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Preface

The idea that organisms oceur in communites of species whose interactions produce
distinct community charactaristics Is relatively new. Before 1960, maost ecologieal investiga--
tons of reptiles and amphibians were aimed at the produecton of autecological studies of
single species or simple lists of species present. Since then, the sindy of communities or com-
munity segments has become more popular, but work of this type still nccounts for only a
small part of the herpetological literature. The present volume originated as a symposinm at
the Lawrence, Kansas, meetings of the Herpetologists’ League and the Society for the Study
of Amphibians and Reptiles on 8-10 August 1977. The purpose of the symposium was to pro-
vide a vehicle whereby reviews and original research articles dealing with herpetological
communities could be incorporated into r single source. The diversity of idess, study
systems, techniques, and approaches will, I hope, simulate workers to look at their own
herpetological paradigm with an eye towards more integrative analyses of community strue-
ture and funchon.

For the purposes of the symposium, a herpetological community was defined as three or
more rephle or amphibian species interacting (or potentially interacting) in the snme
habitat, This definidion allowed the inclusion of very simple communities, such as Mautz's
cave lizards, but eliminated studies based on single specles or on isolated, two-species in-
teraeHons. The rationale for this definition is that specific community characteristies begin
to appear as the higher order effects of several species interacting, whereas nutecological or
pair-wise studies can be (and often are) carried out without gaining much insight into
eommunity-level dynamics,

This volume is organized into subject matter sections, Two review papers are followed by
eight studies of amphibian, snake, and lizard communities, four studies of entire
assemnblages from tropical and sandy soil habitats, and three papers dealing with field
techniques for the study of herpetofaunal communities, The final paper gives a historical
resumé of herpetological community studies, a summary of the papers included in the
volume, and recommendations for the future. This paper is followed hy a chronological
bibliography of herpetofaunal community studies.

Many people helped in the preparation of this volume. Each contribution was reviewed
several times and reviewers are acknowledged in the individual papers. I am especinlly
grateful to R. E. Robino, Denver Wildlife Research Center, Albuguerque, who was in-
strumental in editing the manuseripts for final submission and who shared the enbire process
from beginning to end. T also thank Roy W. McDiarmid, Denver Wildlife Research Center,
Whashington, D.C., who read and commented on the entire manuseript and provided much
needed support during the editing process. I thank the authors for their cooperabon, both in
revising their own papers and reviewing the contributions of others, and for their patience
during the long lag between submission and publication. A few ol the papers have been
recently revised but many have not been brought up-to-date since 1877.

Norman ]. Scott, Jr,

ifi



Page
8 =17 V.- RN fi
S L 1T v
A review of structuring in Herpetofannal Assemblages, by Harold Heatwale .......... 1
Amphibian Reproductive Ecology on the Community Level,
by Martha L. Crump .. .cot i i et ittt eiaa s a1
Amphibian Communities ... ..o i i i e a7
Anuran Succession at Temporary Ponds in a Post Oak-Savannu Region of Tesas,
by John A, Wiest, Tr. oo i i e i 39
Prey Patterns and Trophie Niche Overlap in Four Species of Caribbean Frogs,
by Kirkland L. JOmes .. oo ittt it et et c ettt e e e 49
Snnke CommUMBIES « oot v vttt it it i e e 57
Niche Dimensions and Resource Partitioning in a Great Basin Desert Snake
Community, by William 8, Brown and William §. Parker .............. ... .. 59
Resources of a Snake Community in Prairie-Weodland Habitat of Northenstern
Kunsas, by Henry S. Fitch .. ..o 83
Use of a Mammualiun Resource by u Chiliuahvuan Snuke Caommunity, by
Robert P. Reynolds and Norman J. Seobt, Jro o oo oo e 89
Lizard Communities . . ..ottt i et ettt 119
Temporal and Spatial Resource Partitioning in a Chihuahuan Desert Lizurd
Community, by F. Michael Creusere and Walter G, Whitlord .. ................ 121
Use of Cave Resousces by a Lizard Community, by Willism J. Mautz .............. 129
Strueture nnd Composition of Majave Desert Reptile Communities
Determined with a Removal Method, by R. BruceBury ........coviiiiiennn... 135
Troplenl Herpetofauna ... i e e e 143
The Herpetofauna of Forest Litter Plots from Cameraon, Africa, by
Normian J. Sentl, Jr. .o i i et it 145
Sandy Soil Herpetolaunas .. ... oottt et e 151
Herpetofaunal Survey of the Sinni Peninsula (1867-77), with Emphasis
on the Saharan Sand Community, by Yehudah L. Werner ................. ... 153
The Herpetological Components of Florida Sandhill and Sand Pine
Serub Associations, by Howard W. Campbell and Steven P. Christman .......... 163
Food Resource Partitioning of Fossorial Florida Reptiles, by
Charles R.Smith ..o i i i e e it 173
Techniques of Communily Analysis ... ..o i e 179
Tracking ns an Aid in Ecological Studies of Snakes, by
Harvey B. Lillywhile. ... oo i i e e 181
Field Techniques for Herpetolaunal Community Analysis, by
Howard W. Campbell and Steven P. Christman . ........c ... 193
Evaluation of Techniques [or Assessment of Amphibian and Reptile Populations
in Wisconsin, by Richard C. Vogtund Ruth L. Hine . ... ......cooiiiian..s. 201
Summary of Herpetological CommunityStudies .......... ... ... .o iiiiann. 219
A Chronologien! Bibliography, the History and Status of Studies of Herpetological
Communities, and Suggestions for Future Research, by Norman ]. Seott, Jr.
and Howard W. Camphbell ... .. e e 231

iv



REVIEWS






A Review of Structuring in Herpetofaunal Assemblages

by

Harold Heatwale

Department of Zoology, University of New England,
Armidale, New South Wales, 2351, Australia

Abstract

The structuring of herpetofaunal nssemblages in terms of numbers of species und in-
dividuals, equilability, biomuss, spucing, und niche charscleriskics is reviewed, und the
roles of moisture und altitude ure evaluated, The conlrust is mude between {orests and
deserts ns herpetological hobitats, nnd some of Lhe differences hetween the reptiliun and
amphibian components of ussemblages nre vxamined. The role of sovial orgunization in
community struclure, especinlly territoriality, is briefly mentioned,

A biobHe community is an assemblage of
organisms living together and interncting, and
includes all such organisms, at all trophie levels,
Consequently, o community is not limited to
specifie taxa, and a “herpetologieal community™
by definition is not an ecologically mesningful
entity, However, it is important to examine the
strueturing and interactions among community
members of the same taxon, ar of # few taxa. In
the present paper I follow Heyer (1967) in refer-
ring to those segments of communities made up
of reptiles, amphibians, or both as “herpeto-
faunal assemblages.”

A biotie community (or a component
azssemblage) is withott rank in the sense that one
can treat, for example, the rain [orest communi-
ty, the forest floor community of the rain {orest,
or the community in decaying logs on the forest
Hoor of the rain forest. In the present context the
scale is determined by the few studies previously
carried out,

T examined the structuring of herpetofaunal
nssemblages from several viewpoints: (1)
numbers of speeies and of individuals in relation
to environmental features, (2) biomass, (3) spac-
ing within the eommunity, and (4) patterns of in-
teractions among specles, Where there were re-
cent reviews of a topie, I cited the review and
relied henvily on it rather than citing and discoss-
ing individually the various papers contained in
the review,

Nature of
Herpetofaunal Assemblages

It has long been accepted that in general the
numbers of species of reptiles and amphibians in
the equable tropics is large and decreases toward
the higher latitudes, This is exemplified by a
comparison of species in two temperate and two
tropical forests (Table 1) in which the tropleal
forests had greater species numbers than the
temperute forests despite the fact that the fuuna
of the upper stratu of the tropleal forests was prob-
ably incompletely known. Porter (1972) has
generalized that reptiles are restrieted latitudinal-
ly and aldtudinally primarily by cold, and that
amphibians as n gronp are less cold-sensitive but
tend to he restrieted by dry conditions. Individual
taxa do not necessurily follow these generalizations
and may even show reverse trends,

The nature of the organization of species of
“herps” (a reptile, amphibian, or both) in an as-
semblage, and the factors influencing such strue-
ture is an important aspect of community ecol-
ogy. Heyer (1967) showed that four definite as-
semblages could be identified along a 24-km
transect across the continental divide in Costa
Rica which included both the Pacifie and Carib-
bean slopes, an albitudinal range of 780 m, tem-
perature ranges of 12°-33° C, annual rainfall of
1,700-3,800 mm, and six distinet vegetationnl
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2 H. HEATWOLE

Table 1. Comparison of the speciex numbers of
amphibians and lizards in droined foresis
(A) and swamp forests (B) in a lemperate
(Michigan) and a tropical (Panama) area.
Data from Heatwole and Get= (1960) and
Sexion et al. (1964).

Forest bpe Amphibiuns Lizurds Total
Michigan
Ouk-hickory (A) 2u 0 9
Hardwaod
swump (B) 9 0 9
Panama
Lowklind rain
forest (A) 3 G 11
Swumyp [orest (B) 10 G 1G

sExcluding pond species.

formations. The distributions of the herpeto-
faunal assemblages were closely correlated with
those of the vepgetation zones, although some
herpetofaunal assemblages spanned two vegetn-
tion zones. Individual species of herps spanned
several or all of the assemblages, others were
restricted to only one; however, there were aress
of sharp faunal chanpe behween unssemblages,
and assemblages were well defined. The Pacific
and Caribbenn slopes were climatically different
and had correspondingly different altitudinal de-
marcations of vegetation zones. Herpetofaunal
zonaton was not strictly altitudinal as samples
from the same altitude on oppasite sides of the di-
vide represented different herpetofaunal assem-
blapges. However, samples from the same vegeta-
tional zone represented the same nssemnblage,
Heyer concluded that although the distributions
of some species were limited by climatie factors,
others correlated with specific microhabitals
assocfated with particular vegetation zones.
Thus, the hypothesis that zonaton of herpeto-
faunal assemblages is primarily a direct climate
effect may be too simplistic and vegetaton
structure and type of habitats must also be con-
sidered,

Species Numbers

Comparisons of numbers of specles nmong
regional [aunas or along latitudinal or moisture
gradients eould reflect differences in numbher of
habitats In different regions, Jeaving the numbers
of species per habitat relatively unchanged. Even

comparisons among habitats may not be entirely
valid. For example, deserts and forests are not
structurally equlvalent. Forests often have
several structural layers (such as leaf litter, low
vegetation, and canopy) wherens deserts have
primarily a single shrub layer., Numbers of bird
species correlate well with struetural complexity
of the habitat (MacArthur 1972) and the same
may be true ol herps as well, Structural con-
siderations may also be important on n fner
scale. Tropical forests usually have more strata
(several canopy layers, for example) than do
tlemperate ones; also, Heyer (1967) noted dif-
ferences in the number of stories and their
heights within his subtropical-tropical transect,
There may be separate nssemblages in each
stratum of tropical forest and if so, the greater
number of species there could be an expression of
the greater number of stratn rather than of
climate or other factors per se. Consequently, to
validly express latitudinal (or other regionat) dif-
ferences in numbers of herp species, it is impor-
tant to use an eguivalent eommunity seale and
numbers of layers of the habitat or to compare
strueturally similur habitats, There have been
only a [ew studies trenting herpetofaunal ussem-
biages in a way amenable for such direct
comparisons; maost of these have dealt with
deserts or with tropical forests or its component
habitats.

Tropical Forests

Quantitative studies have been earried out on
the herpetofauns of the lower forest stratum in
tropical Guntemnala (Stuart 1951, 1958), Panama
(Sexton et al. 1964; Heatwole and Sexton 1966),
the Philippines (Brown and Aleala 1961; Brown
1964), Borneo {Inger 1988), Africa (Scott, this
volume), and Costa Riea (Scott 1976), and on the
buttress faunas in Thailand and Eeuador (Heyer
and Berven 1873) and Sumatra (Voris 1977),
with sufficiently similar techniques that at lenst
broad comparisons can he made among areas.
The number of herp species in 1 community
depended on a variety of factors among which
are aldtide, climate, and specific geographic
loeality.

The greatest species numbers were found in
the wet tropical lowlands, and regional dif-
ferences were slight. However, there was a
decrease in total number of lowland species with



STRUCTURING IN HERPETOFAUNAL ASSEMBLAGES 3

30r

20

10

NO. OF SPECIES

2 34 5 6 17

NO. OF DRY MONTHS

Fig. 1. Numbers of speeles of litter amphiblans (dots)
and lizards (trinngles) in middle-Ameriean lowland
forests with differing lengths af the dry sesson.
Redrawn nnd modified from Scott (1878) with addi-
tion of data From Stuart (1958). Lines ure eye-fitted.

increasing length of the dry senson; this effect
was especially pronounced in amphibians but
slight, if at all, in lzards (Fig, 1).

Comparison of the assemblages on the but-
tresses in dry evergreen forest in Thailand and
mpist tropical forest in Ecuador is consistent with
the moisture hypothesis, The dry evergreen forest
had anly a little more than a third of the number
of species (12) as the moist tropical forest (34).

In a given geographic region and for all
subgronps of the litter herpetofauna as well as for
the herpetofauna as a whale, there was a tenden-
cy for decrease in species number with increasing
altitude (Fig. 2). Since only a particular stratum
of one habitat type (forest) was invalved in these
compurisons, the decreases in species number
with altitude arid dryness are not reflections of
gross changes in habitat complexity but indicate
decreases in the number of species in equivalent
herpetofaunal assemblages.

A study of the total herp assemblages in
Guatemala supports the conclusions based on
analysis of the low-stratum assemblage nlone;
there was a decrense in species numbers with
altitude (Fig. 2). However, in the Costa Rican
transect of Heyer (1967), species numbers in-
creased with altitude on both sides of the eon-
tinental divide, perhaps reflecting community
structural eomplexity rather than numbers per
stratum or habitat. Thus the trends observed for
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Fiy, 2. Relation of tropical species-numboers to altitude.
n = Costa Ricon snokes; b = Costa Ricnn litter
herps; ¢ = Guatemelan forest herps; d = Costa
Rican hylids; e = Philippine litter herps. Redruwn,
madified, and horizontal axis corrected from Scott
(1976) with datn added from Stunrt (1951, 1658).

particular habitats or strata do not necessarily
apply on a gross community scale.

In the moisture continunm, species of the
forest floor stratum probably derrensed because
fewer species (especially of amphibians) have
adapted to the more extreme physical conditions.
The altitudinal correlation is less ensily explained
and probably encompasses historieal as well as
climatic considerations. Scott (1976) suggested
that differential ability of lowland species to in-
vade uplands is partly responsible.

Differences between mainland and insular
assemblages were also evident. The Philippines
assemblages had fewer species than equivalent
moisture conditions and altitudes in Costa Rica
(Fig. 2). Scott (1876) suggested that the insular
depsuperateness, which is especially marked at
higher altitudes, results from the fact that island
montane faunns will equilibrate at a lower
percentage of the available lowland species than
will continental montane faunas beeause
replacements by preadapted species will be
slower on islands.

Inasmuch as various taxa of herps respond dif-
ferently to environmental features, habitats in
different areas may have different proportional
representation of amphibians, lizards, and
snakes. Amphibians seem to be especinlly
moisture-sensitive, This was previonsly indieated
by the great difference in numbers of leaf litter



-

r B
m D 0
|_|_J K3
g 60
1N
o- -
w
G 40p
}_
=z ~ 3
(X1}
Ezn-
o R 1
A LS A S
THAILAND ECUADOR
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frog species between forests with long dry seasans
end those with short ones, compared to the
relntively small differences in numbers of lizard
species in the same forest floors (Fig. 1).

The composition of the buttress herpetofaune
differs greatly between the Ecundorien and
Thailand forests; the proportion of amphibians is
very low in the drier Thailand forest, but high in
the wetter Ecuadorian one (Fig. 3). Heyer and
Berven (1973) suggested that these differences
arise in part because in the New World the genus
Eleutherodactylus (which is heavily represented
in the Ecuadorian buttress fauna) has direct
development and is thus freed from standing
water for reproduction and can consequently in-
vade habitats closed to mast amphibia; in
Thailand this niche has been accupied by several
lizurds in the absence of Frogs with direct
development. The similar changes of propor-
tional representation by amphibians along
maoisture gradients in the New World wonld sug-
gest, however, that a sensitivity to moisture other
then in terms of mode of development may also
be involved.

In contrast ko the sensitivity to moisture condi-
Hons, amphibinns are less markedly influenced
by altitude and latitude than are reptiles (cf.
Costa Rican snakes and hylids in Fig, 2).

In the Guatemalan forests, incrensing altitude
resulted in a proportionately greater reduction in
reptiles than in amphiblans and the percentage

H. HEATWOLE
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Fig. 4. Proportion of the totnl herpetofnuna con-
sisting of amphibiuns (A), lizards (L), and snakes (S)
in Guatemalan [orests: Tropieal Dry Foreit (0-300 m),
Onk-Plne [Farest (2,000-2,800 m), and Plne-
Cypress Farest (> 3,000 m). Datn from Stuart (1851,
1958). Numbers above histograms indicate nctunl
number of species.

of the assemblages represented by amphibian
species increased with alHtude (Fig, 4). In con-
trast, an inerease of 1,200 m alttude in Costa
Ricn, although it reduced both the nombers of
litter lizards and amphibians, did not greatly
alter the proportion of the two (Fig. 5). Heyer's
(1967) transect rvevenled slight variations in
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Fig. 5. Proportion of the combined numbers of
lizard and nmphibinn specles conststing of amphib-
fnns (A) ond lizards (L) from wel forests in Costa
Rich ot different altitudes. Numbers above histo-
grams indicate netual number of spreies, Data from
Scott (1976).
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species composiion from one assemblage to
another (amphibians, 87-54 % lizards, 20-27%;
and snakes, 25-39%) with no consistent relation
ta climate or altitude. Again, one would have to
analyze the separate habitats of the structurally
different vegetation types for full assessment to
be made of the Guatemalan data and of Heyer's
transect.

In summary, the total number of species in
herpetofaunal assemblages deecreases with in-
creasing latitude and altitude, with decreasing
availability of moisture, and with greater in-
sularity. The aldtudinal and latitudinal effects
are often influenced maore strongly by decreases
in reptiles than by those of amphibians, whereas
the effects of moisture are the reverse. These
trends can be demonstrated independent of gross
changes in habitat complexity (layering), but are
not always exhibited on the gross level, probahly
because of the added influence of commumity
comnplexity.

Deserts

Numbers of species of amgphibians in deserts
are low and most work has concentrated on rep-
Hles only. Pianka (1867), in a study of North
Amerfean desert lizard assemblages, found that
ecological Hme, spatial heterogeneity, length of
growing season, and amount of warm-season
productivity were related to the number of
species ocenrring in an area, The most important
factor was spatial (mainly vegetative)
heterogeneity of the environment. He suggested
that the effect was indirect and that climalie
variability allows the coexistence of many plant
life-forms, the variety of which in turn contnls
lizard speecies-number, Thus, the prime control
factor was postulated to be alimatie-vegatative,
However, Piankn actually treated localities
rather than habitats and part of the heterogene-
ity within n given loeality might reflect proximity
of several types of desert habitats, In a later study
(Pianka 1871) of the Kalahari Desert, he found
that the most important varigbles influencing
lizard species-number seemed to be plant species
diversity and mean annual precipitation. The
Kalphari and American deserts were poor in
number of specles per loeality eompured to the
Australian deserts (Table 2). Piunks (1969) at-
tributed the exceptonal species-numbers of
Australian  deserts to (1) lzards usurping
ecological roles played by some worms, insects,

Table 2. Mean species denslty of lizards with
different habitats and thne niches in parions
lpealities in deserts of three continents (ofler
Pianka 1971).

North Aus-

Mabitat and hubits Americn  Ralahavi tralia
Diurnal, terrestrial 5.4 6.3 144
Diurnal, arboreal 0.p 1.8 2.8
Noecturnal, terrestrinl 1.1 3.5 1.6
Nocturnal, arborest 0.0 1.8 2.4
Fossorial 0.0 14 1.1
Totnl 74 14.7 28.3

snakes, and mammals in North America (he con-
sidered the desert mummal and snake faunas im-
poverished in Australin), (2) greater temporal
partitioning because of the milder and more eon-
stant Australian desert climate, (3) more narrow
specialization by Australinn desert lizards, and
(4) greater spatinl heterngeneity in Australian
deserts because of an interdigitation of diFferent
habitat types, including one type, “spinifex”
(Triedia), which is unique to Australia. Cogger
(1861) previously pointed out the importance of
Triodia in this regard. This grass has a unique
life-farm, aceurring in dense elumps with sharp
spike-like leaves interlacing and facing outward.
In addition to providing a formidable defense
against large predators for animals small enough
to pass thronph the Interstices, it provides an
unusually equable mieroelimate, Diurnal
tumidity is higher and temperature lower than
elsewhere, and shade is dense, A large number of
“desert” reptiles are closely dependent on Triodia
for conditions suitable to life and probably conld
not survive withaot this plant, Cogger (1981)
argued that the fact that the life form of Triodin
is unique to Australinn deserts and has its own
special reptilian fauna, may account for much of
the greater species richness of Austrolian deserts,

As mentoned above, the real difficulty in
evalunting any of the nbove discussion is that
loealities nre the units of study, not habitats. As
Pianks (1969) noted, = given area may have an
interdigitation of habitats; part of his diseussion
is based on the fact that such interdigitution {s
preater in Australin and that each habitat has its
own specialized lizard fauna as well a5 more nhi-
quitous ones. Unfortunately, he provided a
breakdown by habitat only for the Ausirnlian
deserts, Pianka recognized three major habitats,
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Triodia or sand-plain, mulga or shrub-zcacia,
and sandridges. If it can be assttmed that in each
American and Kalahari locality only one habitat
was represented, the number of species per
locality can be compared with the number per
habitat type in Australia. In the Kalahari, 12 to
18 species may occur at the same locality (Pianka
1871), whereas in North America the number
may be 10 or less (Pianka 1967). The mulga and
sandridge habitats in Australia may contain up
to 20 species each, “spinifex” up to 22, and a
large number of species are not definitely assigned
to any of these habitat types (Fianka 10868).
Thus, it appears that even when habitat rather
than localities is considered, Pianka's conclusion
that the Australian deserts are richer in species
than the American or Kalahari deserts is valid. If
the African and American localities encompass
more than one habitat, the differences would be
even greater.

If one cornpares the species densities of lizards
in deserts with that in tropircal grassiands or the
ground stretum of lowland forests (which are as
similar stroctural units as can be found for com-
parisons between such different hebitats) it is
clear that deserts and tropieal habitats are abhout
equivalent; mean spentes densities of desert lizard
species per habitat are 7.4 and 14 in the
Ameriean and Kelshari deserts, respectively,
about 10 for a variety of Central American
forests (Fig. 1), and 6 in the grass stratum in the
savannahs of the Venezuelan Llanes (Staton and
Dixon 1877). This equivalence halds up although
most of the deserts discussed here are at higher
latitudes than are the tropical forests. In the
special situation of Australia, desert habitats
(20-22 species of lizard per hahitat) are even
richer than those of the forest floor,

One can conelude that within broad
latitudinal limits and over a great range of
moisture conditions, the number of lizard species
in the lower strata of mainland habitats do not
vary greally, in marked contrast to that of am-
phibians or the herpetofauna as o whole. The
greater number of species in forests would seem
to reflect the additional assemblages ocenpying
the strata found in forest but not jn desert, rather
than differences in the number of species in the
stratum that both habitats share.

The desert environment is relatively erratic
and unpredictable, and one might suspect that
the large year-to-year fluctuations in the en-
vironment might be reflected in changes in the

numbers of species over time. Support for this
view was obtained by Whitford and Creusere
(1977) who found that during wet periods species
numbers in some Chihushuan Desert localities
increased because of an expansion of snitable
habitat and an influx of immigrants and tran-
sients from more mesic habitats. During dry
periods these died out again.

Number of Individuals

It has been noted that number of herp species
is greatest in the wet tropical lowlands of
mainlands but that it decreases with increasing
|aHtude, altitude, aridity, and insularity. Do the
same or different trends apply to numbers of in-
dividuals? Few sufficiently quantitative studies
have been carried out to permit evaluation; they
include studies in the lower stratum of tropical
forests of Panama, Costa Rica, Borneo, Africa,
and the Philippines (reviewed by Scott 1876 and
this volume). A surprising but consistent result
was that the number of individuals inereases
with increasing albdtude up to a certain level
(Fig. 6), but therealter decrenses again, i.e., the
greatest standing crops of herps ocour at in-
termediate elevations rather than in the low-
lands. There was also a difference between
Asian and middle-American localities; individual
numbers were lower in Asia. The numbers of in-
dividuals also decreased with ineressing length of
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the dry season among American tropical lowland
sites (except that one locality, Silugandi,
Panama, was unususlly high; Scott 1976: Table
1), and at the Costa Rican loealities numbers of
individuals were lower in Hie dry than in the wet
season and lower on slopes than on flat terrain,
Scott (1976), although not ruling out biotic fac-
tors such as predation, suggested that all these
differences were related to general produetivity
limits in the forest floor. He suggested that
drymess (whether due to seasonal or edaphic fac-
tors) reduces praduetvity and that litter produc-
tHon may be greatest at intermediate elevations
and greater in middle America than in Asia.
Such productvity differences would filter
thraugh the food chain and eventually influence
herps. Whitford and Creusere (1977) found that
in the Chihuahuan Desert lizard densities varied
directly with rainfall-induced changes in produc-
tivity and relative shundance, and acHvity of ar-
thropods.

Insularity is another factor influencing den-
sities of herps. It has been documented repeated-
ly that the number of species is usually smaller on
islands than in equivalent mainland habitats and
that the number of species on islands is a funcHon
of island size (MacArthur and Wilson 1867).
However, the influence of insularity on numbers
of individunals has not been studied often, Case
(1975) found that on the islands in the Gulf of
California, lizard numbers were inversely
related to number of lizard species. The reasons
for such density compensation were concluded to
be differences in predation intensity, insect pro-
ductivity, and possibly reduced competitive in-
terference on small, isolated islands,

Equitability

A flurry of achivity related to the concept of
species diversity appenrs in the liternture of re-
cent years and various diversity indices have been
developed. Although a few studies have applied
these techniques to herpetofuunal assemblages
{Lloyd et al. 1968; Heyer and Berven 19873), this
aspect will not be reviewed here. I coneur with
Hurlbert (1971}, DeBenedictus (1973), Peet
(1978), and others that the concept of species
diversity as expressed as un index is often bio-
logieally meaningless. It embodies bwo seporate
concepts (species richness and equitabiliky) and a

synthesis of the two into a single index has litte
volue. It is preferable to lock at the fwo com-
ponents of species diversity separately. One of
these, species richness, has been previously ex-
amined, and the other, equitability, will be
treated now. Equitability indieates how the in-
dividuals of an assemblage are distributed among
species. IF all species eontain the same number of
individuals the apportionment is equitable. If
some species are ubundant and athers extremely
rare, the distribution is highly inequitable. I will
employ a graphic method of presentation in view
of the freguent inapproprinteness of equitability
indices (Peet 1975).

The observution that some tropieal forests
have many species has led to the popular concep-
tion thuat no one species is common, i.e., that
equitability in the tropics is high, and all spectes
are rare. For example, Maiorana (1978), in a
review including reptiles and amphibians,
stuted: “There are many species in the tropies,
but generally individuals of any one of them are
rare.” Although this may be true for some
organisms, there is abundant evidence that it is
not true for amphibians or reptiles. When lati-
tudinal comparisens are made of the population
densities of herp species, it s often true that the
highest population densities are encountered in
tropical species (see reviews by Tinkle 1967,
Tummer and Gist 1970; and Heanhwole 1978).
There are one or a few species in each tropical
herpetofaunn]l assemblage that are extremely
abundant and sceount for o large proportion of
the tota]l number of individuals of the assem-
blage; the remaining species are relatively un-
common, i.e., equitability is low, In Fact, in oll
but 2 of the 10 assemblages From various altitudes
(lowland to 1,450 m) and laealities (Panama,
Costa Rica, Bornea, Philippines) reviewed by
Scott (1978: Fig. 6), the most abundant species
was represented by twice the number of in-
dividuals of the second-most abundant species;
sometimes the differences were sixfold or more
and the most abundunt speecies eontained more
individuals than the rest of the speeies of the
assemblage combined, The two exceptions were
the only two assemblages represented by small
samples, and even those showed cansiderable dif-
ferences in abundance among specles. Turner
(1961) plotted the numerical abundance of
snakes in Panama und California against their
rank in abundance and got similur curves for
both areas,
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Although all the sssemblages reviewed by
Scott (1978) were inequitable, some were more
inequitable than others. Equitability decreased
from the lowlands to the highlands in the bwo
areas (Costa Rica, Philippines) for which suffi-
cient altitudinal data were available. Although
there was a decrense in numbers of species with
altitnde, there were more individuals at the in-
termediate than at low altitudes. It appears that
the altitudinal reduction in rare species was more
than compensated hy an inerense in numbers of
individuals of the commonest species. There was
also a trend for more equitable distribution of in-
dividuals among species in the wetter as opposed
to the drier American lowland assemblages,
although small samples from some nareas
prevented a rigorous analysis. However, the data
of Heyer and Berven (1973) provide a better con-
trast bebween an assemblage (buttress faunn)
from two forests differing in moisture
characteristics. In dry tropical faunas (Thailand)
equitability was low; the most abundant species
accounted for well over half the total number of
individuals, whereas in Ecuadorian wet tropical
forest the distribution of individuals among
species was unusually equitable. In fact, this
assemnblage has the highest equitability of any
herpetofaunal assemblage of which I am aware.
The six most common species collectively ne-
counted for only 50% of the total individuals and
the most abundant one for only 10% (Fig. 7).
Although moisture conditons may have in-
Auenced these differences in equitability, it is
prematura to draw Frm conclusions. The
Thailand and Ecuadorinn forests differed in
ways other than moisture and contnent; in
Thailand the asemblage was dominated by
lizards, in Eeundor by amphibians (but note that
Lloyd et al, 1568 found equitability to be greater
among lizards than among frogs). Furthermore,
the assemblage of the Ecuadorian wet tropical
forest was much more equitable than any from
lowland wet forests in middle America.

The graphic portrayal of abundances of
Chihuahuan Desert lizards gave equitability
curves similar to those for tropieal forests, i.e.,
the most abundant species often were twiece as
dense as the next mast abundant species (Whit-
ford and Creusere 1977). Considering all the
abave studies collectively, it is doubtful whether
moisture plays a great role in influencing
equitability.

On the basts of a study of Sarawak frogs, Inger
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Fig. 7. Equitability in the herpetofaunn of buttresses
in forests in Thailand and Ecusdaor. Black dats on
white = lizordsy white dots on black = amphib-
inns; open histogrums = snakes,

(1969) implied that orgenization in amphibian
assemblages may follow definite patterns in par-
Heular kinds of habitats, but that the role of &
parhcular species may change from one loeality
to nnother, i.e., as one species declines in
numbers, its place may be filled by an ecologieal-
ly similar one that might he otherwise less
numerous, He felt that the relative constancy of
the frequencies of ecolagieal types (not neecessari-
ly the same species) from stream to stream and
the similariHes in equitabilities meant that a
given species could be added to or removed from
A community without greatly affecting com-
munity strocture because of the resuling changes
in other species. He further hypothesized that the
physical environment was uldmately responsible
for community structuring in that it determined
the success of particular ecological types (each of
which might include a number of species). It is
possible that the structuring of ecological types is
determined by the physieal environment, but
that bintie factors influence which species of a
given type predominates in the assemblage.

In summary, herpetofaunal sssemblages are
generally relatively ineguitable; equitability
decreases with altitude but with no consistent
relation to moisture, It is important to obtain ad-
ditional empirical data on this topic from a varie-
ty of geographic regions and acrass environmen-
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tal gradients of different kinds. Data are at pres-
ent insufficient to formulate a general theory af
either the significance of equitability differences
or identifications of causal factors. However, it
has been suggested that parHeular environments
determine the structuring and equitability of
assemblages, and that within that structure
species may be interchangeable. Clearly, much
empirical data on this topic is stll needed.

Biomass

A given area of habitat could theoretieally sup-
port either a large number of small reptiles or a
smaller number of large ones. Thus, data on
numbers of individuals, as valuable as they are,
do nat tell the whale story. It {5 nlso essential to
lmow the collective weight (biomass) of herps oc-
cupying a unit of habitat if community structure
is to be fully understond. Although biomass
values have been reported for a few individual
species of herps (see review by Heatwole 1976),
biomass of entire herpetofaunal assemblages
have scarcely been studied (see Bury and Fitch,
this volume). The work of Barbault (1870) is an
exception; the mean annual biomass of the snakes
(37 species) in an African savannah was 150 g/ha
and the greatest values occurred during the wet-
ter parts of the year. In the same season, there
were differences between habitats (plateaus,
slopes, low ground, and burned vs. unburned
areas). Burned arens had a relatively low biomass
compared with unburmed but otherwise equiv-
alent regions. Most of the differences among hab-
itats were attributuble to frog-eating species
whose biomass changes followed those of their
prey species (Fig, 8); lizard-eating specles also
showed biomass changes correlating with those
of their prey.

Type of habitat may be important in biomass
stability. Barbanlt (1967) found that total
biomass of ground-dwelling lizards showed large
seasonal fluctuation; low values neeurred follaw-
ing fires after which they rase and reached a penk
by the end of the rainy senson; by contrast ar-
borenl lizards showed little seasonal change in
biomass. Lizard biomass varied by as much as
twofold between comparable seasons of different
years. Amphibian biomass depended largely on
moisture conditions (Figs. 8, 9),

These bwao studies Hlustrate the importance of
biomass studies, In the terms of the sbructuring of
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such assemblages, it would seem to be important
to evaluate the distribution of biomass among
species, i.e., look at biomass equitability, Such
an approach may add a new dimension to the
study of herpetofaunal assemblages and might
open up fruitful avenues of research.

Spacing

The species of a herpetofaunal nssemblage are
not randomly distributed in spoce either horizon-
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tally or vertically; they occupy discrete micro-
habitnts, This belng true, it is presumed that the
greater the spatial (structural) diversity (n a
habitat, the greater the number of species which
can coexist there. Many investigators have quali-
tatvely appreciated spacing patterns among
herps, and diagrams indicating the nature of
such spacing have appeared for a number of
assemblages (e.g., Fig. 10). Where vegetation
structure permits, there is often a subterranean
assemblage, a leaf litter or eryptic assemblage, a
low bush sssemblage, o tree trunk assemblage,
und one or more canopy assemblages. Where
there is horizontal heterogeneity, different
assemblages may occur in the more apen areas
than in the closed canopy arens (Fig. 11). Sea
snakes show vertical and horizontal spacing (Fig.
13).

Heatwole (1977) reviewed the role of habitat
selection in the spacing of reptilian assemblages
and concluded (1) that spacing may in some in-
stances arise from interspecific differences in
response ta the geometry of the physical environ-
ment and in others from differential responses Lo
spatinl variaton in microclimatic factors, (2)
that expressions of hahitat selection are often
modified by the presence of other species in the

same generul habitat, and spacing is correspond-
ingly affected (habitat shifts), (3) that in-
traspecifie differences in habitat selecHon may
tend to result in spatial separation of sexes or on-
togenetic stages, but (4) thut intraspecific aggres-
sion is sometimes involved in cansing or main-
taining such separations.

The spatial separation of the different sexes or
the young from udulis might maximize the
number of individuals that can be maintained
within a given habitat and consequently in-
fluence equitability, It would be interesting to
ascertain whether common species more often
have intraspecifie dilferences in microhabitat
than do rarer ones.

Biotic Interactons

Spuce is not the only hiologically relevant
dimension of a species’ niche. A variety of other
aspects such as {ood, shelter, and busking sites is
also invaolved and the structuring of assemblages
may depend on the ways species interact in parti-
tioning such resources. Milstend (1872} suggested
that for a given hiome, there ure a large number
of finite niches, filled in different localities by
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convergent ecological equivalents that partition
resources in similar ways.

Much of the research in resource partitioning
has involved species-pairs or small groups of
species rather than whole assemblages. However,
the principles established by the study of small
unils are probably applicable to larger ones as
well. Consequently, it is appropriate to briefly
summarize the main points arising from these as
well as from more synthetie studies (for lizards

see reviews by Milstend 1961:; Pianka 1973;
Schaener 1974, 1975: and the studies of Milstend
and Tinkle 1969; Mareellini and Mackey 1970;
Sehall 1973; Hurtubia and DiCastri 1973; Seud-
day and Dixon 1973; Huey and Pianka 1974;
Huey et al, 1974; Fitch 1875; Simon and Mid-
dendorf 1976; Rose 1976; Talbot 1877; for snakes
see Fitch, Brown and Purker, and Revnolds and
Scott, this volume; for salamanders see Jaeger
1972, 1874; Bury and Martin 1973; Fraser
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1976a, 1976b; frogs are treated separately later).
Resource partitioning is achjeved by (1) spatinl
separation (also see Spacing), (2) differences in
size nmong species, especially hend size and its at-
tendant influence on the size of prey which ean
be eaten, (3) dilferences in types, or (4) size of
prey accepted or selected, and (5) the time in
which aclivity oceurs. Intraspecific differences
paralleling the above-mentioned interspecific
ones may also occur and result in a finer sealed
partitioning. In some lizards allochronic seasonal
and spatial actlvity may separate adults and
juveniles (Whitford und Creusere 1977; Creusere
and Whitford, this volume).

1t is important to assess the relatve importance
of the various niche dimensions in separnting the
members of assemblages in different com-
munities, Pianka (1973} did this for desert lizards
and showed that food is a mujor [nctor separating
niches of North American species, whereas in the

Kalahari, food niche separation is slight and dif-
ferences in space and Hme are considerable. All
three of these dimensions are important in
separating the niches of Australiun desert lizards.

Among the anoles, it would appear that
separation in place and in food niches are the
most important. Schoener (1975) suggested that
in this group intensity of competition appears to
(1) decrense with inereasing differences in size
between species; (2) be greater for a given size
difference if the competitor is larger than if it is
smaller; and (3) decrease at nonconstant rates, so
that at near complete size similarity decline in in-
tensity is mare rapid for smaller than for larger
competitors. It appears that the size-structure of
a herpetofaunal assemblage may be an important
characteristic to study, especially when coupled
with information on microhabitat and on food
habits (i.e., does an assemblage have an array of
different-sized species in each trophic and
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habitat category but few similar-sized ones in a
given onef). Where anoles are released from
competition from congeners (as on some islands)
niche expansion occurs nlong the habitat, perch
height, microclimate site, und prey size axes
(Lister 1976).

Frogs, like lizards, tend to be generalized in-
sechvores and many of the above considerations
regarding niche separation may be expected to
apply to them as well. The frog genus Eleuthern-
dactylus is the ecological equivalent of the lizard
genus Anolis; both are execeplonally large
genera, have explosively radiated in tropical
America, and are often represented by a number
of species in the same nssemblage. Like the
anoles, Eleutherodactylus shows spatial segrega-
tion. Heatwole (1963) indicated that two species
were horizontally and vertically separated in
Venezuelan eloud forest; E. terraegholivaris oc-
cupied the tree falls, rondsides, and other open,
second growth, and E. carnutus oceupied the
closed, shaded aress. Furthermore, the former
leaves the litter at night and elimbs up on vegeta-
tion far its acHvity period whereas the latter re-
mains on the forest floor. Similarly, Cintron
(1970) found that although there was con-
siderable spatial overlap among the
Eleutherodactylus species in Puerto Rico cloud
forest, certain species tended to occupy par-
ticular strata or microhabitats (e.g., one was
found primearily in bromeliads in trees, another
mainly inside of the petioles of fallen palm
fronds, and a third mostly under such petioles or
other debris); a large species tended to feed on
ants and the smaller species on small beetles.
Drewry (1870) found that aithough the time of
calling strongly overlapped, there were dif-
ferences in peak of calling activity. It appenrs
that spatial isolation is the major separating fac-
tor and a lesser difference in food and activity
niches is also operative.

Inger and Maxx (1961) examined the food
habiks of 20 species of African amphibians and
found that there were intersperific differences in
the food niche, and selectivity as based
primarily on differences in size range of prey;
there were interspecific differences in the size of
prey eaten, but within a species prey stze did nat
vary greatly with size of frog.

Heyer and Bellin (1973) examined space niche
overlap (as indicated by horizontal and vertical
location and vegetation type occupied) in five
sympatric Lepiodactylus in Ecuador, Three of
the species had broad niches and hvo had nar-
rower ones. There was considernble overlap
among some of the species (Table 3). Leptodac-
tylus discodaciylus overlapped little with other
species, in part because of distinetive calling sites
used by males of that species. The species with
high overlap in the spakial (habitat) niche belong
to differant species-groups, and Heyer and Bellin
suggested that aspeets ather than habitat may be
more important in niche differentiation among
them. In any event, it is clear that although some
species tend to be spatially segregated, not nll
are,

Dankers (1977) studied an assemblage of 18
species of frogs around a pond in eastern
Australin  and found that almost all were
separated by differences in seasonal or daily ac-
tivity period, location around the periphery of
the pond, or within & given area by
microhabitat, One species-pair that shawed little
temporal or spatial overlap differed preatly in
size, (For a study of the temporal and spatial pat-
terns of a North American frog assemblage, see
Wiest, this volume.)

Inger and Greenberg (1866a) studied three
species of Rana in Sarawak and found that
spatial separation was slight and not the factor
involved in their conkinued coexistence. Niche
overlap was extensive and although coexistence is

Table 3. Niche breadth and niche overlap values for five species of Leptodactylus
from Ecuador (from Heyer and Bellin 1973).

Niche averlap

Niche
Specias breadth L. knudseni L. mystoceas L. pentadactylus L. wapneri
L. discodactylus 1.29 0.28 0.26 0,27 0.26
L. knudseni 2,54 - 0.90 0.83 1.00
L. mystaceus 2.36 - D.6B 0.99
L. pestadaciylus 14 - 0.64
L. wapneri 2,53 —
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indefinitely maintained, some compelition
seemed to be occurring as removal of a species re-
sulted in increuses in the density of remaining
ones. They suggested that maximum populaton
levels are fixed by intraspecific competiton, a
mechanism also postulated by Dankers (1977) for
one of his overlapping species-pairs.

The sbove studies suggest that frogs are
separated by much the same factors as are
lizards. However, it appears that in lizards
spatial components tend to be more important
than in frogs but that frogs rely more heavily
upon temporal separations. Ascertaining
whether this impression is correct must await
further comparative studies, However, it appears
even at this rudimentary stage that the
eleutherodactylines more closely resemble lizards
in tending toward spatial segregation.

Thus far, only adult amphibians have been
considered. Hawever, given bodies of water may
contain n variety of species of larvae and their
potential interactions must be considered. This
topie has been recently reviewed (Heyer 19878).
Heyer stated that “available evidence indicates
that communities of tadpoles represent nothing
more than o collection of species coexisbing as
tarvae. A tadpole community is not an integrated
whole; biological interactions within the com-
munity are not important evolutionarily; there is
no natural selection operating directly to inte-
grate or partition the community.” He arrived at
these conclusions despite the finding of spatial
and temporal separation among species, and
even habitat shifts in the presence of other species,
sometimes interpreted in competilive terms by the
authors he cited. Heyer based his argument on the
facts that (1) predation is a mnjor arganizing
influence in tadpole assemblages, (2) in some
instunces different vears result in different
temporal or spatial patterns among species, (3)
that he could formulate alternate hypatheses to
account for presumed competition, and (4) that
models had been constructed which permitted
coexistence without competitive exclusion, He
suggested that differences in habitat oceurred as
an adnptation to particular environments
developed in isolation from presently coexisting
species; spatial or temporal separation may arise
from competition for ealling or oviposition sites
by adults of territorial species, He explains
habitat shifts of n species when in the presence of
another ns a density effect independent of
competition.

H. HEATWOLE

In critiqgue of Heyer's views it must be men-
tioned (1) that although year-to-year differences
in breeding times and places and with different
species mixes might oceur, it does not mean that
such species compete at no time, nor that such
competition, even if occurring oceasionally,
wauld lack selective significance in adjusting
long-term trends in habitat selection or breeding
phenology; (2) that ability to formulate alternate
hypotheses does not necessarily disprove a pre-
existing one; and (3) that models are merely
highly organized, formal hypotheses and do not
constitute evidence of anything, One could con-
struet any number of models at will and arrive at
any conclusions desired, Madels are justified in
that they stimulate empirical testing of the idens
they embody, but as an end in themselves are
mere mental exercises, Heyer's main contribu-
tions, other than the empirienl data on several
tadpole assemblages, were the demonstration of
similarity in feeding habits of various overlap-
ping species, the providing of stimulating alter-
nate hypotheses on orpanizabon of tadpole
assemblages, and in questioning the dogma that
compettion is the main selective agent influenc-
ing habitat selection in larvae. In so doing, 1 feal
he went too far in making unwarranted, bianket
generalizations and in setting up the counter-
dogma of no interactive affects. Further research
involving detailed comparative studies of tadpole
assemnblages testing his ideas are clearly
desirable,

Life History, Reproduction,
and Community Structure

Maiorana (1976) recently reviewed the
literature on the relation of life history variables
to community structure, including assemhlages
of reptiles snd nmphibians, She emphasized that
seasonal, temperate-zone environments select for
breeding only at the most favorable Hme for
juvenile survival, Equable tropical environments
permit a greater seasonal spread of reproduction,
and in genern! tropical lizards are characterized
by enrly maturity, multiple but smaller clutches,
and reduced life expectancy in comparison with
temperate ones, However, lizards from seasonal
tropical environments have reproductive
strategies similar to those of lizards from the
equable tropies and she suggested that tropical
seasonality is not as severe as is that of temperate



STRUCTURING IN HERPETOFAUNAL ASSEMBLAGES 15

regions. She concluded that (1) abiotic factors
may be important in shaping the reproductive
patterns of temperate lizards (length of favorable
season and uncertainty in the quality of that
season), (2) predation is probably impertant as a
selective force in the life history petterns of
tropical lizards but in sessonel tropieal en-
vironments abiotic factors influence timing of
reproducton, and (3) competition is not an im-
portant selective foree in life history patterns, If
these conclusions prove to be true, then it seems
that in lizards, spacing and habitat selection may
be influenced by competition but life history
strategies more by seasonality and predation.
However, Inger and Greenberg (1968b) sug-
gested that in eguable tropical forests, lack of
seasonal restriction and the resulting continuous
breeding of lizards may lead to increased interac-
tHon among species. Separation in space may con-
sequently be a reflection of such interaction.
Amphibians differ considerably from lizards in
some regards, Maiorana (1976) noted that many
species are restricted to standing water or its
vicinity for reproduction and suggested that
predaton pressures on larvae and competition
among them in such aguatie environments are
probably Intense (but see Heyer 1978). In the
equable tropics, conditions favoring reproduc-
tion are extended throughovt most of the year
and amphibians can become temporally segre-
pated, using breeding water sequentially in Hme
and hence avoid larval competition. Conse-
guently more species can coexist than in seasonal
environments where favorable conditions do not
persist long enough for temporal segregation of
mare than a few species, It is possible this is the
Factor which is responsible for the reduction of
species numbers of frogs with increasing length aof
dry season noted in the section on species num-
bers, IF coexistence or lack thereof is determined
primarily by interaction at the larval stage in
amphibians, rather than competition at the adult
level, it would explain why adult amphibians
seem to show less spatial separation but greater
temporal segregation in breeding than lizards,
Heyer (1978) concurred that the larval stage
may be the bottleneck as far as population den-
sities are concerned. He suggested that predation
and weather-influenced uneertainties, such as
drving or freczing of ponds, cause high mor-
talities and that adult population levels conse-
quently are below the carrving eapacity of the
environment, except for possible scarcity of

breeding or oviposition sites in territorial species.
Creusere and Whitford (1878) provided data
supporting this idea. .

Regardless of the factors invalved, if it is true
that high larval mortality results in lack of cam-
petition among adults, it explains relative lack of
spatinl separation among adults of different
species in some amphibian groups and also ex-
plains the apparent importance of spatial szpara-
tion in direct developers (see Biotic Interactians).
The penus Eleutherodactylus has direct develop-
ment and is thus freed from the high mortality
imposed by aquatic environments. Predictably,
the little information available suggests that like
lizards, this genus shows considernble spatial
segregation among adults of different species.
These ideas have not been rigorously dae-
umented empirieally; the data are suffieient only
to be tantalizingly sunggestive. Detailed empirical
studies of comparative ecology and lile history of
various tropieal amphibians, sspecially those
with direct development, must he earried ont
before firm conelusions ean be renched as to the
role of life history variables in structuring of
assemblages,

In addition ta the insectivorous frogs and
lizards discussed above, herpetofaunal
assemblages may contain herbivorous lizards and
turtles, or earnivorous members from all taxa,
especially snakes, that may prey upon other
herps. Most work has been done on rather
generalized insectivores and the way that they
segregate ecologically. Trophie structuring in-
volving herbivorois or non-inseckivorous prad-
ators in herp assemnblages is a topie searcely
explained. However, Walters (1975) showed that
different species of amphibian eggs and larvae
have different palntabilities to their amphibian
and reptilian predators. In the Held there was
somelimes intense predation nnd a negatve cor-
relation between predator presence and prey
abundanee.

Role of Social Organization

Tt is obvious that any factor which influences
the numbers of individuals in an area will affect
other structural aspects such as equitability,
biomass, and spacing. Also, if differential mor-
tality of various ontogenetic stages or sexes is in-
duced by some environmental factor, the size
strueture and sex ratos of populatons are af-
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fected. Such changes in one or mare component
species of an assemblage affects the structure of
the entire assemblage. It is beyond the scope of
the present paper to review the vast literature on
the influence of the physical environment on
population dynarmics of herps. It is also beyond
the scope of this review to assess in detril the role
of biote and social factors in such proeesses at the
level of individual populations or species.
However, certain features of social organization
widespread in reptiles and amphibians that have
an important bearing an assemblage strueture
will be summarized.

A recent symposium has made it evident that
reptilian social behavior is extremely varied and
that it plays an important role in the ecology and
evolutdon of the group (American Society of
Zoologists 1977). Aggression is a very common
element in the social repertoire of many species of
reptiles and amphibians and it finds its most
common expression in territoriality (Carpenter
1967). Territoriality may involve only in-
traspecific aggression or may operate in-
terspecifically. In the former, agpression may be
only among adult males, among consexual
adults, or toke the form of adult attacks an
juveniles. All of these forms of territoriality
would tend to promote more uniform spacing
and wonld limit the number of individuals that
could oceupy an area. This would in turn mean
that suceesstul defenders of territories in optimal
habitat would have greater aceess to adequate
food, mates, basking sites, and shelter than
would less successful animals foreed into
marginal areas where chances of survivul would
be smaller. In fact, Done and Heatwole (1977a)
suggested that aggression-based soelal systems
result in a situation where, under unfavarable
conditions or shortages, at least some individuals
survive and bread rather than all die as a result of
equally distributed but insufficient resources.
Bradshaw (1971) showed that in Amphibolurus
ornatus, adult aggression against juveniles forees
the juveniles into areas where predaton is
higher; the surviving young migrate back into
the adult areas when they reach sexual maturity.
Thus, migration arising from = territorial soeclal
system may influence the structure of herpeto-
faunal assemblages in particular areas.

Interspecific territoriality may affect not only
the number and spacing of individuals but of
species as well. In some instances species occupy
different horizontal or vertical zones depending

on whether the area is shared or not with con-
geners (Jenssen 1973; Schoener 1875). It is also
possible that species numbers may be affected by
the exclusion from an area of a species by another
interspecifically territorial one. Thus, ter-
ritoriality may affect (1) spacing within a species,
(2) spacing of species relative to other species, (3)
numbers of individuals, or (4) number of species
in an area. These factors in turn may affect
equitability and biomass.

Not nll species are territorial and some can
shift from territorial to hierarchical systems, at
least under the artificial conditions of captivity
(Carpenter 1967; Hunsaker and Burrage 1968;
Done and Heatwole 1977a, 1877b). The
significance of different reptilian social systemns
to structuring in the assernblage has searcely been
assessed except for the effect territorinlity in one
species has on its own numbers and spacing, and
on those of the species toward which it is ter-
ritorial. One ecan, however, ask mare synthetic
questions. For example, can a given nssemblage
contain only so many territorial species? Are the
propordons of territorial o non-territorial
species subject to some degree of community
regulaton? Are species with a particular soeial
organization replaceable by one with a different
social behavior without altering the properties of
the assemblnge? These and other similar gues-
tions can only be answered by empirieal com-
parstive study of different assemblages, A move
in that direction bas been made by Williams and
Rand (1877) who showed that the relative value
of the dewlap nand other communicative signals
in anoles varies depending on the number of
anole species in the assemblage.

Conclusions

All of the topies reviewed here relate to the
form or structure that herpetofaunal nssemblages
take under different conditions. This is just one
aspect of the study of assernblages, however. The
complimentary topic to that of structure is func-
Hon. To fully understand an nssemblage or n
community, nat only must jts structure be known
but the flow of energy and materials arnang
species must be assessed, Both these aspects are in
their infancy as far as herpetofaunal assemblages
are concerned. Bioenergetic studies on herps
have usually been restricted to analysis at the
single species level. It is hoped that this review,
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and this symposium, will stimulate herpetologists
to devote increasing attention to studjes involv-
ing the role of amphibians and reptiles in the
strueture and function of the larger community.
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Abstract

A review of smphibiun reproduoctive ecology emplissizes the Inek of integration of ltfe
history strategies and community dynamies; no data are nvailable on the Influence of in-
terspeciflc interactions in shaping reproductive strategies. Certain aspects of reproductive
ecolopy within n community malrix are sugpested for [uture investigation. Experimental
Feld manipulations with appropriate controls and replicates will yield the most mesning-
Ful interpruetation of {nterspecific interactions, A list of statements und predivtions eoneern-
ing amphibinn reproductive ecalogy s presented, providing n framework upon which to

ask relevant questions.

The concept of a community {s an abstraction
because of the dynamic and boundless nature of
the system. Community in the broadest sense Is
the entire bioHc component of an ecasystem,
composed of all the interacting niche-differ-
entated species’ populations. Logistics and prac-
ticality, however, reguire thut ecologists delimit
the boundaries of such a complex system for in-
vestignion, Thus, many ecologisis adopt MacAr-
thur's (1871) definition of a community as “any
set of related organisms living near each other
and nbout which it is interesting to talk.”
Community ecology is more than a compaosite of
individual papulation studies; a major coneern is
species interactons. The scope, then, is deter-
mined by the investigator and the focus is on the
intermeshing influences and responses exerted
und elicited by the caomponent species.

Recently there has been incrensing interest in
evoluton nt the level of communities, Levins
(1975) suggested that selection acts differently on
such varinbles as [eeding elficiency, predator
avoidanee, and number of offspring on the com-
munity level as compared with the speeles level;
selection at the community level does not nec-
essarily favor each component species. He argued
that there could be strong selection for perpet-
unHon of groups whose component species have
attributes that complement each ather and that
favor the persistence of proups through time.

Wilson (19878) presented a model whereby selec-
tion can operate on the communiky level without
violating the principle of Mendelinn selection. It
is niot my intent here to enter the controversial
argument on group selection, but rather to em-
phasize that populations do not exist in isnlation
from other populations,

Community organization is influenced by the
simultaneous interactions of many species
(MacArthur 1972; Pianka 1874; Colwell and
Fuentes 1975; Whittaker 1975; Inger and Col-
well 1977), Since species’ responses are the result
of condoptations among sympatrie populations,
we must cansider the organism within its entire
environment to interpret ndapHve strategies,
Maiorana (1976a) also emphasized that a species’
reproductive attributes und community ecology
ore {nterdependent und should be integrated
fields of investigation. Species interactions are
not simply painwvise; they are multidimensional,
acecurring between many if not most other popu-
lations in the community. Thus, in terms of the
evolution and organization of the community,
the whale {s greater than the som of its parts.

Using species interactions ns the framework for
community analysis, what do we know about
amphihian reproductive ecology on the com-
munity versus the populabon level? Numerous
autenologieal investigations have dealt with
various aspects of amphibinn reproductive
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ecology. These range from studies such as de-
seriptive accounts of breeding perindicity, clutch
size, and survivorship to lonp-term analyses of
fluctuations in reproductive suceess and popula-
tion age structure. A few studies have compared
reproductive ecology of conspecifie populations
in different environments and othess have com-
pared populations of two sympatric species.
However, whenever several sympatric species
have been studied, the resultds an interpretabion
of coexisting populations. The questions have not
heen cast into a community framework and
species interactions have not been analyzed.

In reviewing the “state of the art” of amphib-
ian reproductive ecology, I have been eontin-
vally impressed by the lack of integration of am-
phibian life history strategies and community dy-
namics. Each speries exhibits a partienlar set of
reproductive adaptations in response to its entire
environment, including the structure and stabili-
ty of the community to which it belongs. Inter-
pretation of the adaptive nature of reproductive
factors should include examination of the rela-
tionships of these factors with those of coexisting
species within the community framework. Just as
community variables are important in molding
reproductive patterns, the interwoven set of re-
productive tactes exhibited by the component
species in tom affects community structure and
stability. Since each species’ response may direct-
ly affect responses of other members of the eom-
munity, the interacdons of the ecomponent
species produce synergistic effects on the overall
community.

The review of amphibian repraductive ecolopy
presented herein and the discossion of the mutual
influences of ecommunity variables and reproduc-
Hve patterns are meant to provide a framework
for future investignton. The purpose of this
paper, then, is threefold: (1) to review current
knowledge of amphibian reproductive ecology;
(2) to demonstrate the relevance of analysis of
reproductive ecology on the community level;
and (3) to suggest fruitful arens for further in-
vestigatan.

Reproduction and Species
Interactions

Like all artificially delimited communibies,
amphibian associntions are continually changing
in time and space. Many species of amphibians

migrate from non-breeding aress to breeding
sites (usually standing bodies of water) at appro-
priate times dependent on environmental condi-
Hons (see Salthe and Mecham 1974 for a review
of environmental cues, breeding site location,
and formation of breeding apgregations). The
result at the breeding site is s different age-class
distribution and sex ratio than that of the non-
breeding population. In addition, species compo-
siions at breeding sites differ from those at non-
breeding sites. These compositional differences
related to reproductive activity have effects on
community structure, ineluding fluctuating and
overlapping resource utilization and species
interactions, These effects have never been in-
vestigated, Predators of amphibians must also be
affected by the transient associations with their
continually changing compositions, but na data
are available., Dispersal of juveniles away from
the breeding site is probnbly the most important
mechanism responsible for gene Aow between
populations; unfortunately, the effect of juvenile
dispersal an overall community organization and
stability has never been examined. The infusion
of thousands of juveniles of numerous species into
terrestrial habitats surely causes shifts in resource
utilizalion among species; these shifts need to he
quantified.

Although I could continue in this vein, perhaps
it is more constructive to review the current
status of our understanding of the mutual effects
of repradurtive ecology and species interactions.
Two areas that have received considerable at-
tendon are reproductive isolating mechanisms
and certnin aspects of resource partitioning
associnted with breeding activity,

Reproductive Isplating Mechanisms

During the breeding season the potential for
intraspecific and interspecifie interactions is high
becanse of the shift to 8 new community strue-
ture and a high density of individuals. Behav-
foral reproductve isolating mechanisms that
help maintain species’ identities are associnted
with the high potential for mismatings at tempo-
rary breeding congregations. These mechanisms
inelude diseriminatory courtship rituals such as
species and sex recognition and mate selection,
The most studied behavioral isolating mech-
anism in frogs is the mating eall of males (for
review see Salthe and Mecham 1974; Littejohn
1977). The calls are species-specific with the fre-
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guency of the dominant harmonie, note repeti-
Hon rate, and pulse rate and length relatively
uniform within a species and variable among
species. Male voealization functions in arienta-
Hion of both sexes to the breeding site, formation
of breeding agpregations, sex discrimination, and
location of specific males by females. Analyses of
acoustical variables of mating calls from a eom-
munity standpoint suggest that sympatric species
exhibit significant cell differences with only
slight overlap (e.g., Blair 1856; Creusere and
Whitford 1876).

Species recognition in salamanders is based on
a complex of visual, olfactory, tactile, and be-
havioral cues (Salthe and Mecham 1974), the
signiicance of particular cues varying from
species to species; the complex courtship patterns
in salamanders are probably significant in main-
taining reproductive isolation (Arnold 1977). Be-
havioral interactions between rival males are
well documented (Arnold 1078), but nothing is
known corncerning community interactons. If
behavioral, visual, tactile, and olfactory cues
could be quantified, they could be considered as
“resource states™ in a similar way that W. E,
Duellman (personal communication) has ana-
lyzed community variables of frogs. A spectes’
repertoire of reproductive isolating mechanisms
probably has signifieant consequences to species
interactions as well as to members of the opposite
sex.

Resource Partitioning

Communities are organized, or have structure,
as a consequence of interacdons among the com-
ponent populations; competition and predation
are hwo types of internctions usually considered
to be primary deterrinants of community orga-
nization. Predabon represents interactons be-
tween trophic levels, whereas compatition repre-
sents interacton within o trophic level, Although
competition has generally been given greater
consideration as a major determinant in am-
phibian community organization (e.g., Inger
and Colwell 1977; Krzysik 1979), Hairston
(1980) emphasized the potential importance of
predation in Desmognaihus community organi-
zation; he suggested that we need to design field

experiments with testable hypotheses to partition.

out the organizing effects of predation versus
compelilion. As Connell (1875) pointed out,
however, these hwo determinants may them-

selves internct. Predation may reduce species
densibies such that competition is reduvced or
prevented.

Species interactions are expected to inerease nt
temporary breeding sites because of the high
density of individuals of many species. Com-
munity studies in the past have not taken into
account shifts in resonrce utilizution resulbing
from changing species composition. It would be
of value to compare resource utlization of
members of the non-breeding community with
the same species In the breeding community.
Analyses of spatial or temporal partiioning of
available breeding sites (Crump 1874; Collins
1875; Creusere and Whitford 1976; Wiest, this
volume) and partitioning of male calling sites
(Littlejohn 1958; Bogert 1860; Duellman 1867,
Dixon and Heyer 1968; Channing 1978) have
generally sugpested that these factors organize
the eommunity; the result is reduction of species
interactions and incrense in space partitioning,
providing order in an otherwise potentially
chaotie system.

On the other hand, my observations at Santa
Cecilia, Ecuador, indicate thut species compo-
sition of an anuran breeding aggregaton may
directly- affect the parbtoning of calling sites.
Calling site specificity seemed to be less rigid
when many species called sympatrically and syn-
chronously. Na differences in ealling site were
noted when individual species’ densities were
high s contrasted to an increase in number of
species. One explanation is that some specles may
be flexible in their tolerance of neceptable ealling
sites. Perhaps species are not flexible at all; when
displaced from preferred calling sites during
periods of intense breeding nctivity, thase males
may not be suceessful in attracting mates. Mora
work needs to be dane on the effects of species
composition and density on calling site par-
Htaoning and how displacements affect breeding
suceess, If population fuctuations result from
competidon for optimal ealling sites under condi-
Hons of high species-packing, community stahili-
ty and resource partitioning wounld be affected
significantly.

Oviposition sites constitute another spatial re-
source that is partitioned (Crump 1974). OF all
the aquatic breeding nssemblages studied in
Ecuador, at the mast 10 species of frogs were
found depositing eggs sympatrically and syn- .
chronously. These species deposit their eggs in a
wide variety of sites: free-floating on the water
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surface, wrapped around emergent vegetation
stems in the water, on vegetation up to a meter
abave water, and suspended in a foam nest pro-
duced on the surface of the water. This envi-
ronmental partiioning results in greater avi-
position site use than if all 10 species required the
same sites,

Foraging and shelter spnce as potentially
limited resources for amphibians during the
breading period have not heen investigated from
a community standpoint. On the population
level, many species have home ranges varying
with sex, age, climatic conditions, and lacal
geography. Sympalric speries partition the envi-
ronment, but whether this is indirect evidence of
competition for space rather than the result of
microhabitat preferences due to species dif-
ferences such as in morphology, size, or physio-
logical tolerance has not been investigated.

Food may be a major limiting resaurce for am-
phibians, One of the few studies camparing
feeding habits during the breeding season with
those during the non-breeding senson indicated
no difference in the percentage of individuals of
two populations of Pseudaoeris triseriata which
had food in their stomachs; about 65% of both
populations had food in their stormachs (Whit-
aker 1871). However, significant qualitative
differences were apparent, During the breeding
season, vegetation and shed skin combined repre-
sented about 27% volume of stamach contents.
During the non-breeding season, little vegetation
was consumed (0.8%) and shed skins were nat
found in any stomachs. Whitaker found that
Hyla crucifer, breeding sympatrically and syn-
chronounsly with P. ¢riseriata, does not feed at the
breeding site. The combination of speeies-specif-
ic behavioral differences plus the fact that dif-
ferent prey items would be expected to be found
in terrestrinl versus aquatic sites supgest that
shifting food utilization is probably extremely
important to overall community organizabon.

When analyzing species internctons within an
amphibian community, one must be aware that
the system is dynamie, and species associations
are constantly changing (Goin and Goin 1953;
Wiest, this volume). Information for a specles-
pair combinations in one Hme frame should not be
extrapolated to another lile history staga. Ecol-
ogists often interpret the activites of members of
a community as means of “avoiding” competi-
tion. Species differences are often labeled s
“mechanisms” permitting coexistence. As pointed

out by Peters (1976) and Wiens (1977), however,
the concept of competition is a tautology rather
than a testable theory. Nonetheless, investigators
can and should obtain quantitative mensure-
ments on availabla resources and determine dif-
ferential vtilization levels,

Mode of Reproduction, Species
Richness, and Resource Partitioning

Often an abvious reproductive difference be-
tween species is the mode of reproduction, re-
ferring to a combination of egg deposition site
and mode of development (including whether
development is larval or direct, size and stage at
hatching, and rate of development). Assoriated
with mode of development is a wide vadety of
cluteh sizes and egg sizes. Numerous authars
have discussed evolutionary trends in amphibian
reproductive modes and life history patterns
(Noble 1827, Lutz 1947, 1848; Orton 1951;
Jameson 1955, 1857; Goin 1960; Lynn 1961;
Goin and Gain 1982; Tihen 1965; Heyer 1969).
The commonly proposed trend is evolution
towards greater terrestrinlism. In this section
several questions will be addressed: (1) How
much variability is there in mode of repraduction
within frogs-and salamanders? (2) How is clutch
energy partiioning related to reproductive
made? (3) Is there a relation between diversity of
reproductive modes and species richness? and (4)
Does reproductive mode diverslty affect part-
tioning of space resources?

Salthe (1968) cateporized salamanders into
three modes of reproduction: (1) Eggs are aban-
doned In open, still water; the eggs are relatively
small, and hatch at comporatively enrly stuges of
development. (2) Eggs are depostted benenth ab-
jects (such as rocks) in running water; the eggs
are larger than those of mode 1, the larvae hatch
at a more advanced stage, and many species ex-
hibit parental eare by puarding the clutch until
hatehing,. (3) Eggs are deposited in ane mass, be-
neath objects on land; the eggs are larger than
those of the other modes, cluteh size is smaller,
development is direct, and parental care is pres-
ent in most species.

Anuran species with a generalized reproduc-
tive mode depaosit eggs directly in water and have
an aquatic larval developmental stage (modes of
reproduction eollectvely referred to here as
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Group I; from Crump 1974). Less generalized
are species that deposit eggs out of water but re-
tain an aquatie larval stage (Group 11). The most
specinlized forms are totally independent of
standing water (Group III). Some Group III
species deposit terrestrinl eggs that underge
direct development; in other species, develop-
ment takes place within the body of the adult,
within a fpam nest, or in some other protective
situation. Parental care is present in some
species.

Quantitative variables of cluteh size assorinted
with mode of reproduction influence the genetic
variability maintained by a population. The op-
timal balanee between clutch size and egg size,
or the partitioning of clutch energy, ultimately is
a function of the lavels of competition, preda-
tion, and environmental uncertainty to which
the young are exposed (Smith and Fretwell 1974;
Brockelman 1875; Wilbur 1977¢). Empirical in-
terpretations of the relation between egg size and
cluteh size for amphibians are provided by Salthe
(1969), Salthe and Duellman (1873), Crump
(1974), Kuramoto (1978), Kaplan and Salthe
(1979), and Crump and Kaplan (1979), General-
ized species (Group 1) characteristically have
large clutch sizes relative to female body size.
The eggs nre small and intraoval development is
rapid; the resultant hatehlings are small and are
at n comparatively early stage of devalopment.
These species tend to breed in the mast unpre-
dictable environments, such as temporary ponds
and ditches. Species of more specialized modes of
reproducton (Groups II and III) produce fewer
but larger eggs relative to body size; many of
these species have direct development. Groups 11
and IIT species breed in the most stable environ-
ments such as under leaf litter on the forest floor
or in rotting logs; they may exhibit some form of
parental eare, Presumably Group I species, with
larger clutch sizes, maintain higher genetic var-
iability within local demes than do species hav-
ing maore specialized modes of reproduction.

One of the most notable differances in life
history features of temperate versus bropiecal
anuran communities is the inereased diversity of
reproductive modes in the tropics. In aress of
greatest species richness there is coneomitant
high diversity of reproductive mades (Salthe and
Duellman 1873; Crump 1874). The evolution of
diverse reproductive modes in the New World
tropics may have occurred in response to
competition for limited breeding sites, as a

response to predation pressure on aquatic egps, as
a means of nvoiding desiccation problems in
ephemeral aquatic environments, as a result of
larval competidon for food, or any combination
of these factors.

Differences in diversity of reproductive mades
have been invoked to explain the considerably
greater species richness in tree buttress micro-
habitats in Ecuador (21 species of frogs at the
study site) as compared with similar mierohab-
itat in Thailand (1 species, Heyer and Berven
1873). Four of the Eeuadorian species deposit
terrestrinl egps and then transport the larvne to
water; eight species deposit terrestrial eggs that
have direct development and are therefore com-
pletely independent of standing water. In
Thailand, the only frog in the butiress miero-
habitat is a mierohylid that breeds in standing
water. The greater species richness of lowland
litter anuran communities in Costa Rica as com-
pared with Borneo and Cameroon has also been
attributed to the exploitation of the terrestrial en-
vironment in the New World tropics by direct-
developing species (Scott 1878, this volume). The
mode of terrestrial eggs and direct development
seems to be an extremely successful strategy for
avoiding skressful environmental uncertainbes
and fluctuations in tropical areas. Tt is significant
that whereas all of the common leaf litter frogs in
Borneo depend upon standing water for larval
development, & high proportion of the fauna at
various sites in Costa Rien are totally indepen-
dent of nquatic sites.

Crump (1974) analyzed spatial resource part-
tioning of anuran breeding communities from
the standpoint of modes of reproducton. In an
area of 3 km?, the 78 sympatric species were
categorized as [ollows: 36 species of Group I, 25
species of Group 0, and 17 species of Group TI1.
Mast of the 81 speries dependent upon standing
water for breeding purposes demonstrated re-
stricted utilization of the aquatic sites. Some
species preferred open, disturbed areas, whereas
others were found only at ponds in mature forest;
no species was distributed regularly within the
habitats. Temporal differences in hreeding activ-
ities were also 2 major segregating factor for
species breeding at one site. Partitioning of the
available oviposition sites was largely a function
of requirements dependent on the particular
mode of reproduction. Data on spatial and tem-
poral ukilization of breeding sites suggested that
the reproductive diversity at Santa Cecilia is a
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major factor contributing to the coexistence of
the most species-rich fauna yet studied.

There have been no studies relating reproduc-
tive modes of salamanders ta community
ecology, Hawever, we may predict that in eom-
munities characterized by a large diversity of
modes of reproduction, increased spatial resource
partitioning may be assopiated with fewer inter-
specific interactions und greater species richness,
the same as it is for frog communities.

Population Variability in Life
History Patterns

Considerable theory concemning contrasting
life history patterns and the mechanisms leading
to their evolution has been presented (see Giesel
1976; Pianks 1976; Stearns 1876, 1877; for lit-
erature reviews and syntheses of these idens). Ma-
jor factors influencing reproductive patterns are
local climatie conditions and the relatons he-
tween the density of a species and the availability
and abundance of its resources (MacArthur and
Wilson 1967; Pianka 1870). Wilbur et al, (1974)
included predictability of mortality patterns as
an important determinant of adaptive strategies.
Habitat certainty is also important to amphibian
life histories (Low 1976). Wilbur et al. (1874)
and Maicrana (1976a) emphesized that since
evolutionary processes result from synergistic ef-
fects, a number of factors influencing life history
patterns should be considered simultaneously.

Although we have begun to interpret life his-

tory patterns on the popnlation level, the com-
munity approach to life history patterns is at a
primitive stage of development and few such
studies exist. Crump (1874) and Collins (1975)
discussed differences in many life history var-
iables of anuran species within bwo communities.
Due to the extreme difficulty in dealing with
species-rich aggregations, however, the life his-
tory patterns were analyzed from a population
standpoint in both studies.

A community analysis of life history patterns
would provide insight as to how populations are
co-adapted, or how the patterns of ane species af-
fect anather's strategy, Because no such data are
available, the following is a review of variability
in life history patterns on the population level.
These generalizations should provide a frame-
work upen which to ask relevant questions re-
garding life history patterns on the community
level.
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Enpironmental Influence on Life
History Patterns

A speeles may be thought of as o mosaic of
populations, each adapted to local environmen-
tal conditions and therefore divergent in life
history features (Ehrlich and Raven 1969). Rain-
fall, water temperature, and permanence of the
aguatic breeding site exert significant influences
on yearly variation in iming of reproduction and
length of the larval perind. Geographically sepa-
rated populations of amphibians may differ in
egp size, developmental rates, clutch size, age at
first reproduction, and breeding periadicity, de-
pending on environmental factors,

Geographical differences in life history fea-
tures may be related to decrensed achvity periods
of northern populations, Incrensing evidence
reveals biennial breeding eycles of northern pop-
ulations and annusl cyeles for southern popula-
Hons of plethodontid salamanders (Highton
1962; Sayler 1966; Hall and Stafford 1972; Nagel
1977). Some evidence supgests slower prowth
rates and delayed maturity in northern individ-
vals; the higher fecundity resulting from in-
creased body size in northern individuals perhiaps
compensates for the biennial breeding cycle
(Highton 1962),

Aldtedinal comparison of populations also
reveals contrasting life history patterns. Female
Rana temporaria are larger in mountain popu-
lations and deposit fewer but larger eggs than
females in lowland populations; weight of the
clutch relative to female body weight is lower in
highland females, suggesting a smaller raprodue-
tive effort per breeding period (Kozlowska 1971).
Berven et al. (1879) studied life history features
of Rana clamitans along an alttudinal gradient.
Transplantation experiments and luboratory
studies suggest that variation in certain life his-
tory features can be environmentally induced by
temperature effects alone. When grown under
identical low temperatures, high-elevation lar-
vae grew faster and completed metamaorphosis
earlier and at a smaller size than lowland indi-
viduals; this suggests that selection along the
aldtudinal gradient has minimized the effects of
environmental variaHon and has favored the
most rapid larval development possible within
temperature constraints, These results agree with
studies by Moore (1939) that demaonstrated that
cold-ndapted species show faster embryonic rates
of development at any given non-lethal temper-
ature than warm-adapted species.
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Influence of Age-Specific Mortality
Predictability and Stable Environments
on Life History Patterns

A major determinant of life history adapta-
Hons is the eertainty of the environment relative
to each life history stage. Amphibians demon-
strate contrasting reproductive responses in un-
changing environments versus fuctuating envi-
ronments. Low (1978) emphasized the impor-
tance of environmental uncertainty on anuran
life history strategies and pointed out that an ef-
fect of metamorphosis is an increase in Indepen-
dence of variation in survivorship in different life
stages; in uncertain larval environments, a pre-
mium is placed on strategies that enable facul-
tative breeding responses and redure the chance
of total reproductive failure, In unchanging envi-
ronments, late maturity, muoltiple clutches,
fewer bot larger eggs, parental care, and small
reprodunetive efforts should be favared; in flue-
tuating environments the reverse correlates
should appear (MacArthur and Wilson 1967;
Hairston et al. 1970; Pianka 1970). However, as
Schaffer (1974) pointed out, life history patterns
should vary depending on age-specific mortality.
If the environment of the juvenile stages is un-
certain, leading to high or unpredictable mor-
tality, different strategies should be selected far
s contrasted to those in environments that are
uncertain for adults, leading to high or unpre-
dictable mortality at that stage (Low 1976).

Differences in egg deposition patterns, fe-
cundity, and parental investment of several sym-
patric species of Ambystoma are best interpreted
as adaptations to adult survival and to the degree

of certainty of the larval environment (Wilbur

1977c). Of the specles compared, Ambysioma
laterale breeds in the maost temporary environ-
ments; this specles expends the highest reproduc-
tive effort relative to bady size and seemingly has
sacrificed egp size for inereased clutch size. Small
egps are deposited singly and hatch into larvae
that develop rapidly; the ability of these larvae to
metamorphose over a wide range of body sizes is
considered an adaptation to unpredictable envi-
ronments. Ambystoma tigrinum, which breeds
mostly in permanent ponds, deposits its eggs in
several clumps. Although larval survivarship is
relatively constant from year to year, adult sur-
vivorship is low. For this reason, high raprodue-
tive output by the female is favored, as
demonstrated by early maturity and high

fecundity. Ambystoma maculatim deposits eggs
in a single mass in semipermanent ponds.
Because larval survivorship is variable and adult
survival is high, it is advantageous for a female to
reproduce as many times as possible. By expend-
ing a low reproductive effort each year, females
can reproduce more total Hmes per lifetime to
compensate for uncertain juvenile survivarship.

Danstedt (1875) studied life history character-
istics of six populations of Desmognathus fuscus
in four physiographie provinees in Maryland, Al-
though many factors were similar in these popu-
lations, ovarian egg complement differed sig-
nifieantly; females from populations where udult
survival was lower produced significantly mare
eggs. Part of the explannton is that body sizes
were larger, and there s o positive size-fecundity
relation. However, these females also produced
more eggs per unit body size. Since egg size does
not vary geographically, apparently females ex-
pend proportionately greater amounts of energy
on reproduction in those populations where adult
survival is lawer.

Theorists prediet that reduction of age at first
reproduction results in a large gain in the in-
trinsic rate of natural increase (r; Cole, 1954;
Lewontin 1965). Early reproduction usually is
Indicative of fluctuating juvenile survivorship,
uncertain breeding condidons, or fuctuating
population densities, Several amphibian studies
provide empirieal support for this prediction. In
Massachusetts coastal populations of Notaphthal-
mus viridescens inhabiting harsh and unstable
environments, selecton favars a high 7; the ter-
restrial eft stage is omitted and individuals begin
reproducing at age 2 (Healy 1574). Inland popu-
lations retnin the eft stage and range from 4 to 8
years old at sexnal maturity, In the more stable
inland environments, individuals apparently are
nat under selection for a high r. Likewise, popu-
lations of Desmognathus ochrophaeus in con-
troshing environments of North Carolina differ
with respect to age at maturity (Tilley 1873a,
1873b). Delayed reproduchve maturity in high-
elevation woodland individuals is aceompanied
by a larger hody size and concomitant increased
age-specific fecundities; unstable age strneture
exhibited by a low elevation woodland popula-
tion suggests greater density fluctuations. Differ-
ences in life history features of populabions of
Rang pretiosa from low and high elevations sup-
part the hypothesis that earlier age at maturity
should be selerted for in environments of periodic
repraductive Failure (Licht 1975). In the lowland
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area the entire reproductive effort may be lost in
any given year due to drought. A markedly
slower growth rate and delayed sexmal maturity
were evident in the high-elevation population.
Clutch size was the same, but lowland females
bred annually, wherers high-elevation females
bred only every 2 to 3 years. Further support for
the hypothesis is provided in comparative studies
of Gyrinophilus porphyriticus. Selecton has
favored earlier maturity and higher size-specific
fecundity in low-elevation individuals, as con-
trasted to high-elevation individuals (Bruce
1872). The low-elevation hahitats are smaller,
more isolated, and seem to be subjected to
greater climatic fluctuation, These factors would
increase chances of loecal extinetion, favoring
selection of life history features characteristic of
colonizing species.

Individuals living in fluctuabing environments
should exhibit flexibility in life history features,
Bruoce (1975) suggested that the irregular breed-
ing cycle of female Pseudotriton montanus in the
Piedmont of western South Carolina is an
adaptation that both favors longevity and pro-
vides for iteroparity (reproducing more than
once in a lifeime) and yet allows for high fe-
cundity. Individuals of Batrachoceps attenuatus
in an area of California that experiences a
variable, prolonged dry season, are also extreme-
ly fexible in their life history characteristics; they
are able to maximize reproductive etfort per life-
time even though the environment favors both
longevity and high fecundity (Maiorana 1976b).
Since individuals have an uncertain life expec-
tancy (because of high predation and an unpre-
dictable climate), selection favors a high repro-
ductive output when energy is available,

Thus, empirical studies support the prediction
for contrasting strategies in response to certainty
of survivarship and habitat. The following corre-
late of this prediction is testable: In eircum-
stances where larval survivarship varies unpre-
dictably in tme, smaller clutch sizes should be
favored because they decrense the chances of
total failure for any given breeding period. In
such instances, selection favors the strategy of
small numbers of young heing produced at stag.
gered times throughout the year rather than the
strategy of synchronous development of a larger
number of offspring (Pearson 1860; Murphy
1968; Schaffer 1874). An alternative to sprending
reproductive effart throughout time is deposition
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of partial clutches throughout space (Salthe
1968; Wilbur 1877¢).

In virtually all amphibian populations
studied, predation on young i high and juvenile
mortality fluctuates more than does adult mor-
tality. Thus, we would expect the above eorre-
laton with smaller clutch size to be true for am-
phibians, However, reproductve success of most
amphibians is closely coupled to approprinte en-
vironmental conditions. In the temperate zone,
largely becnuse of seasonal restrictions, the
breeding pattern is o rather synchronized ra-
cruitment of young into the population at widely
spaced intervals; most individuals breed only
once per year. An exception, however, is certain
ranids that produce two clutches per year (Wells
1976; Emlen 1877). On the other hand, in cli-
mates amenable to year-round reproductive ac-
Hvity, the pattern seems to be continued repro-
duction at least by the population (Inger and
Greenberg 1963; Berry 1084; Valdivieso and
Tamsitt 1865; Inger and Bacon 1868; Vial 1988;
Anderson and Worthington 1872; Crump 1874;
Dueliman 1978), Most of these studies present in-
direct evidence of multiple breeding per individ-
ual per year; examinaton of ovaries of females
that have recently ovipasited revenls at least ane
additional size class of eggs soon to be matured.

Inger and Greenberg (18664) discussed the im-
plications of noneyelic reproductive patterns in &
nonsensonal environment. Speeies for which
breeding activity is eyclic (characteristic of
seasonal environments in both temperate and
tropical arens) would be nffected in a pulsating
manner; the infusion of juveniles at only certain
intervals might result in potential eompetitive in-
teractions for limited resources, The ecyclie
nature would also affect the remainder of the
biolHe community as the young would provide
anly a temporary food source for predators. Non-
eyclie reproductive patterns are typical of many
nonseasonal arens where litHe-fluctuating envi-
ronmental conditions permit continual breeding,
creating a situation of overlapping generations.
Inger and Greenberg (1866a) supggested that
year-round reproduction probably buffers popu-
lation Auctuations and therefore may be a major
Factor contributing to the high species diversity of
the nonseasonal trapics. Duellman (1978) sup-
ported this hypothesis in his analysis of the
herpetofaunal community at Santa Cecilia,
Ecuador, and pointed oot that there would be
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greater genetic mixing in nonseasonal habitats
associated with increased matings per unit time
as compared with sensonal environments.

Scattering of the eggs in space potentially in-
creases survivorship. Many species of amphibians
deposit eggs either singly or in multiple masses
distributed in the habitat. On the other hand,
parental care has evolved in associntion with
deposition of a single mass of eggs, presumably as
s means of increasing embryonie survivorship. A
systern of repeated matings by a female with dil-
ferent males throughout time decreases the possi-
hility of total reproduetive failure and simulta-
neously increnses genetic variability within the
population (e.g.,, Crump 1972; Woodruff
1978a),

Population Demographic
Considerations and Community
Stability

In considering population regulation, the fol-
lowing questions are frequently asked: (1) What
is the reproductive potential of the populabon?
(2) What is the realized reproductive
performance of the population? (3) What is the
environmental resistance (reproductive potential
minus the realized performance of the
population)? (4) How do nge-specific fecundity
and mortality vary in time and space? (5) What
is the population turnover rate? and (6) What is
the relative importance of density-dependent
versus density-independent regulating factors?

Community stability is influenced not only by
fluctuations of the constituent populations, but
by the interactons and joint influences of coexist-
ing species. One cannot examine community var-
inbles by dissecting out the component popula-
tions; the interactions between the species must
be analyzed, No such studies have been carried
out on entire amphibian communities. In faet,
Turner (1962) noted that there have been few
demographic analyses of anuran populations, as
data on nataelity, mortality, and age-class dis-
tribution are extremely dilficult to collect; the
same is true for salamander populations. A major
problem is the lack of a suitable technique for
aging the animals in the feld (Cagle 1956).

The size of the breeding population has eon-
siderable effect on the evolutionary processes and
population dynamies (Wright 1969). The effec-
tive breeding population of most amphibians is

vsuslly much less than the total populaton;
generally males are many Hmes more abundant
than females in the breeding community (Blair
1843; Martof 1856; Husting 1965; Merrell 1968;
Morris and Tanner 1969; Whitaker 1971; He-
deen 1972; Calef 1973b). Unfortunately, no data
are available on the implications of this phenom-
enon to eommunity structure.

There are few guantitative estimates of em-
bryonic mortality in nature, but evidence sug-
gests that mortality is low excapt in the event of
environmental catostrophe (Woodruff 1976b).
Age-specific mortality is highest in the larval
stage of the amphibian life cycle (Savage 1859;
Turner 1862; Moore 1983; Herreid and Kinney
1966; Licht 1968: Andersan et al. 1971; Calef
19730; Heyer 1976) and vares widely among
breeding sites in one area, geopraphical areas,
species, and years (Pearson 1855; Martof 19586;
Tumer 1860; Brockelman 1968; Scott and Star-
rett 1974; Shoop 1874; Walters 1975); survi-
vorship to metamorphasis often varies between 0
and 10%. For this reason, larval mortality plays
a central role in regulating population size, Lar-
val communities in temporary aquatic sites are
usually characterized by highly fuctunrting
population sizes. The low survivorship of larvae
is usually related to high predaton or severe
catastrophic phenomena such as evaporation of
the aguatic breeding site. Walters (1975) sug-
gested that synchronized breeding by certain pal-
atable species of amphibians may inerease sur-
vival through predator sutistion., Brockelman
(1968) found that high predation rates may ac-
tually benefit individual larvae by eliminating
negative effects on growth by reducing erowding
effeots,

Experimental field and laboratory studies have
shown that the proportion of a larval population
that survives to metamorphosis and the mean
body size at metamorphosis are inversely related
to population density; in high-density experimen-
tal populntions, a small number of individuals
grow and metamorphose at the expense of the re-
mainder of the echort (Brockelman 1968; Wilbur
1879, 1876, 1977a, 1977b; Wilbur and Collins
1973; DeBenedictis 1974). The rate at which lar-
vae feed and metnmorphose is of critical im-
portance not only in the potentially competitive
and predator-rich aguatie environment (Worth-
ington 1868; Wilbur and Collins 1873), but also
from the standpoint of the ephemeral nature of
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many breeding sites (Shoop 1974).

The adaptive significance of the larval stage
lies in the use of abundant, but ephemeral, re-
sourees in the aquekie environment; the temporal
nature of these resources is significant as it assures
a time lag in the bunildup of predator populations
(Wassersug  1975). Amphibian larvae grow
rapidly and fit 2 sigmoid growth model; there is
considerable variability in growth rates within a
populntion leading to a skewed distribution of
body size at metamorphosis such that there are
many more small individuals than large (Wilbur
and Collins 1873). Species that exploit uncertain
environments generally have a wider range of
possible developmental Hmes and sizes at meta-
morphosis than species that breed in relatively
certain habitats. Some investigators condlude
that food is not a limited resource in larval com-
munities and that larval populations and com-
munites are largely regulated by predators
(Calef 1973a; Heyer 1973, 1974, 1976; Heyer et
al. 1875), whereas others present data suggesting
that food is limiting and serves as s density-
dependent regulating factor (Savage 1852;
Brockelman 1963; Wilbur and Collins 1973; De-
Benedicts 1874; Wilbur 1976, 1877a, 1977b).

Anurans are particularly susceptible to snake
predation during the metamorphie transition be-
cause they can neither swim as effectively ns
premetamorphic tadpoles nor hop as eHectively
as postmetamorphic frogs (Wassersug and Sperry
1977). Considering the drastic changes that take
place during metamorphosis, anurans spend dis-
proportionately little Hme in this stage. Was-
sersug and Sperry (1877) pointed out that the
rapidity of transformation minimizes the amount
of Hme spent in this vulnerable stage. In many
speries (e.g., Bufo and Scaphiopus), numerous
individuals metamorphose in synehrony; Amold
and Wassersug (197B) suggested that metamor-
phic synchrony may have evolved as a mech-
anism for satiating predatars.

Very little is known concerning juvenile survi-
vorship between the time individuals disperse
from the breeding site and their return to a
breeding site when reproductively mature.
Bannikov (1950) estimated martality in Bombina
bombina between metamorphosis and 1 year to
be about 98%; mortality during the next year
was nhout 40%, and duaring the third year,
almost 100%. On the other hand, Green (1957)
estimated postmetamorphic ape-specific mortal-
ity at n constant 70% for a West Virginia popu-

lation of Pseudacris brachyphona. Likewise,
Turner (1960) found no significant age-specific
survivarship differences nmong ape classes of a
population of Rana pretiosa, Studies of certain
species of Rana in the tropics indicate relatively
stable postmetamorphic age stroctures within
populations (Aleala 1955; Inger and Greenberg
1963, 1966b; Brown and Aleala 1970). Husting
(1865) fonnd that survivorship was higher for
male Ambystoma maeulatum than for females,
and Organ (1961) found the same for species of
Desmagnathus; on the other band, Bell (1977)
found a lower survivorship for male Triturus pul-
garis than for females,

Comman newts (Trifurus vulgaris) demon-
strate considerable variability in life history pat-
terns, passing through or eliminating several dis-
bnet ecological niches depending upon when in
the senson they metamorphose and whether they
mature early or late (Bell 1977). Bell suggested
that this complexity might have two effects on
the population: increase in the level of genetic
variability and reduction in Auctuation of pop-
ulation size since a disaster in one niche would
not result in extinetion of the enkire population.
In the common newt it is clear that population
age structure has significant consequence to
resource utilizaHon; however, this is probably &
widespread phenomenon among amphibians
since there is considerable variability in age and
size at metamorphasis. The effects of demog-
raphy on the community level are probably of
great significance to community organizabon
and stability.

Turner (1962) suggested that if we assume that
differences in metabolic rate result in different
life-spans, then life expectaney should be longer
in seasonal, temperate areas where growing
seasons are shorter and temperatures lower than
in nonseasonal tropical oress. Nonsensonal
tropical communties would then be expected to
consist of populations fvith high turnaver rates.
Datn on a shorter life-span f{or Rana erythraea
relative to temperate tanids support Turner's
hypothesis (Brown and Alenla 1870). This
comparison can also be viewed from a life history
standpaint, Since it appears that individuals in
nonseasonal regions produce smaller elutches at
more freguent intervels than their counterparts
in seasonal environments, a shorter life-span
would be expected in nonseasonal environments
based on energy budget considerations. The *live
fast and die young” cliché suggests that
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individuals that allocate large energy investment
to repraducton rather than to somabe funchions
waould be expected to die saoner. This prediction
supports the correlate of the r- and K-selecton
model that essoclates high produchvity with a
short life-span (Pianka 1970), and leads to the
same conclusion: nonsensonal environments
should be associated with populations with
higher turnover rates. How populetion turnover
Hmes and fluctuatons affect overall community
structure and stability provides a sdmulating
question for future ecological research. As
emphasized earlier, no data are available on the
extent to which sympatric amphibians influence
the demography and population stability of each
other nor how they affect overall community
stability.

Conclusions

Although there has been a considerable
number of population studies concerning the re-
productive ecology of amphibians, there has
been litte integraton of reproductive ecology
and community dynamics. Because amphibians
have shifting community structures and compa-
sitions, integration of these aspeats is challeng-
ing. I have discussed various ways in which com-
munity strueture, specles interactions, com-
munity stability, and repraductive attributes of
species are interdependent. Major reproductive
aspects that should be related to community dy-
namics include (1) reproductive isolating mech-
anisms, (2) resource partitioning associated with
breeding activity, (3) actvity such as migration
of adults to breeding sites and dispersal of juve-
niles from breeding sites, and (4) life history pat-
terns including mode of repraduction, clutch
size, iteroparity, age at first reproducton, and
demographic variables,

Reproductive isolating mechanisms and
resource partitioning at breeding sites are im-
portant concepts at the population level, but few
studies have analyzed them from the community
standpoint. Mode of reproduction has significant
implications for species diversity and resource
utilization: the greater the reproduetive diversity
the mare species can coexist, perhaps hecause of
greater resource partidoning, The spacing of re-
cruitment of young into the population and how
this relates to the overnll community in terms of
the patterns of coexisting species is of significance
to resource utilization, species interactions, pred-

ator-prey relations, demography, and therefore
ultimately to community organization and sta-
bility. Investigators are beginning to understand
variability in age-speciHe fecundity and survivor-
ship, age at first reproduction, age-class distribu-
Hon, sex ratios, and longevity within popula-
tions, However, because natura! selection favors
individuals that are most successful in the overall
environment (in addition to intraspecific inter-
acHons), one must inteprate Teproductive at-
tributes with averall community ecology to inter-
pret an animal’s ndaptatons,

Using the information from the studies dis-
cussed o5 a base line, I submit that analysis of life
history patterns on a communtty level is a fess-
ible endeavor, The study of the relation batween
life history variability and eommunity organiza-
tion, species interactions, and eommunity sta-
bility presents a challenging Feld of research. In
attempting to integrate reproductive attributes
and eommunity ecology, specific questions must
be asked. For practieal rersons, one should begin
with a relatively simple community consisting of
only a few species of amphibians, Laboratory ex-
perimenta} studies could provide preliminary
data on species interactions and influences, but
eventuaily one would want to study a natural
community. Carefully designed and executed
field manipulations are essential to interpret
adaptve strategies on the community level (see
Connell 1975; Stearns 1878; Wiens 1377; Hair-
ston 1980).

The follawing statements and predictions pro-
vide a framework upon which to ask relevant
queskions:

» Migration of amphibians to aquatic breeding
sites and dispersal of juveniles away From sites
result in different community eompositions, af-
fecting many aspects of communily arganiza-
tion.

» Species of anurans breeding sympatrically or
synchronously exhibit only slight (if any) overlap
in acoustical variables of mating calls; many
species have characteristic calling sites, resulting
in an increase in use of spatial resources and en-
hancement of species recognition.

» Breeding sites within a given area are gen-
erally partitioned in time and space, resulting in
greater use of the availahble sites and reduced
species interactions,

» Species-specific requirements of oviposition
sites differ such that within any mixed-species
breeding aggregetion there is increased utiliza-
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tion of space, resulting in o greater species-
packing than possible otherwise.

» Overlap in food uHlization at breeding sites
may be reduced by species-specific behavioral
and preference differences,

» There is a postive relation between species
richness and diversity in modes of reproduetion;
the tropics are the highest in both.

« Generalized amphibians (those that aban-
don eggs in open water) have larger clutch sizes
relative to body size than do more specialized
species (those that deposit eggs on land, often
exhibiting some form of parental care), The
higher fecundity of generalized species possibly
results in increased variability maintained by
the populations; these species usually breed in
more temporary or fluctunbing sites than do
more specinlized species, which pgenerally
deposit larger eggs with increased energy invest-
ment per offspring in more stable environments.

= Partitioning of breeding and oviposition
sites related to high diversity of modes of
reproduction in the tropics is a major factor con-
tributing to the existence of species-rich com-
munities.

« Life history patterns are in large part mold-
ed by loeal climatic conditions, resource
availability, habitat certainty, and predictabili-
ty of age-specific mortality,

= Many speeies exhibit lattudinal differences
in various life history varinbles {(e.g., biennial
breeding cycles in northern populations versus
annual eyeles in southern populations). Delayed
maturity, resulting in larger body sizes and
therefore higher fecundity, perhaps comgpen-
sates for the biennial breeding eyeles of northern
individuals.

= Unpredictable or otherwise harsh environ-
ments resulting in low adult survivorship favor
early reproductive maturity, Fexibility in life
history features, and high fecundity. When
adult survival is high, it is advantageous to in-
crease iteroparity; by expending a low reproduc-
tive effort per clutch, individusls can breed
more often per unit ime.

= Unpredictable or otherwise harsh en-
vironments resulting in low or unpredictable
larval survivorship [avor either increased itero-
parity with small clutches per breeding period
or deposition of partial clutches scattered in
space.

- Noneyelie breeding patterns (typical of non-
seasonal areas) result in overlapping generations

and probably buffer population fluchuations.
Genetic mixing is probably inereased from the
increased matings per unit time. Year-ronnd re-
production may be a major factor contributing
to high species diversity in the nonseasonal
tropics.

+ Larval mortality plays a central role in reg-
ulating population size. Age-specifie mortality is
highest during the larval stage of the amphibian
life cycle and fluctuates considerably between
breeding sites and from year to year,

« There is considerable variation in larval
growth rates within populations leading to a
skewed distribution of body sizes ut metamor-
phosis. Species that breed in relatively certain
environments exhibit a narrower range of devel-
opmental time and body size ut metamorphosis
than do species that exploit unecertain habitats,
The proportion of a larval population that sur-
vives to metamorphosis and the mean body size
at metamorphosis are inversely related to the
larval population density.

« Amphibian communities in nonseasonal
tropical regions are expected to be eomposed of
individuals that have shorter life-spans than
comparable species in seasonal temperate zone
areas, This would result in populations with
higher turnover rates, which would ulimately
affect overall community organization and
stability,
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Abstract

Reproductive patterns af anurans using temparary pands in a Tesas post ouk (Quercus
stelluia) savunna reglon were studied during an shnormally wet yeur, September 1972
through September 1973, Anuran sueeesston was correluted with varying enviranmental
conditions. The overriding couses of variation in anuran reproductive patterns were flue-
tuations in nir and water temperatures, rufnfull, and possibly humidity.

Culling, breeding, and larval periods for nine speeies are diseussed. The voculizetion se-
quence, based an the first evening when calling wus heard for euch species, was s [ollows:
Pseuducris streckert, P, triseriota, Scaphiopus holbrooki, Aerls crepitans, Hyla oersicolur,
Bufo valllceps, and Gostrophryme olivecea, Exceptions to this sequence were Rong
sphenoeephala, which culled in practically every month of the yenr, und P. elarki, which
had a primary ealling period In the winter-spring months and o short opportunistic ealling
period in loie summer. Bufo speeiosus und B, woodhowsei were uncommon and their

status in the study sren is discussed. For most anurans there was a larval bloom in April
nnd May, which were the months with the most rainfall,

The reproductve habits of the anurans of the
United States are sufficiently well known to indi-
cate that some general patterns exist in the timing
of anuran reproductive nactivities. However,
varying environmental conditions may drastical-
ly alter the time and length of the breeding
season. Information is still lacking concerning
the reproductive evcle of one species relative to
other anuran species at any given loeality. Sue-
cessional studies of various durations have been
reported [or a few specific localities in the United
States (Goin und Gain 1953; Blair 1961; Murphy
1863; Rubin 1968) and in other countries (Frazer
1956; Neal 195G; Berry 19684; Dixon and Heyer
1968; Inger 1968; Heyer 1973).

The objectives of the present study were to in-
vestgate anuran suceession at temporary ponds
in a post oak (Querens stellota) savanna region of

Brazos County, Texas, and to determine the ef- .
feets of certain environmental factors on the re-

1Present address: Offiee of State Parks, P.O. Box 1111,
Baton Rouge, Louisiana 70821,

praduetive season of anuran species observed.
The few previous anuran suceession studies have
been conducted in widely separated loenlites,
and therefore more successional studies are
needed before patterns of anuran reproductive
activity can be properly synthesized, The par-
ticular importance of this study is that it includes
observations of both adults und larvate in estnb-
lishing a localized pattern of anuran succession.

Description of Study Area

Brazos County, in east-central Texas, is bor-
dered by the Brazos River on the west and by the
Navasota River on the east. This county is in the
Texas Province, a broad ecotone between the
forests of the Austrariparian province of eastern
Texas and the grasslands in western Texas (Dice
1943; Blair 1950). The area is considered a post
onk savanna region (Gould 1968), except for a
small northern portion designated as blackland

prairie. Typieal of the post aak belt, the county
39
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has an elevation of Bl to 192 m; the surface
slopes toward the southeast. The topography is
level to gently rolling with no conspicuous relief.

Materials and Methaods

Anuran succession was followed from 3 Sep-
ternber 1972 to 28 September 1973. The study in-
cluded most Brazos County anuran species that
use temporary ponds for breeding. Calling dates
for males were noted, as were reproductive activ-
ities such as amplexus or egg deposition. All data
were collected at temparary ponds, herein de-
Hned as bodies of water which wsually became
dry during some portion of the year, Five tempo-
rary ponds served as the primary study areas and
seven others were chserved at varjous Hmes
throughout the study. Wiest (1974) provided a
detailed description of each pond site including
exact locaton, surrounding terrain, dimensians,
depth, water clearness, periods of dryness, and
vegetation in and around the ponds. Before
30 June 1873, abservations of adult breeding he-
havior were condueted nightly, and larvae wera
collected every 3-4 days. Beginning 1 July 1873,
night observations were made only after perfods
of rainfall, and larval collections were made
every 2 weeks, Adult habitat, duration of day-
night activity, ealling sites, breeding sites, larval
hubitat and larval feeding, and aggregationsl
behavior were recorded.

Larvae were collected during afternoons with
a dip net. Quantitatve sweeps were not taken,
but rather attempts were made to sample dif-
ferent microhabitats and all distinctive larvae.
Usually less than 10 individuals of each species
were retained nt each site on a given date. Air
ternperatures at 1 m and 2.5 em above ground
and water temperatures at depths of 2.5 and
10 em were recorded with each afternoon lurval
collecHon. All larvae were staged according to
Gosner (1960).

Environmental data were collected during
evening ohservations to determine the effects of
the environment on reproductive seasons. Air
temperatures at 1 m and 2.5 em above ground,
at ground level, and the water temperature nt
depth of 2.5 cm were recorded at esch pond
nightly. A sling psychrometer was used to deter-
mine relative humidities during evening observa-
Hons, Daily maximum and minimum tempera-
tures, daily mean wind velaeity, daily wind

veloeity and direction between 1900 and 2300 h,
and daily rainfall were obtained, in part, from
Easterwood Airport Weather Station, College
Staton; the Texus A&M University Weather Sta-
tion, College Station; and from James K. Dixon's
residence at 705 Inwood Drive, Bryan, Texas.
Rainfall was recarded in millimeters and noted
a5 to time and duraton.

Climatological Considerations

The climate of Brazos County is relatively
mild. From May through September, prevailing
southeasterly winds from the Gulf of Mexico pro-
duce high humidities and limited temperature
changes. From November through March, north-
erly winds become prevalent and are often ae-
companied by sudden temperature changes
which result from the interaction of polar and
tropical air masses. Cold spells are maost severe
and frequent from December through February.
April and October are transitional months. The
mean annual temperature is 18.3°C, and the
maximum and minimum recorded temperatures
are 43.3° and’ -19.4°C. The average annual
precipitation is 884 mm; heaviest rainfall accurs
from April through June, Droughts are common
during summer months. Snow Is rare and seldom
nceumulates. Annual relative humidity is about
70% and monthly variations are small.

Weather conditions for 8 months preceding the
start of this study were normal, except rainfall
was below monthly averages (Fig. 1). Weather
data obtained in the field were compared with
the mean monthly temperatures and rainfall
data for 1933 to 1873 (taken from Climatological

2791
2544
229+
IEZDB-
E1784
1524
=127
<102+
5 764
= 5]
254

Fig. 1. Comparison of monthly menns of rainfall
(1833-62, dashed line) to monthly totals of rainfall
(1972-173, continuous line). -
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Fig, 2, Comparison of mensn monthly temperatures
of 1033-62 (dashed lines) to study period, Seplember
1879-September 1673 (continuons lines). Twao top
lines indieate duily maximum meuns und tva bottom
lines indicnte daily minimum mueuns.

Duta for Texns monthly summaries, and from
Climatological Summary for 1933 to 1962, both
prepared by the U.S5. Department of
Commerce). Mern monthly temperatures were
below normal during most of the study (Fig. 2).
The study took place during a year which was
unigue in two ways to Brazos County. Two
snowfalls (9 Junuary and 8 Febrnary) occurred
with appreciable snccumulation, the Frst record
of snow accumulation twice in one winter. More
importantly, rainfall during the study was far
above normal compared with previous years
(Fig. 1). Total precipitation for Brazos County in
the calendar year 1973 was 1,510 mm, which
was only slighily less than the greatest recorded
annual rainfall (1,577 mm).

Rainfall amounts during the study period were
recorded as follows: 1,417 mm at Easterwood
Airport Weather Station, 1,308 mm at Texas
A&M University Wenther Station, and
1,469 mm at the home of Dr. Dixon. Abundant
precipitation during most of the study provided
those anorans using temporary pands with an ex-
cellent opportunity to achieve their breeding po-
tential.

Results

A detailed account for each species’ calling,

E-ul’mnncephnln D P PP e
Posireckarj| ™ TR
P triseriata —TEPRE
Peloki| w1,
5. holhroaki @
A.creplians —r
H.versicoler T —
B.valliceps b -z222xcn000n 00z e0omd
G. olivacea PP
B.speciosus ] ’

OIN]DIJIFIMIAKM[J I |Alsi
1972 173
Month

Calling e
Breedinp wzzm
Laryoar ——

Fig. 3. Calliny, breeding, and Jurval periods for each
species during the 1972-73 study period,

breeding, and larval periods, including the rela-
Hon of nir temperatures and rainfall to reproduc-
tive activities thronghout the year, was given by
Wiest (1974). The data clearly indicated that the
calling and breeding peaks of each species were
closely nssociated with perjods of rainfall. Tables
1 and 2 summarize the environmental correlates
of calling and breeding periods.

The anuran voealization sequence, based on
the first evening when calling was henrd, was as
tollows: Psendacris streckeri vocalized First,
followed by P. triseriata, Scaphiopus holbrooki,
Acris erepitans, Hyla versicolor, Bufo valliceps,
and Gastrophryne olivacea (Fig. 3). Exceptions
to this pattern were R. sphenocephala, which
called in practically every month of the vear, and
P. clarki, which had a primary calling period in
the winter-spring months and a short opportu-
nistic calling period in late summer. Bufo spe-
ciosus and B. woodhousci ave uncommean in the
study aren and were observed only a few times.
The reproductive patterns of each speecies as
related to air temperatures (Fig, 4) suggest the
same successional pattern ns presented in Fig. 8.

Larval sumples collected in three of the ponds
were sufficient to summarize the larval succes-
sion pattern for nll ponds. The biweekly sum-
maries of larvae collected at these three ponds is
given in Figs, 5, G, and 7.



42 ]. A. WIEST, JR.

Tahle 1. Calling statistics for each anuran specles (air temperaiure and luonidity at 2100 h; nir
temperature at 2.5 em above gronnd).

No. aof
colling Culling Temperature Humidity
Species nights period (°C) (%)
Rana sphenoccphala B7 21 Oct 72-27 Sep 73 3.0-26.1 39100
X =173 X =79
Psendacris streckeri 89 15 Nov 72-18 Apr 73 1.8-21.8 39-100
x =121 x =18
P. Iriseriala 84 90 Dec 72-19 Apr 73 -2.5-22.0 a5 -100
¥ =128 x =78
P. clarki 60 16 Jan 73-5 Jun 73; 3.0-23.2 39-100
5-6 Sep 73 £ =145 T =78
Scaphlupus holbroaki 5 8 Mar 73-15 Apr 73 13.0-18.0 €3-10D
X =146.1 X =75
Acris erepitans B3 6 Mar 73-6 Sep 73 8.7-28.3 49-100
X =20.1 X =T7
Hyla versicolor 5l 7 Mar 73-27 Aug 78 13.0-28.1 51-100
¥ =21.8 x =81
Bujo valliceps 44 12 Mar 73-27 Sep 73 18,5-98.3 62-100
¥ =230 x =81
Gastrophryme olivacea 34 28 Mar 73-27 Sep 73 11.3-27.2 65-100
X =317 X =85
Bufo speciosus é 7-22 Apr 78 18.5-23.1 88-100
. X =208 x =93

Table 2. Breeding statistics for each anuran species (oir temperature and humidily taken at 2100 h;
air temperature at 2.5 cm above ground).

No. of
breeding Dreeding, Tuemperuture HMumidity Larval
Species nights period (°C) (%) period

Rana sphenacephala 17 29 Opt 72-58ep 73 11.8B-25.7 B8-100 B Nov 72-16 Sep 73
X =178 X =84

Pseudacris streckeri 25 20 Dee 72-17 Apr 73 4,2-19.8 83-100 31 Dec 72-12 May 73
X =135 x =83

P. triscrinotn 21 19 Jan 73-17 Apr 73 6.7-19.9 682-100 27 Jun 73-28 Apr 73
X =148 X =79

P. clarki 11 20 Inn 73-5 Sep 73 11.8-21.3 68-100 17 Feb 73-9 May 73;
X =17.8 ¥ =84 36 Sep 73

Scaphiopus holbrooki 5 6 Mor 73-15 Apr 78 13.0-18.0 63-100 10 Mar 73-24 Apr 73
X =181 X=T

Acris crepitans 5 17 Apr73-12 Jun 73 18.5-23.2 65-100 28 Apr 73-14 Jul 73
X =211 X =88

Hylp vessicolor 6 18 Mur 73-14 Jun 73 1B.5-25.4 75-100 14 Apr 73-28 Jul 73
¥ =91.8 X =88

Bufo valliceps 16 17 Apr 73-6 Sep 73 18,5-27.2 70-100 24 Apr 73-16 Sep 73
¥ =221 ¥ =84

Castraphryne ollvacea 10 15 Apr 735 8ep 73 18.0-26.7 70-100 24 Apr 73-18 Sep 73

X =220 x =87
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Species Excluded from Study

Not all anuran species oceurring in Brozos
County were incorporated into this study be-
cause some used only permanent bodies of water
for breeding, and a few were too rare to study in
detail. Hyla cinerea was observed calling only at
permanent ponds between 23 April and 1 August
1973. Rana areolata, R. cotesbeinnn, R. clam-
itans, and R. palustris nse permanent bodies af
water. Of these four species, only R. catesbeiana
was heard calling (23 April to 10 August 1973).
Gastrophryne carolinensis breeds in temnporary
ponds, but was not observed in the study nrea.
However, during summer observations this
species was common along the bottomlands of
the Navasota River, Brazos County. Sinee G.
carolinensis exhibits a mesic-adapted breeding
pattern (Blair 1855), it possibly remains in moist
forested regions which would explain its absence
from the less forested upland study areas.

Post-Study Observations of Ponds

Following the wet study period, a post-study
Inspection of each pond was made on 2 March
1974 during an especially dry period. At this ime
one of the ponds had been filled in by con-
struction work and four others were completely
dry. Of the seven ponds that had water, only
three approximated the dimensions and depths
seen during the study period, These observations
emphasize the instability charneteristic of tem-
parary ponds.

Discussion

Calling in Rana sphenocephala was generally
initiated by rainfall when maximum daily tem-
perntures were above 15.0°C. This species has a
winter-spring breeding season (8 February to
13 May) and a fall breeding season (22 July to
14 October) in the Austn, Texas, orea (Blair
1961), The same winter-spring und fall seasons
apply to the observed breeding dates in the pres-
ent study (winter—spring from 17 January to
12 June; fall from 5 September to 27 November).
Data Ffrom these hwo studies suggest that breed-
ing ean occur in any month of the year. Blair
(1861} also stated that the winter—spring and fall
breading periods appeared to be of about equal
importance in terms af maintenance and replace-
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ment of the population. My study suggests that
the winter—spring period is more significant,
since many more amplectic pairs and egg masses
were seen during this period; this species is more
of an opportunistic and sporadie breeder in the
fall,

Although all three species of Pseudgeris are
winter breeders and overlap in their reproductive
seasons, they initially nppeared at slightly dif-
ferent Hmes of the vear. Psendacris clarki was
clearly less tolerant of low temperatures than
either P. streckeri or P. triseriota. Substantinl
rainfall and a drop in air temperature, followed
by a sudden rise in temperatures, generally led
to calling peaks and egg deposition in Pseudacris
during the temperature tise, Pseudacris clarki
showed more of a preference for shallow grassy
pools than either P. streckeri or P. triseriata.
Pseudacris streckert was observed calling with
P. clarki and P. iriseriata, but clarki and fri-
seriatn were never heard ealling from the same
breeding ponds. Pseudacris clarki had a delayed
breeding pericd in September which could be a
populatian response to the possibility of spring
drought as sugpgested by Kennedy (1958), or it
could simply represent a response to weather
conditions similar to those during the late stages
of the normal spring breeding period. Egg masses
of Pseudacris were attached to vegetation well
below the water’s surface which was a definite
advantnge when ice covered the ponds on several
occasions.

Culling and breeding in Scaphiopus holbrooki
coincided on five nights in March and April. My
datn suggest that low temperatures, possibly
maximum daily temperatures below 1B.9°C,
inhibited breeding even when there liael been suf-
ficient rainfall. The largest choruses and most ex-
tensive breeding occurred on the evening of
15 April (maximum daily temperature =
20.6°C) following a steady rain of 52 mm. Rain-
fall of 40 mm and a maximum daily temperature
of 17.2°C on 17 April failed to initiate calling,
My data also agree with those of Wasserman
(1957) who found ne S. holbrooki breeding after
May during 4 years of study in Texas. Bragg
(1967) suggested that not all adult [emales in an
aren produce eggs each time breeding conditions
are fauvorable. A staggering of egg production
over several months takes advantage of all fa-
vorable situations, Possibly a related phe-
nomenan in my study was the fact that on five
occasions following breeding periods, gravid
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fernales were found near breeding ponds on even-
ings when ealling did not aceur,

Acris crepitans was active over a wide range of
temperatures and was seen in every month of the
study, but this species only called in the spring
and summer. This anuran usually inhabits pec-
manent bodies of water, but also frequents tem-
porary ponds when sufficient water is available.
Calling peaks extended through three periods:
12-19 March, 12 April-14 May, and 4-18 June.
Contrary to Blair (1961), my study indicates that
calling peaks were generally associated with
periods of heavy rainfall. Five nights of breeding
between 17 April and 12 June in my study
paralleled the breeding season noted by Pyburn
(1958) and Blair (1961) at other Texns localities.

Hyla versicolor was not partieularly commaon,
probably because of the lack of trees in most of
the study area. Trees are generally used as calling
stations and play a major role in the breeding be-
havior of this species. Maximusn daily tempera-
tures below 20°C and evening temperatures
below 16—18°C generally inhibited ealling.
Most calling nnd breeding were observed during
periods of rainfall or high humidity (above
80%).

Bufo valliceps is one of the most common an-
urans in the study area, Blair (1960) placed em-
phasis on rainfall as the main initiating factor for
calling in this species. My data clearly indicate
that evening air temperatures below 18.5°C in-
hibited calling, particularly at the start of the
calling sesson. Rainfall only became important
for calling and breeding when evening tempera-
tures were consistently above 20.0°C after mid-
May. Similarly, Thornton (1960) found that suf-
ficient rains during the breeding season did not
bring out chornses of B. valliceps if temperatures
were below 18.1°C.

Although Bufo weodhousei is supposedly dis-
tributed in all of east-central Texas (Stebbins
1854; Raun and Gehlbach 1972; Canant 1875),
1 observed this species on only a few oeccasions
and I never heard it calling, However, during the
summer of 1973, large numbers of B. wood-
housei were encountered slong the Navasota
River bottom. The foodplains and lowlands
along the river had sandy soils and in pgeneral
were unaltered by man, This observation sgrees
with that of Axtell (1963), who proposed that
B, woodhousel was not widely distributed
throughout the arid Southwest, but was highly
restrieted ta loenlized, stream edge habitat.

Gastrophryne olivacea was probably one of
the most opportunistic breeders associated with
periods of rainfall. My data indicate that air and
water temperatures below 18.0°C were impor-
tant factors inhibiting calling. Warm rains were
necessary for iniHating reproducHve activities in
this species, .

Bujfo speciosus was only observed calling on six
consecutive evenings from shallow temporary
pools that were formed from the overflow of an
old cattle tank. Blair (1964) suggested that B.
speciosus requires extensive (fHooding) rainfall
which is an ndaptation for existence in the xeric
Southwest. This requirement for fooding was
fulfilled on numerous oceasions during the study
and does not afford an explanation for the lim-
ited emergence of this species. Perhaps the popu-
lntion numbers are so low in this marginal hab-
itat that extensive calling and breeding are not
possible.

Datn collected on reproductive setivibes clear-
ly indicate a sneeessional oeceurrence for anurans
using temporary ponds in Texas (Fig. 3). There
are four basic groups of anurans that make up
this sequential pattern. The first is Rana sphen-
ocephala, which is active throughout the year.
The second component consists of winter—spring
breeders, Pseudacris streckeri, P. iriseriata, and
P. clorki. The third component is Scaphiopus
holbrooki, with distinetively short ealling, breed-
ing, and larval periods in the spring only. The
last group consists of Acris crepitans, Hyla versi-
color, Bufo valliceps, and Gastrophryne oliva-
cea, which are most active during spring-sum-
mer months, Although there was averlap of the
reproductive seasons of these species, there was
an obvious temporal parttioning of the ponds.
Different combinntions of species occurred in
each pond, und spatial separabons existed be-
hween those species thut were active at the same
time of the yenr.

Males of each spenies iniiate the calling
period, and the presence of ndult females deter-
mines the breeding period. Breeding periods of
all species were within the broader ealling
periods, except in S. holbrooki, whose calling
and breeding periods eoincided. Since much
more calling than breeding occurred, these data
suggest that some energy is wasted on the part of
males of some species. It is generally accepted,
however, that ealling attracts canspeeific females
to breeding ponds. Males of some species have
heen observed calling long before females arrived
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to breed, and this calling may have been impor-
tant in attracting other males to the pond, thus
increasing the number of males at a given breed-
ing locality. If a certain “ealling volume” is
necessary to attract females to the breeding
pond, this increased population of calling males
would be advantapeons. Although this is only
conjecture, the importance of calling is an un-
settled guestion and needs to be Further explored.

The range of air temperatures on nights of
calling and on nights of breeding coincide in 8.
holbrooki. For all other anurans the air tem-
perature range on ealling nights is greater than
on breeding nights. This suggests that females
wait for certain optimal breeding conditions, in
this example n narrower range of air tempera-
tures within the range of calling males, Although
not significantly different in some species, the
mean humidity is higher on breeding nights than
on calling nights, suggesting that females require
slightly higher humidibdes for breeding than
males need for calling.

Larvae of each species were present over a
slightly different time span and various combi-
nalions of larvae aecurred in the ponds (Figs. 5,
6, 7). Rana sphenocephala larvae probably oceur
in temporary ponds thronghout the yenr when
water is available. Late April was a transitional
period between the end of the winter-spring lar-
vae (P. streckeri, P. Iriseriata, P. clarki, S. hol-
brooki) and the beginning of the spring-summer
lnrvae (A, crepitans, H. versicolor, B. valliceps,
G. olivacen). At this Hme there were two classes
of larvae, generally larger larvae of the winter-
spring species and smaller larvae of the spring—
summer species. Pseudacris clarki broke this pat-
tern slightly by a short larval pedod in late sum-
mer. In terms of both individuals and species, the
greatest number of larvoe were present in April
and May, and this larval bloom corresponds to
the Eme of greatest rainfall, Because temporary
ponds nre generally suseeptible to drying, there is
a definite adaptive advaninpge for most larvae lo
be in the ponds during spring months,

Certainly year-to-year fluctuations in seasanal
weather conditions will alter the pattern of
nnuran sueeession as discussed herein. Numerous
climatic factors are contributing to the variation
in each anuran’s repraductive season, but datn
must be aceumulated for many years belore ap-
propriate analyses ean determine the influence of
many of these factors, My interpretation of the
environmental effects on each species’ reproduc-

tive season was based on data from 1 year. This
study indirates the importance of Auctoations in
air and water temperatures, rainfall, and possi-
bly humidity, as the overriding causes of varia-
tion in anuran reproductive patterns in Brazos
County, Texas.
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Abstract

Frogs in the genus Elpntherodactylus make up the majority ef species of naurans and n
high percentage of all terrestrial vertebrates in the Coribhenn Islands. Ta examine the fac-
Lors repulating the speeies diversity af this group on various islands, 1 made observations
on the diet, rotes of feeding, und movement for four species from the Virgin Islands and
Puerto Rica. Potterns in the diet genernlly agrea with published nccounts for communities
of insects from the same aren, sugyesting that this assemblape of species consumes prey
species in the proportion in which they oceur. EsHmates af the competitive coefficient
show trophie niche supuration for mast species polrs by length or prey bype, suggesting

trophic niche partitioning.

Since frogs in the genus Eleutherodactylus
make op a majority of Caribbean amphibians
and a high propartion of all terrestrial insec-
tivores, it is of interest to examine their patterns
of use of the insect prey base.

Schoener and Janzen (19G8) reported patterns
in tropical [oliage insect communities in several
tropicul arens of Costa Rica. The present study
examines prey use of four species of frogs {n the
genus Eleutherodactylus and compares patterns
from stomach analyses with the sweep net studies
of Schoener and Janzen. Four species of Elen-
therodactylus oceor on the Virgin Islands, and
two aof these species also occur on Puerto Rico.
Four of the major Virgin Islands and Puerto Rico
were selected for this study, These five islands
provide various combinations of the four species
and provide a natural experiment in resource
partitioning.

Methods

From September 1873 to June 1974 four
species of frogs in the genus Eleuntherodactylus

'Present address: LATA, P.O. Box 4]ﬁ. Los Alamos,
New Mexteo 875144,

were observed and collected on the Virgin
Islands of St. Thomas, St. Jahn, St, Croix, Tor-
tala, and on Puerto Rico. Two of the speries, E.
lentus and E. schwart=i aceur only on the Virgin
Islands. The remaining two species, E.
cochranae and E, antillensis, also oceur on Puer-
to Rico. A collection of ahout 100 specimens was
made for each species on ench island. All
specimens were preserved in the field within 2 h
of capture.

Adults of each of the four species were ob-
served while feeding and maving by means of »
GTE Sylvania night-viewing device. This device
allows observation undar natural light conditions
at night. Subjects were observed for periods of 15
min each. All feeding attacks and movements not
assoeiated with a leeding attack were tabulated.
Each species was observed for 20 observational
periods. The ohservations were made throughout
the study at different times of the night and on
various islands,

A small eollection of insects which seemed like-
ly to be included in the diet of Eleutherodactylus
was made. Prey items removed from the frogs’
stomachs were measured with an ocular
micrometer disk inserted inte n dissection
microseape, eompared with the initial insect col-
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Fig. 1. Cumulntive number of OTW's vs, number of
frogs examined. The triongle indientes nn initiul
reference collection. Curve was fitted hy sve,

lecton, and identified by the epllection number,
Any prey item not represented in the reference
collection was assigned a number and added to
the collection. No atternpt was made to associnte
larval stnges with the corresponding adult stage.
All prey itemns assigned the same reference collec-
tion number will be referred to as belonging to
the snme Operational Taxonomie Unit (OTU).
Any OTU may contain several morpholagically
similar species, and different developmental
stages of the same species may have been nssigned
to different OTUs. A total of 190 OTU’s were
assigned during the study. The number of prey
species represented by the 190 OTUs is
unknown, but the number of OTU’ in any sam-
ple is probably directly proportonal to the
number of prey species,

Figure 1 is n line plot of the cumulative
number of OTU's ngainst the number of frogs ex-
nmined. The figure suggests thut ndditional col-
lecting would have added few new categaries.
For each OTU from each frog's stomach, the

K. L. JONES

total number, avarage length, and width were
recorded. I enlculated volume vsing the formula
for a eylinder.

Results and Discussion

Natural History

Eleutherodactylus antillensis (mean snout-vent
lengths in mm: males 23, females 27), E,
cochrange (males 18, females 18), and E.
schwarizi (males 24, females 28) are very similar
in appearance and in genernl behavior. All three
species call and forage mostly on folinge, In-
dividuals use the same foraging and resting sites
over long periads of time. Eleutherodactylus len-
tus (males 93, females 30) is similar to the other
three species, except that the toe disks are re-
duced and the males are mute, This species was
found exclusively on the ground. Individuals
mave frequently and are apparently not faithful
to any given locality. The basic {ornging strategy
of E. lentus differs from that of the other three
species, For convenience, E. lentus will be termed
n searcher and the other specles ns sit-and-
wait predators.

General Prey Patterns

Schoener and Janzen (1868) found that, in
general, sizes of insects from sweep samples fit a
lognormal distribution. If the four Elentherodac-
tylus species used in the present study consume
prey {tems in the proportion in which thase ftems
occur, one would expect that the prey items
remaved from all of the spectmens would also ap-
proximate o lognarmal distribution. A histogram
of all of the prey items appears to fit a lognarmal
distribution (Fig. 2).

Schoener and Janzen (1968) demonstrated that
logarithmic transformation produced a distribu-
tion closer to normality than did the original
measurements. They showed that the g;, g., and
a x* statistic measuring the departure [rom nor-
mality are smaller in the transformed data. In
the present study (Table 1) the logarithmic
transformation produced g, and g, values which
are closer to zero, but the curve remains lepto-
kurtie and skewed to the right. The x* statistic is
smaller than in the nontranslormed data in-
dicating less departure from normality,
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Fig. 2. Histogrom of all prey items removed from
stomach enntents.

These results indicate that the length and
volume of prey species fit a lognormal distribu-
tion better than a simple normal distribution.
The g, and g, values indicate that there are more
large prey {tems than expeected. These results are
in agreement with the results of the sweep sample
study of Schoener and Janzen (1968).

Prey Taxa

The four species of Eleutherodoctylus studied
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Table 1. Statistical features of prey items re-
moved from stomach contents of Eleuthero-
dactylus from Puerto Rigo and the Virgin
Islands.

Datn Meun SD g n X
Length
Raw (mm) 27 2.8 50 505 14,5113
Translormed  0.80 048 D0.87 1.71 1,077.8
Vaolume
Raw {(mm?) 108 7.5 18 435 136.8
Transformed  2.18 0,58 -0.27 2.3 10.7

are general arthropod predators, but they ocea-
sionally take other animals. From site o site
species vary in the proportions of their dists
drawn from different taxa (Table 2). On St
John, 70.1% of the prey items of E. antillensis
are ants, but on Puerto Rico only 11.7% of the
iterns are ants. On St. John, 44.1% of the prey
items of E. cochranae are spiders, but on Puerto
Rico only 3.5% are spiders.

Diet Overlap

Mutual use of food resources implies the poten-
tial for competition. It is not, of course, evidence
for competition at any sperific time. The data for
mutual use of food items by OTU {Table 3) show

Table 2. Percentage nf total individuals (I) and toial volume (V) of various prey loxa.

Puerto Rico St. John
E. anitllensis E. cuchranoe E, antillensis E. enchranoe
Order 1 \Y T \Y% 1 v 1 A
Hymenoplera
Formieldue 11,7 14,3 13.4 11.8 70.1 231 12.0 54
Other 0.0 0.0 0.4 0.1 2.6 0.2 0.0 0.0
Diptera 15.8 3.5 13.0 23.0 3.9 a.4 D.4 2,2
Coleopters 14.8 23.8 1.0 0.3 8.0 a5 8.7 6.3
Isoptera 0.0 0.0 0.0 0.0 0.0 0.0 2.1 0.2
Homaoptera a2.8 3.4 62.7 43.4 3.8 1.2 3.9 2.4
Hemiptera 4.6 4.0 14 12,0 0.9 B.2 27 7.8
Lepidoptera 3.3 13.6 0.0 0.0 a1 23.5 3.0 925
Orthoptern 1.0 22.8 a.0 0.0 3.0 12.8 11.1 524
Acurinn D.0 0.0 3.5 0.4 0.0 0.0 0.0 0.0
Isopody’ 0.5 0.2 1.1 0.9 0.9 0.1 10.2 17.1
Mollusen 0.3 1.5 0.0 0.0 0.0 0.0 0.0 0.0
Aranene 4.3 8.0 3.9 5.2 5.6 0.3 44.1 1.3
Unidentified 10.9 0.9 0.4 34 1.3 283 0.1 0.2
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Table 3. Diet by OTU of Eleutheradactylus from Puerto Rico and the Virgin Islonds.

Number of OTU's Number of pray items

Island, und species In shared
of Eleutherodactylus Total Shared Total OTU's
Puerte Rico

ontillensis 56 o1 3BT ano

cochranue al 9] 984 263
St. Thomas

antillensis 54 43 291 208

cochrunop 53 41 959 92}

lentus Bl 51 1,627 1,508
St, Jolin

antillensts 43 19 ana 209

cochranoe 37 18 934 104
St. Croix

antillensis 43 29 136 39

fentus 82 22 f18 202
Tortola

anlitlensis 44 28 290 184

schwart=! 51 a1l 415 RET

cochranaer 15 14 39 a8

uSample bused on 30 individunls only.

that all four species share some of the same
OTU's with one or both cogeners, and the shared
categories . clearly contain the majority of in-
dividual prey items for all of the species.

On Puerto Rico the diet of E. antillensiy con-
sisted of 58 QTU's. Thirty-five ol these were not
found in the diet of E. cochranae. The diet of E.
cochranae consisted of 31 OTU's, only 10 of
which were not found in the diet of E. antillensis.
In the Virgin Islunds, the diet of each of the two
species included 50% of the OTW's that were be-
ing used solely by the other species on Puerto
Rieo. Only hwo of the 21 OTU’s thut were shared
on Puerta Rico oceurred uniquely in the diet of
one of the species on the Virgin Islands. Both in-
stances involve a small number of individuals,
and this could be the result of chance. The most
significant aspect of these results is the increase in
the number of OTU's shared on the Virgin
Islands.

An averlap in the diet of two specles may be of
little Importance if the prey involved constitute a
minor fraction of the energy budgel of one or
both aof the species. Assuming that the energetic
return is directly proportional to the prey
valume, the most common items contain little
volume, and presumably little ealoric value, In
peneral for the sit-nnd-wait frogs a few large

items contain the major portion of the volume.
Based on this, one might expect that some aspect
of the morphalogy of these frops, such as head
width, wonld be related to these few large
categories.

Figure 3 shows a regression line, fitted by
Bartlett’s three-group method, for head width
and moda! prey volume. Each sex of each species
from each island is plotted separately. The cor-
relation for these two variubles is 0.823
(P < 0.01).

Figure 4 is a modified copy of Fig. 3, amitting
L. lentus and with the sit-and-wait species on
each island joined hy a line. The shape of the
lines suggests that the relation between mean
hend width und madul prey volume is nat ree-
tilinenr. The distance between lines suggests Lhat
there is some amount of inter-island variation in
the avnilubility of prey sizes.

Assuming that the prey base for E. lentus and
the sit-and-wait Frogs is the same, as suggested by
overlap of OTUs, the differences seen in Fig. 3
could be attributed to a difference in foraging
strategy.

Feeding Raotes

Feeding rates were obtained in two different
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sexes of each species to modul prey volume in the
diet. Triangles indicate E. lenfus, circles indieate
remaining three species.

ways: (1) feeding was observed directly by means
of the night-viewing device, or (2) the number of
prey items recovered from each collected
specimen was divided by the elnpsed time from
dusk to eapture, The second method is likely to
be an underestimate of the total feeding rate,
especially for specimens eaptured shortly belore
dawn. The rate at which items are transported
out of the stomach is unknown, but frogs cap-
tured during the first few minutes after dark and
those captured a few hours after dawn unifarmly
lack prey in the stomach. This suggests that
feeding does not occur befare dark, and that al)
items were moved from the stomach within a few
hours alter dawn.

The average {eeding rate obtainad by stomach
analysis [or E. anfillensts was 0.8 prey/h, for E.
sclhwartzi, 1.2 prey/h, and for E. cochranae,
1.5/h. This suggests an inverse relation bebween
feeding rate und size within the sit-nnd-wait
frags. The avernge feeding rate for E. Ientus was
9.8 prey/h, which is two to three times the rate of
a sit-and-wait frog of the seme size.

The average observed feeding rate for E. an-
tillensis was 1.0 prey/l end the average non-
feeding movement rate wus 1.0 move/h, The
average observed feeding rate for E. schwarizi
was 0.95 prey/h and the average movement rate
was 1.2 move/h. The average observed feeding
tate for E, cochranae was 2.2 preyth end the
average ohserved movement rate was 1.4
moveth. The avernge observed feeding rate for
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Fig. 4. Head width vs. modal prey volume for sit-und-
wait fropgs on three islands, Tortola (triangles),
St. Thomas (cireles), and 5t. John (squures),

E. lentus was 2.6 prey/h and the average move-
ment rate was 2.4 move/h.

The two methods of estimating feeding rates
yield similar results for all four species, sug-
gesting that neither methad is strongly binsed.
The movement rates are also inversely related to
size of animal within the sit-and-wait frogs. The
E. lentus average movement rate is two to three
times the rate of a sit-nnd-wait frog of the same
size,

Niche Overlap

The extent to which resource use of one species
overlups that of another is a measure of possible
competiion between the speefes. Although
several measures of overlap are nvailable, it is
perhaps most mesningful to measure niche
overlup in terms of estimates of the competitive
coefficient alpha (o).

Levins (1968) and MaeArthur (1872) provided
formulae for estimation of alpha based on a
single resource (see Estimates of Alpha, the
Competition Coelficient). Levins' formula lends
ilself to diserete datn, wherens MacArthur's for-
mula is more appropriate for continuous data,
MacArthur's formula has the disadvantage of
assuming that ench species would exert the same
degree of effect on the other (zyn = o). This is
true only {f the varinnce of resouree ukilization is
equal.



54

K. L. JONES

Table 4. Alpha estimaies for prey use by Antillean Eleutherodactylus. Resource axes are prey length
and prey OTU.” Alpha is read as the effect of the horizonial species on the vertical species. Intra-

specific alpha is the effect of female on male.

Species of Eleutherodactylus

Locality, and species ontillensis eochranoc lentus schwart=i
of Elentherodactylus Length OTU Length  OTU Length  OTU  Length QOTUO
St. Thamas
antillensis 0.95 D.87 0.35 0.97 0.26
cochranac 0.87 0.30 0.95 0.90 0.77
lentns 0.97 0.42 0.90 1.25 0.84
Tartola
antillensis 0.B5 0.78 0.32 0.95 0.15
cochranar 0.76 0.15 0.89 0.01 .19
schuwart=i 0.95 0.20 0.2 0.57 0.88
St. John
aniillensis 0.80 .85 0.90
cachranoe 0.85 0.62 1.00
Puerto Rico
antillensts 0.097 0:97 0.07
cochranoe 0.97 0.07 0.98
St. Croix
anlillensis 1.00 0.84 0.44
lenius 0.98 0.83 0.62

80TU = pperational taxanomic unit.

The twe most likely dietary variables are
length of prey and prey OTU's. Length is a con-
tnuowns variable, whereas prey OTUs are
discrete. The alpha estimate was computed by
MacArthur’s and Levins' formulae, respectively,
but there are some problems in computation and
interpretation of each esimate. The prey length
alpha is based on frequency, whereas the prey
OTU alpha is based on volume. The prey length
alpha ignores the potential separation by specific
tvpe prey, and the prey OTU alpha may be
underestimated because of the small sample size
of the larger prey items. Finally, ench frog
species is treated as a homogeneous group, when
in fuet each sex might be actng to some unknown
degree as an “ecospecies.” As an indicaton of this
effect, an intraspecific alpha estimate was com-
puted for each dietary variable, treating the sexes
as separate groups (Table 4). The prey OTU
alphn estimate is omitted from the intraspecific
comparisons because of small sample sizes.
Within each set of interspecific alpha estimates,
there are often one or more low values which in-
dieate niche separation.

Estimates of Alpha, the
Competition Coefficient

1. From Levins (1968):
oy = )'.‘. Py P/ E P, where P is proba-

bility of speclﬁ i occurring in resource cell I
and P, is the probability of species j oc-
curing in cell h. In this paper, the resource
cells, I, are the prey OTU's. Levins' « can be
a5 low as O (no overlap) and ordinarily does
not exceed 1,5,

2, From MacArthur (1973):

r = e exp [-d%/2(¢® +af)], where o, and
o, are the standard deviations of the resource
distributions for species 1 and 2, and d is the
distance between the means of these distribu-
tions, In this estimate, it {s nssumed that 0y
(the effect of species 2 on specles 1) equals
o, (the effect of species 1 on species 2). In
this paper, the resource distributions are the
frequency distributions of the prey lenpths.
MacArthur's o varies between 0 (no overlap)
and 1 (complete overlap).
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Conclusions

The general agreement between the sweep net
sample data of Schoener and Janzen (1988) and
the stomach content data in the present study in-
dicates that all four species of Elentherodactylus
consume folinge insects in the proportion in
which the insects occur. The lengths of insects
tend to fit a lognormal distribution which is
leptokurtic and skewed to the right. This in-
dicates that a larger number of Iarge insects exists
in the combined diets than would be predicted by
& lognormal distribution.

Within the four species of frogs, E. lentus uses
a basienlly different foraging strategy. E. lentus
is an active ground-dwelling species which moves
and feeds twa to three times faster than the other

three species. The remaining three species are
mostly foliage dwellers. Within this group there
is an inverse relationship behween size and the
rates of feeding and movement,

In the comparisan of intraspecific sets, one or
more low values indicate trophic niche separa-
ton.
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Abstract

Aspects of the population biology and community ecology of three sympatric species
of snekes (Coluber constrictor, Mosticophis taeniaius, nnd PHuophis melanolencns)
using communal dens in a Great Basin cold desert shrub habitat were studied in northern
Utah between 1968 and 1873, Food habits unnlysis and telemetrie tracking of snakes in the
field allowed quantification of the food ond place dimensions of the ecologicnl niche of
ench species. We also report on thermal preferences, temporal overlap at hibernacula,
annual hady welght changes, and survivorship of these species. Spacies nbundance distri-
butions ond speeies diversity in 10 North Americon snoke communities are surveyed,

The species were sepurated strongly by food habits. Major prey taken were {insects
(Coluber), lizards (Masticaphis), and mammals (Pituophis). Coluber had the nurrowest
food niche, Pituophis was intermediate, and Masticophis had the brondest niche, In sum-
mer, Masticophts hnd the brondest pluece niche eand differed from Coluber and Pitudphis,
which were underground most aften, All three paired species comparisons showed the
average overall niche overlap values were 0.79 (ploce) and 0.19 (fead). Tha trophic di-
mension is more importent in resource partitioning than is the spatinl dimension for snukes
in this community. Complementarity between these two niche dimensions exists.

Snukes, ns o group, had lower mean nctivity temperntures thon lizards at our study
locality. Thermnl preferences underground (26-27°C) were very similar smong the
snakes. Pitnophis hod o lower menn octivity temperature (28°C) than Coluber nnd
Masticophts (31-32°C) on the surface. At dens during spring emergence and sutumn
Inpress, when competitive interactions may hove been powible, most Masticophis and
Pituophis arrived ot nnd emerged from dens 2-3 weeks earlier than Coluber, but this
“sepuration” may be more closely associnted wilh species differences in reproductive
brhavior and dispersul than with competition.

Annual survival rates were similar in the three species; Hrst-year survivorship runged
from 15 to 20% und adult survivorship runged from 83% (Pltuophis) ta 78% (Coluber)
ond 80% (Masticophis). Muximurn life expectuncies nre 18 years for Pituophts and 20
years for Coluber and Masticophis, necording to these schadules,

Proportions of snakes that incrensed in body weight during 3 years varied between
specles. Abont 80% of Musticophis incrensed euch year. In the other two specles, 1 yenr
vuch was unfuvornble for Pituophis (1871, n wet yenr) and Coluber (1872, n dry yeur)
when only 64-68% gained weighl compared with favorable years when 83-88% of these
snukes puined weight. Cansnl fuctors responsible for these different environmental re-
sponses are probably related ta the proportion of rain lalling during the summer months.

59
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Ruinfall may direetly affact the snakes” water balance or the productivity of their prey
populotions. These effects probably act In different ways for each species and with dif-
ferent time Ings through poorly understaod and complex meehanisms.

Human predation hos greatly altered the species composition uk our desert study site
aver n 30-year time span, causing an nlmost complete shift in the dominent species
(Crotalus and Masticophis in 1840, Coluber and Phuophis in 1070). At ench Hme the
diversity indices were similor ( = 0.99 in 1840%, H = 1.03 in 1970's) indicating that the
replucements muy be correluted with resource partitioning within the cammunity.

In 1874 an estensive range fire destroyed the habitat around the communa! dens, Sub-
senuently, drifting sand buried the dens, completing an apparent extirpation of the snake

community.

A pumber of studies have provided herpe-
tolopical ecologists with sound biologieal data on
single species of snakes, or have been aute-
cological in foeus (Fitch 1980, 1983, 1865, 1975;
Hall 10868: Clark 1970, 1974; Brown 1873;
Branson and Baker 1974; Clark and Fleet 1878)
and several have dealt with two species (Platt
1969; Saint Girons 1975; Parker and Brown
1980). Only a few early studies attempted to
compare three or more sympatric species (Fitch
1949; Carpenter 1952; Fouquette 1854; Fleharty
1667} and had a community outlook. Becanse
they preceded the recent rapid growth of
investigations into resource partitioning over the
past 10 years or 50 (cf. Schoener 1974), naone is
couched in terms of a modern gquantitabive
approach to community analysis, i.e., niche
dimensionality and resource partitioning.

In addition to field studies cited above, some
workers have explored broader patterns gavern-
ing the structure of assemblages of snakes. Bar-
bault (1970, 1971) examined populatdon den-
sites, biomass, und seasonal abundance of &
snake faunn of a single geographic region and
later analyzed these snake populations in a com-
munity context, purticularly Erophic relations
(Burbault 1974). Other vecent approaches to
herpetological community studies of snakes
largely have concerned food resources (Hender-
son 1974; Mushinsky and Hebrard 1577; Fitch,
this volume) and at least three studies have
treated both diet and habitat (Shine 1977; Hart
1879; BReynolds and Scott, this volume).
Renewed interest in geographical patterns of
species abundance and diversity was kindled
largely by MacArthur (1965, 1972). Turner
(1961) summarized data on relative abundance
of snakes and Amold (1872) analyzed snuke
community patterns to determine whether prey
species density affects predator (snake) species
density. Investigators seem now to be on the

verge of considering the role of snakes in
community structure as begun by Barbuault
(1974), Henderson (1974), Shine (1877), and
Hart (1978). Although Schoener (1974) warned
that merely documenting differences between
species with rtespect to resource partitioning
appeals only minimally to our seientific interests,
perhaps we must settle for this level of
deseription at present becanse our knowledge of
snakes has lagged substantially behind that of
other groups of vertebrates such as birds and
lizards,

For 4 years (autumn 1969 through spring
1973) we studied the natural history and ecology
of snakes using communal dens in a Great Basin
cold desert shrub habitat in northern Utah.
Results from these studies and a description of the
study area are provided by Parker and Brown
(1973) and Brown and Parker (1978a). We at-
ternpt to integrate some of our findinps on racers,
Coluber constrictor (Brown 1873; Brown and
Parker 1882), whipsnakes, Masticophis
tagniatus, mnd pgopher snakes, Pituophis
melanolencus (Parker and Brown 1980) with em- -
phasis an the ecologienl niche of these species.
Although five additional less common species
have been recorded at gur snake dens, we
gathered data primarily on these three maost
abundant species. Our studies provide n data base
for lresting these three speeies as a sympatrie
group making up the bulk (88% by numbers,
96% by biomass) of this snake community.

‘We examine aspects of the biolegy of the three
species that bear on the following questions: (1)
‘What dimensions of the ecological niche appear
to be critical and how strongly are resources par-
titioned? (2) Do quantitative measures of overlap
among paired species comparisons imply passible
interspecific competiton? (3) In what ways da
these snnke species vary in their respanse to an-
nually changing environmental conditions? (4)
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How might any such differential response, along
with the observed turnover in species composi-
tion and abundance in the community, reflect
the ecological niche of each, and what might this
tell us about community structure and popula-
Hon stability in snakes?

We definitely need empirical, quantitative
feld studies of snakes that might make this
relatvely specialized nnd morphologically
homogeneous group more useful in broadening
the theory of the ecological niche and of com-
munity structure in general. Whether this gronp
of erypte and difficult-to-study vertebrates can
be used to accomplish this end remains tc be
seen. For many workers, snakes have praved to
be attractive ms research organisms. We hope to
show here that they may also contribute sub-
stantially to a rapidly growing bady of ecological
knowledge at the community level.

Methods

Snakes were eaptured in spring and avtumn hy
erecting screen wire fences around the snakes’
hibernacula, Our general techniques, location of
the study ares, description of vegetation in the
habitat (Great Basin cold desert shrub), and
photographs of two of the dens and surrounding
sagebrush flats, are provided by Brown and
Parker (1976z), We recorded more than 1,400 in-
dividuals of seven species. Each snake was per-
manently marked at its first enpture by clipping
ventral scutes (Brown and Parker 1878b). Yearly
individual body weight changes were based on
suceessive spring or successive aubumn eaptures
that included one intervening period of winter
dormancy. Inter-year variation in annual weight
loss during hibernabion was not significant in
Coluber (Brown and Parker 1982) and Pituophis
(Parker and Brown 1980) so both Intervals used
for determining body weight changes in these
speeies (spring-to-spring or autumn-to-autumn)
were equivalent., Masticophis weights were ob-
tained at successive early spring captures, pro-
viding the most reliable data for annual changes
in this species (Parker and Brown 1980).

We tracked free-ranging snakes using
radiotelemetry. Genernl procedures and equip-
ment used are deseribed by Brown and Parker
(18768a). Besides providing data on movements
and dispersal, tronsmitters were lemperature-
sensitive and enabled us to measure deep-core

body temperatures of snakes in the feld. Each
transmitter was calibrated in & water bath
ngeinst a precision mercury thermometer befora
and after field use. A 1-min pulse count at each
loeation of a snake in the Held was later con-
verted to temperature. We obtained a large
number of temperature and microhahitat (Joce-
Hon) records of all three species in the field using
only those records separated by at least 15 min.
Data were discarded when a snake’s location or
actvity could not be ascertained by direct obser-
vation or inferred by thermal data. Mean
number of records per day for each species were
s follows: Coluber 2.1, Masticophis 3.0, and
Pitvophis 1.7,

Four primary categories of microhabitat or ac-
tivity were recopnized: (1) underground (U), in
burrow, including burrows under rocks; (2)
under rocks (UR), either surface boulders or rock
piles, including hibernacula (snake usually visi-
ble); (3) moving (M), actual movement from one
place to another; and (4) regulating (R), vsed
here in the sense of thermorepulating.

These categories are recognized for analysis of
the spatial dimension of the niche (place niche).
The first two (U and UR) are subsurface locations
and the last bwo (M and R) are surface activities.
Snakes in conecealed positions could be precisely
lacnted by disconnecting the antenna and passing
the receiver close to the ground surface untl a
distinetly stronger signal was received. In this
manrner, a distinction between snakes lncated
under rocks (UR) and uuderground (U) was pos-
sible. Distinction between M and R was, in most
instances, based on a visual sighting of the snake,
If the snake was not seen but the received signal
Huctuated in intensity or faded out, the animal
was actively moving. Snokes thermoregulating
an the surface (R) sometimes were purposely not
observed to avoid disturbing the animal. In such
instances the category B was assigned by in-
ference from (1) a high body temperature with
respect to shaded ambient air and substrate tem-
peratures und (2) lack of movement. Our R and
M eategories correspond to the normal activity
range and basking ecategories of Cowles and
Bogert (1944), and we use thermal data in these
two categories as representing the normal ac-
Hvity temperatures of the snakes.

We designate seasons as follows: spring,
April-May; summer, June-August; avtumn,
September-October. All body temperatures re-
ported in the normal activity range of each
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species pertain to clear weather conditions
(< 80% cloud cover, sun visible).

Our records of fond habits were obtained by
palpation of live snakes captured between
auturnn 1969 and autumn 1972 and by
examining stomach contents of preserved speci-
mens obtained from the same habitat in areas
surrounding the dens. Food items were identified
from 146 individuals of the three spercies (102
Coluber, 28 Masticophis, 18 Pituophis) taken in
all months between May and October. Most of
the records were from individuals collected in
September as they returned to hibernaeula. Food
iterns were identified to family or subfamily for
insect groups, and to genus or species for verte-
brates. Data reported are frequency of oceur-
rence of each food group—proportion of stom-
achs containing a prey taxon to the total number
of stomachs of each species of snake containing
food. Although prey biomass would be superior
to numbers, digestive fragmentation and small
sample sizes (for Masticophis and Pituophis)
would have made the estimation of prey weights
from volumes difficult and would have done
maore to obscure than to reveal interspecific food
comparisons. For analysis of the trophic niche
dimension, four categories of prey are discerned:
insects, lizards, snakes, nnd mammoals.

Using proportions along fond and place di-
mensions actually used by each species, we cal-
culated the niche breadth (B) along any single
dimension and species diversity (D) using
Simpson’s index of diversity (cf. MacArthur
1879)

D=B=_1 (1)
n
T p}

i=1

where p, represents the proportion of the {th fond
type or mierohabitat used (caleulation of B) or
the proportion of the total sample belonging to
the ith species (ealculation of D). B may vary
from one to n, the number of p; values (in our
case, 3 for food and 4 for place niches).

‘To estimate niche overlap, we used a symmet-
ric matrix equation introduced by Pinnka (1973)
and discussed by May (18754). Our usage of this
equation fallows that of Pianka (1975) In the
sense that it represents niche overlap (O) and is
caleulated as

a
L
=1 Py Pix

Oy= e @
Ve

where py and p,, are the proportions of the it" re-
source category used by the jt and the k' species
respectvely, This measure (range 0-1) is caleu-
lated from the relative utilization quantities, p;
and p,, along the food and place dimenstons,
Using the Shannon-Wiener equation, we cal-
culated values of species diversity (H) as follows:

8,
== IEIPJ Inp 3)

where St = total number of species in the com-
munity and p; = proportion of the total sample
belonging to the " species. We also calculated
maximum species diversity as

Hpoe = In Sy (4)

and an equitability measure (E) (range 0-1) as
the ratio

H
E=F 5)

max

where H is the ohserved species diversity ac-
cording to equation (3). We use equations (3)
through (5) to quantify values for several north
temperate communities of snakes. We selected
certain field studies where both specles and
numbers of individuals collected by a standard
procedure were continued over a fairly long
time (usually several months to several years),
and where the workers specified their collecting
techniques. We have deliberately avoided num-
erous studies reporting on snakes taken from
various winter hibernaling locations (ef. Parker
and Brown 1873), nor have we treated ropical
communities (Inger and Colwell 1977; cf. Hen-
derson et al. 1878). The few censuses and primi-
tive state of our knowledge of the structure of
snake eommunities ot present do not allow a
comparison of temperata and tropical communi-
ties, We believe it is more important to denl
with the more fundamental question: What are
the relative abundances of sympatric species of
snakesp
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Fig. 1. Frequencies of occurrence (percentnge of stomachs) of four mnjor groups of prey token by three species af
colubrid snukes in a Grent Bosin cold desert shrub habitak in northerm Utah

Results

Food Niche

Fond habits of the three species of snakes (Fig.
1) at our desert study area revealed that each
species had eaten three of the four prey groups,
and each had a dominant (preferred) prey group
taken as follows: (1) Coluber (n = 102) were
chiefly insectivorous. Mast (86%) of the diet
consisted of insects (mostly orthopterans: grass-
hoppers and ground crickets), whereas the re-
mainder consisted of mammals (Peromyscus,
3 %) and snakes (Masticophis taeniatus, 1%). (2)
Masticophis (n = 2B) nte primarily lizards
(mainly Uta stansburiana, 64%), mammals
(mostly Peromyscus and Perognathus, 28%),
and snakes (Coluber constrictor and Mosticophis
taeniatus, 7%). (3) Pituophis (n = 16) prey con-
sisted largely of mammals (chiefly Microtus and
Perognathus, 87%). Lizards (Uta stansburiana,
8%) and insects (Orthoptera, 8%) made up less
important items in the diet.

Using the measures B (equation 1) and O
(equation 2}, we show the trophic niches for
each of the three species in Fig, 2. Field data are
carroborated by the caleulated values showing
that Coluber has the narrowest food niche (B =
1.08), Pituophis is intermediate (B = 1.28), and
Masticophis has the broadest niche (B = 2.00).
Overlap along the food dimension is low be-
tween Caluber x Masticophis (O = 0.013), in-
termediate between Coluber % Pituophis (O =

iz

E-I 08
Culuber

/\,

0=.013 0=.

_/ \

Mushcophls +—0=467— Pltuophls

B=2.00 B=1.29
% @
Fig. 2. Quontitative nnnlysis of the food niche of

thres symputric colubrid snoke species in o Great
Basin cold desert shrub habitat. Relations of the
three species indicated by niche breadth values (B)
nt each boxed name ond niche overlap values (O)
midway along urrows showing compurison of ench
species palr. Major prey proop is depicted for each.

0.102), and high hetween Masticophis % Pituo-
phis (O = 0.487) due to the relatively high oc-
currence of mammals in the diet of each of these
species.
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Fig. 3. Sensonn] dlstribution of the place niche of
three symputric colubrid snake species (M =
Masticophis taeniotus, C = Coluber constrictor,
P = Pituophis melanolencus) in o Great Busin cold
desert shrub hobitut. Data ore microhubitat-aetv-
ity entegaries (R = thermoregulating on surface,
M = moving on surfuce, U = underground,
UR = under rocks) recorded for free-ranging snukes
in their naturd hubitat by radiotelemetry in 1971
ond 1972. Pluee niche bused an n total of 1,756
feld records (Coluber 587, Masticophis 750, Plino-
phiv 41B).

Place Niche

Microhabitat—nchvity distributions (Fig. 3)
for the three species in three seasons show sev-
eral patterns of interspecific spatial-temporal
responses: (1) in spring, surfnce thermoregula-
tion (R) oceupied the bulk of the activity of all

3.5¢

30

257

NICHE BREADTH, B

20

SPRING SUMMER AUTUMN

Fig. 4. Sensonal and interspeeifie comparisons of ploce
niche breudth (B} oceupied by three sympatric
colubrid snoke species in o Grent Basin cold desert
shrub habitat in northern Utah. Place niche guanti-
fied by proportion ol location records in four cate-
gories of netivity-microhubitat used by snakes. See
text for enleulntion of niche breedth and for micro-
habitat-nctivity categaories recognized,

three species; (2) in summer, mast Coluber and
Pituophis retrented underground; and (3) the
autumn pattern was like the spring pattern for
Coluber and Masticophis, but not for Pituophis
(Fig. 3). When activity locations ure grouped as
to those snakes found R and M or U and UR, two
natnble spatial niche differences are apparent
(Table 1). Masticophis in summer tended to-
ward a8 more uniform (even) dispersion of
“places,” whereas Pituophis failed to reappear
on the surface in autumn as did Coluber.

Niche breadths (B) for the spatinl dimension
were caleulated for each species in the three sea-
sons (Fig. 4}. This analysis shows that (1) both
Coluber and Masticophis have narrower place
niches than Pitupphis in both spring and au-
tumn, (2) the place niches of Coluber and Masti-
cophis are more similar to each sther in spring
and antumn than either is to Pituophis, (3) Mas-
ticophiy has the broadest ploce niche in sumsmer
and differs considerably from both Coluber and
Pituaphis, und (4) Coluber and Pituophis are
similar to each other in summer in that they are
found underground most often,

Results obtained with place niche overlap
computations between the species pairs (Table
9) are as {ollows: (1) All three paired species
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Table 1. Prominent place niche (activity-microhabitat) Iocations as surface or subsurface records for
three species of colubrid snakes in a cold desert shrub habitat in northern Utah in three seasons,

1871-72.
Spring Summer Anturmmn
Species Location® Pb  (n) Laocation P {(n) Loention P (n)
Coluber R, M 0.81 (193) U, UR 0.85 (205) R M 0.69 (99)
(n = 12)
Maosticophis R, M 0.86 (343) R, M D.62 (264) R, M 0.75 (143)
(n = 14)
Pituophis R, M 0.73 {183) U, UR 0.79 (187} U, UR 0.83 (40)
(n = 10)

1A ctivity-microhabitat eategories: R = Hiermoregnlating on surfuce, M = moving on surfoece, U = underground,

UR = under rocks,
WP = proportions.

comparisons show broad overlap in spring; (2)
only Coluber x Pituophis overlap broadly in
summer; and (3) only Coluber x Masticophis
overlap broadly in autumn. Seasonal compari-
sons of spatial loeations show autumn to have
lowest overlap values; summer, intermediate
place overlap; and spring, highest. Place niche
overlap values averaged over all seasons show
smallest overall spatial separation of Coluber x
Masticophis and Coluber x Pituophis and
greatest overall spatinl separation of Masticophis
x Pituophis.

Thermal Relations

A lorge number of body temperatures (Tys)
was obtained by telemetry from snakes mani-
tored in the field (Brown 1873; Parker and
Brown 1980). In summer, snakes located U (and
therefore largely buffered from solar radinton,
wind, and other environmental factors) regis-
tered the following Tys listed in ascending ther-

mal levels (mean = 1 SE): Masticophis 25.6° +
0.5° C (17.0 - 30.8, n = 49), Pituophis 26.9°
+ 0.3° C (15.5 — 31.4, n = 116), and Coluber
7.5 + 0.4° C (17.5 - 35.2, n = 127). Only
about 2° C separates body temperatures of the
three species underground.

On the surface, we lumped R and M cate-
gories to obtnin each species’ overall activity
body temperature, We also include, for compar-
ative purposes, two other snakes nnd the six sym-
patric lizard species at our desert study site
(Tahble 3). The lizards as a group had higher
mean actvity temperatures (34,.0° — 37.6° C)
than did the snakes (24.3° — 31.8° C). Means
of the kwo groups did not averlap. Among the
snokes, Coluber and Masticophis were the maost
lizard-like in their normal preferences (31.2°
and 31.8° C), whereas Pituophis and Cratalus
Tps {27.9° and 28.3° C) were considerably
lower. Mnsticophis and Coluber, both feeding
on highly nctive and thermally tolerant prey
(Yizards, grasshoppers), may require high body

Table 2. Place niche overlap® among three sympatric colubrid snokes in a Great Basin cold desert
shrub habitat in northern Ulah in each of three seasons, 1971-72,

Specles palr
Senson Coluber x Maosticoplis Coluber x Pituoplis Maosticaphis % Pilnophis
Spring 0.857 0.D85 0.978
Summer 0.724 0.976 0.638
Autumn 0.945 0.a31 0.383
Menn (ull sensons) D.BBA 0.831 0.86D

uSee text for equation (3) used te caleulate niche overlap values.
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Table 3. Temperatures of aclive reptiles sympatric at the stndy location
(Great Basin cold desert shrub) in northern Utah.

Temperature (°C)2

Species No. Meunzx 1 SE Range Reference

Snokes

Coluber constricior 288 31.84 = 0.20 18.6-37.7 Brown (1973)

Masticophis taeniatns 564 31.21 = 0.13 14,8384 Farker and Brown (1980)

Pituophis melanoleucus 208 57.87 = 0.32 12.2-35.0 Parker and Brown (1980)

Crotalus viridis B 95.33b 15.5-35.0 Hirth and King (1988)

Diadophis punciaius 5 24 28 19.8-28.8 Farker and Brown (1974g)
Liznrds

Crotaphgius wislizeni 48 36.08 = 0.32 30.6-41.5 Porker and Plunkn (1978)

Phrynosoma douglossi 18 34.88 x 0.684 26.3-3R.B Pinnkn and Parker (1875)

Phrynasuma pletyrhines 86 35.46 = 0.35 28.140.5 Pianka and Perker (1975)

Sceloporus gractesus 9 34.01 = 0.66 30.8-37.7 Parker (1074)

Uta stansburiana 16 35.46 + 0.54 99,7-37.8 Parker and Pianka (1975)

Cnemidophorus tigris 11 37.64 £ 1.04 29.9-40.8 Parker (1974)

sTemperatures for Coluber, Masticophis, nnd Pituophis are deep-core body temperatures (telemetrieally

recarded), and for other species, clonen) temperatuses (recorded with a Schultheis thermometer).

bEstimate [rom gruph.

temperatures to maintain a scope of metabolic
activity and behavior sufficlent to capture their
prey. Jacobson and Whitford (1971} suggested
this explanation for the high netivity tempern-
ture (near 33" C) of the diurnal lizard-eating
snake, Salpadora hexalepis. In contrust, Cro-
talus and Piluaphis eat primarily nocturnal or
subterranean small mammals, and these snakes
are not likely to he active at times when it would
be necessary for them to maintain high Tys to
capture prey. Greenwald (1974) recorded the
highest metabolic efficiency (moximal striking
speed and successiul prey capture) for Pituophis
at 27° C, virtually identical to the field results
obtained telemetrically by Parker and Brown
(1980). Although Coluber and Masticophis
share an almost identical range of activity tem-
peratures, they are strongly separated by food
habits (see Food Niche). Crotolus had a mean
activity temperature very similar to Pituophis
and, presumably, rattlesnakes ance oceupied a
mammal-eating trophic niche similar to gopher
snakes. Crotalus has recently been exterminated
(see Species Composition at Utah Dens), and
now Pituophis is the sole occupant of its overall
niche as a relatively eool-bodied subterranean
mammal predator.

Temporal Overlap at Hibernacula

As all three species move to and from their

surmmer home ranges and their winter denning
retreats ench year, there {s apportunity for inter-
action or perhaps direct physical contact during
the periods of full ingress and spring emergence.
We recorded the temporal sequence of arrival
nnd departure at dens in all seasons, 1969-73
(Brown 1873; Parker 1974). In autumn 1971,
for example, three main arrival peaks were
clearly evident (Fig. 5): Masticophis, mid-Sep-
tember; Pituophis, late September; and
Coluber, early October, Masticophis were ac-
tive on the surface at dens for an average of
about 17 days after arrival and many entered hi-
bernation after ecdysis nearby (Parker and
Brown 1980). Coluber and Pituophis were not
active at dens after returning, and both species
seemingly descended into hibernation imme-
dirtely upon arrival at a den.

In spring 1871, Pituophis and Masticoplis
emerged earliest and tagether in mid-April, fol-
lowed by Coluber in early May, a difference of
some 3 weeks between emergence peaks (Fig. B).
The distinct emergence peaks, in general, corre-
spond to favorable air and soil temperatures for
emergence. Maslicophls males constituted the
bulk of the earliest emergers (Parker and Brown
1880), a phenomenon also noted in Thamnophis
sirtalis and a number of ather north-temperate
snake species (ef. Gregory 1974). Apparently,
differential interspecific emergence is related to
enhancement of mating behavior in males of
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Fig. 6. Emergence of three species of colubrid snokes
from den M io spring 1871, Proportions of each spe-
cies captured during each S-day interval are shown.
C = Coluber consiricior, M = Masticophis laenia-
tus, P = Pltuophis melonoleucus.

some species (e.g., Masticophis, Goldberg and
Parker 1975; Bennion and Parker 1976) rather
than as a mechanism to avoid possible competi-
tion, cunnibalism, or interspecifie predation nt
the hibernaculum,
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Fig, 7. Annual proportions of three species of eolubrid
snakes that incrensed in body welght in 3 suceesstve
years (1070-72) in n Greot Basin cold desert shrub
hubital. Welght change veeords (lower hislogram)
are for 423 Coluber constrictor of known ape
through 8 (stippled burs), 148 Masticophis toeniatus
of all nges {open bars), and 133 Pitwopltis melana-
lencus of ull upes (hatehed binrs), Number of records
above each bar. Upper histogrum shows total an-
nunl rainfull (unshuded), totnl S-month rainfall
{May-September, hatched), ond total 3-month
rainfall (June-August, stippled) recorded at Granls-
ville, Taowule County, Utnh.

Annual Body Weight Changes

We measured welght changes of snakes in
each of 3 years (1970, 1871, 1972): a total of 702
individual weight difference records were ac-
cumulated for the three species. Proportions of
these that showed an increese during the yearly
interval appear in Fig. 7. In all 3 years, most
(86-84%) Masticophis increased, but the re-
sponses of Coluber and Pitupphiy were not eon-
sistent between years except in 1870 when a ma-
jority (B3-82%) of all three species showed
weight gains., In 1971 only 64% of Pituophis
gained weight {(compnred with 83% in 1870 and
88% in 1972), and in 1972 only 68% of Coluber
incressed (compared with 92% in 1970 and -
08% in 1971). As indicated by these records, (1)
all 3 years had uniformly favarable conditions
for Masticophis, (2) the wet 1871 was unfavor-
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Fig. 8. Rainfull over o 13-vear period (1960-73)
recorded at Grantsville, Tooele County, Utah (U. S.

Dep. Commerce, NOAA, Utsh Climotologicnl

Datn). Lower histogram shows total annual precip-
itation; upper graph shows praportion of total rain-
full that fell in the 3-manth period June-August
(circles) and in the S-month periad May-September
(trisnples).

able for Pituophis and favorable for Coluber,
und (3) the dry 1972 was a time of growth for
Pituophis and reduced growth for Coluber. The
validity of our designations of favorable condi-
tions is reflected in n snake’s ability to put on
weight and was confirmed by the fact that Colu-
ber suffered considersbly higher age-specifie
mortality rates in 1872 than in 1971 (Brown and
Parker, 1982).

The striking differential responses of the spe-
cies were compared with rainfall records at
Grantsville, Utah, nbout 4 km east of the study
aren. These data show a similar precipitation
pattern for 1870 and 1971 (relatively wet years)
compared with 1872, a relatively dry year. The
1972 drought showed up markedly during the
8- and S-month periods of June-August and
May-~September when snakes are active (Fig. 7).
We nlso plotted total annual precipitation and
the proportions of rain that fell during the two
periods (Fig. 8). We chose these two periods be-
cause they should be critieal to n snake’s nhility
to survive (i.e., eat and reproduce) successfully
during its short (5 months) activity season. The
13-year total average rainfall was 30.0 = 1.8

(16.0 ~ 36.9) em, of which an average of 38 %
fell between May and September and 24 % fell
between June and August. Although 1872 did
not receive much less tatal rainfall than 1970 or
1871, the critical summer periods were very dry,
receiving only 19% (May-September) and 9%
(June-August) of the year's total.

Species Diversity

From several studles where nuthors stated the
number of species and individuals taken over a
tairly long period of Hme from a specific lacal-
ity, we computed various species diversity in-
dices from which we attempted to determine
what trends or patterns of speries abondance, if
any, are shown by communities of snakes. The
communities we surveyed contained a reported
range of species of 3 to 13; Shannon-Wiener
functions (H) ranged from 0.592 to 2.151, Simp-
son’s diversity indiees (D) from 1.55 to 6.13, and
equitability ratios (E) from 0.510 to 0.839
(Table 4). A plot of the Shannon-Wiener values
against the logarithm of the numher of species in
each community (Fig, 9) shows that, with two
exceptions, the communibies fall roughly along a
smooth dome-shaped curve which levels ont to
an upper asymtotie species number of 12-13,

At our study loenlity in Utah, a unigue oppor-
tunity existed for ealeulation of community var-
iables within a single snake community over a
span of about 30 years. Woodbury (1951) earlier
worked at den M (one of five major dens in a
group of hibernacula ealled M complex) through
10 years (1940-48). Our sampling was done in
the same area over a period of 4 years (1069-73).
We previously documented changes in composi-
tion of the four common species (three colubrids
plus Crotalus) during the 30-yenr interval at this
und other dens (Parker and Brown 1973). The
changes in relative abundance of these species
based on proportions of the total snake fauna at
each time (Fig. 10) indicate a major trend for an
almast complete replacement of Crofalus (54 %
of total abundance) and Masticophis (37 %), the
two dominant species in the 1940, by Coluber
(65%) and Pitnophis (14%) in the 1970%.
Moderate proportions of Masticophils (15 %)
were present along with Coluber and Pituophis
in our sampling period. Pitnophis increased and
Masticophis declined since Woodbury's (1851)
study.
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Table 4, Species abundance statistics for 10 North American snake communities (cf. Fig. 8). Com-
munities are ranked in order of increasing number of species present. See text far meaning of equa-

Hons for values caleulaled and Appendix for species, numbers of individuals, and metheds of collec-
tion used by ench investigator.

Shunnon~ Simpson’s
No. spectes Wiener Index Equitabllity
Locnlity and author 51 (B) (D) (E)
linois (Selbert und Hapgen 1947) 3 0.502 1.55 0.539
Town {(Klimstra 195B) 5 1.132 2.50 0.704
Marylund (Bargan and Stickel 1949) 5 1.084 547 0.674
Utah (Wondbury 1951) 7 0.982 2,34 0.310
Utuh (present study) 7 1.051 2.15 0.540
Californin (Fitch 1948) ga 1.180 2.38 0.568
Louisiana (Tinkle 1057) 10 1,472 3.00 0.639
Arizona (Pough 1988) 12 1.874 4.50 0.754
Arizonn (Pough 1966) 13 1.858 3.36 0.867
Arizonn (W.S. Parker, 13 2,151 6.13 0.839

unpublished dutn)

¢Number of individunls not given [or one; calenluted values pertuin ko eight species.

A tatal of eight snake species were tabulated  (1851) and by us. Woodbury caught twa
at den M over this time, of which seven were re-  Hypsiglena torguate and we caught one Lam-
corded in each study, Among the four rare spe-  propeltis triangulum as species unique to each
cies, Diadophis puncioius ond Rhinocheilus  study.
leconiei were recorded by both Woodbury
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Figz, D. Species ubundonce distributions in 10 North Americun snoke communities, Shannon-Wiener diversity index
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nities {4 ond 3) are from the same localily In Uteh sepoarated by o time spun of nbout 30 years, Values [or com-

munity B based nn eight specles (of. Tuble 4 [or values coleulaterd for each community and Appendix Tor list of
species),
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1969-73

PROPORTION
OF ALL SNAKES
Y

J

1940-49 -

Col. Pit. Masi. Crof.

Fig. 10. Thirty-year changes in relative species abun-
danee of 1 snoke commuonity ot u single locolity tn a
Grent Busin cold desert shrub habitst in northern
Utnh, Stippled bars represent datn from 194048
(community 4; Woodbury 1851), hatched bars datas
from 1969-73 (community 5; present study). Pro-
portions of ench of the four most eommon snakes
(left to right: Coluber constrictor, Pitnophis melo-
nnlencus, Mdsticophis tacniatis, Crotalus viridis)
ure based on totol individuals of wll species cap-
tured at den M in ench study. See Appendix for
species and numbers of individuals recorded.

Survivorship

We measured age-specific survival rates in
1870 and 1971 as an indieator of responses of the
populations of Coluber, Masticophis, and Pituo-
phis to environmental condibions. Details of the
demographic aspects of our work, Including
nge-specific growth rates, aging techniques, and
fecundity rates are reported elsewhere (Parker
and Brown 1980, Brown and Parker, 1983).
Here we compare age-specific survivorship
curves (Fig. 11}, These essentially are similar in
the three species, with only minor differences
present in frst-year (0-1) survival rates
(Coluber 0.170, Masticophis 0.145, Piluophis
0.200) indienting genernlly high mortality
among juveniles. Throughout adult life, Plino-
phis had somewhat lower annual survivorship
(0.625) than did Masticaphis (0.800) and Colu-
ber (0.787). Some Masticophis and Coluber sur-
vive to a maximum of 20 years, and Pitnophis to
16 veurs accarding to these schedules. Mortality
is high in the first-year group, but onee individ-
uals attain an age of 1 year, unnual mortality is
relutively low in all three species.
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Fig. 11. Survivorship curves for femnles of three spe-
cles of colubrid snukes in o Great Basin cold desert
shrub habitat in northern Utoh. Ape-specific annual
stirvival rates obtained empirically by mark-recap-
ture studies in the Field, Survivorship dota pertnin
to 1970-72 (Purker and Brown 1980; Brown and
Porker 1982).

Discussion

Food Niche

Various studies suggest that the role of food is
a dimension of importance in resource partition-
ing in different communibes of sympatrie
snakes, Carpenter (1852) indicated that differ-
ences in food habits of three species of eastern
Thamnophis were an important factor in their
coexistence. He stated that differences in the se-
lecton of size and types of prey decrensed the
competition for food among the thres species.
Similarly, Fleharty (1967) noted virtually non-
overlnpping food preferences nmong three other
specles of western Thamnophis. Schoener (1874)
ranked food type first (over habitat and tme of
vear) as the dimension in which Carpenter’s
Thamnaphis were mast clearly separated,

Food of snakes is one of the most readily
studied aspects of their natural history (e.g.,
Lagler and Salyer 1945; Fox 1052; Hamilton
and Pollack 1956; Brown 1958; Klimstra 1959:
White and Kolb 1974) and considerable data
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have accumulated on their predatory habits,
Occupying high positions in the fond chains of
many communities has also allowed snakes to be
sampled for concentrations of environmentnl
pollutants (Fleet et al. 1972; Brisbin et al. 1874;
Bauerle et a]. 1975). Despite these fucts, studies
that have attempted to meansure the use of tro-
phic resources of more than twe sympatrie
speries of snakes are few. Recent approaches to
this aspect of assemblages of sympatrie snukes
(Voris 1972; Mushinsky and Hebrard 1877;
Shine 1977; Fitch, this volume; Reynolds and
Scott, this volume) indicate that the trophie
niche is indeed important to coexisting snakes.

Food clearly seems to represent an important
dimenston separating two of the three species
pairs (Coluber x Masticophis and Caluber %
Pltuophis) in the Utah snake community we
studied. Food also is important in resource par-
titioning among seven comman species of snakes
in Kansas (Henderson 1874; Fitch, this volume)
and, apparently, in a community of seven spe-
cies in Africa (Barbault 1874) and six species in
Australia (Shine 1977).

Feeding responses and innate food preferences
are unique aspects of behavioral ecology exhib-
ited by snakes (Burghardt 1970a). Possibly, die-
tary shifts may occur in snakes from communi-
ties consisting of a number of potential interspe-
cific competitors, This hypothesis was explored
by Carr and Gregory (18978) who tested three
species of neonate Thamnophis and compared
their laboratory response profiles against the
natural diets of each, but their results were
limited. Still this effort might be pursued in con-
junction with analyses of intraspecific geo-
graphic variation in the feeding habits of snakes
both in the Held and in the laboratory. The ex-
perimental approach, i.e., demonstration of in-
nate geographic differences in populations with-
in the same species but from different communi-
ties (Burghardt 1970b; Gove and Burghardt
1975), may yield insights into the complexities of
predator-prey interactions in snake communi-
ties. Snakes may provide an excellent model ver-
tebrate for testing hypotheses on the contrasting
role of inheritance (e.g., Burghardt 1875) versus
environment in shaping trophic-dynamie pro-
cesses in natural communities, Food is very
likely an important niche dimension separating
snakes in nature, Still, its role is in need of fur-
ther work.

Place Niche

The early work of Carpenter (1952) on habi-
tat segregation of three sympatric species of
Thamnophis in Michigan clearly demonstrates
the role of this niche dimension in the ecological
distribution of snakes. Schoener (1874) consid-
ered the place dimension secondary to that of
food in separating Carpenter’s Thamnopltis and
this interpretation appears to be correct because
the major microhabitat categories (“grassy
areas,” “marsh grass and sedge,” “water and
water vegetation") were more difficult to define
and quantify in the field than were food types,
Also, there was considerable overlap in places
occupled by these species (cf. Carpenter 1852).
Fleharty (1967) used the categories “rocks,”
“vegetation,” and "“logs" to classify location pref-
erences nmong three Thamnophis species, and
he showed some species differences. The cate-
gories of their field recognition appear to us,
however, to be inadeqguate to allow the place
dimension to be compared with food.

One recent worker (Hart 1978) has categor-
ized sympatric and allopatric microhabitats as
location types of apparent importance to snakes.
In allopstry, Thamnophis sirtalis in Manitoba,
Canada, occurred near marshes and T. radix
near ponds (Hart 1979). In sympatry, the im-
portance of the habitat to niche diserimination
between these species was reduced primarily as
a result of a more limited thermal range for ac-
tivity available to each species. Hart (1978) in-
terpreted this as a behavioral reaction to the
thermal limitation rather than as a reaction to
the presence of another species,

Other workers have presented analyses of
habitat partitioning in a community of closely
related snakes (e.g., Pough 1966; Hebrard and
Mushinsky 1876; Reynolds and Seott, this vol-
ume). Some studies have taken a much larger ns-
semblage of snakes and have subdivided these
inta broad groups ol adaplive zones (aquutic,
terrestrial, arboreal, ete.), such as Henderson
and Hoevers (1877) in Central America and
Leston and Hughes (1968) and Barbault (1871)
in Afriea, The first two also classified the snake
faunns in each tropieal region necording to ne-
tivity times (nocturnal, diurnal) and major prey
groups taken. Thus, at lenst two studies have ap-
proached snake communities from all three (spa-
tial, temporal, and trophic) fundamental as-

w o
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peets of the niche, These analyses for snakes still
provide only preliminary information, however,
and data on snakes as a group continue to lag far
behind similar approaches to quantify other rep-
tilian communities, especially those of lizards
{e.g., Pianka 1973, 1975).

Several related behavioral subdivisions of the
place niche of snakes have been partly treated by
a number of authors. These aspects seem naot to
have been emphasized in a paralle] way by liz-
ard enologists, chiefly because they are biologi-
cal attributes generally of more incanspicuous,
secretive, or fossorial animals. They may he sum-
marized briefly as follows: (1) thermal and
moisture requirements in habitat selection, es-
pecially by small subterrestrial species (Warburg
1964; Clark 1967; Elick and Sealander 1972);
{2) communal reproductive (mating and egg-
laying) aggregations (Tinkle and Liner 1955;
Brodie et al. 1968; Parker and Brown 1872
Aleksiuk and Gregory 1974; Gregory 1975;
Palmer and Braswell 1876; Henderson et =i,
1980); (3) communal averwintering (hiberna-
Hon) aggregations (Carpenter 1953; Parker and
Brown 1973; Brown et al. 1974); (4) vernal dis-
persal from and autumnal return to some cen-
tral place, usnally a hibernation den (Hirth at
al. 1969; Gregory and Stewart 1875; Brawn and
Parker 1976a); und (5) habjtat eonditioning and
the role of olfacHon in orientation (Noble and
Clausen 1036; Noble 1837; Dundee and Miller
1068; Burghardt 1870a; Gehlbach et al, 1971;
Porter and Czaplicki 1874; Ford 1975; Kuhie
and Halpern 1975).

The sbove attributes bear on the question,
“Where does a snake find itself in space and how
is that location affected by other members of its
own population?” By tracking snales carrying
radio transmitters and recognizing categories of
location or achvity, we achieved a method for
quantifying the spatinl niche of snakes in the
field, The telemetric tracking technique also has
been used successfully to follow dispersal and
home range movements (Brown and Parker
1976a; Fitch and Shirer 1971; Parker and
Brown 1980). It has high potential for studying
other species of snakes in other localities. Its pos-
sible adoption by many workers may be limited
because it is time-consuming and physically de-
manding to track more than a few snakes in the
field, especially if they are large or are in a mi-
pratory phase of netivity.

Our computation of niche breadths using the

four categories of microhabitat-achivity show
definite seasonal shifts in all three species. Colu-
ber, for example, is 2 widespread North Ameri-
can snake usually thought of as & diurnpal
ground-dwelling species. In northern Utah,
however, Coluber was seldom found above
ground during summer. Thus one eannot quan-
tify the place niche of desert snakes in a biologi-
cally meaningful way unless the season is speci-
fied, A number of authors have examined long-
term temporal aspects of snake ecalogy (Oliver
1947; Seibert and Hagen 1947; Klimstra 1958;
Bider 1968; Barbault 1870, 1871; Nelson and
Gibbons 1972; Henderson and Hoavers 1977).
Patterns of sensonal abundanee vary with the lo-
cality (especially due to temperate vs. tropical
sensonal turnovers in temperature and rainfall)
and the component species making up the com-
munity. In addition to identifying patterns of
partiioning the temporal dimension over long
(circannual) time, the quesbon arises as to
whether this dimension has any merit at all over
short (circadian) time in partiboning this re-
souree in snake eommunities. Daily Hime of ac-
tivity (times of peak abundance since surrise or
sunset) are effecHve measures for quantifying
the time dimension of some lizard niches
(Pianka 1973; Creusere and Whitford, this vol-
nme), but little is known about snakes. Bider
(196B) reported that activity of the diurmal
Thamnophis sirtalis was bimodal on dear days
but unimodal on doudy days. Hart (1879) noted
a shift in the daily activity patterns of
Thamnophis sirtalis and T. rodix in sympatry
from the patterns present in allopatry. The noe-
turnal Trimeresurus  flapoviridis underwent
peak unimodal activity between 0100 and
0400 h (Tanaka et al, 1867). Parker and Brown
(1980) showed that activity of Pltuophis mela-
noleucus was bimodal (morning and afterncon
peaks) in summer and unimodal (late afternoon
penk) in spring and autumn.

Place Niche Studied by Different Methods

In 19686, A. C. King studied dispersal of
snakes from the same den {den M) studied by us
and the results of this work (King 1968) were
later published (Hirth et al. 1969). The tech-
nique used by these workers was to tag snakes
with a subdermal radipactive wire and to relo-
cate them during the summer using a scintillo-
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Table 5. Place niche data recorded in 1966 and 1971~72 for two species of colubrid snakes in a Great
Basin cold desert shrub habitat. Dala are proportions of rodivactivity-tagged snakes located in
summer 1966 (Hirth et al. 1969) and telemetry-monitored snakes locoted in summers 1971-72

(Brown 1973; Parker and Brown 1580).

On surfoce

Underground In shrubs

Species 1066  1971-72 1866 1971-72 1966 1971-72
Coluber cansirictor 0.44 0.35 0.41 0.65 0.15 0
Masticophis tacnialus 0.49 0.a2 0.10 0.38 0.41 0

meter. Results of Hirth et al. (1969) on home
range biology af Caluber were at variance with
our results (Brown and Parker 1976a). Hirth et
al. (1969) presented data on proportions of Col-
uber, Masticophis, and Crofalus captured in
three strata: vnderground, on the surface, and
in shrubs (Table 5). Differences in proportional
utilization for snakes found in surface locations
were 0.09 for Coluber (higher in 1966) and 0.13
for Masticophis (lower in 1966). The most strik-
ing contrasts appear in proportions loeated un-
derground: differences were 0.24 for Coluber
(lower in 1966) and 0.28 for Masticophis (lower
in 1966). Hirth et al. (1968) recorded propor-
tions of 0.15 and 0.41 for Coluber and Mastico-
phis in shrubs, respecHvely. In contrast, we
found no snakes in shrubs,

Did a shift oceur in the place niches of these
two speeies during the 5 years intervening be-
tween the two studies, or could some other fac-
tor(s) be responsible for the different results? We
believe that the variance was due to differences
in techniques. The study of Hirth et al. (1969)
apparently had three major biases. First, the in-
veshigntors’ peak times of searching activity
{early morning} coincided with the period dur-
ing which the snakes’ surface nctivities (basking,
moving) were also maximal. Second, these
workers could achieve only a 3-m range for de-
tecing n snake loeated 30 em underground.
Thus, they probably underestimated the fre-
quency of snakes in this locaton. Third, two
workers searched for 64 Coluber and 81 Masti-
cophis in a 1,000-ha area, and a tagged snake
had to be approached to within 8 m for location
on the surface; detection thus depended on con-
stant observation of the instrument rather than
watching for snakes, so a Coluber or Mastico-
phis might ensily have been Aushed into a shrub
and then located there. A serious overestimate of
snakes located off the ground likely accurred.

Among the large sample of loeations (1,756)
we recorded, none was an “in shrub” record, We
did not observe snakes climbing in shrubs except
on a few ocensions when they were enclosed in-
side a fenced den before capture. Snakes we
studied were earrying heavier and bulkier ob-
jects (constituting 5-10% of a snake’s body
weight) and this may have behaviorally pre-
cluded them from climbing. The snakes we
tracked by telemetry, however, appeared to be-
have as did untagged individuals: their overall
activity seemed normal and included migratary
movements and home range establishment,
thermoregulation and basking, and mating and
ege-laying actvities (Parker and Brown 1972;
Brown 1873; Brown and Parker 1976a). Biases
in the technique of Hirth et al, (1969), and per-
haps to some extent in our own technique, make
the comparative findings on temporal shifts in
place niche partitioning difficult to reconcile.

Food and Place Niche Complementarity

As mentioned ahove, Carpenter (1952) and
Schoener (1974} indicated that the faod dimen-
sion assumes a more important role in separat-
ing Thamnophis spp. than the place dimension.
Other work on snakes seems also to support this
notion, particularly as shown by the preponder-
ance of analyses of food habits in the literature
as contrasted with a paucity of information on
microhabitat segregation within a common
space shared by three or more sympatric species.
Stomach contents nre considerably ensier to ab-
tain than spatial use data. In a later analysis,
Schoener (1977) ranked macrohabitat (vegeta-
tion type) Hrst in separating North American
crotalids based on two studies in Arizona. Shine
(1877) found only one instance of sympatry be-
kween two of six species of elapids in eastern
Australia and attributed the low spatial overlap
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Fi. 12. Niche overlap values along two niche dimen-
sions far ench of three species pnirs of colubrid
snnkes (C = Coluber constrictor, M = Maosticophis
taeniatus, P = Pituophis melanolencus) in u Great
Basin cald desert shrub hobitat. Cireles show food
niche; trinnples place niche overlap. Overlap values
for pluee niche are avernges of sepnrate values for
each of three sensons (cf. Table 2),

to a low diversity of major prey groups with re-
sultant segregation accounted for primarily by
dietary differences.

Our results on both niche dimensions (as over-
lap values for all species pairs) are shown in Fig,
12, First, all three species pairs are more strong-
ly separated along the food dimension (low over-
lap values) than slong the place dimension (high
overlap values), Second, high overlap in one di-
mension corresponds with law overlap in the
other. This phenomenon, called “complemen-
tarity” by Schoener (1874), was deseribed as fol-
lows: *. . . stmilarity of species along one di-
mension should imply dissimilarity along
another, if resources are to be sufficiently dis-
tinct. Such complementarities lustrate espe-
cially well the trouble individuals and their
genes seem to take to avoid other species’
niches . , ." Schoener nlso documented that the
most common instance of complementarity
ocewns in the food-habitat combination where
there is a frequent tendency for species that eat
different foods to overlap strongly in hobitat.
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Our data correborate the oceurrence of this in a
snake community. The trend is strongest in Col-
uber % Masticophis and Coluber % Piiuophis
comparisons, and is present but less marked for
Masiicophis x Pituophis. For all three paired
species comparisons, average overall overlap for
place is 0.793 and for food 0.194. This is quanti-
tative evidence for the importance of the fond
resource over the spatial resource and docu-
ments the complementary roles of the trophic
and spatinal niches in the coexistence of snakes in
this particular community,

Annual Body Weight Changes

Several questions arise abont the possible fae-
tors responsible for the differentin] interspecific
responses of the snakes in years of varying
nmounts and proportions of summer rainfall.
First, why did Coluber and Pituophis respond in
opposite ways in the 2 years of markedly differ-
ent rainfall patterns (1971 and 1872)? Second,
why did Pituophis show such different rasponses
in 2 years of virtually identical rainfall patterns
(1970 and 1971)? Finally, what factors may
have been involved in the very distinct species X
year interactions of Coluber and Masticophis?
All queries allude to a possible link between
rainfall patterns and the trophic niche of each
species and, perhaps, to a direct role of wetness
in the habitat and physiologieal condition of the
snakes by affecting their ability to ohtain suffi-
cient food or water, or both.

Considering first the possible role of direct ef-
fects of water deprivation and intagumentary
dehydraton, Masticophis may be a more re-
sistant species (may have lower rates of water
loss through the skin) than the other two species.
Although no datn are available to confirm this
hypothesis, Gans et al. (1868) found that desert-
adapted species were much more tolerant of des-
iccation than were mesic-ndapted forms (they
reparted a water loss rate much lower in the ter-
restrial Piiuophis melanolencus than in the
aquatic Neradia sipedon), Maosticophis at our
study locality generally oceupy an epigean (sur-
face) niche in summer about as often as they do
a subterranean ane, probsbly in conjunchion
with their extensive foraging for lizard prey.
This species may be less prone to water loss than
either Coluber or Pituophis. Plinophis occupy a
subterranean niche in summer and may require
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higher ambient relntive humidities associated
with their underground retreats. If this is true,
in order to have a deliterions eHfect on the
snakes, extremely dry summers (like that of
1879) would have to resnlt in desiceation of the
soil in burrow systems to depths ocecupied by
these snakes (usually less than 50 em).

Rainfall effects on Coluber seem to be more
clear-cut than for either of the other species.
Coluber declined in weight only in the dry year
of 1872. This species seems to be more directly
dependent on rainfall, which we beliave may af-
fect insect populations, the chief prey of Colu-
ber, We previously proposed (Parker and Brown
1973) that increasing populations of Coluber
through the late 1860% and early 1670 may
have been influenced by consistent annual rain-
fal) at our study area since 1866 (cf. Fig. 8) and
adequate orthopteran insect populations. Grass-
hopper populations were not censused during
this study but they appeared to be less ahundant
in 1872 than in the 2 earlier years. In 196D and
1870 these insects were very numerous around
the dens. Greater propordons of Coluber
stomachs contnined insect prey (chiefly grass-
hoppers) in 1969 and 1870 than in 1871 and
1672 (Table 6).

The weight-gain responses of Pituophis are an
emigma. Seemingly, some small mammals that
this species takes were not adversely affected
during the dry year (1872) and, if so, Pituophis
food supplies may have remained ample. Cer-
toin seed-eating rodents (Perognathus) may be
more resistant to unpredictable desert dry spells
than the green plant-eating Microtus (both spe-
cies constitute the main prey of Pituophis). If so,
perhaps Pltuophis is able to “switch” to the more
abundant prey if the prey species are out of syn-
chrony. Whitford (1976) reported asynchronous
fluctvations in rodent populations in New
Mexico between wet and dry yenrs. Resident
heteromyid rodents (Dipodomys, Perognathus)
were redtieed in density during a drought and
recovered following a period of rainfall after a
10-12 month lag. More mesic-adapted cricetids
(Peromyscus) responded by immigrating into
previously unoccupied habitats and inereasing
more rapidly than resident species following a
wet year (Whitford 1976). More perplexing,
however, is the decline in the proportion of Pii-
vophis that gained weight in 1971 from 1970
even though both years were nearly identieal in
total and summer rainfall patterns. Winter und

Table 8. Numbers and proportions of 340 Caolu-
ber constrictor that contained palpable food
ftems in four successive antumn (September—
October) sampling periods at den M in Utah.

No. Proportion
Na, containing containing
Yeur examined food {bod
1068 46 23 0.500
1970 23 15 0.852
19711 143 28 0.182
1872 128 11 0.086

spring rainfall patterns (October—April) also
were similar (18.4 cm in 1868-70 compared
with 92.6 cm in 1970-71). Lacking census data
for small mammals, we can only offer the con-
jecture that 1970 may have been a favorable
year for them (z pesk In their population
cycles), whereas 1971 may have been a poor
year (low populations).

In general, the productivity of desert ecosys-
tems is closely dependent on rainfall, Variation
in reinfall should differentially influence several
texonomic companents of the animal commu--
nity. This apparently happened with strikingly
different effects on the snakes during our study
(cf. Parker and Brown 1980; Brown and Parker
1089), Sampling these animals resulted in varia-
ble annual population changes, shifting species
abundance reladonships, and unstable age
structures throngh tme,

Species Diversity and Competition

A number of workers have deseribed species
diversity and abundunce patterns of snokes
(Dunn 1049; Dunn and Allendoerfer 1849,
Turner 1961; Lioyd et al. 1988; Chanter and
Owen 1971; Kiester 1971; Janzen 1878; Rogers
1976). We examined the species abundances of
several selected communities of snakes (cf. Fig,
8). These tentatively appear to fit an expected
curve for MacArthur's broken-stick distribution
as shown by May (1975b; his Fig. 5) but the
broken-stick and lognormel distributions are
indistinguishable for small Sy values. The
nssemblages of snakes we have chosen from the
literature seem to be “...communities
comprising a limited number of taxonomically
similar speetes, in competitive contact with each
other in a relatively homopeneous habitat . . "
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(May 1975b:94). Also, because several workers
have been able to classify various assemblages of
sngkes into feeding pguilds (Arnold 1972;
Henderson and Hoevers 1877), it would appear
plausible that foad is the preeminent resource of
consequence for snakes. Whether competitive
interactions govern their utlization of food
resources, however, has not been conclusively
demonstrated. Wiens (1977) cautioned against
attributing ecological differences hetween
species to competitive exclusion based solely on
descriptions of interspecific differences and
when experimental demonstrations of
competiion are lacking, Wiens' criiques are
Further strengthened in those communities snb-
jected to irregular elimatic fluctuations (e.g., ex-
tremes in annual rainfall), where continuous
competitive interactions seem not to oceur, In
such varinble environments, competition may
not be influential in nffecting control over spe-
cies composition (Wiens 1877). Hart (1878) re-
ported a dietary difference between two species
of garter snakes (Thamnophis) in sympatry but
he believed that this reflected a different prey
availability in the region of sympatry rather
than niche displacement as a result of species in-
teraction. Shine’s (1977) demonstraton of dif-
ferences in body size of two spectes of snakes and
in the mesan size aof their prey in an area of sym-
patry is consistent, however, with the interpre-
tation that competiion between the hwo snakes
produced the observed body size and prey size
divergence. In areas of allopatry such diver-
gence did not oecur (Shine 1977).

Species Composition at Utah Dens

At our desert study site, we examined the
changing species composition and the factors
that have influenced this community. The major
observations and trends follow.,

» Crotalus and Masticophis declined (nearly to
extinetion for the former), naot because of any
large-seale environmental changes, but because
of killing by humans (unfortunately, rattle-
snakes and whipsnakes have the behavior of re-
maining visible on the surface in proximity to
dens for a time after spring emergence, malking
them vulnerable to human predators).

« Coluber and Pituophis, slthough also re-
maining largely on the surface in spring, nre
much more cryptic and retiring, tending nat to

be conspicuous at all, even o experienced hu-
man snake collectars,

» The decline of Crotalus, n mammal-eater,
may have sufficiently relaxed competition with
Pitugphis for this food resource so that by the
late 1060's~early 1970's the Pituophis population
responded nnd increased most notably sometime
befare and during our study,

« The dramatic rise in population sizes of
Coluber and Pltuophis between 1850 and 1972
may closely reflect recent changes in the entire
community through sustained adequate precipi-
tation levels in most of the years immediately
preceding and during our study. There may
have been a corresponding stimulation of plant
productivity and increasing populatons of or-
thopteran insects and small mammals, the prin-
cipal prey of these species.

We commented on the lnst two points pre-
viously (Parker and Brown 1673). The observed
ranid increase in the Coluber population was
not sustained through 1972. In that year, which
we considered an unfavorable one for Coluber,
the racer population declined (Brown and
Parker 1982).

The snake community in northern Utah has
retained a remarkably stable species abundance
pattern from Woodbury's time to ours. Despite
years of man-caused perturbations to the snake
fauna, there is a strong similarity in species di-
versity and equitability measurements bebhween
the two studies (S¢ = 7; D = 2.3, 2.2, E =
0.51, 0.54; cf. Table 4). Human predation al-
most eliminated rattesnakes and steadily re-
duced whipsnakes over the years, but was
probably minimal in its effects on racers and
gopher snakes, which have increased in recent
years. The factors we have been able to identify
as having produced these shifts in species compo-
sition have not ereated & great long-term change
in the several species diversity indices for the
community as a whole. They have, rather, re-
suited in what seem to be fairly orderly replace-
ments of species according to abundances that
might be expected if the makeup of this snake
community is governed chiefly along a gradient
of food resources and secondarily by mierchab-
itat selecon. An extirpated species (Crotalis)
was seemingly replaced by its potential food
competitor (Pitnaphis). A reduced species (Mas-
ticophis) and an incrensing species (Coluber)
may have had little direct influence on each
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other or on Crotalus and Pituophis. All three
colubrids were differentially uffected by cli-
matie conditions. Coluber, and perhaps Pituo-
phis, npparently were most strongly infuenced
by rainfall.

The Fate of the Dens

We have stated that rattlesnakes (Crotalus)
and whipsnakes (Mosticophis) are easy targets
for certain unprineipled humans to kill. More
than ell other factors, man has been the main
cause for the disappearance of these twa species
from the den M population, An additional fac-
tor is fire. On 17 June 1874 an extensive range
fire completely razed a large area which in-
cluded all of the dens. This fire, by destroying
the habitat of an area that more than encom-
passes the dispersal range of the snakes (a several
kilometer radius around the dens), virtually as-
sures the extinetion of Crotolus (cf, Parker and
Brown 18743). Even if many snakes (mastly
Coluber and Pituophis) had managed to survive
the blaze by being underground as it swept
through, their chances of survival for the re-
maining 2.5 months of summer 1974 would
have been greatly reduced. Beyond this, by au-
tumn 1874 windblown sand had begun to fill
crevices between the rocks of the dens (A. C.
King, personal communijeation), W. S. Brown
revisited the dens briefly on 8 August 1876. Ex-
cept for small parts of the largest rocks of dens M
and 2 which were still protruding, all ather dens
of M complex were almost totally buried by sand
and were hardly recognizable from the sur-
rounding terrnin. The commupal hibernacula
appeared to be permanently altered and proba-
bly now are destroyed for any future occupancy
by snakes.
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Appendix

Species and numbers of individuals of snakes
from community samples annlyzed in text (cf.
Table 4, Fig. 9).

1. Tlinois (Seibert and Hagen 1947 —hand

captures): Thamnophis radix 298, Opheo-

drys vernalis T8, Thamnaphis sirtalis 7.

Towa (Klimstra 1958 —observations, hand

captures): Coluber constrictor 475, Elaphe

obsoleta 233, Heterodon platyrhinos T8,

Natrix sipedon 50, Thamnophis sirtalis 14.

3.  Maryland {Dargun and Skickel 1949 — wire
traps): Heterodon platyrhinos 36, Coluber
eonsirictor 22, Elaphe obsoleta 8, Tham-
nophis sirtalis 2, Lamprapeltis getulus 1.

4.  Utah (Woodbury 1951 —hand captures,
den fence): Crotalus viridis 930, Masti-
cophis taeniatus 632, Coluber constrictor
127, Pituophis melanolencus 38, Hypsig-
lena torquata 2, Diadephis punctaing 2,
Rhinocheilus lecontei 1,

5.  Utah (Brown and Parker 1969-1973 —den
M fence; all dens in parentheses): Coluber
constricior 332 (1,045), Mastlcophis taen-
latus 79 (223), Pliuophis melanolencus T4
(144), Crotolus viridis 21 (22), Diadophis
punciatus 5 (7), Lampropelts triongulum:
1 (3), Rhinochetlus lecontei 1 (1),

6. Celifornia (Fitch 1948 —hand eaptures):
Crotalus viridis 678, Pituophis melanoleu-
cus 258, Thamnophis elegans 87, Lampro-
pelits getulus 43, Masticophis loteralis 26,
Thamnophis sirtaliv 24, Rhinochetlus le-
contei 4, Disdophis punctatus 2, Hypsig-
lena torquata (number of individuals not
reported).

7. Louisinna (Tinkle 1957 —hand captures):
Thamnophis proximus 221, Agkistrodon
piscivorus 73, Natrix sipedon 80, Natrix
eyclopion 1B, Lampropeltis getulus 18,
Coluber constrictor 16, Farancia abacura
5, Elaphe obsoleta 4, Opheodrys aesti-
ous 3, Natrix rigida 2.

8.  Arizona, San Simon and San Bernardino
Valleys (Pough 1866 —nocturnal road cap-
tures): Crotalus scutulalus 687, Pituophis
melanoleucus 28, Crotalus atrox 23, Ari-

o
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zona clegans 18, Lampropeltis getulus 8,
Rhinocheilus lecontei 8, Salvadora hexa-
lepis 6, Thamnophis marcianus 3, Tri-
morphodon lambda 3, Hypsiglena ior-
quata 3, Heterodon nasicus 8, Ficimin
cana 1,

Arizona, Portal Road (Pough 1966 —nae-
turnal road captures): Crotalus seuiulatus
58, Craotalus atrox 19, Pituophis melano-
lencus 11, Arizona elegans 9, Crotalus
molossus 7, Rhinocheilus leconiei 4, Salvn-
dara hexalepis 2, Trimorphodon lambda
2, Hysiglena torguato 1, Elaphe triapis 1,

10.

Thamnophis cyriopsis 1, Heterodon naosi-
cus 1.

Arizona, Phoenix South Mountain Park
(Parker, unpublished data, 1964-86—sub-
surface can traps, D.O.1.): Leptotyphlops
humilis 20, Masticophis flagellum 7, Sal-
vadora hexalepis 6, Hypsiglenn tarquata
5, Pituophis melanoleucus 5, Chilomenis-
cus cinctus 5, Crotalus mitchelli 4, Cro-
talus otrox 2, Crotalus cerastes 2, Cro-
talus sentnlatus 1, Masticophis bilineatus
1, Phyllorhynchus decurtatus 1, Chionac-
Lis occipitalls 1.






Resources of a Snake Community in Prairie-Woodland
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Abstraet

In o 30-yenr study of o snoke community at the University of Kunsos Notural History Res-
ervation, 22,093 snokes of 12 species were captured 26,346 times, und 2,360 food items
were identiffed. The smallest spectes, Diadophis punctatus, was by Inr the most abun-
dant, und its biomass was more than hwice those of all other specles combined. Like the
two ather small und abundant speeies, it was nlmnost exclusively on earthworm-eater, and
earthworms constituted 70% of the food biomass of ull species combined. Every species
overlapped seversl athers in the compaosttion of its food, but no twe were just ulike, Besides
earthworms, the maost abundant loeal speries of small vertebrates made up most of the
faod, especially Microtns ochrogester, Sylvilagus floridanys, Peromyscus lencopus, nnd
Rana bloiri. Ench of these was tmportunt’in the food of several species of snukes. In-
traspecific partitioning of prey species was much more prominent in some snakes than in
athers. In Agkisirodon contartrix the first-year young and adults used different kinds of
prey wilh little or no overlopping, and less complete portitioning between young and
udults was evident in all but the earthworm-eaters. Also, xome partitioning of prey species
was evident between male and female, at least in Agkistrodon contortrix, Caluber con-
strictor, and Thamnophis sirtelis, in ench of which one sex grows to be markedly larger

than the other,

A recent trend in the study of ecolopy has been
the detailed analysis of one taxonomic group
within a biokc community, such as mammals
(Rosenzweig and Sterner 1870; Brown and
Lieberman 1973; Heithaus et al. 1875); birds
(Cody 1874); lizards (Pianka 1973); frogs
(Crump 1974); salemanders (Fraser 1978); or
fish (Keast 1965) to determine how their com-
ponent species coexist. Snakes are relatively dil-
fieult subjects for such investigations beeause of
their secretive habits; consequently, little prop-
ress has been made in studying them. Unusual
opportunity to gain insight into the functioning
of a snake community has been afforded me ns
resident naturalist over 30 consecutive seasons on
the University of Kansas Natural History Res-
ervation, where 18 species of snakes are known to
occur. During the 30-yeor interval, the entire
biotic eommunity, including its snoke compo-

nent, was progressively altered by ecolopical sue-
cession. Also, the amount of field effort changed,
as did field procedures and techniques. Never-
theless, the 30 yenrs of records provide some basis
for comparing populations of nll the species, in
local distribution, composidon, density, stabili-
ty, and impact on the eommunity as a whole.
The present account is conecerned primarily with
food habits and the partitioning of food resources
among the 12 most common species. Henderson
(1874) has already presented a brief preliminary
account of resource partidoning amaong the snake
species of the Reservation, as indicated by aut-
ecologieal accounts of several of them (Fitch
1960, 1963s, 19G3b, 1965, 1975; Clark 1870;
Fiteh and Fleet 1870). Other types of snake com-
munites are discussed by Brown and Parker,

Lillywhite, and Reynolds and Scott in the pres-
ent volume,
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Methods and Materials

Snakes were pcaptured by hand, in wire funnel
traps, or benenth sheltering objects—strips of
sheet metal, boards and flat rocks—strategically
placed to attract them. Roulne processing in-
cluded sexing, measuring, weighing, and palping
up undigested food items from the stomach.
Fecal material voided by thase in traps, or those
handled, was saved for study beneath a dissect-
ing microscope for identiHention of prey items.

Field work began on the newly created 239-ha
University of Kansas Natural History Reservation
in the northeastern corner of Douglas County in
July 1948, and continued through October 1977.
Although much of this field effort was concen-
trated on a series of autecological studies of the
commonest speeies, every availnble snake,
regardless of species, was captured, examined,
and processed (Table 1), Individual marking of
Diadaphis punctatus and Carphophis vermnis was
discontinued in 1869 hut marking of the remain-
ing species continued to the present (1977}, Data
published in a series of papers (Fitch 1960,
1063a, 1863b, 1965, 1975; Clark 1870; Fiteh and
Fleet 1970) were freely used in combination with
records more recently accumulated ns a basis for
the present report.

H. 8. FITCH

Results

Habitat

The University of Kansas Natural History Res-
ervation comprising the study area was a chang-
ing mosaic of diverse habitals during the years
spanned by the study. Plant communities were
mixtures of eastern deciduous forest species in-
cluding climax oaks and hickores, tallgrass
prairie species, and weedy species charaeteristic
of disturbed, seral communities. At the outset
about half the area was second-growth woodland
dominated by large American elms (Ulmus amer-
icana), and the remainder was open land that
lhad been nsed for grazing or for growing corn
and other ecultivated ecrops. During the 30-year
interval, shrub and tree specles invaded the open
arens, with ever-expanding thickets, first orig-
inating along edges and gullies, and later from
secondary foei in the fields.

The woodland areas were far more stable than
the arens that were orginally open FHelds.
However, changes oceorred in the density and
composition of the forest: (1) most large elms
died from phloem necrosis, breaking the con-
tnuity of the foliage canopy and causing a thick-
ening of the undergrowth; (2) parts of the wood-

Table 1. Tweloe species of snakes of the University of Kansay Natural History Reservation arranged
according io iotal number of captures over a 30-year period, with total mumbers of individuols

capiured and body weighis.

Menn and range af

. welghts of
Adult welghts hatchlings or
Tatul number Totul Mezn  Maximum nebnates
Snecies of captures individuals {r) (g) {x)

Diuduphls punciatus 16,509 14,759 4.0 15.2 0.8 (0.0-1.8in43)
Aglistrodon confortrix 3,451 2,681 108.0 400.0 114 (7.6-17.0in 63)
Coluber constrictor 2,278 1,414 128.0 538.0 4.9 (2.4-5.8in78)
Thamnophis sirtalis 1,938 1,560 68.0 410.0 1.9 (D.7-2.3in149)
Eluphe obsoleta €83 502 253.0 1,023.0 1.7 (7.5-1.7in54)
Carpliophis vernis 376 255 B.4 14,5 1.2

Nerodia sipedon an 208 207.0 480.0 5.0 (3.8-8.8in5T)
Lamprupeltls callipaster 07 166 184.0 405.0 7.5 (8.0-8.0 in B)
Piluophiy melanolevcus 194 181 613.0 1,475.0  25.0 (12.0-34.1(n29)
Storerio dekaoyi 186 183 4.5 18,) 0.3 (0.2-0.5in73)
Lampropeltis triangulum 134 106 50.0 105.0 2.8 (2.5-3.0 In 5)
Crotalus horridus 108 a1 520.0 2,386.0 18.0 (23.0-46.0in 18)

Totol 28,348 29,093
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land that had been grazed before 1948 were rela-
tively apen at first, but dense undergrowth de-
veloped within a few years after livestock were
removed; and (3) the general trend toward a
forest climax proceeded,. with trees growing
larger, natural thinning taking place, and under-
brush becoming sparser as the maturing trees de-
veloped a denser and more continuous leaf
canopy.

Because of the interdigitating and overlapping
of habitats, any of the 12 snake species studied
might be found anywhere on the area. Seasonal
shifts and dispersal of individuals resulted in syn-
topic occurrences of different species that ordi-
narily are separated. Each species is somewhat
different from all others in its preference and
range of habitats.

Agkisirodon contortrix. —Open, rocky
woodland, woodland edge, nnd meadows with
clumps of brush adjacent to woodland. Adult
males wander farthest from the forest: adult
femnales, especially nonbreeders, also mave into
meadows; but first-year young remain in the
forest. The whale population returns to wonded
hilltop rock outerops of southern exposure to find
hibernacula.

Carphophis vermis. — Chiefly in edge of waood-
land, especially where undergrowth is sparse and
soil is loose and damp; fat rocks are used for
shelter.

Coluber constrictor. — High grass and mixtures
of grass and weedy vegetation or hrush. In
autumn most of the snakes move into woaodland
in search of hibernacula in roeky outerops.

Crotalus horridus. —Deciduous [forest,
especially of open type, with dry, rocky areas
and rugged terrain,

Diadophis punctatus. —Both forest and
prairie, but especially along woodland-grassland
border in situations providing abundant surface
cover and sunshine. Highest densilies are ob-
served in open type of woodland on rock-strewn
south-facing slope,

Elnphe obsoleta. —Woaodland, especinlly that
of open type with dry rocky areas and rugged ter-
tain, but also in adjacent meadow and brush-
land; they have some affinity for edificarian sit-
uations,

Lompropeltis calligaster. —Grassland, in-
cluding taligrass prairie, grazed pasture, and
meadow with brush elumps,

Lampropelils iriangulum, —Woodland glades
and woodland edge where sunshine and shade

are available and ground cover, such as Hat
rocks, is abundant,

Nerodia sipedon, —Ponds and streams, ocea-
sionally wandering into adjacent woodland ar
meuadow. In sutumn they abandon aquatic
habitats to traverse waoodland areas seeking hill-
lop rock-fissure hibernacula.

Pituophis melanolencus. — Tallgrass prafrie and
brushy meadow but more numerous on eulti-
vated land or grazed pasture. Thase caught on
the Reservation were mostly stragglers or tran-
sients passing bebween summer ranges and
hilltop rock-Fissure hibernacula,

Storeria dekayt. —Woodiand edge and brushy
meadow, often in damp situations.

Thamnophis sirtalis. —Brushy meadow and
woodland edge, with strong affinity for water in
ponds, streams, marshes, or temporary puddles.

Population Density

All species included in this study are on Fixed
annual schedules that entail breeding nfter spring
emergence, embryonic development extending
through much of the growing season, and an an-
nual cohort of hatehlings or nebnates appearing
in late summer or early autumn. Hence there is
an annual cycle in numbers, from a maximum in
putumn to a minimum just before the next cohort
of young is added.

Other population changes are contralled by
ecological suceession. At the beginning of my
field study, the Natural History Reservation had
only recently been placed under protection as a
natural area, It had been subjected to various
uses, including cultivation, grazing of large
bloeks, and tree-cutting on wooded slopes, After
cessation of these activities, secondary succession
was extremely rapid at first, becoming much
slower in the later years of field work.

Techniques for nceurately censusing snoke
populations have not been established. Becuuse
of the genernlly secretive habits of snakes, direct
counts cannot be made except under unusual cir-
cumstances. Attempls to census by eapture-re-
capture ratins have usually been unsatisfactory,
because the theoretical nssumptions necessary
cannot be met. Table 2 presents selected figures
for population densities of five common species,
based on capture-recapture datz for the years
when sampling by livetrapping was most in-
tensive. In each instance, the samples used ex-
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Table 2. Population densities of six species of common snokes as revealed by capture-recapiure ralios
of marked individuals on the Universily of Kansas Natural History Reservation.

Meen number and Number of Slze af sumpled Years of
Species range per ha censuses orens (ha) sumpling Source
Apkistrodon contortrix 7.4 (6.3-8.5) 2 46 195856 Fitch 1960
Cnluber constrictar 4.7 (0.9-14.6) a7 16 und 53.5 1953-81 Fitch 10630
Diadaphix punctadus 1,268 (719-1,608) 7 3.8Band 5.8  1986-67; 1869-70 Fitch 1075
Elaphe obsaleta 0.5 1 101 1858 Filch 1963h
Thamnophis sirialis 3.7 (2.0-7.3) 8 71, 137, 151 1958-83 Fitch 1965

cluded first-year young, and the data were lim-
ited to areas of favarable hahitat where sampling
by trapping was cansidered to be mast effective.
The traps were not set in any geometrical pat-
tern, but were positioned to take advantage of
natural features, such as field edges, gullies, and
rock outerops, and to use available shade. Trap-
ping for the larger species wns most intensive
from 1857 through 1963, and figures obteined
represent papulation levels within that period.
The extremely high populaton figure in-
dicated for Diadophis punctatus is more than 170
times as abundant as the next commonest species
(Table 2). The suggestion that 1,266 Diadophis
per hectare be necepted as a representative den-
sity may elicit skepticism, but supporting evi-
dence has been asembled in an earlier report
(Fitch 1875). The samples seemed ndequately
larpe, the study ares was enclosed by less
favorable habitats or pariial barriers preventing
large-seale interchange with nonresident popula-
Hons, and extensive trailing of individuals
equipped with radionctive tantalum tags showed
that they remained on the study area for long
periods (R, L. Latts, personal communicaton).
Large daily samples (as many as 279 snakes)
always contained some that were marked, but
these never made up more than a small percen-
tnge of the catch. It was evident that the many
hundreds marked ench season constituted only a
small part of the pool of resident snakes.
Changes in population levels are normal re-
sponses to climatic trends and ecological suc-
cession. However, intensive resampling in 1877
showed that essentially the same group of specles
was present as in 1948, and relative abundances
had not drastieally changed in most instances,
One excepon was that of Tantilla gracilis. It
was confined to two small arens of rocky, xerie

habitat in 1950, and not found after 1955; seem-
ingly it was eliminated by successional habitat
changes. Records of Crotalus horridus dwindled
from 53 in the first decade of field work to 39 in
the second decade and only 1 in the third. Succes-
sion in the forest, which closed the eanopy and
enveloped clearings by trees and brush, dete-
riorated the rattesnake’s habitat. Also, a rapidly
growing human population in the general neigh-
borhood and escalated traffic on a county road
through the area and along its boundary, eon-
tributed to the great reduetion in number of
rattlesnnkes, which, according to the testimony
of long-time residents, were abundant in the
sarly 1900's. Lampropeltis getulus, Elaphe gut-
tata, and Virginia valeriae have been recorded
only n few times and, with T. gracills, are
omitted from this discussion.

For seven specles (Carphophis verinis, Cro-
talus horridus, Lampropeltis colligaster, L.
triangulirm, Nerodia sipedon, Pituophis melano-
leucus, and Storeria dekayi) records were so
menger and sporadic that they were inadequate
for capture-recapture censuses by Petersen in-
dices. A populabon estimate for each was ah-
tained by comparing the numbers captured over
a period of months or years with those of a com-
moner species of somewhat similar habits and
loeal distribution (Table 3). It may be nssumed
that the species compared are, in every instance,
somewhat different in their ecology and “catch-
ability"”; hence the population estimates indieate
orders of magnitude, but cannot be considered
highly accurate.

Carphophis vermis, having an estimated den-
sity of 23/ha, is much more abundant than any of
the other six species (Tahle 3). The figure is based
on the ratin of 26 Carphophis to 1,437 Diadophis
trapped over the 3-year period (1965-67), on the
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same area where Diadophis was censused by
Petersen Index at 1,286/ha. In 1866 and 1967 on
a 0.47-ha study area of rocky wooded pasture-
land on a farm near the northwest corner of the
Reservation, Clark (1870) censnsed C. vermis on
the basis of capture:recapiture ratios. His
estimate was 480 snakes per ha in 1866, and
29%/ha in 1967 (a “bad" year when the earth-
worm prey was relatively searce and unavailable
because of drought). In similar habitat of racky,
open woodland on a south slope of the Reserva-
tion in 1857, a ratio of 40 Carphophis to 188 Dia-
dophis was obtained; that ratio would indicate a
density of 269 Carphophis per ha if the
Diadophis density was the same there as on the
part of the Reservation where it was censused by
Petersen Index. This assumption seemed plaus-
ible Although the figures from Clark’s area and
the 1857 sample on the Reservation indicate that
in optimum habitat C. vermis may attain den-
sitles exceeding 200/ha, these figures are much
too high to represent extensive areas. Support for
the figure of about 23/ha is found in the Cor-
phophis to Diadophis ratio of 255 ta 14,759 in the
30-year totals, indicating a density of 22 Car-
phophis per ha,

Kinds of Prey and Frequencies
of Occurrence

The composite of food items (Table 4) was as-
sembled from data collected over many years by
direct observation, palped stomach items, and
seat residues identifled microscopically. As such,
they nre subject to various biases, The prey iden-
Hfied From stomachs and that from seats showed
somewhat different trends, partly because some
kinds of prey are digested much more rapidly
and more completely than others. Also, as
brought ont in a later section, there are different
trends between young and adults, and even be-
tween the sexes. Season and stage of succession
may cause other differences.

Most prey items were determined ta species,
but some were determined only to genus or
family, or even broader entegories such as “bird"
or “reptile,” In Table 5 the list of prey has been
shortened by lumping some categories; for in-
stance the oceasional occurrence of Microtus sp.
and Peromyscus sp. has been combined with the
commonest local species, Microtus ochrogaster

and Peromyscus leucopus, respectively.
|

Table 3. Estimated densitics of uncommon or secretive species based on comparison with ossoclated species censused by capiure-recapture ratios.

Density of

tommoner

Estimated density

speaies

(no. per hn)
1,2865.00

Ratio to
commoner speclus
96 (o 1,437 (1.B1%)
40 to 615 (B.50%)

Commonur
species compared

Years of
sumpling
1BB5-67

(no. per hn)

Specics sumples

22.0
0.308

4,72

Diadophis punctafus
Coluber vonstrictor

t

1956-37

Carphophis sermix
Crotalus horridusy

0.322

1959-4d1
1957-61

0.138

4.78
3.7
3.7
4.72

1,266.00

42 (o B15 (6.827%)

C. consirictor

Lamnpropeltis calligasier

L. trianguliom

0,237
0.131

15.7

17 to 457 (3.72%)

Thammaphiz sirtalis

T. sirtalis

1957-61

29 to 457 (B.35%)

1957-61

Nerpdin sipedan

17 to 815 (2.77%)
183 to 14,759 (1.24 %)

Coluber canstrictor

1957-61

Pituophly welanolencus

Storeria dekayl

87

Diadophiy punctatus

1068-67
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Table 4. Food items taken by 11 snoke species, Natural History Reservation, Lawrence, Kansas
(n = tolal number of food items).

No. of

No. of
food fond
Species itemns Species items
Agkistrodan contortrix, n = 602
Miterotus achrogaster 116 Carphophis uermis 8
Tibicen pruinusa a3 Mus musculus 5
Peromyscus sp. 81 Scincella loteralis 3
Diadophis punctatus 435 Thamnoplis sirtalis 3
Blarina brevicanda 49 Coluber constrictor 3
Cryptotls parvu 35 Birds 9
Chaterpillars 34 Neatoma jloridana p)
Eumeres fosciatus a0 Syloilagus floridanus 3
Pitymys pinelornm 28 Synaptomys coopert 2
Reithrodontomys megalotis 18 Terrapene orngta 1
Gastraphryne olivacea 13 Eumeces obsolelus 1
Rana blairi 12 Cnemidopharits sexlinentis 1
Ophismurys attenuatis 8 Elaphe obsoleta 1
Zapus hudsonius 7 Snnkes 1
Sigmadon hispidus 7 Psendacris triseriata 1
Carphophis vermis, n = 50
Enrthwarms (Allolobophora trapezoides and ather species, Clark 1970) a0
Coluber constrictor, n = B86
Insects
Acheta assimilis 144 Sphargemon eqguale 7
Ceuthaphilus maoculatis a7 Syrbula admirobilis 8
Arphia stmplex 73 Conucephalus sp. ]
Melanoplus bivittatus 7 Tibicen sp. 5
ML femuarrubrum 68 Macis sp. 5
Insects 45 Katydids 4
Achela sp. 44 Orchelivum sp. 4
Melanoplus differentialis 43 Amblycorypha inosteca 2
Neuconacephalus robustis 38 Melanaoplus scuddert 2
Unspecified beetles 17 Sehistacerca abscura 2
Melanaoplus sp. 17 S. americana 1
Dissostetra caraling 16 Neoaconacepholus sp. 1
Orchelimum vulpare 15 Dalitnia brepipes 1
O. nigripes 9 Tibicen pruinosa 1
Chortophaga viridifasciala ] T. lyrica 1
Vertebrates
Micratus achrogaster B0 Blaring brevicauda
Peromyscus lencopus 20 Enmeces absoletus
Thamaophis sirtalis 17 Repliles
Coluber constriclor 16 Bird egps
Diaelophis punctatus 15 Peromyscas maniculatus
Peroayscus sp. 14 Scalopus aquaticus
Microtus sp. ] Sylvilagus floridanus
Reithrudontomys sp. 8 Cnemidophorus sexlineatns
Cryplotls parva 7 Pilymys pinetorum
Eumeces fosciatus 5 Shrews
Birds 5 Nerodia stpedon
Rana blairl 4 Ophisaurus attenuatis
Sigmodon hispidus 4 Gastrophnyme olivacen
Elaphe absoleto 4 Hyla chrysoscelis

— b bt = = = 1D O 0 19 DO WL
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Table 4. Continued
No. of No. of
food food
Specles items Species items
Lampropeltis calligaster, n = 56 ‘ :
Microtus sp.’ 15 Coluber constrictor 1
M. achrogaster 8 Ophisaurus nlienuatns 1
Pitymys pinetorum 2 Synaptomys cooperi 1
Scalopus nguaticus 5 Mug museulus 1
Peromyscus sp. 3 Sigmadon hispidus 1
Cryptotis paron 9 Blarina brevicaudn 1
Colinus virginanns (eggs) 2 Syloilagus floridonus 1
Colinus oirginlanus 9 Diadophis punctatis 1
Ewumeces fascialus a
Lampropeltis triangulum, n
Eumeces fasciatus 12 Perpmyscus manfcnlains 1
Cryptolis paroa 4 Carphaphis vermis 1
Diadophis punciatus 9 Eumeces obsoletus 1
Nerodia sipedon, n = 8
Rana catesbeiona 5 Acris crepltans 1
R. blairt 2 Bujo americanns 1
Pituophis melanolencus, n =
Peromyscus (lencopus and Birds 4
perhaps maniculatus) 2 Pitymys piuctorum 1
Neotoma floridana 2 Sigmodun hispiduy 1
Bird egps 2 Sylotlagus flaridanus 1
Microtus ochropaster 4 Mus museculuy 1
Crotalus horridus, n = 28
Sylotlagus floridans 7 S. niger 1
Microtus nchrogaster 4 Sigmodon hispidus 1
Pitymys pinetorum 4 Zapus hudsonius 1
Peromyscus lencopus 3 Mus musculug 1
Neotoma flaridana 3 Cryplotis paro 1
Sciurus carolinensis 1 Coluber coustrictor 1
Diadophis punctaips, n = 229
Earthworms 291 Tipulid lorvae 7
Ophisattrus atlennglug 1
Elaphe pbsoleia, n = 100
Microtus achrogaster 25 Bird nestlings 3
Peromysens lencapus 19 Reithrodontomys mepalotls 2
Bird eggs 11 Blarina brepicauda 2
Runid Frags 8 Neotoma flovidana 9
Sylvilagues floridanus 8 Eumeces fosciatus 2
Cyonucilla eristata 6 Zapus hndsonlbus 1
Mammals 5 Mus musculns 1
Cardinalis cardinolis nestlings 4 Sayornis phoebe 1
Thamnophis sirtalis, n = 72
Rana blairi 25 Rana catesheiana 4
Bufo americonus 10 Peromyscus leneopus 3
Lumbricid enrthwarms 8 Frogs ' 3
Hyla chirysoscelis 7 Microtus ochrogaster 2}
Bufa wandhausei 4 Reithradontomys megalotis 1
Acris crepitans 4 Pseudacris Iriscriato 1
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Table 5. Estimaled biomass (grams per heclare) of main prey species taken annually by 12 species
of snakes, Nalural History Resercation, Lawrence, Kansas.

§¢ 2 T, xs 3535 5 3
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Prey species < O (&) Q Q ) 3 3 zZ* g A [
Enrthworms
Allslobophora culiginusa - 435 = — 4,878 — - - — 210 12
Insects
Achetn assimills - — 81 —_ —- — — - _ _ _ —
Ceuthophilus maculatns - - 42 o — — - - - — — -
Melanaplus spp. - - 135 - - - - - - - = -
Tettigoniidae - —~ a8 - - - - - - - - -
Tibicen pruinosa . - — - - - - - - — — -
Tipulidae - - - - 197 - - - - - _ _
Lepidoptern 12 - - - - - - - - — - -
Amphibiuns
Acris creptians - - — - — — - - 4 - — -
Bufo americanus - - - - — - - _ 10 —_ — 104
B. wondhousei - - - - - — - - - - - 49
Gastrophryne olivucea B - - - - - - - - - - -
Hyla chrysoscelts - - - - - - - - - - - 73
Rana blairi 929 — 17 - — 18 - - 05 — — 810
R, catesbeiuna - - — - - - - — 100 - = 83
Reptiles
Carphophis vermis 7 - - - — — - 1 - - - -
Coluber constrictor 11 - 135 3 - - 1 - - — - -
Diadophis punctutus 50 - 23 - - — - 1 - — — —
Elaphe absoletn 4 — 35 - - — - - - - - -
Eumceres fasciatus ag - 13 - - 2 1 8 - - - -
E. pbsaletus 2 - 32 - - 2 T T —
Ophisaurns attenuotus 48 - 13 ~ 108 - 3 - - - - -
Thamnophls sirtalls 5 -~ 145 — - - 3 — - - - —
Birds
Cardinalls cardinolis - ~ - - — 1?3 - - - - - -
Cyanacitta cristata - - - — - 11 _ - - - - -
Mommals
Blarina brevicanda g2 - 10 — - 3 1 — - - - -
Cryplolls paroa a8 - 12 — — - 1 9 - - - —
Microtus ochrogaster 640 - 1010 38 -~ 1M 57 - - 4 - 62
Mus mnseulns 14 - - 7 - a 1 - — 5 - -
Neotoma floridana 5 - - B -~ v - - — 130 - -
Peromnyseus lencopus 2368 - 360 5 - 50 - — - - = 56
P. maniculatus - - 17 - - — 4 1 — 9] — —
Pliymys pinetorum 43 - - 10 - 35 5 - - 8 - -
Retthrodoniomys megalotis 35 - 34 — - — - — - - — 4
Scalopus anuaticus — - 15 - - — oy — - - -
Sciurus carolinensts - - — 7R - - — - - - - -
S, miger - - - 104 - - - _ - - - —
Sigmodan hispidus 52 - 86 8 - — 4 - - s - —
Sylvilapus flaridanny 15 -~ 43 188 - 174 12— - 15 - -
Synuptomys conperi 11 - - - - — ) - - - - —

Zapus hudsontus 18 - - 1 - 1
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Relatively large prev samples were abtained
from Diadophis punctatus, Coluber constrictor,
Agkisirodon conloririx, Elaphe obsoleta, and
Thamnophis sirtalis. No records were obtained
for Storeria dekayi, but it is assumed to be an
earthworm and molluse eater (Wright and
Wright 1857). Records for Pitnophis
melanolencus, Crotalus horridus, Lampropeltis
triangulum, and Nerodia sipedon werz too few
to show the full range of prey for thase species.

As in other predators, snake food habits are
controlled largely by prey availability (see Rey-
nolds and Scott, this volume). Each of the 12
kinds of snakes studied depended to a large ex-
tent on one kind of prey, and in each instance it
was one of the most abundant species in the local
community. Four species of snakes (Agkisirodon
conioririv, Coluber constrictor, Elaphe ob-
soleta, nnd Lpmpropeltls calligaster) had
Micratus ochrogaster as their chief prey, and in
three species (Diadophis punctatus, Carphophis
vermis, and presumably Storeria dekayi) earth-
worms (mostly Allolbophora caliginosa) were
the favorite. Other commonly taken prey were
Sylvilagus floridanus for Crotalus horridus,
Neotoma floridana for Pituophis melanoleucus,
Rana catesbelgna for Nerodin sipedon, Rana
blairi for Thamnophis sirtalis, and Eumeces
fasciatus for Lampropeliis triangulum.
Although insects seemed to offer the most
available food sources within the size range of
prey eaten by most of the snake species, they
were searcely nsed. Only three species ate them
at all, and these took only certain types which
made up a relatively small proportion of their
total food volume.

Food habits of all 12 species discussed are well
documented in the literature, and for each the
trend shown by published records is somewhat
different from that found on the Reservation. In
some instanees availability may be involved, but
in others there may be innate preferences that
differ in local populations. An outstanding ex-
ample is Diadophis punctatus, a transcontinen-
tal specles differing strikingly in size, ap-
pearance, habits, and habitats in different parts
of its range. In the Great Lakes region, small
terrestrial salamanders make up most of its food,
whereas in the southeastern States it has been
recorded as feeding on a wide variety of insects
and other invertebrates, In the Southwest,
where it is remarkably large, it is mainly a snake
eater, but on the Reservation it tnkes earth-

waorms almast exclusively (Fitch 1975).

Biomass of Food

Any attempt to quantify the feeding of snakes
must take into account the different sizes of prey
specles. Each kind of snske tends to take prey
within a certain size range; the largest in-
dividuals take the largest prey (see Reynolds and
Scott, this volume). A wide range of size exists
bebwveen and within species in the local popula-
Hons (Table 1). The twa largest species average
more than 100 times the weights of the two
smallest, and In some of the species the lurgest
individuals weigh more than 100 Hmes as much
us the smallest ones.

The intact prey retrieved [rom the stomachs
of live snakes was weighed when feasible, and
these weights were used in caleulating amounts
of food consumed (Tables 5 and 8). However, in
many instances prey identified from seats or
from partly digested stomnach items were not
suitable for weighing. In lieu of individual
weight, the weight considered most typical of
the partienlar prey specles was arbitrarily
assigned for each such occurrence, A few of the
larger prey species, notably the cottontail, were
usually taken as immatures hy loeal snakes, and
this was taken into account in caleulabing their
biomass. The insects eaten were nearly all of the
largest local kinds (lepidopteran larvae, cicadas,
erickets, katydids, and grasshoppers), and
Acheta assimilis, Ceuthophilus maculagtus,
Tibicen pruinosa, Melanoplus bipittatus, M.
femurrubrum, M, differentinlis, Arphia
simplex, and Neoconocephalus robustus made
up most of the insect material. For each insect
occurrence o biomass of 1 g was arbitrarily
nssumed. A series of earthworms from
Diadophis stomachs averaped about 0.5 g, and
this figure was vsed as the biomass represented
by each earthworm oceurrence,

For vertebrate prey, the following weights (in
grams) were arbitrarily assigned to caleulate
biomass: Acris crepitans 3, “bird"” 20, bird egg
10, Blorina brevicanda 10, Bufo americanus 10,
Bufo woodhousei 10, Cardinalis cardinaolis 20,
Carphophis vermis 6, Cnemidophorus sex-
lincains 10, Coluber constrictor (juvenile) 20,
Cryptolis parva 5, Cuyanocitta cristata 50,
Diadophis punctatus 4, Elaphe obsoleta
(juvenile) 20, Eumeces fosciatus 6, Eumeces ob-
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soletus 25, “frog” (ranid) 15, Castrophryne
olivacea 4, Hyla chrysoscells 10, Microtus
ochrogaster 30, Mus muscilus 15, Peromyscus
maniculaivs 18, Peromyscus lencopus 18, Ophi-
saurus attennatus 30, Pliymys pinetornm 30,
Pseudacris triseriata 3, Rana blairi 10, Rona
catesbelana 20, Reithrodentomys megalotis 10,
Sayornis phoebe 15, Scalopus aquaticus 90,
Scincella lateralis 2, Sigmodon hispidus 50,
“shrew” B, “snake” 50, Sylvilagus floridanus
(juvenile) 150, Thamnaphis sirtalis (juvenile)
90, and Zapus hudsenius 15.

The amount of food consumed by an in-
dividual snake varies according to the snake's
size, sex, appetite, availahility of prey, weather,
season, and many other factors. In Diadophis
punclatus it was determined that a single menl
averaged nbout 12% of the snuke’s weight. In-
tervals between feedings averaged abont 8 days,
of which the first 4 days are required for diges-
tion, and the snake has an empty digestive tract
for the lust 4 days. At this rate of feeding the
snake would tuke about 27 meuls Inpesting
sbout three times its body weight in a normal
growing season estimated at 213 days. In
Diadophis, the relatively small size of the snake
itself, and the unprotected naked body and high
surface-to-volume ratio in the elongate earth-
worm prey all promote rapid digestion and
relntively large intake of food by the snake.

In contrast, Agkistrodon contoririx took prey
averaging 18.5% of bady welght. The snake has
about eight meals per growing season totalling
no more than 200% of body weight. Low
metabolism associated with sluggish behavior
reduces the food requirement, and the relatively
massive prey, usually with protective hairy or
scaly skin, delays digestion.

Comparable quantitative data concemning
food requirements are not available for the other
species studied. However, it might be expected
that the two other small earthworm eaters, Car-
phophis vermis and Storeria dekayl, wonld
resemble Diadophis punctatus in their food con-
sumption, estirnated at three Bmes body weight
anmually, and the same figure is accepted for the
natricines, Thamnophis sirtalis and Nerodia
stpedon.

Coluber constrictor tends to maintain
through behavioral thermoregulation (Fitch
1956, 1963a) a body temperature markedly
higher thun any of the other species. Tt is active
and [eeds on relatively small prey animals, mak-
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Estimuoled
unnunl [ood

Estimated annual
food epnsumption

Rulio ol Rutio of Estimalted

adults to

Number

biomuss
(ke/ha)

biomuss

(kgfhao)

mules to

of snakes
in sumple

(muitiples of
body weight)

femules

Time of sumple immntures

Speefes

1.60
D.45

0.8D
0.15
0.00
0.18
5.08
0.23
0.05
0.01
0.05
0.08
0.07

0.25

a.85
1,33
1,50

100

100

1977
1049-1961
15G0-1961

Agkistrodon eontoririx

3.0

Carphophis vermiy

4.0

0.n8
1.689

10D

Caluber canstrictor
Crotalus harridus

0.40
15.18
0.58
0.13
0.02
0.156
0.20
0.21
0.75

n
(=]

45

1,588

1949-1963
1071-1973
19481977
1049-1977
1848-1976
10481976
1849-1977
1050-1977
1084-1974

2

Diaduophis punctatus
Elaphe absoleta

1
el

1.05
1,70
1.3
0.60
1.20
0.85
0.76

10D
100

n
o

4.96
2.67
3.5
2.57
0.08

Lampropeltis calligoster

. triangufum

Nerodia sipedon

88
80

100

3.0
25
3.0
a.a

Pltuophis melanolenens

Starerin dekoyi

85
150

Thamuephls sirtalis
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ing new captures before earlier prey is digested,
so that several items may accumulate in the
stomach. Because of these habits Coluber can-
strictor is believed to take a relatively greater
biomass of prey than any of the other. local
species, and en annual food eonsumption four
times body weight is estimated (Table £).

The remaining five species (Elaphe obsoleta,
Lampropeltis calligasier, Laompropeltis
triangulum, Pituophis melanoleucus, and
Crotalus horridus) all take relatively large prey
animals which usnzlly have protective hairy,
scaly, or feather-covered surfaces and are
relatively resistant to digeston. The food
requirements of these species are believed ta be
relatively less than in Diadophis but more than
Agkistrodon, and are esimated at 2.5 times
bady weight per growing season in Table 6. In
this table, the biomass of each snake species is
estimated on the basis of population density and
average adult weight; and from these figures
average annual fond consumption for each is
estimated: 2 times bady weight for Agkistrodon,
3 times body weight for the small worm-eating
species and natricines, 4 times body weight for
Coluber, and 2.5 times hady weight for the re-
maining species.

Diadophis punctatus, because of its great
abundance, takes more fond than all the other

63

species combined; most of the remaining
biomass is taken by Agkistrodon contortrix and
Coluber constrictor (Tuble ). Also, the biomass
of the earthworm prey exceeds that of all other
prey animals combined; only a few other species
(Microtus ochrogaster, Syluilagus floridanus,
Peromyscus leucopus, Rana blaird) made up
significant percentages of the total biomass, and
gll were among the commonest local small
vertebrates.

Estimates of overlap in kinds and amounts of
food taken by 12 snake species are shown in
Tahble 7. This table is based mainly on the
figures for prey specles shown in Table 4, but it
also utilized many additiona! records of prey
animals less specifically determined. For exam-
ple, Thamnaphis sirtalis and Nerodia sipedan
overlapped in their feeding, both having eaten
10 g of Bufo americanus, 22 g of Rana blairi,
and 83 g of Rana catesbelana —nltogether 115 g
constituting 15% of the total prey for Tham-
nophis and 78% of the total food intake for
Nerodia.

Most of the species' diets overlap many of the
others. Lampropeltis calligaster and Pituophis
each overlap strongly (=50%) with four other
species; no other snake's diet overlaps strongly
with more than two others. The food biomass of
Diandophis, heing so large, is not impacted great-

Table 7. Estimated percentage overlaps in kinds and amounts of food taken by 12 snake species,
Natural History Reservation, Lawrence, Kansas. Tabled numbers are percentages of the diels of
snakes in the left-hand column that are shored with the snakes listed across the top; for example,
an amount equivalent to 65 % of the diet of Agkistrodon was also taken by Coluber, and 6% was
shared with Crotalus. See text for methods of calculation. T = trace, <1% shared.

A & % g E g
£ ) E -'é g § E z g "‘: - -
§ 8 § £ & € ¥ E £ § zx 3
Species < O U U A &§ 4§ Jd 2 & 4 &
Agkistrodon contortric - 0 65 6 0 18 6 L 1 7 o 9
Carphophis vermis 0 — 0 0 100 0 0 0 0 0 48 K|
Coluber constrictor 4 0 - 4 1 9 5 1 1 4 0 5
Crotuluy horridus %5 0 22 - 0 63 15 0 0 o7 0 11
Diadophis punclatus g 3 T 0 - 0 T 0 0 0 1 T
Elaphe absolcta 44 0 38 44 0 — 13 T 3 18 0 23
Lampropeltis calligaster B8 0 54 48 2 & - 4 0 &3 g 43
L. trinngulum B 0 91 0 0 11 3 - 0 6 . 0 0
Nerodia sipedon 15 0 18 0 ¢ 12 0 o - 0 o 78
Pituophis melanolencus 52 0 50 54 0 51 38 1 | J— 0 23
Storeria dekayl D 100 0 0 100 0 0 0 ] 0 - 6
Thamnophis strtalis 19 2 18 6 2 17 8 0 15 i} ) —
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1y by any other species; however, the Diadophis
diet completely overlaps the diets of the other
two small enrthworm-eaters. In the two partly
aquatic species, Nerodia and Thamnophis, diets
overlap only weakly with those of most other
species.

Intraspecific Partitioning of
Fnod Resources

The wide size range between the largest

adults and the smallest hatchlings (Table 1)

make possible a wide choice in size and type of
prey. At one extreme hatchlings of Curphophis
vermis and Diadophis punctaius and neonates of
Agkistrodon contortrix are relatively large com-
pared with average adults (weight ratos of
young to adult 18.0, 21.0, and 10.8%, respec-
tvely) wheress at the opposite extreme neanates
of Nerodia sipedon and Thamnophis sirtalis are
relatively much smaller (weight mtios of young
to adults 2.4 and 2.7 %, respectively) and conse-
quently have greater potentinl for partioning
of food resources. In the more stenophagous
species, notably the earthworm-enters (Carpho-
phis vermis and Diadophis puncialus), young
and adults differed only in the size of prey taken,
but in some ather species, adults and young sub-
sist on different sets of pray.

In Agkistrodon conlortrix, there was almast
no averlap in prey species taken by adults (main-
ly Microtus ochrogaster, Peramyscus lencopus,
Pitymys pinelorum, and Blaring brevicauda)
and by first-year young (Crypiotis parva,
Diadophis punctutus, Eumeces fosclotus, and
Gastrophryne olivacea). Intermediate-sized
second-year young overlupped both first-year
young and adults in their feeding, but taok some
types of prey (cieadas, small mice, sphingid, and
other cuterpillars) more often than either.

In Thamnophis sirtalis, partitioning was also
clear cut, Seven instences of predation on earth-
worms were all by Frst-year young (snout-vent
[S-V]226 + 15 mm), whereas seven instances of
predation on mammals were all by adults (S-V
6668 +16 mm). Ranid frogs (R. blairi aund R.
catesbetana) mede up more than half the
estimated tatal of food biomass, but even the
smallest were too large for small garter snakes;
the snakes that ate ranid Frogs (N = 24) aver-
aged 5-V 541 + 23 mm. Those that ate toads (N
= 14) avernged S-V 428 + 32 mm, partly

because the newly metamorphosed young of
both Bufo americanus and B. woodhousei are
small enough to be eaten by neonate garter
snakes,

In Coluber constricior the 48 prey species
were almost evenly divided between vertebrates
and invertebrates. Many of the former including
Sylvilagus, Sigmodon, Scolopus, and Microtus
were tao large for any but large adult snakes.
First-year snakes were poorly represented in the
sample; their food (grasshoppers, crickets, cave
crickets, young voles) were of the same species
represented in much larger numbers in the food
of adults.

The food samples of Crotalus horridus,
Elaphe obsoleta, and Pituophis melansleucus
were too small to demonstrate whether the
young of these species took kinds of prey not
used by adults, but most of the ndults' food
biomass was obtained from species too bulky to
be swallowed by young—Sylvilagus floridanus,
Sciurus carolinensis, 8. niger, Sigmodon his-
pidus, and Neotoma floridana.

In several of the 12 snake specles, there is a
pronounced size dilference between the sexes;
females were much larger than males in Nerodia
sipedon, Thamnophis sirialis, Diadophis punc-
tatus, Carphophis vermis, and Coluber con-
strictor, but males were larger than females in
Agkistrodon contoririx and Crotalus horridus.
In a seres of 38 adult Agkistrodon (5-V >
500 mm) containing food in 1977, 59% of the
males but only 36% of the females had eaten
Microtus ochrogaster. The remaining 84% of
females had eaten smaller prey: mice of three
species, lizards, ringneck snakes, shrews, and
cicadas, In Coluber constrictor, the larger adult
females ook a higher proporton of vertebrate
prey and the smaller adult males took more in-
seets, In 72 instances of predation on vertebrates
(mostly voles and white-footed mice) by Colu-
ber (S-V > 600 mmy), 30.5% were by males, but
in 175 instances of predation on insects, 45%
were by males. Day-to-day trailing of racers
equipped with radio transmitters showed that
the males spent far more time than females
above ground elimbing in low trees, in situn-
tions where folinge-living insects would be avail-
able (Fitch and Shirer 1971). Thamnophis sir-
talis subsisted chiefly on amphibions, but in six
instances large adult females had eaten voles
(three Microtus ochrogaoster) or large mice (three
Peramyscus leucopus); the only instance of pre-
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dation on mammals hy an adult male was on the
much smaller Reithradontomys megalotis. In
general it seems that small mammals constitute
a food resource used by adult females, reducing
their competiion with both adult meles and im-
matures.,

Discussion and Summary

The foregoing account indicates that many
species of snakes coexist in high population den-
sities, sharing certain available resources to
varying degrees. Each must affect all its eco-
logical associates, but direct interactons are
difficult to observe. Food is the most obvious
limiting resource, Contests between individuals
over possession of a specific food object have
never been observed in nature, and must be ex-
tremely rare, although they can be elicited in
snakes confined together under crowded condi-
tions. Competition is almost always ex-
ploitative; with regard to food it consists of the
eating of prey by one individual, thereby ren-
dering it unavailable to another.

However, all the comman prey animals, such
as earthworms, voles, white-foated mice, Frogs,
and rabbits are usually present in quantites
beyond the needs of the snake populution and
are used by various non-ophidian predators also.
The prey populations are subject to much
greater fluctuations than those ocenrring in the
snakes, and at Hmes at least, their populations
seem to be controlled by density-independent
climatie factors.

The generation time of the snake predator is
relatively lengthy compared with that of its
prey. IF it attains a normal life-span, a snake
lives through major changes in the level of its
prey populations. The relatively long life-span
and a remarkable eapaeity for fasting enables
the snake to survive drastic changes in the status
of its prey. Unlike some other types of predators
the snake is neither starved out nor forced to
migrate by a scarcity of the favorite prey; in-
stead it responds by reduced reproduction and
partial shift to alternate prey species. In fact, the
snake population is one of the mast stable com-
ponents of the overall biotic community, and
probably exerts a stabilizing influence on the
community as @ whale.

Resources other than food supply nre even less
linble to be objects of direct competition. Water

and shelter (for temporary resting places and hi-
bernation) are the mast obvious reguirements.
Dew and rain wvsually provide drinking water;
when present at all, it is available to the entire
populaton, and drinking by one snake does not
deprive others. During periods of inactivity,
shelters are readily shared, even by snake species
that muay, at other times, interact as predator
and prey. Occupancy of a shelter by ane indiv-
idual does not nsually prevent simultaneous use
by athers of the same or different species; it is
common to find kwo or more snakes of different
species together. In some instances eoincidental
use of a well-situated shelter may be involved,
but also there may be mutual atiraction ss an
adaptation to achieve physiologieal homeostasis,
especially in hibernaeula.

Indirect competition may functon in a subtle
fashion involving relations with predators und
pathogens. A snake-enting predator, suppaorted
loeally by a high population of one species,
might have more effect on a second less commeon
species because that species is more easily
caught, or has a lower reproductive potential.
Similarly, two or more coexisting speries might
be hosts of the same pathogen, but have dif-
ferent susceptibilities. If the commoner species
were the less susceptible, it could act as a res-
ervoir to maintain and transmit a pathogen
severely limiting the less common species,

Earthworms, small mammals, and frogs, in
that order, were the chief food resources for
snakes on the study area; some 84 prey species,
40 in significant numbers, were being taken by
the 12 species of snukes. Barthworms, estimated
to make up just over 70% of the food biomass
far the total snake population, were eaten by
90 % of the individual snakes present. The three
smallest species are almaost entirely earthworm-
eaters and arcur in populstion densities of from
2 to 10,000 Hmes greater than those of the nine
largest species. The three small earthworm-
eating species are similar in size but differ some-
what in habitat preferences (overlapping wide-
ly) and differ greatly in degree of fossorial adap-
tation.

Insects made up less than 10% of the prey
biomass. They included mainly large orthop-
terans (Acheta, Centhophilus, Melanoplus, and
Neoconacephalis) eaten only by Coluber con-
strictor, tipulid larvae eaten only by Diadophis
punctains, nnd cleada nymphs and sphingid lar-
vaa eaten mostly by Agkistrodon contortrix. All
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species of small mammals occurring on the area
were found in the diets of the snakes, in roughly
their order of abundance; Microtus ochrogaster
(eaten by six species), Peromyscus lencopus
(eaten by seven species), Sylvilagus floridanus
(eaten by three species), Neotoma floridana
(eaten by four species), Pitymys pinetorum
(eaten by five species), Sigmadon hispidus (eaten
by four species), Scalopus aquaticus (eaten by
twao specles), and Blarina brevicauda (eaten by
three species). Sylvilogus floridanus, Sciurus
carolinensis, and S. niger are too large to be
eaten as adulls, except by unusually large indi-
viduals of the three largest snake
species— Cratalus horridus, Elaphe obsoleta,
and Piluophis melanoleucns. Neotoma flori-
dana, Sigmodon hispidus, Synaptomys cooperi,
Microtus ochrogaster, and Pilymys pinetorum,
are also sufficiently large that, as adults, they
are generally unavailable as food to the smaller
species of mammal-eating snakes (Coluber con-
strictor, Lampropeltis triangulum, Thamnophis
sirtalis) and to juveniles of the larger mammal-
ealing species.

Of the 12 species of snakes studied in broad
ecological categories based on differences und
similarities in habitat, micrehabitat, size, food,
and numbers (Table 8), no two are the same in
all categories. In 18 of B8 palred species com-
parisons, the compared speecies differed in all
seven categories. The preatest similarities (five
of seven categories the same) were between Dig-
dophis punctatus and Storerla dekayi, and be-
tween Lampropelits calligaster and Pltuophis
melanaoleucus.

Every one of the 12 snake species in this com-
munity possesses one or more unigue traits in life
style, habitat, or feeding specialization that
greatly reduces the potential for competiion
with all associated sperles, These unique fea-
tures may be summarized as follows. Agkistro-
don contortrix, tuking relatively very large prey
items, concentrates its predation on the hwo
most abundant species of small rodents, but also
takes alternatively many types of mammals,
birds, reptiles, amphibians, and bwo types of
large insects, hunting by ambush and use of
venom. Carphophis vermis is the only species
specialized for fossorial existence, and is the
most stenophagous of all, taking, insofar as
known, only earthwarms. Coluber constrictor,
a grossland species, is unique in its active, visual
search and pursuit of prey, and in the remark-

Table 8. Major ecalogical groupings of snake species an the Noiural History Reseroation, Lawrence, Kansas,

Adult

Chiel ood

sources

Population
densily per

weight
range
(&)
75-300

Method of
Securing

Time of

Maujor

hectare

prey

actvitys

Microhubitat

Terrestriul

Fossorial

hubitat

Specles

Rut, squirrel, rabbil
Vele, mouse

Rut, squirrel, rabbit
Reptile

Eurthworm
Rut, squirrel, rubbit

Enrthworm

Vole, mouse
Anuran

Eurthworm
Vole, mouse

Anuran

1-9
10-90
1-8
<l
> 1,000
<1
<l
<]
<l
<l
10-8D
1-9

3-10
75-300
300-1,000
3-10
300-1,000
75-300

10-75
76-300
300-1,000
3-10
75-300

Ambush, venom
Seareh, swallow
Search, swallow
Ambush, venom
Search, swallow
Senrch, constrict
Senrch, constrict
Search, canstrict:
Seurch, swallow
Senrch, constrict
Senrch, swallow
Search, swallow

CN
CN
D
CN
D
DN
DN
DN
DN
DN

Surfoce litter

Surflace litler
Aquatic

Terrestrial
Terrestrinl
Surface litter
Arboreal
Terrestrn]
Aquatic
Terrestrinl

Forest
Forest
Grasslund
Foresl
Edge
Forest
Grasslund
Edpge
Ripariun
Crussinnd
Edge
Riparion

Lampropeltis calligoster

L. trigngulum
Pituaphis melanalencus

Diadnphis punctatns
Storeria dekayi
Thamnophis sirtalis

Coluber constrictor
Elaphe obsnleta

Apkistrodon contor(rix
Carphophis vermlis
Cralalus horridus

Nerodio sipedan

nocturnal,

4D = diurnul; C = crepuscular; N
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ably wide range of prey animals, including in-
sects. Crotalus horridus is the largest of the
species, and takes relatively large mammalian
prey, too large to be taken by most of the athers.
It is an ambush hunter in forest habitat, using
potent venom to immabilize the prey. Diadophis
punctatus is the smallest species and is concen-
trated in edge habitats but is so successful and
abundant that it oceurs extensively in forast and
grassland. It subsists almost entirely on earth-
worms, the most available of all prey species.
Elaphe vbsoleta is one of only two species with
arboreal tendencies, and the only one with an
important bird component in the diet. Lampro-
peltis calligaster is the species most limited to
prairie habitat, and secures its prey by search
and constriction, feeding mainly on small mam-
mals, birds, and eggs. Lampropeltis triangulum
is in a size range by itself, between the small and
the medium-sized species; it is the only loeal
snake that subsists chiefly on reptile prey, mostly
lizards. Nerodia sipedon is the only strongly
aguatic species, Pituophis melanoleucus is by far
the largest of the grassland species and is special-
ized for predation on the pocket popher
(although na records were obtained in the small
sample from the Reservation, where gophers are
rare). Storeria dekayi is the only species known
to take snails and slugs, although again, no
records were obtained from the Reservation.
Thamnophis sirtalis is most characteristic of a
wetland habitat and amphibian diet.
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Abstract

Food hobits und habitut selection were investipnted in a snake community in north-
enstern Chihuahus, Mexien, from 1875 ko 1077. A total of 418 snakes (20 species) was col-
lected nlong Highway 18 from Villa Aldaman to E] Puslor, Examination of snake caplure
sites [or the plant speeies present, and o study of struetural charncteristics of the vegetn-
tion und topographic fentures, showed that snokes exhibited distinet habitat prelerences.
HRodent speeies present ond thedr relative densities were assessed by 5,:00 trap nights at 18
trap stutions. Digestive trocts of 351 snakes of 18 species yielded 153 food items. Rodents
muce up 71.1% of the diets by frequeney of oceurrence; lngomorphs, birds, reptiles, nm-
phibians, and orthropods sceounted for the remuinder. The mast important snoke
preduiors on rodents were Crotalus airox, C. molossus, C. scutnlotus, Elophe
subocnluris, and Pitnaphls melanalencus, The coesistence of mammal-eating snakes in
this community is chielly due to spatinl hubitut differences of predntors which zoincide
with habitot varlntions of prey specles; different-stzed snukes chase optimal-stzed prey in
terms of eatchobility, hundling, und potentia] danger.

Factors enabling competing species to remain
in sympatry are not often clear. Much attention
has been focused on isolaking mechanisms
(Gavse 1934; Hardin 1860; Mayr 1863; Dob-
zhansky 1970; Levin 1870; Whittaker und
Woodwell 1872; Lewontin 1974; Pielou 1874;
Vance 1978). These authors agree that
ecological isolation is probably the mast impor-
tant factor to continued coexistence.

The organization of animal communities may
be a functon of the runge and variation of
resourees that nltimately determine the number
of predatory species and the niche space of each.
Associations of sympatric species may effectively
reduce competition by their differential use of
the trophic, temporal, and spatial components
of an area (Pianka 1974a).

It is essentinl to quantify resource use among
community members to understund the way
'Present Address: Estaeion Cientilics Charles Darwin,

Sants Cruz-Gulupugos, Cosilln 58-39, Guaynquil,
Ecuador

resources are partitioned in & community. The
ability to quantify nvailable resources in a com-
munity is exceedingly difficult and oftentimes
impossible. Community investgators to date
have analyzed resource use by selecting and
comparing those resource axes believed to be
most important for coexistence of community
members. Planka (1974b) studied lizard com-
munities by quantifying the use of food re-
sources, time of activity, and hubitat selection.
Resource nllocation in sympatrie subalpine
radents was studied by Vaughn (1974) through
dietary averlap, microhabitat selection, and ac-
tivity. Brown and Lieberman (1873) studied the
fopd and habitat nxes of sund dune rodents.
Habitat and food overlap were analyzed by
Orians and Horn (1888) in a four-species black-
bird eommunity. None of these studies quan-
tified the food resources availuble. Without this
information, dietary overlap explains little of
the dynamies of community structure {Conley
1976; Wiens 1877).
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Black (1874) studied a2 17-species bat com-
munity in New Mexico and pravided a detailed
analysis of the insect resource available ta it. He
found that although the prey resources wers
highly diverse, only moths and beetles were very
important to interactions within the bat eom-
munijty.

Arnold (1972) reviewed the food habits lit-
erature of sympatric snake species and pravided
strong empirieal evidence that different species
tend to eat different prey species. Shine (1877)
listed other detailed studies of feeding habits in
sympatric snakes that strengthen this conclu-
sion. Arnold (1972} analyzed factors eoncerning
species diversity gradients of predatars and prey
and provided four mechanisms which possibly
cause sympatrie snake species to ent different
prey species: (1) habitat differences coinciding
with habitat differences of prey species, (2) tem-
porel differences in foraging activity coinciding
with temporal differences in actvity or avail-
ability of prey species, (3} differences of prey
specles eaten coinciding with different-sized
prey species, and (4) innate differences in the
tendency to strike different prey species, Arnald
concluded that resource partitioning by snakes is
sccomplished by a variety of complex mech-
anisms. He believes that no single mechanism is
solely responsible for relieving competition, but
that all four act together to allow resource par-
titoning by snakes. Certainly, the importance
of each mechanism will vary with any given
community.

Specialized pradators such as snakes are of
sirnilar basic morphology, but are different in
size, foraging strategy, food capturing mecha-
nisms, and prey eaten. Sympatry of closely re-
lated species of different sizes has been docu-
mented for a large number of animals (e.g., in-
vertebrates — Wilson 1975; amphibians—Fraser
1978; reptiles—Schoener 1BB88; Fianka 1968;
birds—Lack 1944; Ashmole 1868; mammals—
Rasenzweig and Stermer 1870; Brown and Lie-
berman 1873). Size differances behween the
predator species and the manner in which the
prey is hunted in addition to habitat segregation
provide mechanisms whereby each predatory
species ean concentrate on a different set of prey
species.

Although a number of studies have denlt with
autecology of snukes (e.g., Fitch 1860, 1983,
1965; Hall 1969; Platt 1969; Clark 1970, 1874;
Brown 1973; Branson and Baker 1974; Parker
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1974; Clark and Fleet 1876), studies of the eco-
logieal relations of three or more snake species in
the same community are few. Pough (1966) pro-
vided the first analysis of mierchabitat parti-
Honing among terrestrial snakes. The investiga-
Hons by Fitch (1949) in California and those by
Carpenter (1952) and Fleharty (1967) on Tham-
nophis represent the earliest such studies dealing
with food resource partitioning of snakes. More
recently, studies of food resource partitioning
among three or more snake species include Bar-
bault (1974), Mushinsky and Hebrard (1977),
and Shine (1977). Although the above studies
are important analyses of sympatrie snake com-
munities, they lack s quantitative assessment of
the available prey resources.

The present stndy determines the use of a
mammelian resource by a snake community in
northeastern Chihuahua, Mexico. This is the
first attempt to assess the prey resburees avail-
able to a commnnity of mammal-eating snakes.
The purpose of this study was to determine to
what extent coexistence of snakes in a commu-
nity is related to partiioning of the food and
habitat resources. Specific inquiries are posed as
to the nature of food partitioning, the structure
of the predator and prey communities, and the
ways in which spatial and temporal niche
dimensions of the individual prey and predators
coincide.

Methods

Study Site

Field work was performed along an 80.5-km
stretch of Mexieo Highway 16, 22 km northeast
of Chihushua City from Villa Aldama to El
Pastor. The area is at 28°10° N and 105°30' W
at an elevation of 1,370 m, This region has hot
summers and cold winters; maximum precipita-
tion is in the summer and the averapge annual
precipitation is 315 mm (Schmidt 1875).

The desert shrub formation of Chihnahuz is
uniform in physiognomy and simple in composi-
Hon (Shreve 1938; Lesueur 1945). Topography
consists of limestone mountains, gently falling
baojadas, and hroad intermont plains broken by
numerous deep arrayos. The geology and soils
are described by Marnfka (1877). The vegeta-
ton Is strongly dominated by crensote-bush
(Larrea tridentata) in nssociation with tarbush
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(Flourensia cernua) where the sall is thin, or
with mesquite (Prosopis glandulosa) where the
soil is deep. The otherwise monatonous umi-
formity is broken by ravines, dominated by
catelaw mimosa (Mimosa biuncifera), Wright
acacia (Acacia wrightll), and spiny backberry
(Celtis pallida). In the lowest part of each basin
or valley, mesquite is dominant as a shrub 1 to
9 m tall. In surface depressions where water is
likely to stand during some Hme of the year,
there are no shrubs and the prevatling vegeta-
tion {s an open sod of tobosa grass (Hilaria
mautica). Important plants of the bajadas, in ad-
diton to ereosote-bush and tarbush, include
mariola (Parthenimn incanum), ocotillo (Fou-
quicria splendens), and spiny allthorn
(Koeberlinia spinosa). On the higher parts of the
bajudas, on the pediments surrounding the
mountains, and on the hills and mountain
slopes, the vegetation is much more diverse. The
most conspienous plants are sotol (Dasylirion
scariosa), ocotilla, rubber-plant (Jatropha
digica), lechuguilla agave (Agave lecheguilla),
mariola, and soaptree yucea (Yucca elata).

Field Methods

Snakes were collected during nutomobile
travel beginning at dusk (aboot 1930 h) over a
perind of 24 weeks between April and Septem-
ber 1875-77. In the course of three summers,
130 trips along Highway 18, totaling 16,713 km,
provided records of 418 snakes. Additional
snakes were hand-captured during the day and
night while walking along the study route. Live
snakes were retained in cloth bags which were
examined for feces when the snake was re-
moved. The [allowing data were recorded for
all snakes: exact loeation, time of capture, sex,
size (snowt-vent length [S-V], tail length, and
heuad length [HL, the distance from the tip of
snout to posterior end of mandible]). Mensure-
ments were recorded to the nearest millimeter
on live and fresh-killed snakes with a meter stick
and Peacock dial ealipers. During 1875, all
snikes captured alive (63) were permanently
maorked by clipping ventral caudal scales
(Blanchard and Finster 1833) nnd relaased at the
capture site. All dead snakes throughout the
study, and shakes captured alive In 1878 and
1977, were preserved in 10% formalin and later
transferred to a 55% isopropanol solution. They

i

are deposited in the Museum of Southwestern
Biology, University of New Mexico, Albuquer-
que,

Food Habits

In 1975 recards of prey items were gathered
through dissection of dead snakes (111) and by
palping stomachs of living animals (41). All
snakes (199) found during 1876 and 1977 were
kept for dissection. The stomach and intestines
of each snake were removed and examined for
the presence of prey material. Condition of food
items ranged from entire animals to body frag-
ments or wads of hair retained in the lower
tract. Animal fragments ond hair were perma-
nently mounted on microscope slides by tech-
niques similar to those of Williamson (1951),
Mayer (1852), and Brunner and Coman (1874).
Additional slides (32) were prepared from fecal
samples obtained from live snakes. Hair col-
lected from the rodent and lagomerph species'in
the study area was used for reference slides for
identification. Slides were examined under a dis-
secting microscope,

The features of hair useful for identification
(medulla, cortex, cuticle) are not damaged dur-
ing the digestive process (Brunner and Coman
1974). It was possible to identify hair slides to
species in most instances, The only exception in-
volved the two similar species, Perognathus in-
termedius and P, penicillaius, whose hair was
indisinguishable, The habitat preferences of
these rodents, however, are different (Anderson
1872; Findley et al. 1075). The rock pocket
mouse, P. intermedius, was completely saxi-
colous, whereas P. penicillatus occurred in the
lowest portions of the intermontane basins,
often in assoclation with mesquite. We deter-
mined which Perognathns species was repre-
sented on a parteolar halr slide on the basis of
habitat (each record wns considered to be a
single prey item unless there were obviously
mare). Twelve snakes contained more than one
prey item,

Rodent Size

The greatest width of a rodent slaull (posterior
zygomatic or bullae brendth) was used as n
measure of prey size, Aversge measurements
were obtained from Anderson (1972). This
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measure is used to determine the minimum size
of a snake's pnpe necessary to ingest & parteunlar
Todent species.

Rodent Densities

Rodent species present and their relative den-
sities were assessed by 5,400 trap nights ot 18
trapping sites along the study route. Sites were
salected to sample the five major habitat types
common to the area, Three habitat types were
sampled four Hmes and bwvo were sampled three
times. At ench site a square grid of 100 trap sta-
tions in 10 rows and columns was maintained
for three nights for a total of 300 trap nights.
Folding Sherman live traps placed at intervals of
1D paces were used. Voucher specimens were
preserved in 10% formalin and later transferred
to a 70 % ethanol solution. They are deposited in
the Museum of Southwestern Biology, Uni-
versity of New Mexico, Albuguerque. Several
factors affeet trapping results in various ways
(Wiener and Smith 1972), The trapping results
of this study are undoubtedly binsed and are not
appropriate for rigorous statistical analysis, but
are valuable for showing trends.

Vegetation Classifications

Five vegetation types were determined within
the study area on the basis of dominant specles
associetions. These divisians agree with the ma-
jor habitat types described by Shreve (1938).
They are, in order of increasing plant diversity,
slope, and rocky cover, (1) tobosa, (2) mesguite-
grassland, (3) creosate-tarbush, (4), bajada, and
(5) mountain pediment. The total numher of
road kilometers passing through each vegetation
type was recorded and used to calculate the
number of snakes per kilometer found in each,

Habitat Structure

Habitat structure was assessed at each snake
capture site by estahlishing a 50- x 50-m square
plot adjacent to the road in vegetation undis-
turbed by road construction. Conspicuous topo-
graphic features were noted (hills, rocks, allu-
vial fons). Plants more than 1 m tall were
counted by walking in parallel lines thrangh the
plot, and those of questionable height were
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measured with a meter stick. Perennial species
were recorded. This analysis was simple and
provided a quick quanttative measure for re-
cording vegetational physiognomy at each snake
capture site.

Arena Studies

Feeding experiments were conducted in Chi-
huahua during the study to determine prey ac-
ceptance of snakes. These tests provided infor-
mabion on the variables of snake size, snake
species, rodent size, and rodent species in reln-
tion to prey acceptance by snakes. A total of 84
snakes (12 species) and 11 rodent species was used
in this testing. Individual snakes were placed
singly into gravel-bottomed plywood and glass
behavior boxes (100 x 100 x50 cm) in a dark-
ened room at 24-26°C, 24 h before the intro-
duction of a single rodent, Rodents used were
livetrapped in the study area. The rodent re-
mained in the behavior bex untl it was killed
and eaten oy until 1 h elapsed, at which time
both snake and rodent were removed. Generally
an individunl snake was used in only one test,
but on s few oceasions a snoke was presented
with a second rodent regardless of its reaction to
the first. Individual rodents were not teused
because by the end of one test they tended to
become wary of snokes. Testing began at dusk
(about 1830 h); a low-powered light source
(shaded Coleman lantern) was used for obser-
vaton.

Results

Mammal Community

Abundance and Habitat Preferences

In 5,400 trap nights, 243 individual mammals
(13 species and three families of radents) were
captured at the 18 sites (Table 1), The most
abundant species in the traps were Dipodomys
merriami, Peromyscus maniculaius, P.
eremicus, Perognathus intermedius, and P.
penicillatus ond accounted for 88.5% of all
rodents captured. In addition to rodents, Audu-
bon’s cottontail (Sylvilagus auduboni) and the
black-tailed jackrabbit (Lepus  californicus)
commonly were observed in the area, but their
densities were difficult to judge. The distribu-
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Table 1. Totol captures of rodents in study area, proportion of total caich, and proporlion
in snakes containing food, Chihuehua, Mexico, 1975-77. Trap data represent 5,400 irap nights

at 18 stations.

Total Pereent of Percent in snokes
Species cnplures total with Jond

Dipodamys merrinmi 126 51.9 54.2
Peromyscus manicnlnius 45 18.5 16.4
Perognathus intermediusg 17 6.9 7.0
P. penicillatus 15 8.2 7.8
Peromyscus eremicus 12 4.9 3.5
Onychamys tnrridus 7 2.9 —
Perognathns flovus 8 a5 13.3
Spermophilus spilosoma 4 1.6 8.3
Sigmodan hispidus 4 1.6 3.1
Retthrodontomys mepalotis 3 1.2 -
Neotoma albipnla 2 0.8 3.1
Spermuaphilus varicgatns 1 0.4 0.07
Dipadonys spectabilis 1 0.4 7.8

tion of mammal species in the five habitat types
(Table 2) shows that Dipodomys merriami and
Peromyscus maniculatus were the most abun-
dant species and, along with Perognothus
flavus, they oceurred in four of the five habitat
types. Tobose was the only habitat supporting
large numbers of Dipodomys spectabilis and
Spermaphilus spilosoma. These species were
underrepresented in the trapping accounts, but
the high density of thelr mounds in tobosa indi-
cates they were common. The greatest number
of species was found in mesquite-grassland, but
Dipodomys merriami, Perognathus penicillaius,
and Peromyscus maniculatus were the anly com-
mon species. Onychomys torridus and Sigmnodon
hispidus were found only in this habitat, In the
bajada and mountain pediment, Perognathus
intermedius, Peromyscus eremicus, and
Spermophilus variegatus were common,

Rodents were most naticeable during the wet
months, July to September. Although extensive
trapping was not conducted before the wet
season, rodents were seen more frequently on
the road at night with the onset of summer
rains.

Predatory Community

A total of 41B individuals vepresenting 20
species of snakes in twao families was found dur-
ing the three netvity seasons (Tahle 3). Of the
11 species containing mammal remains, 5 snake

predators (Crotalus scutulolus, C. atrox, C.
molossus, Pituophis melanoleucus, and Elaphe
subocularis) aceounted for 92.2% of the total
predation by snakes on mammals. More than
half the records of snake encounters (61.3%)
were aceounted for by the above fve species; C.
atrox and C. scutulatus alone represented
43.8%.

Of the five important mammal-eating snakes,
males always averaged larger than females
{Table 4). This has been previously reported for
species of Crotalus by Klauber (1872). A com-
parison of the mean snout-vent length of the
three Crotalus species reveals that C. molossus was
the largest and C. scutulatus the smallest.
Although it is common [or C. molossus to be
larger than C, scutulotus, it is unusual for it to
be larger than C. atrox. Klauber (1872) showed
that a “large adult male” of C, airox was 500 mm
larger than C. molossus and 600 mm larger
than C. scutulotus. The largest adult males we
recorded for C. molossus and C. scutulatus cor-
respond elosely to Klauber's data, but the largest
C. atrox was 600 mm smaller than his record.
The C. atrox from our study aren were consid-
erably smaller than those of many other areas.
The two colubrids, P. melanoleucus and B, sub-
ocularis, are similar in length, but for any given
size P, melanoleucus are heavier, '

Distinct habitat preferences were found for
these species in the Chihuehuan Desert shrub
(Table 5). Crotalus atrox preferred the densest
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Table 2. Ranking of rodent species trapped in
five habiiat types along Highway 168 from
Villa Aldama 1o E! Pastor, Chihuahun, Mex-
ico, 1875-77. Species are ranked in descend-
ing order from most obundant. Mesquite-
grassland and creosote-tarbush were sampled
threc times; oll others were sampled four
times., See texi for description of habitais and
sampling method used.

Habitat und Species Number trapped
Tohosa
Dipadomys merriomi 18
Peromyscus maonietlaius 15
Spermaphilus spilosoma 4
Onychomys tarridus 4
Perognathus flavus 2
D. speetabilis 1
Mesquite~-Grassinnd
D. merriami 37
Ferognathus penicillotus 10
Peromyscus manlculatus 10
Sigmadon hispidus 1
Onychomys tarridus 3
Reithrodonlomys megolotis 2
Peragnothus flavus 1
Neotama albiguln 1
Crensate-Tarbush
D. merriami 4]
Peromyseus maniculatns 16
Perognathus penicillatuy 5
P. flapus a
Relthrodontomys megalotls 1
Neotoma albigula 1
Bajudn
D. merriami 30
Perognathus intermediug 7
Peromyscus eremicus 4
P. maniculaius 4
Peropnathus flavus 1
Mountain pediment
Peromyscas intermediug 10
P. eremleus 8
Spermophilus variegatus 1

eover, whereas C. scutulotus preferred sparse
shrub cover. Comparisons of shrub cover den-
sities made between species showed a significant
difference (Mann-Whitney “U,"” P < (1.01) be-
tween C. atrox and the other species but all
other comparisons were nonsignificant. By eom-
paring relative rond abundances, preferences for
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certain habitats were evident (Table 6, Fig. 1).
Crotalus molossus and E. subocularis were
found almost exclusively in rocky nareas; they
were most common in the mountain pediment
and bajada. The remaining three species were
more broadly distributed, Crotalus scutulatus
was the most common species in tobosa and was
alsa eommon with C. afrox in the creosote-
tarbush and bajada assemblages. Crotalus airox
rarely was found in tobosa. The most common
species in mesquite-grassland was P. melang-
leucus. A relaton between vegetative density
and lizard species densities has previously been
documented in the Chihuahuan Desert of Big
Bend, Texas (Degenhardt 1968, 1877),

None of the 63 snakes marked in 1875 were re-
captured. Pough (1966} also obtained no recap-
tures of the 16 snakes he marked in southern
Arizona.

Food Habits

Of 351 snakes examined, 153 (43.6%) con-
tained food material. In addition, 32 fecsl
samples provided 22 identifiable items. Rodents
made up 71.1% of the diets (by frequency of ac-
currence) and birds, reptiles, amphibians, and
arthropods accounted for the remainder, There
is a significant positive correlation (r, = 0.64,
P < 0.05) between rodent species abundance in
traps and their frequency of occurrence in the
diets of all snakes (Fig. 2).

There were important differences in the types
of prey taken by different snake species that cor-
responded well with the habitat preferences of
both predator and prey. The percentage fre-
guency of occurrence of prey items in diets of the
five mammal-eating snakes (Table 7) shows a
greater number of prey speries in the diets of the
Crotalus than in the colubrids. The two most
common rodents in the present study, Dipo-
domys merriami and Peromyscus maniculatus,
were also the most common prey items. These
two species, along with Perognathus flavus, ne-
counted for 54.7% of the rodents found in snake
stomaclis.

The diet of C. scutulains contained those
rodents which were most abundant in tobosa.
Dipodomys merriami was the commonest ro-
dent in tobosa and was the mast common mam-
mal in the diet of C. scutulatus (Fig. 3).
Likewise, tobosa supported the largest number
of Dipodomys spectabilis and Spermophilus
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Table 3. Number and percentage of all snakes found on Highway 16 from Villa Aldama to El Pastor,
Chihuahua, Mexico, 1975-77. Snake species containing marmal remains are noted by an asterisk.

1975 1878 1977 Taotal
Species No. % Na. % Na. % No. %
Crotalus atrox*® 41 0.5 24 17.3 14 17.7 79 18.9
C. scuiulatus® ab 95.0 a5 25.2 18 24.0 104 24,8
C. molossus® B 4.3 ] 4.3 5 6.3 20 4.8
C. lepidus* 1 0.5 1 0.7 1 1.3 3 0.7
Elaphe subvculgris® 8 4.0 11 7.0 2 25 a1 5.0
E. puttola® 5 2.5 3 14 0 — 7 1.7
Piliuoplis melanolencus® ] 4.5 13 0.4 10 0.7 a2 1.7
Rhinocheilus lecontel ® 14 7.0 B é.5 68 7.5 b1 6.8
Arizona elegons® 14 7.0 5 3.8 7 8.9 28 8.2
Lampropeliis geinlus® 8 4.5 ] 4.3 9 2.5 17 4.1
Heterodon nasicus 4 2.0 0 - 0 — 4 1.0
Thamnophis marcienus 16 8.0 12 8.6 2 2.5 a0 7.2
T. cyriopsis 3 1.5 D — 1 1.3 4 1.0
Hypsiglena torquata B 4.0 ) 14 1 1.3 1 2.8
Mausticophis flagellim 5 3.5 5 a.6 5 8.3 15 a.6
M. tacniatus® 0 - 3 3.6 0 - 51 1.2
Trimorphodon bisculains 2 1.0 0 - 1 1.3 3 0.7
Tantills wigriceps 1 0.5 1 0.7 1 13 3 0.7
Saloadora desertiesla 0 - 2 14 1 1.3 3 0.7
Sonara semionnulalo 1 0.5 0 - 1 1.3 2 D.5
Tatal 200 139 78 41B

spilosoma, both of which had their highest fre-
guency of occurrence in the diet of C. scutu-
latus. There is no significant positive correlation
{r, = 0.64, P >0.05) between total rodent
abundance and the frequeney of occurrence of
each species in the diet of C. scutulatus,

The most important rodents in the diets of

gnathus intermedivg and Peromyscus cremicus
(Figs. 4 and 5). Although C. molossus was found
most often in the mountnin pediment, where
D, merriami is absent, this rodent constituted as
large o part of the diet of C. molossus ns P. er-
emicus, a species found only in the rocky foot-
hills and at higher elevations. Crotalus molassus

C. molossus and E. subocularis were Pero- seems to forage in those habitats containing

‘Table 4. Comparison of sizes of five species of snakes from Chihuahua, Mexico, along Highway 16
from Villa Aldoma to El Pastor, 1875-77.

Mean snout-vent Mean jow
Sample length + standord length = standard
Species Sex size error (mm) orror (mm)
Crotalus gtrox Male ap 75741 = 8.4 38.82 £0.10
Femule 7 653.1 + 5.1 34.64 £1.0
C. scutulatus Male a 671.11 x 2.3 32.43 + 0.45
Female 14 601.9 + 3.7 28.64 * D.42
C. molossus Male 20 780.0 =+ 9.8 40.65 + 0.85
Pituophis melannleucus Male i 017.43 + 8.7 31.46 + 1.0
Female 10 BB5.24 + 4.7 3145 £ 0.85
Elephe subocularis Male 5 004.8 + 5.4 32,0 =+ 0.67
Female B BO4.5 + 5.2 31.68 + 0.67
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Table 5. Comparison of density of plants over
1 m tall in 50-x50-m plots for flve species
of snakes in Chihuahua, Mexico, 1975-77.

Number Mean number

of of plants =

Spenies plats  standard ervor |
Crotaolus atrox 57 . 411 + 0.7
Pituophis melanoleucus ] 338 + 1.0
Elaphe subocularis 17 8.4 + 0.9
C. malossus 20 27.3 + 0.7
C. scutulntus 74 26.8 + 0.5

D. merriami more often than the data in Table
6 indicate. No significant correlation exists be-
tween rodent species abundance and their fre-
guency of occurrence in the diets of either C.
molossus (r, = 0.8, P >0.05) or E. subocularis
(r, = 0.55, P > 0.05).
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Table 8. Relative abundance (no./km) and total number (in parentheses) of snakes collected in five
habitals along Highway 18, Chihuahua, Mexico, 1975-77.

Habitat
Mesquite- Creosote— Mountain
Species Tobasa grassland turbush Baojadn pediment
Crotalus scnfvlalus 1.96 0.99 1.46 1.38 0.21
n = 104 (30) (11) (36) (25) (9)
C. airpx 0.33 1.62 0.80 1.58 0.52
u =179 (5) (18) (22) {29) (5)
Pitunphis melannleucus 0.45 1.17 0.90 0.38 —
n =32 (7) (13 (5) %) -
C. molossus - - — 0.38 1.3
n =29 - - - ) (13)
Elaphe subocularis — — 0.08 0.53 0.82
n=2] - - (2 (10) (B
Totul km of each habital 15.6 11.3 n5.1 18.7 9.8
Percent ol totul hubitat 19.37 14.03 31.18 93,99 12,17

Crotalus atrox and P. melanclencus were  and Perognathus penicillains were associated
most abundant in mesquite-grassiand. The two  with mesquite-grassland and had the highest
most common rodents in the diets of each were  Frequency of oceurrence in the diet of C. atrox,
Dipodomys merriami and Peromyscus manicu-  but were absent in P. melanoleucus, A sig-
latus (Figs. 6 and 7). Both Sigmodon hispidus nificant positive correlation (r, = 0.66,

Table 7. Percentage disiribition by frequency of oceurrenee of prey species found in five species of
snakes in the Chihuahua, Mextea, siudy area, 1975-77.

Snuke specics

Crotalus Crotalus Crotalus Pltunphis Eluphe
utrox sculnlatus molpssus melanolenens  subacularis
Prey Species (n = 43) {n = 48) {n = 13) (n = 15) {n = 13)
Sylvilagus anduboni 4.1 2,1 - 13.3 -
Lepuy californicns - 4.2 - 13.3 —
Spermaphilus spilasnma 8.2 104 - 6.7 -
S. varlegatus 2.0 - - - —
Perognathus flaves 13,9 125 8.3 - R.3
P. intermeding 1.1 9.1 25.0 - 16.7
. penleillotus 0.2 6.2 - 8.7 -
Dipadomys merrtam! 18.4 27.1 18.7 0.0 16.7
D, spectabilis fi.] 12.5 - - —
Peromyscus eremicny 2.0 4.2 16.7 - 25.0
P. manicnlatus 14.3 10.4 B.3 98.7 —
Stgmaodon hisplduy i.1 - - - -
Neotoma atbigula - - 8.3 - 18.7
Birds 2.0 - 18.7 13.3 18.7
Reptiles 12.2 - - — -

Arthropods - B.3 -
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Fig. 3. Proportion of rodents trapped in the study aren {closed bars) and the Frequency of occurrence of each in

the diet of Crotalus scutulatus (open bars).

P < (.05) exists between the total abundance of
rodents and their frequency of oceurrence in the
diet of C. atrox, but not for P. melanoleucus (r,
= 0.55, P > 0.05).

Present in the diets of C. scutulatus, C. atrox,
and P. melanolencus was Sylpilagus auduboni.
The last twa snakes also contnined Lepus cali-
fornieus. A1l rabbits and hares found in
stomachs were immature; Lepus californicus
was represented by nestlings,

The distributions of rodent size in individuals
of C. atrox and C. scuivlatus (Figs. 8 and B)
show significant (P < 0.01) positive correlatons
between snake head length and rodent skull size
for each snake species, indicating that larger
sunkes ingested larger prey, When a snake at-
tnined a hend length of 30 mm, it was able to in-
gest the two most common species, Dipodomys
merriami and Peromyscus maniculaius. Below
this head length Perognathus flavus was the

mast common rodent in the diets. Since food is
swallowed whale, It is rensonable that large
food items are handled more easily by larger
snakes. This relation agrees with the findings of
Fitch and Twining (1948) for Crotalus viridis
and of Beavers (1978) for C. atrox.

Arena Studies

Cottam et al. (1959) stated that snakes often
kill prey items that are much too large to ingest
suggesting that there is no diseretion of prey size
made by a particular snake. On an energy ex-
penditure basis, however, this does not seem
reasonable.

In testing prey items, we found that snakes se-
lected prey on the basis of size. As shown in Figs.
10 and 11, the smallest snakes rejected prev
items too large for them to eat. Also, large
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Fig. 4. Proportion of rodents trupped in the study aren (clased bars) and the frequency of oceurrence of each

specles in the diet of Crotalus molossus (open bars),

snakes tended to ignore the smullest prey items
and concentrated on medium-sized rodents.
Retreat from large rodents was exhibited by two
Crotalus scutulatus, One snake (S-V 867 mm)
moved eontinuously in order to maintain o max-
imum distance from a Spermophilus variegatus
(the sguirrel walked on the snake & number of
times). The snake finally struck and disahled the
squirrel, but afterwards continued to maintain a
maximum distanee from it. A second snake (5-V
787 mm) behaved similarly when a Neotoma
albigula was offered. On this occasion,
however, the rodent devoured a considerable
amount of the snake's tail before the end of the
test. During this Hime the snake continued to
move nbhout the arena and never attempted to
strike the rodent. :

The arena data show that snakes selected for
catchability, handling, and potential danger of
the optimal-sized prey item; they rejected indi-

viduals that were too small or too large and
those that were potentinlly dangerous.

Discussion

OF the 20 snake species that oceur in this com-
munity, 5 have sufficiently high populations to
be important predators of rodents. The remain-
ing species are limited in numbers and distri-
bution on the study area, or do not eat mam-
mals,

Interspecific competition may be lessened hy
partial ecological isolation. Habitat differences
for these five snakes have been noted. Klauber's
(1972) descriptons of the habitats favored by
Crotalus atrox and C. scutulatus sugpest that
C. scutulatus generally is found in more barren
areas than C. atror. This was also true in the
present study but a large degree of habitat



110

60 o=

50 &=

4D ==

30 =

Percent

20 =~

10 =~

R. P. REYNOLDS AND N. J. SCOTT, JR.

wnjwv n

1 e £ n
" a E|= = 5 W)
- O e 01 o Ol
E|lE @ ra| ol =] dE] E
EHE glE c o 5
Bl g = Hi= 5
i 55 EHE EE EE 2
o e =
=115 - S a alal &)

torridus

Reithrodontomys

Spermophilus
Spermophilus

variegatus

spectabilis

Sigmodon
Iﬁsgi dus
albigula

Neotoma

Fig. 5. Proportion of rodents trapped in the study uren (closed bars) and the frequency of aceurrence of each

speeies in the diet of Elaphe subveulars (open bars).

overlap exists for these species and Plinaphis
melanoleucus. Pough (1886) also found consid-
erable habitat overlup for these species in south-
eastern Arizona,

Although Kluuber (1872) considered that
sympatric populations of two or mare species of
rattlesnakes could be competitive, it is generally
believed that this is only a temporary situation
(Pough 1966 citing Mayr 1863). In this light, the
broad averlap of C. atrox and C, scutnlalus in-
dicates that the species elther are not competing
or that the situation is unstable. Jacob (1977) de-
seribed a situntion in which C. atroxand C. seu-
tulatuy oceur syntopieally in an unstable desert
grassland ecotone deseribed by Morafka (1877)
and postulated that these species may be able to
coexist becavse their density is probably lower
than in stable arens and the food supply may be
exploited submuximally.

Although niche differences can be exlremely
subte, apparently there is considerable simi-
larity between the niches of C. atrox and C. scu-
tulatus, 1t seems reasonable to assume, as did
Klauber (1972), Damman (1961), and Pough
(1968), that where they occur together these
species are potential competitors. In view of
their studies and the present study it appears
that considerable habitat overlap is normal for
these species, suggesting that their respective
niches differ, Euch species is most abundant in
habltats and plant densiies that are different
from those of the other species.

In the study area C., molossus and Elaphe
suboculoris are almast entirely separated from
C. atrox, C, scultulatus, and P. melanolencus,
and may experience reduced ecompetition
through dilferenees in basie biclogy (size, mor-
phology, venom vs. conslrickion) and foraging
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Fig. 6. Proportion of rodents trapped in the study oren (closed bars) und the frequency of oecurrence of esch

species in the diet of Cratalus airox (open bars).

behavior (sit and wait vs. active foraging). Dif-
ferences in biology would allow for reduced
eompetition among Pituaphis mmelanolencus, C.
atrox, and C. scutulatus where the three occur
syntopically.

The prey community on which the snakes are
actual or potental predators is diversified in
terms of species, size, life forms, and behaviar.
Although = variety of rodents are used as prey,
the data suggest that some are eaten more than
others (e.g., Dipodomys merriami, Peromyscus
maniculatus, Perognathus flavus)., Considering
that most adaptntion is o compromise between
biotc and abiotic selective factors, we eannot
assume & priori that prey is exploited at max-
imum efficiency in a given predator-prey
system. MuecArthur and Levins (1064) provided
a theoreticol model in which an organism that
limits the variety of resources it uses enhances its

fitness. The use of certain prey would depress a
predator’s fitness if it has to expend more energy
obtaining the food than it recefves from it. Also,
the potential hazard of certuin prey items would
reduce a predator’s fitness. The predator would
do better to invest the time and energy needed to
obtain this prey item searching for 2 more re-
warding one. It is probable that certain rodents,
by virtue of their size, population density, abili-
tv to escape, activity patterns, Herceness, or
habitat preferences, essentinlly might never be
exposed to certain snake predators.

Perez et al. (1978a, 1978b) found that Neo-
toma micropus, Spermophilus mexicanus, and
Sigmodon hispidus have naturally oceurring
antihemorrhagic Factors {n their blood which
provide them with a high resistance to Crotalus
atrox venom, It is probable that N, albigula und
8. variegatus share such resistance. Cottam et al.
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(1959), on the Welder Wildlife Refuge in Texas,
found that the two most important food itemns in
the stomachs of C. atrox were N. micropus and
8. hispidus. In the present study, C. airox con-
tained S. hispidus and C. molossus had N, albi-
gula in their stomachs,

Natural resistance in these rodents is not sur-
prising because they live in the same habitat as
rattlesnakes and often in the same midden ns
waodrats. The enrnivorous diet of rattlesnakes
and their cohabitatibn with these rodents are
two passible reasons for the evolved resistance of
these animals to rattesnake venom. It is ap-
parent, however, that this defense ngainst rattle-
snake venom is not always effective, In terms of
the evolution of the predator-prey system, the
relaton of snake venom toxicity and the degree
of rodent resistance is a dynamie situation; the
rodents are constantly evolving resistance, and

snake venom {s evolving to overcome this re-
sistance, The cost of the system to the animals is
unknown.as Is the mechanism of neutralization
(Perez et al. 1878b).

Predator body size is an indieator of food size
for some species of mammals (Rosenzweig 1066;
MeNab 1971; Brown and Lieberman 1973;
Mares and Williams 1877), birds (see Schoener
1971 for references), lizards (Schoener 1068;
Pianka 1869, and amphibians (Fraser 1978).
Many snalees, as compared with other terrestrial
endothermic vertebrates, do not sharply discon-
tinue growth at sexunl maturity. This results in
mare variation in adult size. The kind of prey
taken depends on snake size; the smallest indi-
viduals are probubly most restrieted in terms of
the kinds of prey used (Wilson 1975). Stomach
content data (Table 7) show that lizards are in-
cluded in the diet of young Crotalus atrox and
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arthropods (insects and millipedes) were taken
by young C. sentulatus, Damman (1861) sug-
gested that C. seutulotus eat more lizards than
do C. atrox but presented no data to support this
staternent,

Food supply is the ultimate factor limiting
snake populations (Fitch 1949). The presence of
a diverse rodent community assures a reliable re-
source throngh ecological time. Also, it assures
food for snakes of all sizes since certain prey
species are taken largely by the young, and
nthers predominately by larger snakes, Consid-
ering the fluctuating nature of rodent popu-
lations in desert regions (French et ol. 1974,
Whitford 1976), the optimum strategy of a
mammal-eating snake would be that of a species
generalist. Within this prey spectrum, the snaoke
can then choose the optimal-sized prey.

In the present study, rodents such as D. mer-
riamni, Peromyscus maniculaius, and Perog-

nathus flavus are so abundant and widespread
that they are probably not limiting to snakes and
therefore there is no competition for them. They
may, however, become limiting during periods
of extreme population decline. Crotalus scutu-
lotus, C. atrox, and P. melanolencis are most
widesprerd throughout the various habitats and
have the greatest number of rodent prey species
available to them. In comparison, C. molossus
and E. subocularis are more restricted to rock
habitats and have fewer common rodents avail-
able as prey. Birds represent a large proportion
(16.7%) of the diets of both these species and
they were the only snokes containing Neotoma
albigula, The inclusion of birds and waoodrats in
the diet would provide an alternative food re-
source and reduce competition between these
species for the remaining rodent species. Also,
Degernhardt and Degenhardt (1965) noted that
E. subocularis feeds on bats in eaptivity. Both E.
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guttata and E, obsoleta reportedly prey on bats
in nature (Herreid 1881), and it seems likely that
E. subocularis would also. Inclusion of bats in
the diet of E. subocularis could reduce com-
petition between this sneke and the less scan-
sorial C. molossus.

Other vertebrate predators observed in our
study area included canids (three species), n
felid, procyonids (two species), mustelids (bwo
species}, hawks (three species), and the great-
horned owl (Bubo uvirgintanus). In contrast
with the associated predatory mammal and bird
species, snake papulations aceur in much higher
concentrations. Fitch (1949), in an area where
ell predantors were abundant, estimated that
there were 120 rattlesnakes to each horned owl,
190 to a red-tailed hawk (Buteo jomaicensis),
und hundreds to & coyote (Canis Iatrans), Fae-
tors favoring such concentrations are the rela-
tively small size und the low metabolic rate of
snakes allowing subsistence on small {ood items
with long fasts intervening. Also, snakes are
relatively long-lived compared with their prey
species and may outlive many pgenerations of
rodents, and thus survive drastie, periodie
changes in prey numbers, Birds and mammals
are considerably more vagile than snakes and
may respond to reductions of prey populations
by moving to new areas, whereas snakes are
physiologically better able to weather times of
prey scarcity. Snakes, therefore, may have a
more continuous influence on pray populations,
especially during times of prey scarcity, than
those predators whose numbers track the popu-
lation eyele of prey species,

Snake predation on rodent populations on the
San Joaguin Experimental Range had a minor
effect on rodent population contro] (Fitch 1949),
but combined with ather vertebrate predators,
predation aceounts for a large part of the annual
surplus of rodents. Small mammal populations
probably are not predator limited. This has been
shown lor Sciurus vulgaris (Formozov 1833),
Sciurus niger (Allen 1943), Ratius naoroegicus
(Davis 1851), Ondatra zibethicus (Errington
1963), and Microtus californicus (Pearson 1968,
1871). Presnull (1950) has similarly concluded
that, although rodents are preyed upon in-
tensively, the fluctuations in their numbers are
not determined by predation. This applies to
such species ns the meadow mouse (Microtus
pennsyloanicus), kangaroo rat (Dipodomys sp.),
cottontail rabbit (Sylvilagus floridanus), and
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jackrabblt (Lepus californicus) (Presnall 1850).

Foraging

Pyke et al. (1B77) stated that dietary simi-
larity is central to determination of compelitive
coexistence of species and that predalion, as
determined by the foraging hehavior of all ani-
mals in a ecommunity, is the core of its structure.
There is a range of possible foraging behaviors
determining what prey is eaten, choice of patch
type in which to hunt, allacation of time to a
patch type, und the patterns and speed of move-
ments. Differences in forapging of the predators
and prey in the present study are Important to
limiing compettive interactions.

Crotalus atrox, C. seutulatus, C. molossus,
and E. suboeularls are primarily noctnrnal,
wherens P. melanolencus is diurnal until the
onset of summer rains when it becomes crepus-
cular. Among a group of mammal-eating verte-
brates with similar morphologies, noncoineident
feeding times could be & mechanism for reduc-
ing competition if the prey were also noncoin-
cident in their activity. The heteromyid and
cricetid rodents (except Sigmodon hispidus) and
lagomorphs are primarily nocturnal or erepus-
cular, whereas the squirrels, S, hispidus, birds,
and lizards are diurnal or crepuscular in ne-
tivity, The opportunity to relieve competition
through temporal activity differences of
predutors and prey is present in this community.
The food items of P. melanoleucus contain
crepuscular and divrnol prey including S.
auduboni, L. californicus, S. spilosoma, and
birds; however, this snake actively searches for
prey, often raiding rodent nests (Fitch 1949). As
rodent nests are generally underground, it is
probable that adult rodents are taken in their
burrows as the snake searches [or the nest.

In the present study, S. hispidus was found
only in the mesquite-grassland where P.
melanoleveus had its highest frequency of oc-
currence. However, no S. hispidus were in-
cluded in the diet of this snake species. Tt ap-
pears that P. melanoleucus is better adapted to
foruging for rodents in underground burrows
than to hunting S. hispidus in grass runways.

The arena tests showed that both P. melono-
lencus and E. subocularis actively pursued their
prey shout the test arena, whereas C. atrox,
C. seutulatus, and C. molossus employed a sit-
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and-wait strategy. The three Crotalus species re-
mained maotionless in the bebhavior box until a
rodent walked to within striking distance, at
which time the snake would strike. A greater
number of prey species were found in the diet of
the Crotalus as compared with the colubrids
(Table 7). Random draws, however, from the
Crotalus samples to adjust for sample size dif-
ferences between Crotalus and the colubrids
show no significant differences in the number of
iterns included in diets. The mobility of the cal-
ubrids allows the optimal use of suitable habitat
patches by hunting only in those patches where
the tme per item caught is short. The model
presented by MaecArthur and Pianka (1966)
predicts that “pursuers” (i.e., sit-and-wait
predators) should show more restricted pateh
nse than searchers where food is dense, The sit-
and-wait Crotalus, as opposed to the searchers,
employ a passive mode af hunting which die-
tates opportunism and relies on the mobility of
the prey, using suitable prey in the proportion
that they oceur in the environment. There ap-
pearss to be no differences in suceassfully procur-
ing prey bebween the foraging methods
employed by the Crotalus or colubrids.

Habitat Segregation

The patterns of diversity and interspecific
separation of the prey and predatory commu-
nities herein described are largely based on
habitat segregation. If snakes are competing for
food, spatial differences in habitats of sympatyic
snakes will most effectively reduce competition
when these differences coincide with spatial
habitat differences of prey species. Schoener
(1974) noted that the habitat dimension Is usual-
ly more important than food type in resource
partitioning among reptiles, and concluded that
isolation by habitnt is more important to ter-
restrial animals than it is to nquatic animals. In
those studies dealing with aquatie or semi-
nquatie snekes (Carpenter 1052; Fleharty 1067;
Mushinsky and Hebrard 1977) the food dimen-
sion was found to be more important than
habitat. Shine (1977), however, found that for
six elapid snuke species in Australin, habitat
separaHon ployed a more prominent role than
food type in resource partitioning. These snakes
were opportunistic feeders, relatively unselec-
tive with respect to prey type or prey size, due to
the limited food resources available, He found a

R. P. REYNOLDS AND N. ]. SCOTT, JR.

preponderance of lizards and frogs in the diets of
all species and suggested this is due to the secarci-
ty of small mammals and Hsh in Australia.

Recently, Maiorana (1978) concluded that
spatial dispersion of two plethodontd salaman-
ders widely sympatric in California allowed for
their coexistence and regulated population den-
sities. The evidence suggested that burrows were
the regulating resource and differences in diet
simply an epiphenomenon of the sputial dis-
tribution.

The use of food and habitat dimensions are
clearly complementary in the snnkes studied.
There are mare food and habitat types available
to n snake that it uses. This indicates that 2 snake
exhibils a choice as to the habitat it occupies or
prey It eats. Within a habitat type, evolution
would favar these snake phenotypes that are
better at extracting energy from the more avail-
able prey types.
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