SMALL MAMMAL ABUNDANCES IN ISOLATED AND NON-ISOLATED PRIMARY FOREST RESERVES NEAR MA-
NAUS, BRAZIL.
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SUMMARY

Abundances of small, temnestnial mammals were estimated in 10 and 100-ha, (solated
and non-isolated primary forest reserves pear Manaws, Brazil between OQctoben 1983 and
March 1984. The small mammal abundance pattern {n a 10 ha reserve (solatfed fon approxd
mately three yeans diffened significantly from that {n othern neserves, primanily due to
highen captune nates of Manmosa cinerea, Rhipidomys masiacalis, and Oryzomys paricefa in
the isofated nesenve. Diet type and ne-{nvasion pofential may be dmpontant  factors
staneturing small marmal commundities {n forest patches. Variadion in the small mammat
community among othen nesenves was primandily due to verndation 4n the abundances of Proe
chimys and 0. capito. At Least parnt of this vardiation was attrndlbutable fo temporal ef-
fects, but varndiation due fo reserve effects also was suggested. Small mammafs were much
more abundant in the neserves during the present study than in 1967,

INTRODUCTION

The mammalian fauna of the Amazon basin is poorly known. Given the exponential
rate of cutting of Amazonian forests (Fearnside, 1982), and the general conclusion that
sound conservation decisions can be made only when autoecological data is available (Zim-
merman & Bierregaard, 1986), much basic ecological information must be collected to
save even a fraction of the Amazon's immense wealth of mammals.

The '"Minimum Critical Size of Ecosystems' (MCSE) project (Lovejoy et al.,1984;
1986) provides an in situ experiment on ecosystemdecay within reserves of different sizes
at a site in the Amazon basin near Manaus. Clearly, themost efficient way to learn about
species-area relationships and causes of extinction in reserves is to make detailed bio
logical studies of the reserves themselves. Such knowledge will facilitate realistic
conservation decisicons in other parts of the Amazon basin, and in other tropical forests.
Research on nocturnal, terrestrial mammals in the MCSE reserves began in February 1982
(Emmons, 1984; Lovejoy et al., 1984) and continued for 5.5 months. A second study, from

which preliminary results are presented, began in October 1983. The research investigated
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three related questions: 1) did mammalian species abundance patterns differ betweer
isolated and non-isolated forest reserves? 2) did species abundance patterns differ
among reserves in undisturbed forest? and 3) did differences in habitat structure amonc
reserves explain observed differences is small mammal abundance patterns?

In six months of study, | visited 10 forest reserves, and in each reserve censusec
terrestrial mammals using visual surveys at night and live-traps. Of the 10 reserves,four
had been isolated from contiguous forest via clear-cutting of surrounding forest. Three
were isolated two to seven months prior to study, and one was isclated more than three
years previous to censusing. Data from this latter reserve are of special interest be-
cause this reserve was sampled previously for mammals. In 1982, approximately 1.5 vyears
after the reserve was isolated, 13 of 20 mammal species trapped or observed in undisturbec
forest were absent from this reserve, including Proechimys, the most common terrestrial
small mammal of undisturbed forest (Lovejoy et al., 1984). Has further species loss oc-
~urred since 19827

The remaining six reserves were non-isolated, i.e., they consisted of networks of
trails at sites in continuous ferest. Variance in species abundances among reserves-ir
undisturbed forest has important implications for the study of the decay process subse-
quent to isolation. First, recognition of isolation effects requires proper controls.
In the present experiment, the small mammal community in continuous forest was censusec
at a variety of sites and at a variety of times, hence it was possible to distinguist
variation due to isolation from variation due to temporal and location effects. Second,
the change in species abundance patterns after isolation may dependon species allotment
at the time of isolation. A species initially rare inone reserve may soon became locally
extinct, whereas it may persist in another reserve due to initially higher densities.
Different species compositions among reserves may lead to different interactions, anc
eventually to different communities. Alternatively, mammalian faunas may decay to the
same level regardless of initial allotment, as would be the case if species turnover was
very high in the reserves.

In addition to the isolation history of a reserve, differences in habitat charac-
teristics represent a pessible cause of variation in mammalian abundances among reserves
Mammalian diversity has been related to the complexityof tropical habitats{August, 1983)
but the importance of within-habitat variation in determining distributions of tropical

mammals is poorly known.
MATERYTALS AND METHODS

Reserves are approximately 80 km North of Manaus (2°25'S, 59950'W) in upland (ter
ra firme) forest. Monthly rainfall in the Manaus area (70 year average) ranged from 42-162mn

between June and November and from 211 - 300 mm between December and May. The yearly ave

age was 2105 mm (Ribeirc & Adis, unpubl. data).
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Trapping

Terrestrial traps were set in three 100 ha and three 10 hareserves in undisturbed
forest {reserves 1301, 2303, 1302, 1205, 1208 and 1204), in one 100 ha and two 10 ha re
serves isolated in 1983 (reserves 3304, 3209, and 1207), and inone 10 ha reserve isolated
in 1980 (reserve 1202) (Table 1). A brief description of each reserve is provided in
Lovejoy et al. (1986). In each reserve, traplines were established along a network of
parallel trails. |In 10 ha reserves, three traplines 100 m apart each consisting of 15
trap stations spaced at 20m intervals were established and in 100-ha reserves four traplines
200 m apart of 30 stations each were established. In the last 100 ha reserve sampled
(reserve 1302), | used eight traplines of 15 stations each, which allowed direct compari
son with 15-station lines in 10 ha reserves. Since individuals were rarely captured on
more than one trapline, traplines within each reserve could be considered independent
samples, and hence mean number of individuals per trapline could be compared among re
serves, Fuller (1977) used a similar method to compare abundances of Clethrionomys gap-
peri among years.

Each trap station consisted of a Tomahawk trap (14 by 14 by 40 cm) and a Sherman
trap (8 by 8 by 23 cm) placed 2 to 4 m apart and 4 to 6 m perpendicular to the trail,
Within a reserve, traps were placed off the same side of the trail. After November, Tomahawks
were covered with a palm leaf (reserve 2303) or with a pieceof clear plastic. Traps were
baited with banana and peanut butter and were checked and rebaited eachmorning for nine
trap nights. Captures were identified (Pine, 1973; Musser & Carleton, pers. comm. for
Oryzomys spp.), toeclipped, weighed, and measured (total, tail, ear, and hindfoot length).
Proechimys spp. were identified only to genus. Unfortunately, at the time of trapping
we did not distinguish between Marmosa cinerea and M. murina or between Oryzomys pari
cola and Rhipidomys mastacalis. However, morphological analysis based on subsequent
trapping allowed us to confidently place almost all of these individuals into oneor the
other species. Two individuals in the genus Marmosa could not be classified unambiguowsly,
and hence were excluded from analyses. Sexual condition of males (testes scrotal or
abdominal) and females (lactation and vaginal perforation) was noted for some individuals
caught prior to mid-November, and for all individuals caught afterwards.

At least four sources of variatien could contibute to differences in species a-
bundances among reserves: 1) whether or not reserves were isolated, 2) the length of time
reserves had been isolated, 3) temporal effects (whether seasonal or multiannual), and 4)
reserve location effects. | tested for isolation effects by comparing species abundances
in isolated reserves with the distribution of species abundances among the six non-isolated
reserves. Since the study ran for less than one year, it wasnot possible todistinguish
between seasconal and multiannual variation in species «bundance. Alse, since reserves

were trapped only once, it was not possible to test for reserve (location) effects.

Habitat features
At each trap station, | stood equidistant between the two traps andwithina circle

of diameter 6 m counted the number of trees and vines with first branch above 1.25 m, the
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the number of trees and vines higher than 0.5 m with first branch below1.25m, the number
of palms higher than 0.5 m, and the diameter (in 10 cm increments) at breast height (DBH)
of the largest tree. Slope (in 5° increments), percent {in 5 percent increments) fallen
timber and openness of the canopy, and distance (in 2 m increments) to thenearest ''fresh"
treefall (defined as having free standing branches) and its DBH (in 10 cm increments)
were estimated for each trap station. In addition, DBH of the largest stump, tree or log
within 2 m of each trap was measured in 10 cm increments.

Preferred habitat of each species was determined by comparing habitat features at
stations where a species was caught with habitat features at stations where the species
was not caught. Individuals were assigned only one capture location, either their most
frequent capture location, or for those individuals caught equally frequently atmore than

one capture location, their first capture location.

Night surveys

During night surveys, my assistant and | walked trails within reserves at a slow
pace (1.9 km/h) and scanned both sides of the trail using headlamps. Routes were chosen
that minimized trail overlap within and among nights, and hence the probability of viewing
the same individual. Surveys commenced on average at 1935 h ({(range 1907 - 2005 h) and
continued for 1.8 h (range 0.8 - 2.6 h). Data recorded for each sighting included genus,
estimated detection distance when first encountered, perpendicular distance of the mammal

to the trail, and height above ground.

RESULTS

Trapping

During 6750 station-nights, 149 Proechimys, 105 Oryzomys capito, 77 0.macconnelli,
2 0. paricola, 2 0. bicolor, 5 Rhipidomys mastacalis, 23 Marmosa cinerea, 1 Marmosa mu-
rina, 27 Marmosa parvidens, 23 Metachirus nudicaudatus, 34 Didelphis marsupialis, 18 Mo-
nodelphis brevicaudata, and one Caluromys philander were captured. Six species (0. mac
connelli, 0. paricola, 0. bicolor, R. mastacalis, M. murina, and C. philander) had not
been caught previously in the MCSE reserves,

Abundances among reserves differed significantly for Proechimys, 0. capito, 0. pa
ricola, M. cinerea (P < 0.01; one-way analysis of variance), and R. mastacalis(P <0.05)
and multivariate analysis of variance indicated significantvariation in species abundance
patterns among reserves (E < 0.01). | used canonical discriminant analysis to examine
the variation in species abundance patterns among reserves. Canonical variables one and
two were significant, accounting for 79 and 11 percent of the variance in the sample re
spectively. A plot of the two variables revealed two axes of variation (Fig. 1). The
first axis, which was largely explained by cancnical variableocne, separated reserve 1202
from the other reserves, due to high capture rates of M. cinerea, R. mastacalis, and 0.

paricola in this reserve. [ caught 15 M. cinerea in this reserve, whereas trapping in

70 Malcolm



other reserves usually yielded only one individual of this species. Reserve [Z2UZ was
also unusual because it was the only reserve where 0. macconnelli was not caught (Table
1). The second axis, which was largely explained by the second canonical variable, was
correlated with abundances of 0. capito, and to a lesser degree, with those of Proechi-
mys .

Was the observed variation in species abundance patterns solelydue to the isolation
history of the reserves? | used pairwise F-ratios (Dixon, 1981) from the canonical dis
criminant analysis to answer this question (Table 2). Reserve 1202, which had been i solated
longest (approximately 3.5 years), was significantly different from all other reserves
(E'< 0.01), and as noted above, accounted for the majorityof the variation in the sample.
Reserves isolated two to seven months before study (3304, 3209, and 1207) were not sig-
nificantly different from each other, and in most cases they did not differ from non-
isolated reserves. Also, heterogeneity of species abundances patterns was evident ameng
non-isolated reserves, indicating variability not attributable to isolation. Therefore,
aside from reserve 1202, little of the variation among reserves could be attributed to
isolation.

As noted above, aside from reserve 1202, the major source of wvariation among re-
serves was variation in the abundances of 0. capito and Proechimys. As evident from the
pairwise F-tests, little of this variation was attributable to isolation. To determine if
variation among reserves in abundances of these two species was correlated with time, |
regressed mean abundances in the reserves against time of trapping using simple linear
regression and second-degree polynomial regression. The second-degree polynomial regression

was significant for Proechimys (P < 0.01; = 7.31) and showed that abundances peaked

F
in December and January. Abundances of @. cié?to alsowere highest in January, but neither
regression was significant. Much of the variation in abundance of 0. capitowas obviously
not temporal. Although reserves 2303 and 1302 were trapped in consecutive months, |
caught 33 0. capito in reserve 2303 and none in reserve 1302. Also, although trapped simul
taneously, | caught only three 0, capito in reserve 1208, and 15 in the recently isolated
reserve 1207,

Sample sizes for Proechimys, 0. capito, and 0. macconnelli were sufficient to com
pare some demographic parameters among reserves. The ratio of males to females captured
did not differ among the reserves (5? test, P.> 0.05 for each species). Approximately
equal numbers of male and female Proechimys were captured (the ratic of males: females
was 75:71), however for 0. capito and 0. macconnelli, males outnumbered females (re-
spective ratios were 60:42 and 41:32). Recapture rates did not differ between the sexes for
any of the three species, nor did they differ among reserves (sexes combined). For Proe
chimys, approximately 33 percent of individuals were recaptured (the ratioof individuals
recaptured to individuals not recaptured was 49:92), whereas for 0. capito, individuals
were more frequently recaptured than not (63:37). Approximately equal numbers of 0. mac
connelli were recaptured and not recaptured (36:31).

Ratios of scrotal: abdominal males and perforate: imperforate femaleswere signifi

2
cantly different among reserves for Proechimys and 0. capito (X test, P < 0.05), but
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not for 0. macconnelli (Fig. 2a). In general, proportionately mare scrotal males and
perforate ferales were caught in reserves trapped aftev mid-January than in reserves
trapped before mid-January., Twenty-eight maie Proechimys caught befere mid-January had
abdeminal testes, whereas of 21 males caught after mid-January, 7 had scrotal testes.
Similarly, for @, capito, of 26 males caught before mid-January, B were scrotal, whereas
12 of 16 males caught after this date were scrotal. Five of 29 femaie Proechimys caught
after mid-January were perforate, however 34 females caught between October and mid-Janu
ary were imperforate, A1l of 15 female O, capito caught prior to December were imperfo
rate, whereas 14 of 27 caught after December were perforate, @. macconnelli showed a simi
lar trend; the proportion of perforate females was higher near the end of the study than
at the beginning. Yery few of the females captured were lactating, Only two Proechimys,
one in 3304 and one in 1204, were lactating and only one Q. capito, captured in 1207, and
one 0. macconnelli, captured in 1302, was lactating.

For each of the three species, | compared head plus body length and body weight
among reserves and between sexes using two-way {reserve by sex) analysis of wvariance.
Males were siqnificantly heavier than females in all three species, and in general were
longer, although significantly so only for Proechimys (P < 0.05) . Mean body weights and
head plus body lenqths differed among reserves for all three species (P<0.05], In gener
al, mean size of individuals captured in the reserves increzased through the study (Fig.
2¢, d),

Average distance between successive captures (0) has been used as an index of heme
range size (Wolfe, 1968; Fleming, 18971} and for each of the three species was compared
bietween sexes and gmong reserves using Dwo-way (reserve by =ex) analysis of variance. For
Proechimys and @. capitc, mean D differed significantly among reﬁerves(f_<0.ﬁl),but not
between sexes, For these two species, individuals caught in reserve 2303 tended to move

further between succgssive captures than those cawght in other reserves (Fig. 2b).

Habitat featurcs

For each species except 0. paricola, 0. bicolor, R, mastacalis, M. murina, and C.
philander, 1 used meltivariate analysis of variance to testwhether habitats at Tocations
where individuals were captured differed, en average, Trom hahitats at locations where
individuals were not captured., In all cases, the test was not significant., Therefore,
the fine-grain distribution of the measured habitat features could notexplain the varia

bility in species abundances among reserves.

Night censuses

Greatest survay effort was expended in reserves 3304 (4.2 b} and 1302 (8.1 h)
{Table 3). FExcept for Dasypus, more individuals in each genus were observed per hour in
3304 than in 1302, Similar results were obtained if data from 3300 were compared with
combined data from all nen-isclated reserves {21.2 h of census), To test the significance
»f this result, | calculated the number of mammals seen ger hour for each night of survey
and compared these data between reserve 3304 (n = 8 nights) and combined data from non-

isclated reserves {n = 12 nights). Means were not significantly different (Mann-Wwhitney

-~
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test).

DISCUSSION

Observed differences in small mammal abundance patterns among non-isolated reserves
were due primarily to variation in abundance of 0. capito, and to a lesser extent, of
Proechimys. At present, it is not possible tec distinguish variation due toseasonal and
multiannual effects, because the study ran for less than a year, or to separate reserve
effects from residual error, because reserves were trapped only once. However, it seems
likely that at least a part of the observed variation in abundance was due to reserve
effects. Reserves 2303 and 1302 were trapped in consecutive months, yet abundances of
0. capito in the two reserves differed radically. Littleof thisvariationcouldbe attri-
buted to differences in the measured structural habitat features between the two reserves,
In fact, structural features of the habitat, such as proximity to tree fall gaps, tree
density, etc., appeared to be unimportant for all of the species frequently captured. It
remains possible that demographic features (for example, generally highdensities) masked
habitat preferences of the various species. Also, several other possible factors may
explain fine-grained differences in species abundance patterns. Phenology of fruiting
is known toaffect movements and distributions of animals in tropical forests (Charles-
Dominique et al., 1981) and localized differences in rainfall frequency and intensity may
lead to localized variations in insect-prey densities or fruiting phenology.

Population densities of Proechimys and 0. capito have beenobserved tovary season-
ally at locations in Central and South America, withmaximumdensities occurring in the wet
season (Davis, 1945; Fleming, 1971; 0'Connell, 1981; Guillotin, 1982a; Gliwicz, 1984).
Generally, seasonal density fluctuations in the twospecies have been attributed to season
al flyctuations in breeding intensity or mortality of offspring. When population levels
are highest, the proportion of juveniles in the population is usually greatest(Fleming,
1971; Guillotin,1982b, 0'Connell, 1981; Gliwicz, 1984). | also observed peak densities
in the wet season; however, | found lTittle evidence of an increased proportion of juve-
niles in the wet season. Increase in body length of Proechimys and 0. capito (and 0.
macconnel1i) through the study instead probably indicated an increase in meanage of the
populations. In fact, | obtained very little evidence of breeding during the study.Alf
breeding was starting toward the end of the present study, as sexual condition and possi
bly movements would seem to indicate, one would expect an increased proportion of juve-
niles in the population during the dry season (after April) (acurious result given that
peak fruiting apparently occurs during the first half of the wet season in the MCSE re-
serves area (J. Rankin, pers. comm.)). Thus, whether the temporal variation in abundance
observed in the present study was seasonal remains unresolved. Certainly, the changes in
densities of Proechimys and 0. capito observed in the present study cannot be explained
by recruitment. Other possibilities include trapability, mortality and movements. Sever

al years'data will probably be required to understand demographic events in one area, or
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to compare demographic events among areas. Important questions remain unanswered such as:
is breeding seasonal in some years but not in others? does the timing of breeding wvary
from year to year? and what initlates breeding?

Emmons (1984) censused marmals in the MGCSE reserves in 1982, and it is of interest
to compare her data from non-Tsolated reserves with data obtained in the present experi
ment. It is difficult to compare trapping results directly, as Emmons (1984) used only
Torahawks, whereas in the present study both Tomahawks and Shermans were used and the two
traps were close enough together that captures could not be considered independent. How-
ever, except for @, capito, capture rates arepiubably directly camparable between studics
since al! M. nudicaudatus, all but two D. marsupialis, and most Proechimys were caught Tn
Temahawks, Capture rates of these four genera over the 5.5 month period of Emmons' {1984)
study were much lower than average capture rates In the present experiment (Takle 4).
Similarly, for el1 genero but Potos and Mazama, £mmons {1984) gbserved fewer individuals
per heur of night survey (Table 4). Since both of us sampled in the reserves during
February through April (in 1982 and 1984 respectively}, these data scem to indicate a
change in density betwsen years. As was frue at other sites {unpub. data cited by Fle-
ming, 1971; Everard & Tikasingh, 1973; 0'Connell, 1981; Guillotin, 1982b; Eamons, 1984),
0. capito showed greater variance between years Chan did Proechimys. The reason for these
changes in densities of mammals in the MOSE reserves betweenyears is at praesent unknown.
On Barro Colorade lIsland, heavy dry ssason rains in 1970 led to a crash in fruit pro-
duction, and increased mortality and switching tonon-preferred foods among mammal popu-
lation {Foster, 1980). Rainfall data from July 1981 to June 1984 from Reserve Ducke (ap
proximately 40 km distant frem the MCSE reserves) indicated subsrantial variation in year
to year rainfall patterns. The dry season of 1987 was long and prenounced; rainfall
during the period July 1982 to February 1983 was cnly 632 mm whereas respective amounts
for the preceading and follewing dry seasans were 1187 and 1389 mn (Ribeiro, unpub.datal
It is possible that the relatively wet dry-seasons lead to decreased fruit production, as
was observed at Barro Colorado [sland in 1970, High small mammal populations during the
present study may have been the resuit of prancuced seasonalityof rainfall the previous
vear, The importance of these leng term fluctuations in smammal densities For canservation
has feen noted hy Eisenberg & Thoringtan (1973). Only with an understanding of the long
rerm dynamics of survival of mammal species in the tropicswill it be possible to predict
minimum population sizes and establish appropriate reserves for maintaining diversity.,

Understanding regicnal variation in species abundance patterns will be equally
important. Emmons (1984 made an important first step in comparing mammalian densitles
among rainforest sites in the Amazon basin. In general, she concluded thatmammnal densi
ties were low in the MCSE reserves compared to Cocha Cashuand Rio Tambopata imPeru, possi
bly due to poorer soils. Certainly, the data presented here complicate matters somawhat.
Ahundances reported here are close to mean abundances From three years at  Cocha Cashu,
and are greater than those observed at Ric Tambopata. Also, specizs richness may vary with
averall mammalian densities, due to sampling effects, For example, Emmons (1984) did not

catch 0. macconnelli in the MCSE reserves, but in  the present study, it was the third
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most abundant mammal. More recent data from Cocha Cashu indicated an increase in mammal
populations (Emmons, in litt.), whereas more recent data from the MCSE reserves indicate
that mammal populations have decreased significantly. Thus, it may be that Cocha Cashu
usually has greater mammalian densities. To fully test the hypothesis of regional vari-
ation in abundances, several years data from each site will be required.

Localized variation in abundance also has important conservation implications. Vari
ation among reserves in undisturbed forest has the potential of producing quite different
mammal communities in these reserves for some time after theyare isolated. Does initial
allotment influence events subsequent to isolation of a reserve?

A comparison of mammal populations in reserve 1202 between 1982 and 1984 suggests
that, for some species at least, initial allotment may have a relatively minor effect on
subsequent isolation events, because of high turnover in the reserve. When sampled by
Emmons in 1982 (Lovejoy et al., 1984), Proechimys were apparently absent from reserve
1202, When trapped in 1984, this reserve contained at least 16 individuals. Assuming a
home range of approximately 0.6 ha (Guillotin, 1982a), and hence a trapline strip width
of 87 m, a more realistic estimate would be 21 individuals,. Even if a few individuals
were missed in 1982, it is very unlikely that the population sampled in 1984 arose solely
from reproduction within the reserve, since most animals captured were adults. Instead,
it seems more likely that the high abundance of Proechimys in 1202 was largelya function
of high population levels in surrounding forest and of ease of invasion from the sur-
rounding forest. Similar reasoning would probably apply for 0. capito. High population
levels of these species in isolated reserves 1202 and 1207 may have resulted from invasion
coupled with subsequent frustrated dispersal from within the reserves.

Measurement of variations in abundance of mammalian species in non-isolated re-
serves has potential use as a measure of expected persistence time in isolated reserves.
Species with high coefficients of variation may go extinct relatively rapidly (Wright &
Hubbel, 1983). However, Crowell (1973) abserved that the presence of three rodent species
on oceanic islands was positively related to their variances in abundance. Microtus pen
nsylvanicus was most widespread, which Crowell (1973) attributed to more frequent colo-
nization, and also exhibited the greatest variation of abundance inmainland populations.
If variation in abundance is positively related to re-invasion potential, and negatively
correlated with persistence, then we might expect more variable species such as 0. capito
to exhibit higher rates of extinction and re-invasion than less variable species such as
Proechimys .

In addition to re-invasion potential, diet type may be an important factor structuring
small mammal populations in reserve 1202. High capture rates of M. cinereaon the grond
in this reserve did not appear to be solely a function of greater abundances in the re
serve, since arboreal trapping in 1202 and the non-isolated 1205 indicated approximately
equal numbers of this species in the canopy (unpubl. data). Instead, high capture rates
on the ground in 1202 suggested a behavioral shift; of the 16 individuals captured in the
canopy in 1202, 12 were captured on the ground, whereas of the 13 individuals captured

in 1205, only one was captured on the ground. Parallel results have been obtained for birds
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most abundant mammal. More recent data from Locha Cashu indicated an increase in mammal
populations {Emmons, in litt.), whereas more recent data from the MCSE reserves indicate
that mammal populations have decreased significantly. Thus, it may be that Cocha Cashu
usually has greater mammalian densities. To fully test the hypothesis of regional vari-
ation in abundances, several years data from each site will be required.

Localized variation in abundance also has important conservation implications. Vari
ation among reserves in undisturbed forest has the potential of producing quite different
mammal communities in these reserves for some time after theyare isolated. Does initial
allotment influence events subsequent to isolation of a reserve?

A comparison of mammal populations in reserve 1202 between 1982 and 1984 suggests
that, for some species at least, initial allotment may have a relatively minor effect on
subsequent isolation events, because of high turnover in the reserve. When sampled by
Emmons in 1982 (Lovejoy et al., 198L), Proechimys were apparently absent from reserve
1202. When trapped in 1984, this reserve contained at least 16 individuals. Assuming a
home range of approximately 0.6 ha (Guillotin, 1982a), and hence a trapline strip width
of 87 m, a more realistic estimate would be 2] individuals. Even if a few individuals
were missed in 1982, it is very unlikely that the population sampled in 1984 arose solely
from reproduction within the reserve, since most animals captured were adults. Instead,
it seems more likely that the high abundance of Proechimys in 1202 was largelya function
of high population levels in surrounding forest and of ease of invasion from the sur-
rounding forest. Similar reasoning would probably apply for 0. capito. High population
levels of these species in isolated reserves 1202 and 1207 may have resulted from invasion
coupled with subsequent frustrated dispersal from within the reserves.

Measurement of variations in abundance of mammalian species in non-isolated re-
serves has potential use as a measure of expected persistence time in isclated reserves,
Species with high coefficients of variation may go extinct relatively rapidly (Wright &
Hubbel, 1983). However, Crowell (1973) observed that the presence of three rodent species
on oceanic islands was positively related to their variances in abundance. Microtus pen
nsylvanicus was most widespread, which Crowell (1973) attributed to more frequent colo-
nization, and also exhibited the greatest variation of abundance inmainland populations.
If variation in abundance is positively related to re-invasion potential, and negatively
correlated with persistence, then we might expect more variable species such as 0. capito
to exhibit higher rates of extinction and re~invasion than less variable species such as
Proechimys .

In addition to re-invasionpotential, diet type may be an important factor structuring
small mammal populations in reserve 1202. High capture rates of M. cinerea on the grownd
in this reserve did not appear to be solely a function of greater abundances in the re
serve, since arboreal trapping in 1202 and the non-isolated 1205 indicated approximately
equal numbers of this species in the canopy (unpubl. data). Instead, high capture rates
on the ground in 1202 suggested a behavioral shift; of the 16 individuals captured in the
canopy in 1202, 12 were captured on the ground, whereas of the 13 individuals captured

in 1205, only one was captured on the ground. Parallel results have been cbtained for birds
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in the MCSE reserves, Mist nets set close to the ground in isolated reserves catch morc
mid-storey bird species than nets in non-isolated rcserves {Bierregaard, pers. comn.).
One possible explanaticon of the increased abundance of M, cinerea on the ground in re-
serve 1202 s an increased proportion of insects in its diet. Anumber of factors suggest
this hypothesis: the tendency of scansorial marmals to be more omnivorous than more ar-
boreal forms (Fleming, |975), the correlaticn between larger home range size and greater
insectivory among marmalian species (McNab, 1963), possible greater insect biomass in
1202 as a result of second growth invading and surrounding the reserve, and the rarity of
the more frugivorous C. philander in 1202 {unpubl, data)., Frequent captures of R. mas-
tacalis on the ground in this reserve may be attributed to higher densities since ar-

'boreal trapping yielded 12 individuals in 1202, and only one in 1205 (unpubl. data). R.
mastacalis appears to be more characteristic of second growth than primary forest (Hani
ley, 1976}, and high densities in this reserve may possibly be attributed to the prox-
imity of second growth, and associated greater insect biomass in the reserve.

In conclusion, although variability in abundances of tropical mammal populations
is becoming increasingly apparent, we are a long way from understanding the causes of
this variation. Until more is known about the biology of tropical species, and inter
actions among species, it seems !lkely that much of this variation will remain  unex-
plained, |In addition tc their importance for conservation, studies of tropical forest
fragmentation have potential fcr obtaining insight intc the biology of tropical species,

and factors structuring treopical mamrmal communities.
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RESUMQ

A4 abundanedas de pequencs mamiiencs toanestres 4onam estimadas em reseavas de §<o
resta prinanda de 10 e 100 ha, <{scfadas e nac-isofadas, perto de Manaus, AM, eatre Outu
bro de 1953 ¢ Manco de 1984, O padrdo de abunddncia de pequeacs wamidercs nwra rescava
de 10 ha, {sclade ha thds anos, 4od signiflcantemente difesente de padndo em cubras e
senvas, ohinedpalmeate devddo &s taxas de captura waleres de Marmosa cdnerea, Rhipidomys
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mastacalis, e Onyzomys paricola na reserva Lsolada. Diferencas dieteticos e de poten-
elal de ne-invasdo sac sugerdidas como factores {mportantes na estrutuwracdac de comundda-
des de pequenas mamifercs em fragmentos 4Lorestais. A variacdo entrhe as outras reservas
fod atrnibulda primariamente a variacdo nas abundancias de Proechimys o Oryzomys capito.
Pelo menos wna parte desta variacdo fod atrhibulda a efeitos femporais. No entanto, cb
dados tambem sugerem efeitos de Localidade das reservas. Pequenos mamifercs foram mui-
to mais abundantes no presente esfudo que em 19872.

2303
|
3- 1207 0.CAPITO
O
N
> 1301
O . PROECHIMYS SPP.
0- 3304 1205 R. MASTACALIS
- " 0. PARICOLA P
3509 BREVICAUDATA M.CINEREA 0
1302
1204
'3 T T T

I 1 |

-3 0 3 6 9 12 15 18
CV 1

Fig. 1. PYlot of canonical variables one and two froma canonical analysis discriminating
among reserves. Points represent means from the three to eight traplines in each
reserve. Symbol features represent reserve features (small square = 10ha, large
square = 100ha, closed square = non-isolate, open square = isolate). Vectors
represent correlations (multiplied by four) of the canonical variables with the
original variables (species abundances per trapline) and are shown for species
with a correlation greater than 0.4. The magnitude of the correlation between
an axis of variation in discriminant space and the variation in abundance of a
species is indicated by the length and orientation of the vector. Long vectors
parallel to the axis represent high correlations.
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Table 2, Pairwise F statistics (_£7= 13, 16) comparing reserves in discriminant space.
See text for details.

R E S E R V E

Reserve 3304 3209 1301 1205 2303 1202 1302 1208 1207
3209 0.6

1301 0.5 0.8

1205 1.0 1.3 0.9

2303 2.1 3.17 1.2 i.5

1202 28,57 257" 259" 2290 a56P

1302 0.9 0.7 1.9 2.1 5.2° 38,77

1208 0.8 1.1 1.1 1.6 2.8° 25,67 1.5

1207 1.3 1.5 1.0 2.0 1.4 23.7° 357 23

1204 0.3 0.6 1.2 1.4 3.3° 26.3" 0.3 0.9 2.1
9 < 0.05

Pe < 0,01

Table 3. HNumber of sightings per hour of night census and census effort in isolated and
non~-isclated reserves,

Isolated reserves Non-isolated reserves
— T ————— All non isolated
3304 3209 1202 1401 1300 1302 1Z04 1105 2303 2206 reserves
Oryzomys 0.4 0.73 0,45 0.59 0.09
Proechimys 0,35 0.37 2.17 1.82 0.12 1.23 0.32
Myoprocta 0.28 0.73 0.25 0.38 0.14
Agouti 0.21 0.56 0,45 0.14
Marmosa 0.14  0.37 0.28 0.05
Metachirus 0.07 0.73 0.38 0.05
Didelphis 0.14
Potos 0.07
Dasypus 0.49 0.18
Mazama 0.1%
Unidentified 0.21 0.37 1.450.28 0.25 0.38 0,62 0.59 0.45 0.27
Mumber of census
nights 8 2 1 2 1 5 ] 1 1 1 12
Total survey
time (h) 14,2 2.7 1.4 3.6 2.2 81 2.6 1.6 1.7 2.2 21.9
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Table 4. Comparison of percent trap success and sightings per hour of night census in
the MCSE reserves between Emmons (1984) and the present study.

Percent trap sucess Individuals per hour of night census

Present study® Emmons (1984) Present studya Emmons (1984)
Dryzomys .54 0.06° 0.12 0.02
Proechimys 2429 0.60 0.4o 0.1h
Myoprocta 0.20 n.c.©
Agouti 0.15 0.06
Marmosa g0.10 0.03
Metachirus 0.34 0.03 0.07 0.03
Didelphis 0.50 0.12 0.05 0.00
Potos 0.02 0.03
Dasypus 0.10 0.09
Mazama 0.05 0.05
Unidentified 0.30 0.03
Total 4.59 0.81 1.37 0.48
Sample effort 6750d 3434 h0.3c 66
411 reserves combined.
bDryzomys capito only.
Zn.c. = not calculated.

Station-nights (present study) or trap-nights (Emmons 1984).

e .
Hours of night census.
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