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SUMMARY 

Abundanc&ò òmalt, teAAestAial mammali, u>e.ie estimated in 10 and 100-ha, isolated 

and non-isolated p»ixaa&y {^onest fieseAves ne.aA Manaus, Brazil between OctobeA 1983 and 

MaAch 1984. The òmalt mammal abundance. pati.eAn in a 10 ha nesZAvz isolated fion. appAoxi 

matety tí\Ae.e yeans di^exea óignifiicantly ^Kom that in otheA Aesetvjes, pAvnoAily due, to 

hi.gheA captuAe. n.ates ο& tÁa/woàa cineAea, Rhipidomyó mastacalis, and Ofiyzomyi pa&ico&a in 

the isolated KeseAve.. Viet type- and tc-inoasion potential may be. important ^acto'u, 

òtALLctuAing hmaXJi mammal communiti.es in loK&òt pat.ches. Variation in the, email mammal 

community among otheA hesehues was phÀmaAiJLy due to variation in the abundances o£ ΡΛ,οβ 
ctUmyA and 0. capiXo. At least panX. o$ this MOAiatXon was attributable to te.mpon.al e.{)-
iects, but vaAiation due. to AeseAve ejects also was suggested. Small mammals WQAC much 
moAz abundant in the n.esejwes duAing the pnesent study than in 1982. 

INTRODUCTION 

The mammalian fauna of the Amazon basin is poorly known. Given the exponential 

rate of cutting of Amazonian forests (Fearnside, 1 9 8 2 ) , and the general conclusion that 

sound conservation decisions can be made only when autoecolog i cal data i s ava i labl e (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 . , 198^; 

1986) provides an in situ experiment on ecosystem decay wi th i η reserves of d i fferent s i zes 

at a site in the Amazon basin near Manaus. Clearly, the most 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 decisions in other parts of the Amazon basin, and iη other tropical forests. 

Research on nocturnal, terrestrial mammals in the MCSE reserves began in February 1982 

(Emmons, 1 9 8 4 ; Lovejoy et al., )984) 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 among 

reserves explain observed differences is small mammal abundance patterns? 

In six months of study, I visited 1 0 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 c1ear-cutting_of surrounding forest. Three 

^ere isolated two to seven months prior to study, and one was isolated 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 years 

after the reserve was isolated, 13 of 20 mammal species trapped or observed iη 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 1oss oc

curred since 1982? 

The rema i η i ng s ix reserves were non-i sol ated , i .e . , they consisted of networks of 

trails at sites in continuous forest. 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 distinguish 

variation due to isolation from variation due to temporal and location effects. Second, 

the change in species abundance patterns after isolation may depend on species allotment 

at the time of isolation. A species initially rare in one reserve may soon became local 1 ν 

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 i f species turnover was 

very high in the reserves. 

In addition to the isolation history of a reserve, differences in habitat charac

teristics represent a possible cause of variation in mammalian abundances among reserves 

Mammalian diversity has been related to the complexity of tropical habitats(August, 1 9 8 3 ) 

but the importance of within-habitat variation in determining distributions of tropical 

mammals is poorly known. 

MATERIALS AND METHODS 

Reserves are approximately 80 km North of Manaus ( 2°25'S, 59 ° 5 0'W) in upland (ter 

ra firme) forest. Month 1 y ra i nf a 1 I i η the Manaus area (70 year average) ranged from 42-l62mn 

between June and November and from 2 1 1 - 300 mm between December and May. The year 1y avei 

age was 2 1 0 5 mm (Ribeiro & Adis, unpubl. data). 



Trapping 

Terrestrial traps were set in three 1 0 0 ha and three 1 0 ha reserves in undisturbed 

forest (reserves 1 3 0 1 , 2 3 0 3 , 1 3 0 2 , 1205, 1 2 0 8 and 1204), in one 1 0 0 ha and two 10 ha re 

serves isolated in 1 9 8 3 (reserves 3304, 3 2 0 9 , and 1207) , and i η one 1 0 ha reserve i solated 

in I 98O (reserve 1 2 0 2 ) (Table 1 ) . A brief description of each reserve is provided in 

Lovejoy et al. (1 9 8 6 ). In each reserve, traplines were established along a network of 

parallel trails. In 1 0 ha reserves, three traplines 1 0 0 rn apart each consisting of 1 5 

trap stat ions spaced at 20m intervals were establ ished and in 1 00-ha reserves four traplines 

200 m apart of 30 stations each were established. In the last 1 0 0 ha reserve sampled 

(reserve 1302), I used eight traplines of 1 5 stations each, which al lowed di rect comparj_ 

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 ( 1 9 7 7 ) used a similar method to compa re 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 2 3 cm) placed 2 to 4 m apart and 4 to 6 m perpendicular to the trail. 

Within a reserve, t raps were placed of f the same s i de of the t ra i 1 . After November, Tomahawks 

were covered with a palm leaf (reserve 2 3 0 3 ) or with a ρiece of clear pi as t i c. Traps were 

baited with banana and peanut butter and were checked and rebaited each morning for nine 

trap nights. Captures were identified (Pine, 1 9 7 3 ; Musser & Carleton, pers. comm. for 

Oryzomys spp.), toeclipped, weighed, and measured (total , tai I , 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 one or the 

other species. Two individuals in the genus Marmosa cou 1 d not be cl ass i f i ed unambiguously, 

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 variation 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 mu 11 iannua 1), and 4) 

reserve location effects. I 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 was not possible to distinguish 

between seasonal and multiannual variation in species abundance. Also, since reserves 

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

Habitat features 

At each trap station, I stood equidistant between the two traps and withiη a circle 

of diameter 6 m counted the number of trees and vines wi th first branch above 1 . 2 5 m, the 



the number of trees and vines higher than 0 . 5 m with first branch below 1 , 2 5 m , the number 

of palms higher than 0 . 5 m, and the diameter (in 1 0 cm increments) at breast height (DBH) 

of the largest tree. Slope (in 5 increments), percent (in 5 percent increments)fa 1 1 en 

timber and openness of the canopy, and distance (in 2 m increments) to the nearest "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 1 0 cm Ίncrements. 

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 i ndividual s caught equally frequently at more than 

one capture location, their first capture location. 

Night surveys 

During night surveys, my assistant and I walked trails within reserves at a slow 

pace ( 1 . 9 km/h) and scanned both sides of the trai) using headlamps. Routes were chosen 

that minimized trail overlap withiη and among nights, and hence the probabi1ity of viewing 

the same individual. Surveys commenced on average at 1 9 3 5 h (range 1 9 0 7 - 2005 h) and 

continued for 1.8 h (range 0.8 - 2 . 6 h ) . Data recorded for each sighting inc1uded genus , 

estimated detection distance when first encountered, perpendicular distance of the mamma 1 

to the trail, and height above ground. 

RESULTS 

Trapping 

During 6 7 5 0 station-nights, 149 Proechimys, 105 Oryzomys capito,77 0 .macconnel1i , 

2 0. paricola, 2 0. bicolor, 5 Rhipidomys mastacalis, 2 3 Marmosa cinerea, 1 Marmosa mu-

rina, 2 7 Marmosa parvidens, 2 3 Metachirus nudicaudatus, 34 Didelphis marsupial is, 18Mo-

nodelphis brevicaudata, and one Caluromys philander were captured. Six species (0. mac 

connelli, 0. paricola, 0. bicolor, R. mastacalis, M. mtirina, 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 . 0 1 ; one-way analysis of variance), and R. mastacalis(P<0 . 0 5 ) 

and multivariate analysis of variance indicated significantvariation i η species abundance 

patterns among reserves (P < 0.0]). I used canonical discriminant analysis to examine 

the variation in species abundance patterns among reserves. Canonical variables one and 

two were significant, accounting for 7 9 and 1 1 percent of the variance in the sample re 

spectively. A plot of the two variables revealed two axes of variation (Fig. l ) . The 

first axis, which was largely explained by canonical variabie one , separated reserve 1 2 0 2 

from the other reserves, due to high capture rates of M. cinerea, R. fsiastacal is, and 0. 

paricola in this reserve. I caught 1 5 M. cinerea in this reserve, whereas trapping in 



other reserves usually yielded only one individual of this species. Reserve l/uz was 

also unusual because it was the only reserve where 0. macconnel1i was not caught (Table 

l). 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 solely due to the isolation 

history of the reserves? I used pairwise F_-ratios (Dixon, 1 9 8 1 ) from the canonical dis 

criminant analysis to answer this question (Table 2 ) . Reserve 1 202 , wh i ch had been i solated 

longest (approximately 3-5 years), was significantly different from all other reserves 

(P < 0.01), and as noted above, accounted for the major i ty of the variat ion 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 among 

non-isolated reserves, indicating variability not attributable to isolation. Therefore, 

aside from reserve 1202, little of the variation among reserves could be attributed to 

i sol at i on. 

As noted above, aside from reserve 1202, the major source of variation 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, I 

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 ; F_ ̂  y = 7.30 and showed that abundances peaked 

in December and January. Abundances of 0. capito also were highest i η January,but neither 

regression was significant. Much of the variat ion iη abundance of 0. capito was obviously 

not temporal. Although reserves 2303 and 1302 were trapped in consecutive months, I 

caught 33 0. capito in reserve 2 3 0 3 and none in reserve 1302. A1 so, a 1 though trapped simul 

taneously, I caught only three 0. capito in reserve 1 2 0 8 , and 15 iη the recently isolated 

reserve 1207. 

Sample sizes for Proechimys, 0. capito, and 0. macconnel1i were sufficient to com 

pare some demographic parameters among reserves. The ratio of males to females captured 
2 

did not differ among the reserves (_X test, P* > 0 . 0 5 for each species). Approximately 

equal numbers of male and female Proechimys were captured (the ratio of males: females 

was 75:71), however for 0. capito and 0. macconnelli, males outnumbered females (re

spective ratios were 60:42 and 4 1 : 3 2 ) . Recapture rates d i d not d i ffer 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 ( 6 3:37). Approximately equal numbers of 0. mac 

connelli were recaptured and not recaptured (36:31). 

Ratios of scrotal: abdominal males and perforate: imperforate females were signifi 
2 

cantly different among reserves for Proechimys and 0. capito (X test, Ρ < 0 . 0 5 ) , but 



not for 0 . macconnel 1 i (Fig. 2 a ) . In general, proportionately more scrota! males and 
perforate females were caught in reserves trapped after mid-January than in reserves 
trapped before: m'\ d-Janua ry . Twenty-eight male Proechimys caught before mi d-January had 
abdominal testes, whereas of 21 rrales caught after mi d-Ja^u^ry, 7 had scrotal testes. 
Similarly, for 0, capito, of 26 males caught before mid-January, 8 were scrot a I, whereas 
12 of 16 males caught after this date were scrotal. Five of 2 9 fema ) e Proechimys caught 
after mid-January were perforate, however $U females caught between 0ctobar and mid-Janu 
ary were i rripe rf ora te. All of 1 5 female 0, capito r-juiiht prior to December were i'wperfrj 
rate, whereas Ui of 27 caught after December were perforate. 0. macconnel 1 ΐ shewed a simi_ 
lar trend; the proportion of perforate females was higher near the end of the study than 
at the beginning. Very few of the fervaleS captured were lactatlng, Only two Proechimys, 
one in 3 3 0 ^ and one in 120^, were lactating and only one 0. capito, captured in 1207, and 
one 0, macconnel1i, captured in 1302, was lactating, 

For each of the three species, I compared head plus body length and body weight 
among reserves and between sexes using two-way (reserve by sex) analysts of variance. 
Males were significantly heavier than females in all three species, and in general were 
longer, although significantly so only fo r Proechimys (P_ < 0.05). Mean body weights and 
head plus body lengths differed among reserves for all three spec ics (P < 0.05) . In gene_r 
al, mean size of individuals captured in the reserves increased through the study (Fig, 
2c, d) . 

Average distance between successive captures (θ) has been used as an index of heme 
range size (Wolfe, 1968; Fleming, 197') and for each of the three species uss compared 
between sexes and amonn reserves us i nrj two-way (reserve by sexl analyiis of variance. For 
Proechimys and 0 , capito, mean D differed significantly among reserves (P_ < 0.01), but not 
between sexes. For these two species, individuals caught in reserve 2 3 0 3 tended to move 
further between successive captures than those caught in other reserves (Fig. 2b). 

Habitat features 
For each species except 0. paricola, 0. bicolor, R. mastacalis, M. murina, and C. 

philander, I U5*d multivariate analysis of variance to tesπ whet he r habitats a t locations 
jhere individuals were captured differed, on average, from habitats al 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. 

Might censuses 
Greatest survey effort was expended in reserves (1Ί.2 h) and 1302 (8 . 1 h) 

(Table 3 ) . Except for Dasypus , more individuals in each genus were observed per hour in 
330^ than in 1302. Similar results were obtained if data from 3 3 0 ^ were compared with 
combined data from all non-isolated reserves (21 , 9 h of census). To test the significance 
of this result, I calculated the number of rtiaimnals seen perhour foreach night of survey 
and compared these data between reserve 330Ί (n = 8 nights) and combined data from non
isolated reserves (n - 12 nights). Means were not significan11ydifferent (Mann-Whitney 

72 Mai col in 



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 to distinguish variation due to seasona1 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. Li ttle of thi s variat ion could be 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 f requent 1 ycaptured . It 

remains possible that demographic features (for example, genera 1 1 y high densities) 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 to affect movements and distributions of animals in tropical forests (Charles-

Dominique et al . , I 9 8 I ) and localized differences in rainfa 11 frequency and intensity may 

lead to localized variations in insect-prey densities or fruiting phenology. 

Population densities of Proechimys and 0. capito have been observed to vary season

al 1 y at 1 ocat i ons in Central and South America, wi th max imum dens i t i es occurr Í ng i η the wet 

season (Davis, 1 9 ^ 5 ; Fleming, 1 9 7 1 ; 0'Connell, 1981 ; Guillotin, 1 9 8 2 a ; Gliwicz, 1 9 8 M . 

Generally, seasonal density fluctuations in the two species have been attri buted to season 

al fluctuations in breeding intensity or mortality of offspring. When population levels 

are highest, the proportion of juveniles in the population is usually greatest (Fleming, 

1971; Gui1lotin,1982b, 0'Connell, 1981; Gliwicz, 1984). I also observed peak densities 

in the wet season; however, I found little evidence of an increased proportion of juve

niles in the wet season. Increase in body length of Proechimys and 0. capito (and 0. 

macconne11i) through the study instead probably indicated an increase in mean age of the 

populations. In fact, I obtained very little evidence of breeding during the study. If 

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) (a curious 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 demograph i cevents in one area, or 



to compare demographic events among areas. Important questions rema i π unanswered such as : 

is breeding seasonal in so:T:e years but not in others? does the timing of breeding vary 

from year to year? and what initiates breeding? 

Enmons ( 1 9 3 4 ) censused m a m a i s in the MCSE reserves in 1 3 8 2 , and i t is of interest 

to compare her data from non-isolated reserves with data obtained in the present experj_ 

n;ent. It is difficult to compare trapping results directly, as Emmons ( 1 9 0 M used only 

Tomahawks, whereas in the present study both Tomahawks and Shermans were used and the two 

traps were close enough together that captures could not fct cons!dered independent. How

ever, except for 0, capito, capture rates a re p.'ubab! γ d i rec 11 y compa rab 1 ε between s tud i e; 

since al! M. nudicaudatus , all but two D. marsup Tal í s , and mos t Proechimys we rfi caught in 

Tomahawks. Capture rates of these four genera over the 5 .5 month per i od of Eirnons' (1984) 

study were much lower than average capture rates in the present exper irr.ent (Table 4) . 

Similarly, for all genera but Potos and Manama, Emmons 0 9 8 4 ) observed fewer individuals 

per hour of night survey (Table 4 ) . Since both of us sampled in the reserves during 

February through April (in 1 9 8 2 and 1984 respectively), these data seem to indicate a 

change in density between years. As was true at other sites (unpub. data cited by Fle

ming, 1 9 7 1 ; Everard & Tikasingh, 1 9 7 3 ; O'Cennell, 1 3 3 1 ; Guillotin, 1 9 8 2 b ; Emmons, 1984 ) , 

0. capito shewed greater variance between years than did Proechimys. The reason for these 

changes in densities of mammals in the MCSE reserves between years isatpresent unknown. 

On Barro Colorado Island, heavy dry season rains in 1 9 7 0 led to a crash in fruit pro

duction, and increased mortality and switching ίο ποη-ρ refer red foods among mennia 1 popu

lation (Foster, I 9 8 O ) . Rainfall data from July 1981 to June 1984 from Reserve Ducke (s£ 

proximately 40 km distant frcm the MCS£ reserves) indicated substantial variation in year 

to year rainfall patterns. The dry season of Ι 9 8 2 was long and pronounced; rainfall 

during the period July 1g82 to February 1983 was only 6 3 2 mm whereas respective amounts 

for the proceeding and following dry seasons were 1187 anri 1 3 8 9 mm (Ribeiro, unpub,data). 

It is possible that the relatively wet dry-seasons lead to decreased fruit product ion,as 

was observed at Barro Colorado Island in 1 9 7 0 . High small mammal populations during the 

present study may have been the result of pronoucad seasonal ity of rainfaI 1 the previous 

year. The i mpor tance π f tbes e I ong te rm f 1 uctua 1 1 ons ininamma) densities for conservation 

has been noted by Eisenberg * Thorington ( 1 9 7 3 ) . Only with an understanding of the long 

term dynamics of survival of ruamnial species in the i.ropicswill it be possible to predict 

minimum population sizes and establish appropriate reserves for maintaining diversity. 

Understand:ng regional variation in species abundance patterns will be equally 

important. Emmons (1984) made an important first step in comparing mammalian densities 

among rainforest sites in the Amazon basin. In general, she concluded that mamma I dens_i_ 

ties were low in the MCSE reserves compared to Cocha Cashu and Ri 0 Tantbopa ta lnPeru,possi 

b 1 y due to poorer soils. Certainly, the data presented here cosnpl i cate matters SDmovhat. 

Abundance^, reported here are close to mean abundances from three years at Cocha Cashu, 

and are greater than those observed at Rio Tambopata. Also, spec i is richness may vary with 

overall mammalian densities, due to samp Iing effects. For example, Emmons ( 1 9 Ê 4 ) did not 

catch 0 . macconnel1i in the MCSE reserves, nut in the present study, it was the third 



most abundant mamma). More recent data from Cocha Cashu indicated an increase iη mamma 1 

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 conservai ion 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 1 2 0 2 between 1 9 8 2 and 1984 suggests 

that, for some species at least, initial allotment may have a relatively mi nor effect on 

subsequent isolation events, because of high turnover in the reserve. When sampled by 

Emmons in 1 9 8 2 (Lovejoy et al., 1 9 8 4 ) , Proechimys were apparently absent from reserve 

1 2 0 2 . When trapped in 1984, this reserve contained at least 16 individuals. Assuming a 

home range of approximately 0.6 ha (Guillotin, 1 9 8 2 a ) , and hence a trapline strip width 

of 87 m, a more realistic estimate would be 2 1 individuals. Even if a few individuals 

were missed in 1 9 8 2 , it is very unlikely that the population sampled i η 1 9 8 4 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 1 2 0 2 was 1argelya 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 1 2 0 2 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 persistencet ime in isolated reserves. 

Species with high coefficients of variation may go extinct relatively rapidly (Wright & 

Hubbel, 1 9 8 3 ) . However, Crowe 1 1 ( 1 9 7 3 ) observed that the presence of three rodent species 

on oceanic islands was post tively 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 in mainland populations. 

If variation in abundance is positively related to re-invasion potentia 1 , and negatively 

correlated with persistence, then we might expect more variab(e spec ies such as 0. capito 

to exhibit higher rates of extinction and re-invasion than less variable species such as 

Proechimys. 

In addition to re-i nvas i on pot en t i a 1 , d i et type may be an impor tant f actor structuring 

small mammal populations in reserve 1 2 0 2 . High capture rates of M. cinerea on the ground 

in this reserve did not appear to be solely a function of greater abundances in the re 

serve, since arboreal trapping in 1 2 0 2 and the non-isolated 1 2 0 5 i nd i ca ted approximate1y 

equal numbers of this species in the canopy (unpubl. data). Instead, high capture rates 

on the ground in 1 2 0 2 suggested a behavioral shift; of the 1 6 i nd i ν i dua 1 s captured in the 

canopy in 1 2 0 2 , 1 2 were captured on the ground, whereas of the 13 individuals captured 

in 1 2 0 5 , only one was captured on the ground. Parallel resul ts have been obta i ned for birds 



most abundant mammal. More recent data from Cocha Cashu indicated an increase iη mamma 1 

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 regiona1 vari

ation in abundances, several years data from each site will be required. 

Localized variation in abundance also has important conservat ion impl icat ions. Var i 

ation among reserves in undisturbed forest has the potent ia 1 of producing quite different 

mammal communities in these reserves for some time after they are isolated. Does initial 

allotment influence events subsequent to isolation of a reserve? 

A comparison of mammal populations in reserve 1 2 0 2 between 1 9 8 2 and 1984 suggests 

that, for some species at least, initial allotment may have a relatively mi nor effect on 

subsequent isolation events, because of high turnover in the reserve. When sampled by 

Emmons in 1 9 8 2 (Lovejoy et al., 1984), Proechimys were apparently absent from reserve 

1 2 0 2 . When trapped in 1984, this reserve contained at least 1 6 individuals. Assuming a 

home range of approximately 0 . 6 ha (Guillotin, 1 9 8 2 a ) , 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 1 9 8 2 , it is very unlikely that the population sampled iη 1984 arose solety 

from reproduction within the reserve, since most animals captured were adults. Instead, 

it seems more likely that the high abundance of Proechimys in 1 2 0 2 was largely a function 

of high population levels in surrounding forest and of ease of invasion from the sur

rounding forest. Similar reasoning would probably apply for O. capito. High population 

levels of these species in isolated reserves 1 2 0 2 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 t ime in isolated reserves. 

Species with high coefficients of variation may go extinct relatively rapidly (Wright & 

Hubbel, 1 9 8 3 ) . However, Crowe)1 (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 ( 1 9 7 3 ) attributed to more frequent colo

nization, and also exhibited the greatest variation of abundance iη mainland 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-i nvas i on potent i al , d i et type may be an i mportant factor structuring 

small mammal populations in reserve 1 2 0 2 . High capture rates of M. cinerea on the ground 

in this reserve did not appear to be solely a function of greater abundances in the re 

serve, since arboreal trapping in 1 2 0 2 and the non-isolated 1 2 0 5 indicated approximately 

equal numbers of this species in the canopy (unpubl. data). Instead, high capture rates 

on the ground in 1 2 0 2 suggested a behavioral shift; of the 16 individual s captured in the 

canopy in 1 2 0 2 , 1 2 were captured on the ground, whereas of the 13 individuals captured 

in I 2 0 5 , only one was captured on the ground. Parallel resul ts have been obtained for birds 



in the MCSE reserves. Hist nets set close to the ground in isolated reserves catch more 
mid-storey bird species than nets in non-isolated reserves (B i erregaa.rd , pers. corm.). 
One possible explanation of the increased abundance of M. cinerea on the ground in re
serve 1202 is an increased proportion of insects in its diet. A number of factors suggest 
this hypothesis: the tendency of scansorial mamials to be more omnivorous than rare ar
boreal forms {Fleming, 1975), the correlation between larger home range size and greater 
insectivory among mammal tan 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 (unpubi, 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 (unpubi, data). R. 
nastacalis appears to be more characteristic of second growth than primary forest (Hand 
ley, I 9 7 6 ) , 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 tronical 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 inte£ 
actions among species, It seems likely that much of this variation will remain unex
plained. In addition to their importance for conservation, studies of tropical forest 
fragmentation have potential for obtaining insight into the biology of tropica1 species, 
and factors structuring tropical mao'mal communities. 
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RESUMO 

Ai abundãncÁM) de. pz.qu.tnoi> n-amZ^tAci, ÍSMe-A-tte* fa iam ZAtòmdaA em <xtÁtAoai> de &io 

teita ρΛΑηίΟΑΑΛ de 10 e. 100 ha, ΙλυίαάαΛ t nao - ti o tadai,, pz/Uo de i-ianaui,, AM, enVit Outu 

bto de t ίλαΛς.0 dt 19&4. 0 padrão dz abundância de ptqutnoi 'raiiil^eAoi mura. itAtAva 

dt 10 ha, íàoiada há tAtò anoi,, fad idgiit^icandejmiite difaAcnte do padnão em oiUnai, ne-

òtAvai, pAÍi\tÃpalmntt devido ãi tax.ai> de captuna ΪΤ,ΟΑ,ΟΑΖΛ dz Mcuwoia tÁntAta, Khipidomyi 

http://pz.qu.tnoi


maòtacatU, e Onyzomy& paulcola. na tiaboAva imolada. Vt^zfiznçaò dieXÕLÍe.06 e de potzn-

cÁat do, K<i-tn\}at>ao òao AugeJitdaò como faxctotiat, impoKtantvA na çj>tAutuHJxcão de comunÃAa-

dzÁ de pzquznot, mamí&eAoò em ̂ nagmantoò ^loh.ZÁtatò. A va/Uação nntAz a& outh.aò tizonhvoj, 

^ot atMAbulda pfUmahlamtnto. a variação nab abundânctaí, de Vfio<LchÃjny& e Ofiyzomyt, captto. 

VnJio mznoò uma pasvte deAta variação £ot atribuída a t^QÁtoi, tomposiaíò. No entanto, OÍ> 

dadoò tombem 6u.goAm c^cttoò de tocaLidadi dai Η.2Α0Λ\>ΟΑ. Pe.qucnoò mamZ{,eAoò ^otam mot

to matA abundantci no p-teóettte estudo que. em 19&2. 
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F i g - 1 . Plot of canonical variables one and two from a canonical analysis discriminating 
among reserves. Points represent means from the three to eight traplines in each 
reserve. Symbol features represent reserve features (small square = lOha, large 
square = lOOha, 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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F i g . 2 . Sexual condition (A), mean average distance between successive captures (Β) , and 
mean head plus body length (C) and body weight (D) of three rodent species 
captured in 10 primary forest reserves. Order of reserves on the horizontal 
axis is by date trapped. Verticle bars represent plus or minus one SEM. Numbers 
above standard error bars are sample sizes. 



Table 1. Mean (± SEM) number of individuals per trapline (15 trap stations set for nine nights), number of traplines, number 
of hectares, date isolated, and date traps first set in 10 primary forest reserves near Manaus, Brazil. 

3304 3209 301 1205 2 3 0 3 202 1 3 0 2 1 2 0 8 1207 1204 

Proechimys spp. 2.25+0.52 1.67±1 .20 2 , . 8 8 ± 0 . 43 5 . 6 7 + 0 . 3 3 4 .13*0 . .94 5 . 3 3 ± 0 . 6 7 2 . 6 3 * 0 . 26 1 .67 * 0 . 88 1 .67+1 .20 2 .00*0.00 

Oryzomys capito 1 . 6 3 ± 0 . 7 5 1.33±0.33 2 , , 2 5 ± 0 . 1 . 3 3 ± 0 . 88 4 . 1 3 * 0 .43 5 . 6 7 ± 1 . 3 3 0 . 3 3 * 0 . 3 3 4 .67+0.88 0 .33*0.33 
0. macconnel1i 1 . 2 5 + 0 . 4 3 3 . 3 3 + 1 . 3 3 2 , .75+0. •'43 2 . 0 0 ± 0 . 58 1 . 1 3 ± 0 .43 1 .13 * 0 . 61 2 -33 *0 . 88 0 . 67*0 . 33 0 .67*0.33 

0. pari col a 0 . 6 7 * 0 . 3 3 

0. bicolor 0 . 3 3 + 0 .33 0 . 1 3 ± 0 . 1 3 

Rhipidomys mastacalis 1 . 6 7 + 1 . . 2 0 

Marmosa cinerea 0 . 2 5 ± 0 . 1 4 0 .13+0. 1 3 0 . 3 3 + 0 . 33 0 . 2 5 ± 0 . .14 4 .67*0 .88 0 . 1 3 * 0 . 1 3 0 .33±0. 33 0 . 3 3 * 0 . 3 3 

M. murina 0 .33+0. 33 

M. parvidens 1 . 0 0±1 . 0 0 0. . 5 0 ± 0 . 2 0 0 .25+0. .14 1 . 3 3 * 0 .88 1 . 2 5 ± 0 . 31 0 .67±0. 3 3 0 . 3 3 * 0 . 3 3 0 . 3 3 + 0 . 3 3 

Metachirus nudicaudatus 0 . 2 5 ± 0.14 0 . 6 7 ± 0 . 3 3 0 . 2 5 + 0 . 14 1 . 0 0 ± 0 . 58 1 . 3 3 + 1 . 3 3 0 .75±0. 31 0 .67*0.67 0 .67+033 

Oidelphis marsupialis 0 . 3 8 ± 0.24 0 . 3 3 + 0 . 3 3 1 , , 0 0 ± 0 , 41 0 . 3 3 + 0 . 33 1 .25*0 . Μ 0 .67*0. .33 0 . 3 8 ± 0 . 26 1 .00±1 . 00 1 . 0 0 + 0 . 5 8 

Monodelphis brevicaudata 0 . 3 8 + 0.13 0 . 6 3 + 0 . 4 7 0 . 3 8 ± 0 , .13 1 . 0 0 ± 0 .00 0 . 3 8 ± 0 . 18 0 . 3 3 * 0 . 3 3 

Caluromys philander 0 . 1 3 * 0 . .13 

Number of t rapli nes 4 a 3 4 a 3 4 a 3 8 3 3 3 

Reserve size (ha) 1 0 0 1 0 1 0 0 !Q 1 0 0 10 100 10 ! 0 10 

Date isolated Aug I 9 8 3 Aug I 9 8 3 Aug I98O Aug I 9 8 3 

Date t raps first set 7 Oct I 9 8 3 20 Oct 3 Nov 17 Nov c ; Jan 1984 18 Jan 23 Feb 1 1 Mar 1 1 Mar 2 5 Mar 

a 
Traplines consisted of 30 trap stations set for nine nights, hence prior to calculating means, the number of individuals 
per trapline was halved. 



Table 2 , Pairwise F_ statistics (d_f = 1 3 , 16) comparing reserves in discriminant space. 
See text for detalis. 

R E S E R V E 

Reserve 3304 3209 I 3 0 I 1205 2303 1202 1302 1203 1207 

3209 0.6 

1301 0 .5 0.8 

1205 1 .0 1.3 0.9 

2303 2. 1 3.1 3 1 .2 I .5 
1202 28.5 b 25.7 b 25.9 b 22.9 b 2 5 . 6 b 

1302 0.9 0.7 1 .9 2 .1 5.2 b 3 8 . 7 b 

1208 0.8 1 .1 1 .1 1 . 6 2.8 a 2 5 . 6 b ! . 5 

1207 ! .3 1 .5 1 .0 2.0 1 .4 23.7 b 3.5 a 2.3 
1204 0.3 0 .6 1 .2 1 .4 ,3.3 a 2 6 . 3 b 0.3 0.9 2 . 1 

a Ρ < 0 . 0 5 
b p < 0 . 0 1 

Table 3. Number of sightings per hour of night census and census effort in isolated and 
non-isolated reserves. 

Isolated reserves Non-isolated reserves 
All non isolated 

33'J4 3209 1202 1401 13QI 1 302 12Π4 1105 2 3 0 3 2206 reserve: 

Oryzomys 0 .14 0 .73 0 0 . 5 9 0 . 09 

Proechimys 0 .35 0.37 2 .17 1 ,82 0.12 ι . 23 0.32 
Myoprocta 0 ,28 0 . 73 0.25 0 .38 0.14 

Agou t i 0 ,21 0 . 56 0 Μ 3.14 

Marmosa 0 .14 3.37 0 .38 0,05 
Metachi rus 0, .07 0 .73 0 .38 0.05 
D Ide)phis 0. ,14 

Potos 0, 07 
Dasypus 0.4g 0.18 

Hazama 3, 14 

Un i dent i f i ed :, .21 0 . 37 1 Μ 0.28 O . 2 5 3, .33 O . 62 0 . 5 9 0 Μ 0 . 2 7 

Number of census 
nights { ! 2 2 1 5 I 1 1 12 

Total survey 

time (h) 14, 2 2.7 1 , 4 3 . 6 2 ,2 8 . 1 2. 6 1 .6 1.7 2, 2 21 . 9 



Table Ί. 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 1nd i ν i dua1s per hour of night census 

Present study 3 Emmons (1984) Present study 9 Emmons (1984) 

Oryzomys 1.54 b 0 . 0 6 b 0. 12 0 . 0 2 

Proech imys 2 . 2 1 0.60 0 . 40 0.14 
Myoprocta 0 . 2.0 c 

η ,c . 
Agout i 0 . 15 0 . 0 6 

Marmosa 0 . 10 0.03 
Metachi rus 0.34 0.03 0 . 07 0 . 0 3 

Oidelphis 0 . 5 0 0 . 1 2 0 . 05 0 . 0 0 

Potos 0 . 02 0 . 0 3 

Dasypus 0 . 10 0.09 
Mazama 0 . 05 0.05 
Uni dent i fied 0 . 30 0.03 

Total 4.59 0.81 1 . 37 0.48 
Sample effort 6750 d 3^34 40. 3 C 66 

All reserves combined. 
Oryzomys capito only, 
n.c. = not calculated. 

Station-nights (present study) or trap-nights (Emmons 1984). 
Hours of night census. 
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