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ABS'l"RAC'l" 

The natural history, population dynamics, and community 

ecology of five small mammals from tropical deciduous and 

semideciduous (arroyo) forests were studied in western 

Mexico. I evaluated the influence of habitat. het.erogeneity 

and productivity on species diversity, population dynamics, 

and patterns of resource utilization. I expected higher 

biomass and species diversity and denser populations in the 

more complex and productive arroyo forest than in the 

deciduous forest. Species diversity was higher in the 

arroyo forest but total biomass, population density and 

fluctuations were very similar in both forests, despite 

strong differences in habitat heterogeneity and 

productivity. Reproduction of all species was associated 

to seasonality in food availability. Populations of all the 

species had qualitatively similar temporal patterns of 

reproduction and population fluctuations because they used 

similar food resources. Peaks in reproduction and 

population densities coincided with peaks in food 

production, suggesting that food availability is a limiting 

factor. Species differed in variables affecting resource 

utilization such as body mass, diet, and habitat selection. 

Results indicate that foodresource partitioning and macro 

and microhabitat preferences permit coexistence. This study 

suggests that habitat heterogeneity and productivity have a 

profound influence in population and community ecology of 

small mammals in the Neotropics. 
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CIIAPl'ER 1 

COMPARATIVE NATURAL HISTORY OF SMALL MAMMALS FROM TROPICAL 

DECIDUOUS AND ARROYO FORESTS IN WESTERN MEXICO 

In recent years, the natural history, population 

dynamics, and community ecology of small mammals in the 

Neotropics have received increasing attention from 

researchers and conservationists. Neotropical forests are 

among the most diverse ecosystems. These biologically 

little known forests are, unfortunately, disappearing at 

high rates (e.g., Mares, 1986; Wilson, 1988). The tropical 

dry deciduous forest (deciduous forest hereafter), found 

along the Pacific Coast of North America from Mexico to 

Panama (Rzedowski, 1978; Janzen, 1988), has been highly 

fragmented and disturbed (Janzen, 1988). 

Compared to the faunas of temperate and other tropical 

regions, deciduous forest mammalian faunas are diverse, 

unique, and exhibit high endemism (Baker, 1968; Ceballos and 

Navarro, in press). They are second only to mammalian 

faunas of moister forests (Janzen and Wilson, 1983; Ceballos 

and Miranda, 1981). The small non-flying mammalian faunas 

of deciduous forests comprise up to fourteen species, 

including one to four marsupials, one heteromyid, and 

several cricetids (Fleming, 1974; Genoways and Jones, 1972; 

Janzen and Wilson, 1983; Ceballos and Miranda, 1987). 
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Neotropical marsupials are generalists, with 

opportunistic diets and high metabolic rates (Eisenberg, 

1981; Nowak and Paradiso, 1983). Most species have arboreal 

specializations, most notably prehensile tail. Marsupials 

often attain high population densities and can have a 

profound impact in their habitat (Eisenberg, 1981). 

The diversity of heteromyids is highest in arid and 

semiarid regions of North America. Usually they are the 

numerically dominant small mammals in those regions. All 

species have adaptations in morphology (e.g., cheek 

pouches), physiology (e.g., production of metabolic water), 

and behavior (e.g., hoarding) that allow them to survive and 

reproduce in harsh environments (Eisenberg, 1981; Brown and 

Harney, in press). There are two genera of tropical 

heteromyid rodents, mainly found in deciduous and thorn 

forests (genus Liomys) and in rainforests (genus Heteromys), 

where they often are quite abundant. The tropical species, 

including Liomys pictus, have specializations similar to 

species living in arid and semiarid regions (Eisenberg, 

1963; Fleming, 1974; Hudson and Rummel, 1966; Janzen, 

1986). 

The cricetids are the most diverse group of rodents in 

North America (Hall, 1981). In the Neotropics they are 

found in a wide variety of habitats, including forests, 

scrubs, grasslands, and disturbed vegetation. Their 
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morphology is relatively unspecialized, but they are very 

diverse ecologically and behaviorally (Nowak and Paradiso, 

1983). They are terrestrial, semiarboreal, or arboreal, and 

although the diet of most species is opportunistic, there 

are omnivorous, granivorous, insectivorous, and folivorcus 

species (Eisenberg, 1981; Nowak and Paradiso, 1983). 

The ecology of small mammals of the deciduous forest is 

poorly known. Studies of spiny pocket mice (genus Liomys) 

and other heteromyid and cricetid rodents in Costa Rica and 

Panama suggest, however, that these animals playa key role 

as seed predators and as prey of vertebrate predators in 

these ecosystems (Fleming, 1974; Janzen, 1983). In order to 

understand the role of small mammals on the dynamics of the 

deciduous forest, and the implications of such interactions 

for the long-term conservation of this ecosystem, it is 

essential to carry out long term studies of their population 

and community ecology. 

This study was designed to gain a better understanding 

of the effects of habitat structure and seasonality (i.e., 

habitat heterogeneity) on the population and community 

ecology of small mammals inhabiting tropical deciduous and 

semideciduous (arroyo hereafter) forests in western Mexico. 

Detailed information about the population and community 

ecology of these mammals is presented in chapters 2 and 3, 

respectively. This chapter summarizes and compares the 

natural history of 14 species. 
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METHODS 

study Site 

The study was conducted in western Mexico (Fig. 1). 

Most observations were made at the Estacion de Biologia 

Chamela (Chamela hereafter), National University of Mexico, 

but additional less intensive trapping was conducted in 

other nearby habitats not represented at the station. The 

1,600 ha station (19 0 30' N, 1050 03' W) is located in the 

state of Jalisco, about 5 kIn SE of the village of Chamela, 

or 125 km NW of Manzanillo. Elevation ranges from 20 to 

500 m, and topography consists primarily of low hills 

dissected by temporary watercourses. Small alluvial plains 

in the vicinity are mostly occupied by agricultural fields 

(Ceballos and Miranda, 1987). 

The climate is characterized by its dry-wet seasonality 

(Fig. 2). Average monthly temperature is 24.90 C, with 

little variance in monthly mean maxima (29 to 32 0 C), but 

with significant seasonal changes in minima (14.8 to 22.9 0 

C; Bullock, 1987). Mean precipitation is 748 rom/year, with 

80% occurring from July to october (Bullock, 1987). 

Tropical deciduous forest (Rzedowski, 1978) dominates 

the hillsides and arroyo forest along the watercourses. 

Nearby vegetation types not represented on the station are 

grassland (pasture), thorn forest, mangrove, palm forest, 

riparian forest, and perennial and annual crops. Deciduous 



Figure 1. Map of the location of the Chamela biological 

station in Jalisco, Mexico. 
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forest covers most of the area of the Chamela station. Its 

phenology changes extensively between the dry and rainy 

seasons. Most (95%) of its plants are completely leafless 

during the dry season, when fruiting occurs in many species. 

other physiognomic characteristics of this vegetation are 

the height of the tree species, from 4 to 10 m, and the high 

density of plants, including vines (Lott et al., 1987). The 

most abundant tree species are croton pseudoniveus, 

Heliocarpus pallidus, Lonchocarpus constrictus, Cordia 

allidora, Cordia eleagnoides, Caesalpinia eriostachys, and 

Trichilia trifolia; less abundant but notable plants include 

arborescent cacti and epiphytic bromeliads (Lott, 1986; Lott 

et al., 1987). 

Arroyo forest is found in the proximity of seasonal 

streams, where it usually forms a strip 50-300 m wide. This 

forest is characterized by two well defined tree strata (one 

up to 15 m, and the other up to 25 m), and by its phenology, 

with only 50-75% of the canopy trees partially leafless 

during the dry season (Lott et al., 1987). Most trees 

flower in this season (S. H. Bullock, pers. comm.). Another 

important physiognomic characteristic of this forest is the 

high abundance of woody vines. Dominant trees are 

Thouinidium decandrum, Trichilia trifolia, Recchia mexicana, 

Ficus spp, Forsteronia spicata, capparis verrucosa, and 

Pauilinia sessiflora; less abundant but notable trees are 
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Brosimun alicastrum, Tabebuia donnell-smithii, and Tabebuia 

rosea (Lott, 1986: Lott et al., 1987). 

Thorn forest is found in disturbed sites and rocky 

areas close to the sea. It is characterized by the 

extremely high density of plants, with an average 5 m 

height. The majority of the species are leafless during the 

dry season. cacti and many species of. the deciduous forest 

are important components of this community; however, they 

show a tendency to be dwarfed. Dominant species are Acacia 

hindsii, prosopis juliflora, Mimosa spp, and less frequently 

Opuntia excelsa. 

Riparian forest is an evergreen vegetation typical of 

the banks of rivers and permanent streams. Trees up to 20 m 

and a dense understory are characteristic of this 

vegetation. Important species are Salix chilensis, 

Astianthus viminalis, Ficus spp, Tacebuia donnell-smithii, 

and Ceiba pentandra (Ceballos and Mi~:anda, 1987). 

Mangroves are found in the estuaries and their 

distribution is very limited in the region. Estuary soils 

have deficient drainage and high salt concentrations; they 

are usually flooded by sea water at high tide. 

Floristically estuaries are very uniform, with two tree 

species, Rhizophora mangle and Conocarpus erecta, comprising 

the dominant plants. Mangrove trees are up to 12 m in 

height, with an understory comprised exclusively of 

seedlings of both species. In some areas seasonally flooded 



Figure 2. Climate of Chamela, Jalisco, Mexico (Modified 

from Bullock, 1987). 
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by fresh water (e.g. during the rainy season) the poisonous 

Itmanzanilla lt tree (Hippomane sp) forms almost pure stands. 

Palm forests are found on soils with poor drainage, in 

the proximity of rivers and streams, usually associated with 

riparian and arroyo forests. Native coquito palms (Orbygnia 

cohune) are common in undisturbed areas, but they have been 

extensively replaced by coconut palms (Cocos nucifera). 

Coquito palms grow 20 m height in average, forming dense 

stands with a well-developed understory, intermingled with 

many tree species such as Brosimum alicastrum, Bursera 

simaruba, and Tabebuia donnell-smithii. 

Extensive areas in the region have been deforested for 

agriculture and cattle grazing. Although there are very few 

areas with native grasslands, pastures are promoted in the 

hills to support cattle. Perennial crops such as banana, 

mango, tamarind, and papaya plantations are common in the 

proximity of the rivers. The understory is very sparse in 

most perennial crops, but some such as banana plantations 

have a rich and complex understory, supporting a wide 

variety of mammals. Annual crops include corn, legumes, and 

many types of commercial fruits and vegetables. 

In Chamela there are 67 species of wild mammals, 

including 2 marsupials, 33 bats, 13 rodents, 1 armadillo, 1 

lagomorph, 15 carnivores, and 2 artiodactyls (Ceballos and 

Miranda, 1987). 



21 

Data Co11ection 

The observations reported here were obtained in Chamela 

between April 1986 and June 1987. Small mammals were live

trapped in 0.5 ha plots using 64 Sherman traps (23 X 8 X 9 

cm) in an 8 X 8 grid arrangement (Fig. 3). Arboreal species 

were sampled by placing an additional 16 to 18 Sherman traps 

on wood platforms in the trees, most of them at heights from 

1 to 2 m, but few up to 3 m height. Deciduous and arroyo 

forests were trapped every lunar month during new moon. 

other habitats were trapped only two times but using similar 

methods, and information about the occurrence of species in 

those habitats was complemented with the data provided by 

Ceballos and Miranda (1987). Traps were baited with a 

mixture of rolled oats, peanut butter, and vanilla extract. 

Some individuals were kept in plastic cages in the 

laboratory to study diet and reproduction. 

Standard data were recorded for each individual 

captured: external measurements (i.e., length of hind foot 

in rom, and weight in g), sex, and reproductive condition 

(i.e., for females, non-reproductive, pregnant by presence 

of palpable embryos, or lactating; for males, non

reproductive or with scrotal testes). 

Other information such as type and position of nests 

and presence ectoparasites was recorded whenever possible. 

In the laboratory standard measurements (i.e., total length, 



Figure 3. Location of the study plots in the arroyo and 

deciduous forest of Chamela. The shaded area 

represents the deciduous forest and the clear area 

represents the arroyo forest. Scale bar at the 

upper right of the graph represents 150 m. Plots 

are represented as the small squares. 
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length of tail, length of hind foot, length of ear from 

notch all in rom, and weight in grams) of neonates were made 

every two or three days during the first two weeks, and 

thereafter every five days. Detailed information about the 

type (e.g., animal vs. plant material) and quantity of the 

diet was gathered from a few individuals in the laboratory, 

by recording the acceptability of different food items. 

Densities were calculated by using the Direct 

Enumeration Method (see Chapter 2) to calculate the minimum 

number of individuals known to be alive (Krebs, 1966). 

RESULTS 

Species Composition 

Eleven species of small mammals were captured (Table 

1). One additional species, sciurus colliaei, was seen 

only, and two other species, Hodomys alIeni and Pappogeomys 

bulleri, previously recorded in the area (Ceballos and 

Miranda, 1987) were not found. These 14 species belong to 2 

orders, 6 families, and 13 genera. Two genera (14%) and 

eight species (55%) are endemic to Mexico. Body masses in 

all but one of the species, were less than 200 g, ranging 

from the 9 g pygmy mouse (Baiomys musculus) to the 500 g 

tree squirrel (~. colliaei; Table 1). 

Vegetation was categorized into dry and moist habitats. 

The number of species per habitat varied from 3 to 10. More 

open and drier habitats (e.g., drier thorn forest and 
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Tab1e 1. List of small mammals from Chamela, Jalisco, 

including their body mass (in g), endemicity, diet, and site 

of activity. Diet: GR= granivorous, FG= frugivorous, HE= 

herbivorous/insectivorous, and IN= Insectivorous. Site of 

Activity: TE=terrestrial, SA= Semiarboreal, AR= Arboreal, 

and FO= Fossorial. 

SPECIES 

Fam. Didelphidae 

Marmosa 
canescens 

Fam. Geomyidae 

Pappogeomys 
bulleri 

Fam. Sciuridae 

sciurus 
colliaei 

Fam. Heteromyidae 

Liomys 
pictus 

Fam. Cricetidae 

Baiomys 
musculus 

Hodomys 
alIeni 

Nyctomys 
sumichrasti 

Oryzomys 
couesi 

BODY MASS ENDEMICITY 

50 EN 

150 EN 

498 EN 

46 EN 

9 

220 EN 

50 

80 

DIET ACTIVITY 

IN SA 

HE FO 

FR AR 

GR TE 

HE TE 

HE TE 

HE AR 

HE TE 
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Table 1.-- (continuation) 

SPECIES BODY MASS ENDEMICITY DIET ACTIVITY 

Oryzomys 35 HE TE 
melanotis 

Peromyscus 38 EN GR SA 
banderanus 

Peromyscus 37 EN GR SA 
perfulvus 

Reithrodontomys 18 EN GR SA 
fulvescens 

Sigmodon 100 EN HE TE 
mascotensis 

Xenomys 113 EN HE SA 
nelsoni 
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flooded mangroves) supported fewer species (3 species; Table 

2). Moister habitats, such as arroyo forest, had higher 

species richness (10 species). The most abundant species 

was the spiny pocket mouse (Liomys pictus). with the 

exception of mangrove and banana plantations it was 

collected in all habitats (Table 2). It was the only 

species common in the deciduous forest of Chamela. In 

addition to Liomys, the marsh mouse (Peromyscus perfulvus 

and the Michoacan deer mouse (peromyscus banderanus) were 

common in the arroyo forests. The black-eared rice rat 

(Oryzomys melanotis) and the rice rat (Oryzomys couesi) were 

the only species found in mangrove and manzanilla (Hippcmane 

sp) forests, where they attained high densities. Both 

species of Oryzomys are restricted to humid habitats, 

perhaps because of their strong dependence on free drinking 

water (Wolfe, 1982). Their swimming and climbing abilities 

allow them to survive in seasonally flooded habitats during 

the rainy season (Wolfe, 1982). 

The Jaliscan cotton rat (Siqrnodon mascotensis) was 

captured sporadically (2 specimens) in the deciduous forest, 

but it was common in corn fields and pastures. Some species 

were restricted to only one or two habitats; for example, 

the pygmy mouse (Baiomys) was captured only in the banana 

plantations and the vesper rat (Nyctomys sumichrasti) was 

trapped only in arroyo forest. Three arboreal species 
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Table 2. Distribution of small mammals in natural and 

disturbed habitats in Chamela, Jalisco. HABITATS: TF= 

thorn forest, DF= deciduous forest, AF= arroyo forest, RP= 

riparian forest, PF= palm forest, GS= grassland (pasture), 

MG= Mangrove, PC= perennial crops, and AC= annual crops. X= 

present, -= absent. 

SPECIES 

Marmosa 
canescens 

sciurus 
colliaei 

Liomys 
pictus 

Baiomys 
taylori 

Nyctomys 
sumichrasti 

Oryzomys 
couesi 

Oryzomys 
melanotis 

Peromyscus 
banderanus 

Peromyscus 
perfulvus 

Reithrodontomys 
fulvescens 

Sigmodon 
mascotensi~ 

Xenomys 
nelsoni 

HABITAT 
TF DF AF RF PF GS MG PC AC 

x X X X X X X 

X X X X X X 

X X X X X X X X 

X 

X ? 

X X X X 

X X X X X X 

X X 

X X X X X X 

X X 

X X X X 

X X ? 
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(sciurus colliaei, Xenomys and Nyctomys) and three 

semiarboreal ones (Reithrodontomys fulvescens, ~. 

banderanus, and P. perfulvus) are restricted to habitats 

with well developed tree strata. with the exception of 

Nyctomys, which was restricted to moist habitats, these 

species moved sporadically into the deciduous forest during 

the rainy season. 

All species except Sigmodon and Sciurus were 

nocturnal, ~nd most (71%) were herbivorous (Table 2). Most 

(80%) were terrestrial or semiarboreal, two were strictly 

arboreal, and one was fossorial. with the exception of R. 

banderanus, the arboreal and semiarboreal nocturnal species 

show a pronounced similarity in their coloration, pale 

orange above and paler below, regardless of their taxonomic 

affinities. This coloration may be a convergent adaptation 

that renders them less conspicuous when climbing in the 

vegetation at low light intensities. 

Species Accounts 

Biological information on habitat, activity, and diets 

is summarized in Tables 1 and 2. In addition, Table 4 

compares the reproduction and life-history of those species 

for which the relevant information is available. 

Marmosa canescens 

The grayish mouse opposum is endemic to Mexico (Hall, 

1981). It is solitary, semiarboreal (55% were captured on 
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the ground), and present in all forest habitats (Table 2). 

Nests (N= 15), made of dry leaves and lined with grasses and 

plant fibers, were found in hollows in trees and shrubs, 

such as Caesalpinia eriostachys, Jacguinia pungens, 

opuntia excelsa, and prosopis juliflora, at heights from 70 

to 500 em; only one was found on the ground (under a pile of 

brush). In the deciduous forest 10 nests were found in 

abandoned nests of the white-bellied wren (Uropsila 

leucogastra: Marquez, 1987). Estimated densities in the 

arroyo and deciduous forest ranged in time from 0.4 to 4.5 

ind/ha. Average distance between successive captures was 

35.2 m (N= 8); the longest distance was 72 m. 

Reproduction occurred most of the year. Females with 

young were found from July to September, and males with 

scrotal testes from January to August. Juveniles were 

collected in February, March, April, June, and July. The 

average number of offspring carried by three females found 

in the deciduous forest was 11.8, range 8-14. Dispersal 

from the nest occurred when the juveniles had a mass of 

about 20 g; an individual caught in the deciduous forest 

increased 0.22 g/day in body mass in 66 days, from 20 to 

35 g. 

Feces contained insect remains. Marquez (1987) 

reported that several nests of the white-bellied wren were 

preyed upon by this species. In the laboratory, individuals 
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survived well on a diet of insects, usually rejecting fruits 

and seeds. Food items included moths (Lepidoptera), 

scarabiid, bruchid and cerambycid beetles (Coleoptera), 

cockroaches and preying mantises (Orthoptera), bugs 
• 

(Hemiptera), and geckos (squamata:Reptilia). 

Pappogeomys bu11eri 

This pocket gopher is endemic to western Mexico (Hall, 

1981). It has been collected in alluvial plains in 

Tenacatita, approximately 50 km south of Chamela, but there 

are no definitive reports of the species in the station 

(Ceballos and Miranda, 1987). Several mounds that were 

likely produced by this species were located in the 

northwestern corner of the station in an arroyo forest. The 

absence of the pocket gophers from most of Chamela may be 

attributed to the lack of suitable soils. 

Sciurus colliaei 

This endemic Mexican squirrel is common in thick 

forests along the Pacific coast from Guerrero to Sinaloa 

(Hall, 1981). In Chamela it was never trapped in the 

Sherman traps. It was found in most forest habitats 

including perennial crops (Table 2), but seemed to be more 

abundant in native palm (Orbygnia cohune) and arroyo 

forests. 

While largely arboreal, on four occasions squirrels 

were seen on the ground. They were active mostly at early 
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morning and sunset, remaining active throughout the day when 

overcast. Breeding occurred in March and April; several 

very young individuals were captured by locals in April. 

Nests (N= 10) were either drays in trees constructed of 

sticks and leaves or cavities located in old termite nests 

or trunks. Individuals were seen eating or carrying fruits 

or nuts of Spondias purpurea, orbygnia cohune, and Cocos 

nucifera. 

Liomys pictus 

The spiny pocket mouse, an endemic species of western 

Mexico (Hall, 1981), is abundant in deciduous and arroyo 

forests, scrubs, and crops. It is able to survive in the 

deciduous forest through the dry season because it has a 

granivorous diet, cheek pouches to carry seeds, a seed 

hoarding behavior, and an ability to survive for weeks on a 

diet of dry seeds. Density in the deciduous forest ranged 

through time from 2 to 71 ind/ha, and in the arroyo forest 

from 2 to 49 ind/ha. Most (95% of 324 individuals) small 

mammals captured in the deciduous forest were spiny pocket 

mice. It was strictly terrestrial and nests (N= 30) were 

underground. The average distance between successive 

captures of marked individuals was 10 m, and the longest 

movement recorded was 800 m (see Chapter 2). 

Sex ratio was effectively 1:1 (N= 592, x2= 0.6756, NS). 

Reproduction occurred throughout the year. Average size of 
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three litters born in captivity was 3.5, with a range of 3 

to 5. The pattern of post-natal development of five 

individuals was as follows: newborn young were pink, 

hairless, blind, and had a mass of 2 g; during the first 38 

days their total length and mass increased 3.94 rom/day and 

0.559 gjday respectively; weaning occurred at 23 days of age 

(Fig. 6). 

The diet consists of seeds, and the cheek pouches 

contents yielded 1,217 seeds, representing 24 families and 46 

species of native plants. The mean number of seeds per 

plant was 16. Seed size (greatest length) varied from 1 to 

18 rom (Fig. 4). The number of seeds in the cheek pouches 

ranged from 1 to 87, with an average of 5.7. 

The highest number of seeds and species of plants in 

the pouches was found during the dry season from January to 

June (Fig. 5). At the beginning of the rainy season, from 

July to September, the number of seeds decreased to zero, 

increasing again from October to December. This trend 

probably reflects both the availability of seeds and the 

food preferences of Liomys in Chamela, and suggest that the 

availability of seeds did increase at the end of the rainy 

season. A similar pattern is shown by the production of 

litter mass (Fig. 7). 

The plant families most frequently represented by seeds 

in the pouches were Leguminosae, Euphorbiaceae, and 



Figure 4. Number of seeds (a) and number of seeds/species 

of plant (b) found in the cheek pouches of Liomys 

pictus in Chamela. 
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Figure 5. Monthly (a) and seasonal (b) variation in the 

number of seeds found in the cheek pouches of 

Liomys pictus in Chamela. 
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Convolvulaceae (Table 3). Most plant species were 

represented by few seeds (Fig. 5). The most abundant seeds 

were Phaseolus microcarpus (vine; 243 seeds, 21%), 

Cyclanthera multifoliolata (vine; 237 seeds, 20.5%), Ipomoea 

spp (vines; 353 seeds, 30.6 %), and Recchia mexicana (tree; 

42 seeds, 3.6%). It is interesting to note that several of 

the species found in the pouches (e.g., Caesalpinia 

eriostachys) are known to contain toxic compounds (Janzen, 

1981), and were rejected in feeding trials in the 

laboratory. When the animals were given only these seeds to 

eat, they lost weight in mass and died in 3 to 5 days. 

Liomys was an important seed predator that had a 

strong impact in the survival of plants with fruits and 

seeds much larger than the ones found in its cheek pouches. 

In a sample of hard-shelled fruits (mass up to 300 g) from 

two Cresentia alata trees, 100 (75 %) were opened and their 

seeds removed by spiny pocket mice. 

On seven occasions small phoretic moths (Psilopsaltis) 

were found riding on the dorsum of spiny pocket mice 

collected in the deciduous forest. Usually one moth was on 

each mouse, except on two occasions, when two moths were in 

the same animal. Females of ~. santarosae are phoretic on 

Liomys salvini in costa Rica (Davis et al., 1986). 
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Baiomys :mJScu1us 

The pygmy mouse is the smallest species in the area, 

weighing about 9 g. It was collected only in banana 

plantations (Table 2). Banana plantations were very humid, 

with a well developed understory. In other regions these 

mice are found mainly in grassy areas with dense brush and 

shrub cover (Packard and Montgomery, 1978) 0 

Pygmy mice are terrestrial, and their activity is 

mainly diurnal and crepuscular (Packard and Montgomery, 

1978). Their diet is primarily vegetarian. In the 

laboratory they fed on oats, watermelon, melon, mango, 

banana, spondias purpurea, and Cresentia alata; they 

rejected seeds of Caesalpinia eriostachys and other legumes. 

No reproductive information was obtained, but Packard (1960) 

suggested that reproduction occurs throughout the year, with 

the number of embryos and litter size of 26 females ranging 

from 1 to 4 with a mean of 2.92. 

Hodomys a11eni 

The taxonomic position of the genus Hodomys is 

debatable; some authors (e.g, Genoways and Birney, 1974) 

regard this taxon as a subgenus of Neotoma, while others 

(e.g. Carleton, 1980) have given it generic rank. This 

endemic woodrat is abundant in some thorn and deciduous 

forests of western Mexico. In Chamela, however, few 

specimens have been collected, and none were seen or 
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Table 3. Species of plants and number of seeds found 

in the cheek pouches of Liomys pictus in the deciduous and 

arroyo forests of Chamela from May 1986 to June 1987. 

Plants marked with an asterisk were recorded by Perez 

(1978); the number of seeds reported in that study is 

underlined. If the species was also recorded in my study 

the number of seeds recorded by Perez (1978) is mentioned in 

parenthesis. The number of species in each family is given 

in parenthesis after the family name. 

SPECIES NUMBER OF SEEDS 

1) Family Acanthaceae (22) 

Dicliptera resupinata 
Ruellia sp 

2) Family Anacardiaceae (3) 

Comocladia engleriana 
Spondias purpurea 

3) Familia Bignoniacea (16) 

4) 

5) 

6) 

Crescentia alata 
Tabebuia rosea 

Family Bombacaceae 

Ceiba aescucifolia 

Family Boraginaceae 

Cordia alliodora 
Cordia dentata 
Cordia elaeagnoides 

(3) 

(17) 

Family Capparidaceae (11) 

Crataeva tapia 

1 
8 

1 
1 (fragments) 

1 
18 

2 

23 
7 
1 (13) 

1 



Tab1e 3.--(Continuation) 

SPECIES NUMBER OF SEEDS 

7) Family Cochlospermaceae (1) 

Cochlospermum vitifolium 15 

8) Family Combretaceae (1) 

*Combretum fruticosum 

9) Family Convolvulaceae (27) 

IJ2omoea spp 
IJ2omoea nil 
IJ2omoea wolcottiana 

10) Family Cucurbitaceae (16) 

Cyclanthera multifoliolata 
Echinopepom racemosus 
Momordica charantia 

11) Family Euphorbiaceae (66) 

*Cnidoscolus sp 
Cnidoscolus spinosus 
Croton sp 
Euphorbia sp 
Jatropha dioca 
Manihot chlorosticta 

12) Family Gramineae (30) 

Genus unknown 
Lasiacis rusciflora 

13) Family Leguminosae (116) 

*Apoplanesia paniculata 
*Bahuinia pauletia 
Caesalpinia eriostachys 

*Caesalpinia sclerocarpa 
*Cassia hintonii 
Crotalaria sp 
Entadopsis J20lystachya 

*Lonchocarpus constrictus 

266 
90 

8 

237 
1 

( 11) 

5 (11) 

1. 
7 
8 
2 
2 
1 (1.) 

52 
11 

J. 
15 

8 
19 
12 

1 
3 (1.) 

34 

38 



Tab1e 3.-- (Continuation) 

SPECIES NUMBER OF SEEDS 

13) Family Leguminosae (continuation) 

Lonchocarpus lanceolatus 
Lysiloma microphylla 

*Mimosa sp 
Nissolia fruticosa 

*Phaseolus sp 
Phaseolus leptostachyus 
Phaseolus lunatus 
Phaseolus microcarpus 
Pithecellobium tortum 
Pithecellobium seleri 

*Tephrosia sp 

14) Family Malvaceae (21) 

Abutilon sp. 
*Sida sp 

15) Family Meliaceae (7) 

Trichilia trifolia 

16) Family Moraceae (8) 

Brosimum alicastrum 
Ficus sp. 

17) Family Polygonaceae (10) 

Coccoloba sp. 
Podopterus sp 
Ruprechtia pallida 

18) Family Rubiaceae (22) 

Randia sp 

19) Family Sapindaceae (11) 

1 (~) 
34 

.1. 
2 (70) 

53 
18 
18 (12) 

243 (.2) 
11 (.1.) 

1 
.1. 

13 
.4. 

19 

3 
2 (50) 

9 
1 

8 

Cardiospermum halicacabum 3 
cupariia dentata 2 
Paullinia sp 2 
Serjania brachycarpa 1 

39 



Tab1e 3.-- (Continuation) 

SPECIES NUMBER OF SEEDS 

20) Family Simaroubaceae (1) 

Recchia mexicana 

21) Family Solanaceae (10) 

Physalis leptophylla 
Solanum sp 

22) Family Theophrastaceae (1) 

Jacguinia pungens 

23) Family Tiliaceae (3) 

Heliocarpus pallidus 

41 (]J 

10 (fruits) 
.1 

1 

7 

40 
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collected in 1986-1987. For additional biological 

information see Genoways and Birney (1974) and Ceballos and 

Miranda (1987). 

Hyctomys sumichrasti 

Vesper rats had one of the most restricted distribution 

of all the small mammals in Chamela (Table 2). It is likely 

that they are also found in the riparian forest, but this 

was not verified. Nests (N= 4), constructed with leaves and 

plant fibers, were in the upper forks of trees, similar to 

those of arboreal squirrels. 

The apparent rarity of vesper rats in Chamela was 

probably an artifact, because they are almost strictly 

arboreal and forage in the upper branches of the trees where 

very few traps were set. 

heights from .7 to 7 m. 

Five individuals were caught at 

At Chamela, Collett et al. (1975) 

collected eight specimens (five males, three females) in 

trees at heights from I to 3 m, and Lopez-F. et al. (1971) 

collected a male from its nest in a tree. In Panama, 79% 

cE the vesper rats captured by Fleming (1970) were caught in 

the trees. 

Reproduction probably occurs throughout the year 

(Fleming, 1970). Gestation period is 30-31 days; average 

litter size is 2, with a range of 1-3 (Table 3; Birkenholz 

and Wirtz, 1968). In Chamela, two females each had two 

offspring. These newborn were pink, with a darker area in 
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the dorsum, hairless, and blind. They weighed approximately 

4 grams. During the first weeks they were attached 

continuously to the teats. continual attachment also occurs 

in other arboreal and semiarboreal small mammals, such as 

the Magdalena rat (Xenomys), and probably represents a 

specialization for arboreality. Eyes were opened at 18 days 

and weaning occurred at approximately 25 days. During the 

first 59 days a male increased in weight at an average rate 

of .35 g/day (Fig. 6). Adult weight was attained after 

eight weeks. Birkenholz and wirtz (1965) discussed in 

detail the post-natal development of this species. In one 

case, a female in the laboratory adopted and raised two 

orphaned Peromyscus perfulvus. 

The diet is based on fruits and seeds, and probably 

includes some leaves and insects. Goodwin (1946) mentioned 

avocados and wild figs (Ficus spp) as part of the diet. In 

Nicaragua numerous individuals were seen feeding on the 

fruit of Cordia diversifolia and Ficus sp (Genoways and 

Jones, 1972). In Chamela the fruits of Jacguinia pungens 

trees were part of the diet. captive animals thrived well 

and reproduced with a diet of oats, seeds, and fruits (e.g., 

Spondias purpurea and Cresentia alata). 

Oryzomys couesi 

The distribution of Coues' rice rats was restricted to 

moist habitats (Table 2). It was abundant in crops and 



Figure 6. Post-natal growth of Liomys pictus, Nyctomys 

sumichrasti, and Peromyscus perfulvus under 

laboratory conditions at Chamela. 
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manzanita (Bippomane) forests, where its population density 

was 20 ind/ha during the dry season of 1986. It is a 

terrestrial species, with a diet mainly based in plant 

material. In the laboratory it survived well on a diet of 

fresh vegetables with a high water content. 

Oryzomys .e1anotis 

The black-rice rat was found in moist habitats (Table 

2). Density in a manzanilla (Hippomane) forest near Chamela 

during the dry season was 20 ind/ha. Densities in arroyo 

forests ranged from 0 to 6.25 ind/ha. Three individuals 

were seen swimming across channels; they swam up to 100 cm 

underwater, across distances from 2 to 10 meters. They are 

mainly terrestrial but two individuals were caught in traps 

up to 70 cm above ground level. Average distance between 

successive captures was 21.6 m (N= 14), and a female moved 

1,400 m between successive captures. Sex ratio was not 

biased (X2= 3, DF= 1, NS). Males with scrotal testes were 

collected from February to October; a pregnant female was 

caught in March. In the laboratory diet consisted of seeds, 

leaves and insects (Orthoptera). 

Peromyscus banderanus 

The Michoacan deer mouse is endemic to western Mexico. 

Its taxonomic status is debatable, and Carleton (1980) 

recently assigned it generic rank (genus Osgoodomys). It 



45 

was common in the arroyo forest and scarce in the deciduous 

and thorn forest. Its distribution is restricted to areas 

with rocks or large accumulations of brush on the ground. 

It is semiarboreali most captures (N=95, 66.5%) were in 

traps on the forest floor. In trees they were usually 

captured in traps set less than 2 m in height. 

Nests (N= 5) were spheroidal, lined with leaves and 

other plant material, and located in hollows of trees and 

under accumulations of litter on the forest floor. Mean 

distance between successive captures was 17.8 m (N= 107). 

Sex ratio was effectively 1:1. Two pregnant females each 

had a single embryo. The diet in captivity consisted of 

seeds, fruits, and insects. 

P~o~sam~rftU~ 

The marsh deer mouse is a Mexican endemic (Hall, 1981). 

It was found mainly in moist habitats (Table 2), and was 

abundant in palm and arroyo forests. Densities in the 

arroyo forests fluctuated in time from 2 to 14 ind/ha. It 

was semiarboreali 85% were captured in trees up to five m 

high. Nests (N= 5) were spheroidal, made with grasses and 

plant fibers, found in trees and in litter accumulations 

among vines. In the arroyo forest 45 individuals were 

caught 3 times on average. Marsh mice moved extensively 

along the riparian corridors (mean distance between 

successive captures 21 mi longest distance 1,400 m). They 
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have specific places for defecating and urinating, usually 

called latrines. 

Sex ratio was strongly male-biased (3.3:1, N= 38, X2= 

0.4705, P<0.001). Reproduction occurred throughout the 

year. Pregnant females and males with scrotal testes were 

collected from January to December. Number of offspring in 

three females was between 2 to 4, with a mean litter size of 

3. Newborns (N= 4) were altricial, pink, hairless, and 

blind; mass at birth was 2-3 g. Weaning occurred at 

approximately 25 days, and adult mass was attained after 

seven weeks (Fig. 2). Diet in the laboratory included 

seeds, leaves, other plant material, and insects. 

Reithrodontomys fu1vescens 

The harvest mice were found in few habitats (Table 2). 

Only five individuals were captured, most of them in trees 

(80%). Lopez-F. et al (1971) collected specimens in Chamela 

in a pasture. 

Sigmodon Elscotensis 

Jaliscan cotton rats are endemic to western Mexico 

(Ceballos and Miranda, 1987). In Chamela they are common in 

annual crops and grasslands; a few individuals were 

occasionally caught in the deciduous forests. In areas 

where grasslands were adjacent to deciduous forests, 

Sigmodon is the most abundant species in the grassland, 

while Liomys is present at low densities. In the deciduous 



Table 4. Life history parameters of small mammals from the Estacion de 
Biologia de Chamela, Jalisco. No information is available for Oryzomys melanotis. 
For all categories the values of the number of observations (N), range (r), and 
mean (M) are given. The number in superscript indicates the sources for the 
information; an asterisk indicates a combination of the data :from Chamela and other 
source. Sources are: 1= Eisenberg and Issac, 1963: 2= Armstrong and Jones, 1971: 
3= Birkenholz and wirth, 1965; 4= Alvarez et al., 1987; 5= Helm III et al., 1974; 

·6= Packard and Montgomery, 1978. 

SPECIES 

Liomys 
pictus 

Marmosa 
canescens 

NyctOfi\y~ 
sumichrasti 

Peromyscus 
banderanus 

Peromyscus 
perfulvus 

BODY MASS (g) GESTATION (days) 
Range (N) Range (N) 

46.1 ± 7.7 
41-65 (20) 

50 ± 7.2 
47-55 (8) 

46 ± 4.1 
45-52 (6) 

38.3 ± 5.6 
46-50 (14) 

37.1 ± 5.6 
38-45 (15) 

25 1 
24-26 (2) 

34 3 

30-38 (2) 

43 5 

39-46 (4) 

Reithrodontomys 18 ± 2 
fulvescens 17-21 (6) 

Xenomys 
nelsoni 

113.2 ± 25 
90-130 (10) 

No. EMBRYOS 
Range (N) 

3.5 
3-6 (2) 

132 

2 3 

2 (2) 

14* 

2.5 
2-3 (2) 

2 
2 (2) 

LITTER SIZE 
Range (N) 

3.51* 
2-5 (8) 

11 
8-14 (2) 

22 
2-3 (8) 

NEONATE MASS 
Range (N) 

3 
2.8-3.2 (3) 

4.7 (3) 

2.65* 2.6 
1-3 (12) 2.5-2.7 (6) 

3.56 

2-4 (5) 

1.3 4 
1-2 (3) 4 (1) 
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forest there is the opposite pattern; Liomys is very 

abundant and Sigmod~Q very scarce. A similar pattern of 

distribution with closely related species in these genera is 

found in Costa Rica (Bonoff and Janzen, 1980). 

No information about reproduction is available, but 

the closely related Siqrnodon hispidus reproduces throughout 

the year, and litter size ranges from 4 to 9 (Ceballos and 

Miranda, 1987). Grasses and herbs constitute their diet. 

In the laboratory they survived well with a diet of fresh 

vegetables, fruits, and rolled oats. 

Xenomys ne1soni 

The Magdalena rat is a Mexican endemic known from only 

three localities (Ceballos and Miranda, 1987). It was 

patchily distributed in the deciduous, arroyo and thorn 

forests, occurring in areas with a high density of trees 

and woody vines, which were used as arboreal runaways. 

Nests, found in hollows in trees such as Couepia oolyandra, 

Caesalpinia eriostachys, and Cordia eleagnoides, were 

spheroidal and made of grasses and fruit fibers (e.g., 

Ceiba). They are mostly arboreal; 22 captures (65 %) were 

in trees and the rest (12, 35%) in traps set on the ground 

but never more than 40 cm away from the base of a tree or 

vine. Thirteen individuals were captured 2.6 times on 

average (range 1 to 8). Average distance between captures 

was 38.5 m for males and 19.2 m for females. Xenomys 
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defecate and urinate in latrines, usually found in the forks 

of tree branches or in tree hollows. 

Sex ratio was 1.5:1, not statistically different from 

1:1 (X2= 0.4, DF= 1, NS). Males with scrotal testes were 

caught in February, March, May and September. Pregnant 

females were recorded in August and September. Females (N= 

5) with offspring were captured in May and August, and the 

mean litter size was 1.6. Two newborn were blind, hairless, 

pink in color, and had a mass of approximately 5 g. The 

contents of two stomach contained very finely ground green 

plant material. 

DISCUSSION 

The fauna of small mammals from Chamela is 

zoogeographically closely related to other faunas from 

tropical deciduous forests from Mexico and Central America 

(Baker, 1968; Ceballos and Miranda, 1987). Two genera 

(Hodomys and Xenomys) and nine species of small mammals from 

Chamela are endemic to western Mexico. The number of 

endemic genera in this region is exceptional, comparable in 

Mexico only to the mountains of the Transvolcanic belt 

(Ceballos and Navarro, in press). The high number of 

endemic genera and species suggests that the geologic, 

climatic, and biotic history of this deciduous forest has 

promoted the evolution of unique biotas under isolation. 

Similar patterns of speciation are evident in butterflies 



50 

(R. de la Maza, pers. comm.) and plants (Rzedowski, 1978). 

Compared to moister tropical forests the mammalian 

fauna of Chamela is relatively depauperate, especially in 

terms of frugivores and insectivores. Species belonging to 

these two trophic categories are notably less abundant than 

elsewhere, reflecting both the ecological and evolutionary 

constraints imposed by the strong seasonality of water and 

food availability. Fruit and insect abundances exhibit 

strong fluctuations within and between years, and are very 

scarce during the latter part of the dry season (Frankie et 

al., 1974; Janzen, 1983). Availability of fruits, nuts, and 

insects in other habitats is also limited. The most 

conspicuous mammals, other than small rodents, absent from 

Chamela are agoutis, howler and spider monkeys, several 

marsupials, anteaters, porcupines, kinkajous, and other 

small carnivores (with diets relying heavily on fruits). In 

Santa Rosa, Costa Rica, deciduous tropical forest has a 

larger number of frugivores and insectivores because richer, 

wetter forests are found nearby and many mammals (and other 

animals) use them as refugia during the dry season (Wilson 

and Janzen, 1983). 

Most small mammals in Chamela occurred in several 

habitats; however, there was strong variation in their 

relative abundances in each habitat. Liomys was among the 

most widespread species, and interestingly, was the only 
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species commonly found in the deciduous forest. Its 

physiological capability to survive for long periods of time 

on dry seeds and its hoarding behavior may enhance its 

ability to survive in the deciduous forest during the dry 

season, similar to other heteromyid rodents in North 

American deserts (e.g., Brown and Harney, in press). 

other species such as Xenomys and E. banderanus had 

patchy distributions in the deciduous forest, the former 

associated with areas with high densities of woody vines and 

the latter with rocky places. The few individuals of 

species such as sigmodon found occasionally in the deciduous 

forest may represent dispersing animals from the pastures, 

where they are quite abundant. Rice rats (Q. couesi and Q. 

melanotis) were the only species present in seasonally 

flooded habitats; both have good swimming abilities, and can 

move freely when the water level increases. 

The habitats with the highest species richness were the 

arroyo and riparian forests; this pattern of distribution is 

similar to that found in other deciduous forests (e.g., 

Bonoff and Janzen 1980; Genoways and Jones, 1972). Arroyo 

forests are a refuge for many plants and animals that are 

intolerant of extremely dry conditions. In Chamela, there 

were 7 species of small mammals found almost exclusively in 

the arroyo forest. In the forested habitats in Venezuela, 

higher species richness and diversity are closely related to 

decreasing seasonality (Eisenberg et. al., 1979) and 
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increasing vegetation complexity, both vertical and 

horizontally (August, 1983). In Chamela, the increase 0f 

mainly semiarboreal species in the arroyo forest seems to be 

strongly related to its seasonality (e.g., deciduousness) 

and vegetation complexity (e.g., density of woody vines 

--see also Chapter 3) . 

The deciduous and arroyo forest of Chamela form a 

complex habitat mosaic very rich in small mammals. This 

habitat configuration and the specializations its fauna and 

flora make the deciduous forest a unique ecosystem in the 

Neotropics, one that offers valuable insights toward 

understanding the ecology and evolution of tropical biotas. 

Unfortunately, this ecosystem is disappearing at high rates 

in Mexico and elsewhere in Latin America. Protection and 

preservation of some of these forests (such as the 

biological station of Chamela in Mexico and the Guanacaste 

National Park in costa Rica) is essential if we are to 

maintain existing biological diversity. 



CHAPTER 2 

COMPARATIVE POP01ATIOH ECOIDGY OF SMALL MAMMALS 

IN HE'1'EROGENEOUS HEOTROPICAL FORESTS 
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A fundamental goal of ecology is to understand the 

distribution and abundance of organisms. Distribution and 

abundance are closely linked and the outcome of complex 

interactions of interrelated factors such as the physical 

and biological characteristics of the contemporary 

environment, and geologic and historic events (Andrewartha 

and Birch, 1954; Krebs, 1978; Brown, 1984). 

Terrestrial environments show heterogeneity which is 

influenced mainly by temporal and spatial variation in 

climate and geomorphology. Such variability in abiotic 

conditions often limits the distribution of animal 

populations directly by affecting their life cycles and 

indirectly by determining the type, structure, phenology, 

and productivity of the vegetation (MacArthur, 1972; Wiens, 

1976; Brown and Gibson, 1983; Wiens et aI, 1986; Wolda, 

1988). 

The influence of habitat heterogeneity (i.e., climatic 

seasonality and habitat complexity) as an ecological and 

evolutionary force has been recognized for a long time 

(Andrewartha and Birch, 1954). Recent theoretical and 
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empirical studies suggest that habitat heterogeneity plays a 

key role in processes at population, community, and 

ecosystem levels (Wiens, 1976; Lomnicki, 1980, 1987; 

stenseth, 1980). To understand the nature of the 

relationship between habitat heterogeneity and processes at 

these ecological levels, it is important to identify how 

their components respond to temporal and spatial 

variability, and how nonlinearities and nonadditivities 

arise with changes in heterogeneity and scale (Wiens et al., 

1986; Roughgarden et al., 1987). 

At the population level, the study of habitat 

heterogeneity has lead to the recognition that populations 

are composed of individuals living in complex mosaics of 

macro- and microhabitats that profoundly influence 

individual fitness and largely determine the population 

dynamics (e.g., Lomnicki, 1987). specifically, habitat 

heterogeneity can affect genetic polymorph isms (Hendrick et 

al., 1976), diversity and coexistence of species (Rosenzweig 

and Winakur, 1969: Brown, 1975: Abramski, 1978; Galindo and 

Krebs, 1985), predator-prey interactions (Hassell, 1980; 

stenseth, 1980), habitat selection and space use 

(Rosenzweig, 1981, 1988; Adler, 1985); population dynamics 

and demography (Cockburn and Lidicker, 1985; Ostfeld et al., 

1985; Adler, 1987), reproduction and life history (stearns, 

1977), and food web (Briand and Cohen, 1987). 
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Most of this work has been done in temperate systems, 

however, so the effect of habitat heterogeneity on 

population ecology in the tropics is poorly understood. One 

of the reasons for the paucity of tropical studies is that 

ecologists have historically assumed that tropical organisms 

experienced climatically stable environments where biotic 

interactions such as competition and predation were the main 

processes underlying population and community organization 

(e.g., Dobzhanski, 1950). This view has changed in the last 

decades because of an increasing awareness that tropical 

regions include a broad array of ecosystems of varying 

degrees of seasonality and that more or less prolonged 

annual drought is more common than temporally uniform 

climates. 

In temperate regions seasonality in temperature is the 

most important factor shaping the temporal rhythms of plant 

and animal life cycles (MacArthur, 1972; Wolda, 1988). 

Seasonality in temperature decreases with,decreasing 

latitude; average daily temperatures in the tropics tend to 

be very stable throughout the year. In contrast, the 

importance of seasonality in rainfall increases with 

decreasing latitude (MacArthur, 1972; Brown and Gibson, 

1983; Wolda, 1988). 

Reproduction at the end of the rainy season, local 

movements, shifts in diet, and migration are common 

responses of tropical mammals to climatic seasonality (i.e., 
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amount and pattern of temporal distribution of rainfall) and 

its effect on habitat characteristics such as phenology and 

food availability (Delany and Happo1d, 1979; Janzen and 

Wilson, 1983). Reproduction in highly seasonal habitats 

(e.g., the tropical deciduous forest) tends to be more 

concentrated in time than in climatically more stable rain 

forests (Fleming, 1971, 1974; Wolda, 1988). Likewise, 

population fluctuations are more severe and the probability 

of local extinction greater than in more stable, productive, 

and structurally complex habitats (Fleming, 1974; Delany and 

Happo1d, 1979; August, 1983). 

In this study I evaluate the influence of habitat 

heterogeneity on the population ecology of small mammals of 

tropical deciduous and semideciduous forests (arroyo forest 

hereafter). I define as small mammals those rodents and 

marsupials with body masses up to 150 g. I compare the 

temporal and spatial patterns of population dynamics, 

structure, and reproduction of sympatric species in these 

adjacent forests of contrasting habitat structure and 

phenology. 

In western Mexico the deciduous forest on the hillsides 

and the semideciduous forest lining the watercourses 

experience similar general climate, but differ in structure, 

taxonomic composition, productivity, and phenology because 

the topography causes the limited precipitation to 
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accumulate in the arroyo bottoms. Therefore, variability 

from deciduous to arroyo forest reflects not simply a 

gradient of increasing spatial structural complexity but 

also a gradient of decreasing temporal seasonality owing to 

the greater availability of water in the arroyo forest. 

This provides a natural experiment where habitat 

heterogeneity can be compared to assess its impact on 

population and community processes. 

Working in a reserve near Chamela, Jalisco, Mexico, I 

addressed the following questions: 1) What are the patterns 

of population dynamics and reproduction of small mammals in 

arroyo and deciduous forests?, 2) How do these populations 

respond to small scale spatial and temporal changes in 

habitat heterogeneity, and 3) How do different species 

respond to similar environmental changes? 

IlETBODS 

study Site and Data Collection 

The study was conducted at the Estacion de Biologia 

Chamela from clay 1986 to June 1987. The 1,600 ha station 

(190 30' N, 1050 03' W) is located in the state of Jalisco, 

Mexico, about 5 km SE Chamela (Fig. 1). Elevation ranges 

from 20 to 500 m and topography consists primarily of low 

hills bisected by temporary watercourses. The climate is 

characterized by its pronounced dry-wet seasonality (Fig. 

2). Average monthly temperature is 24.90 C, with less range 
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in maxima than in minima (Bullock, 1987). Mean 

precipitation is 748 mm/year, with 80% of rainfall during 

the rainy season, from July to October (Bullock, 1987). 

Small mammals were captured on six 0.5 ha plots. Three 

pairs of nearby plots, one in each habitat type, were placed 

in relatively uniform deciduous or adjacent arroyo forest. 

Deciduous forest plots were located on hillsides of varying 

slope, and arroyo forest plots were set in flat areas along 

a temporary.stream (Fig. 3). Plots in different habitats 

were separated by 60 to 150 m, whereas plots in the same 

habitat type were 300 to 600 m apart. The size of the 

plots (0.5 ha, 70 X 70 m) was limited by the availability of 

arroyo forest. 

Small mammals were live-trapped with Sherman traps for 

three consecutive nights each lunar month during the new 

moon. On each plot, 64 Sherman traps (23 X 8 X 9 cm) were 

set at permanent stakes, 8 m apart, in a 8 X 8 grid 

-
arrangement. Arboreal species were sampled by placing 16 to 

18 additional Sherman traps on fixed wood platforms in the 

trees. Most (98%) platforms were located between 1 and 3 m 

height, with a few up to 5 m height. Traps were baited with 

a mixture of rolled oats, peanut butter, and vanilla 

extract. 

Individuals were marked with a numbered ear tag. 

Spiny pocket mice (Liomys pictus) had a tendency to lose ear 

tags within few days, and were additionally marked by toe-
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clipping. For each individual captured the following 

information was recorded: 1) external standard measurements 

(i.e., length of hind foot in rom and body mass in g), 2) 

sex, 3) reproductive condition (for females, non

reproductive, pregnant by presence of palpable embryos, or 

lactating; for males, non-reproductive or with scrotal 

testes-- length and width in mm), and 4) position of trap. 

Predictions and statistical Analysis 

All statistical analyses were performed using the SAS 

programs (SAS Institute, 1985) and Zar (1984). All analyses 

were considered statistically significant where P < 0.05. I 

focused my analysis on temporal and spatial intra- and 

interspecific comparisons of population dynamics (i.e., 

trends in density changes) and other population processes, 

including reproduction. 

A basic assumption underlying most studies of small 

mammals using mark-recapture methods-is that the 

individuals, sexes, and species present respond in similar 

ways to traps. Unfortunately, this assumption is often 

violated, making the calculation of density problematic 

(e.g., Krebs, 1966; Fleming, 1974). To partially overcome 

this problem, I used the Direct Enumeration Method to 

estimate the minimum number of individuals known to he alive 

(MEA; Krebs, 1966). This method is widely used, although 

the population density values obtained when applying it 
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represent a lower limit and may, therefore, sometimes be 

underestimates of total population density (Jolly and 

Dickson, 1983). 

I expected higher densities and lower population 

fluctuations with increasing complexity in habitat structure 

and decreasing seasonality. Accordingly, I predicted that 

in the arroyo forest population densities should be higher 

and population fluctuations less pronounced than in the 

deciduous forest. Temporal (i.e., monthly, seasonal, and 

annual) and spatial (i.e., within and between habitats) 

changes in population density and biomass were compared by a 

General Linear Model (GLM) for Repeated Measures Analysis of 

variance. Because there are often correlation~ among the 

measurements, this is the appropriate procedure to test for 

trends in time when several measurements are made on 

individual subjects (Guerevitch and Chester, 1986). 

If habitat heterogeneity really has an influence on 

population densities and fluctuations, I expected to find 

profound differences in population processes such as age 

structure, recruitment, persistence, and movements. Thus I 

predicted strong differences in these processes between 

intraspecific populations in different habitats and among 

interspecific populations in similar habitat. Recruitment, 

persistence, and movements were compared with a Two-way 

ANOVA (GLM procedure), whith species and habitat as factors. 
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In terms of reproduction, I expected: 1) highly 

seasonal breeding season of all small mammals, 2) different 

responses among species, especially between heteromyids and 

cricetids, and 3) differences in reproduction between 

intraspecific populations from the deciduous and arroyo 

forests. Intraspecific and interspecific comparisons of 

reproduction were made with analysis of covariance (ANCOVA, 

GLM procedure). Sex ratios were compared using a goodness 

of fit chi-s"quare. Heterogeneity among grids was assessed 

by a heterogeneity goodness of fit chi-square. When DF=l, 

I applied the Yates correction for continuity. 

Deciduous and Arroyo Forests: structure and Phenology 

Deciduous and semideciduous forests are found in 

regions with pronounced dry and wet seasons and less than 

1,500 mm of rainfall; rain forests are found in areas with 

larger amounts of rainfall and less seasonality (Rzedowski, 

1978; Murphy and Lugo, 1986). In Chamela deciduous forest 

covers most of the area of the biological station. 

Physiognomically, this forest is characterized by the low 

height of the tree stratum, from 4 to 15 m, and the high 

density of plants in the canopy and understory strata (Table 

5). The phenology of this forest shows dramatic contrast 

between the dry and rainy seasons. Most plants (95%) are 

completely leafless during the dry season. In a 42 month 

study of the phenology of the deciduous forest, Bullock and 
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Table 5. Comparison of phenological and structural 

characteristics of the arroyo and deciduous forest from 

Chamela, Jalisco, Mexico. Data on rows 1 to 10 is modified 

from Lott et al., (1987). 

HABITAT 
CHARACTERISTICS 

DECIDUOUS 
FOREST 

ARROYO 
FOREST 

1. Number of Plant Species/1000 m2 87 105 
(All Life Forms) 

2. Number of Vines/1000 m2 10 22 

3. Trees >10 cm DBH/1000 m2 30 49 

4. Trees >10 cm DBH/100 m2 10 23 

5. Mean Number Plant Species/100 m2 22.4± 4.3 23.1±5.3 
(All Life Forms) 

6. Vines/100 m2 2.5± 1.5 4.9± 2.1 

7. Trees >10 cm DBH/100 m2 4.9± 2.1 14.0± 6.7 

8. Diversity (Shannon-Wiener Index) 5.72 5.57 

9. Species Restricted to Habitat Type 54% 47% 

10. Total Basal Area (m2/ha) 23.6 52.4 

11. Litter Mass Production: 

Lowest Value (kg/ha/mo) 

Highest Value (kg/ha/mo) 

Mean Value (kg/ha/mo) 

Total Production (T/ha/yr) 

155 

715 

347 

4.17 

351 

1030 

745 

6.9 
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Solis-Magallanes (ms, in review) found that the forest 

canopy was at least 75% full only 3.5 months per year, 

during the rainy season. The foliation of most tropical 

plant species is determined by water availability, but some 

respond to photoperiod (Bullock and Solis-Magallanes, ms, in 

review). Production of new leaves is concentrated in 

June-July at the beginning of the rainy season and peak 

flowering is also concentrated in these months. However, 

there are flowering plants all year round (Bullock and 

Solis-Magallanes, ms, in review). 

Arroyo forest is semideciduous and found in the 

proximity of temporary watercourses, where it is usually 

limited to a strip 50-300 m wide. It is characterized by 

two well-defined strata (one up to 15 m, and the other up to 

25 m) and by its phenology, with only 50-75% of the canopy 

species leafless during the dry season for periods of 2 

weeks or longer. Woody vines are an important component of 

arroyo forests (Table 5). 

To compare seasonality and food availability in the 

deciduous and arroyo forest, I measured plant litter 

production by placing six litter traps randomly in each 

plot. Litter traps were circular, 50 cm in diameter (.2 

m2), shallowly conical, and made of a fine fiberglass mesh. 

They were placed approximately 70 cm from the ground, 

supported by four iron poles. Tanglefoot or Vaseline was 
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put on the poles to keep out ants and other animals. Litter 

was collected every month during the trapping period, dried 

in an oven at 600 C overnight, and weighed. 

variation of litter mass over time is summarized in 

Figure 7. Average litter mass was significantly higher in 

the arroyo forest (6.9 ton/ha/year) than in the deciduous 

forest (4.2 ton/ha/year; nested two-way ANOVA, ~= 10.26, E < 

0.002). In the deciduous forest there were peaks in 

litter mass in February and in August (715 kg/ha/month), 

with intervening declines except for a small buildup in 

December, reaching the lowest point (155 kg/ha/month) at the 

end of the dry season. In contrast, litter mass in the 

arroyo forest showed a large peak in May (1112 kg/ha/month) 

and a smaller one in August (1033 kg/ha/month). The peak in 

May is attributable to the shedding of old leaves and 

production of new ones; the peak in August, as in the 

deciduous forest, was probably due to a peak in flowering. 

Aside from differing in seasonality and phenology, 

deciduous and arroyo forests differed in species composition 

and structure. Lott et ale (1987) compared these forests 

at Chamela and found that diversity, number of trees and 

vines, basal area, and other characteristics were higher in 

arroyo forest (Table 5). 



Figure 7. Litter mass production in the arroyo and 

deciduous forests of Chamela. The dashed line at 

the bottom of the graph indicates the rainy 

season. 
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RESULTS 

Species captured represented two orders, three 

families, seven genera, and the following eight species: 

Marmosa canescens, Liomys pictus, Nyctomys sumichrasti, 

Oryzomys melanotis, Peromyscus banderanus, Peromyscus 

perfulvus, Reithrodontomys fulvescens, and Xenomys nelsoni. 

I refer hereafter to all the species, but those in the genus 

Peromyscus, by their generic name. Analysis was based on 

2819 captures of 670 individuals in 20, 100 trap-nights. 

Total trapping success rate was 14.5%; success in traps set 

on the ground was 16.2% (2618 captures) and 6.1% (203) on 

traps set on trees. 

Species Composition 

Abundance of species in arroyo and deciduous forests 

varied greatly. I classified species as common if they were 

represented by > 20 individuals, uncommon if they were 

represented by 6 to 19 individuals, and rare if they were 

represented by < 5 individuals. In the deciduous forest 

only Liomys was common and all other species were rare. In 

contrast, in the arroyo forest three species, Liomys, ~. 

perfulvus, and ~. banderanus were common, two were uncommon 

(Xenornys and Oryzomys), and three (Marmosa, Nyctornys, and 

Reithrodontomys) were rare (Table 6). ThUS, the following 

analyzes are restricted to Liomys in deciduous and arroyo 
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Peromyscus in the arroyo forest. 

Trapping Responses 
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To assess the trap responses of species, sexes, and 

populations in different habitats, I calculated the mean 

number of captures and the average length of absences (in 

months) of individuals captured in two or more trapping 

periods. 

The mean number of captures per individual (MNC) was 

similar in all species except Oryzomys, which had a lower 

value (Tabl~ 6). In all the species there were marked 

differences in MNC between sexes. Females were captured 

more frequently than males, and the differences were rather 

strong in both species of Peromyscus. It is very likely 

that the differences in MNe between sexes is not an artifact 

caused by differences in trap-shyness between sexes because 

mean length of absences in males and females was similar, 

and reflects patterns of relative abundances and the greater 

tendency of the males to disperse. Comparisons of MNe in 

intraspecific populations between habitats were suitable 

only for Liomys, where total MNe (i.e. males and females 

combined) and MNC for males were higher in the deciduous 

forest (Table 6). The average length of absences was less 

than one month in all species, and was highest in xenomys. 



Table 6. Data on trap responses, size and composition of rodent populations 

from the Estacion de Biologia Chamela. DF= Deciduous forest, AF= Arroyo Forest. 

SPECIES 

1. .Liomys 
pictus 

CAPTURES 

M F Total 

OF 647 769 1416 
AF 547 470 1017 

2. Peromyscus 
perfulvus 

OF 1 2 3 
AF 104 56 160 

3. Peromyscus 
banderanus 

DF 4 5 9 
AF 51 88 139 

4. Xenomys 
nelsoni 

DF 2 3 5 
AF 15 14 29 

5. Oryzomys 
m!31anotis 

DF 0 0 0 
AF 17 6 23 

INDIVIDUALS 

M F Total 

MEAN CAPTURES 
PER INDIVIDUAL 
M F Total 

153 171 324 4.2 4.5 4.4 
153 115 268 3.5 4.1 3.7 

1 2 3 1.0 1.0 1.0 
30 9 39 3.4 6.2 4.1 

3 2 5 1.3 2.5 1.8 
19 14 33 2.7 6.2 4.2 

2 1 3 1.0 3.0 1.6 
4 3 7 3.7 4.6 4.2 

o 000 0 0 
9 3 12 1.9 2.0 1.9 

MEAN LENGTH 
OF ABSENCES (Months) 

M F Total 

0.22 0.16 0.16 
0.17 0.30 0.23 

o 0 0 
0.23 0.22 0.22 

000 
0.12 0.53 0.28 

o 0 0 
o 2.0 1.1 

000 
000 
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Popu1ation Dynamics and Densities 

Population densities were calculated on the basis of 

the area covered by the grids (0.5 ha; observed density), 

and by the "effective" area sampled by the traps. I 

estimated that the effective sampled area (0.8 ha) was equal 

to the area of the grid plus an additional 20 m strip around 

its perimeter; 20 m was similar to the average distance 

moved between successive captures of individuals of the 

three most abundant species. In the following paragraphs I 

refer to the effective population density, unless otherwise 

stated. 

The average total population density (MKA), all species 

and plots combined, was 37 indJha. Population density 

showed a dramatic eleven-fold increase during the year of 

the study (Fig. 8a; Table 7). The population was lov· 

from May to December ( 6 • 4 ind/ha) and high in Janua~ t to 

June (67.7 ind/ha). Density increased significantl (~= 

29.18, DF= 13, E < 0.001) after the rainy season, _aching a 

peak in May. Average total population density (37 ind/ha) 

and population changes through time in deciduous and arroyo 

forest were remarkably similar, with no statistical 

differences, even though the species composition was quite 

different in the two habitats. Within habitats, densities 

in arroyo forest plots were similar (i.e., grids can be 

considered replicates); however, deciduous forest plots were 
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heterogeneous (i.e., plots are not exact replicates; E= 

14.27, DF= 2, g < 0.0001). Interestingly, the densities 

during the same months (May and June) in 1986 and 1987 were 

very different. 

In the deciduous forest, Liomys was the only species 

commonly found, but in the arroyo forest it coexisted with 

two other less common but relatively abundant species. 

Average population density of Liomys was 36 ind/ha in the 

deciduous forest and 25 ind/ha in the arroyo forest. 

Population changes in both habitats showed similar trends 

during the low density period and were highly different 

during the high density period (E= 11.48, DF= 1, g < 0.001; 

Fig. 8b). The population in the deciduous forest had its 

low in May-June, and then increased reaching a peak in May, 

at the end of the study (65.6 ind/ha). The arroyo forest 

population also was low in May-June, but then it reached a 

peak in March (45.3 ind/ha) and remained at approximately 

that density until the end of the study in June. Within 

habitats, there was significant variation in population 

densities among plots both in the deciduous (E= 14.13, DF= 

2, P < 0.0001) and arroyo forests (E= 11.83, DF= 2, g < 

0.0002). 

Four other species found in the arroyo forest were 

caught in sufficient numbers to characterize the trends of 

density change in their populations. Density changes over 

time in P. perfulvus, E. banderanus, Oryzornys, and Xenornys 



Figure 8. Population density trends over time of all 

species combined (a) and Liomys pictus (b) in the 

arroyo and deciduous forest of Chamela. 
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Figure 9. Population density trends over time of 

Peromyscus spp (a) and Oryzomys and Xenomys (b) in 

the arroyo forest of Chamela. 
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were similar to the pattern shown by Liomys in the arroyo 

forest, having an initial period of low density, a 

significant increase beginning in January (E= 17.49, DF= 3, 

P < 0.0001) and a peak in March (Fig. 9, Table 7). The 

populations of E. perfulvus and P. banderanus fluctuated 

(excluding the first trapping period) between 1 to 9 and 1.6 

to 8 ind/ha, respectively (Fig. 9a). The populations of 

Oryzomys and Xenomys had very low densities throughout the 

year, never exceeding 2.6 ind/ha (Fig. 9b). 

Biomass 

Average monthly biomass of small mammals for all grids 

and all species combined was 988 g/ha (Table 7). As would 

be expected, biomass exhibited temporal changes similar to 

variation in population density. During months of low 

population density biomass was 491 g/ha, and during high 

density months it reached a peak of 1657 g/ha. Liomys 

contributed 84.3% of the overall biomass. Total biomass 

between habitats was similar. However, Liomys accounted for 

a higher percentage of the total monthly biomass in the 

decidUOUS forest (952 g/ha; 97.6%) than in arroyo forest 

(724 g/ha; 72%). Biomass of other species was negligible in 

decidUOUS forest, whereas in the arroyo forest, average 

biomass of other species was much higher (288 g/ha). 



Table 7. Body mass, sex ratio, population density, and biomass of small 

mammals at the Estacion de Biologia Chamela. The mean, standard deviation, and 

range (in parenthesis) are given. DF= deciduous forest; AF= arroyo forest. 

--------------------------------------------------------------------------------
SPECIES BODY SEX RATIO DENSITY (IND/HA) BIOMASS (g/HA) 

MASS (g) OF AF OF AF OF AF 
--------------------------------------------------------------------------------
ALL SPECIES 24.3 26.1 975 ± 651 1002 ± 634 

(5.4-53.7) (4.5-52) (472-1644) (510-1657) 

Liomys 46.1 ± 7.7 1:1.1 1.3: 1 23.4 18.5 952 ± 648 724 ± 421 
Dictus (4.5-52) (4.2-35.4) (451-1620) (510-1657) 

Peromyscus 37.1 ± 6.1 1:1.5 3.3:1 0.3 3.4 3 ± 6 98 ± 84 
nerfulvus (0-0.6) (0-5.3) (0-12) (33-185) 

Peromyscus 38.3 ± 5.6 1:1.2 1.3: 1 0.3 2.1 7 ± 13 84 ± 59 
banderanus (0-0.8) (0-7) (0-29) (45-184) 

Xenomys 113.2 ± 25 1: 1.5 1. 3: 1 0.3 1 12 ± 16 67 ± 76 
ne1soni (0-0.4) (0-3) (0-120) (0-215) 

Orvzomys 34.5 ± 4.5 0 3.0:1 0 1.1 0 28 ± 19 
melanotis (0-5) (0-74) 



75 

Sex Ratios 

Sex ratios of Liomys, E. banderanus, Xenomys, and 

Oryzomys were each effectively 1:1 (Table 7). There were no 

significant differences in sex ratios of Liomys among grids 

in either the deciduous and arroyo forests. In the arroyo 

forest sex ratio was male biased especially during periods 

of high population density (1.5:1, X2= 6.1643, DF= 1, R < 

0.025). In E. perfulvus sex ratio was strongly male-biased 

(3.3:1, X2= 11.307, DF= 1, 0.01 < E < 0.005), and there were 

significant differences in sex ratios between grids (X2= 

19.388, DF= 2, R < 0.001). 

Reproduction 

In the three species (Liomys, E. perfulvus, and E. 

banderanus) for which sufficient information was available, 

seasonality in reproduction did not differ markedly. The 

highest number of individuals in reproductive condition was 

found during the dry season (Figs. 9, 10, 11). In Liomys 

the number of reproductive males and females increased 

through time, reaching a peak in February (Fig. 9b). 

Comparisons of reproduction between deciduous and arroyo 

forests revealed no differences (E= 0.61, DF= 1, NS). The 

percentage of reproductive females (i.e., pregnant or 

lactating) showed a clearer seasonal pattern than males 

(Fig. 9a). This is because reproductive males (i.e., with 

scrotal testes) mayor may not be really reproductive. 
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There were reproductive females present throughout the year, 

with the highest percentage in February (73%) and the lowest 

value in May (27%). 

The percentage of reproductive males (i.e., with 

scrotal testes) showed a continuous decline throughout the 

study (Fig. 9a). The absolute number of reproductive males, 

however, increased until February, following a trend similar 

to females (Fig. 9b). Males of Liomys have scrotal testes 

at an early age and reach maturity at approximately 3 months 

of age, when testes size is about 35 rom (Eisenberg, 1963); 

adult males show seasonal variation in testes size, but most 

of the time testes remain scrotal. Changes in the average 

length of the testes within the population indicate changes 

in the proportion of reproductive males. At the beginning 

of the study a large proportion of males had scrotal testes, 

but the average testes size was relatively small (34-38 mm, 

Fig. 12). Between August and October the average size 

increased sharply (44-46 rom), then declined and reached the 

lowest value (33 mm) in February. This pattern indicates 

that a larger proportion of mature reproductive males 

occurred in the rainy season, and that both non-reproductive 

adult males and many immature individuals were present in 

the population between November and February, echoing the 

trend shown by the changes in population density. 



Figure 10. Proportion (a) and number (b) of 

reproductive Liomys pictus males and females in 

Chamela • 
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Figure 11. Proportion (a) and number (b) of reproductive 

Peromyscus perfulvus males and females in 

Chamela. 
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Figure 12. Proportion Ca) and number (b) of reproductive 

Peromyscus banderanus in Chamela. 
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Figure 13. Average length of the testes of Liomys pictus, 

Peromyscus perfulvus, and Peromyscus banderanus in 

Chamela. The dashed line indicates the size of 

the testes of mature Liomys pictus. 
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Reproduction by P. perfulvus and ~. banderanus was 

concentrated around the beginning of the dry season (Figs. 

11, 12). In P. perfulvus the number of reproductive females 

reached a peak in February and the proportion in May (100%, 

Fig. 11), and in ~. banderanus the number peaked in March 

and the proportion in June (79%, Fig. 12). High proportions 

of males were in reproductive condition (i.e., with scrotal 

testes) throughout the year. The number of reproductive 

males reached a peak in March in both species. Changes in 

the average size of the testes in g. banderanus indicated 

that a higher proportion of males with mature testes was 

found between July and September (Fig. 13). There was not a 

clear pattern in g. perfulvus; the same proportion of males 

with mature testes was found throughout the study (Fig. 13). 

Recruitment 

Recruitment was defined as the rate of appearance of 

new (i.e, unmarked) individuals. New individuals were 

incorporated into the population via in situ reproduction or 

by immigration from adjacent areas. There was obviously a 

high proportion of unmarked individuals of all species 

captured in the first two months of the study. Once the 

resident population had been trapped for several periods, it 

is likely that unmarked older adults found on a particular 

plot came from other areas because individuals born on the 

plot had a very high probability of being marked after 
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weaning. Juveniles and young adults could either have been 

born on the plot or come from other areas. 

The proportion of new individuals in Liomys increased 

from 25% in September to 50% in January and then declined 

until the end of the study (Fig. l4a). The total number of 

recruited individuals did not statistically differ among 

plots (~= 1.77, DF= 4, NS), habitats (~= 2.52, DF= 2, NS), 

and sexes (~= 0.84, DF= 1, NS). On average, 7.2 and 6.0 

individuals were recruited each month in deciduous and 

arroyo forest plots, respectively. Recruitment over time 

was, however, different within plots in the dry forest (E= 

3.65, DF= 2, P < 0.03) and between low and high population 

density periods (4.3 vs. 9.7 new ind/rnonth, respectively; E= 

36.14, DF= 1,E < 0.0001). Both the total number of 

recruited males and the number in low and high density 

periods was similar in both habitats, but number of 

recruited females was higher in the deciduous forest (E= 

4.45, DF= 1; E < 0.03). 

The patterns of recruitment in P. perfulvus and E. 

banderanus were qualitatively similar (Fig. 14). In E. 

perfulvus higher levels of recruitment occurred after 

October, fluctuating during the rest of the study from 28 to 

75% (Fig. 14b). In E. banderanus the proportion of new 

individuals fluctuated from 25 to 62% during the same period 

of time (Fig. 14c). In both species recruitment was higher 



Figure 14. Proportion (left Y axis; close symbols) and 

number (right Y populations of Liomys pictus (Top), 

Peromyscus perfulvus (Middle), and Peromyscus 

banderanus (bottom) in Chamela. 



0+-~~--~~-+~~4-~~--+-~-+~0 
M J J A SON 0 J F M A M J 

~ 
c 100 --.• 

~ SO 
~ 
a5 60 

e. 40 

100 

80 

60 

40 

20 

M J 

------------
Peromyscus perfulvus 

J A SON 0 J F M A M J 

----------
Peromyscus banderanus 

.. _--_._----
TIME (MONTHS) 

83 



84 

during period of high population density (£. perfulvus, X2= 

7.41, DF= 1, 0.01 < ~ < 0.005; ~. banderanus,x2= 4.6612, DF= 

1, 0.05 < P < 0.025). The small number of captures in 

Xenomys and Oryzomys did not allow analysis of trends in 

their recruitment. 

Age Structure 

To study the age structure of the populations of Liomys 

and the two species of Peromyscus, I grouped the individuals 

according to three age classes: juveniles, subadults, and 

adults. I defined each age class according to an specific 

body mass. For Liomys and £. perfulvus the body mass 

selected to separate the age classes was based on their 

postnatal growth (Fig. 6); age classes for~. banderanus 

were selected similarly to ~. perfulvus, because there were 

no data available on its postnatal growth. In Liomys 

juveniles were < 25 g, subadults from 26 to 35 g, and adults 

> 35 g. In Peromyscus juveniles were < 25 g, subadults from 

26 to 30, and adults > 31 g. 

The age structure of the population of Liomys 

drastically changed through the study and the number of 

individuals in all classes increased markedly after 

December, following similar trends to population density and 

reproduction (Fig. 15). The numbers of juveniles and 

subadults were consistently lower than the number of adults 

(E= 61.41, DF= 2, ~ < 0.0001), and the proportion of young 
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individuals greatly varied with lower numbers from May to 

December than from January to June. Interestingly, age 

structure did not differ between habitats during the low 

population density months (May to December), but it was 

quite different on months of high population density 

(January to December). This difference was attributed to 

the larger number of adults in the deciduous forest (E= 

9.99, DF= 1, R < 0.0001), because there were no significant 

differences in the number of juveniles and subadults between 

the two kind of forests. This suggests that more adults 

were recruited into the deciduous forest population, and 

that this may be related to higher reproductive success 

(i.e., more young individuals survived to adulthood) or 

differential dispersal between populations in deciduous and 

arroyo forests. 

Age structure in both species of Peromyscus followed 

more or less similar trends to that shown by Liomys (Fig. 

16). In R. perfulvus a few juvenile and subadult 

individuals were present at the beginning of the study, and 

again in the months of high density and reproduction, from 

February to May. It is surprising that relatively few young 

and subadult animals were caught when the number of adults 

was increasing. This suggests that adults may have been 

incorporated into the population via immigration from other 

areas, or that younger individuals were not so susceptible 



Figure 15. Changes in age structure over time in 

populations of Liomys pictus in the deciduous (a) 

and arroyo (b) forests of Chamela. Age classes 

are represented as follows: 1) shaded area= 

juveniles, 2) plus signs= subadults, and 3) 

unshaded area= adults. 
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Figure 16. Changes in age structure over time in 

populations of Peromyscus perfulvus (a) and 

Peromyscus banderanus (b) in the arroyo forest of 

Chamela. Age classes are represented as follows: 

1) shaded area= juveniles, 2) plus signs= 

subadults, and 3) unshaded= adults. 
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to being trapped as adults. In E. banderanus even fewer 

young and subadult individuals were caught, most of them 

during the breeding season. 

survival 

Survival in natural populations of small mammals is 

difficult to evaluate because individuals can disappear by 

either mortality or dispersal. I calculated two different 

measures of "survival" to compare trends among populations 

and species: 1) persistence, and 2) residency. Persistence 

was calculated as the percentage of individuals surviving 

through time. I excluded from this analysis individuals 

captured only once or in the last month of trapping. 

Residency was calculated as the mean length of time 

individuals were present on the study site. 

Persistence was similar among species (Fig. 17). 

Individual Liomys persisted longer than any other species, 

probably owing to larger sample size which increased the 

probability of picking up the very few individuals that 

persisted for many months (Fig. 17a). In this species, 

disappearance rates between sexes between habitats were 

similar. On average, 42.8% individuals disappeared after 

two months, and only 1.3% were still alive after 11 months. 

The average residency of males and females was 2.57 and 2.64 

months, respectively (E= 0.01, DF= 1, NS). There were no 

differences in residency in plots within habitats (E= 0.55, 
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OF= 4, NS) and between habitats (E= 1.8, OF= 1, NS). 

Residency in Liomys was rather low, and was similar in grids 

within habitats, between habitats, and between sexes (E= 

0.67, OF= 6, NS). 

Both species of Peromyscus had similar persistence, 

with no differences between sexes (Fig. 17b). In E. 

perfulvus, 44% of the individuals could not be detected 

after two months with only 2.4% accounted for after eight 

months. Re~idency in males and females was 2.32 and 3.10 

months respectively, with no significant difference (E= 

2.11, OF= 1, NS). In E. banderanus, 48% of the individuals 

disappeared after two months, and 4% were still present 

after eight months. Residency in males (2.4 months) and 

females (3.08 months) was similar (E= 0.14, OF= 1, NS). 

Individuals of Xenomys apparently survived longer than 

individuals of other species (Fig. 17a). Only 28.6% 

disappeared after two months, and 14.3% were still present 

after seven months. Its is important to note, however, that 

the sample size was very small (N= 7). Residency was 3.75 

months for males and 2.66 months for females. Individuals 

of Oryzomys disappeared at a faster rate than other species 

(Fig. 17a). After two months 58% had disappeared, and none 

was present after five months, but again the sample size was 

very small (N= 12). Residency in Oryzomys was the lowest of 

all the species, and it was 1.66 months for males and 2.0 

months for females. 



Figure 17. Persistence (%) through time in five species of 

small mammals in Chamela. 
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Movements 

Movements were assessed for all individuals caught more 

than once in three different ways: 1) Short term movements 

(STM) , represented by the distances moved between 

consecutive recaptures, 2) life-term movements (LTM), 

represented by the distances moved between first and last 

qapture, and_3) large-scale movements (LSM), represented by 

movements between plots. 

The frequency distribution of STM in Liomys showed that 

overall 88% were < 16 m, with an average of 10.1 ± 10.6 m 

(Fig. 18, Table 8). Movements were similar between 

habitats, but in the deciduous forest males moved 

significantly larger distances than females (12.3 ± 15.2 m 

vs 7.7 ± 8.1 m, T= 6.617, ~= <0.05); such differences are 

attributed to a larger number of large-scale (i.e., between 

plots) movements of the males. Life-term movements were 

longer than STM; males moved larger distances than females, 

and males in the decidUOUS forest moved slightly larger 

distances than those in the arroyo forest (Table 8). There 

were few large scale movements (LSM, < 1%, within and 

between plots). Twelve males and five females moved from 

decidUOUS to arroyo plots or vice versa (in all instances 

movements occurred between adjacent plots) and only 1 male 

and 3 females moved between different plots in the same 

habitat. These patterns were not surprising because 



Figure 18. Short-term movements of Liomys pictus (a), 

Peromyscus perfulvus (b), and Peromyscus 

banderanus (c) in Chamela. 
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Table 8. Short-term (distances between successive captures), long-term 

(distances between first and last capture), and large scale (between grids) movements 

of the small mammals from Chamela. The mean and the standard deviation are given. 

Oryzomys melanotis was excluded from the analysis because of small sample size. 

-------------------------------------------------------------------------------------
SPECIES SHORT-TERM MOVEMENTS LONG-TERM MOVEMENTS # LARGE-SCALE MOVEMENTS 

Male Female Male Female Male Female 
-------------------------------------------------------------------------------------
Liomys 10.6 ± 10.1 8.3 ± 8.3 17.3 ± 13.9 12.2 ± 10 12 8 

pictus 

Peromyscus 21.1 ± 17.2 14.6 ± 11. 7 19.6 ± 14.9 22 ± 17.9 11 0 
perfulvus 

Peromyscus 24 ± 15.4 15.4 ± 13.5 28 ± 20.3 24 ± 15.6 0 0 
banderanus 

Xenomys 16 ± 12.5 12 ± 12.4 14 ± 5.6 18 ± 13.6 0 0 
nelsoni 

-------------------------------------------------------------------------------------



distances among plots within habitats were larger than 

distances between plots in different habitats. 
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In other species, excluding Oryzomys because of small 

sample size, a smaller percentage of the STM were <16 m (58% 

E. perfulvus, 51%~. banderanus, and 62% Xenomys; Fig. 18). 

STM and LTM in the two species of Peromyscus were similar 

(if LSM for~. perfulvus were excluded), and in both species 

males moved larger distances than females (Table 8). There 

were important differences between the two species in the 

number of large scale movements. Males of ~. perfulvus were 

by far the most mobile individuals; males moved twelve times 

among plots, covering an average distance of 590 m. Males 

of E. banderanus did not any move between plots. Movements 

in males and females of Xenomys were similar (Table 8). 

DISCUSSION 

Habitat Heterogeneity, Popu1ation Density and Biomass 

Theoretical studies have suggested that population 

density should decrease with decreasing seasonality and 

increasing habitat heterogeneity and productivity. Less 

seasonal, more productive habitats can support higher 

population densities, reduce the amplitude of population 

fluctuations through dispersal from high to low quality 

habitat patches, and decrease the probability of local 

extinction (MacArthur, 1972; stenseth, 1980; Rosenzweig and 

Abramski, 1981; Cockburn and Lidicker, 1983). 
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Empirical studies suggest that in the Neotropics, there 

is an apparently general positive relationship between total 

mammalian biomass/diversity and habitat productivity/ 

complexity (Eisenberg et al., 1979; Eisenberg, 1981; August, 

1983). In Chamela, arroyo forest had water available deep 

in the soil that was sufficient to maintain plant growth 

throughout the dry season. This effectively reduced 

seasonality and increased structural complexity and 

productivity. Therefore, I expected higher biomass and 

species diversity and denser populations in this forest. 

These predictions were only partially supported, however, 

because species diversity was higher (Chapter 3) but total 

biomass, population density and fluctuations of all species 

combined were very similar in both forests despite the 

strong differences in heterogeneity and productivity. 

A surprising result was the similarity of total density 

and biomass in these forests, especially considering that in 

the arroyo forest the community of small mammals was 

composed of three common species, whereas in the deciduous 

forest there was only one common species. The similarities 

in total density and biomass were striking and were 

consistent between the three replicated plots in the two 

habitats. 

There are at least two possible explanations for this 

pattern. First, an increase in productivity may produce 



96 

different outcomes depending on the nature of the increasing 

resources (MacArthur, 1972; Abramski f 1978). An overall 

increase of all food resources may lead to higher species 

diversity, whereas an increase in some resources may lead to 

higher population densities of the particular species using 

these resources. In Chamela, species diversity was higher 

in arroyo forest (see Chapter 3), suggesting that higher 

productivity was probably reflected in higher availability 

of a variety of food resources. It is likely, however, that 

the food resources, used by the three more abundant species 

of small mammals, including seeds, leaves, and insects, were 

higher on the arroyo forest. 

Second, upper limits on population size could have been 

determined by differences in reproductive success attributed 

to microhabitat use and interspecific interactions such as 

predation and competition with other taxa. I had no direct 

information about the effect of predation and competition. 

However, in the arroyo forest the diversity and abundance of 

other taxa such as birds (Arizmendi et al., 1988), reptiles 

(Garcia, 1988), bats, and insects (G. Ceballos, unpubl.), 

that exploit similar food resources were higher than in the 

deciduous forest. This suggests that competitors from other 

taxa may take a large share of the food resources available. 

So, even though the arroyo forest produced more food 

suitable for small mammals, because of the increased 

abundance of competitors of other taxa, there may actually 



have been no more food available than in the deciduous 

forest. 
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Arroyo forest was a refuge for many organisms during 

the dry season. Many species of larger vertebrates moved 

from the deciduous to the arroyo forest in the dry season, 

and these may have impacted the populations of small mammals 

both as predators and as competitors for food. A similar 

pattern of local movements has been documented in costa Rica 

(Janzen and Wilson, 1983), where Fleming (1974) found that 

populations of Liomys salvini probably suffered higher 

predation pressures during periods of fruit scarcity, 

because many mammalian carnivores with opportunistic diets 

(that include much fruit when available) had to rely on 

other prey during those periods. 

Most likely, population density and biomass were the 

outcome of complex interactions among several factors. The 

nature of the relationships between population density, food 

supply, reproductive success, and intra- and interspecific 

interactions within and between trophic levels, remains 

unclear. In order to obtain information and test hypotheses 

about such relationships, it is necessary to carry out 

long-term studies of popUlation dynamics and field 

experiments manipulating food availability, population 

densities, and habitat structure. 
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comparisons with other Tropical Forests 

Cricetids, especially Peromyscus, had population 

densities lower than those of congeneric species in 

temperate forests, but similar to those species found in 

arid regions (e.g., Meserve, 1976; Holbrook, 1979; Brown and 

Zeng, in press). Population densities of Liomys were 

within the range of densities of other heteromyid rodents 

found both in arid regions and tropical forests (Fleming, 

1971, 1974; Brown and Zeng, in press; Brown and Harney, in 

press). 

Densities of Liomys in the deciduous forests are 

usually lower than densities of the closely related species 

of Heteromys inhabiting moist forests (Fleming, 1974; 

Sanchez and Fleming, in press). However, the density of 

Liomys in Chamela (32 ind/ha, arroyo and deciduous forest 

combined) was much higher than densities reported for ~. 

salvini (8 ind/ha) in La Pacifica and H. desmarestianus (18 

ind/ha) in La Selva, costa Rica (8 ind/ha; Fleming, 1974), 

and~. adspersus in Panama (10 ind/ha; Fleming, 1971). On 

the other hand, my values for ~. pictus were similar to the 

densities of L. salvini (20-100 ind/ha) reported by Janzen 

(1986) for Santa Rosa, Costa Rica, and similar or smaller 

than densities of H. desmarestianus in Los Tuxtlas, Mexico 

(50 ind/ha), and Monteverde, Costa Rica (25 ind/ha; Sanchez 

and Fleming, in press). 
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The total density of small mammals in Chamela was 

higher than densities in other areas with higher 

precipitation, suggesting that the local ecological, 

historical, and evolutionary factors may obscure any general 

relationship between productivity, population density, and 

species richness of small mammals. Interestingly, Lott et 

al (1987) also found that Chamela has a much higher plant 

species richness than expected from its rainfall. 

Interspecific variation 

Peaks in reproduction and population densities of 

mammals usually occur during periods of high abundance of 

food, when reproduction take place and the probability of 

survival of the female and offspring tend to be high (Delany 

and Happold, 1979; Eisenberg, 1981). Even in relatively 

stable rain forests, shortages of food have profound 

negative effects on reproduction and population dynamics of 

rodents and other mammals (Glanz et al., 1981; August, 

1981). 

In Chamela and other Central American deciduous 

forests the production of seeds is concentrated in the last 

month of the wet season and during the first three months of 

the dry season (Janzen and Schoener, 1968; Frankie, Baker 

and Opler, 1974; Janzen, 1983; Bullock and Solis-Magallanes, 

in review). So, I anticipated highly seasonal population 

dynamics and reproduction of all the species in Chamela. 
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These predictions were supported. Populations of the 

five more abundant species had similar qualitatively 

patterns of temporal reproduction and population 

fluctuations, because they used similar food resources 

(i.e., leaves, seeds, and insects). This was probably the 

most striking result from my study, especially when 

considering that the five species of small mammals 

represented two families and four genera, with different 

evolutionary and ecological histories and constraints. The 

close relationship between population density, reproduction, 

and food availability supports the hypothesis that 

seasonality in reproduction is associated to seasonality in 

food availability. 

Population densities fluctuated considerably between 

and within species, but densities in all species had 

parallel increases at the end of the rainy season and early 

dry season, coinciding with the period of highe~ production 

of fruits and seeds. All species also showed similar 

temporal trends of reproduction, with breeding peaks at the 

end of the rainy season and early months of the dry season. 

The pattern of reproduction and population dynamics is 

similar to other tropical habitats in Australia 

(Braithwaite, 1979), Africa (Delany and Happlod, 1979), and 

Central America (Fleming, 1971, 1974) with pronounced dry 

and wet seasons, where breeding tends to be very seasonal. 
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Population densities of all species were extremely low 

at the beginning of the study. The densities of Liomys, the 

only species for which some long term data are available, 

were the lowest recorded over a decade (Collett, et. al., 

1975; Perez-Saldana, 1976; Ceballos and Miranda, 1987; this 

study). It is likely that this was the result of the 

prolonged droughts of 1984-86, that followed the El Nino 

event of 1983. During these years the amount and temporal 

distribution of rainfall were drastically disrupted in 

Chamela (S. H. Bullock, pers. comm.), causing an extremely 

high mortality of trees and drastically reducing flowering 

and seed production (Bullock and Solis-Magallanes, in 

review). 

Qualitative observations indicate that lack of free 

surface water and scarcity of food, including fruits, 

leaves, and seeds, during this period at Chamela also led to 

high mortality rates in other mammals such as White-tailed 

deer (Odocoileus virginianus), oppossum (Didelphis 

virginianus), and armadillo (Dasypus novemcinctus). 

Climatic anomalies related to the post-El Nino event caused 

reproductive failure and high mortality in plants and 

animals throughout the tropics (Glynn, 1988). These results 

indicate that years of unusually low and unpredictably timed 

rainfall play a key role in shaping the ecology and 

evolution of tropical deciduous forest biotas (e.g., Murphy 

and Lugo, 1986; Bullock and Solis-Magallanes, in review). 
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Intraspecific variation 

Comparisons of the population fluctuations of Liomys in 

deciduous and arroyo forest showed important differences, 

indicating temporal and spatial heterogeneity. Populations 

fluctuated approximately 12-fold in the deciduous forest and 

only a-fold in the arroyo forest. Since fluctuations were 

less severe in the arroyo forest, this supports the 

hypothesis of wider population fluctuations occurring in the 

habitat that experienced more pronounced seasonality. 

Interestingly, densities of Liomys were lower in arroyo 

forest, where it coexisted with two other less abundant but 

reasonably common species, E. perfulvus and E. banderanus. 

Food production, or at least its availability to small 

mammals, may have been similar in the two forests, and 

Peromyscus species, perhaps because their ability to climb 

and harvest seeds and fruits while these were still on the 

plants, may have been able to obtain a larger share of those 

limited resources in the structurally more complex arroyo 

forest. 

What other factors could account for the different 

population dynamics in these Liomys populations? To answer 

this question I considered differences in reproduction, sex 

ratios, age structure, 'survival', and movements. No 

appreciable differences in reproduction were detected 

between populations from the deciduous and arroyo forest 



where similar number of both males and females were 

reproductive throughout the year. 
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During months of high density, when intraspecific 

competition for resources such as food and mates was likely 

to occur, age structure changed in both habitats, with the 

number of juveniles and subadults remaining similar, but 

with more adults in the deciduous forest. Apparently more 

adult individuals were being incorporated to this population 

via in situ recruitment, probably because higher 

reproductive success. Population density in the deciduous 

forest was substantially higher: adult males from this 

habitat moved more than males from the arroyo forest, 

probably reflecting the establishment, defense, and 

displacement from territories. During these months of high 

density, the sex ratio in the arroyo forest became highly 

male-biased, indicating that more males were being 

incorporated into the populations. Its is very likely that 

many of these males were dispersing individuals from the 

deciduous forest. Interestingly, the residency time for 

these males was significantly lower than for all other adult 

individuals (males and females in both forests). with the 

reasonable assumption that dispersers suffer higher 

mortality rates, this supports the hypothesis they that were 

dispersing individuals. 



104 

These results are similar to other studies that have 

shown differences in population structure, reproduction 

or/and patterns of life-history between intraspecific 

populations living in close proximity (Delany and Happold, 

1979; Lomnicki, 1987; Cockburn and Lidicker, 1983; Ostfeld 

et aI, 1986). My results clearly show that strong 

differences may exist among intraspecifc populations living 

in heterogeneous environments, and they suggest that 

individuals may experience very different selective 

pressures affecting their fitness on small spatial and 

temporal scales. Understanding how the spatial and temporal 

heterogeneity affects individual fitness may prove very 

useful to understand population dynamics and life history. 
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CBAP'l'ER 3 

COMHDHITY STRUC'l"URE, RESOURCE PAR1'I':t'IOHIHG, AND COEXISTENCE 

OF SMALL IIAMMALS III DECIDUOUS AND ARROYO FORESTS 

Our current knowledge of the structure and function of 

natural communities results from on our interest in two 

fundamental ecological questions: Why there are so many 

kinds of organisms (i.e., species diversity)?, and How do so 

many organisms live together in one place? (Hutchinson, 

1959; Mac Arthur, 1972; Whittaker, 1975; Schoener, 1988). 

A positive relationship among species diversity, 

productivity, and habitat heterogeneity is suggested by two 

widespread patterns of diversity. On the one hand, species 

diversity in most taxonomic groups increases with decreasing 

latitude. Although the mechanisms underlying this 

relationship are not well understood, such latitudinal 

gradients in diversity often have been explained as a 

consequence of the increasing productivity from temperate to 

tropical regions (Hutchinson, 1959; MacArthur, 1972; 

Whittaker, 1975; Brown, 1988). On the other hand, animal 

species diversity usually increases with increasing 

complexity of the vertical stratification of the vegetation 

(i.e., habitat heterogeneity; MacArthur and MacArthur, 1961; 

Pianka, 1966; Cody, 1968; Brown, 1975; Rosenzweig and 

Winakur, 1969). The relationship among diversity and these 

factors is, however, very complex, in part because 
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productivity and vegetation complexity are usually 

correlated, and in part because the effects of both factors 

can be overridden by biogeographic, historic, and chance 

events (Pianka, 1966i Mac Arthur, 1972i Brown, 1975i August, 

1983i Wiens, et al., 1986). 

Presumably, increases in productivity and habitat 

complexity promote species diversity by increasing the 

variety of resources available and, therefore, providing 

better opportunities to sustain local populations and to 

coexist per unit of space (Mac Arthur, 1972i Whittaker, 

1975i August, 1983). A knowledge of mechanisms of 

coexistence is important to understand community structure 

and to elucidate how resources are divided among species and 

what processes play a major role in determining community 

structure. 

Several mechanisms have been advanced to explain 

species coexistence. At one end of the spectrum, in the 

absence of differential resource utilization, coexistence 

may be promoted by processes such as predation and habitat 

unpredictability, which maintain the populations of 

sympatric species at low densities and prevent them from 

depleting limiting resources (Atkinson and Shorrocks, 1981; 

Horn, 1984i Strong, et al., 1984). At the other end, 

coexistence can be enhanced by differential resource 

utilization (i.e., resource partitioning) which tends to 



reduce interspecific competition when resources become 

limiting (Schoener, 1974, 1988; Brown, 1975; Kotler and 

Brown, 1988). 
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Important axes in the partitioning of resources that 

promote niche differentiation and coexistence are food, 

time, and space (see Schoener 1974; 1988 and refs.). 

Recently, Kotler and Brown (1988) called resource 

partitioning those mechanisms of coexistence that operate 

when resources are available at the same time and place, and 

habitat selection (i.e., habitat use) those mechanisms that 

come into play when resources are separated in time (i.e., 

temporal habitat selection) or space (i.e., spatial habitat 

selection). 

Resource partitioning and habitat selection may be 

simultaneously the causes and the outcome of evolutionary 

and ecological processes. Patterns of differential resource 

utilization can be produced by independent evolutionary 

histories and phylogenetic constraints, evolutionary 

divergence in response to selection to reduce competition 

(the ghost of competition past), or present ecological 

interactions such as competition and predation (Hutchinson, 

1959; Mac Arthur, 1972; Schoener, 1974, 1988; Brown, 1975; 

Connell, 1980; Horn, 1980; Rosenzweig, 1981, 1988; Thompson, 

1982; Kotler and Brown, 1988; Brown and Zeng, in press). 

The importance of particular mechanisms of coexistence 

varies at different temporal and spatial scales and among 
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communities (Schoener, 1974, 1988; Wiens, et al., 1986; 

Roughgarden et al., 1987). In small mammal communities 

dominated by heteromyid rodents habitat selection is 

probably the most obvious mechanism enhancing coexistence, 

although resource partitioning (e.g., seed type and size) 

may be important in some cases (Brown 1975; Mares and 

Williams, 1977; Kotler and Brown, 1988; Brown and Harney, in 

press). In communities numerically dominated by cricetid 

rodents, resource partitioning and three-dimensional habitat 

selection appear to be about equally important as mechanisms 

of coexistence (Meserve, 1976, 1981; Holbrook, 1978, 1979; 

Duesser and Porter, 1986: Harney and Duesser, 1987). 

The limited information available about the patterns 

and processes of resource utilization in tropical 

communities of small mammals suggest that both resource 

partitioning and habitat selection promote coexistence 

(Rahm, 1972; Delany and Happlod, 1979; Emmons, 1980; August, 

1983). In this chapter I evaluate the relationships 

between species diversity, habitat heterogeneity, and the 

mechanisms of coexistence of neotropical small mammals. I 

studied two habitats, deciduous and semideciduous (arroyo 

forest hereafter) forests, of contrasting phenology and 

structure, addressing the following questions: 1) How does 

species diversity change with temporal and spatial changes 

in habitat complexity and productivity?, 2) What are the 
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patterns of resource partitioning and macro- and 

microhabitat preferences of coexisting species?, and 3) What 

ecological and evolutionary processes do produce differences 

in resource utilization and promote coexistence? 

METHODS 

study Site and Data Co11ection 

The study was conducted at the Estacion de Biologia 

Chamela (Chamela hereafter) and Rancho Cuizmala (Cuizmala 

hereafter) from April 1986 to June 1987. The 1,600 ha 

Chamela Biological station (190 30' N, 1050 03' W) is 

located in the state of Jalisco, Mexico, about 5 km SE 

of Chamela (Fig. 1). Elevation ranges from 20 to 500 m and 

the topography consists primarily of low hills dissected by 

temporary watercourses. Cuizmala is located in the northern 

bank of the Cuizmala river, approximately 15 km south of 

Chamela. Elevation ranges from 20 to 300 m and the 

topography is dominated by alluvial plains and low hills. 

The climate of Chamela is characterized by its 

pronounced dry-wet seasonality (Fig. 2). Average monthly 

temperature is 24.90 C, with similar monthly mean maxima, but 

with significant seasonal changes in minima (14 to 23 °C; 

Bullock, 1987). Mean precipitation is 748 rom/year, with 80% 

of rainfall during the four-month rainy season, from July to 

October (Bullock, 1987). 
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At Chamela, small mammals were captured in 0.5 ha 

plots; three pairs of plots were placed in relatively 

uniform deciduous or adjacent arroyo forest (Fig. 3). 

Deciduous forest plots were located on hillsides of varying 

slope, and arroyo forest plots were set in flat areas along 

a temporary stream. Plots in different habitats were 

separated by 60 to 150 m, whereas plots in the same habitat 

type were 300 to 600 m apart. The size of the plots (0.5 

ha, 70 X 70 m) was limited by the availability of arroyo 

forest. 

Small mammals were live-trapped with Sherman traps for 

three consecutive nights each lunar month during the new 

moon. On each plot, 64 Sherman traps (23 X 8 X 9 cm) were 

set at permanent stakes, 8 m apart, in a 8 X 8 grid 

arrangement. Arboreal species were sampled by placing 16 to 

18 additional Sherman traps on fixed wood platforms in the 

trees, located between 1 and 3 m height; two traps were set 

in trees in each row of the plot. Traps were baited with a 

mixture of rolled oats, peanut butter, and vanilla extract. 

Individuals were marked with a numbered ear tag, but Liomys 

pictus were additionally marked by toe-clipping. For each 

individual captured, I recorded 1) body mass in grams, 2) 

sex, 3) position and height of trap, and 4) escape route 

after release. 

To analyze the relationship of the small mammal faunas 

of the arroyo and deciduous forests with those of other 
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habitats and to compare the macrohabitat use of the species 

found in Chamela, several habitats not represented in the 

biological station were sampled at Cuizmala in April 1987. 

The data gathered on presence-absence of species of small 

mammals in those habitats was supplemented with the 

observations of an extensive mammalian survey carried out in 

1983 (Ceballos and Miranda, 1987). 

Additional habitats sampled at Cuizmala included thorn 

forest, palm forest, mangrove, riparian forest, pasture, and 

perennial and annual crops. In these habitats one 0.5 ha 

plot was set in areas of uniform vegetation, and minimum 

distances between plots varied from 100 to 1000 m. Small 

mammals were sampled using similar methods to those 

described for the arroyo and deciduous forests, but plots 

were only sampled once for three consecutive nights. 

Deciduous and Arroyo Forests: Structure and Phenology 

A detailed description of all the habitats sampled is 

presented in Chapter 1, and a summary of the structure and 

phenology of the deciduous and arroyo forests is presented 

in Table 5. Deciduous forest covers most of the area of the 

biological station and has a contrasting phenology during 

the dry and rainy season. The arroyo forest is 

semideciduous and found in the proximity of temporary 

watercourses, where it is usually limited to a strip 50-300 

m wide. 
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Lott et al. (1987) compared arroyo and deciduous 

forests at Chamela and found important differences in 

structure and composition. Species diversity, number of 

trees and vines, basal area, and other characteristics were 

all higher in arroyo forest (Table 5). Especially important 

for small mammals is the greater horizontal and vertical 

complexity of the arroyo forest. 

In order to compare seasonality and food availability 

in the deciduous and arroyo forest, I measured plant litter 

production by placing six litter traps randomly in each plot 

(see Chapter 2 for a detailed description of the method 

used). Variation of litter mass over time is presented in 

Chapter 2 (Fig. 7). Arroyo forest had a significantly 

higher production of litter mass than deciduous forest (6.9 

and 4.2 ton/ha/year, respectively; nested two-way ANOVA, E= 

10.26, DF= 1, E < 0.002). 

Thirteen variables reflecting habitat structure and 

plant species richness were measured at each trapping 

station in all the plots during the dry season, between 

April and May 1987. The following variables were measured 

in centimeters and directly above each trap station, except 

when otherwise stated: 1) slope, 2) canopy height, 3) 

continuity of arborescent vegetation in a scale of 0 to 4, 

where 0 means no continuous canopy and 4 means that adjacent 

canopy vegetation was present in all four compass 
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directions, 4) canopy cover in a scale of 0 to 5, where 0 

means no cover and 5 means 100% cover, measured directly 

above five positions including trap station, 30 cm to the 

south of the trap station, 60 cm to the east, 90 cm to the 

north, and 120 cm to the west, 5) shrub cover using same 

method of canopy cover, 6) vine cover using same method of 

canopy cover, 7) herb cover using same method of canopy 

cover, 8) height of herbaceous vegetation, measured at two 

points in a 40 cm radius from trap station, 9) litter cover 

using same method of canopy cover, 10) litter depth, 11) 

number of trees with a DBH > 10 cm in a 3 m radius from trap 

station, and 12) number of vines with a DBH > 10 cm in a 3 m 

radius around each trap station. August (1983) measured 

most of these variables in several tropical forests of 

Venezuela, and found that mUltivariate combinations of them 

can be used to characterize habitat heterogeneity in 

neotropical savanna and forest habitats. 

In order to reduce the dimensionality of the 

microhabitat variables I used principal component analysis 

(peA; see section on statistical analysis). Principal 

components were identified with a label that best described 

the variation explained by the combination of variables that 

loaded most heavily. In the arroyo forest four principal 

components contributed with eigenvalues > 1, and explained 

62% of the variation in microhabitat (Table 9). Tree height, 

canopy cover, and continuity were the three variables 
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contributing with higher factor loadings on PC1, a component 

that represents the structural complexity of vertical strata 

(STRUCTURE). Herb cover and herb height contributed with 

the higher factor loadings to PC2, which expresses the 

complexity of the forest understory (HERB). Highest factor 

loadings for PC3 were vine cover, number of vines, and 

litter depth, representing a combination of vertical and 

horizontal complexity (LITTER). Finally, number of trees 

was the variable contributing with the highest factor 

loading on PC4 (TREE). 

Predictions and statistical Analysis 

All statistical analyses were performed using SAS 

program (SAS Institute, 1985), Neff and Marcus (1980), and 

Zar (1984). All analyses were considered statistically 

significant for P < 0.05; NS means that differences were not 

significant. 

To reduce the dimensionality of the microhabitat 

variables I used principal component analysis. PCA reduces 

the original data set containing a number of redundant 

(i.e., correlated) variables to a new set of fewer 

orthogonal uncorrelated variables containing the same amount 

of information (Neff and Marcus, 1980; Adler, 1985; Mandly, 

1986). I used the correlation matrix because variables have 

different scaling. A separate PCA was performed for each 

plot, using each trap station as an individual observation. 
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Table 9. Principal Component Analysis of the 

microhabitat variables of the arroyo forest. PC4 is 

included in the table because it had eigenvalues > 1 when 

a separate PCA was done on each plot. The eigenvectors for 

the microhabitat variables for the four most important 

Principal Components (PC) are given. 

COMPONENT 

PC1 (STRUCTURE) 
PC2 (HERB) 
PC3 (LITTER) 
PC4 (TREE) 

VARIABLE 

HEIGHT TREE 
CONTINUITY TREES 
CANOPY COVER 
VINE COVER 
HERB COVER 
HEIGHT HERBS 
LITTER COVER 
LITTER DEPTH 
NUMBER OF TREES 
NUMBER OF VINES 

EIGENVALUE 

2.49933 
1.87457 
1. 39357 
0.95487 

CUMULATIVE PROPORTION 

24.9 
43.7 
57.6 
67.0 

EIGENVECTOR 
PC1 PC2 PC3 PC4 

0.5275 0.0034 -.1914 -.1977 
0.5341 -.0100 -.0448 -.1744 
0.4369 -.0389 -.1248 -.0261 
-.0648 -.3877 0.3485 -.3363 
0.0057 0.6275 0.1865 0.0405 
0.0233 0.5992 0.2900 0.0388 
0.3281 0.0936 0.3292 -.2461 
0.2930 -.1342 0.4712 0.3616 
0.2168 -.0553 -.2560 0.7407 
0.0065 -.2554 0.5561 0.2689 
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Components with eigenvalues greater than one were used for 

the analysis of small mammal microhabitat preferences. 

Arroyo forest was structurally more complex and 

productive than the deciduous forest, so I predicted higher 

mammal species richness and species diversity in this 

habitat. To calculate diversity (H'), I used the Shannon

Weiner index (H'). Diversity indices underestimate 

diversity (Zar, 1984), so I also calculated the maximum 

diversity (H' ~) and the homogeneity or evenness (J'). I 

compared diversities by a ~-test using formulas 9.43 to 9.46 

of Zar (1984). I made a presence-absence species X habitat 

matrix to analyze similarities in small mammal species 

composition between all the habitats at both Chamela and 

Cuizmala. Similarities were summarized by a cluster 

analysis based on the simple matching coefficient, using the 

unweighed pair-group method of clustering with arithmetic 

averaging (UPGMA, Neff and Marcus, 1980). 

If several species coexisted in Chamela, it was not 

unreasonable to predict differential resource utilization 

among them (i.e., resource partitioning and habitat 

selection). I expected that taxonomically unrelated species 

would differ at a coarser levels of resource use than 

closely related species. To assess the relationship of the 

species according to the similarity of macrohabitats they 

used, I performed a cluster analysis following the method 

described above. 
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Microhabitat preferences were assessed in horizontal 

and vertical dimensions. Vertical stratification was 

compared by a Two-Way ANOVA using a General Linear Model 

(GLM), with species and height as factor. Horizontal 

habitat selection was assessed by analyzing the patterns of 

dispersion and trap use in each species. Dispersion was 

calculated using a goodness of fit of the Poisson 

distribution (Tanner, 1978; Zar, 1984). To identify habitat 

variables that were associated with the horizontal variation 

in trap success at different trap stations, I utilized a 

multiple linear regression (stepwise method), where the 

number of captures was the dependent variable and the 

habitat variables derived by PCA were the independent 

variables (Holbrook, 1979; Adler, 1985). 

The degree of association between species was 

assessed using a chi-square analysis of the co-ocurrence of 

species, and the strength of the associations was measured 

using Cole's (C7) and Hulbert's (C8) coefficients of 

interspecific associations (Cole, 1949; Hulbert, 1969; 

Ratliff, 1982). I used these coefficients to make my data 

comparable with other studies. 

RESULTS 

There were 2819 captures of 670 individuals in 20,100 

trap-nights. These individuals represented two mammalian 

orders, three families, 7 genera, and 8 species: Marmosa 
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canescens, Liomys pictus, Nyctomys sumichrasti, Oryzomys 

melanotis, Peromyscus banderanus, Peromyscus perfulvus, 

Reithrodontomys fulvescens, and Xenomys nelsoni. Another 

species, Sciurus colliaei was seen but not trapped, and 

three additional ones, Baiomys musculus, Sigrnodon alIeni, 

and Oryzomys couesi, found during the previous study at 

Cuizmala (Ceballos and Miranda, 1987), are only briefly 

mentioned in the text. 

species composition and Abundance 

species varied greatly in abundance at Chamela, so they 

were classified as common if they were represented by more 

than 20 individuals, uncommon if they were represented by 6 

to 19 individuals, and rare if they were represented by ~ 5 

individuals. Three species were common (Liomys, £. 

perfulvus, and £. banderanus), two uncommon (Xenomys and 

Oryzomys), and three rare (Marmosa, Nyctomys, and 

Reithrodontomys; Fig. 19, Table 6). 

six and eight species were found in the deciduous 

forest and arroyo forest, respectively, with highly 

significant differences in the number of individuals per 

species between the two forests (X2= 66.259, DF= 4, g < 

0.001; Table 10). The most abundant rodent was Liomys, 

which was represented by 324 individuals and accounted for 

95% of all the captures in the deciduous forest but only 71% 

(268 individuals) in the arroyo forest (Fig. 8; X2= 6.1904, 



Figure 19. Species composition and relative abundance of 

small mammals in the arroyo and deciduous forests 

of Chamela. 
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Figure 20. Cumulative number of species as a function of 

time in arroyo and deciduous forests of Chamela 
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DF= 2, 0.05 < E < 0.025). In the arroyo forest 95% of the 

captures were accounted for by five species, including 

Liomys, the two species of Peromyscus, Xenomys, and 

Oryzomys. 

The maximum number of species in any given plot was 5 

and 8 species in the deciduous and arroyo forest plots, 

respectively. Species occasionally found in the deciduous 

forest were Xenomys, Marmosa, Reithrodontomys, and the two 

Peromyscus, and none was represented by more than five 

individuals. Rare species occasionally found in the arroyo 

forest were Marmosa, Reithrodontomys and Nyctomys. 

species Diversity and Evenness 

The cumulative number of species as a function of 

trapping effort is presented in Figure 20. The number of 

species captured was always higher in the arroyo forest, 

reaching its maximum (8 spp) after 8 months of trapping. In 

the deciduous forest the maximum number of species captured 

(6 spp) was reached after 10 months. The differences in the 

rate of accumulation of species between the two habitats 

were mainly due to rare species; the five most common 

species had been caught in both habitats after three months. 

As I expected, species diversity (t= 4.7823, DF= 601, g 

< 0.001) and evenness were higher in the more structurally 

complex arroyo forest (Table 10). Although Liomys was 

also the dominant species in this habitat, the total number 
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Tab1e 10. Number of species, species accounting for 

95% of the captures (i.e., common species), number of 

individuals, species diversity (H'), maximum diversity 

(H'max) , and evenness (J) in the deciduous and arroyo 

forests of Chamela. 

Number Common Number H' H'max J 
of Species Species Individuals 

------------------------------------------------------------
Deciduous Forest 

Overall 6 1 1439 0.114 0.778 0.146 
Plot 1 4 1 342 0.096 0.602 0.160 
Plot 2 5 2 623 0.163 0.698 0.233 
Plot 3 2 1 474 0.023 0.301 0.076 

---------------
Arroyo Forest 

Overall 8 5 1382 0.437 0.903 0.484 
Plot 1 7 4 450 0.405 0.845 0.479 
Plot 2 8 4 480 0.305 0.903 0.337 
Plot 3 7 4 452 0.532 0.778 0.684 
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of individuals was distributed more evenly among species. 

In both habitats there were spatial and temporal changes in 

species diversity (Table 10). Temporal changes were mainly 

associated with the sporadic capture of rare species and 

with change~ in population density of all species. Spatial 

changes were related to differences in microhabitat 

preferences of the abundant species and the occurrence of 

rare species in certain habitat patches. 

The regional diversity, i.e., the diversity of Cuizmala 

and Chamela combined, was higher than the diversity of 

Chamela, alone. Three species, Baiomys, o. couesi, and 

sigrnodon, were only captured in Cuizmala, where they were 

more or less closely associated with habitats not present in 

Chamela such as pasture and banana plantations. The 

abundances of some of the species found in Chamela were very 

different in habitats at Cuizmala. The densities of 

Oryzomys and ~. perfulvus were 9 and 19 individuals/ha, 6 

and 2 fold higher, respectiv~ly, than the densities of these 

species in Chamela. 

Habitat Similarities in Small Mammal Composition 

The relationship of the composition of small mammal 

faunas of deciduous and arroyo forests with the assemblages 

inhabiting other moister or drier habitats is shown in 

Figure 21. In the cluster analysis two main groups of small 

mammals are evident, one occupying dry habitats and the 
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other occupying moister habitats. It is interesting to note 

that the fauna of the arroyo forest is more closely related 

to other moister habitats, separated by distances of several 

kilometers, than to the adjacent deciduous forest. The 

small mammals characteristic of the moister habitats are the 

two species of Oryzomys, £. perfulvus, and Nyctomys, whereas 

the species typical of dry habitats are Liomys, Marmosa, and 

to a lesser extent £. banderanus. 

The habitats with fewer species were very harsh (i.e., 

more extreme) or structurally simple, such as fre~~ently 

flooded and floristically uniform mangroves and structurally 

simple pastures (Table 1). In the Chamela-Cuizmala area the 

total species pool was represented after sampling the four 

most extensive and structurally complex habitats: deciduous 

forest, arroyo forest, palm forest, and perennial crops. 

Perennial crops, represented by banana plantations, probably 

had a high diversity because they are structurally complex 

and were located in areas that until recently had had 

extensive arroyo and palm forests. One species, Baiomys, 

was restricted to banana plantations. 

Resource Partitioning: Korpho1ogy and Diet 

Body masses of the small mammals ranged from 18 g in 

Reithrodontomys to 113 g in Xenomys (Table 7). Body mass of 

most species (75%) was, however, between 30 and 55 g. Body 

size appears to be an important axis for niche 



Figure 21. Cluster analysis of habitat similarity 

according to small mammal fauna composition. 
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differentiation, with a 10-fold difference in body masses 

between the smallest and the largest species. The two 

species of Peromyscus had similar body masses, with g. 

banderanus being slightly heavier. 

Observations on the diet of all the species but Liomys 

are qualitative (Chapter 1). More data are required to give 

accurate proportions of plant and animal material in the 

diets. The diet of all species contained at least some 

plant material. Liomys was a granivorous species, with a 

diet consisting almost entirely of seeds, fruits, and 

seedlings. I recovered 1,217 seeds belonging to 46 plant 

species from their cheek pouches during the year (Figs. 4, 

5; Table 3). In the laboratory, individuals survived for 

weeks on a diet of dry seeds, rejecting all kinds of 

insects. The diet of the cricetids was at least partially 

based on insects, so I consider them as omnivores. In the 

laboratory all cricetid species ate seeds, leaves, and 

insects. When~. perfulvus was offered plant material 

(e.g., seeds and leaves) and insects, it ate only a few 

insects. g. banderanus was more insectivorous; when offered 

equal amounts of seeds and insects (crickets) it ate similar 

quantities of each. The diet of Xenomys in the laboratory 

consisted on leaves and fruits; however, analysis of the 

feces of wild individuals revealed insect remains. Oryzomys 

fed on leaves and insects. 
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Habitat Selection: Kacrobabitat utilization 

The macrohabitat distribution of the five species of 

small mammals was very different (Table 1, Fig. 22). Liomys 

was found in all habitats with the exception of mangroves, 

and was able to remain abundant in both dry and moist 

environments throughout the year. Not surprisingly, the 

arboreal and semiarboreal species such as E. perfulvus, E. 

banderanus, and Xenomys were restricted to forest habitats, 

and the two Peromyscus were further restricted to moist 

forest habitats. 

The macrohabitat utilization of E. perfulvus and E. 

banderanus was significantly different, with the former 

species occupying more different kinds of habitats (X2= . , 

DF= 2, P= 0.02). Oryzomys occupied moist habitats, and its 

macrohabitat preferences were similar to those of E. 

perfulvus. In the arroyo forest most (90 %) Oryzomys 

individuals were transient, occurring sporadically. I 

usually caught several transient individuals the same night 

in the same plot, and they disappeared afterwards, 

suggesting that they were dispersing individuals. Xenornys 

was distributed in dry and humid forest habitats, and its 

distribution was similar to that of E. perfulvus. 

Habitat Use: Vertical Activity 

At Chamela coexisting species utilized the vertical 

structure of the habitat in different ways. Six species 



Figure 22. Cluster analysis of small mammal species 

similarity according to their habitat use. 
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(75%) were semiarboreal, one strictly terrestrial, and one 

strictly arboreal. The overall differences in activity 

(ground vs. arboreal) among the five most abundant species 

were highly significant (Two-way ANOVA, ~= 24.77, DF= 4, R= 

0.0001; Fig. 23). 

Liomys was strictly terrestrial, carrying out its 

activities in a horizontal dimension (i.e., on the ground): 

after being released from the traps in all instances 

individuals escaped by running on the ground or taking 

refuge in a burrow (Fig. 23; Table 11). This was not 

surprising because this and other species in the same genus 

and family are clumsy climbers (Eisenberg, 1963; Brown and 

Harney, in press). 

All cricetid rodents were at least partially 

semiarboreal. Oryzomys was the least arboreal of the 

cricetids, with 23% of the individuals captured in traps set 

in trees at heights < 1 mi all of them used ground routes to 

escape. Xenomys was semiarboreal, with 64% of the captures 

in trees. It moved on the ground only incidentally and was 

never caught in traps set more than 20 cm away from a large 

tree; it always escaped through arboreal routes. 

The two species of Peromyscus were semiarboreal, but 

there were strong differences in the degree of their 

arboreal activity, which was 64% of the captures in R. 

perfulvus and 38% of the captures in P. banderanus (X2= 



Figure 23. Proportion of arboreal and ground activity in 

five species of small mammals in Chamela. 
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4.3904, DF= 1, E < 0.001). The stratification of the 

arboreal activity of both species was also quite different. 

The activity of E. banderanus was concentrated at heights < 

2 m (96% of the captures), whereas in E. perfulvus 26% of 

the captures were above 2 m. The stratification of arboreal 

activity in Xenomys and E. perfulvus was similar. 

Habitat Use: Horizontal Activity 

The microhabitat characteristics of both arroyo and 

deciduous forests were spatially and temporally 

heterogeneous. This heterogeneity was reflected in the 

differential distribution of captures in the trap stations 

and in the patterns of dispersion of small mammals in the 

plots. All five common species were dispersed contagiously 

(i.e., clumped within species) across the landscape. This 

is not surprising because in tropical forests in general and 

in Chamela in particular, there is a great deal of 

heterogeneity in the distribution of trees that affect 

availability of food and other resources (Hubbell, 1979; 

Lott et al., 1987). 

captures of Liomys in the arroyo forest were negatively 

associated with PC2 (HERB), which reflected microhabitat 

structure of the understory correlated to height and cover 

of herbs. Thus, Liomys were less abundant in areas with low 

tree cover and large quantities of herbs, and therefore a 

lower influx of seeds from the trees. A discriminant 
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function analysis showed that there were statistically 

significant differences between traps that caught more 

individuals than the mean, and those traps with less 

captures than tile mean (test for equality of group 

centroids, E= 2.24, DF1= 10; DF2= 53, E < 0.02). 

Microhabitat variables that differed between the two groups 

were canopy height, canopy cover, vine cover, number of 

trees, and number of vines. 

No species of cricetids were statistically associated 

with any particular microhabitat variable. This was a 

surprising result, especially considering the strong 

differential use of horizontal and vertical strata of the 

vegetation shown by cricetids. The relationship between 

microhabitat variables and the number of captures in the 

cricetids was probably obscured by the high proportion of 

trap stations with no captures. Thus, I performed another 

multiple regression analysis excluding trap stations with no 

captures. In this second analysis ~. perfulvus was 

associated with PCl (STRUCTURE), indicating the relationship 

between this species and the complexity of the arboreal 

strata (E= 4.8391, DF= 1, E < 0.02). E. banderanus, 

Xenomys, and Oryzomys were again not associated with any of 

the principal components. 
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Interspecific Association and Riche Differentiation 

The patterns of species co-occurrence are shown in 

Figure 24. The association of species according to their 

habitat selection revealed that semiarboreal and terrestrial 

species were negatively associated. The negative 

association of Liomys with E. perfulvus was weak, but 

stronger with E. banderanus and Xenomys. E. perfulvus had a 

weak positive association with E. banderanus and a stronger 

one with Xenomys. Oryzomys was negatively assoc1.3.ted t,.J:!.th 

the two species of Peromyscus and Xenomys, and positively 

associated with Liomys. These associations reflect the 

horizontal distribution and vertical stratification of these 

species very well. 

A three dimensional plot of body size, vertical 

stratification, and diet is presented in Figure 25. The 

axes in this plot were chosen to provide a simple and 

schematic representation of the niche space occupied by each 

species, and similar representations can be obtained for 

other resources. It is evident that there is differential 

resource utilization and that each species occupies a 

different niche space. Although my data on diet are 

qualitative and based on limited observations in the 

laboratory, and probably underestimate differences in food 

type or size among the species, it is clear that 

macrohabitat selection, and horizontal and vertical habitat 

use provide niche differentiation among species. 



Figure 24. Patterns of co-occurrence in five species of 

small mammals from Chamela. 
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Figure 25. Three dimensional representation of niche 

differentiation of five species of small mammals 

from Chamela. 
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DISCUSSION 

Species Diversity, Habitat Structure, Productivity 

As I predicted, species richness and diversity was 

highe= in the more structurally complex and productive 

arroyo forest than in the deciduous forest. Indeed, arroyo 

forest was the habitat that had the highest diversity and 

species richness in the region. The deciduous forest had a 

depauperate fauna, probably reflecting the strong 

environmental constraints imposed by a prolonged and severe 

dry season. I can not, however, separate productivity, 

resource diversity, and resource access (via structural 

components) as causes of increased diversity, in part 

because these factors are often correlated, and in part 

because of the descriptive nature of my data. 

Similar patterns of increased diversity in more 

structurally complex and productive habitats have been 

documented in a variety of taxa in temperate and tropical 

habitats (Mac Arthur and Mac Arthur, 1961; Pianka, 1966; 

Cody, 1968; Rosenzweig and Winakur, 1969; Brown, 1975; 

Abramski, 1978; Eisenberg et al., 1979; Holbrook, 1979; 

Gentry, 1982; August, 1983; Kotler and Brown, 1988). There 

is, however, a controversy about how general these 

relationships are because some studies have failed to 

confirm them, probably as a result of the confounding 



effects of chance, biogeographic, or historical factors 

(Brown, 1975; Roth, 1976; Wiens, 1981). 
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Species diversity increased as a function of the number 

of habitats sampled. Thus, the regional diversity was 

higher than within habitat diversity due to the occurrence 

of habitat specialists. Macro and microhabitats differ in 

topography, slope, substrate, and vegetation, which are 

characteristics that largely determine the observed 

variability ,in productivity, phenology, and amounts of 

particular resources. The mosaic configuration of different 

habitats in Chamela definitely permitted more species to be 

present in the region. Species sort out along gradients of 

dry-wet and increasing vertical structure of the vegetation, 

and a few, such as Liomys and Sciurus, were habitat 

generalists occupying many habitats, whereas other species 

such as Nyctomys and Baiomys were habitat specialists 

limited to one or few habitats. 

A surprising and unexpected result was that although I 

found differences in species diversity and species richness, 

the total biomass and population densities of arroyo and 

deciduous forests were very similar (see also Chapter 2). 

This agrees with other studies that have shown that, 

commonly, a general increase of resources results in higher 

species diversity and addition of new species, rather than 

in higher population densities of the same species (e.g., 

Abramski, 1978; Kotler and Brown, 1988). 
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Resource Partitioninq, Habitat Use, and coexistence 

Differential resource utilization may be an important 

mechanism of coexistence in communities that are food 

limited. A rather important result is that the populations 

of all small mammals in Chamela were apparently food 

limited, because there was a strong positive relationship 

between population density and food availability and all the 

species responded in qualitatively similar ways to seasonal 

changes in food resources (Chapter 2). Species differ in 

variables affecting resource use such as body size, diet, 

macrohabitat use (habitat type), and microhabitat use 

(arboreality and microspatial patches within forest types). 

My results suggest that both resource partitioning and 

spatial habitat selection are important mechanism of 

coexistence and that, as I expected, distantly related 

species are separated at coarser levels of resource 

utilization (e.g., macrohabitat) than closely related ones. 

All species, however, responded in similar ways to the 

strong seasonality in food availability, suggesting that 

temporal habitat selection was not an important axis of 

differentiation among them. 

I have qualitative evidence indicating that resource 

partitioning of food was important in separating heteromyids 

and cricetids. Liomys has specializations in morphology, 

physiology, and behavior, and a diet specialized on seeds, 
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that allow it to thrive in the deciduous forest. The diet 

of all cricetid species included insects to varying degrees, 

but I do not have enough resolution in my data to show if 

they divide food resources according to type, size, or other 

parameters. Partitioning of food resources has been 

proposed as a mechanism promoting coexistence of small 

mammal in temperate and tropical communities (Rahm, 1972: 

Brown, 1975: Meserve, 1976, 1981; Emmons: 1980); but it is, 

apparently, less influential than spatial and temporal 

habitat use (Schoener, 1974, 1978; Kotler and Brown, 1988; 

Brown and Harney, in press). 

In Chamela spatial habitat selection was an important 

mechanisms of coexistence. In Chamela cricetids and Liomys 

were separated by habitat type, with the cricetids 

practically restricted to arroyo forest. Considerable 

separation occurred in semiarboreal species by the degree of 

arboreality and the vertical stratification of the habitat. 

How do these differences in resource use and morphology 

contribute to coexistence? Because similar phenologies of 

all species are correlated with food availability, food 

potentially limited the populations, interference or 

explotaition competition for food were potentially important 

mechanism promoting coexistence. Differences among species 

in any of the observed axes, i.e., body mass, diet, and 

habitat use, potentially reduce competition and promote 

coexistence. The prevalence of competition as an important 
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mechanism promoting coexistence has been extensively debated 

(e.g., strong, et al., 1983; Diamond and Case, 1986), and 

many studies suggest that other interactions such as 

predation are also important (e.g., Hassell, 1980; Thompson, 

1982; Horn, 1984; Wiens et al., 1986; Roughgarden et al., 

1987; Brown and Harney, in press). Presumably, in any 

particular community several interrelated processes operate 

simultaneously to determine the use of resources and 

coexistence of species. 

Differential resource utilization may be the outcome of 

tradeoffs between physiological requirements and 

interspecific interactions. On the one hand, species tend 

to be similar because they experience similar environmental 

pressures. On the other hand, they tend to differ because 

of strong interspecific interactions such as competition and 

predation (Brown and Zeng, in press). In Chamela, species 

specialized to some extent on different foods and feed in 

different macro and microhabitat. These differential 

responses in resource use were mostly correlated with 

phylogeny and evolutionary history, suggesting historical 

constraints in resource use. 

comparisons with other communities 

The small mammal fauna of Chamela is distinctive, with 

a high number of endemic genera and species (Chapter 1; 

Ceballos and Navarro, in press). species richness is 
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similar to other temperate and tropical habitats, but it is 

appreciably lower than in semiarid habitats in North America 

(Brown, 1975; August, 1983; Kotler and Brown, 1988). 

Species richness of the total mammalian fauna is higher than 

in temperate habitats but lower than other tropical regions, 

and this is mainly due to the presence at Chamela of larger 

numbers of bats than in temperate regions, but to the 

absence of frugivorous mammals typical of many other 

tropical habitats (Ceballos and Miranda, 1987). These are 

common patterns of species diversity, bacause latitudinal 

trends in mammalian diversity in North America are mainly 

explained by the increase of bat species rather than to a 

general increase of mammals (Fleming, 1973; Wilson, 1974). 

Other deciduous forests in southern Mexico and Central 

America have higher species richness, apparently because 

they are intermingled with extensive arroyo forests, 

creating habitat mosaics of complex configuration, which 

allow mammals to persist in the region by moving into arroyo 

forest during the dry season (Wilson and Janzen, 1983; 

Ceballos and Miranda, 1987). 

Mechanisms promoting coexistence in Chamela were 

similar to those reported for other communities dominated by 

cricetid species. In North America, Peromyscus species are 

usually segregated among macro- and microhabitat, with some 

showing vertical stratification (Meserve, 1976, 1981; 
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Holbrook, 1978, 1979; Harney and Duesser, 1987). My results 

implicating differential vertical utilization of vegetation 

as a leading mechanism of coexistence, are similar to 

patterns found in other temperate and tropical forests 

(Delany and Happlod, 1979; Emmons, 1980). 
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