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EFFECTS OF LARVAL DENSITY IN AMBYSTOMA OPACUM:
AN EXPERIMENT IN LARGE-SCALE FIELD ENCLOSURES'

DaviD E. ScoTT
Savannah River Ecology Laboratory, Drawer E, Aiken, South Carolina 29802 USA

Abstract. This experiment was designed to measure the effects of larval density on
larval traits in the salamander Ambystoma opacum, and to ascertain whether previous
studies conducted at smaller spatial scales or higher densities produced artifactual results.
Density effects on larval growth, body size at metamorphosis, length of larval period, and
survival to metamorphosis were studied in A. opacum in large-scale (41 m? and 23 m?)
field enclosures in two temporary ponds. Each enclosure contained indigenous populations
of prey (zooplankton and insects) and predators, as well as the range of microhabitats
present in these natural ponds. Initial larval densities were chosen to represent high and
low levels of naturally occurring mean densities. Larvae at high density grew more slowly,
exhibited longer larval periods, were smaller at metamorphosis, and had reduced survival
compared with those raised at the low density. At one site where experiments were con-
ducted during three years, larval quality and quantity were enhanced in the year of longest
hydroperiod. When ponds dried early, larvae metamorphosed sooner, were smaller, and
exhibited lower survival. Slower growth at high densities probably increased mortality
through an increased probability of desiccation in the early-drying years, and increased
susceptibility to predation in all years. Larval survival in the enclosures was not elevated
compared to natural ponds, as may occur in predator-free small enclosures and artificial
ponds. These results suggest that, in natural ponds, the importance of intraspecific com-
petition is dependent upon hydroperiod, and the intensity of competition influences pre-
dation risk. Thus, both density-dependent and density-independent factors affect body size
and recruitment of larval 4. opacum into the adult population.

The use of large-scale field enclosures has advantages and disadvantages: it allows the
examination of density-dependent processes under natural conditions and provides high
statistical power because of low variability in larval traits; however, experimental designs
must be simple and underlying mechanisms are difficult to identify.
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INTRODUCTION

A central question in population ecology concerns
the relative roles of density-dependent vs. density-in-
dependent factors in population regulation. In am-
phibians with complex life cycles, these factors may
combine to regulate populations in the aquatic larval
stage, the terrestrial adult stage, or both (Wilbur 1980).
In the larval phase, abiotic factors such as hydroperiod
(i.e., the number of days a breeding site holds water)
and the physical environment may affect larval sur-
vival and the length of the larval period (Travis and
Trexler 1986, Wilbur 1987, Pechmann et al. 1989).
Larval traits are also affected by biotic factors, such as
competition and predation (see review by Wilbur 1980,
Morin 1983).

Laboratory studies have demonstrated the effects of
biotic factors such as crowding and food limitation in
larval anurans (Adolf 1931, Lynn and Edelman 1936,
Rose 1960, Richards 1962, Licht 1967, Wilbur 1977a,
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b, Steinwascher 1978, Semlitsch and Caldwell 1982).
Although research has been focused primarily on larval
anurans, density-dependent relationships also have been
observed in laboratory studies of larval urodeles (Sten-
house et al. 1983, Petranka 1984). In general, these
studies have shown that increased larval densities re-
sult in slower larval growth, longer larval periods, re-
duced body size at metamorphosis, and decreased sur-
vival.

Similar effects on larval traits have been documented
in experiments conducted in small (<4 m?) field en-
closures (Brockelman 1969, DeBenedictus 1974, Wil-
bur 1972). However, small enclosures may have arti-
ficially low food levels, as well as other “pen effects,”
and thereby inflate the importance of competitive in-
teractions. Doty (1978) noted that critical food re-
sources of Ambystoma opacum were exluded from his
3.8-m? enclosures, and speculated that a “restricted
pen environment” may have influenced his results.
Petranka (1984) also noted that enclosure design may
artificially depress prey levels. Petranka and Sih (1986)
added that small enclosures may exaggerate the im-
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portance of competition because they artificially en-
hance survival due to the exclusion of predators. An
additional problem with small enclosures has been ex-
treme heterogeneity among pens assigned to the same
treatment level (Wilbur 1972, 1976).

Artificial ponds (i.e., cattle tanks sensu Wilbur and
Travis 1984, Morin 1981) have been used in recent
years in an effort to increase replication, reduce within-
treatment variance, and control initial prey abun-
dances in experiments on amphibian larvae (e.g., Mor-
in 1983, Semlitsch 19874, b, Wilbur 1987). Litter raked
from dry pond beds is generally added to the tanks,
which are also inoculated with zooplankton from nat-
ural populations two to three times in early spring. This
methodology may not mimic the true composition and
abundance of prey in the field, because some important
zooplankton species emerge from resting eggs in the
sediment later in the season (B. Taylor, personal com-
munication). Prey levels may be artificially depressed
in artificial ponds, or community composition may be
unnatural. This is especially important in studies of
salamander larvae, for which zooplankton are the pri-
mary prey. Taylor et al. (1988) examined zooplankton
species richness and abundance in a temporary pond
in conjunction with the feeding habits of three species
of larval salamanders. Their results suggested that, at
their site in one particular year, zooplankton were not
a limiting resource. Thus, although laboratory, small-
enclosure, and artificial-pond studies have convinc-
ingly demonstrated that intra- and interspecific com-
petition can occur in larval amphibian communities,
they have not addressed the importance of competitive
interactions under natural conditions.

An alternative method used to assess density-de-
pendent processes is to correlate larval densities with
growth rates and body size among years or sites (Smith
1983, Petranka 1984, Stenhouse 1985, Petranka and
Sih 1986). However, as Petranka and Sih (1986) noted,
the correlative approach cannot demonstrate cause and
effect. Thus, to address the importance of competition
in nature a large-scale experimental approach is nec-
essary. Whole-system manipulations (sensu Hall et al.
1970, Schindler and Fee 1974, Benndorf et al. 1984,
Carpenter et al. 1987) provide the greatest realism, but
the variance in initial conditions among systems may
be problematic, experimental design must be simple,
and treatment replication may be impractical. In lieu
of such whole-system manipulations, a preferred ex-
perimental design is one that eliminates or minimizes
the biases of laboratory, small-enclosure, and artificial-
pond studies. This can be accomplished in a temporary
pond system through an increase in scale; i.e., the use
of very large enclosures, each of which contains the
essential characteristics of the pond.

The purpose of this study is to assess the effect of
density on larval traits in the marbled salamander,
Ambystoma opacum (Ambystomatidae), by utilizing
large-scale field enclosures (41 m? and 23 m?). The
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design and size of the enclosures ensured that each
contained an indigenous prey population, many im-
portant invertebrate predators and one vertebrate
predator (the red-spotted newt, Notophthalmus viri-
descens) of larval 4. opacum, and the range of micro-
habitats present in the pond. The study was conducted
over three years and at two sites of variable pond hy-
droperiod. Thus, the importance of competition was
assessed against natural background variation in pre-
dation, food-resource levels, physico-chemical param-
eters, and environmental disturbance.

METHODS
Study sites

Enclosure studies were conducted at Ginger’s Bay
(0.8 ha) and Bullfrog Pond (0.5 ha) on the Savannah
River Plant, a United States Department of Energy
facility located near Aiken, South Carolina. Ginger’s
Bay (GB) is a Carolina bay, a natural oval depression
(Sharitz and Gibbons 1982), and Bullfrog Pond (BP)
is a human-made borrow pit dug in 1953. Both are
temporary ponds thay typically fill with rainwater in
late autumn or early winter, and dry in spring or sum-
mer (April to July). Bullfrog Pond usually retains water
for a shorter period each year than GB.

Water depth at both ponds was measured at a fixed
central measuring gauge. During the 3 yr of the study
at GB (1 September 1985 to 31 July 1988) maximum
water depth was 80 cm. Ginger’s Bay began to fill on
13 November in 1985, 22 November in 1986, and 22
January in 1988. The site dried on 24 May 1986, 6
July 1987, and 23 May 1988, resulting in the longest
hydroperiod in 1986-1987. Larval manipulations were
conducted at BP only in 1986-1987, when the maxi-
mum water depth was 55 cm. Pond filling began at BP
on 24 December 1986, and pond drying occurred on
30 April 1987. Although experiments were generally
conducted beginning in the autumn of one year and
ending in the spring of the next year, for convenience
the year of the experiment will be referred to through-
out the text as the year in which the experiment ended.

Vegetation in GB consists primarily of a sedge (Scir-
pus cyperinus), knotweed (Polygonum sp.), black wil-
low (Salix nigra), and buttonbush (Cephalanthus oc-
cidentalis) in the deeper portions of the basin, and
sweetgum (Liquidambar styraciflua) and red maple
(Acer rubrum) around the periphery. Bullfrog Pond
consists of an open, deeper half dominated by cattail
(Typha latifolia) and C. occidentalis, and a shallower
half containing L. styraciflua.

Enclosure design and construction

Six pens, each of which measured 41 m?, were con-
structed at GB. Fifteen 23-m? pens were built at BP,
five of which were used in this study. A mechanical
trencher was used to dig 15 cm deep trenches at both



