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Abstract

Activity patterns of the lizards in a Chihushuan Desert ereosotebush (Larrea tridentata)
community were studied by walking fixed transects an a marked grid and recording ac-
tivity of individual lizards. We found considernble spatial averlap in Cnemidophorus
tigris and Holbrookia lexana; however, individuals that overlapped spatially were nctive
at different times. We distinguished five distinet activity patterns in C. tigris and H. tex-
ana, whereas Ute stansburiana, Sceloporus magister, Phrynnsoma modestum, P. cor-
nutwm, and Crolaphytus wislizenii were himodal. Tndividual nctivity patterns varied:
some were active only in the morning, only in midday, only in the afternoon, moming and
afternoon, or all day. Mast lizards were active less than 25% of the days of observations.
Exceptions were a few large male H. texana that were active between 40% and 70% of
the days. We suggest that temporal separation of activity reduces intraspecifie competition
and increases carrving capacity in species for which food is probably not a limiting

resourece,

Recently there has heen considerable interest
in resource partitioning in lizard communities
(Pianka 1973;: Huey and Pianka 1977). Species
typically divide resources along three dimen-
sions: food type, habitat, and time (Pianka
1869); most studies have focused on habitat seg-
regation, food size and body size, and daily and
seasonal acHvity patterns (Schoener 1974).
These studies, of necessity, have largely ignored
differences in activity patterns among individ-
uals in the populations of component species in
order to focus on the overall patterns of resource
partitioning. Several studies have shown that
Iizards in climatically varying habitats exhibit
interspecific differences in activity periods (In-
ger 1959; Hillman 1969; Schoener 1970), but
studies that have considered activity patterns of
individuals have been limited to a single species
(Irwin 1885; Simon and Middendorf 1976).
Simon and Middendorf (1976) suggested that in-
traspecific partitioning may reduce competi-
Hon, increase feeding efficieney, and increase
carrying eapacity. However, few studies have
concentrated on temporal partitioning;
Schoener (1974) indicated that temporal par-

titioning was much less important than food and
habitat.

In studies of four sympatrie species of Chi-
hushuan Desert ants, Whitford and Ettershank
(1875) and Whitford (1978) showed that tem-
poral partitioning was extremely important in
species packing in Chihuahuan Desert ant com-
munities; however, no attempt was made to fol-
low the activity patterns of individual colonies.

Simon and Middendorf (1976) studied indi-
vidual Sceloporus jurrovi and found that most
adult activity was in the early morning and most
juvenile activity occurred near noon. They also
found that individual lizards were active an
average of only 2.5 days per week.

In our studies of Chihuahuan Desert lizard
communities (Whitford and Creusere 1977), we
found seasonal differences in activity patterns of
lizard species. We hypothesized that temporal
partitioning might be as important in Chi-
huahuan Desert lizards as it seemed to be in the
ants, and that there would be differences in ac-
tivity patterns between juveniles and adults as
suggested by Simon and Middendorf (1976).
Therefore, we designed a study of the activity
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patterns and microhabitat use of individual
lizards of the eight species included in a
Chihuahuan Desert lizard community. Here we
report the results of that study.

Methods and Materials

The study area was on a watershed draining
the southeast slopes of Mt. Summerford of the
Dofia Ana range on the New Mexico State Uni-
versity Raneh, 40 km NNE of Las Cruces, Dofia
Ana County, New Mexico. The watershed in-
cludes an alluvial fan (bajada) dissected by nu-
merous ephemeral watercourses (arroyos) which
drain into an ephemeral lake (playa). The soils
on the bajada are shallow and sandy and the cal-
cium carbonate deposition layer (caliche) ocenrs
from a few centimeters to over a meter below
the surface. The caliche layer is absent in ar-
royos that have complex soils varying from
gravel to loam. The 50-year average precipi-
tation for the area is 225 mm/year; peak rainfall
occurs during July and August {Houghton
1972). Summer maximum air temperatures
reach 40°C and freezing temperatures are re-
corded from October through mid-April (data
from the Jornada Validation Site Weather Sta-
tion).

The vegetation is typical of large areas in the
northern Chihuahuan Desert. The well-drained
areas on the bajada have an essentially mono-
typic cover of ereosotebush, Larrea tridentata
(23% cover), and all other species contribute
about 1% cover. The arroyos are lined with a
number of plant species including mesquite,
Prasopis glandulosa (about 2% cover); tarbush,
Flourensia cernua (1.5% cover); desert willow,
Chilopsis linearis (< 1% cover); apache plume,
Fallugia paradoxa (0.8% cover); and two yue-
cas, Yucea elaia (0.2% cover) and Y. baccaia
(0.1% cover). The bajada slope varies from 5%
to<1%.

Studies were conducted on a 160- x 60-m grid
bisected by a large arroyo. Nearly all lizards in
this area were captured by pitfall traps, noosing,
or hand-capture. Each individual was toe-
clipped, marked by a tricolored code with
enamel paint on its dorsum, and released. Mark-
ing had no visible effect on activity patterns and
permitted pasitive field identification of a lizard
without subsequent handling. The paint re-
mained intact from 4 to 8 weeks and lizards
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were repainted when identification became dif-
ficult.

A buffer grid was established 60 m on all sides
of the main grid. The buffer was used to obtain
complete home ranges of animals captured on
the primary grid. No pitfall traps were estab-
lished in the buffer zone. All species except
Cnemidophorus tigriv were either noosed or
hand-captured and color-coded. Data for spe-
cies activity was obtained from the main grid,
wherens patterns of activity of individuals in-
cluded data from both.

A predetermined transect across both grids
was walked each hour to record individual ac-
tivity throughout the day. When a lizard was
observed, its color code, location, and time of
observation were recorded. Data reported here
are based on 100 15-h days of observation from
May through Oectober 1975, Climatic data for
the periods of observation were cbtained from a
standard weather station on the site,

When a lizard is “active” on the surface, it
spends Hme searching or waiting for prey alter-
nating with or combined with thermoregulatory
behavior. Data obtained from transects pro-
vided information only on the type of activity
the individnal was engaged in at that time.
Therefore, we could not divide activity into
component behaviors as is possible if individual
lizards are followed for extended periods of
time, In this study we define “activity” as any
behavior occurring on the surface.

We could not use the method of Tanner and
Krogh (1974) to evaluate activity. Their methad
assumes equal probability of sighting for all spe-
cies. The Jornada is more densely vegetated than
the Nevada Test Site studied by Tanner and
Krogh (1974), particularly in the arroyos where
large perennials block vision. Lizards were often
heard but could not be identified before dis-
appearing into shrubs or a burrow.

Behavioral characteristies of species had an
effect on the reliability of the data. For example,
some sightings of C. tigris could not be included
in the analysis because the individual could not
be identified. Cnemidophorus tigris was ex-
tremely wary and ran into a burrow if ap-
proached too clasely. We were unable to ap-
proach this species to noose it, and had to rely on
can traps for capture and painting, Even with
binoeulars it was difficult to identify individuals
when they were running. There was also a high
probability of missing ervptic species such as
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Crataphytus wislizenii and Phrynosoma modes-
tum. Holbrookia texana was much less wary
than C. #igris and could often be approached to
within 10 m.

To compare species occurring at different
densities, we weighted activity by setting the
largest sum of all observations for an hour equal
to 1.00 and expressing the activity in all other
hours as a percentage of that sum.

Spatial overlap was determined by plotting
the sightings of individual lizards on maps of the
stndy area. Boundary lines were drawn connect-
ing the outermost sightings for each individual,
thereby enclosing the “area of activity.” Area
overlap between individuals of the same or dif-
ferent species was then taken from these plots. If
all sightings of a given lizard were completely
within the boundaries of the area of activity of
another lizard, the spatial overlap was set at
1.00. Spatial overlap less than 1.00 was set as the
percentage of activity area common to both
lizards.

Resulis

Species Activity Patterns

Five species (Crotaphytus wislizenii, Phry-
nosoma cornutum, P. modestum, Sceloporus
magister, and Uta stansburiana) had bimedal
activity patterns, Cnemidophorus tesselatus had
unimodal activity (in the morning only); C.
tigris and Holbrookia texana were active maost of
the day (Fig. 1). Cnemidophorus tesselatus and
C. tigris exhibited maximum activity between
0800 and 0900 h. Sceloporus magister had its
maximum acHvity at 0730 h and P. modestum
was most active at 1730 h. Crotaphytus wis-
lizenii und H. texana exhibited peak activity be-
tween 1000 and 1100 h, and Phrynosoma cor-
nutum was most active between 0730 and
0930 h. The afternoon peak activity was usually
considerably shorter than the morning peak for
all species; however, U. stansburiana was most
active shortly after sunrise (0630 h) and between
1800 and 1800 h on days when cloud cover re-
duced insolation, Cloud cover appeared to de-
press the activity of all species except U. stans-
burigna. Nearly all individuals of this species
were active on cloudy afternocons but were rare-
ly encountered on clear afterncons. The most
frequently observed lizard species were H. tex-
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Fig. 1. Activity patterns of the lizards in o Chihua-
huan Desert community. The activity index was de-
rived by setting the largest number of observations
equal to 1.00 and expressing the number of observa-
tions for all other hours as a [raction of 1.00. Dashed
lines represent activity of females, solid lines the ac-
tivity of males, and dol-dash lines the sum of the ae-
tivity of all individuals seen, some of which were not
sexed.

ana and C. tigris, which were also the most
abundant (Whitford and Creusere 1877). We
usually saw more males then females (Fig. 1),

Several hundred hours of observations yielded
only 11 interspecific encounters. Seven af these
resulted in both individuals fleeing a short dis-
tance, then immediately continuing their search
for food. Three encounters between male
U. stansburiana and C. tigris of both sexes re-
sulted in the larger C. tigris ignoring the hob-
bing of the former and continuing its search for
termites. The only successful interspecific
defense of an area occurred when a female
P. cornuium charged and pursued a large male
C. tigris that had wandered into her territory
while she was depositing eggs.
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Fig. 2. Activity of the 10 most [requently encoun- Lo
tered Cuemidophorus tigris. Dashed lines represent
females, solid lines males, Snout-vent (S-V) lengths "
of males are on the left, 5-V lengths of females on »
- 1
the right.
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Individual Activity Patterns

Individuals in each species consistently main-
tained a preferred time of activity that made up
only a portion of the total activity for the
species. Within the populations of C. figriv and
H. texana, we found five main patterns of daily
activity: (1) early morning only, (2) midday on-
ly, (3) afternoon only, (4) both early morning
and late afternoon, and (5) activity throughout
most of the day (Figs. 2 and 3). The activity pat-
terns of U. stansburiana are typical of species
having a bimodal activity pattern. Individual
lizards of bimodal species showed three patterns
of activity: (1) morning only, (%) afternoons on-
ly, and (3) both mormning and afternoon (Fig. 4).
Cnemidophorus iesselatus was restricted to
morning and midday activity on the study site
but was observed to be active throughout the
day in adjacent areas.

We made sufficient repeated observations on
30 of the 81 marked C. ligris to provide reliable
estimates of individual activity patterns. Eight
exhibited early marning activity, five were ac-
Hve only at midday, seven were active only in
- the afterncon, seven exhibited both morning
and late afternoon activity, and three were ac-
tive throughout most of the day. However, none
of these individuals were seen on more than
25% of the days and most were seen only
10-15% of the days. The patterns of 10 of the
most frequently encountered C. tigris are shown
in Fig. 2. Of the 13 H. texana, 3 were active on-

Fig, 3. Activity patterns of the 10 most frequently
encountered Holbrookia texana. Dashed lines repre-
sent females, solid lines males. Snout-vent (S-V)
lengths of males are on the left, S-V lengths of
females on the right.
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Fig. 4. Activity patterns of six Uta stanshuriana sc-
lected to show the different activity patterns dis-
cussed in the text. Dashed lines represent females.
solid lines males. Snout-vent (S-V} lengths of males
are on the left, 8-V lengths of females on the right.

ly in the momnings, 2 were active only in the af-
ternoon, 3 were bimodal, and 5 were achve
throughout the day (Fig. 3). Three of the large
male H. texana were seen on 60-70% of the
days but the remainder were only seen on
15-40% of the days. Of the 13 U. stansburiana,
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5 were active only in the morning, 4 were active
only in the afternoon, and 4 were bimodal
(Fig. 4). The three P. modestum and three
S. magister were bimodal. Three P. cornutum
were active only in the morning, one was active
only in the afternoon, and one was bimodal.
Twao C. tesselatus were morning active only and
one was active only at midday. Of the four
C. wislizenii, two were bimodal, one was morn-
ing active, and one was afternoon achve.

In previous studies (Whitford and Creusere
1977) we noted that the number of individuals
observed hourly seldom exceeded 25% of the
population based on mark-recapture estimates.
When we inereased the number of observers to
six and walked a 60-m-wide transect across the
site, we improved only slightly; 35% of the esti-
mated population was observed. Previous pitfall
trap data for 1970-74 indicated that many in-
dividuals were captured several times in one
area followed by several weeks without recap-
ture before being taken again in that area. We
inidally assumed that these lizards foraged in
adjacent areas for a period of time before re-
turning to the trapping grid. However, frequent
sightings of individuals were followed by
periods with no sightings on either the grid or
buffer zone, which suggests these animals may
have been aestivating. Some individuals of all
species remained active throughout the summer.

The individuals that had short periods of ac-
Hivity were feeding during most of that period.
Lizards with more extended activity periods fed
in short spurts throughout the activity period,
spending the remainder of the ime at rest on the
surface.

Spatial Patterns

To adequately interpret the temporal activity
patterns of individual lizards, it is necessary to
examine their spatial distribution. There was lit-
tle spatial overlap in the species occurring at low
densities, and here we present data only for
C. tigris and H. texana.

The overlap of male and female C. tigris was
almaost complete (Fig, 5). Of the area occupied
by males, 47 % was used by only one male, 37 %
by two, 11% by three, and 5% by four. The
average number of individuals using a given
point within all the male activity areas was 1.7,
Maximum overlap values for male C, tigris are
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Fig. 5. Spatial overlop in Cnemidopharus tigris. The
upper plots are for mules and the lower plats for fe-
mules. Different patterned arens indicate use by
zero to four individuals of the same sex. Grid points
are 20 m apart.

as follows: 1.00 overlap with at least one other
male, 0.80 with at least two other males, and
0.50 with three or four other males (i.e., one
male’s achivity area was completely contained in
the areas of other males, 90% of one male's
activity area fell into areas used by two or more
other males, and 50 % of one male’s activity area
was used by at least three other males).

Female use of space was similar: 51% of
female activity areas was used by only one, 35%
by two, 11% by three, and 4% by four. The
average number of females using a given part of
an ackivity area was 1.7 —the same as for males.
Maximum overlap for female activity areas was
0.81 with one or more other females, 0.45 with
twao or more others, and 0.45 with three or four
others.

Among male H. texana, the maximum ob-
served overlap was 0.62 with at least one other
male, 0.50 with bwo or more others, and none

- averlapped with three others. There was vir-

tually no overlap in H. texana females; the max-
imum overlap for any female activity area was’
0.12 with one other.
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In spite of overlaps, we almost never observed
more than one individual of a specles in prox-
imity to another of the same species.

During the few weeks when both adults and
juveniles were active, the adulis tended to re-
main in the vicinity. of denser vegetation and
juveniles appeared to be relegated to more open
vegetation. For example, adult H. fexana were
usually found in large arroyos having >1 m* of
open stream bed, some rocks, and dense elumps
of apache plume at the edge. Juvenile H. texana
were found in the open upland areas of creo-
sotebush until the adults ceased activity late in
the season. The juveniles then migrated to the
4rroyos.

Discussion

The most intriguing result of these studies is
that in the most numerous species individual
lizards exhibited consistent but abbreviated pat-
terns of activity. Many individuals in the popu-
Iation do not overlap temparally although these
same individuals may overlap spatially. This
temporal separation reduces intraspecific com-
petition and increases carrying capacity prob-
ably by increasing feeding efficiency. This seems
particularly likely in C. tigris, which occurs at
densities of 30-40/ha (Whitford and Creusere
1977) and which have home ranges of about
0.57 ha (range 0.1-2.4 ha) in this study.
Cnemidophorus tigris feed primarily on termites
(Pianka 1870) by rooting through acenmulations
of leaf litter. Although a morning feeder would
disturb the termites and remove a small num-
ber, the subterranean galleries of the termites
would be left undisturbed. IF the litter is in a
shaded, temperature-moderated area, the ter-
mites will reenter within a few hours (Johnson
and Whitford 1975; W. G. Whitford, personal
observation). Thus, individual lizards active at
different times of the day could feed in the same
location. Even at densities of 30-40/ha,
C. tigris is not likely to deplete the termite pop-
ulation which we estimate conservatively to ex-
ceed 1,200/m® (Johmson and Whitford 1975)
With a food resource as large and temporally
Hexible as termites, C. tigris can exist at high
densities avoiding intraspecific competition by
utilizing the same space at different times of the
day.

Simon and Middendorf (1976) presented the
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only recorded example of spatial and temporal
overlap in a single species of lizard and stated
that little overlap has been deseribed in any tax-
on. Here we document temporal and spatial
overlap in C, tigris and H. texana. We suggest
that such overlap may be the rule rather than
the exception, particularly in species that
achieve high densities. There are many species
of organisms that use extremely abundant food
resources and that occur at densities that should
result in considerable intraspecific competition
because of spatial overlap. Intraspecific inter-
actions are energy expensive and, if agonistie,
can be damaging. There appears to he remark-
able lack of intraspecific agonistic behavior in
harvester ants (Whitford 1976), and in C. tigris
and H. texana ss documented in this study. It
seems likely that temporal separation could be
behaviorally established early in a season and
maintained throughout the season.

Spatial overlap of a male and female in sex-
ually repraducing species is expected, but spatial
overlap of several males is not. The relation be-
tween lizard body size and extent of activity sug-
gests the behavioral establishment of a temporal
hierarchy. In H. texana, the largest lizards ex-
hibited the all-day pattern of achvity, The
smaller lizards had the more temporally re-
stricted activity pattern. This could be inter-
preted as dominant-subordinate interaction; the
subordinate is relegated to less favorable for-
aging times. The peak activity of ground and lit-
ter arthropods is in the early morning and eve-
ning when temperatures near the ground are
more favorable for their activity (W. G. Whit-
ford, unpublished data). Larger lizards may
have to spend more time active on the surface to
maintain bady temperatures at preferred levels
for digestion and other physiological processes,
and they may require a longer time to fill their
stomachs. This need for an extended feeding-di-
gestion period seems to be a reasonable ex-
planation for the body size-activity pattern in
H. texana,

It is apparent from this study that individual
lizards are not surface active every day; the data
suggest that most are active about 2 days per
week or less. Simon and Middendorf (1976)
found that Sceloporus jarrovi were active on the
average only 2.5 days per week. Even allowing
for large errors in our data due to the limitations
of the walking transect technique, we can state
with confidence that individual lizards were ac-
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tive less than 50% of the time with the few ex-
ceptions noted in H. texana. Considering a pat-
tern of surface activity that is less frequent than
daily and the reduced diel activity patterns of
individual lizards, it is apparent that temporal
partitioning is much more important than pre-
viously thought (e.g., Schoener 1874) and de-
serves furthier investigation to see if this results in
a partitioning of food resources.
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Use of Cave Resources by a Lizard Community
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Abstract

A community ol three lizard species exploits the resources of a system ol caves at Puerto
Marquez, Guerrero, Mexico. The eaves provide u stable, low-temperature, high-
humidity environment with variable and sparse food resources. Anolis taylori, Phyllodac-
iylus lanei, and Lepidophyma smithi differ in the degree to which they ubilize the cuve
resourees. These differences are apparent in uctivity pattern, body temperature, evapora-
tive water loss, and diet. Adaptations for cavernicolous life involve absence of a diel ac-
tivity cycle, absence of thermoregulatory activity, low resistance to water loss, and a
generalized dict that, nt Puerts Murqguez, includes decaying fruit and probably carrion.

Cave communities are distinetive in that they
contain no photosynthetic autotrophs (Barr
1967, 1968; Poulson and White 1969). The food
web within a cave is based on detritus which is
transported from the outside by flaading or ani-
mal movements. Cavernicolous animals must
therefore be adapted to food resources that are
often scarce, of little nutritive value, or sporadic
in availability. As a consequence of these
energetic restrictions, the subterranean rcom-
munity is greatly simplified compared to its
epigean counterpart, both in terms of lower
species richness and standing erop biomass.
Caves are buffers to changes in the outside cli-
mate. Temperature is stabilized at very near the
average yearly epigean temperature, and
humidity is high and stable. The magnitude and
lag of fuctuations depend on how apen the
system is, which in turn depends on the size,
number, and exposure of entrances, und the dis-
tance from the entrances (Poulson 1964).

Most cavernicolaus vertebrates are facultative
although a small number of salamanders and
fishes are obligate cave inhabitants. Few lizards
are associated with cave communities. Xantusiid
lizards of the genus Lepidophyma have been
found in caves (Walker 1955; Smith and Alvarez

'Present Address: Laboratory of Nuelenr Medicine and
Radiation Biology, University of Cuolifornin at Los
Angeles, Los Angeles, California 90024,

del Toro 1977) but little is known of the biology
of these species.

I report here on the use of a cave system in
southern Mexico by three species of lizards:
Anolis taylori, Phyllodactylus lanei, and Lep-
idophymna smithi. Different degrees of adapta-
tion to cavernicolous life are shown in eom-
parisons of the activity patterns, thermoregu-
lation, water loss, and diet of these species.

Materials and Methods

Observations were made in August 1973, July
1974, and January and November 1976, at a site
2 km west of Puerto Marquez, Guerrero, Mex-
ico. Caves in this region are formed by large
granitic boulders that are piled in ravines drain-
ing steep hillsides. The boulder aggregations
produce a system of caves with multiple en-
trances and extensive twilight zones grading to
complete darkness in the deeper recesses
(Fig. 1). This unique structure permits input of
detritus and provides access to animals over a
large surrounding area. The surface vegetation
is a semideciduous tropical forest. Average
monthly temperatures range from 262 ta 20°C
and average annual rainfall is 1,400 mm, nearly
all of which falls between May and October (In-
stituto de Geographica, Universidad Nacional
Autonoma de Mexico).
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Fig. 1. Interior view of a cave at Puerto Marquez,
Cuerrero, Mexico. Roots of fig trees, Ficus petio-
laris, entwine boulders and penetrate ta soil below,
The boulder in the lower center of the photograph
is nbout 1 m in diameter.

Measurements of temperature and humidity
in the cave twilight zone and forest flaor en-
vironments were made with a sling
psychrometer held 1 m above the substrate.
Lizard body temperatures were measured
within seconds of capture by cloacal insertion of
a Schultheis rapid registering mereury ther-
mometer. All thermometers were calibrated
against a National Bureau of Standards certified
mercury thermometer; humiditdes were caleu-
lated from List (1949). Lizard activity was de-
termined by direct observation and trapping
{Mautz and Lopez-Forment 1978). Evaporative
water loss was measured in the field by direct
weighing. Lizards were placed in plastic boxes
10 em on a side with screen floors over a layer of
mineral oil. The boxes were roofed with addi-
tional screen to permit equilibration with the
stabilized microclimate of the cave. Lizards
were weighed t0 0.01 g every 24 h. Fecal masses
were callected and stored under oil for deter-
mination of water content by the method of
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Minnich and Shoemaker (1972). Water loss data
from animals that defecated were discarded. A
series of animals were collected for analysis of
gut contents.

Results

The diel varjation in temperature and vapor
density deficit is plotted in Fig. 2 for sites both
inside and outside the caves during wet and dry
seasons. Vapor density deficit is the difference
between the concentration of water vapor in the
air and the saturation concentration of water
vapor at the air temperature. It is a measure of
the evaporating potential of the air; high values
of vapor density deficit represent u high evap-
oration potential. During both wet and dry
seasons, the cave environments maintained a
steady and low temperature and vapor density
deficit, eyeling between 24° and 27°C und 2 to
5 g/m®, respectively. Organisms in the cave en-
vironment enjoy the benefits of a reduced evap-
oration potential, but must contend with a tem-
perature regime which, while stable, is rela-
tively low,

The three species of lizards dilfer markedly in
the time spent and the aetivities performed in
the caves. The ignanid, Anolis taylori, moves in-
to the eaves shortly before sunset and is inactive
through the night. These lizards cling to open
vertical surfaces and do not seek the close con-
[ines provided by thin crevices within the caves.
This behavior may minimize the risk of pre-
dation by large scorpions and amblypygids,
which frequent Fssures in the cave walls. The
anoles do not penetrate to the dark zone of the
caves at any time during the night. At dawn
they move to the surface to forage and bask. The
gekkonid, Phyllodactylus lanei, can be found on
the walls and in crevices within caves by night
or day; it is also found on the surface outside of
caves from shortly after sunset to midnight. Ten
specimens collected [rom the surface all had
food in their stomachs. Four of these contained
intact arthropods, indicating that the lizards
forage on the surface at this time, The xantusiid,
Lepidophyma smithi, is found only within
caves. Individuals were located by night and
day within erevices and on the walls, and they
were captured in equal frequencies by day or
night in traps baited with fish (Mautz and
Lopez-Forment 1978). Lepidophyma smithi



RESOURCE USE BY CAVE LIZARDS 131
WET SEASON DRY SEASON
3l 3ie
ao} e 3o} o ’§~ o o
’l ~ o, SN0
s 2 23} N
g / s / N4
E 28 ! T~ 28} ‘e
: ' \ : .
e 27\ ! \ 271
i S . d /\/.\" = o = 0
CL ~- | 26l N " o N
\ \
25} \¢ 251 A
24 ! 1 i 1 1 ] 13 ] {l 1 1 ] 24 i 1 { S| L 1 1 1 ] ] ]
2 4 6 8 10 12 4 8 18 20 22 24 2 4 © B 0 2 14 (6 18 20 22 24
~ 12F 2r
-I‘E - - »\ 1
& lof e 10} I/ .
13 i ! N i 4 A
o = -
£ B8 - / \k 8 - ! \
> 8 * ! S~ .-—”‘\ - / \‘
S o R ' N
] B - - e
N P ! N
Boep . | ’y'/\/_,_.\‘;a—k_
§ of \__/_/\__/\/\w/.\ ol -~
< - -
> TN N W N SN DU SO YU FUURN | TR WO N | TSN RN WA HNN WU TANUNONS TR MR TRUUN SN TR TON |
2 4 6 B 0 12 14 16 1B 20 22 24 2 4 6 8 10 12 14 16 B 20 22 24

TIME OF DAY {HOURS)

TiME OF DAY {HOURS)

Fig. 2. Microclimate varintion and lizard body ternperatures at Puerto Marquez, Guerrero, Mexico. Dashed lines
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thus appears to forage without a diel activity cy-
cle.

Temporal and spatial differences in the ac-
tivity of these lizard species are correlated with
their body temperatures (Fig. 2). By day,
A. taylori frequents tree trunk and ground mi-
crohabitats where it basks in the early morning
and late afternoon, elevating its body temper-
ature to 30°C. During midday, the air tem-
perature is sufficiently high for the lizards to
maintain activity temperatures without bask-
ing. Shortly before sunset the lizards mave into
the openings of the caves and assume sleeping
positions; their body temperatures then closely
approximate cave air temperature. Phyllodac-
tylus lanei exhibits two kinds of body tem-
perature cycle depending on whether the ani-
mals emerge or remain in caves in the evening,
Animals remaining in caves have body temper-
atures equal to cave air temperature. Emergent
animals achieve evening body temperatures
higher than outside air temperature by heat con-
duction from boulder surfaces warmed earlier

by sunlight. Later at night large areas of the
boulder surfaces exposed to the night sky may
cool by radiant heat loss to levels below air tem-
perature, The low body temperature of a
P. lunei at 2300 h on 29 November (dry season
data, Fig. 2) is probably a result of contact with
an exposed boulder surface [rom which it was
collected. Since L. smithi do not leave the caves,
their body temperatures consistently equal cave
air temperature.

Rates of water loss in milligrams H,O/g per h
of the three lizard speeies (Table 1) do not differ
significantly (F = 0.48); however, differences in
the body weight and activity of the animals ob-
scure physiological differences in their resistance
to water loss. Lepidophyma smithi is nearly
three Hmes as massive as the other species, but
its surface area, estimated by SA = 10-W?¥?
(Benedict 1932), is less than kwice that of the
others. Thus the conductance of water vapor for
L. smithi, expressed per unit of surface area in-
stead of per unit mass, is higher. The reciprocal
of conductance, resistance; will be correspon-
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Table 1. Evaporative and excretory water loss of Anolis taylori, Phyllodactylus lanei, and Lepid-
ophyma smithi. Values are means + standard errors.

Evaporative Water content
Bady welght water loss of excreta
No. of No. of mglg No. of % wel
Species specimens g specimens per h specimens  weight
Anaolixs taylori 7 6.9+0.73 7 1.01 £0.08 ] 70 =3
Phyllodactylus lanei 5 5.9+0.03 5 1.26+0.34 1 67
Lepidophyma smithi 5 17.5£2.41 5 1.12+0.08 13 65+2

dingly lower than that for the other species.
Therefore, L. smithi, the species with the
strongest affinity for caves, has the lowest
resistance to water loss. Furthermore, there is
preat variation in activity among the lizard
species. Lepidophyma smithi is a sedentary
lizard which rarely moves from perch sites
within caves. Emerging P. lanei are slightly
more active; individuals typically make short ex-
cursions interspersed by long periods of inac-
tivity. In contrast, A. taylori makes short rapid
movements over boulders and tree trunks with
considerable frequency. These activity patterns
were also reflected in the behavior of the
animals during water loss measurements.
Lepidophyma smithi and P. lanei remained mo-
tionless whereas A, taylori often jumped at the
sides of the containers. Animal activity is rarely
controlled in studies of water loss, but it does ex-
ert a marked effect on evaporation (Gans et al.
1988; Dmi'el 1972; Mautz 1980). The activity
of the A. taylori probably elevated its water loss
rates above resting levels; it is likely that
physiological resistance to water vapor flux nt
rest is higher in this species. The other avenue of
water loss is excretion and all three species ap-
pear to lose the same proportion of water in
feces and urates (Table 1).

The diets of A, laylori and P. lanei consist of a
variety of small arthropods, but L, smithi feeds
almost entirely on Ficus fruit that falls or washes
into the caves.

Discussion

Cavernicolous organisms inhabit an environ-
ment of darkness, low temperature, high
humidity, and biotic simplieity. Differences in
the extent to which these organisms occupy
caves and are restricted to them are reflected in

a gradation of adaptations to the cave environ-
ment., Obligatory cave existence is not known
among lizards, but species that are secretive or
nocturnal possess some of the appropriate adap-
tations—characteristics which are “protoadap-
tations” for cavernicolous life.- These species are
able to utilize caves to different degrees. Lizards
found in the caves at Puerto Marquez exemplify
such a gradation in adaptations and, in corres-
pondence, a gradation in involvement in the
eave community. In the absence of physiological
tolerance to low temperature, heliothermic igua-
nids like A. 1aylori will be excluded from cave
habitats except during the inactive phase of their
daily cycle. Some other Anolis species are not
heliotherms and their body temperatures pas-
sively follow air temperature (Hertz 1974; Huey
1974; Huey and Webster 1976). Thermal con-
straints alone are insufficient to exclude such
eurythermic ignanids from caves. Gekkonids
and xantusiids have low activity temperatures
(Brattstrom 1865; Mautz and Case 1974; Pianka
and Pianka 1876). These are compatible with
the warmer caves in tropical and subtropieal
climates. Phyllodaciylus lanei achieves elevated
body temperatures during the brief interval of
evening emergence. This may be an important
companent of the thermal biology of these ani-
mals in that it enhaneces digestion at a time when
the lizards are foraging (Regal 1966). Phyllo-
dactylus lanei and L. smithi exhibit no thermal
or activity characteristics peculiar to their fam-
ilies except for the apparent lack of a diel ac-
tivity eyele in L. smithi. The temperate xantu-
siids, Xantusia henshawi, Xantusia vigilis, and
Klauberina riversiana, possess diel activity
cycles (La Pointe 1967; Regal 1967; Lee 1974;
Mautz and Case 1974). The lack of rhythmicity
in L. smithi may not be unique, as no one has
studied the activity of other Lepidophyma
species in lowland tropieal climates where tem-
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peratures may be suitable for nocturnal and
diurnal achivity.

Environmental determinants of evaporative
water loss also differ between cave and epigean
habitats. Lower temperature and water vapor
density deficit in the caves produce an envi-
ronment in which evaporation will be rednced.
If other factors influencing the water budget of
lizards were equal, one would expect a reduced
physiological resistance to evaporation in caver-
nicolous species, which would be reflected by
high water loss rates for these animals. Other
factors were not equal among the three species
studied and physiological resistance to evap-
oration was not directly measured, but a
number of inferences can be drawn from the
evaporative water loss measurements. The rates
at which the tissues of the three species desiceate
by evaporation (mg/g per h), the water content
of excreta, and thus the rate at which lizards
must replenish lost water are equal. It appears
that the sources of water for these lizards, large-
ly water in food and freestanding drinking
water, are similar. Differences in the resistance
to water loss of these species are implied by dif-
ferences in body size and activity. Lepidophyma
smithi is a much more massive animal with a
correspondingly lower surface to mass ratio, and
the resistance to water loss across its surface
must be much reduced to produce a desiceation
rate eguivalent to the other smaller species.
Analis taylori and P. lanei are similar in size but
differ markedly in activity. The equivalence of
desiccation rates in these species implies n re-
duced resistance for the sedentary gekkonid
compared to the active iguanid. It appears that
physiological resistance to water loss may be ad-
justed to compensate for the differing effects of
body size, activity, and environment.

Probably the greatest challenge to lizards in-
habiting caves is the searcity of quality food re-
sources, At Puerto Marquez, A. taylori does not
forage inside the caves, and a large proporton
of the population of P. lanei also forages on the
surface. The omnivorous diet of L. smithi ad-
mirably suits these lizards to life entirely within
these caves. They find the bulk of their food
among the detritus that falls and washes into the
caves and supplement this diet with oeeasional
arthropod prey and probably carrion. Nothing
is known of the diet of other Lepidophyma spe-
cies, but another large xantusiid, Klauberina
riversiana, has a generalized, omnivorous diet
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(Knowlton 1949; Schwenkmeyer 1948). It is
therefore likely that other large species of
Lepidophyma are at least partially herbivorous.

Many lizards may be protoadapted for ocen-
pying caves bBecause they are tolerant of low
temperature, low light levels, and scarce or nu-
trient-poor food. Anolis taylori is ill equipped
for these typical cave conditions and conse-
quently it uses caves only as a nocturnal retreat,
Phyllodactylus lanei is better adapted for living
in caves but emerges to forage at night. Lepid-
ophyma smithi can remain within caves contin-
uously although it probably is not restricted to
caves. The adaptations of the latter two species
are effective in suitable epigean habitats as well,
and are also present in other nocturnal and se-
cretive members of their families which do not
live in caves.
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Abstract

Species diversity, relative abundance, and biomass were determined by » removal
method for communities of diurnal reptiles (lizards and tortoises) in creosote-shrub habi-
tat in the western Mojave Desert, California. Collecting on 2 consecutive ddys (3 h in late
maorning) proved effective in sampling the founa. Four to six species ocourred st ench site;
the species diversity indices varied little between sites. Three species of lizards made up
B3% of the individuals in the sample: Callisaurus draconoides, Cnemidophorus tigris,
and Ula stansburiana. The desert tortoise, Gopherus agassizii, constituted 80% of the
estimated biomass. Of the remnining biomnss, 84 % was contributed by Cnemidophorus
tigris, Callisaurus draconoides, and Phrynosoma platyrhinos.

Descriptions of reptile communities should include measures of species diversity, nbun-
dance, nnd estimated biomass because all of these variables help to delinente the impor-
tance of certain components and indicate relations in communities. For example, Go-
pherus wes numerically uncomman in the present study but because of its large size it is
an energeticnlly important herbivore in creosate-shrub habitat.

No sympatric congeners accurred in the study sites. All of the reptiles appeared to be
broadly different in food habits or microhabitat, or both, which reduces interspecific

competition.

Maost research on North American desert rep-
tiles has focused on autecological studies, e.g.,
the biology of Sceloporus magister (Tinkle
1976); Crotaphytus wislizenit {Turner et al.
1969a; Tanner and Krogh 1974; Parker and
Pianka 1976); Phrynosoma platyrhinos (Medica
et al. 1973; Pianka and Parker 1975); Calli-
saurus draconoides (Kay 1870; Pianka and
Parker 1972; Tanner and Krogh 1975); Cnemi-
dophorus tigris (Medica 1967; Turner et al.
1969b; Pianka 1970; Parker 1972); Uta stans-
buriana (Tinkle 1967; Turner et al. 1970); Dip-
sosaurus dorsolis (Krekorian 1977); and Go-
pherus agassizii (Engberg et al. 1976). These
studies provide important comparative data on
single species.

Studies on sympatric species of desert lizards
are few but explore important aspects of com-

munity structure. Pianka (1967, 1973, 1975) in-
vestigated species diversity and niche relations of
North American desert lizards. Whitford and
Creusere (1977) and Creusere and Whitford
(this volume) reported on temporal changes in a
Chihuahuan Desert lizard .community.

The present study employed a removal
method to analyze the species diversity, density,
and biomass of diurnal reptiles in creosote-
shrub habitats in the Mojave Desert. These mea-
sures were used to better define the structure
and composition of desert reptile communities.

Materials and Methods

In 1974 and 1975, field studies were con-
ducted at four undisturbed localities in San
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Table 1. Lizards and tortoises taken on 2 days (6 man-hours/ha) on 9-ha sites,
western Mojave Desert, California.

Number Number Species Total Lizord
of of diversity biomass biomass
Site species individuals index (2/2 ha) {2/2 ha)
Barstow
A 8 57 1.39 3,189 643
D 5 60 1.26 4,597 737
Stoddard Wells
E 5 54 1.27 480 430
G 5 46 1.48 508 309
Andersan Valley
K 6 26 1.58 1,480 480
L 5 a1 1.46 9,023 REYLS
Johnson Valley
M 4 48 0.94 474 474
N 8 53 1,14 1,080 580

Bernardino County, California, in the upland
portion of the western Mojave Desert. Twa sites
of 2 ha each were sampled at the four localities,
for a total sample area of 16 ha. All study sites
were between 740 and 1,100 m in elevation and
were dominated by creosatebush (Larrea triden-
lata, ¥ = 240 shrubs per ha, range 153-328).
The study sites are described elsewhere (Bury et
al. 1977).

The rationale for, and development of, the re-
moval sampling techniques to estimate
population size were described by Zippin (1956,
1958) and Delany (1974). I found that this
method was an effective sampling technique for
measuring diurnal reptile papulations (Busack
and Bury 1974; Bury et al. 1977). In eatlier
work, I expressed population size as the total
sample collected, and I follow this method here
to facilitate comparisons. Measures of species di-
versity, abundance, and biomass were caleu-
lated from the total of all animals taken. A simi-
lar standardized procedure was used to study
desert rodents (Brown 1973, 1975; Brown and
Lieberman 1973).

The removal method consisted of systematic,
repeated search of established guadrats (100 x
200 m); collection was by shooting with elastie
bands or .22 dust shot, and by hand-capture.
Two collectors sampled halves of the 2-ha sites
simultaneously (from 0800 to 1200 h) and ex-
changed halves daily to reduce collecting bias.
Searching was done from late April to early

June, the peak perjods of surface activity for di-
urnal reptiles in the Maojave Desert.

The minimum sampling period was 3 h/day
for 2 days. Comparisons were made on data ob-
tained from the first 2 days of sumpling at all
eight sites. A third sampling day of 2 h was ob-
tained at six of these sites. These data were.used
in the discussion of sampling methods.

All animals were remaoved from the quadrats,
sexed, measured, and weighed (to the nearest
1 g or, for small reptiles, 0.1 g). Animals killed
were prepared as museum specimens. Protected
forms (Gopherus, Phrynosoma, Grotaphytus)
were measured and released alive at the place of
caphure.

Three snakes (Pituophis, 450 g; Masticophis,
250 g; and Sonora, 8 g) were found on the sites.
They were not included in the data analysis.
Other sampling techniques are needed to accu-
rately esimate the number of snakes present. In
the results and discussion that follow, “reptiles”
refers to lizards and tortoises only.

Results of Removal Sampling

Use of the removal sampling technique pro-
vided estimates of relative occurrence (species
diversity), abundance (number per unit area),
and biomass (weight per unit area) (Table 1).
The majority of individual reptiles were taken
on the first day (Fig. 1, Fig. 2a). The average
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Fig. 1. Number of individuals of diurnal lizards and
tortoises removed on 3 successive days from Mojave
Desert sites (N = 3). Vertical hars are ranges and
horizontal bars are means. Dashed line is fitted by
eye.

number of reptiles obtained per day declined
steadily from Day 1 to Day 3.

The average number of species per site were
Day 1, 5.4; Day 2, 4.0; and Day 3, 2.6. New
species were added on only two of the eight sites
on the second day of sampling (one Dipsosaurus
dorsalis at site N, one Callisaurus draconoides at
site E) (Fig. 2b). No additions were made on the
third day. Thus the removal method revealed al-
most all the resident diurnal reptile species in
two sampling days. There may be some uncom-
mon or peripheral species that will be found
only with long searches, but the species composi-
tion of desert diurnal reptiles evidently can be
effectively determined in 2 days by the removal
technigue.

The cumulative weights of reptiles captured
were not notceably increased with further
hours of collecting (Fig. 2¢). This was princi-
pally due to the large weights of desert tortoises
{Gopherus agassiziiy, which were pgenerslly
found on Day 1 because they were conspicucus
and usually easy to locate if burrows were care-
fully searched. Similarly, the greatest lizard bio-
mass was recorded on Day 1 (Fig. 2d).

Species Diversity

The number of species collected on the first 2
days at each of the eight sites varied from four to
six (X = 5.3). The Shannon and Weaver (1963}
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Fig. 2. Cumulntive totuls of (1) numbers of individ-
uals, (b) numbers of species, (¢) weights of diurnal
lizards nnd tortoises, und (d) weights of diurnal
lizards alone, obtained over 3 days (3:3:2 h periods)
on eight 2-ha sites in the Mojave Desert. Vertical
bars are ranges and solid lines conneet means.

Index was used to compare species diversity. Lit-
tle difference between the sites was found; index
values were from 0.94 to 1.59 (Table 1).

Callisaurus draconoides, Cnemidophorus ti-
gris, and Uta stansburiana oceurred on all study
sites (Table 2). Phrynosvma platyrhinos was
found on six sites, Both Sceloporus magister and
Dipsosaurus dorsalis were recorded on only one
quadrat; the populations of these relatively
heavy-baodied lizards were lower on the study
sites than in other habitats, The sites had few
sujtable habitats for those lizards: few or no
trees and little sandy soil. I found Sceloporus
muogister at Stoddard Wells, where there were a
few scattered Joshua trees (Yucca brevifolia).
The one Dipsosaurus T found was in Johnson
Valley, where some sandy areas occurred.

Urosaurus graciosus, a shrub- or tree-dwelling
form, was not found in the study areas, but this
species frequents creosote habitat elsewhere.
Colepnyx varlegatus probably was present, but
the nocturnal lizard fauna was not sampled.
Xaniusia vigilis also probably occurred at many
sites, but special collecting efforts (raking
through surface debris) are needed to find these
lizards.

Composition of Herpetofauna

Three species of lizards made up 83% of the
reptiles sampled (Table 2); Callisaurus draco-
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Table 2. Number and percentage of individuals taken on 2 days (6 man-hours/ha) at eight 3-ha siies,
Mojave Desert, Cuolifornia. Figures in italics are the percentage of individuals at each site.

Barstow Stoddard Wells  Anderson Valley  Johnson Valley

Species A D E G K L M N Total

Callisaurus draconoides 5 28 1 10 8 8 31 33 122
4.8 46.7 1.8 21,7 23.1 25.8 67.4 623 32.7

Cnemidophorus tigris 27 18 19 8 9 7 9 8 105
47.4 30.0 35.2 174 34.6 228 19.6 151 282

Uta stansburiana 15 8 19 15 5 10 3 8 83
26.3 13.3 35.2 32.8 182 323 65 151 22.3

Phrynosoma plalyrhinos 5 - 13 u 9 - k! 2 36
8.8 24,1 238 7.7 6.5 3.8 9.6

Gopherus agassizii 4 5 - — 1 5 - 1 18
7.0 83 3.8 161 1.9 4.3

Crotaphyius wislizenii 1 1 - 2 3 1 - - 8
17 17 4.4 11.5 3.2 2.1

Sceloporus magister - = 2 - - - - — 2
a7 0.5

Dipsosaurus dorsalis - - - — - — - 1 1
1.9 0.3

Totals 57 & 54 46 28 3l 48 53 373

noides was the most common species (33 %), fol-
lowed by Cnemidophorus tigris (28%), and Uta
stansburiana (22%). Phrynosoma platyrhinos
made up about 10% of the individuals found.
The three other lizard species eombined consti-
tuted less than 3% of the fauna; Gopherus was
also a numerically minor part of the samples
(4%).

There was ronsiderable variation in the fre-
quency of different lizards at different sites. At
Barstow, about half of the lizards at site A was
Cnemidophorus, whereas at site B about half
was Callisaurus, Uta snd Phrynosoma were
most frequent at Stoddard Wells, and both sites
in Anderson Valley had high proportions of
Cnemidophorus, Callisaurus, and Uta. The
Johnson Valley sites had excepHonally high
numbers of Callisaurus.

Cnemidophorus was found in much larger
numbers than Callisaurus at two sites (A, E)
whereas the reverse was true at three sites (D,
M, N}, but the negative correlation between the
numbers of these two species on the eight sites is
not statistically significant (r, = -0.50, P >
0.05). These data suggest that these two species
probably do not exclude one another.

Biomass

The large differences in total weights of rep-

tiles between sites (Tables 1 and 3) were due
largely to the uneven representation of the large-
bodied tortoises. The tortoises alone constituted
about 80 % of the estimated biomass of the diur-
nal reptile community. The three commonest
lizards made up only 16% of the tota] weight of
the sampled fauna. The rank arder of the contri-
bution of each lizard species to the total biomass
was as follows: Cnemidophorus tigris, Callisau-
rus draconoides, Phrynosoma platyrhinos, Cro-
taphytus wislizenii, and Uta stansburiana.
Other lizards each contributed less than 1%
(Table 3).

The distribution of lizard biomass was dif-
ferent from the proportion of individuals of each
species. In both weight and numbers, Callisau-
rus and Cnemidophorus constituted the major
segment of the lizard fauna (Tables 3 and 4).
Phrynosoma and Crotaphytus were low in num-
bers, but when present they contributed appre-
ciably to the total biomass. The numerically
common Uta coniributed a minor part of the
total biomass because individual weights were
only 2-3 g.

Discussion
I used the removal method on a total of 28

study sites: on 8 plots (16 ha) of undisturbed cre-
osote-shrub habitat (present report}, on 8 plots
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Table 3. Estimaied biomass (in g per 2 ha) for tortoises ond lizards at eight 2-ha sites,
Mojave Desert, California. Percentage composition is in italics.
Barstow Stoddard Wells  Anderson Valley Johnson Valley
Species A D E G K L M N Total
Gopherus agassisii 2,545 3,880 — - 1,000 8,875 - 500 16,380
79.8 84.0 67.8 95.1 46.3 79.6
Cnemidophorus tigris 353 369 9219 162 237 175 158 139 1,813
111 8.0 44.7 31.8 16.0 2,0 335 12.8 8.7
Callisuurus draconoides 43 317 21 105 102 103 276 301 1,268
14 6.9 4.3 20.6 6.9 1.2 582 27.9 6.1
Phrynosoma platyrhinos 122 - 117 128 51 - 32 36 486
3.8 23.9 25.2 3.4 6.8 3.3 2.3
Crotaphytus wislizenii 75 28 - 62 76 39 - - 280
2.3 0.6 12.8 5.1 0.4 1.3
Uta stunsburiana 51 23 53 52 4 a1 7 23 954
1.6 0.5 108 10.2 1.0 0.3 1.5 8.1 1.2
Dipsosaurus dorsalis — - - — - - - 81 Bl
7.5 0.4
Scelaporus magister - — BO — - - - — 80
16.3 0.4
Totuls 3,189 4,507 490 509 1,480 8,023 474 1,080 20,842

(16 ha) of nearby disturbed land (Bury et al.
1977), and on 12 plots (24 ha) of sand dune hab-
itat, half of which was damaged by off-road ve-
hicles (R. B. Bury, unpublished data). I have
also modified the method for censusing tortoise
populations on two 25-ha plots in the Mojave
Desert (Bury and Luckenbach 1877).

Most knowledge on desert reptiles has been
obtained by intensive work at one or a {ew study
areas, the approach typical of most research on
desert reptiles; however, better comparative
data may be available by extensive sampling at
many sites. I suggest that the removal sampling
technique is a promising tool for use in extensive
surveys and population studies because it is an
effective system to assess diurnal reptile com-
munities.

Collecting efforts were most efficient (ani-
mals/hour effort) on the first day and somewhat
less on the second day (Fig. 1). Few were found
on subsequent searches, I suggest that a 2-day
period (3 h/site per day) be used because collect-
ing was still efficient on Day 2 and the second
day appreciably increased the sample sizes (Figs.
1 and 9). Continued sampling apparently does
not contribute enough additional information to
justify the extra effort. Also, there are increased
chances of emigration into the plots with longer
sampling periods.

Workers may also want to bry a thorough
1-day search (4 h in the morning, 2 h in the late
afterncon or evening) or a 2-day regime of 4 h
each day. Where animals may be shot, 1 believe
that one collector can effectively search 2 or per-

Table 4. Percentage composition of biomass of the lizard founa token on 2 days at eight 2-ha sites,
Mojave Desert, California.

Barstow Stoddurd Wells  Anderson Valley  Johnson Valley
Species A D E G K L M N Totul
Cnemidophorus tigris 54.8 50.1 44.7 al1.8 49.4 50.3 33.5 24.0 42,3
Callisaurus draconoides 6.7 43.0 4.3 20.6 2]1.3 29.6 58.2 51.9 .7
Phrynosoma platyrhinos 18.9 - 23.9 25.9 10.6 - 8.8 6.2 11.4
Crotaphytus wislizenii 11.7 3.8 - 12.2 15.8 11.2 - - 6.6
Uta siansburiana 7.9 3.1 10.8 10.2 2.9 B.9 1.5 3.9 6.0
Seeloporus magister — - 16.3 — - - — 1.9

Dipsosanrus dorsalis — - —

14.0 1.9
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haps 3 ha of creosote habitat in a 4-h period.
Catchability of reptiles and local variables may
alter the technique's effectiveness. For example,
I found that two collectors ean more efficiently
locate fringe-toed lizards (Uma) than a single
worker,

Pianka (1967) reported that four species of liz-
ards are ubiquitous throughout the deserts of the
western United States; Cremidophorous tigris,
Uta stansburiana, Crotephytus wislizenii, and
Phrynosoma platyrhinos. Eight other species are
variously added in the southern parts of these
deserts but more than 10 diurnal species are not
known in any area. In the Mojave Desert,
Pianka estimated that seven to nine species of
flatland lizards were present. If I assume that
Xantusin vigilis, a crepuscnlar species, and
Coleonyx variegatus, s nocturnal form, were
present on my study sites, the number of species
in the creosote-shrub areas closely corresponds
with Pianka’s (1967) estimates.

The creosote-shrub community in the Mojave
Desert is typified by fve lizards (Callisaurus
draconoides, Cnemidophorus tigris, Uta stans-
buriana, Phrynosoma platyrhinos, and Crota-
phytus wislizeni) and the desert tortoise (Go-
pherus agassizii), Species diversity measures
would be increased by the inclusion of nocturnal
reptiles or species inhabiting other habitats such
as sandy soils (Dipsosaurus dorsalis, Uma sp.)
and rocky terrain (Sauromalus obesus, Crota-
phytus collaris, Sceloporus magister). Scelo-
porus magister also oceurs in a wide range of
conditions and frequents areas with trees or tall
shrubs in the Mojave Desert. Urosaurus gracio-
sus is a shrub dweller in some areas of creosote.
These assemblages may be found together where
their habitats come into contact or interdigitate,
and as many as 12 species of diurnal reptiles may
be recorded in one area, For example, I have
seen 10 of these 12 species at the Pisgah Crater,
San Bernardino County, Califarnia. This area is
a low lava flow with rocky habitat for Seuroma-
lus, pockets of sand for Uma and Dipspsayrus,
and adjacent crecsotebush habitat where Uro-
saurus is common. Only Crotaphytus collaris
and Sceloporus magister were not seen, but they
may oceur in the area,

In the present study, the reptiles species which
were numerically most abundant did not consti-
tute the largest component of the biomass. Thus,
the energetic importance of each species would
have been misunderstood if the weight data had

R. B. BURY

not heen analyzed. Among the lizards, three
species (Cremidophorous, Callisaurus, and Uta)
were present on all sites. All are insectivorous
but differ in body size and feeding strategies
{Tinkle 1967; Pianka 1970; Parker 1972; Tanner
and Krogh 1975). The other lizards are different
in size and food habits: Phrynosoma platyrhinos
is a medium-sized specialist on ants; Crota-
phyius wislizenii is a large-bodied predator on
lizards and large insects; Sceloporus magister
is a heavy-bodied insectivore; and Dipsosaurus
dorsalis is a large-sized herbivore. All seven of
these lizards are morphologically distinet and
belong to different genera. Each species plays a
characteristic ecological role which overlaps
little with other species. The importance of each
species in the community ecan be better assessed
by using information about biomass and habits
in addition to numbers of individuals.

My data show that the desert tortoise {Go-
pherus agassizii) is a major component of the
creosote~shrub eommunity in the Mojave Des-
ert, Due to its large size and local relative abun-
dance, Gopherus contributes a significant pro-
portion of the biomass and energy turnover in
this ecosystemn. It is an important herbivore in
these arid-land habitats,

A transect 1.6 km long and about 7-8 m wide
was employed by Pianka (1965) to assess lizard
populations. This sampling area traverses a di-
versity of miecrohabitats as soil, topography,
vegetation, and other [actors change with dis-
tance, Far example, a linear transect in most
bajadas will include sandy soils in washes,
whereas interfluvial areas are composed of grus,
rocky soil, or desert pavement. Upper reaches of
bajadas are usually rocky, grading through grav-
elly conditions into alkaline flats at lower ele-
vations. Thus, transects across or down a bajada
may display different diurnal reptile communi-
Hes,

Site-specific studies such as those of Turner et
al. (1969a, 1960b, 1970) provide valuable popu-
lational data on desert lizards, as intended, yet
are generally inadequate to determine changes
among several communities without an invest-
ment of great time. The removal method ap-
pears to be a useful compramise between these
two approaches, The method encompasses a dis-
erete plot of workable size (2 ha or more) in a
relatively short time. Reptiles present can be re-
lated to different habitat variables such as vege-
tative structure and soils, which are needed to
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better elucidate the niche requirements of arid-
land reptiles under various environmental
regimes,

Much remains to be learned about the struc-
ture, variation, and compasition of reptile com-
munities in arid lands. Future studies should
question the relations between species diversity,
abundance, and biomass, and how these popu-
lation features relate to habitat conditions. Gen-
erally acceptable and standardized techniques
would enable valid comparisons of data ecol-
lected by different workers and predictions of
the effects of perturbations on these ecosystemns.
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Abstract

Systemutic sumples of African forest litter herpetofaunns were made in Cameraon, Af-
ricn. Total species and Laxonomie composition are compared between the African faunas
and Faunas from similar tropical forests of Asia and Central America. Data compared in-
clude totu] species and the taxonomie makeup of the samples.

Of special interest are the Alrican samples that were tnken in a forest established on a
white-sund soil, This type of system is generally considered to be less productive than
tropienl forests growing on other types of soils; in Cameroon, the number of species was
less than in Borneo or Costa Ricn, but the number of individuals wus about half of that
found in Costa Rica and about six times that ol Borneo.

In November-December 1975, the first quan-
titative herpetological collections from African
wet forests, including systematie censuses of for-
est litter plots, were made in southwestern
Cameroon, West Africa. This report compares
these samples with similar studies in Borneo,
Costa Rica, and Panama (Scott 1976).

The majority of the African samples was
taken from a forest representing a well-defined
subset of wet tropical forests— those growing on
white-sand soils. These soils are found in many
areas including parts of Borneo, Java, Malaya,
Guyana, Suriname, Brazil, the Congo basin,
and others. Janzen (1974) reviewed the known
ecology of white-sand forests and hypothesized
that they have a distinctive set of characteristics,
chief of which are low fertility, relatively few
tree species, well-protected tree leaves with an
evergreen habit, slow recovery [from dis-
turbance, and low animal densities. The col-
lections reported here enable us to test the latter
generality.

Description of the Area

Collections were made at two sites in the

Douala-Edéa Game Reserve which lies south of
the Sanaga River near its mouth (Fig. 1). The
First site was near a field station on the eastern
shore of Lac Tissongo and the second at Lombé,
a field camp about 5 km southwest of the south-
ern tip of the same lake. The whole area is low-
land, probably not more than 30 m elevation.
MceKey et al. (1978) described the soils and de-
tails of the biochemistry of the trees.

The terrain at the Lae Tissongo site consists of
a low hill that slopes gently down to the lake
shore. The litter samples were taken on flat sites
on the hill, The soil is a loamy sand with excel-
lent drainage. The evergreen forest is largely un-
disturbed except by trappers and hunters. It is
ather low in stature (emergents to 40 m) com-
pared with Costa Rican forests receiving an
equivalent amount of rainfall, and lianas and
epiphytes are less abundant. Collecting was
done within 2 km of the station.

The Lombé site is a flat plain shallowly dis-
sected with small streams. Swampy areas are
common, and even on higher ground shallow
puddles persist after a heavy rain. The soil is
sand with little or no clay and appears to con-
form well to the tropical white-sand forests de-
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Fig. L. Central Cameroon, Africa, showing loenlion of study sites. The triangle is the Lue Tissongo camp, Lhe star

is Lombé.

seribed by Janzen (1974). The forest is well de-
veloped and only slightly shorter than at Lae
Tissongo, but lianas are even rarer. There is
only one palm; understory species are scarce.
The litter samples were taken from a well-
drained upland site, and all collections were
made within 2 km of camp.

Rainfall in the two areas is about 4 m an-
nually; an average of about 3 months receives
less than 100 mm of rain (Suchel 1972). The
samples were taken during the early part of the
dry season.

Litter depth, measured at five points in each
plot, averaged 2.6 cm at Lac Tissongo and
1.B em at Lombé. The litter was similar in
depth and structure to that in Costa Riean low-
land forests except that it was tightly bound to-
gether by fungal hyphae. Litter was thicker in
the area of windfalls and under the emergent
tree Lophira, which is one of the few synchro-
nously deciduous trees in the forest (D. MeKey,
personal communiecation).

The forests on the two sites contain relatively
few tree species in comparison with tropical for-

ests on more fertile soils (D. McKey, personal
communication), Mammals were moderately
commoen and included several species of mon-
keys and prosimians, chimpanzees, pangolins,
bush pigs, several civets, mongooses, porecu-
pines, waterbucks, two species of duikers, tree
hyraxes, and elephants,

Methods

During late November and early December
1975, 15 square 58-m” plots were randomly lo-
cated on the forest floor and cleared of litter. Five
were at Lac Tissongo and 10 at Lombé. All frogs
seen were tabulated and eaptured if possible. For
further details of the methods used, see Lioyd et
al. (1968) and Scott (1976). The results of these
samples are compared with similar samples re-
ported from La Selva and Osa, Costa Rica (Scott
1976); Sarawak, Borneo (Lloyd et al. 1968); and
Barro Colorado Island, Panama (Heatwole and
Sexton 1966; Myers and Rand 1968).

General collections were made in April (4
days, early wet season), November (18 days),
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and December (6 days, early dry season) 1875, A
variety of techniques were employed during a
total of about 66 man-hours, These collections
serve as the basis for estimating the total number
of species present. Two species, a cobra (Najo)
and a monitor (Varanus), were seen and tabu-
lated but not collected.

Results and Discussion

Comparison between Lac Tissongo
and Lombé

Little difference existed between the btwo sets
of African litter plots, especially in species
composition (Table 1). The Lae Tissongo sam-
ples vielded fewer animals per plot {x = 3.8)
than the Lombé plots (X = 6.3). The diflerence
was not statistically significant (Mann-Whitney
U test; P > 0.10), but Lae Tissongo may have
lower densities. The samples are small, and half
of the total Lombé plots each produced mare
animals than any one of the Lae Tissongo sam-
ples. The difference in the number of animals
may be a result of topography. In Costa Riea,
slope samples regularly contained fewer animals
(Scott 1976), probahly hecause of the drier and
more seasonal conditions on the well-drained
upland soils. The Tissongo samples were taken
in hilly terrain whereas the Lombé plots were in
flatland forest.

The data from the two African sites are
lumped for the regional comparisons that fol-
low. Table 2 is a list of 38 species collected [rom
the African sites. I have indicated those that I
consider to be regular litter inhabitants.

Animal Densilies

The African litter plots are compared with
samples taken from other lowland tropieal areas
with similar elimates and vegetations (Table 3).
Animal densities are 55~-65% of those found in
the lowlands of Costa Rica and Panama and six
times the densitics in Borneo. There were no liz-
ards or snakes in the African plot sumples.

African frog densities are surprisingly high
considering the fact that two-thirds of the sam-
ples were tauken from a white-sund forest, Theo-
retically, these lorests are growing in a nutrient-
poor environment that severely limits tree
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Table 1. Occurrence of frogs in 13 Cameroonian
forest litter plots. Samples iaken in November
and December 1975.

Lac TLombé Totals
Tisonge (10 (15

Specics (5 plots) plots)  plots)
Bufonidae
Neetophryne batesi 1 - 1
N. afra 3 3 6
Bafo pracilipes 1 - 1
Ranidae
Arthroleptis adelphus 6 23 28
A. sylvaticus ] 24 30
A. variabilis - 3 3
fylarana albolabris 1 4 3
Phrynobalrachus cornuins — 4 4
Eseuped frogs 1 3 4
Totuls 19 63 82
Individuals/100 m? 6.5 10.8 9.4
Number of Species G G 8

growth rates and other primary production
(Janzen 1974). Therelore, the trees hold individ-
ual leaves much longer and protect them with
toxing and digestion-reducing compounds
(McKey et al. 1978). When the leaves fall, they
decompose very slowly because of the presence
of these substances, To the litter community de-
pendent on leaf fall for the great majority of its
energy, this means that fewer leaves are decom-
posed and nutrients are released slowly. The
Lombé forest had many of the characteristics of
the white-sand system (McKey et al. 1978):
white-sand subsoil, elear blackwater lakes and
rivers (presumably {rom dissolved humie acids),
a lack of synchronous or heavy leaf fall (except
for Lophira), very few epiphvtes and lianas, few
mosquitacs, stunted crops, sparse second
growth, few tree species, and low understory in-
soet densities (D. MeKey, personal communiea-
tion). On the other hand, the streams contained
a moderate number of fish, and mammals and
birds were reasonably common in the forest.
Evidently Lombé does not represent ag extreme
development of the white-sand forest as was
studied by Janzen and Inger in Borneo (Janzen
1974). Possibly the African litter [rogs have
adopted certain of the adaptive strategies used
by the trees. If that were true, we would expect
them to be long-lived, unusually toxie, and to
produce few voung. Thus, the standing crop
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Table 2. Reptiles und amphibians collecied
and observed near Lac Tissonpo, Came-
roon, Africa,

Lue
Litter Tissongo
Species species  cemp  Lombé
Amphihia
Bufonidue
Bufo camerunensis X X -
B. gracilipes X X X
Neclophryne afra X X X
N. batesi X X X
Runidae
Hylarana albolabris X X X
H. sp. nov. — - X
Phrynobatrachus
anrilus X X X
P. cornutus X - X
Piychadena
uequiplicatn X - X
Petropedates newtoni X — X
Conraua crassipes — - X
Arthroleptis adelphus hY X X
A. sylvaticus X X X
A, tacniatus X - X
A. variabilis X X X
Hyperoliidae
Leptopelis aubryi - X -
L. brevirostris — X X
L. boulenpert — - X
L. millsoni — - X
Reptilin
Lucertilin
Cekkonidue
Hemidactylus
echinus - X X
H, fosciatus - X X
H. muriceus X x X
Lypoduactylus
vonrana - - X
L. fischeri - - X
Scineidae
Mabuya affinis X X X
M. polytropis X - X
Panaspis breviceps X - X
P. reichenowi - X -
Chamaeleontidue
Chamaclen cristatus — XN -
C. quilensis - X X
Lucertidne
Holuspis guentheri - - X
Varanidae
Varanus sp. X - X

N. . SCOTT, JR.

Table 2. Continued

Lac
Litter Tisongo

Species species camp Lombé
Serpentest
Boidae
Python schae - X
Elapidae
Naja sp. - X
Colubridue
Boiga pulverulenta - X
Dipsadnoboa unicnlur - X
Philothamnus semi-
varicgatus - X

Thelotornis kirtlandi X —

#Snakes were not considered to be part of the litter
herpetolauny.

would be relatively high but population turn-
over may be reduced compared with areas con-
taining more soil nutrients.

The lack of lizards and snakes in the African
litter samples reflects a real difference between
them and the forests studied in Borneo and Cen-
tral America. The only analog of stem-perching
litter-feeding lizards of the American genera
Anolis and Norops was a scarce diurnal gecko,
Hemidactylus muriceus, and Panaspis breviceps
was the only African lizard similar to the Ameri-
ean litter microteids or the diurnal gecko, Lepi-
doblepharis. Mongooses (Herpestes auropunc-
lates) were seen several times during the study,
and perhaps Janzen's (1978) hypothesis that
African reptile faunas are suppressed by small
omnivorous predators applies here.

The only common terrestrial lizards were
quick, heliothermic skinks, ecologicaily similar
to New World Ameiva. They were found near
houses or in windfall clearings that contained
tungles of dead and living vegetation. Arbareal
lizards were somewhat more common and
widespread. Adult Varanus were seen twice.
They are probably semi-aquatic and resistant to
mongoose predation,

During 66 collecting hours in Cameroon, T
took a Thelotornis and 2 Python and saw a
Naja. Three other snakes were brought to me: a
Boiga, a Dipsadoboa, and a Philothamnus.
Herpetologists on Barro Colorade Island, Pan-
ama, took 11 species during 91 h of wet-season
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Table 3. Comparison of litier plot saumples from American, Asian, and African tropical lowlands,
Bornean data from Lloyd et al. (1968), Costa Rican from Scott (1976), and Panamanian from
Heatwole and Sexton (1966) and Myers and Rand (1969),

Aren Individuals No. of speciey
within plots per taken in No. of regular
Region (m?) 100 m® litter plots litter species
Surawak (Borneo) 23,342 1.5 41 38
La Selva nnd Osa (Costa Rica) 2,266 17.1 93, 23 34, 35
Barro Colorado Isiand (Panama) 512 14.6 15 7
Lae Tissongo and Lombé (Cameroon) 872 9.4 B ~18
30~
collecting, and 6 species during 34 h in the dry
season (Myers and Rand 1968). In Costa Rica, - o ST ki
collectors usually take at least one to three @ = an
snakes per day in lowland wet forest. All of the 5 20 2 """ " TR e
Cameroonian snakes I collected were arborsal ﬁ e . Lo o owtASEMA
or well protected by venom or size, eventhough S [ . = &
mongooses can probably take them under some d ol e
circumstances (Struhsaker and MecKey 1975). 2 7| . ma 2 e secameoow
These observations of relatively low snake densi- et
ties and the species compasition of my Came- k3
ropnian collections are similar to Janzen's (1976) CA P SR R S TR
o) 50 BO 120 160 200

reptile census data and support his suggestion
that predation is an important regulator of Afri-
can reptile population densities,

Species Number

The number of species in the African litter
samples is only about half of that found in
equivalent-sized samples from the other tropical
arens (Table 3), Curves plotting the number of
species vs, the number of individuals in the dif-
Ferent tropics show a steady rise to 17 to 21 spe-
cies in Borneo and Central America, whereas
the African samples plateau at 8 species (Fig, 2).
If a plateau is considered to be the collection of
20 or more specimens without adding a new spe-
cies, the first La Selva, Borneo, and Osa pla-
teaus represent respectively 50, 55, and 60% of
the total number of litter species. If eight species
represent 55% of the African fauna, we would
expect 15 regular litter species. This is somewhat
low since T have tabulated 18 (Table 2), but our
knowledge of the habits of the African species is
scanty, and some of the “litter” species may not
belong in that category.

, A depression in the number of species of frogs
gnd lizards in a Bornean white-sand forest has
been reported by Inger (in Janzen 1974). A

NUMBER OF INDIVIDUALS

Fig. 2. Number of species collected in first 7B or mare
specimens of litter plat reptiles and amphibiuns in
Cameroon; La Selve und Osa, Costa Rica (Scott
1876); and Borneo (Lloyd et ul. 1968).

white-sand site had 37 species (litter and non-
litter species) whereas two non-sand forests
yielded 66 and 84 species, respectively, Janzen
interpreted this to mean that the white-sand
forest was a relatively harsh environment that
was inhabited by a small number of well-
adapted species.

The African general collections yielded about
the same proportion of lizard species (32%) as
appear in Costa Rican litter faunas (26% La
Selva, 31% Osa). In Borneo, 45% of the fauna
was lizards. Heyer and Bervan (1873) and Scott
(1978) suggest that the American frog genus
Eleutherodactylus serves as an ecological re-
placement for small lizards because of its capa-
bility to undergp development independently of
free water. In Cameroon, the genus Arthroleptis
has a similar capability and were the common-
est frogs in the litter samples.
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Although the African litter samples vielded
relatively few species, the total forest habitat
seems to hold a substantial number. Comparison
of the number of species vs. collecting hours for
Cameroon and Barro Colorado Island, Panama,
shows very similar curves (Fig. 3). Dueliman
and Myers collected 43 species of reptiles and
amphibians in 91 man-hours on Barro Colorado
Island in the wet season (Myers and Rand 1969),
and 1 took or saw 35 species in 66 h. Barro
Colorado Island contains about 100 species of
reptiles and amphibians. It is very likely that
Lombé and Lac Tissongo harbor nearly as
many, since no frogs were breeding during the
collecting periods, and frog choruses are favorite
sources of diverse samples for herpetologists,
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Herpetofaunal Survey of the Sinai Peninsula (1967-77),

with Emphasis on the Saharan Sand Community!

hy

Yehudah L. Werner?

Department of Zoology
The Hebrew University of Jerusalem
Jerusalem, Israel

Abstract

The local interest in biogeogrupliy and ecology, and the paucity of data from areas sur-
rounding Isruel, led to intensive herpetological colleeting in Sinai in 1056-57 and since
1967. Materinl in the lebrew Univensity of Jerusalem and in Tel-Aviv University
together exceeds 1,000 specimens, comprising one speeies of toad, Bufo siridis, four
species of marine turtles, and 50 species of terrestrial reptiles. Of these, one was first
reported from Sinai in 1957, nine in 1973, and two, Carefta coretta and Rhynchocalamus
melanocepholus, hierein. Twenly-two speeivs which neeur in contiguous areas of Tsrael or
Egypt or both, or have been reported from Sinai in Lhe literature, were absent in the eol-
lected material. The sand dunes of northern Sinai are inhabited by a “community™ of 10
psamniophile replile speeivs of Suharan or Saharo-Arabian distribution. Each represents
a different fumily or n genus of distinctive body size. Resource purtitioning between
telated forms is sometimes indicated. Several ather speecies which are not striel psam-

mophiles (mainly snakes) ulso oceur in these dunes.

The land bordering the eastern Mediterra-
nean Sea is of great ecological-biogeographical
interest (Furth 1975). Wallace's (1876) concept
of a vast circum-mediterranean Mediterranean
Region of heterogeneous or transitional nature is
no longer acceptable to local biogeographers.
Instead, four major ecological-biogeographic
regions are naw distinguished in the area
(Bodenheimer 1956; Zohary 1970, 1973), and
this division appears applicable to the herpeto-
fauna (Bodenheimer 1937; Werner 1971). These
regions are the Mediterranean (sensu sfricio)
serubland and woodland (annual precipitation
usually above 300 mm), the Saharo-Arabian
desert (annual precipitation usually much under

1Dedicated to the memory of Hermann Zinner, who
lived to see but the budding fruit of his love for desert
reptiles,

2This report was prepared while the authar was a vis-
iting ussociate professor at the Department of
Anatomy, Universily of Chieago. Chicago, Illinois.

150 mm), the intervening Trano-Turanian
sleppe (intermediate and irregular rainfall), and
the hot and dry Sudanian (Ethiopian) penetra-
tion area (Haas and Werner 1869:367-368, Fig.
13; Zohary 1970:map c).

In Israel the Trano-Turanian is only a narrow
belt between the Mediterranean in the North
and the desert in the South. Consequently there
is an abrupt transition (or very steep gradient)
between the two [loristic regions. The fauna of
the Irano-Turanian is poorly developed so that
the sudden break between desert and non-desert
enhances the interest of various ecological prob-
lems to local biologists.

However, before 1867 Israeli herpetologists
were testricted to studying reptiles and their dis-
tributions within conflined and unnatural spatial
boundaries. These boundaries could not be tran-
scended nor could much information be ob-
tained regarding reptile populations in adjacent
areas. Thus, when access to the Sinai peninsula
was gained, briefly in the winter of 1956-57
and again since the summer of 1967, Tsraeli
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herpetologists (in common with other seientists)
endeavored to research the area thoroughly.

The landseapes of the Sinai Peninsula consist
of sand dunes in the north, hills of sedimentary
limestone and alluvial flats in the center, and
steep mountains of ancient sandstore and
magmatic rocks in the south. Biogeographieally,
the northern and eentral parts are Saharo-Ara-
bian, the southern high mountains (above
1,500 m) are lIrano-Turanian, and the
southeastern and southwestern slopes of these
mountains are Sudanian (Bodenheimer 1937;
Zohary 1970: Haim and Tchernov 1974).

Previously the herpetofauna ol Sinai was
poarly known because eollecting in the area had
always been diffeult, especially in terms of
administration, logisties, and personal safety.
The main relevant publications are those by
Heyden (1827), Hart (1891), Barbour (1914),
Bodenheimer (1937), Haas (1943), Schmidt and
Marx (1956), and Hoolien (1965); some atten-
tion has also been given to Sinai in works on the
Egyptian herpetofauna by Anderson (1898),
Flower (1933), Loveridge (1947), and Marx
(1968). Marx (1968) reported on material main-
ly from two cireomseribed areas in Sinai, the
El "Arish area in the northern dumes and the
Gebel Katherina range in the southern moun-
tains. T'wo of these contributions contain formal
checklists of the herpetofauna of Sinui: Flower
(1933:738-740) who comments (p. 737), “Sinai
is the richest part of Egypt herpetolagically; it is
by no means completely explored, and vet 42
species are known,” and Schmidt and Marx
(1956:37) who list 50 discrete taxa,

Some results of the recent extensive collecting
were summarized by Hoolien (1972), Werner
(1973}, and Zinner (1974). An updated reptile
checklist for Israel and Sinai is currently being
compiled (Hoofien und Werner, unpublished
data), employing manually prepared loeality-
record maps (Werner 1977). Moreover, for the
more common squamate species, a detailed
computerized study of geographical variation of
meristic and mensural characters (for the area
Turkey-Sinai, inclusive) is under way (Kosswig
et al. 1976: Kosswig and Werner, unpublished
data). The purpose of the present paper is (1) o
give a briel interim report of the herpelological
survey ol Sinai, indieating the material and the
main results, in terms of species [ound and
species expeeted but not found, and (2) ta point
out certain noteworthy aspeets of the herpeto-
Faunal component of the Suharan sand dune
community of northern Sinai. Reference is made
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only to the principal papers dealing with the
distribution and identification of the various
species. It is impossible to review here the
literature on the biology and ecological phys-
fology of the species, although the literature is
mastly based on adjacent Egyptian or Negev
populations and hence relevant.

Materials and Methods

This report relies on the herpetological
malerial from Sinai in the zoological museums
of the Hebrew Univemity of Jerusalem (HUJ;
over 700 specimens) and of Tel-Aviv University
(TAU; over 300 specimens). It has been imprac-
tical to examine the material which may be
available in minor collections throughout Tsrael.
Much of the material used had been collected in
the course of a survey of the distribution of
rodents throughout Sinai (Hain1 1889). Other
material had been added by numerous travelers,
olten on Held trips with extraneous objectives, or
incidentally to service in the Army. Most of
these trips followed popular routes to selected
localities. Very few trips (essentially, mine)
were specially planned 1o collect reptiles along
transects [rom which data were lacking.

Specimens in the collections were identified
by standard keys (Barash and Hoofien 1956:
Marx 1968) or more specilic literature when
necessary. ‘The material was listed on species
sheets with the locality data, which were then
entered on speeies maps by topographical grid
references (Werner 1977). Where original
locality records lacked grid references, the latter
were rteconstructed [rom Survey of Israel,
Ministry of Labour, maps or eonsultation with
the collectors.

Locality record maps for 48 species were pre-
sented elsewhere (Werner 1973) and are not re-
peated here. although some additionul records
have been obtained. Perusal of these maps shows
a general lack of data from two areas: the allu-
vial flats (around Qal’at en Nakhal) in central
Sinai. an uninteresting landscape largely
shunned by field trips, and the Suez Canal area
where travel commonly was risky or forbidden.

Taxonomic names used in this report are those
currently accepted by Istaeli herpetologists
(Hoofien 1972; Werner 1973).
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Results and Comments
Specics Found

OFf the species known to inhabit the Sinai
(Tuble 1), the only amphibian represented is
Bufo viridis and that only from the northeast
corner ol Sinai. Here, us in the Negev of Isrzel,
this Palearctic toad reaches the southern (deser-
tic) limil ol its distribution (Werner 1948:
Wahrman 1970). Specilic searches and inquiries
for other frogs, cspecially in the larger oases, re-
mained fruitless.

Of the Chelonia, Testudo klcinmanni oceurs
in the northern dunes, and Cuarefta curelta.
Chelonia mydas. Eretinochelys imbricata, and
Dermochelys coriacen are represented from the
Sinaitic Mediterranesan and Red Sea shores,

OF the Sauria, the Gekkonidue are rep-
resenited by eight or nine species: Cyriodactylus
seaber, Hemidactylus flaviviridis. H. turcicus
turcicus. Ptyodactylus  hasselquistit  guttatus,
P. h. cof. hasselquistii, Stenodactylus petrii, S.
sthenodactylus sthenodactylus, Tarentola
mauritanica maouritanica, and Tropiocolotes
steudneri. The two Plyodactylus forms, current-
ly regarded as subspecies (Werner 1965). may
well be distinet species. P. k. gutialus oceuss in
northern Sinai and in the south on mountains,
whereas P. h. cf. hasselgnistii lives inside the
wadis and canyons of the south. The two are
svmputric in the Abu Zanima area on the Gulf
of Suez and their vocalizatons differ markedly
(Frankenberg 1974; Werner et al. 1978). By
studying the diel activity eyele in an aktograph,
Frankenbery (1976, 1977, 1978, 1979) found
that P. h. hasselquistii is more nocturnal than
P. h. puitatns. The taxonomy of the group is
presently under review (Y. L. Werner, un-
published data).

Apamidae. —8ix  species: Agoma  pallida
pallida. A. savipnii. A. sinaila, A. slellio
brachydactyla, A. siellio subsp., Uromastyx
acgyptius and U. ornatus. The nomenclature for
Agama pallida has been discussed elsewhere
(Werner 1971:228). Despite the work of Daan
(1967), the tuxonomy of Agama siellio in Sinai
remains uncertain. A, s. brachydactyla oceurs
in the north but southern specimens are dif-
ferent, as has also been suggested by Flawer
(1933:775).

Chamaeleonidae. —Specimens available [rom
the northern dunes are juveniles, apparently
assignable o Chumaeleo chamacleon musae;
some may be intergrades between C. c. musac

and C. c. recticrisia Boettger, 1880, of Mediter-
ranean lsrael (Hoofien 1964).

Scincidae. —~Five species: Ablepharus
kitaibelii. Chalcides ocellatus, Eumeces
schneideri  schneideri. Scincus scincns, and

Sphenops sepsoides. Part of the distribution of
Sphenops  sepsoides was  presented  earlier
(Werner 1968) on the basis of the 1956~57 Sinai
expeditions.

Lacertidae. —Six  species:  Acanthodactylus
boskinnus  asper, A. seutelloins  seutellatus,
Eremias brevirostris. E. gululata, E. olivieri.
and E. rubropunctalg. Some authors (e.g.,
Marx 1956, 1968) do not distinguish between
Eremias guttnlata and olivieri but they are in-
deed distinel in morphology (Haas 1951a;
Barash and Hoofien 1956) and habitat: gnttu-
lata oceurs on various soils including roeks but
not on sand; olisieri occurs on sand and sand
mixtures: in some places the two ocenr together
but suspected hybrids are rare. The occurrence
of Eremigs brevirosiris in southernmost Sinai
was first reported by Hoofien (1857) on the basis
of specimens from the 1956-57 expeditions.

Varanidae. —There is only one specimen,
Varanus pgrisens  grisens (TAU), probably
because the species is both protected and dil-
ficult to capture.

Among the Ophidia. the Typhlopidae are
represented by Typhlops vermicularis and the
Leptotyphlopidae by Leptotyphlops macro-
rhynchus (=L. phillipsi Barbour 1914, Hahn
1978}, the oceurrence of which has recently been
reconfirmed in the Santa Catherina area.

Colubridae, — Eight “aglyphous” species: Col-
uber jugularis asianus. » single specimen from
Gebel Hillal in northeastern Sinai (TAU; the
species-group has recently been revised by H.
Zinner in an unpublished dissertation), C.
ravergieri nummifer (from Wadi Feiran only),
C. r. rhodorhachis. C. rogersi, Eirensis cor-
onelloides. Lytorhynchns digdemae. Rhyncho-
calamus  melunveepholus, and  Spelerosophis
diadema cliffordi.

Five “opisthoglyphous™ species: Malpolon
moilensis, Psammaophis acgypting, P, schokari.
Telescopus dhara. and T. hoogsiraali. Accord-
ing to Zinner (1977) T. hoogstragli is a
subspecies of T. Jollux (Fleischmann, 1831).

Elupidac. — Only Walterinnesia aepyptia.

Viperidae. — Five species, sensu lato: Atrac-
tuspis engaddensis. Cerastes cerastes, both horned
and unhorned specimens; C. vipera; Echis colo-
rata, and Psendocerastes ficldi. Sochurek (1974)
has claimed priority for a new subspecies,
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Table 1. Amphibian and reptile species from the Sinai. One asterisk indicales species first reported by
Werner (1973); two asterisks indicate those found since then; three asterisks indicate species prob-

ably present but never recovded.

AMPHIBIA
Salientia
Bulanidue
Bufa viridiy Luurentivs, 1768

REPTILIA
Chelonia
Testudinidae
Testudo kleinmann} Lortet, 1883
Cheloniidune
Caretta caretia (Linnaeus, 1758)**
Chelonia mydas (Linnaens, 1758)*
Eretmochelys imbricata (Linnneus. 1758)*
Dermochelys corfacea (Linnoeus, 1766)"
Sauria
Gekkanidae
Cyrtoductylus seaber (von Heyden, 1827)
Hemidactylus flopisiridis Rueppell, 1835
H. urcicus turcicns (Linnaens, 1758)
Pryudactylus hosselquistii gutiatus von
Heyden, 1827
P. 1. of. hosselquistii (Donndortf, 1798)
Stenoductylus petrii Anderson, 1896
S. sthenodoctylus sthenodactylns (Lichten-
stein, 1823)
Tarentole mauritanica maurilanico (Linnaens,
1758)
Tropiocolotes steudneri (Peter, 1869)
Agamidae
Agoma pallida pallide Reuss, 1833
A, savignii Dumeéril and Bibron, 1837
A. sinaila von Heyden, 1827
A, stellin brachydactyla Hoas, 19517
A. stellio (Linnoeus, 1758) subspecies
Uromastyx aegyplins (Forskil, 1775)
U. ornatus von Heyden, 1827
Chamacleonidae
Chamacleo chamaelenn musae (Steindachner,
1900)
Seincidae
Ablepharus kitaibelii Bibron and Bory, 1833
Chalcides ocellutus ocellatus (Forskil, 1773)
Eumeces schneideri schneideri (Doudin, 1803)
Seincuy scincus (Linnaeus, 1758)
Sphenops sepsoides (Audouin, 1829)

Lacertidae
Acanthodactylus boskianus axper (Audouin,
1899)
AL sentellolus seatellatns (Andonin, 1529)
Eremias brevirostris (Blanford, 1874)
E. puitulain {Lichtenstein, 1823)
L. olivieri {Auduoin, 1828)*
E. rubropunclata (Lichtenstein. 1823}
Varanidae
Varanas griseus griseus (Duudin, 1803)
Ophidia
Typhlopidae
Typhiops vermicularis Merrem, 1820
Leptatyphlopidae
Leptotyphlops macrorhynchus (Jan, 1864)
Boidue
Eryx jaculus (Linnaeus, 1758)***
Colubridae
Coluber jupularis asianus Boeltper, 1880°
C. ravergieri nummifer Reuss, 1834
C. r. rhodorhachis (Jan, 1865)
C. rogersi {Anderson, 1893)
Eirenis eoronelloides (Jan, 1862)
Lytorlymehus diadema (Duméril and Bibron,
1854)
Mueroprotodon encullatus (Geoflroy St.
Milaire, 1827)"**
Malpolow moilensis (Reuss, 1834)"
M. monspessulanuy (Hermann, 1804)* ="
Psammuophis acpyptins Marx, 1958*
P. schokari (Forskal. 1775)
Rhynchacalamus melanocephalus (Jan.
1869)°
Spalerosophis digdema cliffordi (Schlegel,
1837)
Telescopus dhera (Forskal, 1775)
T. hoogstranli Schmidt and Marx, 1956
Elapidue
Wallerinnesin aepyptia Lataste, 1887°
Viperidue
Atructaspis engaddensis Haas, 1950
Cerustes cerastes (Linnaeus, 1758)
C. vipera (Linnaeus, 1758)
Echis eolorata Guenther, 1878
Pseudocerastes fieldi Schmidt, 1930

Cerasies cerastes karlharili (southwestern Sinai),
without differentiating it {rom the typieal form.

Comparison of this herpetofaunal list with
lists of adjucent Israel (Cisjordan) (Haas 19515,
1852; Werner 1966), Jordan (Transjordan)
(Haas 1943, 1951h; Werner 1971), and Africa
{Egypt) (Anderson 1898; Flower 1933; Marx

1968) shows that the herpetofauna of Sinai, as
represented by the recent collections, is not ex-
actly identical with any of the other areas (Fig.
1). On the other hand, none of the species is
strietly endemic to Sinai, although Uromasiyx
ornalus extends only slightly into southern
Israel.
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Fig. 1. Relations of the reptilian fanna of Sinai
to those of surrounding lsrael, Jordan, and Egypt.
Broken lines demarcate survey areas: [igures in
cireles represent the number of lizard speeies (nn-
merator) and the total number of lund and [resh-
waler reptile species (denominator) in each. Figures
in connecting ares represent the numbers of species
in the two eategories that are enmmon to bwo arens.
The data for lizards are given because these are pro-
bably more eomplete thun those for snukes, and to
facilitate comparison with Anderson’s (1968:367)
similar dingram for southwestern Asia.

Species Not Found

Three species of snakes (Eryx joculus, Macro-
protodon  cucudlatus, and  Malpolon  mon-
spessulanus) known from both southern Israel
and Egypt are not represented in my material
(nor reported in the literature) from the in-
tervening Sinai but very prebably oceur in that
area.

On the other hand, three reptiles {(Trionyx tri-
ungnis. Mabuyo vittata, and Natrix tesseflaia)
known from both Israel and Egypt and not
represented in the collections may actually be
absent from Sinai due to the scareity or absence
of suitable habitats. Nafrix lessellaia oceurs in
Yemen as well but probably as a relict (Leviton
1977). Its single literature record from Sinai has
been discussed by Hoofien (1965). Absence of
sujtable habitats may likewise apply to Mabuya
gquinguetaeniafo, which oceurs in Egypt as far
east as the west bank of the Suez Canal, or the
Suez Canal may act as a barrier for this and
other species.
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Several other reptiles not represented in my
material have been reported at one time or an-
other from Sinai in the literature (details in
Flower 1933; Hoolien 1965; Marx 1968): Pel-
omedusa subrufa (apparently an error); Hemi-
dactylus sinaitus (recent material from Sinai
does not fully conform to the deseription); Tar-
enlola annularis {no esplanation suggested);
Tropiocolotes nattereri (likely to be conlirmed
on reexamination of the malerial); T. tripo-
litanus (Marx’s 1868 record was based on a half-
dried specimen from El "Arish [U.S. National
Museum of Natural History no, 133490] which I
identily as a juvenile Stenodacitylus petrii);
Agama mutabilis (the specimens an which this is
based differ from North African ones and are as-
signable to A. pallida); Uromastyx acanthinurus
(no explanation); Acanthodactylus pardalis (er-
roneously based on an A. boskianus, H. Marx,
personal communication, a piguant situation
since the species abounds in bath Egypt and the
Negev of Israel but its preferred loess soil does
not occur in Sinal); A. canioris (erroneous);
Eremias mucronata (probably erronecus); La-
tastia longicaudata (either introduced or erro-
neows); Ophisops elegans (probably correct for
restricted habitats); Coluber singi (no explana-
tion); Eirenis coronella (refers to E. coronel-
loides, ]. H. Hoofien, personal communica-
tion). Additionally, a record of Coluber ele-
gantissimus (Negumi 1948) awaits verification.

The total herpetofauna of Sinai may include
at least 60 species.

The Saharan Psammophile Community

Of all the reptiles of Sinai, those inhabiting
the northern sand dunes constitute the most
clearly defined community, or community frae-
tion, in that many of them are strict psammo-
philes not occurring on adjacent soils (Table 2).
The morphological adaptations of such species
to life in and on sand have been discussed by
Buxton (1923), Mosauer (1932, 1936), and many
others. In terms of ecological biogeography, the
core of this community comprises 10 truly psam-
mophilous species of essentinlly Saharan, or
Saharo-Arabian, distribution. Together with
many other psammophilous organisms, they
support the characterization of these dunes,
which are indicated on maps presented by
Werner (1968) and Haim and Tchernov (1974),
as an extension of the Sahara (sensu lato).
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Table 2. Amphibians and reptiles of the north-
ern Sinai sand dunes.

Psammophile Species
Testudo kleinmanni
Stenodactylus petrii
Agama savignii
Scincus scincis
Sphennps sepsoides
Acantodactylus scutellains
Eremias olivieri
Varanus griseus
Lytorhynchus diadema
Cerastes vipera

Euryoecious Species
Stenndactylus sthenodaciylus
Coluber rogersi
Spalerosophis diedema
Psammaophis schokari
Walterinnesia negyptia

Species of Particular Mierohabitats
Bufo viridis
Hemidactylus turcicns
Tarentola mauritanica
Chamaclea chamaeleon

Interestingly, each of the species represents a
different family, or at least a genus of distinct
body size; no two members of any one genus are
ineluded. In most instances, however, vicarious
congeners occur on the adjacent non-sandy soils,
and often other psammophilous congeners occur
on disjunct sand areas elsewhere in Sinai or
Israel. Thus the Testudinidae are represented in
the Saharan north Sinai dunes by Testudo klein-
manni, which is replaced by T. gracea in the
more northern coastal plain dunes (and other
soils) of Israel. Among the Sauria, in the [amily
Gekkonidae, Stenodactylus petrii is replaced in
the Wadi Araba dunes by S. dorige, and on
other light soils by S, sthenodactylus. This latter
species also oceurs in the dunes, especially north
of the range of S. petrii, but also sympatrieally
with it (Haas 1956; Werner and Broza 1969). In
the Agamidae, Agamua savignii is replaced on
adjoining loess soils, and on sands elsewhere, by
A. pollida. The two skinks, Scincus scincus and
Sphenops sepsoides, coexist. Scincus scincus is
limited to these dunes, whereas S. sepsoides also
oreurs in sand elsewhere, Where the latter does
not aceur, Chalcides ocellatus, normally inhab-
iting other soils, occurs in the sand. I found these
two species together only at the northern es-
treme of the range of S. sepsoides, near Caesarea
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on the Mediterranean coast. The lacertd,
Acanthodactylus scutellatus, is replaced by
A. baskianus on adjacent light soils and on un-
connected Sinai sands, and by A. schreiberi on
northern Israel's coastal dunes (Werner 1952);
Eremias olivieri is replaced on adjacent non-
sand by E. guttulata, although the twvo may
coexist on sandy loess. Varanus griseus is the
only varanid of the area. Lytorhynchus diadema
is the only sand-limited colubrid in the area.
Cerastes vipera is the sand viper of the northern
dunes, and is replaced on inland sands by C. cer-
astes or Pseudocerastes fieldi and on other soils
by Echis colorata. Excellent deseriptions and il-
lustrations of almost all of these species were
provided by Anderson (1888).

Population density has not been estimated for
any of the species. From observations and col-
lecting, Acanthodactylus seutellatus is by far the
most common cursorial diurnal reptile on the
dimes, although its density may well be matched
by that of the subterranean Sphenaps sepsoides,
and perhaps by the nacturnal Stenodactylus
peirii. Eremios olivieri and Scincus scinecus
appear to be much rarer.

In some instances there are indications of how
competition between related forms may be re-
duced. OF the two sympatric Stenodactylus
species, petrii has mueh larger eyes than
sthenodactylus, implying that the former is
more strictly nocturnal (Wemer 1969). Akto-
graph studies of Frankenberg (1977:16-17) also
indicate that petrii may be more nocturnal than
sthenodactylus, at least in spring. Moreover,
individuals of 8. sthenodactylus have been ob-
served in the field in autumn and winter out in
the open in daytime (E. Frankenberg 1977:79,
personal communication). Among the scincids,
there is some evidence that Seincus is diurnal,
whereas the somewhat smaller Sphenops is noc-
turnal. Among the lacertids, the adult Eremias
is only as large as a juvenile Acanthodactylus.
Of the lizards, only Agama savignii is known to
eat plant material in addition to insects. Among
the snakes, both Lytorhynchus and Cerastes
vipera prey on lizards, but the much broader
head and the venomous character of the latter
presumably facilitate a much wider scope of
food items.

In addition to these arenienlous species, a
number of mare eurycecious species, particu-
larly snakes, are also found in these sands.
Stenodactylus sthenodactylus, Coluber rogersi,
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Spalerosophis diadema, and Psammophis scho-
kari are probably most frequently encountered
but others, including Walterinnesia aegyptia,
also oceur.

A special example is Chamaeleo chamaeleon,
which lives in bushes and grass clumps in the
dunes, but it is hardly a psammophile in terms
of adaptation to locomotion on sand. The toad,
Bufo viridis, and the climbing geckos, Henii-
dactylus turcicus and Tareniola mauritanica,
occur in suitable mesic niches within the dunes.

Conclusions

This survey of Sinai carried out in 1956~57
and 1987~77 greatly increased our knowledge of
the herpetofauna of this once relatively poorly
known corner of the Near East. The herpeto-
fauna of the Sinai Peninsula comprises at least
50 and possibly some 60 terrestrial reptile
species, 4 marine turiles, and | toad. None of
the species is completely endemic ta the territory
of Sinai, Each oceurs in at least a small portion
of at least one of the adjacent territories: the
Negev desert of Israel, the Transjordanian des-
ert, and the Eastern Desert of Egypt. Certain
additional species, known from either or both
Egypt and Tsrael, may yet be discovered in
Sinai.

The literature records of several species from
Sinai may be erroneous, and those of some
others may vet be confirmed. The sand dunes of
northern Sinai support & community of 10 Sa-
haran psammophile reptile species, each repre-
senting a separate family or a genus of distine-
tive body size. Resource partiioning is apparent
between some species. Most of these psammo-
philes are replaced by vicarious species bath on
disjunct sand areas and on adjacent non-sand
soils. Several additional euryoecious species,
maostly snakes, also occur in the same dunes.
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Abstract

Investigations of the herpelofauna of the peninsular Florida sundhills and sand pine
serub revenled a diverse complex composed of a minority of serie-adapted species com-
binecl with an array of wide-ranging and aquatic species thut can be found in many
Florida habitats. The xerie-adapted species required sand for burrowing or sund-swim-
ming. The torlaise (Gopherns) digs burrows that serve as shelter for several other species;
the wide-ranging generalist species, however, require none of the specialized conditions
of the sandbills and serub. Sand serub, especially early successinnal stuges. eontaing 22
species of reptiles and amphibiuns, which is more than in any other of a wide runge of pe-
ninsular Florida habitats. Apparently Lhe herpetofauna is responding to the dry, well-
druined snil and putches of sand {ree from roots rather thun to any uspeet of the vegeta-
tion. The sand-swimming species (Enmeces egregivs, Tantilla relicta. and Neoseps rey-
noldsiy depend on periodic disturbance (e.p., fire and clear-cutting) to remove the matted
understory and pine canopy. The widespread distribution of these forms attesls to the
continunus presence, throughout history, of & mix of suecessional stuges in both the sand-

hills and sand pine senih.

The sandhill and serub pine plant associations
are charuacteristic and well defined elements of
the Florida environment. Although vegetatively
distinet, they are closely related physically and
geographically (Fig. 1) and have very similar
herpetofaunas. Autecological studies of sandhill
and serub species are available (Telford 1959,
Juckson 1972; Smith, this volume), but, in con-
trast to extensive literature on the vegetation,
previous research has naot dealt with the com-
munity of animals living in these plant associa-
tions. The sandhills and sand pine serubs, along
with xeric hammocks, form the principal habi-
tats in Florida for a distinetive herpetofauna
based on xeric-adapted forms.

We initiated studies (Florida Fish and Game
Commission 1976) in these habitats in the spring
of 1975 using the methods detailed elsewhere
(Campbell and Christman, this volume). In 1976

IDecensed: Died al Cainesville, Florida, on 10 Decem-
ber 1481.

we substantially increased our efforts in the
various subtypes of sandhill and serub in the
Ocala National Forest in central Florida to deter-
mine the distribution and relative abundance of
amphibian and reptile species in the various sue-
cessional stages of sandhills and serub.

Characterization of the Habitats
Sandhill Association

The sandhill association and its successional
relations to other Florida plant associations have
received considerable attention over the years
(Laessle 1958), and there is general agreement
on the physical and phylogeographic character-
istics of the sandhills. References o the reptiles
und amphibians oceurring in the sandhills gen-
erally use the designators "High Pine” (Carr
1940) or *Longleal-pine/Turkey-oak” (Laessle
1942). Similar habitats, differing anly slightly in
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Fig. 1. Distribution of sandhills (hatched) und sand pine serub (bluek) in Florida (Davis 1967).

their plant species, are found in scattered areas
having suitable soils throughout the southern
United States (Laessle 1958; Bozeman 18971),
but the sandhills of the Florida peninsula sup-
port a herpetological community that is distinet
from the sandhills of the Florida panhandle and
other areas of the southeast. The following
analysis will deal specifically with the peninsu-
lar sandhills.

Most sandhills in peninsular Florida occur on
well-drained, sandy soils of the Lakeland series
as defined by Gammon et al. (1953) and Laessle
(1958). The physical characteristies of these soils
and their similarity to the soils supporting sand
pine serub and xeric hammock, as well as the

relative frequeney of fire in these associations,
are considered to be the factors determining
which animals use these habitats. Sandhills are
generally restricted to soils ol slightly higher clay
and silt content than those supporting the scrub
association (Laessle 1958),

The sandhill association exists in two basic
forms in peninsular Florida: the “typical™ long-
leaf pine (Pinus palustris)iturkey cak (Quercus
laevis) association, and the turkey oak sandhills,
The typical phase is a three-tiered habitat with
widely-spaced longleaf pines forming the upper
level, an understory of scattered turkey oak
(bluejack oak, Q. incana, may replace turkey
oak on lower soils of the Blanton series), and n
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Fig. 2. Typical phase of the longleaf pine-turkey ouk sundhill habitnt in the Oeala National Forest, Florida.

ground cover dominated by wire grass (Aristida
stricta and Sporobolus gracilis, Fig. 2). Fire is
frequent in this hubital, perhaps the most wide-
spread of the fire subclimax assoeiations in
Florida. The dominunt plant species are fire re-
sistant.

Where the longleaf pines are remaved, the
turkey oak increases in height, forming the can-
opy layer at 8-10 m, and the ground cover be-
comes less dense with frequent and extensive
areas of bare sand interspersed with drifted piles
of oak leaves and scattered vegetation (Fig. 3).
Fire is also a frequent phenomenon in the turkey
oak sandhill and often results in extensive areas
of open sand and oceasional dumage to the oaks.

The turkey oak sandhill is by far the predomi-
nant phase of sandhill habitat remaining in pe-
ninsular Florida; lumbering demunds on the
longleal pine long apo eliminated it over ex-
tensive areas of sandhill habitat, Today the
Riverside Island area of the Ocala National For-
est (Fig. 2) is perhaps the largest and least dis-
turbed stand of the “typical” longleal pine-dom-
inated sandhill habitat remaining in the south-
eastern United States (Florida Game and Fresh
Water Fish Commission 1976).

Sand Pine Scrub Association

The sand pine scrub association occurs
throughout Florida in isolated patches, often as-
sociated with or adjacent to sandhills (Fig. 1).
The soils that support serub habitat are of the St.
Lucie series and are essentially loose, unconsali-
dated sands, similar to but coarser and looser
than those which support sandhills. There is
never standing or running water in scrub habi-
tats, as even the heaviest rains percolate imme-
diately into the loose sand. Mulvania (1931:
528) referred to these soils as . . . a bed of sil-
ien, to which the term soil is but remotely appli-
cable.” The Florida scrub hus been called the
ecological equivalent of the California chapar-
ral (Laessle 1987).

Botanists have been intrigued with serub since
its description early in the last century (Vignoles
1823). Perhaps no plant community in Florida
has stimulated more interest or more printed
words (e.g., Vignoles 1823; Nash 1895; Whitney
1898; Harper 1914, 1921; Mulvania 1931; Web-
ber 1935; Kurz 1942; Laessle 1942, 1958, 1967
Miller 1950; Cooper et al. 1959; Veno 1976).

Characteristic scrub tree species include the
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Fig. 3. Turkey oak phose of the longleal pine~turkey ozk sandhill hobitat in the Ocala National Forest. Florida,

sand pine (Pinus clousa), various evergreen oaks
(Quercus virginiana, Q. muyrtifolia, and Q.
chapmani), and lyonia (Lyonic ferruginea).
Scrubs can be divided into two major types:
those with sand pine trees and those without.
The latter are sometimes referred to as rosemary
serubs. It is not always clear why some serubs
lack sand pines. Where the pines have died of
old age in the absence of fire, scrubs sometimes
persist for many vears (Laessle 1967). Other
evergreen oak serubs appear never to have had
sand pines. The Florida serub jay (Aphelocoma
coerulescens), the sand skink (Neoseps rey-
noldsi), and the Florida serub lizard (Sceloporus
woodi) are largely restricted to the evergreen
oak serub without sand pines and to those serubs
with young sand pines.

Serubs rarely burn but, when they do, the fire
usually erowns, killing the sand pines. Under the
extreme heat of a erowning fire, the sand pine
seeds are relessed (rom the serotinous cones.
More often than not, scrubs are adjacent to
sandhill communities which burn frequently.

Many authors have noted the tendency of
ground fire in the sandhills to stop abruptly at
the sandhill —scrub ecotone (e.g., Webber 1935;
Laessle 1967). The dominant sandhill tree,
longleaf pine, is well adapted to survive
frequent ground Ffires which are readily kindled
by the wire grass and deciduous oak leaves
which accumulate rapidly. On the ather hand,
the evergreen oaks of the scrub provide little fuel
for ground fires. Thus Webber (1835) referred to
the serub as a “fire fighting association.” If fire is
excluded from the scrub, the sand pines
eventually die of old age and the habitat may
ultimately succeed to hardwoad (oak, magnolia)
hammock (Veno 19786). When a scrub burns,
however, the sand pines are killed, seeds are
released, and the cycle begins again. At first
there are extensive areas of open sand, but the
vegetation gradually fills in to form an almost
impenetrable tangle composed of a matted
ground cover, a dense evergreen shrub layer,
and a full pine canopy charncteristic of 1 mature
serub.
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Table 1. Cutegories of reptile and amphibian species occurring in sandhills and scrubs in
peninsular Florida.

Characteristic

Xerie adapted
Eumeces egregius
Neoseps reynaoldsi
Sceloporus woodi
Masticophis flagellum
Stilosoma extenuatum
Tantilla relictu
Cnemidophorus sexlineatus

Wide-ranging
Scaphiopus holbroaki
Gastraphryne carolinensis
Bufo quercicus
B. terresiris
Rhineura floridana
Anolis carolinensis
Eumeces inexpeclalus
Scincella laterale
Cemphaora coccinea
Coluber constrictor
Micrurus fulvins

Associnted with

Torloise Burrows
Rana arcolata
Gopherus polyphemus
Pituophis melunoeleucus

Frequent
Hyla femoralis
H. gratiosa
Ophisaurus compressus
Diadophis punctatus
Heterodon plaiyrhinos
Lampropeltis triongulim
Opheodrys aestious
Sistrurus miliarins

Occasional
Hyla cinerea
H. crucifer
H. squirclla
Pseudacris ornata
Ophisaurus attenuatus
0. veniralis
Seeloporus undulains
Drymuarchon corais
Elaphe guttata
E. obsoleia
Heterodon simus
Stareria accipitomaculatu
Thamnaophis sirlalis
Crotalus adamanteus

Associated with

Aquatic Habituts
Acris pryllus
Rana calesheiana
R. grylio
R. sphenocephala
Ambystoma talpoideum
A, tigrinum
Notophthalmus persiriaing
N. viridescens
Psendobranchus striatus
Siren intermedia
S. laceriinag
Chrysemys floridana
C. nelsoni
Deirochelys reticularia
Kinosternon bauri
K. subrubrum
Sternatherus odoratus
Nerodia fosciata
Seminairix pygaco
Thamuophis sanriins
Apkistrodon piscivorus

Results

General

Several distinet groups of amphibian and rep-
tile species occur in the sandhills and serub
(Table 1): those that ean be considered to be
highly adapted to a xeric, sandy habitat (i.e.,
reaching maximum population levels or found
only there); those that oceur throughout a wide
habitat spectrum; thase species associated with
burrows of tortoise (Gopherus polyphemus);
and those species that occur in or near aquatic

habitats surrounded by sandhills, scrub, or any
other terrestrial habitat.

All of the xeric-adapted species except the
Florida scrub lizard require loose, well-drained
sand for burrowing or sand-swimming. Go-
pherus and associated species are also dependent
on sandy soils for burrows. These species are re-
stricted to sandhill, serub, and xerie hammack
habitats, although Tantilla relicta may rarely
occur in more mesic habitats, Gopherus poly-
phemus deserves special mention as a focal spe-
cies in providing burrow refuges for a wide va-
riety of other species including Rana areolata
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and Pituophis melanoleucus, which are essen-
Hally restricted to this microhabitat in peninsu-
lar Florida. Drymarchon corais, generally con-
sidered a characteristic gopher tortoise burrow
inhabitant, is not so restricted in peninsular
Florida and may actually reach greater popula-
tion levels in certain more mesic hardwood hab-
itats. Its close relation to gopher tortoise bur-
rows and xeric habitats is encountered primarily
at its range margins in Georgia and Alabama; in
peninsular Florida the burrows are more com-
monly used by Pituophis and a variety of other
snake species.

The aquatic species occurring in the sandhills
and serub may reach high population levels
around appropriate habitat but are best con-
sidered fortuitous additions to the species list.
The greatest number of species aecurring in the
sundhill and serub habitats are ecological gener-
alists which find suitable conditions in a wide
variety of habitats. Unfortunately, we know too
little of absolute population densities of amphib-
jan and reptile species to be able to judge rela-
tive habitat quality for most species and thus
cannot rank the value of sandhills and scrub to
these generalist species. On inspection of Table
1, however, it is clear that the generalists are all
species which require none of the specialized
physical or vegetative conditions of the sandhill
and scrub associatians,

Scrub Species Diversity

The community of herpetologists in Florida
has long been familiar with the serub endemics
(Neoseps reynoldsi and Sceloporous woodi), but
when our data showed that serubs had the high-
est amphibian and reptile species richness of 11
terrestrial habitat tvpes sampled (Table 2), we
decided to look more closely at what Carr
(1940:8) called, *. . . undoubtedly the most rig-
orous habitat in Florida. . . ."

We list 43 nonaquatic species of amphibians
and reptiles s known to occur either character-
istically, frequently, or cccasionally in Florida
serubs and sandhills (Table 1). Two of these,
Neoseps reynoldsi and Sceloporus woodi, are
primarily restricted to serub habitat. Others
(e.g.. Eumeces cgregius, Eumeces inexpeciaius,
Cemaophora  coccinea. Tantilla reliclo) may
reach their greatest abundance in some succes-
sional stage of the scrub habitat. Still others ac-
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Table 2. Resulls of the herpetological trapping
program by habitat type, Cross Florida Barge
Canal Wildlife Restudy. Eleutherodactylus
planirostris, an exotic species, has been
omitted.

Total Number of
number  individuals/nrray/
Habitat type of species day
River swamp 3 0.05
Slash pine flatwoods 7 0.07
Langleaf pine
- flatwoods 18 0.13
Pond pine Natwoods ] 0.17
Hydric hammock 17 0.23
Mesic humimaock 12 0.21
Xeric hammock 10 0.15
Longleal pine sandhills 13 0.22
Deciduous onk
sandhills 16 0.11
Evergreen onk serub 91 0.16
Sund pine serub
(mature) 19 0.14

cur in serub only near its ecotone with sandhills
or along roads through the scrub (e.g., Go-
pherus polyphemus and its symbionts).

The reptiles that inhabit the scrub proper (all
into two categories: those thut “swim™ beneath
the sand surface (Mosauer 1932) and those thal
run on the surface of the sand. Even lizards such
as Anolis carolinensis and Sceloporus woodi
spend much time on the surface, as pit-fall rec-
ords indicate. Neoseps reynoldsi, Eumeces egre-
gius, and Tentilla relicta are the principal sand
swimmers, although other small species are fre-
quently encountered beneath the sand surface
{e.g.. Scincello laterale. Lampropeltis triangn-
Ium, Heterodon platyrhinos). Smith (this vol-
ume)} investigated the details of the niches of the
three prineipal sand-swimming species.

Amphibians are poorly represented in the
serub. Notophthalmus perstriatus efts oceasion-
ally inhabit the scrub. Only the most xerie-
adapted anurans will be found regularly in true
serub. Turtles are essentially lacking, although
Kinosternon bauri may occasionally wander
through serubs, and Gopherus polyplhemus will
oceur near roads and ecotones where the soil
will sustain burrow construction. Snake and liz-
ard diversity is high.
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Fig. 4. Total numbers of species and individuuls of
reptiles ond amphibiuns collected in various ages of
sund pine scrub in the Ocala National Forest, Flor-
ida.

Scrub and Sandhill Succession

Our ongoing trapping program in the Ocala
National Forest was designed to determine if
there are any differences in the terrestrial herpe-
tofauna between different-aged stands of sand
pine scrub and between the facies of the sandhill
association, We installed two standardized trap-
ping arrays in turkey oak and longleal pine
sandhills and in each of six various-aged stands
of even-aged sand pine. During the Hrst 10
months of this sampling, we collected 891 speci-
mens of 22 species in the scrub traps (Fig. 4).
These results suggest strongly that some species
are more abundant in the younger stands of
scrub while others are more abundant in the
more mature serubs. No species is conflined to
the more mature serubs, although several species
collected in the younger stands have not been
taken in the mature serub. OF 22 species col-
lected, only Anolis carolinensis, Scincella later-
ale, and passibly Eumeces inexpectaius are more
abundant in the older scrubs. On the other
hand, at least six species occur more frequently
in the younger serubs, Notable among these are
Scaphiopus holbrooki, Cnemidophorus sexlinea-
tus, Sceloporus woodi, and Tantilla relicta, The
1-year, 2-year and 4-year-old sites have thus far
produced 593 specimens of 20 species, whereas
the 6-year, 15-year, and mature sites have
yielded only 298 specimens of 16 species. A simi-
lar pattern characterized the turkey oak and
longleaf pine sandhills. We helieve that addi-
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tional collecting will not appreciably change
this trend; that is, it appears that species richness
and animal abundance decrease as the pines ma-
ture or, to be more specific, as the ground eover
increases.

Discussion

Tt appears to us that the amphibian and rep-
tile fauna oceurring in the sandhills and serub is
not actually responding to a particular plant as-
sociation, but rather to the physical characteris-
ties of the habitat. Where these physical charac-
teristics are met in other plant associations (e.g.,
xeric hammock), many of the same vertebrate
species oceur. Thus the serub lizard and the sand
skink are really adapted to habitats that are dry,
well-drained, and offer patches of open sand,
free from rooted vegetation. We can think of no
amphibian or reptile species in Florida that has
a distribution restricted to a single plant associa-
tion. Actually, we argue that the plant species
occurring in a given habitat are responding to
many of the same environmental factors as the
animals.  Perhaps wildlife habitats should be
classified according to the significant physical
characteristics to which hoth the plants and the
animals are adapted rather than by plant asso-
ciations. The present systern can lead to mislead-
ing judgments, and we offer a single example:
the Florida gopher tortoise is known from sev-
eral “habitats” (i.e., plant associations): longleaf
pine sandhills, deciduous oak sandhills, ever-
green oak scrub, sand pine serub, xeric ham-
mock, dry flatwoods, and a host of ruderal sit-
uations. Does this mean that the gopher tortoise
is a highly-adaptable, ubiquitous species? 1t does
not. Gophers are essentially restricted to habi-
tats with well-drained, sandy soils, and an
abundance of grasses and forbs, and ultimately,
with maximal light intensity at ground level
(Auffenberg and Franz 1980). These conditions
can be met in a variety of places regardless of the
specific plant species living there.

A comparison between longleaf pine and tur-
key oak sandhill may shed light on the evolution
of the highly adapted sandhill and scrub reptile
and amphibian species. Aside from the presence
or ahsence of a pine canopy and the correspond-
ing dwarfing or enlargement of the understory
anks, these facies of the association are strikingly
different in the nature of the ground cover. The
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longleaf pine-dominated sandhill usually sup-
ports a dense ground cover of wire grass and
forbs, whereas the turkey oak-dominated facies
is more open, often with extensive areas of bare
sand, and it receives more intensive surface in-
solation. The reptiles characteristic of the sand-
hills are, as noted, species which burrow and
highly specialized sand “swimmers.” Species
such as Tantilla relicta. Eumeces egregius. and
Neoseps reynoldsi, which require loose sand for
sand swimming, historically have encountered
such conditions in the sandhills only in areas of
disturbance, such as the burrow mounds of Go-
pherus polyphemus and Geomys pinetis, or the
open areas resulting from fire, especially under a
turkey oak canopy. In the longleal pine/turkey
oak association such eonditions (minus man's
imposition of road shoulders and other disturh-
ances) are localized islands of loose sand pro-
truding from a cover of wire grass. Similarly,
the mat of roots and humus covering the sand in
the mature sand pine scrub would require
breaks to provide suitable conditions for these
species.

Neoseps reynoldsi, Ewmeces egregius, Tan-
tilla relicia, and Stilosoma extenuatum are also
more abundant in early successional stages of
sand pine serub than they are in the advanced
stages with a full pine canopy, dense evergreen
shrub layer, and matted ground eover. To pro-
vide conditions for the evolution of the endemic
or characteristic species of the sandhills and
scrub, there must have always been such dis-
turbed areas where loose surface sand was avail-
able. Despite the contention that the central
sandhills of Florida were historieally blanketed
by a sheet of longleafl pine/turkey oak (Laessle
1958), it would appear more probable that a
mix of successional stages, both in sandhills and
sand pine scrub, has always existed. Breaks in
the typical or mature stages of both habitats
could, and probably did, result from severe
fires, tornado or hurricane blow-downs of the
canopy trees, outbreaks of pine-bark beetles, or
other natural disasters. These factors would
have maintained a mix of habitats amply sup-
plied with the open, loose sand conditions
needed for the evolution of the unique herpeto-
logical components of the peninsular Florida
sandhill and scrub associations. These species,
especially Neoseps reynoldsi, Tanlilla relicta,
and to a lesser extent, Eumeces egregius, are
thus cast as “weed” species, colonizers of a
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patchy early successional or disturbed habitat
type which oceurs throughout the sandhill, sand
pine serub, and xeric hammock vegetative asso-
ciations as a result of biological (Gopherns, ete.)
or catastrophie (fire) factors.

Although maost of the highly adapted serub
and sandhill fauna meet few or none of the bio-
logical requirements typically cited for coloniz-
ing species {see Baker and Stebbins 1965), they
must be considered colonizers because of the
short-lived nature of their required habitat. A
population of sand skinks cannot persist to its
muaturity in a patch of sand pine serub; they in-
vade young scrubs opened by killing fires, serubs
without sand pine, and sandhills without wire
prass and longleal pines. Just how a species with
a reproductive rate of anly one or two young per
female per year (Telford 1959) and such ap-
parently poor vagility can do this is a question
worth pursuing.

In our current study of the serubs of the Ocala
National Forest, we consistently trapped more
species and more individvals in the younger
sand pine scrubs. This suggests that there are
either more animals in the younger stands or
that those present are easier to trap, It is clear
that the recently clear-cut serub is more fre-
quently used by “typical” scrub species; when
we consider the natural history of serub (i.e.,
fire ecology), this makes sense. It should come as
no surprise that the scrub-adapted fauna is ac-
customed to survival in even-aged stands of sand
pine. Tt thus appears that clear-cutting and
evern-age management of sand pine stands may
mimic the natural situation of infrequent crown
fire to which the scrub [auna is adapted.

The variables of a herpetological association
or “community” in the scrub and sandhills habi-
tat are difficult to deline. Many of the most
common species are broadly distributed and
only fortuitously juxtaposed in the sandhills and
serub; the more specialized species occur only in
restricted microhabitats, With only a few excep-
tons, the species list for these areas ean he dupli-
cated in various other habitat types in peninsu-
lur Florida, If we exclude aquatie habitats, the
species list is virtually identical to that for xerie
hammock,

It appears evident from these data that the
concepl of a herpetolagical association or “com-
munity” cannot be defined along plant associa-
tion boundaries in the xeric habitats of peninsu-
lar Florida. The local distribution of species is
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determined by a complex of physical and proba-
bility factors at least partially independent of
the plant species of the area. The most heuristic
approach is to view amphibian, reptile, and
plant species as responding to a similar set of
physical and biotic factors without assuming
any interdependency between species. If the def-
inition of a herpetological “community™ is to be
mare than the fortuitous association of a group
of individuals of a variety of species at a specific
place and tHme, we must look beyond the plant
association. In the xeric habitats of peninsular
Florida, the particular plant associations appear
less important than the presence or absence of
areas of loose dry sand.
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Food Resource Partitioning of Fossorial Florida Reptiles
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Abstract

Tantilla relicta, Eumeces egregius, and Neoseps reynoldsi share the same habital
within the serubs and sandhills of ceatral Florida. Stomach analyses of specimens from
several localities show considerable differences in their arthropod prey. Tantilla relicia
inhabits surfuce litter and specinlizes on tenebrionid larvae. Eumeces egreging is a sur-
Ficial skink which generalizes on blattids, crickets, and spiders. Neosepy reynoldsi
possesses an unatomy specialized for subsurflace “sand-swimming”™ and takes a variety of
prey, including termiles, tenebrionid larvae, spiders, and antlions. The [ood resource
overlap of Neoseps reynoldsi with the other two species is apparently reduced by its

adaptations to & subsurface microhabitat.

Tantilla relicta, Eumeces egregius, and Neo-
seps reynoldsi are fossarial, insectivorous squam-
ates which oceur sympatriecally within the
serubs and sandhills of eentral Florida. The foad
habits of T. relicta and its relationship to the
two lizard species in their common habitats are
unknown.

The sand skink, Neoseps reynoldsi, has the
wedge-shaped snout, counter-sunk jaw, and
drastically reduced limbs of a highly specialized
“sand-swimmer.” Cooper (1953) and Myers and
Telford (1965) provided the only published ref-
erences to the sand skink's diet. Eumeces egre-
gius. the mole skink, has a more gencralized
anatorny with typical limbs but also swims
through the sand. Its food habits are reported in
Hamilton and Pallack (1958) and Mount (1963).
Tantilla relicta, the crowned snake, also pos-
sesses the wedge-shaped head and counter-sunk
jaw which permit efficient sand-swimming. No
published reference to the prey items of this spe-
cies exists, but literature on the food of T. coro-
nata (Hamilton and Pollack 1956) and T. gra-
cilis (Foree 1935) is available.

Methods and Materials

The Cross Florida Barge Canal Restudy (Flor-

ida Game and Fresh Water Fish Commission
1876) and a current study in the Ocala Natonal
Forest, Marion County, Florida, by the
National Fish and Wildlife Laboratory provided
the hulk of examined specimens. A few addi-
tional N. reynoldsi were also used.

Pitfalls and [unnel traps in conjunction with
drift fences (Campbell and Christman, this vol-
ume) constituted the primary collection
technique. In the Oecala study, 20 arrays with
four fences each were emplaced in July 1976 and
checked weekly through December 1977. The
10 Ocala study sites, each with two arrays,
included turkey oak (Quercus laevis) and long-
leaf pine (Pinus palusiris) sandhills, evergreen
oak scrub, and various ages ol sand pine (Pinus
clausa) serub from clearcut to mature stand.
The Barge Canal study traps involved from one
to four arrays in each of the 11 following
habitats: turkey oak and longleaf pine sandhills;
evergreen oak and sand pine scrub; hydric,
mesic, and xerie hammocks; longleaf pine, slash
pine (Pinus elliottii}, and pond pine (Pinus sero-
ting) flatwoads; and mixed swamp. The
trapping at the Canal site began in spring 1975,
sampling periods were 1 to 2 weeks, and trap-
ping was coneluded in December 1975. All trap
sites were in or adjacent to the Ocala National
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Forest with the exception of a turkey oak sand-
hill located 24 km southwest of Ocala and 14 km
east of Dunnellon. In addition to the arrays,
more conventional field work supplied further
material for examination. All specimens were
frozen the day of capture for later preservation.

The scrubs and xeric hammock are upland
habitats associated with an extensive paleodune
field of infertile silicious sand with high internal
drainage. The Ocala serubs occur on whitish
sands of the St. Lucie and Lakewood series
(Laessle 1958). Vegetation includes sand pine,
myrtle oak (Quercus myrtifolia), saw palmetto
(Serenoa repens), rosemary (Ceratiola
ericoides), and lichens (Cladonia spp.). As sand
pine scrub matures, the shrubby understory and
ground litter become more extensive. Campbell
and Christman (this volume) deseribe sand pine
serub regeneration. If no regenerative mechan-
ism oceurs, the sand pines may decline due to
senescence and the area may succeed to ever-
green oak serub or xeric hammock. Small oaks
such as the myrtle oak dominate the evergreen
oak serub and open patehes of sand develop be-
tween clumps of the oaks and rosemary bushes.
A slightly maister soil probably gives rise to xerie
hammack dominated by live oaks (Quercus vir-
giniana). .

The well-drained upland sandhills occur on
vellow infertile sands of the Lakeland series.
Longleal pine, turkey oak, wild persimmon
(Diospyros virginiana), live oak, and two wire
grasses (Aristida stricia and Sporobolus gracilis)
commonly oecur in sandhills, When the pine
trees are lumbered, turkey oak dominates the
sandhill, herbaceous ground cover is reduced,
and open patches of sand develop. These dis-
turbed sandhills approach serub conditions with
a consequent reflection in their [aunal as-
semblages (Campbell and Christman, this
volume).

The mesophytic and hydrophytic sites are
characterized by much poorer drainage than the
serubs and sandhills mentioned above and the
data confirmed the virtual absence of the three
species of squamates in these areas. For this
reason, habitat descriptions are omitted here
and the reader is referred to Snedaker and Lugo
(1872).

In all, 219 Tantilla relicla, 164 Eumeces
egregius. and 14 Neoseps reynoldsi were avail-
able for exumination of stomachs. The Barge
Canal study totals included six T. relicte and
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two N. reynoldsi which were caught by hand. In
addition, four N. reynoldsi from the Sebring
area in Highlands County were examined.

The stomach and intestinal contents of all of
the specimens were removed and placed in small
vials containing 75% isopropyl alcohol. The
contents of each vial were placed in a petri dish
under a variable power (7-30X) dissecting
scope, segregated and identified according to
Chu (1949) and Borror and DeLong (1964). On-
ly the number and frequency of different food
items were recorded.

Results

A number of factors were analyzed [or each
species, including spatial and temporal activity
or presence, adaptations, and food habits.
Habitat and microhabitat preferences
comprised the spatial component. Seasonal
actvity wus plotted from July 1976 to December
1977 to determine any temporal differences he-
tween the three species,

Habiiat Preference

Tantilla relicta was common in the longleaf
pine and younger stands of sand pine scrub.
Turkey oak sandhill, xeric hammock, and the
drier evergreen oak scrub had moderate popu-
lations. Specimens were trapped rarely in the
wetter evergreen oak scrub site. Enmeces egre-
gius was taken commonly in the turkey oak
sandhill, most younger sand pine serubs, and
evergreen oak scrub. The mature sand pine
scrub, longleaf pine sandhill, and xeric ham-
mock arrays trapped few or none, but occa-
sional individuals were collected by hand from
all ol these habitats. Neoseps reynoldsi was
trapped rarely and only in the Ocala turkey oak
sandhill,

Annual Activity

Seasanal variation in numbers was plotted to
determine any temporal actvity differences in
the three species (Figs. 1 to 3). The initial high
values in Figs. 1 and 2 resulted from trapping a
previously undisturbed population. Thereafter
the values leveled off to a true reflection of ac-
tivity. Peaks of activity oceurred in the Septem-
ber-October and March periods, and inactivity
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Table 1. Numbers and percentage frequency of occurrence of 270 prey ilems in 124 stomachs
of Tantilla relicta from Marion County, Florida, 1975-77.

Number of Percent of Number of Percent frequency
Prey items prey items prey {tems stomachs of oceurrence
Tenebrionidae (larvae) 242 89.6 106 85.5
Chilepoda 17 6.3 16 12.9
Gastropoda B 2.2 5 4.0
Insecta (legs) 3 1.9 4 3.9

set in from December to February. Trapping for
the 5-month period in the second year showed a
reduction in the absolute numbers of animals
taken, but the activity levels remained essen-
Hally the same for corresponding times of year.
The Neoseps reynoldsi and turkey oak sandhill
datus seemed to follow these general trends. No
temporal differences in activity appeared be-
tween the three species.

Food Habits

Identifiable food occurred in 124 (56.6 %) of
919 Tantilla relicta, 83 (50.6%) of 164 Eumeces
egregius, and 9 (64.3 %) of 14 Neoseps reynoldsi.
Mount (1963) found 257 (55.9%) of his 460
E. egregius with identifiable food. Even though
some of the trapped E. egregins were probably
restricted to a trap for a week or more, they ap-
parently ate selectively of what happened into
the traps, and avoided changing their diets or
increasing the percentage of empty stomachs.
Comparison of stomach contents from T, relicta
and N. reynoldsi with published records and
with food data From hand-caught speeimens
showed that they also did not change their diets
significantly on heing trapped. No differences in
diet composition were observed between dif-
ferent habitats or times of year for a particular

species, Whether an animal was caught in a fun-
nel trap, in a bucket, or by hand made no dif-
ference in food itemns found in their stomachs.

The feeding strategy of Tantilla relicta was
specialized to the extent that the larva of what is
apparently one species of tenebrionid beetle oc-
curred in 85.5% of stomachs with food and
made up 89.6% of the numerical total. Centi-
pedes and snails were found only in T. relicta
and accounted for almost all of the remainder of
its diet (Table 1). The diet of T. relicia differs
from those of T. gracilis and T. coronata. Force
(1935) wrote that T. gracilis ate mostly centi-
pedes, along with noctuid, elaterid, and tipulid
larvae, Hamilton and Pollack (1956) found that
T. coronata also fed mostly on centipedes, and
occasionally on coleopterous larvae, hlattids,
and millipedes.

Eumeces egregivs fed largely on roaches,
spiders, and erickets and on minor amounts of
termites, adult and larval beetles, dipterans,
sawflies, ants, insect eggs, and earwigs. Neoseps
reynoldsi stomachs contained primarily beetle
larvae, spiders, termites, and antlions.

Food habits comparison between the three
species (Tuble 2) showed two major areas of
overlap. Both T. relicta and N, reynoldsi relied
heavily on coleopterous larvae. Conversely,
tenebrionid and elaterid larvae were present in

Table 2. Percentage of total prey items and frequency of occurrence of prey groups in stomachs of

Neoseps reynoldsi (n =
County, Florida, 1975-77.

9). Eumeces egregius (n =

83), and Tantilla relicta (n = 124), Marion

N. reynoldsi E. egreping T. relicta
Percent  Percent total  Percent  Percent totul  Pereent  Percent total
Prey group occurrence iterns oceurrence items accurrence items
Caleopterous larvae 33.3 13.3 6.0 4.4 85.5 89.6
Rhinotermitidae 22.2 63.3 2.4 2.2 0.0 0.0
Orthoptera 0.0 0.0 63.9 43.8 0.0 0.0
Arachnida 33.3 10.0 43.4 28.5 0.0 0.0
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only 8.0% of the E. egregius. The other area of
overlap was spiders, which were taken in large
numbers by both N. reynoldsi and E, egregius.
Roaches and crickets completed the bulk of the
diet of E. egregius. Termites and antlions oc-
curred in 22.2% of N. reynoldsi stomachs with
food, but were rarely found in guts of the other
two species.

Discussion

None of these three species appear to be a gen-
eral insectivore, which indicates that natural se-
lection probably has fashioned animals that feed
on parbeular prey in partieular microhabitats.
The relative abundance of each species prabably
is not reflected accurately by the Ocala trap
data. Pitfalls and funnel traps, by virtue of their
construction, tend to trap mostly surficial ani-
mals, causing arboreal and burrowing species to
be underrepresented. Because of its sand-swim-
ming specialization, Neoseps reynoldsi has less
chance of being trapped than either Tantilla
relicta or Eumeces egregius. In view of normal
field collection data, however, N. reynoldsi
appears to be considerably less abundant than
the other two reptiles, The data support the con-
tention that E. egregius is one of the commonest
lizards and T. relicta is the commonest snake in
most of the serubs and sandhills.

The presence of Neoseps reynoldsi in the
Ocala turkey oak apparently results from a pe-
culiar set of circumstances. Very small popula-
tions probably exist in the scrub, as evidenced by
a few specimens collected from this habitat at
Central Tower and just north of the junction of
Pipeline Road (FR 97) with SR 316 (S. P. Christ-
man, personal communieation). After lumber-
ing for longleaf pine, a sandhill may approach
the substrate conditions of evergreen oak and
young sand pine serubs, which comprise the pre-
ferred habitats for N. reynoldsi south of the
Ocala Forest. This process seems to have oc-
curred in the Oeala turkey ozk; both N. rey-
noldsi and sand pines subsequently colonized
from the surrounding serub. In the past when
extensive wildfires (14,200 ha burned in 4 h in
1935) reduced the Oeala sand pine forest to a
few patches of mature trees surrounded by large
regeneration areas, N, reynoldsi was probably
as abundant as in its unmanaged habitats south
of the Ocala Forest today, Within the Ocala
Forest, N. reynoldsi is marginally abundant in
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the extensive man-indueed turkey oak sandhills
and very rare in the surrounding serub,

Food habits reflect microhabitat. Centipedes
and snails tend to be superficial in surface litter,
whereas termites and antlions are more subter-
ranean. Tantilla relicta is found most Frequently
by raking sand during the day, but this probably
reflects its habits at a time when it is not feeding.
Considering its chilopodan and gastropod prey,
it probably feeds at or above the surface. In
view of its food habits and specialized adapta-
tions, Neoseps reynoldsi apparently feeds and
spends most of its me below the surface. Sand
skinks probably take spiders in their own bur-
rows. Telford (1958) collected all but 2 of over
60 N. reynoldsi from 5 to 10 em below the sur-
face. At the turkey oak sandhill trap site, one in-
dividual was taken on the surface of an open
patch of sand at 1300 h on a sunny day.
However, about 20 other specimens were col-
lected by raking them out of the sand. Telford
(1959) wrote that his captives fed mostly below
the surface.

Eumeces egregius has more generalized food
habits than either Tantilla relicta or Neoseps
reynoldsi and seems to take anything small
enough to overpower. Moreaver, Mount (1963)
stated that the Cedar Key Airstrip Island and
Seahorse Key populations fed on amphiped
cructaceans and dermapterans, respectively.
Clearly, E. egregius is an opportunistic feeder.
Most of its food items are surficial species, and
Mount (1963) stated that the data “suggest that
most of its food is captured in sheltered situa-
tions, perhaps in pre-existing subterranean pas-
sages.” A reference from Wright and Wright
(1957) alluded to all three species. They repeat
field notes from O. C. Van Hyning, who had
ajirport workmen at Eustis watch carefully
while they were grubbing, Van Hyning wrote,
“They took Tantillz in the surface layer, Eu-
meces egregius near the surface, but Nepseps
reynoldsi and Rhineura six to ten inches or more
down.” '

Food seems to be the major potential source of
competition between these three species, and
natural selection apparently has caused such
competition to be diminished through microhab-
itat and dietary differences. Eumeces egregius
avoids possible food competition by possessing a
diet suited to its adaptations as a relatively gen-
eralized lizard and by feeding in its near-surface
microhabitat. Tantilla relicta specializes on a
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prey which is unimportant to E. egregius, per-
mitting coexistence of both in surficial micro-
habitats. The food items of Neoseps reynoldsi
overlap those of both E. egregius and T. relicta,
but competition apparently is reduced by the
specialization of N. reynoldsi to a completely
subterranean existence. T. relicta and E,.
egregius are also sand-swimmers, However, this
locomotion is probably reserved for different ac-
tivities than feeding. By swwimming in the sand,
these three species can escape predation, avoid
inhospitable weather, and thermoregulate in ex-
posed sandpiles, such as mounds of the pocket
gopher (Geomys pinetis) and gopher tortoise
(Gopherus polyphemus). The dietary differences
of these animals indicate that none but N. rey-
noldsi feeds while sand-swimming. The differ-
ences in microhabitat and food preferences ap-
parently permit these three species to coexist in
the same habitats and to efficiently use the avail-
able food resources.
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Tracking as an Aid in Ecological
Studies of Snakes

Harvey B. Lillywhite!

Department of Systemnatics & Ecology
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Lawrence, Kansas 66045

Abgiract

Snukes leave identifiable impressions when crawling over line-textured soils. There-
fare, dirt roads, dunes, and surfaces prepured by abrading topsoil huve been used os
trackways in ecological stidies of snuke populations in chaparral and desert in southern
California, Preliminary data point to the uselulness of snake tracks in determining relo-
tive or behavioral densities. spatial relationships, soeial behavior, and species composition
within communities. In desert sandy habitats, sidewinder rattlesnakes (Crotalus corasies)
have bevn followed for distances exceeding 1.2 km, In a montane chaparral eommunity,
it wits possible to distinguish tracks made by the three common specics, Crotalis viridis.
Pituophis melanoleacus. -and Masticophis lateralis. Data for snake setivity in chapurral
point to the difficulties of determining the densities and comparative demographie fea-

tures of snake populntions.

Because of the difficulty of observing and eap-
turing snakes, studies of their ecology have
lagged hehind that of other vertebrates. It is dif-
ficult, often impossible, to enumerate or esti-
mate snake population densities, and
community studies may suffer from the lack of
equal information f{or species owing to dif-
ferences in behavior, population density, and
accessihility to the investigator.

Walter Mosauer was probably the first herpe-
tologist to realize that tracks provided con-
venient records of snakes aetivities and that
trackways might be used proFftably to supple-
ment the scarce opportunities of actual chserva-
tion. Snakes leave distinet, identifiable impres-
sions when erawling on [ine-textured substrate,
and these tracks can provide information about
the numbers ol snakes in an area; time, rate, di-
rection, and extent of movement; social behav-
jor; species composition within a community;
and, to some degree, individual recognition,
Yet, apart [rom early descriptive studies, a
tracking approach has not been widely applied
in guantitative ecological studies by herpetolo-

1Present address: Department of Physiology and Cell
Biology, University of Kansas, Lawrence G6045.

gists (see Mosauer 1933; Cowles 1949; Bider
1968). In studies of other animals, most notably
mammals, tracking methods have been adopted
to determine home ranges and activity patterns,
as well as to census populatons. Population esti-
mates based on tracking can be highly precise
and are considered superior to estimates based
on trapping alone (e.g., Marten 1972).

The intent of this paper is to stimulate interest
in the development and application of tracking
methodologies in ecological studies involving
snakes. The discussion is aimed al identifving
some potential applieations of tracking methods
in thelight of bwo ease studies in desert dune and
montane chaparral ecosystems. I also comment
on some of the difficulties of determining densi-
ties and demographic units within snake popula-
tions.

Sidewinder Studies at Kelso Dunes

The fine-grained sands of desert dunes pro-
vide unique opportunities for studying the daily
movements of snakes, especially those of “side-
winder” vipers which occur (sometimes abun-
dantly) in dune habitats of low latitude deserts.
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The following account is based on unpublished
data from Brown (1970), who studied a popula-
tion of Crotalus cerastes at Kelso Dunes in the
Mojave Desert of southern California from June
1867 to June 1969.

The study area was a 7-ha grid of windblown
sand at the easternmost edge of the Devil's Play-
ground sand sea, roughly 4 km SSE of Kelso,
San Bernardino County, California. The fine
sand at this locality is 2 to 3 m deep but becomes
progressively shallower to the east, where the
dunes finally give way to the sloping alluvial fan
of the Providence Mountains. A matrix of rather
uniformly spaced creosote bushes (Larrea divar-
icata) form nuclei for prominent accretion dunes
on the study grid proper; other vegetation com-
prises a denser assemblage of low-growing
plants such as galleta grass (Hilarig rigida),
burroweed (Franseria dumaosa), and sandpaper-
leaf (Petalonyx thurberi).

Sidewinder tracks are made as a progressive
series of parallel impressions, each one termi-
nating in the hook of a “J” (see Gans 1970). The
hook is formed by the head of the snake and in-
dicates the direction of travel. In ideal circum-
stances, the length of a track should exactly
equal that of the sidewinder (Klauber 1956).
However, a number of comparisons using snakes
caught in the field showed that this was nat al-
ways the case; most tracks varied from 3 to 5%
shorter than the snakes which had made them.
However, because this error is quite small, the
tracks of this species can be used to determine
the directions of movements of individuals and
the size composition of a population.

Tracks at the Kelso study site were readily lo-
cated by walking the length of the study grid in
a series of parallel traverses in the early morn-
ing. Tracks may become obliterated or erased
during the day due to wind and the unfavorable
angle of sunlight. If any part of a trackway en-
tered the grid, it was mapped for its entire
length, thus providing detailed information on
sidewinder movemenis. Trackways found
outside the grid were also mapped for compara-
tive data on length and direction. Frequently,
the sidewinder that had made a given traclkway
was found and could be ohserved or eaptured.
Metal rods were used to mark the start and
finish points of trackways, and this allowed
monitoring the progressive movements of indi-
vidual sidewinders over periods of several days.
For each trackway, both the total length and the
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straight-line distance from start to finish were
recorded.

Tracks were found on the study site from
April to October and provided a quantitabve
record of sidewinder activity during the two
years of study. Trackways in June and July
averaged somewhat shorter than those of earlier
spring or fgll; the longest trackways were re-
corded during the cooler months (Fig. 1). How-
ever, trackways of a given individual were not
necessarily uniform in length or of increasing
distance on successive nights. Nor was direction
consistent, either for the population or for indi-
viduals. Occasionally, individual sidewinders
moved long distances in short periods. For
example, the longest trackway made by a side-
winder in a single night of wandering was that
of an adult snake which on 13-14 October
moved a total distance of 1,269.2 m. Few juve-
nile trackways were mapped, but they were said
to be shorter than those of aduits. The total
length of a trackway usually was less than twice
the straight-line distance between start and fin-
ish points,
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Brown suggested that sidewinders probably
wandered randomly without home ranges or
with home ranges considerably larger than those
of the few crotalids that have been studied in-
tensively (e.g., Fitch and Glading 1947; Fiteh
and Shirer 1971). My own impressions during
visits to Kelso Dunes were that sidewinders there
typically followed the *path of least resistance”
{e.g., between shrubs, in low places between ac-
cretion dunes, ete.) without purposeful explora-
tion, as in cases where tracks progress from
shrub to shirub or from burrow system to burrow
system.

Some of the early observations of sidewinders
were made by Mosauer (1933) who trailed these
snakes over the sand dunes of the Coachella Val-
ley, California. He found that the tracks made
in a given night often would trend in a particu-
lar direction for as much as 305 m, and the
snake was often found coiled at the base of a
plant at the end of the track. Mosauer surmised
that after a few nights of wandering the snakes
possibly might return to their starting point.
Brown's data [ully support Mosauer's on the
wundering inelinations of sidewinders and the
distances they travel. Hlowever, only once was a
sidewinder observed to return to its starting
point after a night of wandering, and it seems
doubtful that this occurs very often in this
species. On the other hand, the western
diamondback rattlesnake (Crotalus atrox),
formerly found in the Coachella Valley along
with the sidewinder, apparently does have a
homesite to which it returns each morning
(Mosacer 1935).

Studies on the 7-ha grid showed that from two
to five trackways were found there daily from
April to October. This indicates a variable sur-
face density of from 0.29 to 0.71 active side-
winders per hectare. These figures are almost
certainly underestimates of the actual popula-
tion density on the Kelso Dunes, for a significant
percentage of the population might not be active
an the surfaee during a given measurement per-
iod. In Brown's study, the grid was worked by a
single person, and it was difficult to lollow indi-
viduals for long periods. Given sufficient man-
power, hawever, it should be possible to follow
the sequential movements of individual snakes
over a significant period of the active season and
enumerate directly the active population. Very
likely the population on the 7-ha grid is largely
transient and may Huctuate in density over

rather short periods of time. This dynamic as-
pect of the population structure would be diffi-
cult to assess [rom conventional mark and recap-
ture techniques.

A very important implication of the trackway
studies at Kelso Dunes is that, given a randomly
mohile population wherein some individuals
elect to disperse relatively long distances, even
marginal estimates of density bused on mark and
recapture methods may be impossible to obtain.
In the sidewinder study at Kelso, 53 sidewinders
were marked over the 2-year period. OF these,
only six were recaptured and only two were
recaplured more than 5 days aflter heing re-
leased.

Tracking Snakes in Chaparral

Tracking offers a promising approach for eco-
logical studies in a variety of habitats where veg-
etation density and climate are not major con-
straints. Tracking is possible on a variety of [ine-
textured soils, and even course or hardened sur-
faces can be modified for tracking purposes. In
areas of moderately dense vegetation, tracks can
be sampled from strips or patches of cleared sub-
strate. For example, snakes have heen studied in
Quebec using fine sand transects constructed in
woods and fields, protected from rain by a can-
opy (Bider 1968).

Since 1971, effort has been directed toward
comparing the abundance of active snakes in
burned and unburned patches af chaparral in
San Diego County, California. This study is still
in progress, and the purpose here is not to report
conclusions but to suggest directions; through-
out the study T have attempted to identify situa-
tions in which tracking might offer practical ad-
vantages as a field method in herpetalogical in-
vestigations.

Sampling Technigues

The use of tracks to quantily the activity and
relative abundance of snakes was stimulated
initially by the hypothesis (corroborated by
cursory field observations) that snake
populations were reduced in burned habitat
either as a direct or indirect consequence of
fire. Snakes are not easily observed, and, es-
pecially under conditions of low population den-
sity (or activity), the “catchability” of specimens
diminishes significantly. However, sampling is
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Fig. 2. A road bearing escellent tracking surface in remote chaparral (San Diego County, Californin).

always possible by tracking; if any number of
snakes are active, their tracks will be evident,
T have used dirt roads as transects for sam-
pling tracks in chaparral habitats. Distances ex-
ceeding 2 km in each of burned, unburned, or
ecotone chaparral were censused two or three
times daily for variable periods during seasons of
peak snake activity (May-July). Each transect
was traversed in both directions during a given
census to allow optimal visibility of tracks,
which depends on the direction of obligue
lighting, particularly when the sun is low. Tests
demanstrated that even the smaller snakes of the
area (e.g., juvenile Hypsiglena torguata) left de-
tniled impressions when crawling upon the sur-
faces of dirt roads that were used in the study.
Information about the size, species, and direc-
tion of a snake's travel was easily obtained from
inspecting tracks that were found on the tran-
sects. Counts of tracks ean potentially be used to
quantify the relative abundance and species
densities of active snakes and ean provide de-

tailed information about the spatial and tempo-
ral aspects of activity. Moreover, different areas
can be sampled simultaneously, thus enabling
one to investigate the geographic synchrony of
activity patterns.

Dirt roads traverse remote areas of chaparral
in California and permit extensive sampling of
habitat (Fig. 2). Many of these roads are ade-
quate for tracking except in areas having very
coarse soils or where motor vehicle traffic is ex-
cessive. Some motor vehicle traffie is actually
desirable because it creates and maintains a fine-
textured substrate. Even where the investigator
elects not to use tracking as a principal method
of study, much preliminary information regard-
ing abundance, species composition, ete. might
be obtained in a short period from track counts
on roads.

In a study of snake movements in eastern
Kansas (Fitch and Shirer 1871), it was shown
that snukes sometimes avoided erossing roads.
This appears not to be a problem in chaparral
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where the vegetation forms a much less contin.
uous ground cover (at substrate level) than in the
more mesic habitats of eastern Kansas. In chap-
arral, the number of tracks on dirt roads com-
pared favorably with the number of tracks oc-
curring on narrow (1 m) strips of tracking sub-
strate in off-road habitats where natural breaks
in vegetation equalled or exceeded the width of
the tracking substrate. Moreover, out of hun-
dreds of observations of tracks in chaparral, the
number of occasions where a track indicated
that a snake approached or entered upon a road
and then reversed its direction was extremely
rare (< 1% of observations). I have observed
several situations in which snakes crossed dirt
roads repeatedly during day-to-day wanderings
within a specific home range.

In addition to roads, tracking surfaces can be
prepared in situ wherever there is sufficient ex-
posed soil. Brushing or scraping the ground with
a heavy pushbroom creates suitable substrate by
removing large debris and abrading coarse sur-
Faces. These “serubbing™ procedures have been
used to create strips and grids of trackway in
several areas of chaparral (Fig. 3). The “grids”
of trackway were not arrayed in a regular geo-
metry. Tracking surfaces comprising a grid fol-
lowed the natural openings between shrubs and
rock (usually a few meters apart) and were
spaced so that movements of any snake within a
unit area of habitat could he detected.

In this manner I have monitored the occor-
rence of tracks on 0.5-ha prids for relatively
short periods (one to several weeks). Although it
was not possible to enumerate snake densities on
these sites owing to the limited time and area
sampled, the observations did demonstrate-the
feasibility of relating tracks to habitat area, even
in relatively dense brush. 1 was able to follow
the movements of individual snakes on these
grids, and I was able to identify and even eap-
ture them, More intensive efforts at tracking a
larger area would enable an investigator to
quantify the numbers (but see below), kinds,
and activity of snakes in a given pateh of habi-
tat,

Identifying Snakes from Their Tracks

In chaparral, snake tracks have distinet
characteristics, and the trained ohserver can
distinguish these from other marks or
impressions that tend to resemble those of
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Fig. 3. Tracking strips (arrows) created by seraping
and brushing topsoil in (A) recently burned chapar-
ral and (B) chaparral 15 years or older.,

snakes. If a dirt tracking surface has a
suflficiently [ine texture, a fresh snake track (age
< 18 h) appears reflective or lustrous. espeeially
when viewed obliquely. This quality is at-
tributable to the compression of substrate parti-
cles by the snake'’s weight during efforls at loco-
motion. Lizard tracks vsually can be distin-
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guished by the presence of foot impressions and
the low reflectance quality (lack of sheen or lus-
ter) of the tail drag (Fig. 4A). However, the foot
impressions may be obscured or even absent in
certain ecircumstances. Tracks of the lizard
Gerrhonotus spp. (and probably large scincids
in other habitats) are an exception to this gener-
alization, as the body and the tail produce a lus-
trous track. In these cases, however, impressions
of feet and even digits are usually well pre-
served. Ant trails may superficially resemble
snake tracks, but the dirt lacks compression and
the high reflectance (luster).

It is widely known that tracks of vipers which
sidewind on desert dunes are easily recognized
owing to their unique mode of locomotion. It is
also possible to identify tracks which are pro-
duced by snakes having less unique and even
similar locomotory modes. In the chaparral near
Mount Laguna, San Diego County, California,
I have been able to identify tracks made by rat-
tlesnakes (Crotalus viridis), gopher snakes (Pit-
uophis melanoleucus), and striped racers (Mas-
ticophis lateralis). An account follows of the cri-
teria by which the tracks of these three species
might be distinguished.

Pituophis melanoleucus (Fig. 4B). This snake
typically progresses in a rectilinear or concertina
mode (for terminclogy, see Gans 1970). Conse-
quently, the tracks of this snake are quite
straight but sometimes exhibit abrupt curvatures
where force transmission is directed backward.
The body presses firmly against the substrate,
and the tracks of this snake are normally contin-
uous throughout their length.

Crotalus viridis (Fig. 4C and D). The tracks
of this snake are readily distinguished from those
of sympatric non-crotalid species. Identifying
features are attributable to the weight of these
snakes and their habit of earrying the rattle
erect. The track may be straight or sinuous but is
almost always unbroken, and the soil is pressed
firmly. The track is often deep and typically ap-
pears as though several snakes had traversed the
same region of substrate. This elfect seems to be
caused by the sliding of the body as the snake at-
tempts ta gain tracton during efforts at undo-
lating. The trailing end of the snake is broad and
blunt owing to the erect position of the rattle,
and the tail at the base of the rattle forms a
broad depression within the width of the main
track, “Tail drags” are also seen in tracks of
other snakes, but only in rattlesnakes are they
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relatively broad in relation to the width of the
entire track.

Masticophis lateralis (Fig. 4E and F). The
track of this species is distinguished from the
previous two because it undulates broadly and is
usually discontinuous. Ridges and depressions
formed at points of force transmission are deep
and sharply defined, and tail drags often cross
the main track obliquely.

Snakes can sometimes he found by searching
in the immediate vicinity of freshly-made
tracks, particularly if searches are conducted
along dirt roads during peak hours of snake ac-
tivity. T have used this collecting procedure to
affirm empirically my ability to identify tracks
of rattlesnakes, gopher snakes, and striped
racers. Snakes were identified correctly in 100 %
of 30 accumnlated cases where track identifica-
Hons were subsequently verified by capturing
the snake. Clearly, more data are needed to es- :
tablish the reliability of track identification, but
the method at least appears promising. The
three species of snake mentioned here include
the more eommon or conspicuous snakes in the
Mount Laguna chaparral and aceount for 80%
of all snakes that were seen or collected during a
3-year period. Tt may be possible to identify the
tracks of at least some of the other snakes present
in chaparral, but I have had limited opportunity
to observe them.

In cases where identifications are uncertain,
tracks might be assigned to species on the basis
of probability values. For example, two species
of rattlesnake can be found in the Mount La-
guna area: C. viridis and C. mitchelli. The lat-
ter species is relatively uncommon in certain
arens, and in the locality where my studies were
conducled, it aceounted [or only 2 out of 48 rat-
Hesnake sightings during a 3-vear period. In
this example, it seems reasonably secure to as-
sume that something in excess of 90% of
Crotalus tracks result from the activity of C.
viridis (assuming that tracks of C. viridis and C.
miichelli are indistinguishable). Intensive
sampling would presumably allow one to de-
velop a more rigorous quantitative hasis for as-
signing to species tracks that are potentially am-
higuous. Further research on the species speci-
ficity of track characters seems potentially val-
uable at this time.

An alternative procedure is to assign “ambig-
uous” tracks to ecological guilds of snakes rather
than to species. Rattlesnakes and racers are
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Fig. 4. (A} Lizard tracks (prubably Cuemidophorus tigris and Ula stunshuriana) ilostrating feel impressions and
low-reflectance quality due to the “drag™ of the tail. (B) Track of adult Pitunphis melanolenens illostrating the
effects of coneertina ns well as rectilinear focomatinn. (€ and D) Tracks of adull Crotalus siridis (note tail -
impressions within the main track). (E and F) Tracks of adull Masticophis lateralis. Note the discontinnity of
the truck. shurp ridges. and obligue 1l draps (armows).
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examples of two possible categories. This level of
resolution might be adequate for certain kinds of
ecological investigations.

Although in small mammal tracking it is pos-
sible to recognize individuals which have been
toe-clipped or banded, the possibility of recog-
nizing large numbers of tagged snakes from
individual tracks is unlikelv, However, it is
possible to recognize the tracks of a small
number of individually tagged snakes from drag
marks produced by metal bands which are
attached to a posterior scute (unpublished
observations): such identifications ecould be
useful in limited cirenmstances. Snakes may
frequent a specific area, at least during certain
periods, and will often move in regular eirenits
within a “home range” of habitat. Thus, a
localized, repeated spatial pattern of identically
shaped lracks probably denoles a particular
individual. T have confirmed this by repeatedly
capturing scale-clipped snakes which were
identified and subsequently relocated by
tracking. Such snakes coneceivably could be
tagged once for individual track recognition and
then followed without further disturbance.
Individual tagging could also be useful in
distinguishing the tracks of a limited number of
resident animals from those left by “transients”
on a particular plot. Several snakes could possi-
bly be recognized individually by varying the
width or number of bands attached to scutes.

Social Behavior

Documented aspects of the social behavior of
snakes usually are related to reproduction,
uggression, or denning activities, There is
limited information on whether snakes move in
social groups during the active season, but such
behavior conceivably could be learned from
tracks. Numerous and systematic observations of
tracks in chaparral indicate that snakes oc-
casionally move in pairs. When crossing roads,
snakes usnally leave a track which is more or less
perpendicular to the length of the road and
which is not assoeinted with other impressions.
Occasionally, two (and rarely three) tracks
oceur together and have topographies indicating
that one snake had crawled almost directly over
the track of another, | interpret these tracks to
indicate purposeful social behavior, possibly
related to sexual pairing and mediated by
chemical (pheromone) communication. On one
occasion, search for the snakes assaciated with
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such a “double track™ revealed two adult C.
viridis, 8 male and a female, lying together in a
loase coil beneath a shrub. These snakes were
perfectly immoabile and not engaged in any overt
sexual activity. The snakes were observed for
about 15 min and then disturbed For the purpose
of making positive sex identifications (by
probing the tail with a blunt instrument). In
another instance, two adult M. lateralis were
observed only a [ew meters apart when 1 fol-
lowed a “double track” offroad into an area of
grass and oak trees. Only one of the snakes was
captured. .

Double tracks were found during spring and
summer, suggesting that pair associations might
not be limited to periods of eourtship and copu-
lation. Other observations indicate that the
same individual snake will crawl repeatedly
over the exact same route. In view of these find-
ings, studies of pheromone trailing behavior in
snakes, now well documented in the laboratory
{Gehlbach et al. 1871; Ford 1975; Kubie and
Halpern 1975), might profitably be extended to
natural situations.

One other observation is noteworthy. In the
late moming of 26 July 1973, eight tracks ap-
peared on a short distance of road (approx. 5 m)
within a brief period (believed to be less than
1 h and probably no longer than a few minutes).
All of these tracks were identical in size and
topography, and they all indicated a common
direction of movement away from a grassy
meadow. toward a tree-covered = hillside.
Searching the nearby hillside eventually pro-
duced one adult Coluber constrictor, but no
other snakes were found. Two of the eight tracks
were made during the few minutes while search-
ing efforts were in progress, and four of the
other tracks oecurred in pairs (two sets of double
tracks). The identical appearance of these tracks
suggested that all of the snakes were about the
same size and probably belonged to the same
species, while their termporal and spatial occur-
rence suggested that there was group structure
to the movements of these eight individuals,

The recent discussion of socizl behavior in ju-
venile green iguanas by Burghardt et al. (1977)
focuses attention on complex social patterns in
reptilian groups. Interest in this subject might
profitably be extended to snakes, as indicated by
accounts of denning aclivities (e.g., Woodbury
et al. 1951; Klauber 1956), communal egp-
laying (Brodie et al. 1969; Gregory 1974;
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Palmer and Braswell 1976), and unexplained
non-wintering aggregations (e.g., Kropach
1971). From the tracking observations, it may
be inferred that a significant amount of snake
movements has social structure. With rigorous
tracking efforts, it should be possible to follow
through time the social interactions between
known individual snakes residing on tracking
grids in natural environments.

The Dynamics of Snake Populations

Almast all present knowledge concerning the
population ecology of snakes has been generated
by capture —recapture analysis. Turner (1977)
recently evaluated density estimates for snakes
and concluded that the reliability of these mea-
sures is questionable in almaost all cases. What
seems to receive little attention is the blunt faet
that even the best estimates relate only numbers
of surface-active snakes to a specific area at a
particular time. We do not know how accu-
rately these estimates reflect absolute density,
considering the environment in three dimen-
sions, or whether the numbers of individual
snakes registered comprise a natural demo-
graphie unit. In areas of low population size (or
activity), density estimates based on capture—
recapture methods have unacceptably large var-
iances, and problems related to the “eatchabil-
ity” of snakes frequently invalidate the assump-
tions which underlie the analysis.

There are no easy solutions to these problems.
However, in appropriate habitats tracking
might improve our capacity to capture individ-
ual snakes and reveal more directly the temporal
variability of activity. Tracks might also assist in
determining whether snakes belonging to a par-
ticular species or locality are widely dispersing
(e.g., C. cerustes) or are structured demographi-
cally into more loealized units. Tracking tech-
niques would be of tremendous value in atb-
tempts to enumerate densities of snakes by their
removal.

Some of the sampling problems in relation to
density estimates are suggested by reference to
Fig. 5, which depicts counts of snake tracks de-
termined in bwo successive years at the same lo-
cality near Mount Laguna. The number of
tracks that were evident in 1973 greatly ex-
ceeded those of the previous year (e.g., there
was nearly an eight-fold increment of tracks
which were 1.0 to 1.5 em in width). Size classes
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Fig. 5. Counts of snake tracks from 2 km of dirt road
during 16 days within the period 15 June to 15 July
in wo successive vears,

of tracks were arbitrarily delimited and reflect
measurements of average width. Generally,
hatchling or yearling snakes produee tracks
smaller than 1 em wide. The data in Fig, 5 indi-
cate that the increment of snake activity ob-
served in 1973 cannot be attributed to a reeruit-
ment of young born the previous year. Changes
in the number of tracks must reflect either
changes in the number of active snakes or
changes in the activity of individual snakes, or
both. Observations of the characteristies of
tracks in velation to their temporal and spatial
occurrences indicated that the differences in
numbers of tracks reflected, at least in part,
changes in the number of active snakes.

How can we account for the differences in
snake behavior observed during these two years?
In 1972 precipitation was far below normal,
and conditions were much drier than in 1973
{(winter precipitation in 1972-73 exceeded that in
1971-72 by more than fourfold, Xeeley 1877).
Whether habitat aridity produced the observed
changes in snake activity between 1972 and
1973 cannot be concluded unequivocally, but
the correlation is compelling. The relationship
between increased precipitation and increased
snake abundance has been noted elsewhere
(e.g., Conant 1938; Fitch 1865; Clark 1970). It
can be hypothesized that dry conditions suppress
activity in “dry” years or that excessively moist
conditions stimulate activity in “wet” years, or
both.

An important implication of these data is that
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changing climatic eonditions may cause snakes
to spend much (perhaps all) of the active season
in seclusion where they are inaccessible to cap-
ture or observation. If this is so, changes in the
densities of snake populations reported over ime
(e.g., Klimstra 1958; Fitch 1965; Clark 1870;
Prestt 1971; Parker and Brown 1973) may
merely reflect changes in activity {(behavioral
density). It is inaccurate to refer to such phe-
nomena in terms of absolute densities unless the
spatial or activity limitations are specified.
Clearly, many species of snakes might conduct
feeding and other essential activities within spa-
tial dimensions of habitat inaccessible to the hu-
man observer, and this could also account par-
Hally or wholly for the reported “rarity” of cer-
tain species. Energy budgets of ectothermic
vertebrates permit prolonged periods of dor-
mancy; periods in which aboveground activity is
negligible or absent are known to exceed a full
year in amphibians (Mayhew 1865) and in liz-
ards (Turner et al. 1968). The above discussion
emphasizes the difficulty of studying the com-
parative demography of snakes.

Another interesting feature of the data in Fig.
5 is the small proportion of tracks that includes
yearling snakes (tracks 0.5 to 1.0 cm wide). The
inferred low aetivity of snakes in this size class,
at least in certain seasons, possibly accounts for
the more general ohservation that younger-aged
snakes are under-represented in collections from
live traps (Fitch 1963a, 1963L; personal commu-
nication; Hirth and King 1968). For this reason
alone, many estimates of the age structure as
well as density of snake populations are likely to
be inaccurate. The diminished activity of
younger snakes, relative to adults, may be re-
lated to avoidance of exposure to higher rates of
predation, avoidance of higher rates of evapora-
tive water loss due to less favorable surface-mass
ratios, and possibly frequent feeding to maxi-
mize growth (snakes digesting food tend to be
inactive). Dispersal in snake communities thus
may be accomplished by older rather than (or in
addition to) younger individuals, as is suggested
in Brown’s study (1970) of sidewinders.

In summary, I share completely Turner’s
(1977) skepticism about our present capacity to
estimate population densities of snakes. While it
appears feasible to relate numbers of active
snakes to both time and spatial dimensions of
habitat, there is great difficulty in determining
qualitatively and quantitatively the proportion
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and elements of the total population structure
which have actually been sampled. Hopefully,
these deficiencies can be improved with the ap-
plication of intensive and more sophisticated ef-
fort in ecological research. Particular attention
should be paid to the subterranean ecology of
snakes. In aboveground studies, tracking can
improve sampling and provide detailed resolu-
tion of activity patterns in terrestrial commun-
ities.
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Abstract

A standardized amphibinn and reptile irapping system is deseribed and compared with
other survey technirjues. The new sampling system hus proven very effective for sampling
smull, secretive, terrestrinl species, bul must be used in conjunction with other mare con-
ventional techniques to nbt.nn a eomplete herpetofuunal species list.

Over the past several years we have had the
opportunity o undertake several intensive her-
petological sampling programs and to employ
and evaluate a varfety of sampling technigues in
different habitat types in Flarida. In the course
of these studies we have developed and stand-
ardized a trapping system that we believe can be
employed in many terrestrial habitats. The data
obtained [rom this technique allow estimates of
species richness and provide an index of the
relative abundance of most eommon terrestrial
amphibian and reptile species. The technigne by
itself, however, does not reliably sample all
species in a habitat and must therefore be
coupled with specific search techniques for those
species less likely to be taken in the trapping
system. The combination of our trapping
method and the appropriate specific search tech-
nigue will, however, provide a maximum
amount of information on the amphibians and
reptiles in any specific region with a minimum
amount of effort. Here we deseribe our array
svstemn and compare it with other herpetofaunal
sampling techniques. A similar system has been
developed independently by Vogt and Hine (this
volume).

Array System
Our sampling array is a system of pitfall and

IDeceased: Died at Gainesville, Florida, on 10 Decem-
ber 1981,

double-ended funnel traps placed in conjunction
with drift fences which divert moving animals
into the traps (Fig. 1), The drift fences are 7.6-m
lengths of 46-cm-high “valley tin” arranged in a
plus-shaped pattern with a central separation of
15 m. Each arm has a 19-L plastic paint bucket
sunk flush with the ground at each end. The tin
fence overhangs the bucket slightly and fits into
a slot cut into the plastic bucket. A masonite
board raised 2 to 4 cm above the lip of the
bucket provides shade and keeps rain and litter
out, In most soil types (including loocse sand)
support stakes are not needed; simply burying
the fence about 10 em into the ground keeps it
Firmly upright.

The funnel traps are econstructed of 76-cm
aluminum window screening rolled into a cylin-
der about 20 cm in diameter. Funnels are fash-
ioned out of 38- x 38-cm screening and inserted
into each end of the cylinder. The whole trap is
assembled with ordinary office staples.
Specimens ean be removed with forceps or tongs
through either end. The funnel traps are placed
flugh with the ground and appressed to the tin
fence, one on each side of each arm. Loose soil
or ground litter is brushed into the maouth of the
traps to create a more natural entry. A masonite
board is placed against the fence over the trap to
provide shade.

A team of three field persons can, with a little
practice, install a complete array in 1-2 h,
depending on the habitat. The four drift fence
arms are staked out at right angles to each other
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Fig. 1. Standard amphibian and reptile sampling
array system.

and a trench is dug for each arm. The bucket
holes are then dug on each end of the trench and
the buckets installed. As two people hold the
fence up in the trench, a third person fills the soil
back in, packing it down as he proceeds, using
alternate downward pressure from the right and
left foot.

After 22 months, 20 arrays in the Ocala Na-
tional Forest, Florida, are still operating and
have required virtually no maintenance. The
buckets and fences do not rust and the pressure-
treated masonite is not damaged by insects. The
total cost of materials is about $65 for each ar-
ray.

Because the arms of an array are at right
angles to each other, no directional bias is in-
troduced by its placement. Thus arrays can be
constructed at random locations without regard
to natural animal migration routes and yet still
intercept moving animals coming from any
direction. Our standard proeedure is to install
wo arrays a minimum of 100 m apart in a hab-
itat type. The traps are checked once a week,
and althongh the shrews and miece are usually
dead, the arthropods, amphibians, and reptiles
are generally in good condition and ean be
marked and released or saved as desired.

During the Cross Florida Barge Canal Wild-
life Restudy (Florida Game and Fresh Water
Fish Commission 1976), we operated 30 arrays
for a total of 7,432 array-days in 11 different
habitat types. These traps collected 1,644 speci-

H. W. CAMPBELL AND S. P. CHRISTMAN

mens of 43 species of amphibians and reptiles for
an average of 0.22 specimen per array-day, or
1.55 specimens per array each time they were
checked (Table 1). The relative effectiveness of
the funnels versus the buckets in an example site
can be seen in Fig. 2.

These data are of considerable importance in
comparing faunal associations in a study area,
The can-trapping technique has inherent biases
for certain types of animals. Species that are
agile climbers (e.g., treefrogs [Hylidae]) may
escape from the traps and are seldom taken.
Similarly, large snakes may enter and leave the
can traps at will; however, large snakes and
occasionally treefrogs are taken in the funnel
traps. Masonite can covers generally exclude
turtles with the exception of an oceasional small
specimen. Overall, the arrays tend to select for
the smaller surface-active amphibians and rep-
tles as well as terrestrial arthropods and shrews
and rodents. One species, the introduced green-
house frog (Eleutherodactylus planirestris), ap-
peared to have a positive orientation to the cans
as refuges and congregated in them in large
numbers even though capable of climbing out at
will. Can traps are unsuitable for use in habitats
where the soil is fully saturated or for use below
the ground water level. However, in these sites
we replace the buckets with larger diameter
funnel traps made of window screening, which
our preliminary results suggest are almost as ef-
fective as the buckets.

The data collected by the array system can be
used in a variety of ways to characterize and
compare habitats. Besides generating species
lists, arrays provide a clear indication of relative
abundances between habitat types (Fig. 3).
Species diversity indices can be calculated for
the samples, and species richness and abund-
ances can be compared across habitat types
(Table 1). Seasonal patterns in surface activity
may become readily apparent (Fig. 4). The
specimens collected can be used to estimate re-
productive patterns, growth rates, age-class rep-
resentation, biomass relations, food habits, and
infraspecific variability.

Other Can-trapping Methods

During the study, we also tested several other
types of pitfall trapping systems. All were set
within 500 m of the standard arrays in the same
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habitats. Two arrays were constructed without
drift fences and [unnel traps, but were otherwise
identical to the standard, These were inelfec-
tive, taking only an oecasional specimen of Scel-
oporus undulaius and Cnemidophorus sexlin-
ealys.

In another experiment we sel up a continuous
30-m tarpaper drift fence with eight buckets and
eight funnel traps, representing the same length
and number of trups as a standard array. This
system proved anly marginally effective, pri-
marily because the tarpaper {ence had 2 ten-
deney to droop in the summer heat and required
almost daily maintenance.

We also installed six sets of 3-m-long pressure-
treated hoards with a jar-funnel trap on each
end as deseribed by Clark (1966). Although
these traps proved effective for Clark in Kansas,
they collected only 2 single specimen of Gas-
trophryne in Ocala. The 3-m board may not be
a long enough fence to interrupt animal move-
ments in the open Florida sandhills and serub
habitats, and their low (12- to 14-cm) height
may not effectively divert some species.

Quadrat Method

Sampling amphibians and reptiles by
attempting to collect all individuals in a speci-
fied guadrat has been used in previous her-
petofaunal surveys (e.g., Lloyd et al. 1968;
Heyer and Berven 1973; Scott 1976 and this
volume; Inger and Colwell 1977). We tested this
technique during the study at four of the same
sites where our herp arrays were already oper-
ating, but at a minimum of 500 m away [rom
the arrays, Three replicates were performed in
each habilat type, one each in the spring, sum-
mer, and sutumn. Quadrats of 1,000 m* were
marked ol with nylon string and searched by a
team of three or [our experienced field herpetol-
ogists. Larger and more active species were
noted as they dispersed off the quadrat. Several
passes were then made through the marked area
removing surface litter und inspecting all pos-
sible retreats. An average of 6 man-hours was
required ta reach the point where we felt addi-
tional collecting would vield no more speci-
mens.

Time-constrained Technique

We used the same four sites to test the methad
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Fig. 4. Tota) individuals trapped by date at six sites (12 arrays) in sund pine serub in the Ocala National Forest,

Floridu. Tropping effort was equal at each site.

of general herpetological collecting per unit
time. There were no boundaries except that the
collectors remained inside the specific habitat
and at least 500 m away from the arrays and
1,000-m* quadrats. Experienced field herpetol-
ogists moved through the habitat turning logs,
inspecting retreats, and watching for surface-
active amphibians and reptiles. Three 6-man-
hour replicates were performed in each habitat
type, one each in the spring, summer, and
autumn.

Comparison of Quantitative
Techniques

Inspection of Table 2 shows that in the sand-
hill and serub habitats, the array system yielded

the maximum returns for approximately equal
effort expended. Both of these habitat types are
dominated by pine trees which offer little cover
for amphibians and reptiles. However, in the
flatwoods and hammocks, cabbage palm (Sabal
palmetio) and several broadleafed scrubs and
trees provide hiding places for treefrogs that are
not usually eollected by the arrays. Small wet
areas in hoth flatwoods and hammock sites pro-
vide additional microhabitat for species not nor-
mally encountered in the drier sandhills and
serub.

Nocturnal Road Cruising

Road cruising or night driving is a well-
known technigue involving driving a vehicle at
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Table 2. Total numbers of individuals and species collected at four sites (slash pine flatwoods, xeric
hammock, turkey oak sandhills, and sand pine serub) along the route of the proposed Cross
Florida Barge Canal by three sampling techniques.

Quadrat Time-constrained Array
Habitat type Nao. Species No. Specics No. Species
Slash pine flatwoods 30 ] 31 14 110 7
Xerie hammock 30 6 106 18 58 10
Turkey oak sandhills an 6 75 13 119 16
Sand pine serub 23 B 48 10 148 19
Total 122 13 260 24 436 29

Table 3. Amphibim! and reptile species collected during the Cross Florida Barge Canal Wildlife
Restudy by three samnpling techniques at four sites (slash pine flatwoods, xeric hammock. tmirkey
ogk sandhills. and sand pine serub) and by nocturnal road cruising through o wider variety of
habitats. R = rood cruising, Q¢ = guadrats, TC = time-constrained, A = array sysiem.

Species

R QO TC A Species R Q TC A
Notophthahnus siridescens E. inexpectatus ¥ X X
Plethodon glutinosus L. laticeps x
Scaphiopus holbruoki x X Scincella laterale ¥ X X
Gastrophryne carolinensis X X Cemaphora coccinen X
Bufo guercicns x X Coluber consirictor X ¥ X
B. lerrestris by X ox Diadnphis punctatus X X
Acris pryllus Elaphe puttata X
Hyla chrysascelis x E. obsoleta X
H. cinerea X X Farancia abacura X
H. crucifer x X F. erytrogramma b3
H. femoralis s Heterodon simus X
H. gratipsa X X% Lampropeltis petulus by
M. sgnirclla X X L. trianpslum X
Limnaneduy oenlaris X Masticophis flagellum s XX
Pseudacris nigrita X Neradia fusciata X
P. ornain X Ophendrys aestivus X %
Rana areolata X X Pituophis melanoleucus X
R. catesheipna X Reging rigida X
R. grylin Rhadinaea flasiluta X
R. heekscheri X Seminatrix pygaca X
R. sphenocephala X x Stilosoma extenuatum X X
Elcutherodactylus planirostris XX Storeria dekayi X
Kinosternon bauri 5 X Tanitlla relictu 00X X
Gopherus polyphemuy X Thamunoplis saurituy X
Rhinenra floridana XX T. sirtalis X X
Anolis carolinensis X X Micrurus fulvius X x
Sceloporus imdulains XX Agkistrodon piseivorus X
S. wondi X X Crotalus adamaniens X
Cnemidopharus sexlineats XX Sistrurus miliariug X XX
Ophisanrus ventralis X X
Enmeces epreging X [N Totul B 15 24 29
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Table 4. Amphibian and reptile species collected only by generalized herpetological collecting during
the Cross Florida Barge Canal Wildlife Restudy.

Siren intermedia

S. lacerting
Psendobranchus striotus
Ambuystoma talpoidenm
Desmognathus auriculaius
Euryeea guadridigitata
Amphiuma means
Chelydra osceolo
Kinosternan subrubrum
Sternotherns minor

S. odoratus

Chrysemys concinna

C. floridana

C. nelsoni

C. scripta

Deirochelys relicularia
Malaclemys terrapin
Terrapene caroling
Trionyx ferox
Ophisanrus attenuatus
O. compressus
Ewmeces fosciaius
Drymarchon corais
Heterodon platyrhinos
Neradia taxispilata

40-50 km/h along secondary roads. Low head-
light beams are effective in revealing amphib-
ians and reptiles as they cross the road (Klauber
1939). This technique often yields data not
otherwise obtainable without unreasonable
commitment of time and manpower, especially
where secondary, hard-surfaced roads run
through habitats of interest. During the Barge
Canal study, we recorded 38 species of amphib-
fans and reptiles in 2,903 km of nocturnal road
driving. The list includes a number of rare spe-
cies (Hyla chrysoscelis, Rana areolata, and Stilo-
soma extennatum) and three species not other-
wise collected during the study: Farancia
eryirogramma, Regina rigida, and Nerodia
fasciata. Table 3 lists the species collected by this
technique and provides a comparison with the
other sampling techniques.

Opportunistic Collecting

The four sampling methods allowed us to de-
termine much of the regional herpetofauna, but
there were still an additional 25 species that
were only apportunistically located during gen-
eral field activities {Table 4). Thus, although the
standardized trapping program, combined with
specific activities such as road cruising, quadrat
collecting, and time-constrained sampling
periods, is effective in providing data on relative
abundance of species, seasonal abundance, and
relative diversity in different habitats, it does
not fully replace the snake eollector with potato
rake and cloth sack if maximum information on

faunal composition is one of the objects of a
survey.
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Abstract

This study was part of u project to develop techniques for sumpling terrestrial verte-

brates quantitutively and qualitatively by nonspecialized biologists. Drift fences com-
bined with traps proved Lo be u practical way to uniformly census reptiles snd amphib-
ians. Drift fences made from aluminum valley caught more animals per 15 m of fence
than those made of either sereening or galvanized metal. Aluminum valley is easy to han-
die and stands up well with continued use. Generally, the more fence set, the more ani-
mals caught. Fences shorter than 15 m, however, did not eatch enough animals to make
their use worthwhile. A height of 50 em proved effective. A system of 18.9-L traps, 7.6-L
trups with funnel rims, and funnel traps were necessary to capture the entire spectrum of
umphibinns and reptiles in the communities sumpled. We believe that several short sam-
pling periods stuggered throughout the season are more effective in obtaining un estimute
of spucies compasition und populations than g longer sumpling period at any one time.
Procedures are recommended for using drift fences and trups in various habitats.

Reptiles and amphibians are sometimes dif-
fieult to census, as they may remain inactive for
weeks if weather conditions are not within their
activity range. Temperature, precipitation, soil
moisture, humidity, light intensity, wind, and
season greatly control their activity patterns.
Thus, any census technique must take into con-
sideration the effects of these factors on the ani-
mals’ biology.

The present study was part of a project to de-
velop techniques for sampling terrestrial verte-
brates quantitatively and gualitatively by a non-
specialized biologist. The emphasis was on a

Preseni  address: Estucion de Biologin Tropical
“Los Tuxtlas,” Instituto de Biologia. Universidad
Nacional Autdnoma de México, Apariado Postal 94,
San Andrés Tustla, Versernz, Mixico.

uniform sampling method that could be applied
to the Till Plain of the northern United States,
while maximizing efficiency without losing ac-
euracy.

A number of sampling methods have been
used to determine species density and diversity
of amphibians and reptiles. Most environmental
impact statements give species lists of reptiles
and amphibians seen or captured through ran-
dom search and seize procedures. The success of
the techniques varies greatly with the training of
the individuals involved, the time of the day and
vear the collecting is done, the rareness or agility
of a species, and the type of habitats sampled.
Though fast-meving or secretive species may ac-
tually be fairly common, they may not be found
il the ohserver is not looking in the right place.
Far example, in this study, over 50 h were spent
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locking for reptiles and amphibians over a 5-
year period at the Portage site, but not until
drift fences were employed did Ophisaurus ap-
pear in the sample, Different species vary in
their daily and seasonal activity patterns; thus
an observer might notice few sulamanders above
ground on bright, sunny days, no lizards active
during a rain, or snakes active on cloudy, windy
days. The long-term use of an area must also be
considered if habitat has to be destroved while
searching for specimens.

Population estimates and other guantitative
comparisons require extensive search and eap-
ture, and often marking, The Wme of sampling
and training of observers are also important,
The animals must be marked so that individuals
are not counted more than once unless the ani-
mals are removed [rom the population. Sala-
manders, lizards, frogs, and turtles can all be
easily toe-clipped for short-term marking, and
snakes can be seale-clipped (Blanchard and Fin-
ster 1933; Martof 1953).

Call indices for frogs are of limited use; only
mature male frogs call, and in many species only
dominant males call. A pond with 18 calling
males may have an additional 64 mature sub-
dominants, or may have none, but the popula-
tion estimate would be the same (Fellers 1975).
A call index is, however, a good estimate of the
size of the breeding area— the more widespread
the calling males, the larper the breeding area.
Difficulty in estimating the number of nonterri-
torial frogs or frogs with very small territories
must alsa be considered, Hyla crucifer and Rana
sylvatica often call in dense choruses numbering
in the hundreds. Separating the individual calls
is nearly impossible, except possibly by taping
and computer analysis.

Frogs are also highly sensonal, and calling is
affected by temperature and time of duy (see
Wiest, this volume). Though only a few Frogs
may be heard early and late in the season, hun-
dreds may be calling at the peak of the breeding
season. In Wisconsin, Rana sylvatica calls for
only a 2-week interval in early spring, At this
time, only Pseudacris and H. crucifer are also
calling. Later in the season Pseudacris, H. cruci-
Jer, H. versicolor, and Bufo may all be heard
calling in the same area, while Acris and A.
clamitans have yet to start. A sampling period
would need to cover the entire range of breeding
time and on nights of proper temperature and
moisture for each species. Its value as a eensus
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technique is generally limited to data on species
presence. Call differences, however, are the sur-
est way for the nonspecialist to differentiate
some species of frogs (e.g., Hyle chrysoscelis
from H. versicolor, or Rana blpiri from R.
pipiens).

Fitch (1851) described vsing funnel traps with
and without doors for capturing snakes, lizards,
and frogs. He was interested in population dy-
namies of snakes and set the traps along natural
drift fences, e.g., logs and rack ledges. This was
an effective method for capturing animals mov-
ing along these areas, but choosing such areas
requires knowledge of the types of animals being
studied. Funnel traps with drift fences were also
found to be highly effective by Imler (1945) for
bull snakes (Pituophis); 1,729 were caught in
four summers. Milstead (1959) used drift fences
with funnel traps for eatching lizards in Texas.
Campbell and Christman (this volume) have
used furnel traps effectively.

Pit traps of various depths and diameters with
and without drift fences have been used in var-
ious studies. Covered pit traps are effective in
catching lizards (Banta 1957; Lillywhite 1977).
Moreover, when they are employed with a drift
fence, rtesults have often been exceptional
(Shoop 1968; Gibbons and Bennett 1974; Ritt-
schof 1975; B. Hellmich, personal communica-
tion; D. Tinkle, personal communication; Camp-
bell and Christman, this volume). Drift fencing
seems to be the most effective method of re-
dueing inherent observer bias.

D. Tinkle (personal communication) walked
along drift fences and counted animals that
came up to the barrier and were trying to move
around it. This is satisfactory for long (over
100 m) permanent fences that are irregularly
monitored. Short fences (less than 100 m) need
restraining devices such as pit and funnel traps
associated with them to be effective.

Although drift fences and traps are mare cum-
bersome and expensive than walking a line tran-
sect or searching a quadrat, these drawbacks are
more than compensated by the elimination of
the observer and temporal biases. Because of its
effectiveness and efficiency, the drift fence and
trap method seem the best way to standardize
sampling of reptile and amphibian communi-
ties.

The present study, undertaken from April
through November 1978, was devised to test dif-
ferent aspects of drift fences with pits and fun-
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Fig. 1. Construction of a 7.6-L pit trap with funnel.

nels. The materials, length, height, and posi-
tioning of fence, the size and type of pits and
funnel traps, the season and weather, and the
length of time needed to sample were tested to
farmulate a standardized method.

Materials and Methods

The sampling unit is delined here as Lhe
length of the drift fence. In the text, drift fence
refers to cither the fence alone or the drilt fence
with its associated traps. The exact meaning
should be clear from the context.

The following materials were tested for fenc-
ing and traps: aluminum valley (or flashing),
15-m roll, 50 em high; aluminum window
sereen, 15-m roll, 60 em high; galvanized sheet
metal, 3 m by 60 em; 3.8-L eans with funnel
rims; 7.6-L eans made by cutting the bottom out

Fig. 3. Drift fence made from aluminum volley. Note
bend in fence around u roek (Point Beach, Line A).

of one can and securing twa cans together with
7.5 em duct tape (Fig. 1); plastie bowls with
bottoms removed for attachment to 3.8-L and
7.6-L cans as funnpel rims (Fig. 1) and bowl lids;
18.9-L plastic ice cream buckets with lids;
18.9-L metal paint cans with lids; and two-door
[unnel iraps (Fig. 2).

Drift fences made from the aluminum valley
were set up in either 15 ar 30-m lengths in a
10-cm trench (Fig. 3) with a galvanized metal
stake set at each end of the valley. The alumi-
num sereen was set in 7.5 to 30-m lengths, bur-
fed 10 emn underground, and staked with wood
lathe every 2 m. The galvanized metal sheets
were fastened together, buried 15 em under-
ground, and staked with galvanized angle iron
between each sheet (Fig. 4),

A combination of [unnel (raps and the fol-
lowing types of pit traps were vsed: 3.8-L cans
with and without funnel rims, 7.6-L cans with
and without funnel rims, and 18.9-L buckets.
Traps were set at various distances along the
fence. Pit traps were buried [Tush with the sur-
face of the soil, and funnel traps were set against
the fence and tight against the soil, Traps were
checked at least every other day, and all animals
were marked and released 3 m on the opposite



Fig. 4. Drift fence made from gulvanized metal (Blue
River, Line 1).

side of the fence, If weather conditions were not
right, covers were placed on pit and funnel traps
until the weather became more suitable,

Test trap lines were set up with the same
number of each type of trap on both sides of the
fence. The low number of animals caught did
not warrant the rotation of trap positions. All
trapping of reptiles and amphibians was con-
dueted in 1976 unless otherwise designated.
Scientific and common names for reptiles and
amphibians encountered in the study are listed
in the Appendix.

Study Areas

Three main- habitat types were used for test-
ing various aspects of drift fencing in southern
Wisconsin: oak-hickory woodlots, wetlands,
and old fields and prairie. A short period of
trapping was also conducted in mixed deciduous
forest.

Oak-Hickory Waodlots

These areas were chosen to compare results of
reptile and amphibian sampling in an aren
where small mammals, birds, and vegetation
were also being censused. Small deciduous
woadlots in southern Wisconsin are not notably
productive of a high diversity of reptiles or am-
phibians. The effectiveness of 3.8-L vs. 7.6-L
pits and the position bias of the fence were tested
at these sites. Traps were open for 24 days,
between 27 April and 21 May.
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Fig. 5. Shaw Marsh site, Wisconsin. All three lines
were constructed in a similar Fashion. The symbols
1 and 2 refer to the positions of 3.8 and 7.6-L pit
traps.

Shaw Marsh Woodlot, Dodge County (T11IN
R14E, Sec 22 NW 1/4)

This oak-hickory forest (Fig. 5) had a mean of
245 trees (= 10 cm diameter) and 746 saplings
per ha, There was a dense herbaceous under-
story with many fallen logs, mostly elm, which
provided excellent cover for woodland amphib-
ians and reptiles. The forest was bordered by a
cattail marsh and an intermittent stream on the
north and east. To the south and west it was
bordered by cornlields and an old [ield.

Busse Tract, Columbia County (T12N RIZ2E,
Sec 232 SW 1/4)

This oak-hickery woodlot (Fig. 6) had a
mean of 264 trees and 469 saplings per ha. A
small irrigation ditch and eanary grass field
were to the west and north of the woods. A
young (G to B years) pine plantation was on the
east and a cornfield on the south.
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Fig. 6. Bussc Tract site, Wisconsin. Both lines were
constructed in a similar fashion. The symbols 1, 2,
and 5 refer to the positions of 3.8, 7.6, and 18.0-L
pil traps.

Wetlands and Old Fields

Portage site, Columbia County (T12N RIE, Sec
28, 33: T1IN ROE, Sec 4)

Drift fences and traps were set in three old
fields adjacent to wetlands and around a wood-
land pond. All four sites were on the land of
Wisconsin Power and Light Coal Generating
Plant, south of Portage. Traps were monitored
from 22 April to 3 November. These lines were
set to test position bias, eHectiveness of trap
types, and length and type of fence.

North Knell—old field along Duck Creek
(Fig. 7). —The area was bordered by a lowland
hardwond forest to the south and sedge meadow
to the north. During the spring, the sedge mea-
dow is flonded by Duck Creek.

North Knall —adjacent to the Intake Channel
(Fig. 8). —This area was an old Held adjacent ta
a short strip of marsh about 50 m wide, adjacent
to the intake channel from Duck Creek to the

Power Plant. It was bordered on the east and

west by lowland hardwood forest and to the
south by a large sand blow which was used for
nesting by turtles.
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Fig. 7. Portage A site, Wisconsin. The symbols 2 and
5 refer to the positions of 7.6 and 18.9-L pit traps.
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Fig. 8. Portage B site, Wisconsin. The symbols 2, 3,
and IF refer to the positions of 7.6 und 18.9-L pit
traps and 3.B-L pit traps with funnels,
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Fig. ). Portage C site, Wisconsin. The symbols 1, 2,
5, and 1F refler to the positions of 3.8, 7.6, and
18.9-L pit traps nnd 3.8-L. pit traps wilth funnels.

Norih Knoll —Wogdland Pond (Fig. 9). —
Three pieces of fencing were installed on the
north, east, and west sides of a woodland pond,
3 m from the shore. The pond was about 30 x
30 m and 1.5 m deep, surrounded by a young
oak, hickory, and paper birch woods.

South Knoll (Fig. 10). —This site was in an
old Held on clay soil adjacent to a small cattail
marsh to the north and a lowland hardwood for-
est ko the west. The enst and south borders of the
field were bordered by the settling pond and
overflow channel.

Long Lake, Manitowoe county, (T19N R21E,
Sec B)

The northeust edge of the lake was bordered
by a cattail marsh and an alfalfa Held upland
from the cattails (Fig. 11). This area was chosen
to test the efficiency of drift fences versus hand
capture. Between 1 April and 10 Seplember, 200
man-hours were spent by another researcher
marking frogs in the area. Beecause of dry soil
conditions, the two 15-m aluminum drilt {ences
were sel 5 m from the alfalfa Feld in the marsh,
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Fig. 10. Portage D site, Wisconsin. The symbols 2, 5,
and 1F refer to the positions of 7.6 und 18.9-L pit
traps and 3.8-L pit trops with Funnels,
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Fig. 11, Long Lake site, Wisconsin. The symbols 2 F
refer tu the positions of 7.6-L pit traps with funnels.

and traps were open for 12 days in September
and October.

Prairie

Blue River Cactus and Dunes, Grant County,
(T8N RIW, Sec 6 E 1/2)

This 52.6-ha area featured 1 variety of xeric
plant community types including sand blows,
active dunes, flat sand barrens, and stubilized
dunes forested with oaks (Fig. 12). Hudsonia is
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Fig. 12. Blue River site, Wisconsin. The symhbols 2, 5,
1F, and 2F refer to the positions of 7.6 and 18.9-L
pit traps and 3.8 and 7.6-L pit traps with funnels,

abundant; other dune binders inelude Arcio-
staphylas, Selaginella, fungi (Geaster), mosses,
and green algae. Two sueculents, Talinum ru-
gospermum and Opuntia compressa, occurred
here. Nearly 12 ha were forested with oaks,
often with an understory dominated by Carex,
The soil type was Sparta loamy fine sand, It is
almost certain that the area was once cultivated;
subsequent wind erosion and loss of fine soil par-
tieles resulted in abandonment of the land.

Two fence and trap systems were set (Fig.
12). Line No. 1 was near the sontheast end of a
large sand blow (Fig. 4). Line No. 2 was in the
northeast corner of the area in the center of the
sand prairie and 3 m from the dirt road at the
boundary. The traps were open for 85 days, be-
tween 26 May and 25 August,

Ten funnel traps, facing north-south, were set
90 m apart in a transect perpendicular to the
center of drift fence No. 2 (posifon No. 3 on Fig.
12). After two weeks, the transect was moved to
the west edge of drift fence No. 2 (position No, 4
on Fig, 12). These transects were run ta deter-
mine the feasibility of using funnel traps without
drift fences and also to see how far individual
lizards moved within the study area.

Spring Green Reserve, Sauk Cdunty (T8N R4E,
Sec 5, 6)

This area consisted of 113.3 ha of sand bar-
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Fig. 13. Spring Green site, Wisconsin, The symbols 2,
5, 1F, and 2F refer ta the positions of 7.6 and 18.8-L
pit traps and 3.8 and 7.6-L pit traps with funnels,

rens ~—prairie and old fields bordered by a dry-
lime prairie and a southern dry-mesic forest on
the hills on the northern boundary, with erop
lands on the east, south, and west borders (Fig.
13). There was no temporary or permanent
water or wetlands within a 2%-km radius. Posi-
tion of fence, type of trap, and movement of ani-
mals were being tested at this site. Relative
numbers of each species were known from worlk
over the previous 15 vears by one of us (RCV),
Three species of lizards, seven species of snakes,
and one species of turtic were known ta inhabit
this area. This area was chosen to test the trap-
ping procedure on an area of high species diver-
sity and lmown species composition.

Mixed Deciduous Forest

Point Beach State Forest, Manitowoe County,
(T20N R25E, Sec 29) ‘

This area was a mixed deciduous forest with a
dense canopy and thick understory of herba-
ceous plants and mulch (Fig. 14). The area was
used to test the use of drift fences, as opposed to
counting frogs in quadrats, and to check the reli-
ability of drift fences in determining species
composition. Three adjacent 8 x 9-m quadrats
1, 2, and 3, Fig. 14) and one separate quadrat
(4, Fig. 14) were censused by another exper-
ienced investigator who walked back and forth
counting frogs for 2.5 h.
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Fig. 14. Point Beach site, Wisconsin. The symbols 2
and 2ZF refer to the positions of 7.6-L pit traps and
7.6-L pit traps with funnels.

Evaluation of Drift Fence
Trap Techniques

Effectiveness of Fencing Maierials

The traditional measurement for animals
caught in traps is number caught per trap day.
Drift fences made from aluminum screening
caught a slightly greater number of reptiles and
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amphibians per trap-day than did fences made of
either aluminum valley or galvanized metal (Table
1).

In testing the various fencing materials, how-
ever, the number of animals canght per trap-
day was not the best measurement of effective-
ness, since the number and size of pit traps asso-
ciated with individual fence lines were variable.
Therefore, the unit of measurement regarded as
mast reliable was number of animals caught per
15 m of fence (Table 1). This new meuasurement
of effectiveness showed a slightly greater num-
ber of animals caught with drift fences made
from aluminum valley than with aluminum
scereen (33 and 31 animals per 15 m of fence-day
x 100, respectively).

Fences caught all forms of reptiles and am-
phibians regardless of fencing material. A po-
tential drawback to the screen is the ability of
some animals to crawl over it. This may have
happened with the salamanders—only six sala-
manders were canght in 120 m of sereen, where-
as 18 were caught in 7.5 m of aluminum. On
three oceasions, garter snakes were seen going
over the screen fences, once without being pur-
sued and twice when an observer was walking
along the fence. The same size snakes were never
seen going over the aluminum. The use of nu-
merous stukes along the screen fence provided
“ladders” for many small snakes, lizards, and
salamanders to work their way over the fence.
This was not a problem with ulominum. Galva-
nized metal used at Blue River was an effective
barrier to all forms known to inhabit that
prairie and caught animals at the rate of 12 ani-
mals per 15 m of fence-day x 100 (Table 1).

Table 1. Numbers of animals caught with different drift fence
materialy in southern Wisconsin.

Portage Aren Blue River Area
Aluminum Aluminum Galvanized
valley screen metal
Frogs and toads 154 298 -
Salamanders 18 8 -
Snakes and legless lizerds 69 114 167
Turtles 15 11 -~
Total 256 359 167
No. traps 35 46 28
No. trup days 5,198 6,550 4,760
Animals/trap day x 100 4.9 5.4 3.5
No. 15-m lengths of fence 5 8 B
Nao. 15-m [ence days 733 1,145 1.360
Animals/15-m fence-day x 100 35 3] 12
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Evidence from trails in the sand showed no
snakes or lizards going over the fence. However,
these results are not directly comparable to the
catch with the other two fence materials, be-
cause of the habitat differences of the study
areas,

Screen weighs much less than the solid alumi-
num and is a little easier to carry; a roll of alum-
inum weighs about 8 kg and rolls into a eylinder
41 cm in diameter. It has nearly the same Hexi-
bility as sereen for going around logs, trees, and
rocks, Though aluminum needs a stake at each
end only, screen requires staking at least every
3 m or the fence sugs and animals crawl over it
more easily. Aluminum stands up better over
continued setting and pulling of fences; screen
tends to tear and get matted with dirt and de-
bris. The galvanized metal is excellent for a per-
manent fence, but there are disadvantages since
the sheets weigh about 20 kg apiece und eannot
be rolled and transported easily.

Length, Height, and Position of Fence

Fence lengths of 3-60 m were tested. Gener-
ally, the more fence set, the more animals
caught. Drift fences shorter than 15 m, how-
ever, did not catch enough animals to make
their use worthwhile.

A comparison of the eatch along two pairs of
30-m and 15-m lengths of fence, set perpendicu-
lar to each ather, was made in two old fields at
Portage (Table 2). Twice as much fence resulted
in the catch of about twice as many animals.
Two 30-m sections set perpendicular to each
other in a third old field eaught comparable
numbers of animals,

Since a fence must be high enough to discour-
nge snakes from attempting to crawl over it or
adult frogs from jumping over it, there is some
optimum height needed to ensure the effective-
ness of the fence and still maintain a manage-
able size. The minimum height used (50 cm)
was sufficient to eapture two 20-cm fox snakes,
seven snakes over 40 cm, and hundreds of small
snakes. Anything higher than this would be very
unwieldly and is apparently not necessary for a
census method.

There were often considerable dilferences in
catch along various sections of fence within the
same field and between adjacent fence lines, For
example, at Portage (location No. 5) on 12
October, one 18.9-L pit trap caught 14 snakes,
whereas the other 9 pit traps and 2 funnel traps
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Table 2. Comparison of numbers of animals
caught in a S-month period with 30-m and
15-m lengihs of drifi fence at the Poriage
site.

Lines2&3 Line4 Lines9 & 10
30m 1I5m Mm I5m 30m 15m
Snakes 76 20 38 RAY 9 9
Turtles 7 9 4 0 1 1
Frogs and
toads 90 83 44 23 20 14
Taotnl 173 106 01 45 N A
Animals/m 8 7 3 3 1 1.5

caught a total of only 5 snakes. Other differences
in catch between {ence lines in similar habitats
are given in Table 3. Position of fence is es-
pecially important far migrating reptiles and
amphibians. Fences set parallel to diverse habi-
tat boundaries are more likely to pick up mi-
grating animals than those set perpendicular to
them, as animals are often moving across vege-
tation gradients (i.e., into or out of ponds,
marshes, nesting grounds, and hibernacula). At
Portage A, the northern marsh side of line 2 pro-
duced only 19 snakes, while the upland side had
48, However, line 3, set perpendicular to line 2,
showed no difference in the number of snakes on
either side of the fence (Fig. 7).

The catches of amphibians from the same
fences, however, differed. Line 2 had no differ-
ence in the number caught on either side (40 vs.
49), but on line 3, 68 amphibians were caught

Table 3. Differences between catches of selected
groups of repliles on different sampling lines
in three similar habitals in southern Wis-
consin,

N Line number
Location and

gronp 1 2 3 4 5
Bine River
Elaphe sulpina 4 0 - — -
Heterodon 3 0 — — -
Chrysemys 14 n — — —
Emyaidea 7 0 - _ —
Cnemidophorus 108 58 - — -
Puortuge
Ophisanrus - — - 2 0

Spring Green
Cuemidophorus 10 0 0 a 13
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on the east side and only 16 on the west side {29
of the 68 were Rana pipiens caught on a single
day after a rain on 5 QOctaber). It is possible that
the frogs were maving toward Duck Creek, a
potential hibernaculum, which is on the west
side of the fence.

At Portage B, line 5 showed no side bias for
snakes or amphibians; line 4 had no side bias for
snakes, bot 18 of 21 amphibians were caught on
the west side of the fence (Fig. 8). These examples
show the importance of fixed migration patterns
and the necessity for fences to be set as barriers
in all directions to obtain the best sample.

Spring migrations of Bufo were obvious at
both Shaw Marsh and Busse Tract. Catches at
Shaw Marsh (Fig. 5) on 17 May indicated a delfi-
nite movement towards the marsh. Thirty-four,
11, and 11 Bufo were caught on the sides of lines
A, B, and C that faced away from the marsh,
whereas 0, 8, and 5 were caught on sides nearest
the marsh. The Busse woods (Fig. 6) showed the
same phenomenaon the same day—40 Bufo were
caught on the eastern woods side of line A and 9
on the marsh side, and 19 Bufo were caught on
the southeastern woods side of line B and 6 on
the marsh side.

The Busse Tract also showed the desirability
of placing several fences in different areas. On 9
July no amphibians were eaught on line B in the
waoods, but 37 Bufo were caught on line A, all on
the marsh side of the fence (all newly trans-
formed young dispersing from the breeding
ponds).

Types of Traps

Six different types of traps were set along drift
fences to determine which were most elfective
and efficient (Table 4). Different kinds of rep-
tiles and amphibians showed strikingly different
responses to the various trap types.

Funnel traps were clearly more effective for
catching lizards than pit traps. Of the pit traps,
18.9-L and 7.6-L traps with funnel rims were
more effective than the 7.6-L traps without fun-
nel rims (generally twice as many lizards
caught) or 3.8-L traps with funnel rims.

Funnel traps were also effective for catching
snakes. At Blue River, nine snakes, most over
40 cm, two over 1.2 m, were canght in funnel
traps. Only one larger than 19 cm was caught in
a pit trap. Similarly, in the Portage old field, all
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seven snakes over 40 em were canght in funnel
traps. The 18.8-L. cans were superior to the
7.6-L cans. The 3.8-L cans with funnel rims
were also ineffective for snakes. Salamanders
and frogs were rarely caught in funnel traps, but
pitfalls were effective. Amphibians were caught
in similar numbers in 7.6 and 18.8-L rimless pit
traps, tested at the Portage sites. The 3.8-L cans
with funne} rims caught a negligible number of
amphibians. At the woodland pond site at
Portage, the use of 3.8-L traps with funnel rims
vs. 7.6-L traps without funnel rims was tested;
the 7.6-L traps caught almost 10 times as many
amphibians as the 3.8-L traps with funnel rims.
Adult_green frogs were observed at Blue River
escaping from 7.8-L traps without funnel rims,
but not out of the same sized traps with rims.
However, 7.6-L traps without funnel rims
worked well for juvenile frogs.

There was no difference in the catchability of
frags and toads between 3.8, 7.6, and 18.9-L pit
traps, all without Funnel rims, at the Busse
Tract, but at Shaw Marsh there was a much
higher catch in the 3.8-L traps. Although there
were numerous tree frogs calling at Portage in
the spring, very few were collected. This may be
due in part to the location of the majority of
fences ocutside the waods, or to the ability of the
frogs with their adhesive feet to crawl readily
over fences and out of pit traps.

The 18.9-L cans are necessary {or capturing
large adult turtles. Fifteen of the 21 adult turtles
canght at Blue Biver were in the four 18.9-L,
buckets. Four turtles fell into the 12 7.6-L, cans
and 2 jammed their shells into the 3.8-L cans
with funnel rims. Portage showed a similar pat-
tern: 9 turtles in 30 18.9-L, 11in 26 7.6-1,, and 3
in 10 3.8-L traps. Hatchling turtles at both areas
fell readily into any size pit. They were caught
in both 7.6 and 3.8-L. traps with funnel rims at
Portage line No. 6.

In summary, 18.8-L pit traps are necessary
for trapping aduit turties and are highly effec-
tive for small snakes and amphibians and liz-
ards. The 7.6 and 18.9-L traps were effective for
frogs and lizards, but the addition of the funnel
rim on the 7.6-L traps (Blue River and Spring
Green) appeared to yield an even higher catch,
Funnel traps are best for lizards and are the only
sujtable trap for large snakes. The 3.8-L. cans
were unsuitable, except for some hatchling tur-
tles and toads. A system of 18.9-L traps, 7.6-L
traps with funnel rims, and funnel traps seems
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Table 4. Effectiveness of funnel traps and different sizes of pit iraps set along drift fences for
caiching amphibians and reptiles. Animals caught espressed as number caught/trap day x 100.

Pit Traps
Animal group 3.8 L (with 7.6 L (with Funnel
and area 38L funnel rims) 7.6 L funnel rims) 18.9L traps

Lizards
Blue River - 4.5 a.1 7.2 6.5 16.4
(340-GB0 trap days)
Spring Green — 0.8 1.9 1.5 0 34
(80-800 trup days)

Snakes and Legless

Lizards

Portape - 0.3 0.6 — 4.6 2.4
(540-3,780 trap duys)
Biue River — 0 0 0 0.2 2.6
(340-680 trup days)

Frogs und Toads
Blue River -~ 0 0.5 2.1 L7 (.2
(340-680 trap days)
Portape - 0.4 3.0 - 3.3 0.6
(540-3.780 trap days)
Shaw Marsh 23.0 - 9.7 - - —
(258 trap days)
Busse Tract 33.3 - 23,2 - 30.2 —
(96-192 trap days)

Salamunders
Portage — 1.3 0.2 — 1.1 .-
(540-3,780) trap days)

Turtles
Portage - b 0.2 - 0.3 0
(540-3.780 trap days)
Blue River - 0.3 0.8 0 4.4 0

(340-6B0 trap days)

necessary to capture the spectrum of amphibians
and reptiles in a community, although tree frogs
were not adequately sampled by any of our
methods.

Effect of Weather and Season

Precipitation markedly affects the activity of
amphibians and reptiles. In 1976, Wisconsin ex-
perienced the worst drought in 40 years. When
there was rain, amphibians moved immediately
(Fig. 15). For example, hefore the rain, 0-5 ani-
mals were caught per 2-day interval at Portage,
and 1-2 at Busse Tract and Shaw Marsh. On
15-16 May, 3.8 em of rain [ell; the response was
12 animals at Portage (Fig. 15), 69 at Busse, and
G7 at Shaw. At Point Beach on 4 October, 18
frogs and 1 salamander were caught; after

1.1 em of rain on 5 October, 257 frogs and 7 sala-
manders were caught within 24 h, Similar re-
sponses to rain were noted at Blue River
(Fig. 15).

Lizards and snakes, unlike amphibijans, often
moved about 2 to 3 days after precipitation,
whenever temperatures rose. The 5 October rain
at Portage produced 97 amphibians and reptiles
(mostly frogs), but on 12 October, several days
after the rain, the temperature rose and 38
snakes were caught.

Both rain and temperature affected not only
estimates of the presence of species, but also de-
terminations of population levels (26 June-5
July). The movement of lizards at Blue River
was highly erratic, due primarily to the summer
weather conditions. Drought and high tempera-
tures forced lizards to remain underground for
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Fig. 15. Relation hetween cateh of all reptiies and amphibians at Portage, Wisconsin, and precipitation and

temperatire.

days; after a rain, however, there was much
more activity than normal, resulting in high
population estimates (Fig. 168). A 4-day sample
gave as accurate a population estimate as a
15-day sample. Normally, individual Cnemi-
dophorus are active for a day or two of feeding,
then retreat underground for a couple of days.
Spring and fall dispersal and migrations are
also responsible for increased activity. At Blue
River in mid-August there was an abrupt rise in
the catch of lizards (Fig. 16). Most of these were
hatehlings just emerging. Although the adults
became inactive for the year at this time, the
voung remained active until mid-September.
Post-metamorphic migrations of toads were
seen on the Busse Tract in early July, when 38
toads were caught along one side of a drift fence
in one night. All were newly transformed and
dispersing from the breeding ponds. The same
phenomenon was observed at Portage in late

August, when the large number of snakes caught
were mostly young of the year, presumably
wandering away from their place of birth.

Amphibians and reptiles move to winter hi-
bernacula in September and October. At Por-
tage, more animals were cnught in the fall fol-
lowing rain than in summer under similar con-
ditions. In August and September, hatchling
turtles were caught moving from the nesting
sites to water.

Many species of salamanders spend most of
their time underground or under cover, and
their presence is usually known only during dis-
persal or migration times. This was apparent at
Portage, where the only two Ambystoma ligri-
num recorded were caught in late fall. Turtles
caught at Portage and Blue River were aquatic,
but fernales must come to land to lay eggs from
late May to early July.

High numbers of amphibians and reptiles
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Fig. 16, Relation between catch of Cnemidophorus at
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caught after spring and fall rains may not neces-
sarily indicate large populations in the habitat
where they are caught. They often travel a mile
or more from summer foraging grounds to
winter hibernacula, and many unsuitable forag-
ing areas are often traversed enroute. Better esti-
mates of the number of snakes, lizards, or frogs
in a particular habitat can be obtained in June
and July, after the spring migrations and before
the appearance of young.

Length of Trapping Period

Because of seasonal activity, staggered repro-
ductive strategies, and migration patterns, it is
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impossible to adequately sample all species pre-
sent in an area at the same time. Thus, the
length of time necessary to obtain a good esti-
mate of the diversity of animals present is an im-
portant factor in evaluating any census method.

Density and diversity of frogs, snakes, and
turtles at Partage and turtles at Blue River were
high and the trapping periods long; thus the
trapping time needed to show species composi-
tion and abundance at different seasons could be
determined by examining the catch over the en-
tire period. At Portage, drift fences were in
operation for 162 days, but only 3-5 continuous
days of trapping during optimum weather con-
ditions were needed to capture the most com-
mon species of reptiles and amphibians,

The three most common species of turtles
were taken in 3 days during the laying season in
June at Portage. The fourth species, Trionyx
spiniferus, was not caught in the niesting season but
was taken during the Avgust posthatching dis-
persal. In 2 days at Blue River, two of the four
species of turtles known to nest in this area were
caught. The other two never appeared, but they
are less common.

In mid-summer, 1 to 3 months of continuous
trapping were required at each trapline at Por-
tage to take the four common speeies of snakes,
whereas the same four species were caught in 1
to 4 days in September and October, Summer
trapping of the three common species of frogs at
the Portage sites required over 1 month, whereas
all three were often caught on a single day or at
least within 3 days in September and October.

Racerunner population estimates were made
with the Jolly stochastic model (Jolly 1965).
Catches for 4-day intervals from 30 May to 28
July ranged from 0 to 75, whereas those from
three 15-day intervals ranged from 29 to 60 dur-
ing that time, Omitting the btwo periods of no
catches yields a 4-day interval range of 22 to 75,
which is roughly comparable with the estimate
given by 15-day intervals.

The catch of all species over the months of
trapping in this study showed many periods of
low or no success. Since movement normally is
associated with favorable weather and migra-
tion activity, several short sampling periods
staggered throughout the season should give a
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better estimate of species composition and Ppopu-
lations than a longer period at any one time.

Overall Effectiveness

Overall effertiveness of the fence-trap systems
was measured through comparison of catches in
areas of known species composition and in areas
which were being sampled by other methods.
The species composition at the Portage sites has
been known From 5 years of searching. All these
species at Portage were also taken through drift
fence trapping. Also, two species (the glass liz-
ard and tiger salamander) that were recorded in
previous years only near Portage were also
trapped by drift fences.

At Point Beach, in 5 days of trapping without
rain, 3 of the 10 known species of amphibians in
the forest were caught. In 5 days, during which
a rain occurred, 6 of the 10 were caught. Of the
two species not caught by traps, one is normally
uncommon and the other was uncommon be-
cause of the drought.

The drought ronditions apparently affected
the sampling at Spring Green. In 2 months of
trapping, only 2 of the 12 known species of rep-
tiles in this area were caught. In 15 h of inten-
sive searching in the srea during the summer,
however, only three species were found.

Two of our study areas were being studied by
other researchers. At Long Lake, B. Hellmich
(personal communication) markerd 420 leopard
frogs from 1 April to 10 September. Nearly all of
these were caught in an alfalfa field rather than
in a marsh, and he estimated the population to
be 4,004 individuals. Although about 75 leopard
frogs were seen in the alfalfa field at the time the
fence-trap systems were set up in the adjacent
marsh, only four were caught in two 6-day trap-
ping periods. This illustrates the need of setting
several fences thronghout an area in various habi-
tats. Hellmieh also saw about 20 toads, 30 green
frogs, and 70 wood frogs (mostly in the marsh)
in the area. While trapping in each of the two
6-day intervals, we caught 3 of the 4 anuran spe-
cies known from the area. Thus the use of drift
fencing to determine species composition ap-
pears to be effective.

Before the trapping system was set at Point
Beach, all the Rana sylvatica were censused in
two 9 X 27-m areas by walking back and forth
and counting frogs. In 2 h and 46 min, 120 R.
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sylvatica, mostly juveniles, were found in area A
and two in area B. Drift fence line A (30 m) pro-
duced 75 R. sylvatica and line B (15 m)
produced 20. The difference between the
catches and the frog counting represents time-
of-day bias. Counting was done from 1512-1758
CDT, whereas the traps were open for 24 h.
When a trained person walked back and forth
across the guadrat, more frogs were seen, but
some of them could have been counted more
than once. The drift fence was stationary and
eaught only the frogs moving to it. Collecting
proceeded 24 h/day with little effort after the
initial set-up, and with little observer bias.
Therefore, many areas ean be compared by dif-
ferent people during the same Hme span and rel-
atively comparable data can be obtained.

Population estimates (Jolly 1965) of the num-
ber of six-lined racerunners caught at line 2 at
Blue River ranged from 0 to 75 (X = 36) for 11
4-day intervals. This compares with 45 Cnemi-
dophorus caught by the fence during the same
time period. If the two 4-day periods when pop-
ulation estimates were zero due to severe
weather conditions are eliminated, then the
mean population estimate corresponds closely to
the actual number caught over the summer (45
compared to X = 44 estimated).

The transect of 10 funnel traps set perpen-
dicular to Blue River fence No. 2 caupht marked
animals a maximum of 20 m from the fence.
Since the next traps were 40 m on each side of
the fence, these results suggest that a drift fence
collects from an area less than 80 m wide for rel-
atively sedentary species such as
Cnemidophorus. Funnel traps withont drift
fences were effective for capturing
Cnemidophorus: 36 captures in 10 traps over a
41-day period compared with 45 in 60 m of
fence with 12 traps. Funnel traps without fences
seem to be an effective way of sampling some
lizard populations. Further trapping is needed
to compare population estimates.

Manpower and Cost

The most time-consuming part of running
drift fences is set-up time. It took two people
1% h each to establish 30 m of aluminum fence
with 8 pit traps and 2 funnel traps. A dozen ani-
mals were remaved and marked from 15 m of
fence in 5-10 min. Even when large numbers of
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animals were eaught, removal time was rela-
tively short. For example, 267 animals were re-
moved from 41 m of fence and marked by two
people in less than 1 b, Distance between trap-
lines dictated the number which could be
checked per day. A site with a lolal of 90 m of
fence would require Y& day to set up. and could
be checked in less than 1 h by one person; more-
aver, il the sites were less than an hour apart.
four sites could easily be done per day.

Once the fence was established, it was con-
venienlt to leave it open only during ideal
weather conditions, particularly when several
sites 25-50 km apart are being monitored. Fun-
nel traps were picked up and pit trups covered
when not in use. A 15-m fence with pit and [un-
nel traps was removed by one person in 5 min.
The initial cost was about $50 for 30 m of fence
with traps. However, the fence can be used lor
many areas, Operaling cost {or efght sites would
be about $1,200 for an entire season,

Recommended Procedures
Materials

Although somewhat more costly and heavier
to earry than screening, aluminum valley seems
to be the best ferice material. 1t should be more
economical over longer periods since it is far
more durable than sereen. Hardware cloth was
not used because of the same disadvantages of
the screen and it costs as much as aluminum val-
ley, C. R. Shoop (personal communication) has
been using a plastic-coated screen suceessfully
for salamanders in Massachusetts. Tt is lighter
than aluminum and less expensive, but its dura-
bility needs testing.

The following materials are recommended for
fencing and traps: aluminum  valley (or
flashing), 1-m angle iron stakes (two per fence
line), 18.9-L plastic ice eream buckets with lids,
7.6-L cans with funnel rims (Fig. 1) and lids,
and two-door funnel traps (Fig. 2).

Time of Trapping
Seuson
In Wisconsin, from 1 April through 15 June,

all of the species of reptiles and amphibians us-
ing a terrestrial habitat may be expected to be

active. Trapping in the early part of April is
necessary to collect many terrestrial and fossor-
ial salamanders {(Ambystoma maculatum. A,
laterale. A. tremblayi, and A, tigrinum). A
trupping perind in early September will also
produce these species when the young are leav-
ing the ponds. However, in dry vears, reproduc-
tion may not be successful, and a [all trapping
period would not be necessary.

Trapping in late April-early May vields fewer
species of salamanders, but most species of frogs
and many snakes are moving, In late May, mast
species of snakes und lizards may be caught, but
fewer species of frogs and salamanders. During
the first 2 weeks of June, turtles begin to nest.

For a complete assessment of the herpetolog-
ical community, at least four trapping periods of
3 to 5 days each coinciding with rain in eary
April, late April-early May, and late May and
mid-June are recommended. The following ex-
ceptions apply if the area to be censused is far-
ther than 3 km from water: (1) the June trap-
ping period is not necessary because turtles sel-
dom go that far in search of a nesting site; and (2)
the eurly April trapping and late April-early
May periods are not needed because salumanders
and frogs seldom mave more than 3 km between
breeding sites and summer home ranges.

Weather

Drift fences may be put in at uny time, but
traps should be kept closed until rain is expected.
The most productive trapping period for am-
phibians is in the 24 h after a rain starts. They
will be active on the surface while temperatures
are greater than 4° C.

In Wisconsin, snakes and lizards become ac-
tive after rains when air temperatures reach
21° C or higher. Overcast humid days above
15° C are ideal for eatching aguatic turtles in
terrestrial habitats,

Habitat Assessment

This section presents a simplified method for
evaluating the habitat characteristics in the sam-
ple area and the types of reptiles and amphib-
fans that might be present. This evaluation is
necessary for proper trap selection and place-
ment. The analysis is specific to the northern
midwestern states, but it can be madified for
any site.
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Fig. 17. Type and placement of trups dictated by ex-
pectation of catch based on habitat assessment. The
symbals 5, 2F, and F refer to the positions of 18.9-L
pit traps, 7.6-L pit trops with funnels, and funnel
traps.

If an area is within 3 km of permanent water,
expect all major gronps of reptiles and amphib-
ians (Fig. 17A). If the area is farther than 3 km
from permanent water but within 3 km of tem-
porary ponds, marshes, ar streams, or if the area
is heavily wooded, expect snakes, lizards, frogs,
and salamanders (Fig. 17B). If a prairie, old
field, or savannah is more than 3 km from any
open water, either permanent or temporary, ex-
pect only snakes and lizards (Fig, 17C).

Position and Length of Fence Line

At least two 30-m lengths of fence with traps
should be placed 100 m apart parallel to the
vegetation gradient and another 30 m set per-
pendicular to and halfway between the other
two lines (Fig. 18A). IF two adjoining habitat
types are being assessed, a 30-m fence parallel to
the habitat gradient and another 30-m [ence
perpendicular to the gradient is needed in each
area to show the difference between use of an
area as 2 home range and use of an area as a mi-
gratary corridor. In situations where the width
of the habitat does not allow 30-m lengths of
fence to be used, 15-m lengths on either side of
the line parallel to the strip can be used (Fig.
18B). Areas which are less than 15 m wide need
not have any perpendicular fences.

Installation

It is recommended that V-shaped trenches for
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Fig. 18. Proposed placement of drift fences.

the fence lines be about 10 cm deep and about
15 em wide. A wedge of earth can be removed
and then replaced firmly in the trench. One side
of the trench should be vertcal for a tight fit
with the fence. The aluminum can be easily cut
and bent to po around logs, rocks, or tree roots
(Fig. 3). Mounds of soil and rocks can then be
placed over those sections to hold them firmly in
place. Il more than one roll of aluminum is
used, they can be joined together by a strip of
duct tape on each side after overlapping the
aluminum 6-8 em.

If weather conditions are right for immediate
trapping, 2.5 em of water should be placed in
each pit trap. The water prevents dehydration
and also kills ants, beetles, shrews, and mice
which might otherwise kill or injure other small
animals. Holes drilled 2.5 cm up on the sides of
the can allow overflow. Digging the pit slightly
deeper in the center leaves a cavity for excess
water to drain, preventing rain from filling cans
and allowing escapes. A wet piece of cloth
should be placed in funnel traps to prevent des-
iccation of the specimens.

Operation

Traplines should be open continuously for the
3- to 5-day trapping period and checked at least
every ather day. They should be checked within
24 h after heavy rains because of the likelihood
of inereased animal mavement as well as the ac-
cumulation of water in the traps. Animals
should be removed, identified, and, if necessary,
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measured, tallied, marked, and released 2 or
3 m away on the opposite side of the fence.
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Appendix

Common and scientific names of reptiles and
amphibians cited in text or taken during study in

southern Wisconsin.

REPTILES

Turtles

Snapping turtle
Blanding’s turtle
Ornate box turtle
Painted turtle

Mup turtle

Spiny soft-shell turtle

Lizards
Class lizard
Six-lined racerunner

Snakes

Hognose snake
Smooth green snuke
Blue racer

Black rat snake

Fox snake

Bull snake

Milk snake

Prairie garler snake
Eastern garter snuke
Brown snake

Red-bellied snake

Chelytlra serpenting
Emydoidea blandingi
Terrapene nruata
Chrysemys picla
Graptemys gengraphica
Triomyx spiniferus

Ophisaurus atlenuatus
Cnemidophaorus
sexlineatus

Heterndon platyrhinos
Opheodrys vernalis
Coluber constriclor
Elaphe obsoleta

E. vulpina

Pituaphis melanolencny
Lampropeltis trinnpgulum
Thamnophis radix

T. sirtalis

Starerin dekayi

S. necipitomacilata

AMPHIBIANS

Caudates

Blue-spatted salamander
Spotted salamunder
Tiger salumander
Central newt

Red-backed salamander

Anurans

American toad
Cricket frag
Western chorus frog
Northern gray tree frog
Cope's gray tree {rog
Spring peeper

Bull frog

Green frog

Leopard frog

Waod frog

Ambysioma laterale

A. maculatum

A, tigrinam

Notaphthalmus
sirideseens

Plethndon cinerens

Bufo americanus
Aeris crepitans
Pseudacris triseriata
Hyla versicolor

H. chrisoseelis

H. crucifer

Rana cotesbeiona
R. clamituns

R. pipiens

R. syloatica
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Abstract

The Chronologieal Bibliogruphy of Herpetologieul Community Studies is used to pre-
pure an historic resumé of the field. The taxonomie and geagraphic distributions of the
studies are deseribed, and the contributions of studies of speecial themes und habitats ure
identified. Community studies are derived from classical natural history investipntions
with input fram many other disciplines. The clearest recent trend is the sophisticated
mathemntical analysis of community structure exemplified by Lhe works of Piunkn,
Inger, und Schoener. Energy How studies have begun to appear, and the inevituble con-
Lroversies have sprung up. Another recent development is the large amount of pertinent
research being sponsored by a multitude of governmental agencies. The symposium con-
tributions summarized reflect the current state of the art of herpetologienl eommunity
studies. Suggestions for the future include the need for u rigorous examination of our
operating assumptions, such as the role of competition, the amount and availability of the
resource buses, and the ecologienl reality of arbitrary communities. The role of soeislity
needs to be examined in 2 community context. New field and analytical techniques need
to be developed, and long-term studies should receive high priority. Herpetologists work-
ing on government projects should take the responsibility for publishing their Endings in
selentific journals, Detailed prior plunning is seen as the most important Factar in deter-
mining the success of a herpetological community study.

Though research on herpetologieal communi-
ties has expanded greatly in recent years, it still
claims only a small proportion of the herpeto-
logical literature. For instance, 246 herpetologi-
cal titles were published in the 1978 volumes of
Copeia, Ecology, Herpelologica, and the Jour-
nal of Herpetology. OF these, only eight (3%)
were sufficiently community oriented to include

1Deceased: Died wl Gainesville, Florida, on 10 Decem-
ber 1981,

in the Chronological Bibliography of Herpeto-
logical Community Studies following this paper.
Since all noneaptive reptiles and amphibians
live in communities where they interact with
other organisms, the opportunities for commu-
nity research are virtually limitless, This paper
is intended to analyze past community studies,
to determine their strengths and weaknesses,
and to make suggestions for the future that will
encourage further research into an area rich in
investigative apportunities,

28]
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In order to see where we are going, it is in-
structive to see where we have been. Accord-
ingly, the first part of this paper reviews the his-
torical development of herpetological commu-
nity studies and defines the major driving forces
and trends within the feld. The raw data for
this review are the contents of the bibliography.
After the historical summary, the current status
of herpetological community studies is defined
based on a resumé of the papers in this volume
and the current literature. Finally, the per-
ceived trends in these studies are defined, and
recommendations are made in which progress
can be made in the mast produetive directions.

The Chronological Bibliography of Herpeto-
logical Community Studies was compiled by fol-
lowing the community eriteria laid down in the
Preface; that is, the studies that are listed in-
volve three or more reptile or amphibian species
living in the same area. There should also be
enough ecologieal or behavioral information to
enable species comparisons, and their interac-
tions (or lack thereof) may be deduced. The
rather extensive literature on mimiery was
omitted, largely because most of the material is
still very theoretical and speculative, and field
tests are lacking. We have not seen all of the
studies listed in the bibliography, and several
citations were included on the basis of informa-
tion provided by other authors, We have tried to
make the bibliography as complete as possible,
but new references are continually coming to
our attention. Foreign studies are partieularly
likely to have been overlooked. It is complete
enough, however, to provide an accurate basis
for the historical resumé.

History of Studies of
Herpetological Communities

Historical Resumé

The origins of studies of herpetological com-
munities are not very remote, although their
roots are deeply buried in the explorations of the
early collectors and naturalists. Nothing pub-
lished in the 19th century was community
oriented, and interest in the ecologieal relation-
ships of sympatric reptiles and amphibians grew
slowly in the early 1900's. The development of
the study of herpetological communities paral-
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lels that of the study of ecology itself, with per-
haps a 10- to 15-vear lag in most subject areas,

As befittng an infant diseipline, early studies
were descriptive. Picado’s (1913) description of
Costa Rican bromeliad faunas included reptiles
and amphibians, and his holistic approach could
well be emulated by present and future workers.
Wright's Life Histories of the Anura of Ithaca
(1914) was an early example of what could be
done by an astute observer collecting data at one
site over a period of years, and this type of de-
tailed description of the long-term average phe-
nology of the frog fauna has been rarely dupli-
cated for ather areas. During the 1920', similar
studies appeared; interestingly enough, all dealt
with snakes; Klavuber (1824) in southern Cali-
fornia, Brimley (1925) in North Carolina, and
Loveridge (1927) in Massachusetts. These
studies were mainly concerned with document-
ing activity and, to some extent, habitat prefer-
ences.

The same themes were present in the 1930,
Conant (1938) wraote of reptilian activity pat-
terns in Ohio, and Klauber (1939) contributed a
study on snakes, Habitat preferences begun to be
emphasized: Mosaver (1935) described the
fauna and its adaptations in a sund dune area,
Humphrey (1936) documented altitudinal dis-
tributions of Arizona rattlesnakes, and Dunn
(1937) produced a paper amplifying Picado’
(1813) original observations on bromeliad
herpetofaunas. During this same decade, the
work of Uhler et al. (1939) on snake food habits
foreshadowed the proliferation of similar stodies
so important in modern community analyses.

The 1940°s saw the emergence of the modern
type of descriptive study that integrates most of
the important aspects of the biclogy of the or-
gunisms— their demography, abundance, habi-
tat preferences, food habits, activity patterns,
and enemies. Fiteh (1949), whao continues to be
one of the most active researchers in the field
(this volume), produced an excellent integrated
study on California snakes, and Hairston's
(1948} report on the ecology of Appalachian
salamanders is another fine example. An impor-
tant development during this period was the
initial attempts to quantify animal abundances
and other important ecological variables. Quan-
titative descriptions of populations, their food
habits, and their habitat preferences are the raw
materials for modern community analyses,

The next decade and a half (1850-65) was
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Table 1. Number of papers denling with each taxonomic and geopraphic seginent of the herpetn-
Sfaunal community. Some papers fit inlo more than one category and may be tabulated several

Limes.
Central South
Region and taxon Alrica Asian Auvstralia  Americab  America  Euorope Tolals
Tropics
Reptiles and
umphibians 10 8 1 16 G - 41
Lizurds T 2 1 a5¢ 1 - 46
Snakes G 2 b 2 2 - )
Turtles - —_ - - 3 — 3
Crocodilians — - - - 4 — 4
Frogs 6 6 — 8 3 —- a3
Salumanders - — — 1 - - 1
Totuls an 15 "} 62 9] - —
Temperate Zone
Reptiles aned
amphibians — — 2 19 2 1 24
Lizards 12 - 9 40 5 1 67
Snakes i — 2 43 - - 49
Turtles - - — 2 - - a
Froys 3 1 a ) I - 27
Salamanders - — - 13 - 13
Totals 19 1 13 137 8 2 -

“Inelndes the East Indics.
Mneludes the West Indies.
eIncludes 27 studies restricied to the penns Annfis.

largely a period of consolidation and amplifica-
tion of the trends already established. Habitat
prelerences continued to be u favorite tapie; guts
(mostly snake) were analyzed, and other bio-
logical characteristics of sympatric species were
examined. Increasingly more emphasis was
placed on species interactions, and competitive
exelusion became a key phrase and {ocus of
analysis (Hairston 1951; Fougquette 1954; Mil-
stead 1957a, 1957, 1957¢, 1965; Pianka 1965).
As in other areas of ecology at the time, competi-
tion was assumed to be an organizing force in
reptile and amphibian communities; however,
no one tested the assumption.

In the mid-1960s, community studies had
matured to the point where comparisons be-
tween communities were being made, The early
studies of Brown and Aleala (1361) in the Philip-
pines, Heatwole and Sexton (1966) in Panama,
and Pianka (1965) in the North American
deserts are the first models of a field that has
burgeoned in the last 10 years. Pianka has con-

tinued to be highly productive both in theoreti-
cal community comparisons and in natural his-
tory studies. At the same time, Barbault {1967)
began detailed community studies that would
ultimately provide the greatest wealth of quan-
titative information on entire herpetological
communities available today.

Taxonomic and Geographic Distribution
of Studies

A tabulation of thé taxonomic distribution of
the studies in the bibliography (Table 1) reveals
that there have been only a few on crocodilians
and turtles. The former group is never very
speciose in any one area, and crocadilian “com-
munities” are scarce; however, it is surprising
that turtles have not received more attention.
They are abundant and easily canght in many
places, and multispecies aggregations are com-
mon. Lizards are often common, diurnal, and
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conspicuous, and they have been the subject of
the majority of studies in both temperate and
tropical habitats. Twenty-seven of the total of
33 tropieal lizard studies have been carried out
on the genus Anolis in the West Indies.

Our list of the geographic distribution of the
studies in the bibliography is probably biased
toward studies in Australia, Africa, and the New
World; even so, relatively few community
studies have been done in Asia and Europe. The
great majority of ternperate zone work has been
done in North America, and a large proportion
of the tropical studies have been done in Central
Ameriea, including the West Indies, The efforts
of a few very prolific workers are largely respon-
sible for several of the totals: Barbault in
tropical Afriea, Inger in tropical Asia, Schoener
in West Antillean Anolis, and Pianka in tem-
perate Africa and in Australia.

Special Study Themes

Several ecological and taxonomic systems
have received a disproportionate share of atten-
tion. The system represented by the genus Anolis
in the West Indies mentioned above is one of the
best examples. Under the guidance of Ernest
Williams at Harvard University, many out-
standing theoreticians, systematists, ecologists,
and behaviorists have developed an impressive
body of data and theory that will provide mate-
rial for integrative studies of evolution and ecol-
ogy for many years to come.

Other taxonomically-based systems that have
been exploited are the North American natricine
snakes (Fitch 1941; Hebrard 1951; Carpenter
1952; Fouquette 1954; Fleharty 1967; Burg-
hardt 1968; Hebrard and Mushinsky 1976,
1978; Mushinsky and Hebrard 1977a, 1977b;
Kofron 1978), whiptail lizards (Cnemidophorus
and Ameiva; Milstead 1957a, 19575, 1957c,
1965, 1972, 1977; Medieca 1967; Asplund 19685;
Hillman 1889; Schall 1873, 1877, Scudday and
Dixon 1973; Scudday 1977; Mitchell 1979;
Guellar 1979), sea snakes (Shuntov 1971; Voris
1974: Dunson 1975; Heatwole 19754, 1975h; Lim-
pus 1975; McCosker 1975; Minton and Heatwole
1875; Dunson and Minton 1978; Redfield et al.
1978) and rattlesnakes (Humphrey 1936; Dam-
man 1961; Pough 1966: Xlauber 1972). All of
these groups, except the rattlesnakes, are largely
diurnal forms that are often abundant and have
enough species in a genus so that several similar
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forms may occur in a given spot.

Other faunas that have contributed the raw
malerials for a large number of papers are desert
reptiles (54 papers) and calling and successional
studies of frog ponds (21 papers). Again, the at-
tractive combination seems to be an abundance
of animals in a habitat where they are easily ob-
served and collected.

Food habits studies are basic to the under-
standing of any animal community. The hib-
liography includes 19 titles which are primarily
descriptions of the food habits of coexisbing
spectes, Almost half of these are studies of
snakes, whereas most of the other studies are
divided between lizards and amphibians.

Special Habitats

Several specific kinds of habitat have been
singled out for special study. The common
thread drawing these studies together is that
they deal with habitats that either concentrate
animals or that have naturally high populations.
For instance, bromeliads concentrate both am-
phibians and reptiles, especially in the dry sea-
son (Picado 1913; Dunn 1937; Smith 1841; Neill
1851), and their faunas are rather easily charac-
terized. Similarly, Funderburg and Lee (1968)
and Lee (1968, 1969) investigated the herpeto-
logical associates of Floridian pocket gophers
(Geomys), other mammals, and cabbage palms.

Islands have been a favarite laboratory for
evolutionary studies since Darwin and Wallace,
and they are beginning to be recognized as good
places to study community interactions. An at-
tractive feature of most archipelagos is that simi-
lar biotic communities tend to be repeated
under a similar climate, but the biogeographic
history of each island produces a distinet com-
bination of species. Thus, each island can be
viewed as a separate evolutionary “experiment.”
The Anolis students mentioned above have ex-
ploited the insular features of their fauna to such
a degree that there are few comparable main-
land studies. Other workers who have success-
fully used island systems are Soulé (1966), Case
(1975, 1978); Dunham et al. (1978); Case et al.
(1979); and Bennett and Gorman (1979).

In the early 1850's, a noteworthy subset of
herpetologieal communities spawned a diverse
literature. Anchored by Woodbury and his stu-
dents in Utah, studies of hibernating aggrega-
tions of reptiles (most often snakes) became
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popular. The Utah dens have produced several
of the few long-term community studies, and
the availability of large numbers of research ani-
mals has provided opportunities for detailed in-

sight into the biology of the snakes invoived. The

paper by Brown and Parker in this valume is the
latest in these studies, and its conelusions hold
little promise for the future of this important
study system that has produced so many articles
(Woodbury and Hansen 1950; Woodbury 1951 ;
Woodhury and Parker 1956; Hirth 1966; Hirth
and King 1968; King 1968; Hirth et al. 1969;
Parker and Brown 1973). Other workers that
have studied hibernating aggregations of reptiles
and amphibians are Neill (1948), Carpenter
(1953), Storm (1855), Cooper (1956), and Drda
(1968).

Natural History Studies

Meodern community studies, even highly theo-
retical works, have evolved from origins in clas-
sical descriptive natural history. Whereas early
waorkers were content to deseribe commmunities,
many recent studies probe the guestions of
“how™ communities function and “why” com-
munitles are structured as they are. Quantitative
instead of just qualitative approaches are be-
coming more common, and new field and ana-
lytical techniques are constantly being de-
veloped.

Probably the best known herpetological com-
munity is that of the University of Kansas Natu-
ral History Beservation. For more than 30 vears,
Henrv Fitch and his students have studied the
herpetofauna of this tract of land. Much of the
information was published ns a series of auteco-
logieal monographs, but recently the data are
being analyzed for community patterns (Hen-
derson 1974; Fitch, this volume). There still re-
mains a wealth of information for further inte-
gration.

Natural history studies make up the bulk of
the bibliography, and the list of recent contribu-
tors is long. Outstanding individual records in-
clude Rand (1961, 1962, 1964, 1967: Rand and
Humphrey 1968; Myers and Rand 1969; Rand
and Williams 1969); Heyer (1967, 1973, 1974,
19764, 1976b; Dixon and Heyer 1968; Hever and
Rellin 1973); Heatwole and Sexton (Sexton et al.
1964; Heatwole 1966, 19754, 19755, 197G
Heatwole and Sexton 1966; Test et al. 1966;

Sexton and Heatwole 1968; Minton and
Heatwole 1975); Duellman (1960, 1965, 1967,
1978); Dixon (Dixon and Medica 1966: Dixon
and Heyer 196B; Scudday and Dixon 1973;
Dixon. and Soini 1975, 1977; Staton and Dixon
1977: Henderson et al. 1978, 1979); Milstend
(Milstead et al. 1930; Milstead 1953, 1957h,
1960, 1865, 1972; Milstead and Tinkle 1969);
and Hebrard and Mushinsky (Hebrard and
Mushinsky 1976, 1978; Mushinsky and Hebrard
1977a, 1977h).

The mast productive group in the quantita-
tive exploration of herpetological communities
has been Robert Barbault and his collaboratars,
Claude Grenot and Roland Vernet, of the Lab-
oratoire de Zoologie of the Ecole Normale
Supérieure in Paris. Publishing since 1967, Bar-
bault has authored or coauthored more titles
{(19) in the bibliography than any other author,
Starting in Afriea, he quantified the popula-
tions, biomass, habitat use, activity cycles, and
trophic structure of the reptile and amphibian
communities of the Ivory Coast savannahs (Bar-
bault 1967,1970, 1971,1972,1973, 1974a,1974h,
1074c, 1974d, 19750, 1975b, 1976a, 1976k,
1976, 1976d). Transferring his experience to
México, he continued the same types of studies
in Chihuahua (Barbault 1977; Barbault and
Grenot 1977; Grenot et al. 1978; Barbault et al.
1978). Grenot and Vernet also investigated
North African herpetofuunas (Grenot and
Vernet 19724, 1972b; Vernet and Grenot 19724,
1973h). In recent publications, Barbault and
Crenot processed their data using niche overlap
theory, and their analyses tend to converge on
those of Pianka (Grenot et al, 1978; Barbault et
al. 1978). This wealth of material is little known
in North America and has not been incorparated
into recent reviews (Pianka 1977: Schoener
1977).

Three recent authors have made outstanding
contributions by cataloging and analyzing some
of the most complex herpetological communities
known. Dixon and Seini (1975, 1977) and
Duellman (1978) worked intensively for many
years on the Amazonian slopes of Peru and
Ecuador. Both sets of studies stem from similar
sorts of backgrounds: strong systematic training
and experience, blended with a natural history
approach to the interpretation of communities.
These works should provide copious raw mate-
rial for developing hypatheses on the structure
and function of tropical communities.
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Other Disciplines

Many other herpetological disciplines such as
systematics, physiology, and autecology have
contributed to the development of community
studies. The debt to alpha taxonomy is obvicus
but often overlooked. Many ecologists are un-
aware of the taxonomic problems in their study
area and often do not wish to become involved
in their solution. At a minimum, every ecologi-
cal stndy should deposit properly prepared
voucher specimens in a public museum. Neglect
of the nuts and bolts of classical taxonomic her-
petology can lead to confusion and imprecision
in community studies.

Often a wide gulf exists between laboratory
physiologists and feld ecologists. The few
people that have made an attempt to bridge the
gap have provided valuable insight into com-
munity function that could not be gained in any
other way. Clark (1967}, Sexton and Heatwole
(1968), and Pough et al. (1977) investigated
habitat selection and water loss in snake, lizard,
and frog communities; Ruibal (1961) and Schall
(1977) locked at thermal adaptations in lizards;
and Burghardt (1968) studied innate food habits
in a water snake community. Fleharty (1967), in
the most complete laboratory analysis of a com-
munity to date, studied food habits, water loss,
specific gravity, and oxygen consumption in
garter snakes. The common feature of these
studies is that laboratory and field studies were
integrated to provide a unique understanding of
the communities involved.

Autecological studies have been, and will con-
tinue to be, the basis for most of what we know
about the ecology of reptiles and amphibians,
and there is much in these studies that can be
used in community syntheses. However, it is im-
portant to remember that a community has
properties greater than the sum of the parts, and
single species orientations can be misleading in a
holistic analysis.

Recent Studies

The greatest number of papers in the “Mod-
ern Period,” dating from the mid to late 1960,
still deals with “natural history” subjects such as
population size and fluctuation, behavior, and
food and habitat preferences. These are becom-
ing more and more useful in gauging commu-
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nity interactons for several reasons: past experi-
ence has indicated which ecological variables
are most likely to vield useful infoermation, com-
parative studies are much more common, and
techniques of studying communities have be-
come more sophistcated. In spite of these de-
velopments, the most distinetive trend in recent
herpetological literature is the application of
thearetical, mathematical approaches to com-
munity analysis. These studies will be examined
in detail below. Other recent developments in
the literature are the studies of energy flaws
through reptile and amphibian populations,
three recent controversies that remain unde-
cided, and the accumulation of a vast body of
knowledge buried in government reports.

Theoretical Studies

As studies of herpetolagical communities be-
came more quantitative in the 19680, theoreti-
cal analyses became possible. Species and the
communities they formed were viewed as active
agents in dynamic evolutionary systems. Words
like “competition” and the “niche” became com-
mon, and differential equations proliferated.
The concept of strategies, such as reproductive
or feeding strategy, was developed, and resource
partitioning analyses were exstended beyond
mere food habits studies. Space, structural fea-
tures of the habitat, and the time of day or year
were also seen as vital resources,

The earliest papers with significant theoreti-
cal analyses include Hairston (1951) on Appa-
lachian salamanders, Fouquette (1954) using
garter snake food habits, Milstead's series
(1857a, 1957h, 1957¢) on Trans-Pecos whiptails,
and Colette (1961) analyzing the correlation be-
tween Anolis ecology and merphology. Since
then, theoretical considerations have been a
large part of many papers, and the development
of technigues of analysis have been a major ef-
fart for many authors. Three of these workers
stand out, hoth because of their prolific output
and the ingenuity, depth, and novelty of their
community analyses.

Erie Pianka (1965, 1966), borrowing tech-
nigues {rom the avian community studies of
Robert MacArthur, was a leader in applying
quantitative techniques to the testing of hy-
potheses of commugity structure. He has con-
tnued to develop und refine his analyses, and his
comparative approach, using widely dispersed
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diurnal desert lizard systems, has contributed to
the robust nature of his conclusions (Pianka
1869a. 1971. 1973, 1975; Pianka et al. 1979).
Pianka's emphases have been on the detection of
the effects of interspecific interactions, pri-
marily competition, on structure within com-
munities, and the elucidation of geographic pat-
terns of lizard diversity. His approach has been
fruitful and, as a result, more is known about
ecological characteristies of diurnal desert lizard
communities than for any other group of reptiles
or amphibians (Pianka 1975, 1977), Although
cancerns for the structural dynamies of entire
lizard communities hus dominated his work,
Pianka has not neglected the natural history of
small segments of communities or even single
species (Pianka 19695: Pianka and Pianka 1976:
Huey and Pianka 1977; Pianka and Huoey 1978;
and several other papers outside of the scope ol
this bibliography). Without this solid natural
history base, Pianka's more esoteric theoretical
conclusions would he much less acceptable to
the peneral herpetological seientiflic community.
During the same period, Tom Schoener was
adapting a system [or measuring structural habi-
tat developed by Rand (1864) to quantify niche
characteristics in communities of West Indian
Anolis. Schoener’s earliest studies dealt with
single species interactions, but he soon used the
same techniues Lo deseribe patterns and conse-
tjuences of resource use by multispecies com-
munities. Patterns analyzed have included ani-
mal size relations (Schoener 1963, 19705) and
food and babitat use (Schoencr 1968, 19704,
1974a, 1974h, 1975: Schoener and Gorman
1968; Schoener und Schoener 1971a, 1971h).
Robert Inger and his colluborators have ap-
plied innovative analytical techniques to large
bodies of community data from the Asian tropics
and sublropies (Llovd et al. 1968: Inger and
Calwell 1977: Inger 1980). The cquestions he
deals with (habitat use, species packing) ure
similar to those studied by Piunka, but the ap-
praaches are rather different. Much of the dif-
ference derives from problems of scale; Pianka
treated 4 to 29 sympatrie lizard species in his
studies. but Inger treated more than 100 species
of reptiles and amphilians. Inger has also con-
tributed to our knowledge of the ways that small

segments of faunas inleracl (Inger and Green-

berg 1966a, 1966b; Inger 1969). und Inger and
Greenberg (1966a) conducted one of the few
field experiments on amphibians.
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In addition to the prolific workers cited
above, a number of other herpetologists have
contributed creative analyses to the further de-
velopment of our theoretical body of knowl-
edge. They are too numerous to list here, but a
few deserve mention for the amount and quality
of their work: Crump (1971, 1974, this volume),
Wilbur (1972; Wilbur and Collins 1973}, Hever
(1973, 1974, 1976b; Heyer and Berven 1973),
Hurtubia (1973: Hurtubia and di Castri 1973),
Fuentes (1976), Moermaond (1974, 1979), Huey
(Huey and Webster 1976; Huey and Pianka
1977: Pianka and Huey 1978: Huey 1979;
Pianka et al, 1979), and Case (1975, 1978: Case
et al. 1979).

Energy Flow Studies

Strangely- enough, herpetological communi-
ties have largely escaped the analyses based on
energy {lows to which other vertebrates were
subjected during the era of the Tnternational
Biological Program when funding for system-
oriented ecological research was most easily ob-
tained. Perhaps the thought wus that, even at
high densities, reptile and amphibian metabo-
lism was so low compared with mammals and
birds that their role in community energeties
was negligible. Two recent studies indicate that
this generality is probably untenable. Burton
and Likens (1975a. 1975h) showed thal sala-
manders in a New Hampshire forest constitute
us much of the animal biomass as any other
group of vertebrates, and that energy fow
through the salamanders is about 20% of that
through the birds in the sume ecosystem.
Bennelt and Gorman (1979), working on the
arid West Indian iland of Bonaire. concluded
that lizards were major consumers, and their
duily energy requirements exceeded those of
small mammal faunas in temperate  zone
systems. Clearly the assumption that reptiles
and amphibians can salely be ignored in
analyses of ecosystem encrpeties needs reexami-
nation. especially in tropical systems.

Controversy

Any field of human endeavor ultimately gen-
erates controversy, but the study of herpetologi-
eal communities seems to be, with few excep-
tions, relatively free from disagreement. This
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situation is partly good in that it has allowed a
free und objective interchange of ideas without
the barriers that are artificially erected when
differences of opinion become polarized. On the
other hand, we helicve that the theoretical
underpinnings of much of our work has not been
adequuiely examined, and many operating as-
sumptions are accepted without sufficient re-
view, We will return lo this idea in the section
on suggestions for the {uture. There are three
theorelical areas with opposing views in the
papers of the bibliography, One has very little
associated data, and the other bwa have data
that are interpreted in two different ways.

The first is the explanation by Janzen (1976)
for an apparent lack of reptiles in Africa when
compared with tropical America. Using sweep-
ing correlations, Janzen concluded that the
community of seavengers supported by the graz-
ing herbivores in Africa also suppressed the rep-
tile populations. Kreulen (1979) took issue and
responded with other correlative observations,
Junzen's (1979) reply contained no new informa-
tion but suggested some tests for his hypathesis.

The secand controversy haes developed over
explanations of the sizes of individuals of the
lizard genus Uta on islands in the Sea of Cortez.
Soulé (1966) coneluded that the size of utas on is-
lands was determined by the competitive pres-
sure from other iguanid species present. With
the collection of more data and further analysis,
Dunham et al. (1878) found other variables,
such as number of perennial plant species, to be
equally well correlated and suggested caution in
evaluating correlative data with the a priori as-
sumption that competition is the community
organizer, The latter authors suggested several
ways to remedy the problems that they see in
many similar studies.

The third area of controversy lies in dilfering
interpretations of the effects of competition in
larval amphibian communities (Heatwole, this
volume), Wilbur (1972) und Wilbur und Collins
(1973), on the basis of extensive experimentation
with Rana and Ambystoma larvae, concluded
that competiion was one of the major or-
ganizers of many tadpole communities. Heyer
(1978b) disagreed, and based on his own studies
from Thailand, Panama, and the eastern United
States, concluded that predation and randem
factors were usually responsible for observed
tadpale community structure, and that interspe-
eific competition was not.
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These controversies seem to be rather differ-
ent, but there is a common thread running
through them all: the relative importance of
predation and eomgpetition as organizers in her-
petological communities. Junzens (1976) hy-
pothesis that predation is a major determinant is
hased on little data and much speculation, and is
obviously intended to be heuristic, but the prac-
tical means of testing it are not clear. Soulé&’s
(1966) conclusion that Uta size depended on
competition was tested, and serious doubt was
east on it. Wilbur (1972} and Wilbur and
Collins (1973} pinpointed several areas where
they believe competition is operating, but Hever
(1976b) saw only predation pressure or random
effects. At least one side in each of these argu-
ments believes that one of the most powerful
tools for generating definitive data is commu-
nity experimentation (Wilbur and Cellins 1973;
Tinkle and Gibhons 1977; Janzen 1979).

Governmental Reports

Governments at all levels have suddenly be-
come aware of the presence of a large number of
animal species that have been ignored in pre-
vious planning.’ Now land and pesticide use,
waste disposal, resource development, and a
multitude of other governmental activities re-
guire a complete vertebrate inventory or envi-
ronmental Impact statement before the project
can be carried out, The preparation of these in-
ventories or statements include the gathering of
a greal amount of potentially useful information
on reptile and amphibian communities. Most of
the information is buried in reports with limited
distribution which are ecollectively referred to as
“pray literature.” We have not attempted to
examine this literature here, hut we believe it
should not be ignared in the future. Part of the
problemn with using it is in determining its reli-
ability, since it is often not reviewed by compe-
tent biologists, and voucher specimens are sel-
dom prepared.

Review of the Symposium

The contents of the symposium largely reflect
the current status of research into herpetological
communities. Heatwole reviews our current
knowledge of community structure to set the
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stage for the rest of the volume. Crump
examines the role of life history strategies as they
may affect amphibian communities, Her paper
provides several predictions for future research.
Aflter the reviews, Wiest describes in detail the
anuran succession in a series of Texas ponds, and
Jones examines nichie relubons in West Indian
frogs.

Three papers on resource partitioning in
snakes [ollow. The First two are the most recent
in a long series of studies on well-known sys-
tems. Brown and Parker continue the Utah den
series, but recent events appear to indicate that
this distinguished series of studies will soon be
terminated. Fitch summoarizes the food habits of
the snakes of the University of Kansas Natural
History Reservation. The third paper, by Rey-
nolds and Scott, examines a mammal-eating
snake community in Chihuahua, México.

Creusere and Whitford initiate the section on
lizard communities. Their paper clearly docu-
ments the large amount of individual variation
in activity patterns; their work underscores the
need to look at individual strategies and not to
generalize from observations on total popula-
tions. Mautz deseribes an interesting Mexican
cave saurofauna, and Bury provides biomass es-
timates for a series of Mojave Desert lizard and
tortoise faunas,

Scott analyzes an African forest herpetofauna
and compares it to previous studies in Asia and
Central America.

Three papers describe the attributes of herpe-
tofaunas living on sundy substrates. Werner syn-
thesizes work in the Sinai Desert, Campbell and
Christmun document faunal succession on sandy
sites in Florida, and Smith describes resource
partitioning in the most highly adapted sand-
swimming segment of the same fauna,

The next three puapers describe Feld tech-
niques for community study that have been
proven in extensive studies. Lillywhite used
tracking methods to study California snakes,
Campbell and Christman used various trapping
and collecting methods to gather data on
Florida faunas, and Vogt and Hine did the same
in Wisconsin,

The mix of papers in the symposium seems to
be a fair representation of the current state of
herpetofaunal community studies, Many of the
subject areas prominent in the historical review
are present here: frog pond succession, hypothe-
sis-generating theory, {ood habits, resource par-

titioning, special habitats, and mathematical
analyses.

Suggestions for the Future

The literature review and the symposium con-
tributions point to several clear recommenda-
tions for future work, For instance, the general
unavailability and unawareness of Barbault’s
work in North America underseores the need for
much more effective reprint exchange and trans-
lation services than we have at present. Recent
tendencies to cut back or eliminate foreign lan-
guage requirements in graduate curricula have
certainly contributed to the problem. More per-
sonal contacls between workers in different
countries would also help.

Another specific area that needs work is the
extension of the studies of insulur populations of
Anolis to mainland sites, The West Indian
anoles are known in great and voluminous de-
tail, and generalities derived from their study
are being extrapoluted to many other systems
and have threatened to become dogma. How-
ever, since these island populations are unusual
in many respeets, we should be wary of extend-
ing the ecological and evolutionary conclusions
to mainland forms. From what little that is
known, mainland Anolis are probably not sub-
ject to the same degrees of competitive and
predatory pressures as the island ones.

One of the basic assumptions underlying the
great majority of resource partitioning studies is
that competitive exclusion between species is re-
spansible for the community patterns. Unfortu-
nately, very few attempts have been made to
show that competition really exists, and fewer
yet have good evidence for its presence. There is
a good possibility that competition is an impor-
tant interaction between island anoles but nat
between maintand species, Competition is easy
to assume and makes a convenient focus for par-
titioning studies, but we should realize that the
best correlations in the world do not prove the
importance of competition as a foree that strue-
tures communities.

One of the [ew ways to get a better idea of the
rea] importance of competition are experimental

- studies done in the feld. Only two community-

level experimental studies have been published
so far (Inger and Greenberg 1966a; Cuellar
1979), and more work along these lines will be
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needed before we will be able to say whether
-our assumption has been correct. In the final
analysis, intersperific competition will probably
prove to be a major determinant of the structure
of some communities, whereas it can be ignored
in others.

Anather neglected aspect of resource parti-
tioning studies is the determination of resource
abundance and availability. Theoretically, for
exploitative competition to occur, two species
must be using a common, limited resource base.
The demonstration of these conditions in a given
study would greatly strengthen the assumption
of the importance of competition. Perhaps more
interaction with quantitatively-oriented ento-
mologists and other biologists will help alleviate
the problems of sampling food resources.

Related to the problem ol the assumption of
competition js the arbitrary nature of herpeto-
logical communities. Most workers have not at-
tempted to define their version ol the commu-
nity in ecologically meaningful terms. They
have dealt with a convenient subset of the ani-
mals present, assuming that the interactions be-
tween these species are important in determin-
ing structure. Pianka (1973, 1977) is one of the
few workers in the urea to recognize the poten-
tial problems. Detailed study of the relations be-
tween herpetological species with no concern for
other Taunal components of the community
could be very misleading. For instance, large
spiders, scorpions, and centipedes could con-
ceivably be the mest important competitars
with forest litter reptiles and amphibians, and
an analysis of resource partitioning would be
grossly inaceurate without including them. Per-
haps a clearer picture would emerge if herpe-
tologists thought in terms of “the reptile and am-
phibian components of the community” instead
of the current usage. Pianka (1973) and Heat-
wole (this volume) would use the word assem-
blage in the same context.

Another technique that hus been underex-
ploited by researchers is the combined field and
laboratory study. The few mentioned above
have shed a great deal of light on the adapta-
tions of reptiles and amphibians to their envi-
ronment, and when a comparative approach is
followed, many of the proximate eauses for ob-
served community patterns become clear.

Comparing the structure of different com-
munities is a useful technique for detecting
global patterns. Pianka has heen the leader in
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developing this method, but the contrasts need
not be intercontinental to be useful. Compari-
sons hetween a variety of local communities,
such as Campbell and Christman’s Florida sand-
hill paper in this volume, can serve to focus
attention on faunal patterns that would other-
wise be missed. In order to make comparisons
between two sites, the data need to be com-
patible. This is one of the strongest arguments
for developing and standardizing techniques
that have broad applications in a variety of com-
munities.

The importance of social factors in structur-
ing herpetological communities is almost un-
known. Surely the intense territoriality shown
by many lizards, frogs, and crocodilians leaves
its imprint on the Iocal assemblage. The demo-
graphic consequences of high and low popula-
tion densities have not been investigated. How
sensitive are frog choruses, tadpole aggrega-
tions, synchronous sez turtle nestings, and other
mass activities to low population levels? Most
social phenomena in reptiles und amphibians
are still poorly known, and their inelusion in an
integrated model of community dynamics is a
long way in the future.

The development of field techniques for the
study of herpetological communities seems to
have lagged behind the data gathering in recent
years. Papers deseribing trapping, marking, and
census methods were common in the literature
of the 1940%s and 1950, but their frequency has
dropped in recent vears. With field herpetology
becoming more and mare quantitative, it is nec-
essary to pay more attention to our field meth-
ods. Comparisons between techniques are
necded, such as Campbell, Christman, Vegt,
Hine, and Lillywhite have done in this volume,
and methods need to be evaluated over a wide
range of habitats. Studies designed for maxi-
mum efficiency and utility will then use those
methods that give results that ean be compared
with temperate forest studies because the study
technigues have been compatible.

New analytical technigues also need to be de-
veloped. Quantitative analyses of community
data should be a ool leading to biologieal
understanding and not a goul in itself. If the bio-
logical significance ol a quantitative procedure
is not evident, it should not be used. The check-
ered history of the information theory param-
eters, I and H’, is a good example. These diver-
sity mensurements are useful for quantifying
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niche features such as food habits or the use of
structural features of the habitat., However,
when H' is culeulated as a community param-
eter based on the distribution of individuals
among species, its meaning becomes obscure.

The community H' has generated much more

heat than light, and correlations with some sort
of community “stability” or “maturity” seem to
be spurious. To say that ane community has a
higher H’ than another carries very little infor-
mation, and what little there is could be better
expressed in more intuitive ways.

Long-term studies are much needed. Almost
all of our ideas about herpetological communi-
ties derive from short-term “snapshots™ of the
system. Reptile and amphibian populalions vary
considerably from year to year; relative species
densities [luctuate and some species disappear to
be replaced by others. Clearly, conclusions
based on one instant in this dynamic system are
bound to be misleading., Long-term studies are
not easily supported and are often neither cost
nor time efficient if volume of publications is the
eurrency of the trade. However, if we are ever
going to be able to suy with confidence that we
unclerstand the functioning of a herpetological
community, it will have to be after the commu-
nity has been studied for many years.

Future studies will inevitably be more con-
cerned with the effects of humans on herpeto-
logical communities. There have been a few
studics in the past that have dealt with subjects
such as urban herpetofaunas, and we [oresee a
proliferation of these in the future. As humans
have an ever greater impact on the environ-
ment, we will want to focus on such questions as
the community impacts of pesticides and the ef-
fects of habitat simplification. Another subject
of increasing conecern is the evaluation of the re-
sults of “islund” size on diverse herpetological
communities now that it is clear that in the near
future there will be no longer any large blocks of
continuous natural habitat in many parts of the
world.

Herpetologists funded by governmental agen-
cies should shoulder greater responsibilities, tuk-
ing great pains to see that the data are accu-
rately gathered und that the realities of funding
and deadlines are not allowed to compromise
the quality al the data and the report. Funding
agencies shauld be made aware of the levels of
money and time necessary to do a proper job. If
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enough funds are not available, 1 more limited
study should be designed. A major characteristic
of many governmental surveys is the attempt to
cover vast areas of geography, numbers of taxa,
and kinds of habitats by using superfieial
techniques designed only to satisfy a bureau-
eratic end. A professional herpetologist trapped
inta this kind of situation is not likely ta derive
satisfuction from the results. A second re-
sponsibility of those directing governmentally-
funded studies is to see that the results are pub-
lished in a reviewed journal, As mentioned
ahove, the huge volume of gray literature em-
badied by in-house reports is almost unusable. If
the data are worth gathering, they are worth re-
porting. A third obligaon of any biclogist, but
especially those working on povernmental
projects, is to deposit adequate series of voucher
specimens in an established public museum.
This serves to protect both the worker and the
government. Government contract officers need
to be educated to this necessity and should be
prepared to pay their [air share of the costs of
specimen preparation and curation. Unfortu-
nately, most agencies are still parasitizing the
museums they use, although many curators now
have established charges for their services.
Many other recommendations could be made
concerning how to increase the effectiveness of
community studies, but perhaps the most impor-
tant one refers to study design. The most sophis-
ticated studies are those that are well planned
from the heginning. Pianka, Schicener, and
Inger knew what they wanted to measure belore
they went into the Held, and they had a fairly
good idea of what questions they were trving to
answer. When it came time to analyze the data.
they had the necessary meuasurements. Before a
field person devotes n substantial amount of
time and ather resources to a study. they should
as clearly as possible outline the questions they
wish to ask and the data they need to answer
them. In this way, many descriptive studies
could be turned into mueh more useful examina-
tions of community structure and funection.
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