Mamm. biol. 68 (2003) 372-386 Mammalian Biology
© Urban & Fischer Verlag

http://www.urbanfischer.de/journals/mammbiol

Zeitschrift fiir Sdugetierkunde

Original investigation

Low density of small mammals at Las Cuevas, Belize

By MARCELLA J. KELLY and T. CARO

Department of Fisheries and Wildlife Sciences, Virginia Tech, Blacksburg, VA and Department of Wildlife, Fish, and
Conservation Biology, University of California at Davis, Davis, CA, USA

Receipt of Ms. 30. 05. 2002
Acceptance of Ms. 30. 10. 2002

Abstract

Small mammal (<1500 g) diversity and density were examined by grid trapping in four trapping
sessions over a 2 year time period in a Belizean moist forest in Central America. During 10 829 trap-
nights, 96 individuals of 13 species were trapped. The 3 most common species, Marmosa mexicana,
Heteromys desmarestianus and Ototylomys phyllotis accounted for 68% of mammals (<200 g) cap-
tured, while Didelphis marsupialis dominated captures of mammals >200 g. Trap success increased
with litter fall across grids. Trap success and density tended to be higher at the onset of the dry
season. More females were breeding and more animals were in poor body condition at the onset
of the wet season. Across studies using grid trapping in the neotropics, diversity and density were
positively related to trapping effort. Despite this effect, small mammal densities at Las Cuevas were
2.7 per ha for mammals <200 g, among the lowest in the neotropics. Didelphis densities had a ne-
gative effect on densities of all other small mammals across studies; however, this relationship was
driven largely by our study. A combination of poor soil, high Didelphis densities, and high predator
densities is hypothesized for such low densities of small (<200 g) mammals in our study.
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Introduction

A primary goal of the mammalian ecologist
in the tropics is to assess species richness
and abundance (JansoN and EmMoNs 1990;
MaLcoLm 1988, 1990; O’ConNNELL 1989; Ro-
BINSON and REDFORD 1986). While data on
richness or diversity are now becoming
widely available (Voss and EMMoNs 1996),
data on abundance or density is lacking.
As noted by Mares and ErNEsT (1995),
most studies estimating densities use strip
censusing or trap lines (Fonseca and KiEe-
RUFF 1988; EMMONS 1984; GLANZ 1990; JAN-
soN and EMmons 1990; LACHER et al. 1989;
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MavrcoLm 1988, 1990; RoBiNsoN and RED-
FORD 1989). Grid trapping, however, is pre-
ferred for estimating densities (Davis and
WINSTEAD 1980; OTis et al. 1978; WiLsON
and ANDERSON 1985) because other meth-
ods may have little bearing on actual popu-
lation densities for small nocturnal mam-
mals in dense forest (Davis and WINSTEAD
1980; Oris et al. 1978). For example, Em-
MONs (1982) noted that her strip census
method yielded only about 50% of Proechi-
mys obtained by grid trapping. Therefore,
we use extensive grid trapping to estimate
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abundances in this study. Lack of data on
mammal densities is worrying given that
tropical rainforests are the richest terres-
trial ecosystems on the planet and are un-
dergoing rapid human-induced change re-
sulting in the current species-extinction
crisis (CUARON 2000).

Nevertheless we do know that mammalian
diversity and density in the neotropics is
correlated with seasonality, productivity,
vertical and horizontal habitat structure
(August 1983; CeEBaLLOs 1989) habitat vari-
ety and abundance of large predators (JAN-
soN and EmMoNs 1990). Additionally, sev-
eral studies have suggested that larger
small mammals such as Didelphis sp. affect
densities of other small mammal species
through competition (MILEs et al. 1981) or
predation (FLEMING 1972; EISENBERG and
THORINGTON 1973). In this study we present
new data on trap success, diversity, density,
and community composition of terrestrial
and scansorial small mammals (<1500 g)
in a neotropical moist forest of Belize, Cen-
tral America.

Material and methods

The Chiquibul Forest Reserve, Cayo District,
western Belize, is nested within the Chiquibul
National Park. The vegetation is a mosaic of de-
ciduous semi-evergreen and deciduous seasonal
forest on limestone with abundant ramon, bull-
hoof, sapote, copal, cedar, and fiddlewood
(WRIGHT et al. 1959). Stands of pine (Pinus) oc-
cur in the northern sector on granite bulges.
Some blocks of the Chiquibul Forest Reserve
have been, and are still being, selectively logged
for commercially important species such as ma-
hogany (Swietenia macrophylla) and cedar (Ce-
drela odorata) on a >40-year rotational basis.
Also, a large part of the Chiquibul Forest Re-
serve suffered a loss of trees in Hurricane Hattie
in 1961. Rainfall ranges from 1524-2032 mm/
year with the rainy season starting in June and
continuing through December. This study was
conducted within 10 km of the Las Cuevas Re-
search Station in the center of the Chiquibul
Forest Reserve (16°44' N 88°59' W; elevation
500 m) an area classified as Subtropical Lower
Montane Moist (SLMM) zone (HARTSHORN et al.
1984).
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We trapped small mammals (<1500 g) in June
and July of 1999 and 2000 at the onset of the rainy
season, and in January of 2000 and 2001 at the on-
set of the dry season. Small mammals were
trapped using standard 23x8x8 cm Sherman
traps or similar ones custom-made of galvanized
wire mesh, except for a galvanized-aluminum
plate door that swung upward on closure. Traps
were placed 15 m apart in a 7x7 grid and were
set for 5 to 7 consecutive nights (WiLsoN et al.
1996) on the ground.

In 1999 we set grids in 12 different locations to
obtain a representative sample of mammals
around Las Cuevas Research Station (Caro et al.
2001). Additionally, on one grid in the southwes-
tern corner of a 50 ha forest-population-dynamics
plot, we placed 49 medium-sized Tomahawk traps
(40x13x13 cm or 40x17x17 cm) and 49 large
Tomahawk traps (65x22.5x22.5 cm). We placed
1 trap from these 2 categories within 2 meters of
each custom-made small trap for 3 traps per sta-
tion in that grid only. Four of the 12 grids, includ-
ing the 3-trap grid, were trapped for 10 days in
2 separate 5 day periods in June and then July of
1999 while the other 9 grids were trapped for
5 days. This yielded 16 trapping sessions using
small trap grids (3 659 trapnights), 2 sessions using
medium-sized Tomahawk traps (474 trapnights),
and 2 sessions using large Tomahawk traps
(474 trapnights) in 1999.

In 3 more trapping sessions in 2000 and 2001, we
trapped in the same locations for the aforemen-
tioned 4 grids, including 3-trap grid, and addition-
ally added one grid of small traps near the Mon-
key Tail River approximately 8 km from the
station house for a total of 6174 trap nights in
these 3 trap sessions. All traps were opened and
baited with a piece of banana between 15.30 and
18.30 h and checked the next morning between
06.00 and 09.00 h. Captured mammals were iden-
tified using REID (1997) and Emmons (1997). To
identify recaptures, small mammals were marked
with numbered ear tags, and larger mammals (Di-
delphis sp.) were marked with red hair dye.

We calculated percent trap success (numbers of
captures, including recaptures, divided by number
of trapnights x 100), densities of each species, cal-
culated as number of different individuals divided
by area covered by the grid (11025 m?) expressed
as individuals per hectare, and diversity calcu-
lated as the number of different species caught
per grid. We present averages calculated across
grids. We used one-way analysis of variance to de-
termine if percent trap success, density, or diver-
sity varied more between seasons than between
grids within a season. Additionally we used stu-
dent’s t-tests to determine if there were signifi-
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Table 1. Descriptions of habitat variables measured within a 2 m radius of each trap station

Name Description

litter percent cover

herbs cover of herbaceous plants = 0.5 m tall

shrubs cover of herbaceous or woody plants between 0.5 m and 2 m tall

canopy cover of overstory trees
For the above 4 measures numerical values were recorded as follows:
0=<10% cover, 1 =10-30% cover, 2 = 30-50% cover, 3 =50-70% cover, 4 = 70-90% cover,
5=90-100% cover

logs presence or absence of downed logs = 60 cm diameter

holes presence or absence of holes in the ground or in logs

brush presence or absence of tangled vines, lianas, and root mats

slope slope of the ground around trap
For the above 4 measures presence or absence was scored as follows:
0 =none, 1 =some, 2 =many

cant differences in these measures between sea-
sons (averages and variances presented). We also
used t-tests to examine whether or not trap type
had any influence on percent trap success, density,
or diversity. To determine how length of trapping
session influenced our findings, we calculated trap
success, number of individuals caught, and cumu-
lative number of species caught, as a function of
the number of days spent trapping.

We calculated sex ratios for each trapping session
and determined female reproductive condition by
the presence of enlarged nipples. Additionally we
noted poor body condition as the presence of
ticks, botflies, or a thin straggly coat. Proportion
breeding and proportion in poor condition were
then compared between seasons and between
species. Additionally, we present the densities of
each species caught during the different sea-
sons.

In 1999 vegetation data were taken for 13 grids.
At each trap station, we scored the amount of lit-
ter, herbs, shrubs, and canopy cover on a 6 point
scale (Caro 2001), and we scored the presence of
logs, holes, brush, and slope on a 3 point scale
(Tab. 1). While we did not catch enough animals
to examine microhabitat associations of each spe-
cies, we were able to obtain an overall estimate of
vegetation characters for each grid by averaging
our vegetation measures over all trap stations
within each grid. These estimates were then com-
pared to our measures of trap success, density,
and diversity for these grids using forward step-
wise regression (NEDER et al 1990). Variables
were permitted to enter and remain in the model
when F-values were deemed appropriate (i.e.

F=4. to enter and F=3.9 to remove — NEDER
et al. 1990). All tests were performed in Stat-View
1994 — SAS Inst. Inc.

Lastly, we compared our densities of small mam-
mals to those from other studies in the Neotrop-
ics. We limited our comparisons to those studies
using grids, rather than traplines or visual line
transects to determine densities, and we exam-
ined, through linear regression whether or not
density or diversity was influenced by trapping ef-
fort. Additionally, since Didelphis sp. can de-
crease trap success of other species (FoNsEca and
RosinsoN 1990), we separated out densities of
Didelphis sp. in these studies and regressed them
against the densities of all other small mammals
captured to determine if Didelphis numbers are
associated with the densities of the rest of the
small mammal community.

Results

Small mammals of the Chiquibul Forest
Reserve

We trapped 96 individuals of 13 species
137 times in 10 829 trap nights. The average
percent trap success varied by season rather
than between grids within a season (Fig. 1;
F=8.19, d.f. =4, 26, P=0.0002) as did the
average small mammal density (F =4.57,
d.f.=4, 26, P =0.006) and average diversity
(F=4.78, d.f.=4, 24, P =0.0056). In parti-
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Fig. 1. Percent trap success, diversity, and density averaged across grids in different seasons. WET 99 through
DRY 01 represent 5-6 grids all trapped in the same locations each trapping session, while TWET 99 represents
8 grids in different locations but in similar habitat. WET refers to the trapping sessions at the onset of the wet
season in June/July of years 1999 and 2000 while DRY refers to trapping sessions at the onset of the dry season

in January of 2000 and 2001.

cular, the onset of the dry season of 2000
had higher trap success per grid (2.29% +
1.02) than any other season (Fig. 1.; Tab. 2;
for all t-tests P = 0.019). Only the WET 99
had lower average trap success than all
other periods (for t-tests all P <0.023),
likely due to 2 of the 5 grids capturing zero
animals.

Average density of small mammals for
DRY 00 was also higher than all other peri-
ods (Fig. 1, for all t-tests P <0.016). DRY
2000 diversity was also higher per grid than
all other trapping periods (for all t-tests
P < 0.012) except for WET 99 (P = 0.22).
Within each trapping period, there were no
differences in trap success between small
wire mesh traps and small sherman traps
(Fig. 2; for all t-tests P = 0.089), which dif-
fers from previous studies showing higher
success with wire mesh traps (O’FARRELL
et al. 1994; Caro et al. 2000). While there
were not enough grids of medium- and
large-sized tomahawk traps to test statisti-
cally for differences, no consistent pattern

of trap success was found in the present
data (Fig.2). However, large traps caught
substantially more Didelphis in the last
trapping session at the onset of the dry sea-
son 2001 (Tab. 2).

The average percent trap success per day
and the number of new individuals caught
per day was relatively constant from day 1
to 5 for all grids of small traps (Tab.3)
although more Marmosa mexicana were
captured on day 5 than any other day. For
the grids set for more than 5 days (4 grids
in DRY 00 and 5 grids in DRY 01) there
was a substantial increase in trap success
and new individuals captured on day 7 for
small traps (Tab. 3). In particular there was
a jump in the numbers of Oryzomys sp. cap-
tured on the 7th day of trapping. Averaged
across all grids, the cumulative number of
species increased throughout the 7 day cen-
suses without appearing to reach a distinct
asymptote (Fig. 3), a common pattern noted
in numerous other studies in the neotropics
(Voss and EMMons 1996).
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Table 2. Species densities per ha for Las Cuevas, Belize averaged across grids (n = number of 7X7 grids)

Species < 200 g season
TWET99 WET99 DRY0O WET00 DRY01
n=8 n=5 n=6 n=6 n=6 average
Marmosa mexicana 0.57 0.45 2.04 0 1.45 0.90
Marmosa robinsoni 0.34 0.23 0 0 0 0.11
Heteromys desmarestianus 0.34 0.73 1.36 0.3 0.45 0.64
Heteromys glaucomys 0 0.18 0 0 0 0.04
Ototylomys phyllotis 0.11 0.18 1.06 1.51 0 0.57
Tylomys nudicaudus 0.11 0 0.15 0.3 0 0.11
Oryzomys sp. 0.34 0 0.73 0 0.36 0.29
Reithrodontomys gracilis 0 0 0.18 0 0 0.04
Philander opossum 0.11 0 0 0 0 0.02
sum 1.92 1.77 5.52 2.11 2.26 2.72
Species > 200g n=1 n=1 n=1 n=1
Sciurus deppei 0 1.81 0 1.81 0.91
Didelphis marsupialis 1.81 1.81 0.91 4.5 2.26
Didelphis virginianus 0.91 0 0 0 0.23
sum 2.72 3.62 0.91 6.31 3.39
all species < 200 g and > 200g 4.49 9.14 3.02 8.57 6.11
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Fig. 2. The effect of trap type on trapping success in different seasons. The numbers above the bars represent
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the number of 7 x 7 grids trapped during the census period.
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Table 3. Number of captures by species by day for Las Cuevas, Belize, summed across all grids
Species Day of trapping
1 2 3 4 5 6 7 Totals

Marmosa mexicana 4 5 6 2 10 2 4 33
Marmosa robinsoni 1 1 3 1 0 0 0 6
Heteromys desmarestianus 5 3 1 6 3 0 5 23
Heteromys glaucomys 0 0 0 0 1 0 0 1
Ototylomys phyllotis 1 3 5 3 4 2 4 22
Tylomys nudicaudus 2 1 1 0 2 1 0 7
Oryzomys sp. 1 1 0 2 2 1 5 12
Reithrodontomys gracilis 0 0 0 0 1 0 0 1
Philander opossum 0 0 0 0 1 0 0 1
Sciurus deppei 0 1 0 0 1 0 2 4
Didelphis marsupialis 3 4 5 8 3 2 1 26
Didelphis virginianus 0 0 0 0 1 0 0 1
total individuals 17 19 21 22 29 8 21 137
% trap success (small traps) ~ 0.99 1.11 1.22 1.28 1.74 181 4.76

% trap success (Didephis) 1.22 1.63 2.04 3.26 1.63  2.04 1.02

% trap success (Sciurus) 0 0.41 0 0 0.41 0 2.04

The small mammal species most commonly
caught during the study were Marmosa
mexicana, Heteromys desmarestianus, and
Ototylomys phyllotis (Tabs. 2, 3). In large
traps, Didelphis marsupialis was commonly
caught. There was a tendency to catch more
males in this study as sex ratio over all cap-
tures was 1:1.56. More females were lactat-
ing at the onset of the wet season (67-80%)
than at the onset of the dry (0-27%) and

likewise more individuals were in poor con-
dition at the onset of the wet season (22—
38%) than at the onset of the dry (0%). In
WET 99 numerous species were lactating
including: H. desmarestianus, H. glaucomys,
M. mexicana, O. phyllotis, and D. marsupia-
lis, while in WET 00 we found only O. phyl-
lotis to be lactating, however, this was the
principal species we caught during this trap
session. Only one dry season (DRY 00)

Cumulative number of species caught

Average cumulative species number
-
n
)
+

Number of days trapped

Fig. 3. The effect of number of days spent trapping on the cumulative number of species caught. Each data point
represents an average accumulation of new species over all grids for each day.
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had a lactating female of O. phyllotis. Most
small mammals have a lifespan of one year
or less. This was reflected in our study
where we had only one recapture (O. phyl-
lotis) between 6 month census periods and
none from one year to the next.

Additionally it should be noted that we cap-
tured both M. mexicana (weight x = 35.92 g;
n=25) and M. robinsoni (x=113.3g;
n = 6). Previously, no Central American lo-
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cation was known to have more than a sin-
gle species of Marmosa (Voss and EMMONS
1996).

Stepwise linear regression selected only the
amount of holes as the best predictor of per-
cent trap success. However, amount of holes
was highly positively correlated with numer-
ous other vegetation parameters including
herb cover, shrub cover, logs, and brush, in-
dicating that this variable is influenced by

2 3 4 5 6

7 8 9

Number of days per census

Density per ha

0 10000 20000 30000

40000 50000
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Fig. 4. a) The effect of trapping effort on diversity of species caught across neotropical studies using grid trap-
ping. Three studies from table 4 were excluded from the analysis because they presented data on only a portion
of species captured (BERGALLO and MAGNUSSON 1999; EMMONS 1982) or were conducted on tiny islands (ADLER and
BEATY 1997) b) The effect of trapping effort on density of species per hectare across neotropical studies using grid
trapping. Three studies from table 4 were excluded from the analysis because densities for an unknown portion of
the small mammal community were presented (AGUILERA 1999; BERGALLO 1994; EMMONS 1982).
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the amount of vegetation and hence not a
good predictor in its own right. After elimi-
nation of holes from the data set, stepwise
regression chose only the amount of litter
as the best predictor of trap success
(y=0.95x - 1.44, r = 0.55, P = 0.05). No hab-
itat measures were statistical predictors of
diversity or density of small mammals.

Comparisons to other neotropical studies

Very few studies using grid trapping present
trap success and densities for the entire
small mammal community. Table 4 sum-
marizes those that we found including thor-
ough studies that present densities for only
a few species. In the Chiquibul, overall trap
success for small mammals was 1.3% which
is very low in comparison to other studies,
including one study within the same coun-
try <55 km away (RaBiNnowiTz and NOTING-
HAM 1989). Our density per hectare (6.1)
was also low, although similar to what
FLEMING (1973) found for tropical rainfor-
est in Costa Rica. Only the dry forest of
Masaguaral Venezuela, had lower trap suc-
cess and density than ours (AuGust 1983).
If we subtract species greater than 200 g,
then our densities of <200 g mammals is
2.7, equivalent or lower than AUGUST’s
(1983) study.
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5
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Excluding those studies from table 4 with
insufficient data, we found that trapping
effort affected estimates of density and di-
versity of the small mammal community
(Tab. 4). All regressions of diversity and
density were positively related to trapping
effort, whether it was number of grids, days,
months, or trapnights used. Only two, how-
ever, were significantly related and only
marginally so (Fig.4). The more days
trapped per census, the higher the diversity
of species caught (y=1.331x-0.964; r* =
0.259; P=0.07) and more trapnights can
lead to higher density estimates (y=
0.0003x + 9.84; 1*=0.251; P=0.08). The
fact that only 2 regressions were marginally
significant is perhaps not surprising, given
the variety of habitats surveyed and varying
methods used in the studies.

Six studies in table 4 presented densities of
individual species trapped and from those
we separated out the densities of small
mammals for comparison to the reported
densities of Didelphis sp., especially the
common opossum, Didelphis marsupialis.
While we found Didelphis to have a mar-
ginally significant negative affect on other
small mammals (y=—4.33x+17.71; r*=
0.555; P =0.089) this relationship, is based
on only 6 data points and was driven by
our study which had very high densities of

0 T
0.0 05

T T T T T T T 1

10 15 20 25 3.0 35 40 45

Density of Didelphis

Fig. 5. The effect of Didelphis sp. densities on densities of all smaller mammals in 6 different neotropical studies.
Data is from those studies in table 4 with Didelphis sp. densities listed.



Table 4. Comparisons of small mammal densities across neotropical sites that used grid trapping. (a) chose median for analysis, (b) months are not necessarily in succes-
sion, (c) values for Proechimys sp. only, (d) breeding season densities averaged over all islands. Proechimys semispinosus accounts for nearly the entire small mammal com-
munity, (e) median of 1.0-3.6, (f) possibly more captured but only 4 presented, (g) calculated from average monthly densities divided by grid area of 8.8 ha, (h) value for
Liomys salvini only, however, L. salvini accounts for 96% of small mammal population, (i) value for Heteromys desmarestianus only, however, H. desmarestianus accounts for
94% of small mammal population, (j) sum of all averages for individual species presented in original study, (*) densities now calculated correctly after a mistake in previous

publication

site habitat #grids #days  #months #trap trap # species density Didelphis study
percen- censused nights success trapped per density
sus (a)  (b) (%) ha

4 Islands of Gatun Lake - tropical moist forest 4 4 60 46000 7.0 1(c) 18.5 (d) ADLER and BEATY

Panama (1997)

Turiamo, Aragua, Venezuela semi-deciduous seasonal 1 7 20 50400 - 5 2.3 (c,e) AGUILERA (1999)

forest

Masaguaral, Venezuela deciduous dry tropical forest 1 5 16 11200 1.0 6 4.9 AuGusT (1983)

Masaguaral, Venezuela deciduous dry tropical forest 1 5 6 3725 1.0 4 0.9 AuGusT (1983)

Jureia-Itatins Research tropical rain forest 1 3 14 4307 15.1 8 9 0.54 BERGALLO (1994)

Station, Brazil

Cardosa Island, San Paolo coastal plain - montane 2 2 20 9600 - 4 (f) 3.9 (g) BERGALLO and

State, Brazil tropical rainforest MAGNUSSON (1999)

Bladen Nature Reserve, Belize tropical wet forest 3 5 6 4236 3.8 8 19(*) 0.3 CaRo et al. (2000,
2001)

Cocha Cashu, Peru subtropical rainforest 2 4-5 4 1908 - 2 (c) 3.14 (c) EMMONS (1982)

Panama lowland moist forest 1 8-9 12 10200 15.7 13 13.4 0.7 (a)  FLEMING (1970,
1975)

Panama lowland dry forest 1 8-9 12 10200 15.7 16 22.4 0.7 (@)  FLEMING (1972)

La Pacifica, Costa Rica dry tropical forest 1 4-10 14 15246 - 7 13.8 (h) FLEMING (1973,
1974a, b, 1975)

Finca La Selva, Costa Rica tropical rainforest 1 4-10 14 15246 - 9 6.2 (i) FLEMING (1973,
1974a, b, 1975)

The Cerrado Province, Brazil riprian gallery forest sur- 3 4-10 14 49810 - 15 28.1(j) MARES and ERNEST

rounded by grassland 4 (1995)

Guatopo, Venezuela premontane humid forest 1 7-9 23 38270 6.0 15 185() 0.9 0’CoNNELL (1989)

Cockscomb Basin Belize subtropical wet forest 10 6 7 2987 5.2 7 22.3 RABINOWITZ and
NOTTINGHAM (1989)

Chiquibul Forest Reserve, tropical moist forest 5-13 4-7 4 10829 1.3 13 6.1 3.5 this study

Belize

08¢

‘1. 38 ATy T W
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Didelphis in comparison to other small
mammals (Fig. 5). This relationship merits
further attention.

Discussion

Small mammal community

In our study, small mammal trap success,
density, and diversity varied seasonally and
were significantly higher at the onset of the
dry season in 2000 than all other times.
Food availability (e.g. fruit, seeds, and ar-
thropods) is considered a major factor in-
fluencing community diversity and abun-
dance (ROSENSWEIG 1995). Generally, in
neotropical forests, fruit production coin-
cides with the onset of the rainy season
(SmyTHE 1970). Additionally, insect and ar-
thropod abundance reaches a peak at the
dry-rainy transition (JANsSoN and EMMONS
1990; BergaLLOo and MAGNUSsON 1999).
Numerous studies have shown that tropical
small mammals time their reproductive ac-
tivity and produce young (or more young)
during the time period when food availabil-
ity is highest (ADLER and BEaTY 1997; BER-
GALLO 1994; BERGALLO and MAGNUSSON
1999; FrLeminG 1971; 1973; GLANZ et al.
1982; Griwicz 1984; Davis 1945). Overall
population density then, follows an annual
trend, reaching a peak at the end of the sea-
son of resource abundance, (i.e. usually the
end of the wet season) (ALDER 1994, 1998;
FLEmMING 1971; Griwicz 1984). While we
did not collect data directly on food avail-
ability, the forest area at Las Cuevas follows
the same general pattern of rainy season
fruit production. Our study corroborates
these finding as more females were breed-
ing at the onset of the both wet seasons
(1999, 2000) and the highest density oc-
curred at the onset of dry season 2000, the
end of the season of high food availabil-
ity.

During the season of resource scarcity, mor-
tality exceeds fecundity (ADLER 1998). Our
lower densities at the onset of the wet sea-
son were likely due to censusing survivors
of the period of low food availability. In-
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deed in our study, between 22-38% of small
mammals captured at the end of the dry
season were in poor body condition while
all appeared healthy at the end of the
wet.

Conversely, higher densities at the end of
the wet season could stem from higher trap-
ability of mammals due to lower food avail-
ability as noted in other studies (RupD
1979; AprLeEr and LAMBERT 1997; ADLER
et al. 1999). In support of this second idea,
we did not trap significantly more animals
at the end of the wet season in January
2001 than at the onset of the wet season
2000. This was most likely due to a length-
ened rainy season caused by hurricane
Keith and hence a longer period of food
availability. Tree species that normally in
bloom by January, such as quamwood (Schi-
zolobium sp.) had not yet flowered.

The small mammal (<200g) community
was dominated by 3 species: M. mexicana
(25 individuals), H. desmarestianus (23),
and O. phyllotis (17). FLEMING (1975) has
shown that small mammal communities are
usually numerically dominated by one to
three species. In fact, in his Costa Rican
wet forest study (FLEMING 1973), H. des-
marestianus accounted for 94% of the total
rodents trapped. In this study, the 3 most
dominant species accounted for 68% of the
total number of individuals captured, very
close to the average (69%) of numerous
other studies (FLEMING 1975). However, no
one species of the top three was captured
consistently more than the other two over
the 2 year time period. M. mexicana was
caught more at the onset of the wet season
1999 and onset of dry 2001, while there
were more H. desmarestianus trapped at
the onset of the dry 2000 and O. phyllotis
completely dominated captures at the onset
of the wet 2000.

We did not use understory or canopy traps
in this study. In the central Amazon, there
was little difference between richness and
abundance of small mammal fauna between
ground and understory trapping (MAaLcoLM
1991). Additionally, MarcoLm and Ray
(2000) have shown that small mammal di-
versity and abundance are significantly
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higher on the ground, but that certain spe-
cies such as Caluromys philander will only
be caught in the understory or canopy and
that others, such as Philander opossum are
more abundant in the canopy (Malcolm
1991). We therefore accept that our P. opos-
sum densities may be an underestimate and
that there may be species we miss by only
trapping on the ground.

Preliminary assessment of low density

While mammal diversity was high in our
study, trap success and density were very
low compared to other studies. Explana-
tions for our low density of neotropical
small mammals fall primarily into 4 cate-
gories: sampling error, poor soil, competi-
tion, and predation. While we only sampled
intensively for 4 times separated by 6 month
intervals, we used numerous grids sampled
over many days per census with a high
number of trapnights. We also timed our
censuses to periods that should have pro-
duced two possible extremes in density: the
end of the season of high food availability
(DRY 00, DRY 01) and the end of the
season of low food availability (TWET 99,
WET 99, WET 00). However, given that
small mammal populations are prone to
large fluctuations both with-in and between
years (AucGust 1983; EmMmons 1984; MAL-
coLM 1990), we can not completely rule
out sampling error without a year-round
study.

JANZEN (1974) suggested that animal bio-
mass should be lower on nutrient poor trop-
ical soils because plants (both seed and ve-
getative parts) should be heavily defended
with toxic secondary chemicals. Support for
this hypothesis comes from EISENBERG
(1979) who showed that primate number
and diversity were low on poor soils in Ve-
nezuela and Guyana, while FReESE et al.
(1982) reported higher primate densities in
the fertile floodplain forest than adjacent
uplands. Additionally, EMMoNs (1984) has
shown soil fertility and undergrowth density
to be positively correlated with species den-
sities. While the area surrounding Las
Cuevas Research Station is generally poor

limestone soil, our preliminary vegetation
analysis found no correlation with amount
of understory cover (e.g. shrubs, herbs, or
vine tangles) and small mammal abun-
dance. The scale of this analysis, however,
may be too course to discern vegetative dif-
ferences important to small mammals (see
Aucust 1983). Litter fall perhaps repre-
sents a coarse measure of food availability
and therefore its positive relationship to
trap success in this study might be ex-
pected.

One of our grids placed near the Monkey
Tail River, sampled for 3 periods had a
higher average density of small mammals
(8.2) than other grids. Similarly small mam-
mal abundances were higher near a river in
the Bladen Nature Reserve in the Maya
Mountains (CAro et al. 2001). Soil near riv-
ers may have higher nutrients as a result of
periodic flooding and hence primary pro-
ductivity may be higher. Data on soil fertil-
ity is not available for most sites examined
in this study. Nonetheless, Masaguaral has
rich soil and the lowest small mammal den-
sity of any site (Aucust 1983). Soil type
and proximity to rivers at Las Cuevas de-
serve further attention.

Didelphis sp., and particularly D. marsupia-
lis, the common opossum, is perhaps the
most generalist and versatile neotropical
small mammal (HersHkoviTz 1969). Diet
and spatial use overlaps with almost all
small mammals of communities where it ex-
ists (MILEs et al. 1981). Young are weaned
at 70-100 g and as independent foragers,
they overlap in size with adults of other
species in the community (FoNseca and Ro-
BINSON 1990). As they increase in size, they
can act as predators killing the young of
other small mammals (FLEMING 1972;
EISENBERG and THORINGTON 1973). While
we did not note common opossums disturb-
ing the small mammal traps, other studies
have reported frequent trap disturbance
and killing of captured small mammals in
traps by D. marsupialis (Roop 1963; FLE-
MING 1972). In addition, Fonseca and Ro-
BINSON (1990) have shown that presence of
D. marsupialis decreased the trapping suc-
cess of other small mammal species. How-



Low density of small mammals at Las Cuevas, Belize

ever, this effect was primarily noted in
small and medium sized forest plots where
predators of D. marsupialis were absent
(Fonseca and RosinsoN 1990). Similarly,
small isolated forest fragments lacking pre-
dators at Los Tuxtlas were dominated by
common opossums (ESTRADA et al. 1994).
The average D. marsupialis density in our
study was 3.5 per ha, whereas the range for
all other studies reporting densities from
grid trapping was much lower at 0.3-0.9.
The density of common opossums ac-
counted for 55% of the total density of all
small mammals at Las Cuevas compared to
only 3-6% at other study sites. What is sur-
prising and in contrast to previous studies,
is that Las Cuevas is a large, undisturbed
forest with a complete host of predators
(Caro et al. 2001). In fact predators of small
mammals were commonly seen on grids. In
3 of 4 trapping sessions, tayras were seen
on or near grids and one tayra was responsi-
ble for killing two D. marsupialis in traps
by pulling the legs through the wire and
eating them as noted in another study (Fon-
seca and RoBinsoN 1990). Additionally a
margay was seen on one grid, an ocelot in
the general vicinity of another, and large
cats, especially jaguar, and their sign are of-
ten seen on the road near the research sta-
tion. This ecosystem seems unusual in hav-
ing very low densities of small mammals
(<200 g), high densities of Didelphis, and
potentially, high densities of carnivore pre-
dators.

Our analysis did not show unequivocally
that small mammal densities were nega-
tively related to Didelphis densities across
different study sites. Perhaps the high den-
sity of D. marsupialis is responsible for the

Zusammenfassung
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extremely low densities of all other small
mammals at this study site while other fac-
tors account for low densities of small mam-
mals at other sites. Numerous studies have
implicated predators as responsible for low
densities of all small mammals including
low densities of Didelphis (Aucust 1983;
Emmons 1984, 1987; FLEMING 1974; TERr-
BORGH 1988). It is therefore unclear why
predators do not keep Didelphis numbers
low at Las Cuevas.

This study elucidates the difficulties in dis-
entangling the various factors thought to in-
fluence the diversity and abundance of the
small mammal community in the neotro-
pics. Perhaps the combination of poor soil,
high density of Didelphis, and high predator
abundance are responsible for such low
densities of all small mammals (<200 g) in
this study.
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Geringe Dichte kleiner Sduger in Las Cuevas, Belize

Die Vielfalt und Dichte kleiner Sdugetiere (<1500 g) wurde in einem Regenwald in Belize, Zentral-
Amerika, durch eine Fallennetzanordnung in 4 Fangperioden iiber 2 Jahre untersucht. Sechsund-
neunzig Tiere aus 13 Arten wurden in 10829 Fallenndchten gefangen. Marmosa mexicana, Hetero-
mys desmarestianus und Ototylomys phyllotis waren die 3 hdufigsten Arten und nahmen 68% aller
gefangenen Sduger (<200 g) ein, wogegen Didelphis marsupialis den Fang der Sduger >200 g do-
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minierte. Fangerfolg nahm mit Laubfall zu und war, ebenso wie Dichte, am Anfang der Trockenheit
hoher. Mehr Weibchen waren am Anfang der Regenzeit tragend und mehr gefangene Tiere waren in
schlechter kdrperlicher Kondition. Mehrere Studien, die Fallennetzanordnungen in den Neotropen
benutzten, haben gezeigt, daR Vielseitigkeit und Dichte in positiver Wechselbeziehung zu Fangbe-
milhungen stehen. Trotz dieses Effekts fanden wir eine Dichte von 2,7 Tieren/ha bei Sdugern
<200 g, eine der niedrigsten Dichten in den Neotropen. Die Dichte von Didelphis hatte eine nega-
tive Wechselwirkung zur Dichte aller anderen Sduger in mehreren Studien; dieser Befund wurden je-
doch hauptséchlich durch unsere Studie beeinfluRt. Eine Kombination von schlechten Béden und
hoher Dichte von Didelphis und Raubtieren kdnnte fiir die niedrige Dichte aller anderen Sduger ver-

antwortlich sein.
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