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THE EFFECT OF LARVAL DENSITY ON ADULT DEMOGRAPHIC
TRAITS IN AMBYSTOMA OPACUM"

DAviD E. ScotTt
Drawer E, Savannah River Ecology Laboratory, Aiken, South Carolina 29801 USA

Abstract. Factors that affect traits of aquatic larvae of amphibians may have long-
lasting effects on terrestrial juveniles and adults. I manipulated larval densities of marbled
salamanders, Ambystoma opacum, in large-scale field enclosures during 2 yr, released the
juveniles that metamorphosed from these enclosures, and tested for effects on adults that
returned to the pond during 6—-7 subsequent breeding seasons. Individuals from low larval
density treatments tended to have greater lipid stores at metamorphosis than those from
high densities and survived longer in a laboratory inanition study. In the field, individuals
that experienced low larval density returned for their first reproductive bout as larger adults
than those from high-density treatments. For 5-yr-old females released in 1986, low larval
density was linked to greater clutch size; clutch size in 4-yr-old animals from the 1987
cohort did not differ between larval treatment groups. Larval density also influenced age
at first reproduction, as animals reared at low densities returned to breed at younger ages.
Averaged across both cohorts, the proportion of animals that returned to breed at least
once was 21% for low-density groups compared to 6% for the high-density groups. The
larval environment exerted a strong influence on postmetamorphic traits, and thus larval
density likely plays an important role in population regulation in both the aquatic and
terrestrial phase of the life cycle.

Key words: age at maturity;, Ambystoma opacum; amphibian, density dependence; fitness; phe-
notypic plasticity; population regulation; reaction norms; salamander; size at maturity; southeastern

U.S.; survival.

INTRODUCTION

The population dynamics of species with complex
life cycles (Istock 1967) may be influenced by factors
in the larval stage, the adult stage, or both (Wilbur
1980). Conditions in the larval environment may exert
effects that extend beyond the larval stage, however.
Evidence of such a link is only well documented in
insects, for which experimental studies have shown
that larval density and food availability affect adult
body size, fecundity, survival, and age at first repro-
duction [e.g., fruit flies (Chiang and Hodson 1950,
Barker and Padger 1970, Pratt and McChesney 1985,
Pratt 1986), pitcher plant mosquitoes (Mouer and Is-
tock 1980, Bradshaw 1986, Bradshaw and Holzopful
1988), Aedes mosquitoes (Hawley 1985), damselflies
(Banks and Thompson 1987, Anholt 1991), house flies
(Black and Krafsur 1986), and crickets (Simmons
1987)]. In amphibians, another taxon with a complex
life cycle, potential larval effects on adult traits are less
well documented.

Numerous laboratory and field studies of the ecology
of larval amphibians have evaluated effects of the lar-
val environment on age and size at metamorphosis
(e.g., Adolph 1931, Stewart 1956, Brockelman 1969,
Wilbur 1972, 1977, Morin 1981, 1983, Travis 1981,
1983, Semlitsch and Caldwell 1982, Petranka 1989,
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Scott 1990; see review in Wilbur 1980). These studies
are a subset of a large body of literature that focuses
on quantification of the sources of variation in life
history characters, especially environmentally induced
variation in development (i.e., phenotypic plasticity;
Wilbur and Collins 1973, Smith-Gill and Berven 1979,
Travis 1984, Werner 1986, Alford and Harris 1988,
Newman 1989, 1992). Typically these studies assume
that age and size at metamorphosis are indices of adult
fitness through presumed effects on adult body size,
fecundity, and survival. The larval conditions that gen-
erate this variation in juvenile quality, therefore, are
believed to influence population dynamics through the
presumed effects on adult traits (Wilbur 1980, Morin
1983, Semlitsch 1987).

Evidence of links between the larval environment
and adult traits is limited in amphibians. Several non-
manipulative, correlative field studies have supported
the assumption that larval environment affects adult
traits. In one anuran species, the wood frog (Rana sy!-
vatica), individuals that metamorphose at large body
size maintain the size advantage through first repro-
duction, and produce more eggs than individuals that
metamorphosed at smaller sizes (Berven and Gill 1983).
Adults from a pond of high tadpole density were small-
er and averaged lower clutch sizes than frogs from a
pond of low tadpole density (Berven 1988). Frogs that
were small at metamorphosis exhibited reduced adult
survival and later age at first reproduction than those
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that were large (Berven 1990). In the chorus frog, Pseu-
dacris triseriata, both an early date and large size at
metamorphosis were associated with a larger body size
and earlier age at first reproduction (Smith 1987). Sim-
ilar relationships have been demonstrated for sala-
manders. In a field study of terrestrial morphs of the
mole salamander, Ambystoma talpoideum, both early
date and large size at metamorphosis were associated
with larger adult body size, but neither was correlated
with survival (Semlitsch et al. 1988). However, larger
adult body size was associated with delayed meta-
morphosis in Desmognathus monticola (Bruce and
Hairston 1990).

Few experimental studies have been conducted to
determine the influence of larval conditions on adult
traits in amphibians. In an experiment in artificial
ponds, Semlitsch (1987) found that initial larval den-
sity, food levels, and pond-drying regime influenced
the growth and body size of larval A. talpoideum, and
in turn affected adult body size and fecundity of pae-
domorphic adults. Harris (1987) observed similar re-
sults in artificial pond experiments with red-spotted
newts, Notophthalmus viridescens; low larval density
was associated with rapid growth rates and early re-
productive maturity of paedomorphs.

Collectively, these studies suggest that larval envi-
ronment influences age and size at metamorphosis.
These variables in turn influence species population
dynamics and components of adult fitness, e.g., larger
metamorphs tend to mature earlier and at a larger size.
The work reported here is the first experimental field
study that has manipulated factors in the larval stage
to test how well the properties of metamorphs from
different larval environments predict components of
fitness in free-ranging adults.

I examined the effect of larval density on adult traits
in the marbled salamander, Ambystoma opacum. At
high initial hatchling densities, larvae grew more slowly
and exhibited reduced larval survival, longer larval
periods, and smaller body size at metamorphosis than
larvae from low-density treatments (Scott 1990). Do
these effects extend beyond metamorphosis and also
influence adult traits? I tested for differences among
high- and low-density groups in the following traits:
energy stores (i.e., nonpolar lipids) at metamorphosis,
laboratory survival of juveniles in the absence of pre-
dation, body size and age of first-time breeding adults,
female clutch characteristics, and the total number of
individuals that returned to breed at least once during
the 7-yr study.

METHODS
Natural history of Ambystoma opacum

Ambystoma opacum is a widespread salamander
species that ranges from Massachusetts to north Flor-
ida and west to Texas (Conant and Collins 1991). In
autumn adults migrate to ponds that are dry or have
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lowered water levels (Noble and Brady 1933, Jackson
et al. 1989). Marbled salamanders, like other species
of pond-breeding salamanders, are thought to be rel-
atively philopatric (Pechmann et al. 1991); most adults
return to breed in their natal pond (D. E. Scott, un-
published data). The species is unusual within its genus
in that it exhibits terrestrial breeding, nest construc-
tion, and nest brooding by females (Nussbaum 1985).
Eggs do not hatch until nests are flooded and eggs are
exposed to reduced oxygen pressure (Petranka et al.
1982). In my study populations, the larval period is 3—
6 mo, followed by metamorphosis and a terrestrial
growth stage of 1-6 yr until reproductive maturity is
achieved.

Study sites

Most of the data presented below resulted from 2 yr
of experimental manipulations of larval density of A.
opacum at Ginger’s Bay (GB), a 0.8-ha temporary pond
located on the Savannah River Site in Aiken County,
South Carolina. Details of these manipulations have
been described previously (Scott 1990) and are sum-
marized below.

Ginger’s Bay is a Carolina bay (see Sharitz and Gib-
bons 1982) that typically fills with rainwater by early
December and dries in midsummer, although dates of
filling and drying vary considerably (Scott 1993). Veg-
etation within the wetland consists primarily of knot-
weed (Polygonum sp.), a sedge (Scirpus cyperinus), and
buttonbush (Cephalanthus occidentalis). The domi-
nant tree species in the surrounding woodlands include
sweetgum (Liquidambar styraciflua), red maple (Acer
rubrum), and loblolly pine (Pinus taeda). Some data
from Bullfrog Pond (BP) and Rainbow Bay (RB) also
are presented below. Descriptions of these two sites
may be found in Scott (1990; BP) and Pechmann et al.
(1991; RB).

Field methods

In winters of 1985-1986 and 1986-1987 (hereafter
referred to as 1986 and 1987) I manipulated larval
densities of A. opacum in large-scale (41-m?) replicate
field enclosures at GB (Scott 1990). In 1987 I also
manipulated larval density in 23-m? enclosures at BP;
these data from BP are used only in lipid analyses
because animals were not followed to adulthood. En-
closures were constructed in a single block at each site,
and treatments were assigned randomly to pens each
year. Low- (4-8 individuals/m?) and high- (2241 in-
dividuals/m?) density levels were chosen to simulate
observed mean field densities for A. opacum (Scott
1990). Levels of replication were: two low- and three
high-density enclosures at GB in 1986, three of each
density at GB in 1987, and two of each density at BP
in 1987 (Scott 1990). Newly metamorphosed animals
(n= 3400 at GB, n = 403 at BP) were captured as they
attempted to leave the enclosures. Body mass (to with-
in =0.01 g) and snout-vent length to the posterior edge



