inherent response to different smells or
may involve the testing and assessment
of the relative quality of two dungs.
Having utilized a matched-pair design
in our experiment, we suggest that this
difference is a real choice rather than
simply a response to the stronger odor
of human dung. Human dung may be
similar to the dung of rainforest omni-
vores (e.g., white-faced monkeys and
other primates) while horse dung is
similar to that of natural forest ungu-
lates (e.g., tapirs and peccaries). Thus,
our results suggest a preference by most
species for omnivore dung over the
dung of an herbivore. The trend in the
open field sites was most likely not sig-
nificant due to the small sample size.
The results for diversity show a
greater number of species in forest sam-
ples. This may be explained by the
higher diversity of animal life in the
rainforest. Higher numbers of animal
species would provide a higher amount
of dung and a high number of dung
types, theoretically allowing for more
beetle specialization. Our results may
not, however, be indicative of the actual
distribution of species between sites. A

comparable sample number of beetles in
both sites is needed for analysis before
relative diversity can be determined.

Two species were found to be spe-
cific to either a particular habitat or
dung type. One large black species was
found exclusively on horse dung in both
habitats, while a small, golden-striped
beetle species was found only in open
field sites on both dung types. Further
research would be necessary to deter-
mine the validity and extent of this
specificity. Those observations and our
results suggest specialization by some
species, which could indicate a
partitioning of dung resources by
potential competitors.

LITERATURE CITED

Janzen, D.H. 1983. Costa Rica Natural
History. Chicago: University of
Chicago Press, pp. 619-742.

Forsyth, A. and Miyata, K. 1984.
Tropical Nature. New York: Mac-
millan Publishing.

INTRODUCTION (TSB)

The speed of litter decomposition
determines the rate at which immobi-
lized inorganic nutrients become avail-
able to growing plants (Begon et al.
1990: 361). This nutrient recycling is the

most fundamental role performed by

decomposers and detritivores.
Of the detritivores, the macrodetri-

tivores, soil dwelling arthropods, such
as isopods, and millipedes, have the
highest biomass and represent the most
important size class in the tropics
(Begon et al. 1990: 369). These
macrodetritivores aid in the process of
decomposition in two distinct ways.
First, via feeding and excretion, they
reduce the effective particle size of
detritus, with a concomitant increase in
the surface-to-volume ratio. This
permits more rapid mineralization by
decomposing microbes and fungi.
Second, they provide a favorable
microhabitat for some of these bacteria
and fungi inside of their guts.

IMPACT OF TEMPERATURE AND SOIL MOISTURE ON LEAF-LITTER CRITTERS
(MACRODETRITIVORES AND SOIL INVERTEBRATES)

Thomas S. Bansak, Adam A. Blue, and Linda M. Mizak

Abstract. We examined the abundance and activity of leaf litter macrodetritivores, as well as total
invertebrates, for gap and canopy sites in a lowland tropical forest in Southwestern Costa Rica.
We predicted higher levels of macrodetritivore abundance when either temperature or moisture
was high. Instead, we found that macrodetritivores were most abundant in gaps during the day
when both temperature and moisture were high. Attempts to evaluate the effects of temperature
and moisture separately suggest that neither factor alone accounted for the level of
macrodetritivore abundance, or perhaps that the variation in temperature and moisture levels
between sites were not great enough to affect macrodetritivore abundances. In all sites we
observed increased nighttime abundance of both macrodetritivores and total invertebrates. This
high nighttime abundance could be a mechanism of defense against diurnally active predators
and consequently outweigh the factors of optimal temperature and moisture. (TSB)

The activities of decomposers and
detritivores are closely linked, and so it
is difficult to assess their relative impor-
tance in nutrient cycling.
Macrodetritivore abundance and activ-
ity should therefore serve as a useful in-
dex of overall decomposition rates.

It has been shown that decomposi-
tion rates are higher when temperature
and moisture levels are high (Begon et
al. 1990: 388). If the decomposition
rates are higher, decomposer and detri-
tivore abundance and activity should
also be higher. We set out to test this in
a tropical forest by comparing sites that
varied primarily in temperature and
moisture level, specifically those occur-
ring in gaps and under the forest
canopy. These sites were considered to
be similar for other factors that may in-
fluence decomposition such as pH and
the composition of litter (all litter input
in the gaps will be from the neighboring
canopy trees). The difference in vegeta-
tive cover (absent in gaps) resulted in
higher sunlight exposure and higher
daytime temperatures in gaps than in
the canopy site and higher moisture lev-



els, presumably because decreased wa-
ter uptake by vegetation outweighs
higher evaporation. Theoretically, by
comparing detritivore abundance and
activity in the gaps with that in canopy
sites during the day we are able to
examine the effects of unidirectional
differences in both temperature and
moisture, while the same comparison
during the night isolates moisture as a
distinct variable. Finally, a separate
comparison of both gaps and canopy
sites between day and night allows us to
isolate the effects of just temperature
and detritivore abundance and activity.

METHODS (LMM)

Site Selection. For our study, we chose
two sites within forest gaps along the
Sendero Ollas in Corcovado National
Park, Costa Rica. These gaps were cre-
ated by recent canopy tree-falls, and the
understory vegetation consisted mostly
of low shrubs and lacked ground herbs.
Thickness of the litter layer was lower at
the gap sites. For comparison, two
canopy sites were chosen 15m into the
forest from the gap edges.

Microhabitat Sampling. For each site, one

temperature measurement was taken at

the litter surface. These measurements

were taken during the day and at night

for all four sites. Using the soil removed

from digging the pitfall traps, we ob-

tained one soil sample for each site and

the soil moisture content was deter-

mined by weighing the soil, using a
100g Pesola scale, drying it, and then re-

weighing. We assessed soil pH by thor-

oughly mixing equal amounts of soil
and water, allowing the sediments to

settle out, and testing the remaining lig-

uid using pH test strips.

y taxonomic group and into detritivore
nd non-detritivore categories.

Table 1. Mean temperatures and moisture
levels for gap and canopy sites.
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Table 2. Mean activity levels for macrodetriti-
vores and for all invertebrates as measured by
_grids of six pitfall traps each (n=2 grids).
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Figure 1. Diel comparison of macrodtritivore
and total invertebrate abundance for canopy

Invertebrate Sampling. Two methods ,
sites as measured by Berlese funnels.

were used to sample invertebrates. To
measure diurnal and nocturnal inverte-
brate activity, six pitfall traps with
openings of 75mm diameter were set for
each site and were collected at dusk and
dawn. The invertebrates falling into
these traps were examined and divided
into taxonomic groups, and then into
two functional categories: detritivore
and non-detritivore .

, We assessed invertebrate abun-
dances by collecting three equal
amounts of leaf litter from each of the
four sites. These samples were collected
at midday and in late evening. Though
we obtained samples in replicate, we
were limited by the availability of ex-
traction devices (Berlese funnels) and
could only use one of the three repli-
cates for each site. We left the Berlese
funnels in the sun for 7hr. Invertebrates
were then removed from the alcohol-
filled collecting bowls and were sorted

RESULTS (TSB, LMM)

We recorded a higher mean day-
time temperature for the gaps than for
the canopy sites, but the temperatures at
night were essentially equal (Table 1).
The gaps also had a higher soil moisture
content than did the canopy (Table 1).

When comparing the canopy sites
between day and night, we found a
greater abundance of macrodetritivores
at night (Figure 1). For gaps there was
no variation in the abundance of
macrodetritivores between day and
All sites showed a
higher total invertebrate abundance at

night (Figure 2).

The nighttime comparison of gaps
versus canopy sites showed roughly
equivalent abundances of both macrode-
tritivores and total invertebrates (Figure
3). During the day, however, gap sites

had greater abundances of both
macrodetritivores and total inverte-
brates than did the canopy sites (Figure
4).
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Figure 2. Diel comparison of
macrodetritivore and total invertebrate
abundance for gap sites as measured by
Berlese funnels.

Pitfall traps yielded similar num-
bers for macrodetritivore and total in-
vertebrate activity in the gaps and
canopy sites during both the day and
night (Table 2).

DISCUSSION (AAB)

Our hypothesis states that there
should be increased abundance and ac-
tivity of macrodetritivores when tem-
perature or moisture are higher. From
our results, we could not discern a rela-
tionship between macrodetritivore ac-
tivity and either temperature or mois-
ture independently. However, there
were two trends in the direction of in-
creasing abundances.
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Figure 3. A comparison of macrodtritivore and
total invertebrate abundance between gap and
canopy sites at night as measured by Berlese

funnels.
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Figure 4. A comparison of macrodetritivore
andtotal invertebrate abundance between gap
and canopy sites during the day as measured

First, we found a high abundance of
detritivores and invertebrates during the
day in the gap, and second, an overall
increase in invertebrate abundance at
night in both sites.

90

The first trend is consistent with
our hypothesis, as the gap sampled
during the day had both a higher tem-
perature and a higher moisture level.
The lack of canopy shading is responsi-
ble for the increased exposure to sun-
light and higher temperature fluctua-
tions, while less vegetation in the newly
formed gap may lead to decreased soil
water uptake and therefore greater soil
moisture. Under these favorable condi-
tions, macrodetritivore abundance was
found to be higher, when compared to
the neighboring plots shaded by the
canopy.

The total increase in invertebrate
activity at night, though the conditions
may not be as favorable, may be related
to invertebrate predation. A visually
searching predator is less likely to iso-
late a macrodetritivore hidden in the lit-
ter when light levels are low.

Due to a lack of sampling equip-
ment, we were unable to statistically
analyze our data. In future studies,
replicate samples from a variety of habi-
tats, coupled with rigorous statistical
analysis, are needed.
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