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ApstracT:  Effective amphibian conservation must consider population and landscape processes, but
information at multiple scales is rare. We explore spatial and temporal patterns of breeding and recruitment by
eastern spadefoot toads (Scaphiopus holbrookii), using nine years of data from continuous monitoring with
drift fences and pitfall traps at eight ephemeral ponds in longleaf pine-wiregrass sandhills. Breeding events
(>25 adults at a pond within a month) occurred 23 times on nine occasions at seven of the eight study ponds,
but substantial recruitment (>100 metamorphs) followed only five events. Recruitment ranged from 04648
among ponds. Only four ponds functioned as population “sources”, and only during some years. The other
ponds, and even “source” ponds during some years, functioned either as “sinks,” where broodm" occurred
with no resulting recruitment, or were not used at all for breeding. Most recruitment occurred dunng} four
years. Recruitment was correlated with adult breeding effort, but on]y during some years. Recaptures were
rare, and inter-pond exchange of adults was minimal and short-distance (<130 m; one was 416 m). Most
(83.5%) individuals captured were metamorphs, and 15.9% were >51 mm (est. >4 yr). We conservatively
estimated a 7-yr lifespan. Adult “population” trends clearly reflected breeding effort rather than numbers per
se; capture rates fluctuated dramatically among years, but showed no overall trends during the 9-yr study. Our
paper is provides empirical information that can be used to generate realistic metapopulation models for

S. holbrookii as a tool in conservation planning,
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AT FIRST glance, pond-breeding amphibians
represent ideal metapopulation models using
a “ponds as patches” paradigm, where pop-
ulations continually become extinct and are
recolonized by amphibians from neighboring
ponds (Marsh and Trenham, 2001). However,
this paradigm may not be realistic, either
because metapopulation dynamics of a given
species are not as they appear, or because
assumptions are not met. Assumptions in-
clude: (1) extinctions and recolonizations
commonly occur, (2) local extinctions are the
result of stochastic processes in otherwise
suitable breeding habitat, and (3) inter-pond
distances influence recolonization processes
due to limited dispersal ability by amphibians
(Marsh and Trenham, 2001). In addition,
perceived extinctions may be biased by
sampling problems, such as species that are
missed in surveys, skipped breeding seasons
when climate or pond conditions are unsuit-
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able, or explosive breeding followed by long
penods without breeding (Marsh and Tren-
ham, 2001).

Accurate perceptions of amphibian meta-
p()pulati()n dynamics and population trends
require long-term, landscape-scale studies
to distinguish betwoen local extinction and re-
colonization, natural population fluctuations,
and true declines at a re f_)l()lldl level (Blaustein
et al., 1994; Gibbons et al., 1997; Pechmann

al., 1991). Long-term sampling at a single
ute pt()\/ldes vital information about amphib-
ian pond use and life history, but sacrifices
a landscape-scale perspective of community
and metapopulation dynamics (Dodd, 1992;
Semlitsch et al., 1996). Conversely, repeated
“snapshot” samp]mg across multiple sites
provides a broader spatial perspective, but
sacrifices information about community and
population dynamics (Cody, 1996; Semlitsch
et al., 1995) and may miss information re-
garding distribution or site use (Skelly et al.,
1999, 2003). Only intensive, concurrent, and
continuous sampling of multiple sites over an
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extended period of time can capture the
temporal and spatial variability of breeding,
recruitment, l()ngovm, and inter p()nd move-
ment that creates me ap()puldtmns.

Eastern spadefoot toads (Scaphiopus hol-
brookii) breed exclusively in fish-free, isolated,
ephemeral ponds, and inhabit the surrounding
uplands for most of their adult lives (Moler and
Franz, 1987). Breeding is highly dependant on
weather patterns and resulting pond hydrol-
ogy; adults select ponds that have dried and
recently refilled, likely to avoid high densities
of invertebrate predat()]s (Moler and Franz,
1987). Explosive breeding in this species
occurs after heavy rains (Gosner and Black,
1955; Wright, 2002; Greenberg and Tanner,
2004). However, not all seemingly suitable
ponds are selected for breeding, and not all

heavy rains elicit explosive bl(‘(‘(hll" by S
holbrookii (Greenberg and Ianner, 2004).
Therefore, population persistence  likely

depends upon an interplay bvtw( sen weather,
chance, and the suitability of both bwedm;3
ponds and the slm()nndmg, uplands (Delis
et al., 1996). Much of what is known about
S. holbrookii is derived from observation
(Neill, 1957), short-term studies at one or
a few sites (Bragg, 1961; Pearson, 1955),
studies in upland habitat (Pearson, 1955), o1
experiments in artificial pools (Alford, 1989;
Petranka and Kennedy, 1999; Wilbur et al.,
1983; Wilbur, 1987). Little is lm()wn about the
spatial and temporal dynamics of breeding
ecology, or whether a metapopulation model
fits the population ecology of S. holbrookii at
the landscape level.

In this paper we use data {rom nine years
(February 1994-January 2003) of continuous
monitoring at eight, isolated, ephemeral ponds
in Florida longleal pine-wiregrass uplands

to explore spatial and temporal patterns of

breeding and recruitment by S. holbrookii.
We examine life-history and behavioral attrib-
utes that could influence metapopulation
dynamics. Specifically, we ask: (1) is breeding
or juvenile recruitment spatially or t(mlporallv
autocorrelated? (4) does breeding effort by
adults affect recruitment levels, or is successful
recruitment u)mm(m]y sub_](,(:t to stochastic
processes? (2) are extinctions and recoloniza-
tions common? (3) how might spatial and
temporal patterns ol breeding affect percep-
tions of population “blinking”™ and landscape-

level population trends? Our paper is intended
to provide empirical information that can be
used to generate realistic metapopulation
models for S. holbrookii as a tool in conserva-
tion planning.

METHODS
Study Area

This study was conducted at eight small
(0.1-0.37 ha) isolated, ephemeral sinkhole
ponds in longleal pine-wiregrass sandhills on
the Ocala National Forest in Marion and
Putnam Counties, Florida. Ponds 1-4 were
in fire-suppressed, hardwood- and sand pine-
invaded sandhills. Despite attempts at habitat
restoration (hardwood reduction) by burning
at 1-4 year intervals during the past two
decades, hardwood density and wiregrass
cover 10111(1111(’(] patchy around Ponds 1-4.
Ponds 5-8 were in savanna-like sandhills
with a continuous wiregrass ground cover,
widely spaced longleal pine trees, and few
hardwoods. Since 1976 the upland matrix
surrounding these ponds has been regularly,
successfully burned at 2-3 yr intervals (see
Greenberg, 2001 for specific habitat character-
istics; also see Greenberg and Tanner, 2004).
Ponds 1-3 are within 10-30 m of the regularly
burned sandhills on one side, separated bv
a sand road. Ponds 7 and 8 are dpp]()xmmtely
9.5 km south of the others.

Drift Fence Sampling

We installed drift fences 7.6 m long and
spaced 7.6 m apart around 50% of each pond,
and placed pitfall traps (19-liter buckets) on
the inside and outside of both ends of each
fence (four per lence) to detect directional
movement by amphibians to and from ponds.
We placed a sponge in each pitfall trap.
Sponges were moistened as needed during
trap checks to reduce the likelihood of
desiccation. We positioned a  double- or
single-ended funnel trap at the midpoint of
each fence on both sides (two per fence).

Tmps were routinely checked three times
weekly from February 1994 through January
2003. Our resident volunteer alerted us when
explosive breeding events occurred, and traps
were checked the next day. When capture
rates were low, we measured all first-captured
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hotbrookii during February (F on x-axis) 1994- Jaary (J on x-axis) 2003 at eight isolated, ephemeral ponds within

longleal pine-wiregrass s andhills, Ocala National Fore sst, Marion and Putnam Connties,

individnals and weighed them to the nearest
(.1 ¢ using a hand-held Pesola spring scale,
sexed them (except metamorphs), and marked
cach according to pond nnml)m and year of
capture by toe clipping. Recaptured animals
were (rarely) re-clipped for original pond and
vear if needed. During l)i(‘()dmg (‘\mns only a
snbmm sle (ca. 30 per pond) of adults were
measur (Xd and weighed, but all were sexed and
toe-clipped. Similarly, newly metamorphose d
toads were counted, but (ml\ a subsamy )1(* was
measured when they emigrated en masse:
most were too small {ca. <11 mm) to toe-clip
R(\(-apturvd toads were not measured. Animals
were released on the opposite side of the fence
at the point of capture.

We measured water depths weekly begin-
ning in March 1994, and recorded tempera-
ture and rainfall daily at 0700 h beginning in
April 1994, We nsed a Global Positioning
Svstem {GPS) to estimate distances among
ponds.

Florida.

Statistical Analyses

We used Wright's (2002) cohort classifica-
tions to classify individuals, using SVL, catego-
ries, as < 1-yr old “metamorphs™ (8.5-17 mm)
or “adults”, 1-(18-25 mm), 2-(26--37 mm), *
(38=30 mm) 4-(51-61 mm), 5-(62-72 mm), or
6-(73-83 mm) yr old. For statistical analyses
we considered all individuals >18 mm as
adults  (but adults <31 mm rarcly
caplured, suggesting that they were nonbreed-
ing subadults). Recruits were conservatively
deflined as the number of metamorphs exiting
ponds. We defined a breeding “event” as
i > 25 adults at any single pond during a one-
month period, and a bree ding “period” as the
date ()l breeding at one or multiple ponds.
In all statistical analyses we used only first-
captured animals to climinate potential confu-
sion cansed by inclusion of multiple captures
of the same individuals.

Because S. holbrookii larvae develop rapidly,
most breeding events und subsequent recruit-

were
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1. 2.~~Relationship between the total (entering and
exiting) number of first-captured S. holbrookii adults and
number of recruits (exiting metamorphs) from  eight
isolated, ephemeral ponds  during nine  vears, Ocala
National Forest, Marion and Putnam Counties, Florida.

ment occurred during the same calendar year.
As a result of a 13 October 1995 breeding,
metamorphs exited Pond 3 from 6 November
1995 through May 1996 (but most by February
1996). Al metamorphs from this breeding
event were included with the 1995 data for
correlation analysis.

We used Pearson product-moment correla-
tions to examine the r(*]aﬁ()nship between
breeding eflfort by adults (>18 mm SVL) and
the number of recruits (<17 mm SVL); all
pond-years (one year at one pond) with at
least one adult capture were included in the
analysis. Visual inspection of the data sug-
gested that we use an exponential model in
this analysis.

We examined p()pn]ati(m trends over the
9-yr study period using Pearson’s product-
moment correlations.  Population data  for
adults were square-root transformed for this
;malysis. We used puir(%d {-tests to compare the
arcsine square-root transformed proportion of
total (immigrating + emigrating) males to
females per pond during breeding events.
We  considered P << 0.05 as statistically
signiﬁ(-zmt in our ;mal’\ﬁsos.

Risuirs
Breeding and Recruitiment
A total of 23 breeding events by
S. holbrookii occurred during nine periods
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Fic. 3.—Annual size-distribution (%) and population
trends of S. holbrookii captured annually February 1994
January 2003 at eight isolated, ephemeral ponds, Ocala
National Forest, Marion and Putnam Counties, Florida.
Size classes correspond with approximate age (years)
(Wright, 2002).

(dates) at seven of the eight study ponds
(Fig. 1). Most (six of nine) breeding periods
occurred during September or October, but
breeding also occurred  during  February,
March, and June. Breeding was explosive,
with up to 340 adults captured at any given
p(md within a 1-2 day breeding period, but
rarel % otherwise ( Fig. 1 1). Bre eding, s occurred at
only 1-5 ponds per period, and only during
seven of the nine years reported. Breedmg
events with >175 adults captured occurred in
only 1-2 ponds per period, and only during
four of the study years. Four of the eight study
ponds (Ponds 1, 3, 5, and 6) were used most
frequently for l)l((dm(r and they produced
most (99. 8%) of the recruits (Fig. l)

Most metamorphs (89.5%) were captured
emigrating from ponds. Recruitment ranged
from 0-4648 among p(mds in any given year,
and 0-7370 (ponds combined) among years.
Most recruitment occurred during 1994, 1995,
2000, and 2001; and then only one or two of
the four “productive” ponds (Ponds 1, 3, 5,
and 6) produced most of the recruits. The
remaining ponds were never used (Pond 4),
used once (Ponds 7 and 8), or twice (Pond 2)
for breeding, but none resulted in recruitment
(Fig. 1). Substantial recruitment (>100 meta-
morphs exiting ponds) occurred only five times
during the 9-yr period, or alter <)11]y 22% of
breeding events.
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TabLE 1.—Total number of same-year and prior-years adult S. holbrookii recaptured annually at eight isolated ephemeral
I 1 I
ponds, Ocala National Forest, Marion and Putnam counties, Florida.

Year of first capture

Total Total Percent
Recap year 1 2 3 1 3 ] 7 5 9 Ist cap recap recap
1 109 0 0 0 0 0 0 0 0 738 109 14.8
2 38 16 0 0 0 0 0 0 0 322 54 16.8
3 4 10 3 0 0 0 0 0 0 79 17 21.5
4 0 0 0 0 0 0 0 0] 0 5 0 0
5 1 10 4 1 12 0 0 0 0 189 28 i4.8
6 1 0 0 1 1 18 0 0 0 143 21 14.7
7 0 0 2 0 1 19 65 0 0 584 57 9.8
8 0 0 0 0 0 0 3 61 0 GIS 64 10.4
9 0 0 0 0 0 0 0 0 0 8 0 0
Total 153 36 9 2 14 7 68 61 0 296 380 12.7

No substantial recruitment (>100 meta-
morphs) occurred following any breeding
event (at a given pond) where <175 adults
were captured, but did following five of the
eight breeding events where >175 adults were
captured (Figs. 1, 2). A few (1-16) meta-
morphs  exited ponds following 11 other
breeding events. We found a s1g,mﬁumt ex-
ponential relationship between adult breeding
effort and recrmtment of metamorphs G =
0.3364; RMSE = 755.36; Fi 55 = 27.88; P <

0.0001), indi(‘ating) a threshold for the number
of breeding adults, below which recruitment
was negligible (Fig. 2). When examining the
years separately, however, we found a signifi-
cant relationship between adult bwvdn
effort and recruitment during 1995 (2

0.9325; RMSE = 135.31; F15 = 8284, P <
0.0001), 1996 (r2 = ().9646; RMSE = 3.79;
Fia = 8181 P < 0.005), and 2000 (r>

o
h

0.5285; BEMSE 1261.14; F14 = 6.73; P =
0.04), but not during other vears.

Population Structure and Trends

A total of 2986 individual adult S. holbrookii
and 15,145 metamorphs was captured; most
(97.6%) were captured in pitfall traps. Study-
related mortality was 5.3%, and was heaviest
for adults due to suffocation by other
S. holbrookii piled in pitfall traps. We captured
significantly more males (57.6%) t than females
(42.4%) during breeding events (¢ -3.59;
df = 22; P < 0.005).

Most (83.5%) captured S. holbrookii were
metamorphs. Most adults were either in the
4 yrold (34.7%) or 5 yr old (62.1%) age classes
(Iﬂ 3). Very lew individuals in the smallest
age classes (1=3 yr: 2.3%) were found: most
of these were (dpiurod during nonbreeding
periods. Individuals in the oldest cohort (6 yr:

TapLk 2.—Total number of same-pond and other-pond adult S. holbrookii recaptured during February 1994-January
2003 at eight isolated ephemeral ponds, Ocala National Forest, Marion and Putnam counties, Florida.

> " orici
Pond of origin

Total Total Recap
Recap pond ! 2 3 4 3 G T 5 Lst cap recap (%}
1 64 4 2 0 0 0 0 0 664 70 10.5
2 3 8 1 0 0 0 0 0 123 12 9.8
3 2 6 89 0 0 0 0 0 497 99 19.9
4 0 0 0 1 0 0 0 0 15 1 6.7
5 0 0 0 0 49 0 )] 0 3505 49 9.7
6 0 0 0 0 0 132 0 0 990 132 13.3
7 0 0 0 0 0 0 2 0 71 2 2.8
8 0 0 4] 0 0 0 i 16 121 17 14.0
Total 69 18 92 ] 49 132 3 i6 2986 380 12.7
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0.9%) also were rare; the largest individuals
captured were 80 mm SVL (Fig. 3).

We found no consistent relationship be-
tween study year and number of adults (>18
mm) (F, - = =0.11: P = 0.7493). indicating that,
overall, t]l(% population did not increase or de-

crease during the 9-vear study period (Fig. 3).

Multi-year Recaptures and
Int(%r—;m)n(/ Movement

A total of 12.7% of first-captured adults
were recaptured (380 of 2986). Most recap-
tures occurred during the same vear as their
original capture (Table 1). However, several
individuals were captured >2 yr after, in-
dicating that they were at least three years old
(because most metamorphs were too small
to toe-clip); two individuals were recaptured
after five years, and one was recaptured after
six vears, indics wing that S. holbrookii can live
at least seven years (Table 1).

Most (95%) adult recaptures occurred at the
pond where they were first captured (Table 2).
Minimal (éxdmngj(é of adults occurred among
Ponds 1, 2, and 3 (maximum distance 130 m),
and one individual was re caphlrcd at Pond 8,
approximate ]V 416 m from Pond 7 where it was
originally marked (Table 2). Because most
metamorphs were not marked we could not
determine whether they used nonnatal ponds
for breeding as adults.

Discussion

Our data provide empirical information that
can be used in developing realistic metapopu-
lation models for S. holbrookii. We found that
all ponds were not “created equal” either as
breeding sites or as sources of juvenile re-
cruitment. S, holbrookii bred ‘in  variable
numbers among some, but not all seemingly
suitable ponds. Among the eight ponds we
studied, only half (Ponds 1, 3, 5, and 6) were
used frec lmntlv though metruLnl for breed-
ing. Only this subs(t “of p()nds fanctioned as
p()pulah(m ‘sources” (Pulliam, 1988), pro-
ducing most (99.8%) metamorphs during the
9-yvear study period. Yet, even the f(mr
“source” ponds were sources of recruitment
during only one (Ponds 1, 3, and 6) or two
(Pond 5) of the nine vears studied; they
functioned as “sinks” (where breeding re-
sulted in no r(‘(‘,mitmvnt) or were not used at

all for breeding during the other years. The
other ponds functioned either as “sinks,”
where breeding occurred rarely and in low
numbers, but resulted in no recruitment
(Ponds 2, 7, and 8), or were never used for
breeding (Pond 4). Among-pond differences in
breeding and recruitment did not appear
related to hydrology, which was similar among
most ponds ((,reenbcrg5 and Tanner, 2004).

Conceptually, a “metapopulation” incorpo-
rates at least some dispersal among distinct
populations (in this case, ponds) (Hanski and
Simberloff, 1997). We found minimal “rescue”
(Pulliam, 1988), or dispersal by adults among
ponds, and short distances (except once) when
it occurred. Yet, the interval between breeding
events at a given pond exceeded the apparent
lifespan of most individuals (we estimated a
maximum lifespan of 7 yr); too long to sustain a
viable population if ponds did not receive
immigrants from surrounding ponds. For
(’xample large numbers of adults bred at Ponds
5 and 6 in 2000, although the last substantial
recruitment occurred sometime before the
study began in 1994 (at least 7.5 yr earlier).
This incongruity between apparent pond fidel-
ity versus within- pond recruitment intervals
that should lead to local extinction, could be
because (1) adult S. holbrookii are phllopatrlc
but live longer than we estimated, (2) adults
move among ponds more than we detected, or
(3) metamorphs disperse and breed in nonnatal
ponds as adults.

Because we did not mark emigrating meta-
morphs we could not assess their dispersal.
Most metam()rphs entelmg’ ponds were cap-
tured during mass exodus events from those
ponds, suggesting that they were part of the
same recruitment event. However, our data
did suggest that some short- distance inter-
pond movement occurred (Greenberg and
Tanner, 2004). Genetic analyses would shed
more light on the metapopulation connectivity
among ponds.

Although breeding events were highly
synchronized among subsets of ponds during
each breeding period, recruitment was not.
Breeding effort was an important determinant
of recruitment during some, but not all years.
Substantial recruitment never occurred when
<175 adults were captured during a breeding
event at any given pond, suggesting that there
may be a critical threshold of breeding effort,
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eggs, or tadpoles for substantial survival to
metamorphosis to occur. Dodd (1992) re-
ported only one large S. holbrookii breeding
event in five years at a pond in north-central
Florida, but no recruitment. Semlitsch et al.
(1996) also reported one successtul recruit-
ment of S. holbrookii despite repeated breed-
ing events over 16 years in a Carolina Bay in
South Carolina.

Recruitment was (’%SS(’?]']ﬁd”t\/’ an “all or none”
occurrence. Substantial recruitment occurred
following only five of 23 breeding events, and
was not spatially or temporally synchronized
across the study ponds. Recruitment occurred
at only one of (‘1g_>ht ponds during three years
(1994 1995, and 2001), and at two pond‘
during 2000. Other studies have shown that
survival of anuran larvae to metamorphosis is
alfected by numerous factors including water
temperature (Gosner and Black, 1955), pre-
mature p()x’l(‘l~(‘hyi1'1g, intra- and i1’1torsp(—>ciﬁc
competition, produti()n on eges or larvae by
vertebrate and invertebrate predators, and a
complex interplay of predator phenology and
prey assemblages (Alford, 1989; Petranka
and Kennedy, 1999; Wilbur, 1983, 1987). We
suggest that predation on eggs and larvae
had a major elfect on recruitment success
because (1) breeding events were strongly
assocmted with ponds that had recently dried
and re > way to avoid high predator
densities '(hat may increase with longer hydro-
periods, (2) each substantial recruitment
occurred only in ponds that had recently dried
and refilled prior to breeding events (Green-
berg and Tanner, in press), and (3) there was
an apparent “minimum threshold” of breeding
adults—Ilikely resulting in densities of eggs and
larvae that were potentially high enough to
“swamp” predators—thereby allowing sub-
stantial recruitment to occur. Causes aside, S
holbrookii recruitment is clearly heavily sub-
ject to stochastic processes. This lack of spatial
autocorrelation may have important implica-

tions for developing probabilistic models of

patch occupancy by mnplnl)mns (Knapp et al.,
2003; Trenham et al., 2003).

Despite dramatic (11 flerences in adult cap-
tures and recruitment among ponds and years,
the adult population was !(‘ldt]\( ly stable over
the life of our study. Sampling over a shorter
subset of years, 11()\\7(*\(,1, might have led us to
conclude that the population was declining, or

even locally extinet. Our data show that, based
on trapping at breeding ponds, perceptions of
S. holbrookii abundance are heavily biased by
weather, pond  hydrology ((,,1(3(,111)(%1;3 and
Tanner, 2004), and breeding phenology. In
our study, apparent reduced populations of
adult S. holbrookii during some years clearly
reflected suspended breeding activity rather
than low densities. The probability that only a
portion of the potential adult breeding pool
actually breeds during any given breeding

event further biases population estimates
(Gosner and Black, 1955). In our study,

individuals 18-50 mm SVL were rarely cap-
tured at ponds; most captured individuals were
51-72 mm SVL, or about 4-5 yr old (Wright,
2002). This indicates that larﬂe numl)ms of
juvenile and subadult S. /z()l/)m()/\u remain in
uplands surrounding ponds for 3-4 years
before appearing at ponds for their ﬁrst
breeding at age 4 or 5. Population “reservoirs”

that are not detected at breeding ponds thwart
accurate estimation of p()pn]dtl(ms and pop-
ulation trends, and may give a misleading
impression of among- p(m(l extinctions and
recolonizations that have important implica-
tions for metapopulation modeling.

Similarly, sampling any subset of our eight
study ponds might have left us with a very
different impression of 8. holbrookii breeding
and recruitment dynamics. This result illus-
trates the importance of long-term, landscape-
level studies to distinguish natural amphibian
population fluctuations, or perceptions of pop-
ulation fluctuations, from true declines (Pech-
mann and Wilbur, 1994). Even the relatively
larger spatial and temporal scope of our study
is likely inadequate to capture the true time-
landscape complexity ol their population
dynamics.

Effective amphibian conservation must be
built upon metapopulation models that in-
corporate accurate, empirical knowledge of
Spdf\d] and temporal population dynamics and
species-specific life-history traits that affect
persistence at a landscape level. Our study
illustrates the potential contribution of each
individual wetland, regardless of its proximity
to others, as evidenced by wide differences in
breeding events and  recruitment among
ponds, among years within ponds, and by the
apparent rarity of Jong-distance movement or
inter-pond “rescnes”™ by adult S, holbrookii.
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Although we could not track inter-pond

movement by metamorphs, it appears likely

that they “rescue” local POy nilations by breed-
ing—4 or 5 vears later—in nonnatal p()nds as
adults‘ Our inability to substantiate that
S. holbrookii fimction as  metapopulations
further emphasizes the importance ol con-
serving multiple wetlands. Closely clustered
wetlands would likely increase the likelihood
of recruitment success within a landscape
neighborhood during at least some vears and
p(mds, and (n}nm((‘ the probability of inter-
pond movement. Clusters of punds that are
spaced at varying distances from one another
may increase the likelihood ol population
P(‘]‘Sist(‘]l(‘(" at a lil]‘}_’;(’]‘ S(‘ll](\‘.

Acknowledgmenis.—TFunding  was - provided by the
USDA Forest Service, including the Ocala National
Forest, the Longleal” Pine Ecosystem Restoration Pro-
gram, and the Sonthern Research Station’s Bent Creek
l‘?\pvrinu*nlu] Forest: the Department of Energy-Savan-
nah River Operations office through the Forest Service
Savannah River Site and the Forest Service Southern
Research Station under Interagency Agreement DE-AT09-
T6SR00056, and the Florida Fish and Wildlife Conserva-
tion Commission, Bureau of Wildlife Diversity Conserva-
tion, contracts NGY9-014 and CH195. We thank . Beach
for field and logistical assistance, and for her dedication to
this study. C. MceMahon, D Loftis, and J. Blake provided
critical support to the study. R. Ashton, M. Welker, ).
Smith, J. Staiger. ]. Barichivich, R. Owen, 1D, Johnson, S.
[()]nmm 1. Wi ie [)(* K. Garren, and others have provided
excellent field assistance and/or onsite project manage-
ment. . Johnson created the stndy site map. We also
thank Ocala National Forest staff officers, including L.
Lowery, R Lowery, G, Sekerak, J. Clutts, and M. Clere,
and the Ocala fire crew. J. Petranka. S. Johnson, and K.
Kinkead gave valuable snggestions for improving an earlier
version of this manuscript,

Lirterature CrreED
Arrorb, R AL 1989, Variation in predator phenology
affects predator performance in prey commnmity

composition. Feology 70:206-219.

Bravstin, AR DB I Waki, avp WP, Sousa, 1994,
Amphibian declines: judging slkll)ilit'\\ persistence, and
snsceptibility of populations to Tocal and global extine-
tions, Conservation Biology 5:60-71.

Brace, Ao N. 1961 The behavior and  comparative
developmental rates in nature of tadpoles o w spadefoot,
atoad, and a frog. Herpetologica 17:80--84.

Covy, M. L. 1996, Introduction to Jong-term community
ceological studies. Pp. 115 In M. L. Cody and J. AL

Snmiallwood (Eds.), Long-term Studies of Vertehrate

Communities. Academic Press, San Diego. California,
USA
Drns, PR HLD RO Musnisky, axp 0 D0 MoCov, 1996,

Decline of some west-central Florida anuran ])()Pl]];l»

tions i response to habitat degradation. Biodiversity
and Conservation 5:1579-1595.

Donn, C. K. Jr. 1992, Biological diversity of a temporary
pond herpetofamma in north Florida sandhills. Bio-
diversity and Conservation 1:125-142.

GIBBONS, | WOV Buske, | Lovicn, RO, SeMursci,

Do Tuservinik, | Rassell Bonie, Jo L. Greesi, P,
Niswiarowskr, Ho L Winremax, DL EL Scorr, | HUOK.
Provsasy, G0 Ro Harwson, S0 1 Besserr, |0 D.
Kaing, M. S Mis, Ko AL Buiibaans, ], R. Lre, ROAL
Sercre, AL D Tuckier, To ML Mis, T, Lams, ML E.
D()R( AS, ] D, Coxcopox, ML Sair, ]) 1. Nirsox,
M. Dizrsen, H G Hanvn, oA O avn DL
](\I{,\l’\!,\l\ls. 1997, Perceptions of species abundance,
distribution, and diversity: lessons from fonr decades of
sampling on a government-managed reserve. Environ-
mental Management 21:259-268.

Gosxer, Ko Looasn L Brack. 1955, The effects of
temperature and moisture on the reproductive cyele of
Seaphiopus h. holbrooki. American Midland Naturalist
54:192.-203.

Greensrre, C. L 2001,
pond use and recruitment in Florid: umphm rogs {Rana

Spatio-temporal  dynamics of

-85.
Breeding

capito m’xz)}m\ ]()mn al of l erpe (()]()U’\ 357

Grepnsrre, CoHLoand Gl ]\‘\\l k. 2004,
pond selection and movement patterns by spadefoot
toads (Scaphiopus holbrookii) in relation to weather and
edaphic conditions. Journal of Herpetology 38:569-577.

Hanskl, Loanp DL Siaseriorr, 1997, The metapopulation
approach, its history, conceptual domain, and applica-
tion to conservation. Pp. 5-26. In 1. A. Hanski and M. E.
Gilpin (Eds.), Metapopulation Biology. Academic Press,
San Diego, California, U.S.A.

Kxare, ROAL Ko R Marrmows, Ho KL PrigstER, axp R
Jerson. 2003, Developing probabilistic models to
predict amphibian site ocenpancy in a patehy landscape.
l*(()]mnm] Applications 13:1069- 1082,

Marsii, l). M., anp PoCTrentas, 2001, Metapopulation
(l)‘l):ill\i('s and znnphil)izm conservation, Conservation
Biology 15:40-49.

Morir, P B anp R Franz, 1987, Wildlife values of small,
isolated wetlands in the southeastern coastal plain. Pp.
234-241. In R. R, Odum, K. A, Riddleberger, and J. €.
Ovier (Eds.), Proceedings of the 31§ 1. Nongame and
Endangered Wildlite Symposinm. Georgia Department
of Natural Resonrces, Atlanta, Georgia, U.S.A.

N, W T, 1957, Notes on metamorphic and breeding
aggregations of  the spadefoot,  Seaphiopus
holbrooki (Harlan). Herpetologica 13:185-187.

Prasson, P. G 1955, Population ecology of the spadefoot

holbrooki (Harlan). Eeological

eastern

toad. Scaphiopus h.
Monographs 25:233-267,

Pronvany, )0 FD KL asn 1 MO Winsun, 1994, Putting
declining amphibian populations in perspective: natural
fluctuations and human impacts. Herpetologica 50
6584,

Pronvans, |0 FKL DL B Scorr, R DL Semrsen, P
Carpwent, Lo o Vire, a0 W Gissons. 1991
Declining amphibian populations: the problem  of
separating hinnan impacts from nataral Huctuations,
Science 253:892-8495.

Prrranka, W Co AL Kevvepy. 1999, Pond tadpoles
with generalized morphology: is it time to reconsider




28 HERPETOLOGICA

[Vol 61, No. |

their functional roles in aquatic communities? Oecologia
120:621-631.

Puriiam, H. R. 1988, Sources, sinks, and population
regulation. American Naturalist 132:652-661.

Semuirscu, RDo oW Gmsons, ann T, DL TUBERVILLE.
1995, Timing of reproduction and metamorphosis in the
Carolina gopher frog (Rana capito capito) in South
Carolina. Journal of Herpetology 29:612-614.

SEMuTscH, R DL, DL E Scorr, | HL K. PECHMANN, AND
J. W. Gissons. 1996, Structure and dynamics of an

amphibian community: evidence from a 16-year study of

a natural pond. Pp. 217-245. In M. L. Cody and J. A
Smallbwood (Eds.), Long-term Studies of Vertebrate
Commnities. Academic Press, San Diego, California,
U.S.A.

SkerLy, Do K., E. E. WERNER, axD S A, CORTWRIGHT.
1999. Long-term distributional dynamics of a Michigan
amphibian assemblage. Ecology 80:2326-2337.

SxkenLy, D, K. Ko L. Yurewicz, B E. WeERNER, axD R, AL
RELYEA. 2003. Estimating decline and distributional

change in amphibians.  Conservation  Biology 17
T44-751.

Trenttam, PoC, W DL Kok, M. [0 Mossmax, S, L.
STARK, AND L. AL Jacaer. 2003, Regional dynamics of
wetland-breeding frogs and toads: turnover and syn-
chrony. Ecological Applications 13:1522-1532.

WiLsur, 1. M. 1987, Regalation of structure in complex
systems: experimental temporary pond communities,
Ecology 68:1437-1452.

Wirsur, H. M. P o Morin, anp RoN Hagris, 1983,
Salamander predation and the structure of experimental
communities: anuran responses. Ecology 64:1423-1429,

Wricnt, A. H. 2002, Life-histories of the Frogs of the
Okefinokee Swamp, Georgia. North American Salientia
(Anura) No. 2. Cornell University Press, Tthaca, New
York, U.S.A.

Accepted: 14 September 2004
Associate Editor: Michael Angilletta



