plot show decreased % mass lost in the following order going from greatest
to smallest: pokeweed, goldenrod, blueberry fertigated, blueberry control, pine fertigated,
pine control, oak control, and oak fertigated (table 12 and figure 17). The percent mass
loss for the two control litterbags in both the oak plots ranged from around 2% to %6
(table 11 and table 12).

Moisture Contert

The average percent wet weight amongst the various litter types incubated in the
oak control and oak fertigated plot appear different. The average percent wet weight
amongst the various litter types generaly increases going from least to greatest in the
following order: pine, oak, blueberry, goldenrod and pokeweed (table 13 and 14).

Discussion



There appears to be a clear correlation between litter chemistry among the various
litter types and respiration rate. Respiration rate appears to be strongly affected by the
resource quality of the litter. Litter with high resource quality tends to be higher in
nitrogen content, lower in lignin content and have greater moisture content. Litter with a
low carbon to nitrogen ratio, a low lignin to nitrogen ratio and high % wet weight can be
considered high resource quality. Given their low C:N ratios, low lignin: nitrogen ratios
and high average % wet weights, pokeweed and goldenrod have a higher resource
guality than the other litter types that were analyzed chemically and consequently have
the highest rates of respiration. Blueberry, which was not analyzed chemically, had a
larger rate of respiration compared to the oak and pine litters most likely due the fact that
it represents greater resource quality. Blueberry has higher average moisture content and
represent greater resource quality. The differences in respiration rates between oak and
pine litter types does not appear to be that much different despite the fact that oak litter
has alower C:N ratio, lower lignin:nitrogen ratio and slightly higher average % wet
weight.

Our data for average % change in mass seems to correlate well with our
respiration rates. The litter types with greater respiration rates in order of decreasing
respiration rate such as pokeweed, goldenrod and blueberry have the largest average %
change in mass amongst the litter types. Our weight loss data though is imprecise and
there were many sources of error. We attempted to treat each sample the same so that the
amount of error or fine litter constituent lost during processing was similar but since
goldenrod and pokeweed tended to fall apart more readily, it is assumed that more
goldenrod and pokeweed was disproportionately lost during the processing of the litter.
The wet filtering technique itself may have caused the litter to lose weight. The water
that was passed over the litter often had color, indicating that material was leaching from
the leaf litter. We attempted to keep track of the weight as accurately as possible given
time constraints, which limited our ability to use a more precise methodology.

Material was aso most likely lost in handling our samples. The pine needles seemed to
be easily dislodged from within the litterbags and specia care was taken to avoid their
loss from the litterbags.

We have found greater weight loss in our samples that had greater respiration
rates as a consequence of better resource quality. Our results seem to follow the pattern
of greater rates of decomposition as a function of increasing resource quality. Aber et a
(1982) have shown that for short term studies the initial litter quality as expressed by the
lignin to nitrogen ratio is a good predictor of decay rates. It has been shown that the rate
of decomposition decreases with an increasing lignin to nitrogen ratio in the litter (Aber
et a 1982).

Soil fauna are very important in terms of litter decomposition. Soil fauna not only
break up litter into smaller pieces but they also stimulate decomposition through their
own mortality and feces (Bachelier 1973). Acarina, Collembola, Annelida, 1sopoda,
Diplopoda and an array of insect larvae are extremely important in transforming
aboveground litter. They affect decomposition through comminution, inoculation of litter
and by grazing on bacteria and fungi growing on litter. The greater mean abundance of
fauna found amongst litter in the oak fertigated plot compared to the oak control plot may
be due to differences in the physical environment between the plots and differences
between resource quality between the two plots. Our results follow the pattern of faunal
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abundance between the oak fertigated plots and oak control plots found by Thimmayya
(1998). The oak fertigated plot is much wetter due to irrigation withthe nutrient enriched
wastewater and has been estimated to have approximately two times the inputs of water
compared to the oak control plot (SES 2001, unpublished data). . Soil and litter fauna are
more abundant when not subject to moisture stress. Collembola for example is found
more abundantly in wetter habitats (Swift et al, 1979). The litter in the oak fertigated plot
is also of higher quality compared to litter from comparable plants in the oak control plot.

There appears to be greater faunal abundance in the oak fertigated plot in litter
types with higher resource quality. Goldenrod has the highest faunal abundance and can
be considered to have good resource quality. Although pokeweed has better resource
quality based on chemistry, the litter tended to be clumped together into a dense mat in
the litterbag. The goldenrod litter on the other hand tended to be less densely clumped
together compared to pokeweed litter and it is likely that more surface area in the
goldenrod was accessible to soil fauna in the goldenrod litter compared to pokeweed.

Although faunal abundance in the litter types placed in the oak control plot does
not show the same pattern as seen in litter placed in the oak fertigated plot, faunal
abundance seems to correlate with resource quality. Goldenrod and blueberry have the
highest faunal abundances and have good resource quality. Pokeweed has surprisingly
low faunal abundance in litter placed in the oak control plot and may be due principally
to differences in species assemblages between the two oak plots.

There does not appear to be a statistically significant pattern in faunal abundance
between fertigated pine, oak and blueberry litters and their respective controls when
incubated either in the oak control plot or in the oak fertigated plot. Our sample sizes are
much too small to make any far-reaching conclusions. The differences in resource
quality between the fertigated and control litter types for pine, oak and blueberry litter
would require a much finer scale study and would most likely necessitate the use of food
preference tests to discern any differences.

There is a strong difference in faunal composition in the goldenrod and pokeweed
litter types compared to other litter types incubated in the oak fertigated plot. Chilopoda
made up the magjority of individuals found in goldenrod and pokeweed. This may be
because of the higher resource quality of these two litter types. The faunal composition
amongst the various litter types incubated in the oak control plot issimilar. Almost all
the litter types are characteristically composed of Collembola, Acarina, and Nematoda
individuals. It isimpossible to make any strong conclusions about the differencesin
faunal composition between the litter types without further investigating the specific
functional roles and feeding biology of the taxa identified.

There appears to be some differences in the faunal composition between the oak
fertigated plot and the oak control plot. Annelidafor example are found only in the oak
fertigated plot and can make up a significant amount of the fauna found in the blueberry,
oak and goldenrod litters. The presence of earthworms in the oak fertigated plot may be
explained by the fact that it is wetter than the oak control plot. Oligochaetes are very
prone to moisture stress and are often limited to habitat with wetter conditions (Swift et
al, 1979). Earthworms tend to be present in greater abundance in soils with higher pH
(Swift et a, 1979). The pH of the organic layer in the oak fertigated layer was
significantly higher than it was in the oak control plot (table 1). The presence of
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earthworms in the oak fertigated plot has large implications in terms of decomposition
since earthworms have been labeled ecosystem engineers.

Conclusions

The use of fertigation has increased the abundance of soil fauna and appears to
have increased decomposition. The use of fertigation has also atered the plant species
assemblages and plant chemistry towards increased resource quality in materials
undergoing decomposition. We have also found there were no large significant
differences in oak and pine fauna abundance. Oak and pine have the largest amount of
biomass of the plants present in the oak plots (Jordon et a, 1997; SES 2001 unpublished
data). The lack of significant differences between oak and pine faunal abundances and
weight loss of litter suggests that although fertigation appears to increase decomposition
in our litterbag investigation the difference may not be significant on a larger scale.
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Figure 5. Layout of litter bags in the control plot.
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Figure 13: Mean Number of Organisms per g initial dry weight Litter in Litterbags in an Oak
Fertigated Plot
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