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Repatriation as a mechanism for restoring a pond-breeding amphibian community.

Final Report on Project #T-22-P-1

This report details on-going work at Warbler Woods Nature Preserve (WWNP), Coles
County, Hlinois, an 81.5 ha piece of land owned by L. Barrie Hunt. The overall project
concerns the monitoring of amphibian populations that utilize four breeding ponds in the
southeast portion of the property. Predatory fish previéusl y inhabited two of these ponds.
The fish populations were removed by January 2003, and now the primary research objective
at WWNP is to restore pre-settlement levels of amphibian diversity through the repatriation of
tiger salamanders. This report details the continued recovery of amphibians using the

breeding ponds at WWNP and the efforts to repatriate tiger salamanders at one of the ponds.

Study Site & Background

Four ponds in the southeast section of WWNP (Figure 1) are labeled from East to West:
A, B, C, and D. Ponds A and B are separated by a 5 m ridge of secondary deciduous forest
and understory vegetation. Ponds B and C are separated by 80 m of old field that has been
planted with seedlings of deciduous hardwoods in accordance with an existing IDNR
restoration objective. Ponds C and D are separated by 280 m of primarily old field that also
has been planted with seedlings of deciduous hardwoods. A small access road léading toa
barn and an extension of deciduous forest ravine bisecting the old field also separate the latter
two ponds.

Prior to the fish removal in January 2003, Pond B contained a stable population of small

Ameiurus melas (black bullhead catfish); Pond C contained a stable popuiation of centrarchids



(Lepomis macrochirus [bluegill], and Lepomis cyanellus [green sunfish]). All ponds have
stable populations of a variety of invertebrate species (e.g., snails, aquatic insects/larvae, etc.).
All ponds permanently hold water except for Pond D that has gone dry in 5 of the past 7 years

(usually on or before 1 August).

Activities at WWNP in 2006

From 23 February to 2 December, the drift fence-pitfall trap arrays around the four
amphibian breeding ponds (constructed in May 2000} were monitored every other day.
Specimens caught in the traps (Table 1) were measured (snout-vent length, tail length for
metarmorphs and salamanders) and sexed (where possible). Where possible, the gender of
trapped individuals was also determined. All trapped specimens were given a pond-by-year
series of toe clips for future identification. Occasional maintenance on the fence/trap array
was also performed.

On 10 March 2006, approximately 2200 Ambystoma tigrinum eggs (in multiple masses)
were collected from two sites within Stephen A. Forbes State Park (Marion County, Illinois).
These egg masses were transported and immediately placed in enclosures (1 m®) within Pond
B at WWNP. From these egg masses, 293 larvae survived to hatching and were released into
the pond. To date, one juvenile tiger salamander has been caught in the pitfall traps around
that pond, although it was not certain if that individual was produced by the cohort of larvae
released into the pond in 2006.

From mid-September to mid October, approximately 20 aduit and 30 larval bulifrogs
were removed from Pond B at WWNP and euthanized. Tissues from the muscle and

gastrointestinal tract of adult specimens were preserved for future analysis of parasite content



and levels of chemical pollutants. This action was sanctioned by the Illinois Nature Preserves
Commission with the intent of reducing the potential fof predation on juvenile tiger
salamanders as they left the pond and entered the surrounding forest habitat. On 2 December,
all traps sealed to prevent incidental capture during the Winter season of inactivity,

Activities at WWNP in 2007

From 25 February to | December, the drift fence and pit-fail trap array was monitored
every other day. Specimens caught in the traps (Table 1) were measured (snout-vent length,
tail length for metamorphs and salamanders) and sexed (where possible). Where possible, the
gender of trapped individuals was also determined. All trapped specimens were given a
pond-by-year series of toe clips for future identification. Occasional maintenance on the
fence/trap array was also ;ﬁerformed.

From mid-June to mid October, 31 adult and 19 juvenile bullfrogs were removed from
Pond B at WWNP and euthanized. Tissues from the muscle and gastrointestinal tracts of
adult specimens were preserved for future analysis of parasite content and levels of chemical
pollutants. Throughout this same period, approximately 120 larvae were collected from Pond
B using minnow traps; these specimens were also euthanized. On 1 December 2007, all
pitfall traps were sealed to prevent incidental capture during the Winter season of inactivity.

‘Several attempts were made to collect either egg- or larval-stage tiger salamanders from
multiple donor sites in Indiana. Because of erratic climate events in 2007 (late freeze, and a
mid-Summer dry spell), however, I was not successful in obtaining tiger salamander egg
masses (frozen) or larvae (dessicated). As such, no individuals from this species were
repatriated to Pond B in 2007. Adults collected (n=20) from the donor site in early March

2007 have been maintained in an outdoor enclosure that simulates natural environmental



conditions. Iam hoping that these individuals will breed in captivity in 2008 s0 as to provide

a source of specimens to be repatriated at Pond B.

Results & Projected Outcomes

The sizes of most of the amphibian populations of using the breeding ponds at WWNP
have increased since this study began, especially in the ponds that previously held fish. The
populations of each species have since fluctuated (Fig, 2), due to different levels of
precipitation in each year and to adjustments in trophic dynamics of the larval community (in
the absence of fish). Levels of species diversity, however, have increased in all ponds (Table
2), an effect that is especially apparent in ponds where fish have been removed (Fig. 3).

The initial effort of repatriating tiger salamanders was not successful, with a low survival
rate to hatching and even lower survival rate to the conclusion of the larval period. Iam not
discouraged by this outcome for several reasons:

1. At this latitude, some tiger salamander populations are reported to require two activity
seasons to complete larval period. As such, the larvae released into Pond B in Spring
2006 might not be detected until the 2008 activity season. Pond B is deep enough (up to
1.5 m at maximum depth) that it will not freeze solid so that larvae can survive periods of
surface ice formation.

2. Bullfrog adults are generalist carnivores that attempt to eat much of what they can catch.
The sanctioned removal of bullfrog larvae and adults should reduce the predator
population over the course of the next few years. This will improve the chances of larval

tiger salamanders surviving to metamorphosis and entering the forest habitat surrounding

Pond B.



3. Ematic weather events in 2006 and 2007 that happened to coincide with peaks in either
breeding activity or larval emergence of tiger salamanders made it very difficult to
execute a successiul repatriation. After they had b_f:,en deposited in ponds at the donor
sites, egg masses were either kilied by severe freezes or low precipitation that caused
subsequent dessication. Later in the same years, low precipitation resulted in the donor
ponds drying down prior to larval emergence and the death of any tiger salamander larvae
that had survived the earlier freezes.

To minimize the influence of anomalous weather events on future efforts to repatriate tiger
salamanders at WWNP, I collected 20 adult specimens from a donor site in Indiana. These
individuals have been housed in an outdoor enclosure (220 x 100 x 80 cm) under ambient
conditions. A thick (75 cm) layer of leaf litter has been pliaced within the enclosure, thereby
insulating the specimens from dramatic fluctuations in temperature. The intent is to have
these specimens over-winter under ambient conditions such that they will then breed in
captivity upon emergence. Once fertilized eggs are obtained they will be maintained in
captivity until hatching, and the larvae subsequently released into Pond B at WWNP.
Tissue samples from the bullfrog larvae and adults removed from Pond B have been
preserved; These samples represent material that can provide a preliminary data set for
future research at WWNP concerning the impacts of chemical fertilizer and pesticide

application on agricultural fields that are immediately adjacent to that area of the property.



Research Products

During the period covered by the grant award, the following presentations were made at
scientific conferences based on research conducted at WWNP:

Posters

2006 Gross, LM., and S.J. Mullin. An amphibian community after fish removal: A tale of
four ponds. Midwest Partners for Amphibian & Reptiie Conservation, Carbondale, L.

2006 Walston, L.J., and S.J. Mullin. Population responses of wood frog (Rana sylvatica)
tadpoles to overwintered bullfrog (Rana catesbeiana) tadpoles. Joint Meetings of
Ichthyologists & Herpetologists, New Orleans, LA.

Papers

2007 Gross, L.M. and S.J. Mullin. A pond-breeding amphibian community after fish
removal: A six-year study. Midwest Fish & Wildlife Conference, Madison, W1,

2007 Gross, L.M. and §.1. Mullin. Compositional changes in a pond-breeding amphibian
community after fish removal: The saga continues. Midwest Partners for Amphibian &
Reptile Conservation, Chesterton, IN.

2007 Gross, L.M. and S.J. Mullin. Compositional changes in a pond-breeding amphibian

community after fish removal: The saga continues. Joint Meetings of Ichthyologists &
Herpetologists, St. Louis, MO.

Fuﬁhermore, the following manuscripts have been published or accepted for publication
based on work conducted at WWNP:

2007 Walston, L.J., and S.J. Mullin. Responses of a pond-breeding amphibian community to
the experimental removal of predatory fish. Amer. Midl. Nat. 157:63-73.

2007 Walston, L.J., and S.J. Mullin. Population responses of wood frog (Rana sylvatica)
tadpoles to overwintered bullfrog (Rana catesbeiana) tadpoles. I. Herpetol, 41:24-31.

2008 Walston, L.J., and S.J. Mullin. Variation in surrounding forest habitat influences the
initial orientation of juvenile amphibians emigrating from breeding ponds. Can. J,
Zool. 86:in press.

J. Brian Towey was the graduate student who helped initiate this project in 2000, and
conducted his thesis research at this site from 2001-2003. After being away from campus,

Brian returned and successfully defended his thesis in November 2007,



Table 1. Amphibian and reptile species documented in and around four ponds in the
southeast portion of Warbler Woods Nature Preserve (Coles County, Illinois) during the 2006
and 2007 activity seasons. Amphibians were all caught in drift fence-pitfall trap arrays
around the ponds, whereas reptiles were observed in the pénds or immediately adjacent
habitat. Some amphibian specimens were captured on more than one occasion, but were

counted only once in the tallies.

Nuomber Observed
Taxon 2006 2007
Caudata

Ambystoma texanum 794 489

Ambystoma tigrinum 1

Eurycea cirrigera 2 2
Anura

Bufo americanus 43 18

Acris crépitans blanchardi 4 3

Hyla versicolor (x chrysoscelis) 53 18

Pseudacris crucifer | 25 33

Rana catesbeiana 148 192

Kana sylvatica 26 14

Rarna utricularia 33 89



e,
Table 1, cont’d.
Number Observed
Taxon 2806 2807
Testudines
Chelydra serpentina 3 1
Terrapene c. carolina 2 2
Chrysemys picta marginata 1
Lacertilia
Eumeces laticeps 2 2
Eumeces fasciatus I
Serpentes
Diadophis punctatus 1 1
Nerodia sipedon 1 P
Thamnophis sirtalis 2 I

Elaphe spiloides i




Table 2. Composition of an amphibian community (expressed as a percentage of individuals
captured for each species) in four breeding ponds at Warbler Woods Nature Preserve (Coles
County, Illinois) between 2001 and 2007. Reference ponds lacked any fish, whereas
mitigated ponds contained populations of predatory fish that were extirpated by January 2003
(the delineation of the pre- and post-removal periods). Percentages do not sum to 100 % due

to rounding errors. The pooled values for the Shannon-Wiener Index of species diversity are

also shown.
Pre-removal Post-removal

Species reference pond  mitigated ponds  reference ponds mitigated ponds
Ambystoma texanum 16.7 2.6 58.5 47.4
Bufo americanus 66.3 90.3 2.9 94
Hyla versicolor 0.6 — 1.2 8.1
Pseudacris crucifer 1.1 — 4.4 11.8
Rana catesbeiana 4.1 4.8 77 6.7
Rana sylvatica 7.7 1.0 14.5 2.5
Rana utricularia 3.0 0.7 10.3 13.6
Other species 0.5 0.6 0.3 0.6

Shannon-Wiener
Index (H") 1.14 0.68 .32 1.57
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Figure 1. Schematic map of Warbler Woods Nature Preserve (81.5 ha) in Coles County,

Illinois. Ponds A, B, and C are permanent, whereas Pond D typically dries down on or before

1 August of each year.
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Figure 2. Numbers of individuals (shown in a logarithmic scale) for six species of
amphibians trapped at four brceding ponds in Warbler Woods Nature Preserve (Coles County,

Hllinois) between 2000-2007. Predatory fish were extirpated from two of the ponds prior to

the 2003 breeding season.
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Figure 3. Variation in Shannon-Wiener Diversity Index values calculated from amphibians
captured around ponds at Warbler Woods Nature Preserve, Coles County, Illinois. Predatory
fish were extirpated from the mitigated ponds prior to the 2003 breeding season. Coefficients

of determination (r*-values) for control and mitigated ponds are 0.0002 and 0.21, respectively,
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Population Responses of Wood Frog (Rana sylvatica) Tadpoles to
Overwintered Bullfrog (Rana catesbeiana) Tadpoles

Leroy J. WaLston' anp Stepen . Mot
Department of Biology, Eastern Iilinots University, Charleston, Hilingis 61920, USA

AssTRACT~—A fundamental goal in ecology is o understand how environmental variation influences the
distribution of individuals within a population. In this study, we used laboratory experiments to examine
the population responses of sympatric Wood Frog (Rana sylvatica} tadpeles to native overwintered Buiifrog
{Rana catesbeiana) tadpoles. For periods of up to two weeks, we measured growth, activity, and refuge use of
Wood Frog tadpoles in small mesocosms with and without an overwintered Bullfrog tadpole present,

Bullfreg tadpoles had a negative effect on the growth of Wood Frog tadpoles aliotopic (naive) to Bullfrogs,
whareas the presence of Bullfrogs had no effect an growth of syntopic {experienced} Wood Frog tadpoles.
There were also differential behavioral responses of the Wood Frog populations to overwintered Bullirag
tadpole visual and chemical cues. Only allotopic Wood Frog tadpoles decreased activity levels and increased
use of refugia in the presence of overwintered Bulifrog tadpoles. These observations indicate overwintered
Bullfrog tadpoles might exert a selective pressure on sympatric Wood Frog tadpoles, and that experience
might allow for the development of strategies to maximize performance for species coexisting with

overwintered Bullfrog tadpoles.

A fundamental goal in ecology is to un-
derstand how organisms respond to  their
envirorument and how environmental variation
influences the distribution of individuals within
a population. Amphibian larvae developing in
ephemeral aquatic habitats often experience
a different suite of competitors and predators
than those larvae developing in permanent
aquatic habitats (Semiitsch, 1988; Werner and
McPeek, 19%4). To persist in these environ-
ments, amphibians must have adaptations to
tolerate not only variation in pond hydroperiod
but also to tolerate different suites of competi-
tors and predators. One possible adaptation to
environmental variation is for a species to be
phenotypically plastic (Van Buskirk and Relyea,
1998). In response to competitors and predators,
many larval anurans exhibit competitor- and
predator-induced plasticity in behavior, growth
rate, and morphology (Van Buskirk and Relyea,
1998; Relyea, 20§32, 2004), '

Throughout their native range, Bullfrogs are
considered important agents of amphibian
community structure (Werner et al, 1995;
Hewnar and M'Closkey, 1997: Boone et al.,
2004). Laboratory experiments have demon-
strated that Bullfrogs are competitively superior
to other amphibian species (Werner and Anholt,
1996), although the outcome of competition in

*Corresponding Author. Present address: United
States Environmental Protection Agency, 77 West
Jackson Boulevard, Chicage, Ulinois 60604, USA;
E-mail: walston Jeroy@epa.gov

the field may be influenced by the presence of
predators (Werner, 1991}, The effects of Bull-
frogs on sympatric amphibians are often medi-
ated py pond hydroperiod. In the Midwest,
Bullfrogs typically require two years for tad-
poles to complete metamorphosis (Phillips et
al., 1999) and are, thus, restricted to permanent
wetlands where fish may also occur. Native fish
species are predators of most amphibians
{Semlitsch, 1988; Werner and McPeek, 1994),
capable of eliminating many amphibian popu-
lations from permanent ponds. Bullfrog tad-
poles, however, are usually unpalatable fo fish
(Kruse and Francis, 1977; Werner and McPeek,
1994) and are capable of persisting in these
environments. Although ephemeral ponds do
not typically support Bullfrog tadpole popula-
tons in the Midwest, ephemeral ponds may
become semipermanent  after receiving high
levels of precipitation or after human landscape
alterations. In these situations, Bullfrog tadpoles
may be capable of surviving for over one year,
allowing overwintered Bullfrog tadpoles to
interact with other sympatric amphibian Jarvae.
Boone et al. {2004) observed that, within its
native range, the presence of overwintered
Bullfrog tadpoles resulted in decreased growth
and survival of larval amphibians allotopic
(naive) to Bullfrogs, presumably via interspecif-
ic competition. Thus, the exploitation of histor-
ically ephemeral aquatic habitats by Bullfrogs
might present a novel competition threat to
resident amphibian species,

Wood Frog (Rana sylvaticn) tadpoles common-
ly exhibit behavioral and morphological plas-
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ticity in response to predators and competitors
{Van Buskirk and Relyea, 1998; Relyea, 2002,
2004). Wood Frogs and Bulifrogs are sympatric
thronghout much of the United States and
Canada. Although their distributions are usual-
ly allotopic with respect to pond hydroperiod
(Phillips et al., 1999; Paton and Crouch, 2002},
tadpoles of the two species may be able to
coexist in permanent aquatic environments that
lack fish. Overwintered Bulifrog tadpoles pos-
sess a size advantage over Wood Frog tadpoles
and have been observed to depredate tadpoles
of other ranids (Fhrlich, 1979; Kiesecker and
Blaustein, 1997). Therefore, overwintered Bull-
frog tadpoles might have adverse effects on
Wood Frog populations through an interaction
of interspecific competition and predation.
There is additional evidence suggesting that
larval amphibians with prior experience to
competitors and predators exhibit contrasting
responses to the presence of the competitor or
predator than inexperienced larval anurans
{Kiesecker and Blaustein, 1997; Van Buskirk
and Relyea, 1998; Gomez-Mestre and Tejedo,
2002}, Thus, we believe that syntopic {experi-
enced) Wood Frog tadpoles from semiperma-
nent fishless ponds will respond differently to
the presence of overwintered Bullfrog tadpoles
than allotopic Wood Frog tadpoles from ephem-
eral ponds.

Herein, we present resulls of laboratory
experiments addressing the responses of Wood
Frog populations to native overwintered Bull-
frog tadpoles. We used natural populations of
Wood Frogs and Bullfrogs to test two hypoth-
eses: {1) overwintered Bullfrog tadpoles induce
changes in behavior, growth, and survival of
sympatric Wood Frog tadpoles; and (2) Wood
Frog tadpoles from populations syntopic to
Bulifrogs respond differently than allotopic
populations when in the presence of overwin-
tered Bullfrog tadpaoles.

MATERIALS AND METHODS

Study Organisms.—We collected eight Wood
Frog egg masses on 7 March 200% from four
ponds i Coles County, Illinois. Four egg
masses each were collected from populations
syntopic and alotopic to Bullfrogs. Syntopic
Woaod Frog egg masses were collected from two
permanent fishless ponds that alse contained
a breeding population of Bullfrogs. Successtul
recruitment of Bullfrog and Wood Frog juve-
niles has been observed at both ponds in each
of the previous six years (5. Mullin, unpubl
data). Syntopic Wood Frog tadpoles, therefore,
were considered experienced to overwintered
Bullfrog tadpoles. Allotopic Wood Frog egg
masses were collected from two ephemeral

ponds; each pond completely dried before 1
August in each of the previous six years (5.
Mullir, pers. obs.) such that larval Bullfrogs
could not complete development. Although
adult Bullfrogs have been observed along the
banks of these ephemeral ponds during the
summer months, we have not observed any
Bullfrog reproductive activity at these ponds in
any of the previous six years. Thus, allotopic
Wond Frog tadpoles were considered naive to
overwintered Bullfrog tadpoles. All Wood Frog
embryos collected were of similar developmen-
tal stage (Gosner stage 10; Gosner, 1960).

Upon collection, each egg mass was brought
back to the laboratory and ncubated in isolated
glass aquaria in 25 liters of natal pond water.
All tadpoles hatched within seven days of
collection. Upon hatching, tadpoles were trans-
ferred to population-specific aquaria (allotopic
or syntopic) filled with 25 liters of aged tap
water, where they were raised until the com-
mencement of this study. Water was changed
every 5-7 days and tadpoles’ were fed pow-

- dered rodent chow ad libitum. On 22 March

2005, we retumed to the two permanent ponds
where the syntopic Wood Frogs were originally
collected and seined each pond for Bullfrog
tadpoles. These ladpoles were 732 + 184 g
{mean * 1 SE), too large to have hatched in 2005
(Gosner stage 32-36; Gosner, 1960) and were
considered to have overwintered from the
previous year. Those Bullfrog tadpoles not
immediately added to experimental aquaria
were kept in a separate aquarium filled with
aged tap water. Bullfrog tadpoles were fed and
their water was changed in the same manner as
the Wood Frog tadpoles. All aquaria were
maintained on a 1212 L:D photoperiod in
a temperature-controlled environment (20°C},

Experiment 1: Wood Frog Growth and Survival —
We used a randomized block design to test for
the effects of overwintered Bullfrog tadpoles on
the growth and survival of Wood Frog tadpoles.
The two independent variables each had two
levels—the Wood Frog population type was
allotopic or syrtopic, and Bullfrog tadpoles
were present or absent. We randomly assigned
glass aquaria {38-liter volume) to the four
combinations of these variables, each of which
was replicated five times,

On 23 March 2005, we filled each aguariom
with 25 liters of aged tap water. We then added
2 g of leaf litter and 1 g of ground rodent chow
to each enclosure to serve as a refuge and food
resource. For the Bullfrog treatments, we added
a single Bullfrog tadpole to an aquarium
containing either 20 allotopie or syntopic Wood
Frog tadpoles. In treatments in which Bullfrog
tadpoles were absent, we added 20 Wood Frog
tadpoles from either population. We placed
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brown construction paper between each aquar-
ium fe prevent the potentially confounding
effects of Bullfrog visual stimuli on Wood Frogs
in adjacent aquaria. We measured the mass (+
L0 mg) of all tadpoles before adding them to all
aquaria. The mean {1 SE) mass of all Wood
Frog tadpoles added to the aquaria was 3540 +
0.51 mg and there was no difference in mass
between populations (5 = 0.3%: P = 0.70). Al
Wood Frog tadpoles were of similar develop-
mental stage (Gosner stage 24-27; Gosner, 1960),
and all Bullfrog tadpoles used in this experi-
ment were within the same size distribution
(7.27 + 205 g; Kelmogorov-Smirnov test; P =
0.20).

On 5 April, we terminated the experiment
and measured Wood Frog tadpole growth and
survival, To quantify growth, we measured the
mass (= 1.0 mg) of each Wood Frog tadpole and
calculated the mean for each aquarium. We then
subtracted the mean initial mass from the mean
final mass to determine Wood Frog growth
within each aquarium. Bullfrog tadpole growth
was calculated in a similar manner. We quan-
tified survival in each aquarium as the pro-
portion of Wood Frog tadpoles that were alive
to the total number initially stocked (N = 20).

Experiment 2: Wood Frog Activity and Refuge
Use.—We tested for chemically and visually
mediated avoidance of Bulifrogs by Wood Frog
tadpoles through activity and use of microhab-
itat refugia. For this experiment, we used a 2 X
2 factorial design using 38-liter glass aquaria,
different from those used in the previous
experiment. We partitioned each aquarium into
equal lengthwise sections by attaching a 1-cm
high aluminum screen to the bottom of the
aquarium with silicone sealant. We then placed
2g {2-3 layers) of leaf litter {primarily oak,
Quercus spp.) on one side of each aquarium. The
leaf litter served as refugia, and the aluminum
screening served as a partition between the two
microhabitats (with refugia and without). Ad-
ditionally, the f-em high screen partitioning
was low enough to allow tadpoles to swim
freely between both sides.

To determine the effects of Bullfrog chemical
and visual cues on Wood Frog activity and
refuge use, we conducted trials once per day,
beginning on 24 March 2005. Prior to each trial
we added 20 liters of aged tap water to all
aquania. Bullfrog cages, made of perforated
clear 20-cm tall plastic cups, were submerged
12 cm beneath the water surface such that the
opening of the cup was above the water surface,
preventing Bullfrog tadpoles from escaping. We
suspended one Bullfrog cage (using monofila-
ment) perpendicular to the l-em high screen
partitioning. Bullfrog tadpoles placed into these
cages were visible to Wood Frog tadpoles and

chemical cues could disperse into the water
column occupied by the Wood Frog tadpoles.
For the Bullfrog treatments, we randomly
selected one Bullfrog tadpole from a stock and
placed it in the cage. To mimic the same amount
of disturbance that the Bullfrog cages Create,
empty Bullfrog cages were suspended in all
control aquaria. For all treatments, 20 randomly
selected Wood Frog tadpales were added from
either an allotopic or syntopic stock population.
The order in which trials occurred was ran-
domly determined,

After a 12-h habituation period, we quantified
tadpole activity and microhabitat use. To reduce
bias, only one of us (L]W) quantified tadpole
activity, using a method of scan sampling (from
Altmann, 1974) by cautiously approaching each
aquarium and counting the number of Wood
Frog tadpoles actively moving during a 30-60-
sec period. We divided this number by the
number of total tadpoles present to provide an
estimate of tadpole activity. So as not to disturb
the leaf-litter substrate and any tadpoles that
might be using it, we quantified refuge use by
counting the number of tadpoles present in the
side of the aquarium that lacked the leaf-litter
refuge. Subtracting the number observed in this
side from the number of tadpoles present
provided the number of tadpoles located on
the side containing the leaf-litter refuge. We
divided this number by the total number of
tadpoles present to provide an estimate of
refuge use. We assumed that tadpoles on the
side of the aquarium containing the leaflitter
were using the refuge, regardless of the tad-
pole’s position in the water column. For each
replicate, we recorded activity and refuge use
three times, each measurement separated by 1~
2 h, and we calculated the mean of the three
observations as the metric of tadpole activity
and refuge use, After the final measurement
was recorded for each replicate, aquaria were
drained and tadpoles were placed in separate
containers. Tadpoles were never used in more
than one treatment. We terminated ail experi-
ments on & April, after five replicates had been
completed for each treatment.

Statistical Analyses—We tested for the effects
of population source, Bullfrog presence, and
their interaction on the growth and survival of
Wood Frogs using a multivariate analysis of
variance (MANOVA), followed by univariate
analyses of variance (ANOVA). Spatial blocks
were not significant and were pooled with the
error term to increase the power of the test. We
performed a multivariate analysis of variance
{MANOVA) to test for the effects of population
source, Bullfrog presence, and their interaction
on activity and refuge use of Wood Frogs.
followed by univariate analyses of variance
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Tame 1. (A} MANOVA results for Experiment 1, which tested for the effects of Wood Frog (Ram sylvatica)
population source (allotopic/syntopic), presence of Bulifrog {Rana catesbeluna) tadpoles, and their inferaction on
Wood Frog growth and survival. Degrees of freedom equal 2,15 in all cases. (B) ANOVA results for Wood Frog
growth and survival. The F-statistic is reported with the associated P-value in parentheses. Degrees of freedom

equal 1,16 in all cases.

{A} MANOVA
Factor Witks X F P
Population 0.38 1237 < 0.001
Bullfrog 0.20 30.90 < 0001
Population X Bulifrog 0.42 10.29 G.002
(By ANOVA
Respotise Population Bulifrog PopulationXBulifrog
Growth 17.26 {< (0.001) 41.19 (< (.001} 2012 {< 4.001)
Survival 5.04 (0.04) 15.04 {0.001) 0.38 (D.55)

{ANOVA). ¥ the univariate analyses revealed
a significant interaction, we followed this
analysis with Tukey-Kramer multiple compari-
son tests. Preliminary analyses revealed that
the response variables conformed to all assump-
tions of parametric statistics; thus, no transfor-
mations were necessary. All analyses were
performed using SAS 9.1 (SAS Institute, Cary,
NC) using a significance level of o = 0.05.

ResuLts

Tadpole Growth and Survival—Woed Frog
tadpole growth and survival were influenced
by population source and the presence of an
overwintered Bullfrog tadpole (Table 1). The
presence of an overwintered Bullfrog tadpole

similarly affected the survival of tadpoles from
both Wood Frog populations (ie., no popula-
tion-by-Bullfrog interaction, Table 1B; Fig. 1A).
Overall, there was a difference in survival
between the two Wood Frog populatons
{percent survival: allotopic, 885 * 2.7%; synto-
pic, 540 = 1.8%; Table 1B). In the presence of
Bulifrogs, survival of allotopic and syniopic
larvae declined by 11.7% and 8.2%, respectively
(Fig. 1A). For all treatments, Bulifrog survival
was 100%. There was a population-by-Bullfrog
interaction on Wood Frog tadpole growth
{Table 1B). Only the growth of allotopic Wood
Frog tadpoles was reduced in the presence of an
overwintered Bullfrog tadpole (Tukey-Kramer
Test; P < 0.001). In the presence of the Bullfrog
tadpole, growth of allotopic Wood Frog tad-
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Fic. 1.

Survival {A) and Growth (B} of Wood Frog {Ranz syluatics)} tadpoles from syntopic or allotopic

populstions in response to the presence of a Bullfrog {Rana catesbeiana) tadpole. Data are represented as means =

1 standard error.
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TapLy 2,

{A) MANOVA results for Expetiment 2, which tested for the effects of Wood Frog (Rama sylvatica)

population source (allotopic/syntopic), presence of Builirog (Rena catesbeinna) tacpoles, and their interaction on
Wood Frog activity and refuge use. Degrees of freedom equat 2,15 in all cases. (B} ANOVA results for Wood
Frog activity and refuge use. The F-statistic is reported with the associated P-value in parentheses, Degrees of

freedom egual 1,16 in all cases.

(A) MANOVA _

Factor Wilks 2 E P
Population .42 16.52 0.001
Bullfrog 0.19 3130 < 0.0
Population X Bullfrog 0.34 14,25 < 0.001

{B) ANOVA
Response Population Builfrog Population X Bullfrog
Activity 4.21 {0.06) 34.53 {< 0.001) 2.54 (0.006)
Refuge Use 19.68 (< £.001 38.18 (< 0.001) 2291 (< 0.001)

poles declined by 61.9%, whereas the growth of
syntopic Wood Frog tadpoles declined by 13.2%
(Fig. 1B}, The mean growth of all Bullfrog
tadpeles was 17.6 + 0.32 mg/day and did not
differ between allotopic and syntopic Wood
Frog populations {ts = 0.41; P = 0.687).
Tadpole Activity and Refuge Use—Wood Frog
tadpole activity and refuge use were affected by
a population-by-Bullfrog interaction (Table 2.
Only allotopic Wood Frog tadpoles reduced
their activity in the presence of a Bullfrog
{Tukey-Kramer Test; P < 0.001). In Iesponse to
Bullfrog chemical and visual cues, allotopic
Wood Frogs reduced their activity by 57.5%,
whereas syntopic Wood Frogs reduded their
activity by 18.8%. Only allotopic Wood frog
tadpoles altered their microhabitat use in the
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presence of Bullfrog tadpole visual and chemi-
cal cues (Tukey-Kramer Test; P < 0.001). In the
presence of Bullfrogs, allotopic Wood Frog
tadpoles increased their use of leaf-fitter refugia
hy 43.1%, whereas syntopic Wood Frog tad-
poles exhibited a 5.4% increase in refuge use
{Fig. 2B).

Discussion

To our knowledge, this study is the first to
compare the population-level responses of
a sympatric anuran species to native over-
wintered Bullfrog tadpoles. For the most part,
we observed asymetrical effects of overwintered
Bullfrog tadpoles on Wood Frog tadpoles from
allotopic and syntopic populations. Although
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& {Rana sylvatica) tadpoles from syntopic or allotopic

catesheinria) tadpole visval and chemical cues. Data are
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both Wood Frog populations exhibited similar
survival rates, only the growth and behavior
of allotopic Weod Frog tadpoles was affected
by the presence of a Bullfrog tadpole. The
experiments in this study examined two differ-
ent paradigms of species interaction. In Exper-
iment 1, changes in Wood Frog growth and
survival int response to the physical presence
of Bullfrog tadpoles might be the result of
exploitative or interference interspecific compe-
tition or predation. In Experiment 2, however,
we observed changes in Wood Frog achivity
and refuge use in response to chemical and
visual cues from caged Bullfrog tadpoles. These
responses are the result of interference me-
chanisms only.

Overall, Wood Frog tadpole survival declined
by 9.9% when an overwintered Bullfrog tadpole
was present. Although Bullfrog tadpoles are
capable of consuming congeneric tadpoles
{Ehrelich, 1979; Kiesecker and Blaustein, 1997),
we did not directly quantify predation in this
study. Overwintered Bulifrog tadpoles often
reduce the survival of other larval anurans
through exploitative competition {Kupferberg,
1997; Adams, 2000; Boone et al., 2004), and the
relatively large size of overwintered Bullfrog
tadpoles suggests that interference competition
might also occur (Wilbur, 1984). In response to
overwintered Bullfrog chemical and visual cues,
the decrease in activity and increase in refuge
use exhibited only by allotopic Wood Frog
tadpoles are characteristic of predator-induced
responses (Van Buskirk and Relyea, 1998;
Relyea, 2002, 2004). Although anfipredator
responses were exhibited only by allotopic
Wood Frogs, competition is the most plausible
mechanism for our observaticns of Wood Frog
growth and survival because survival rates of
both Wood Frog populations to the presence of
overwintered Bullfrog tadpoles were similar.
We cannot rule out, however, the likelthood that
predation occurred during this study.

Only allotopic Wood Frog tadpoles grew
slower when in the presence of an overwintered
Bullfrog tadpole. In a similar study using
outdoor mesocosms, Baone et al. (2004) found
that other allotopic larval amphibians {Spotted
Salamanders, Ambystoma maculatum aned South-
ern Leopard Frogs, Rana sphenocephala) grew
more stowly when in the presence of sympatric
overwintered Bullfrog tadpoles. Amphibian
larval growth carries important population-
level implications, as larger size at metamor-
phosis confers greater adult fimess in terms of
survival and fecundity {Semlitsch, 1985; Berven,
1994; but see Boone, 2005). Two mechanisms
may be responsible for the reduced growth of
allotopic Wood Frog tadpoles in our study.
Bullfrog tadpoles are superior competitors

{Werner and Anholt, 1996), and researchers
have observed declines in larval growth of other
amphibians resulting from depleted food re-
sources attributed to the presence of Bullfrog
tadpoles {Lawler et al., 1999; Adams, 2000;
Boone et al, 2004). Therefore, resource de-
pletion resulting from interspecific competition
might have resulted in decreased larval growth
of allotopic Wood Frogs. This effect might also
be a result of the antipredator behaviors, as
larval growth is often assoclated with activity
and refuge use (Petranka and Hayes, 1998;
Relyea, 2002, 2004). Although these behavioral
responses decrease the likelihood of being
detected by predators {Wemer and Anholt,
1996), this benefit often comes at a cost of
slower growth (Relyea, 2002, 2004).

Organisms exhibiting phenotypic plasticity in
variable environments are often at a selective
advantage compared to organisms that do not
exhibit plastic responses (Van Buskirk and
Relyea, 1998; Relyea, 2002, 2004). For instance,
Kiesecker and Blaustein (1997) reported that, in
response to nonnative overwintered Bullfrog
tadpoles, only syntopic Red-Legged Frogs (Rana
aurora} exhibited behavioral plasticity in activity
and refuge use. As a result, syntopic Red-
Legged Frogs experienced higher survival rates
in the presence of Bullfrog tadpoles than
allotopic Red-Legged Frogs (which did not
exhibit behavioral plasticity). Our results are
interesting in that we discovered that only
allotopic Wood Frog tadpoles exhibited behav-
ioral plasticity in the presence of overwintered
Bullfrog tadpole chemical- and visual cues.
Thus, we were surprised to find that the
performance of allotopic Wood Frog tadpoles
did not improve as a result of the expression of
these behaviors. In fact, allotopic Wood Frog
tadpoles suffered from slower growth in the
presence of overwintered Builfrog tadpoles.
These observations contrast previous studies
that have found that, when in the presence of
a competitor or predator, larval anurans that
exhibiting phenotypic plasticity experience
greater fitness (Kiesecker and Blaustein, 1997;
Van Buskirk and Relyea, 1998).

Our results indicate that the syntopic Wood
Frog tadpoles in our study do not perceive
overwintered Bullfrog tadpoles as a predation
threat. Consequently, syntopic Wood Frog tad-
poles might use food resources more efficiently
than allotopic Wood Frog tadpoles. Experience
is the most plausible explanation for the
performance of Wood Frog tadpotes. Related
studies have shown that the performance of
organisms experienced o a competitor or
predator is greater than the performance of
those with no prior experience {Chivers and
Smith, 1994; Kiesecker and Blaustein, 1997; Van
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Buskirk and Relyea, 1998; Gomez-Mestre and
Tejedo, 2002). Therefore, prolonged exposure to
Bulifrog tadpoles may condition sympatric
Wood Frogs and allow them to recognize
Builfrog tadpoles as less of a potential compe-
tition or predation threat. Our results suggest
that there is a genetic basis for the development
of this strategy because we observed the
differential population responses of Wood
Frogs to overwintered Bullfrog tadpoles with-
out any conditioning of Wood Frog tadpoles to
Bullfrop tadpoles.

Although the distributions of native Bullfrogs
and Wood Frogs are usually allotopie, fishless
aquatic habitats that fail to dry between years
may permit Bullfrogs to exploit these habitats
where they may have adverse effects on
allotopic amphibian populations, Evolutionary
experience might play an important role in the
adaptation of strategies that promote coexis-
tence with Bullfrog tadpoles. Therefore, in areas
where Bullfrogs have been introduced, native
larval amphibians might perceive overwintered
Bullfrogs differently than amphibians that have
evolved with Bullfrogs.
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zesponses of a Pond-breeding Amphibian Community to the
Experimental Removal of Predatory Fish
LEROY J, WALSTON' aso STEPHEN J, MULLIN
Department of Biology, Eastern tinois University, Charlestan 61920

AasTRACT ~Introduced species have become one of the wmost impormne anthrepogenic

“rpsets naguatic ecosysrems and ave implicaged-in the dedlinesof manyniveamphibiag.,. s o -

populations. Despite the offects of Introduced
i litde informaion concerning the respon . amphibians following the removal of
introduced predatory Bsh, We present results of A4 field experiment dis
the amphibian community- and pépulation-level “esponses 1o the remiowl of introduced
predatory s from two expechmenial ponds. We oliserved an increase in amphiblan spedes
diversity in experimental ponds following the remioval of fish, We also observed wmporal
changes in smallmouth salamander {Amiystama lexanum) popultion dynamics. Athough A
tmanurn stre ar memamorphosis was unaffected by introduced fish in experimental ponds, fish

- removal resuleed in prolonged A, 4xanum jJaral period and improved reproduciive success.
We auribute these responses 1w incrensts in A, wvanum larval densides, as we caught
considerably more memamorphosed A, teeamun juveniles from experimental ponds following
the: removal of fish. Collectively, these observatons support previous studies indicatung that
introductions of predatory fish have adverse effects on amphibians at both the communiy

- and population leveis. Furthermore, our results suggest that amphibian communites are
capable of recovering from environmentl perturbations,

spedies on amphibian communities, there

INTRODUCTION

The effects of anthropogenic environmental perturbations on amphibian populatons
we recgived considerable atenton, partenlarly the effects of introduced species {Collins
W Storfer, 2003). In many aquatc spstems inwroduced species constituce the most
wportant anthropogenic impact {(U.5. Congress, 1993). Whether native or exotic, human-
sisted introductions of predatory fish inw previously fishless aquade habitats have had
tverse offects on amphibian populations (Kiesecker, 2008). Introduced fish may serve as
mpetitors and predators to pond-breeding amphibians (Kiesecker and Blaustein, 1998,
fler ot al, (998; Kuapp and Mauhews, 2060) and may be responsible for tie extirpation of
tive amphibian popuiations (Bradford, 1989). T o
Predaory fish are unportant agenss of amphibian community structure (ser Hecnar and
_'Ciaskc}'. 1997}, capable of altering amphibian abundance and distributdon via a number
“miechanisms. Many fish species are capable of consuming amphibian eggs and larvae
Yer 2 al, 1998; Coodsell and Kags, 1999}, direcily influencing amphibian populations
" decreasing reproductive success and subsequent juvenile recruitment. Furthermore,
males of many amphibian species avoid breeding in badies of water containing fish (Kats
Lfi?ih 1992; Hopey and Peuanka, 1994), indicaing that the presence of fish may
tirectly effect amphibian populations by limiting the number of poterttial breeding sites.
;l?damry fish also have adverse effects on amphibian larval behavior, growth, and survival
tuanka et al, 1987; Kats ot al, 1988; Hoffman e al, 2004). which may compromise the
Ress of surviving amphibian larvae and future amphibian popuiation viability (Semiitsch o
- 1988; Berven, 199(: but ser Boone, 2003). '

E .

C"msponding author present address: Unired Swtzes Environmoental Protecton Agency, 77 WL
thson Bled., Chicage, itlincis B06H, emaik wvalstonderovepa.gov
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The smalimouth salamander {Ambyuoma texanum) is discributed throughout the i,
western United Seates and exhibirs geographic variation in its mode of reproductio,

{Petranka. 1998). In some prpuladons in Kenrucky, Indiana and Ohio, A, eRannm g,

breed in sceams (Petranka, 1983), whereas most A, texanum populatons in Hhnois breedj,

woodland ponds (Phillips # af, 1999}, Larval A. texenum are important in structury
amphibian communites by depredating zooplankeon and larval anurans (Wilbur, foay),

Becanse A. taxanum lavvae are susceptible to predation by native fish species (Kats, 19gg) °
their distribution is often limited 1o fishless aquatic habisats (Perranka, 1983; Phillips s ol

1899). Although the larval distributions of most Ambystomatid salamander popuiation, _
are influenced by predatory fish, previcus studies have shown that g small proportion of
salamander larvae are capable of surviving to metmorphosis in the presence of Bsh
{Petrditka; 1988; Figieh and Semitmsch 19967 Tyier o al, 1998; Holfmarn et of; 9004~

Therefore, low rates of juvenile recruitment might allow A. fexenum populations exhiby .
4 mizimum level of viability in habitars occupied by fish. At the landscape level, these -
populatons might also be augmented from the colonization of individuals from neady |

sturce populations (Semlitsch, 2002).

Despite the numerous reports deseribing the negative effects of introduced [ish o

amphibian populations, there is a growing body of evidence indicating that these impacy
can be reversed (Knapp 2 al, 2001; Hoffman et af, 2004; Vredenburg, 2004). Following th

removal of predatory fish, researchers have observed increased rates of colonization hy

pond-breeding amphibian species o restored wedands, as well as shifts ipy tarval behavier

that benefit amphibian larval growth and survival (Knapp ef al, 2001; Hoffman # af, 2004

Vredenburg, 2004). Howaver, no study has examined amphibian community-level responses

following the removal of predatory fish. In this study, we elucidate the community. and
population-level responses of amphibians following the removal of predatory fish from nwe

permanent ponds in eastcentral linois by guantifying amphibian community and populs

ton dynamics during periods before and afrer the experitiental removal of fish, We then

cofnpare these observadons tothose recorded ar two nearby fishless ponds. The objectives

of this study were o (1) determine the effects of introduced fish on amphibian specs

diversity, and (2) describe the responses of Ambystoma texanum o the presence and absence

of fish. .

MerHons

Study site. —We conducted vur study at Warbler Woods Nature Preserve (WWNF, 39°96'%
BE°8'W), an 81.5 ha parcel of land in Coles County, Minois managed by the Minois Nawre

Preserves Commission. The site is dominated by o mixwure of oalk-hickory hardwood forest _

and old-feld upland habitat {primarily geldenrod Sefidago 3pp.)- Four wondland ponds
ranging between 0.05 and (.10 ha in size, were created in the early 1980°s (K Kruse, pess

comm.}. We labeled these ponds east 1o west alphzbedeally: A, B, C, and D. Vegetaton it

and immediately peripheral to all four ponds included green algae, common duckweed
{Lemna miner), Dudley’s rush  funcus dudley. stinging newle (Urtica diviea), as well as a fe¥
ather aquatic muacrophytes, All ponds were of permanent bydroperiod except for Pond D
which filled in late winter and dried before 2 Aug. of each venr of this study,
Centrarchids (Lopomis macrochirus and f. ovanellus) were introduced inte Pond C and
btack bulthead catfish { Amewng metast were introduced into Pond B between 1985 and
1986 (K. Eruse. pers. comm.). Centrarchids and hiack bullhead caifish are capable o
depredating amphibian larvae (Kyuse ang Francis, 1977: Figiel and Semiitsch, 1990: Adams
2000}, and Iaboratore wials have revealed thar the centrarchids and hiack bullhead cadisk
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aptaredd from the ponds at WWNP dep:cdnta smtepic larval ribians {5, My
unpubld. Therefore, we specudated that the nroductions of the:;ae fish specids into Panics
B and € at WWNP likely had adverse eifects on amphibian cominunity: and popmitation
genumics. Fish were observed i both ponds during fntermittent tiekd visits hetween the
wid-F980's and late- 109075 (K, Kruse, pers, comm), and fish were seilt inhubiting the two

ands in the spring of 2600 when this study commenced.

Sampling —Qrift tence, pittall imp arrays were construced around each pond i May 2000
(o cenyus cire amphibian communin (Corn, 19%4). The drift fence consisted of plasticawenve
ol fepee material, approximaely 45 cm high with 10 an buried Beneadh’ HH FSiace.

it

ST TN
Pikall tenps {1 phistic tubs, 2-cm deep) were placed on both sides of die-fence at 7.5.m
inrervals. Dtte o inter-pond size variation, there were unequal numbers af pati‘di traps
anong pands, in total. there were 19, 25, 14 and 12 pairs of pitfall wrapsfor Ponda A, B, G~ -
and D, respecrively. Simall (<2 mm diameter} holes were drilled in the Bogom of thc pitfals = v
1o wlkosww water 1o drain and prevent capiured organisms from drowning. Pitfall waps were
checked during the amphiblan activiey season (early Feb. through wirl Bec) at least once
every 48 h. We piaced lids on the buckets during periods of insctiviry to prevent mortalisy of
ago-argel organisms such as smail mammals. We were unable 10 obrain complete cengus

daea for all of 2000; therefore, only data collected from 2001 through 2004 were used in this
study.

For all amphibians captured, we measired the snoutvent lengsh {SVL; =1 mm) and
determined the dex of adult amphhibians captured during the breeding seison by
inspecting the swolten cloacae of male salamanders {Ambystoma} and the swollen nu.pua}
pads on the fore-feet of rake anurans. We :demﬁcd juvenite amph:bmns a8 Lh!.)Sf,‘ zhat were

amphzb:’mn s a year—by—pund specific cohort using a prmicwrrmncd PALLern of toe chppmg
ifrom Donnelly o al, 1994). All recaprures were omitted from analyses.

in Dec. 2001, Rotenone, a plant-hased isoffavonoid pesticide commonly used in fish
managerment (dMeClay, 20003, was experimenwdly applicd w Ponds B and C w eradicate all
fish {sor Mullin o 4 9004y Altheugh Rotenane ean he toxic o non-target organisms
inchiding amphibiang (Fontenot ot o, 1994, there i3 evidence that am phibians might be
less sensitive 1o the pesticide than fish and are capable of recovering from exposure (Mullin
#al, 20043 Rotenone has a greater halflife in colder water (Gilderhus o «l. 1938} and is,
therefore. mose effective in lentic habims when applied doring the wingerwhilesmost posids
breecing umphibiuns are dormant and adlizing the tervestrial habitats surcounding the
ponds. We presumed thag the poison was etfective for less than 30 d { from Gilderhus e al,
1988), becoming inert before amphibian activity resumed the following spring. Bulliveg
{Hana catesbeinn) tadpoles were the only amphibian o overwinter in the WWNP ponds and
were thus the onlv amphibian species exposed to Rotenone during application. However, R
iesbrignn were ubiquitous cthrouchout WWNP and we assumed recolonization to the
trentedd ponds was likely should the poison have adversely atffected overwintering radpotes.
The applicatinn of Rotenone in December 2001 did not completely remove all bipgk bull-
head carfish: from Pond B and a second dose was appiied to oniv that pond in January 2003,
ipprovimarely ) d hetore amphibian breeding activioe for the 2003 season commenced,

We grouped the four ponds inme two categories: experimentad ponds, ponds in which fish
hud been present and subsequently removed {Porids B and (i and reference ponds. pouds
i which fsh had never been present (Ponds A and D3, Temporal periods were determingd
with respect to Rownone application pre-applicanon o soseapplicaton). The post
Wwolicanon period commenced after the 2801 season for Pond C and atrer rhe 2007 sexson

.
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tor Pond B because these were the Frg vears in which fish were completely remaved Trom,
the respective experimental pond, The period between the 2002 and 2003 field season wyg
used to distinguish temparal perieds in reference ponds. as this was the final period iy
which Rotenone was applied w0 any of the sxperimenzal poads.

Staristicnd anabyses.—We determined the annual relative abundance of ali amphibian
ipecies captured at each WWNP pond. To characterize remporal changes in amphibiag
community composition between pond types, we used the Shannon-Weiner Diversity Indey
(H' = Zp, logiapi to caleulate amphibian species diversity within each pond far eVery vear,

- We tested for the effects of temporal period and pond type on amphibian species diversiy
by performing a nonparametric Friedman two-way analysis of variance by ranks test (PROC
GLM: 5A5 Instinue, 1989},

We assessed Ambystoma texanum popuintios-level responses wthe presence and absence
of fish by examining the temporal changes in larval peried (amount of time for an individ.
ual larva to reach metamorphosis), size at metamorphosis, and juvenile recruitment, To
calculate larval period, we used the [ulian date at which meamorphosed uvenile 4. texanum
were captured. Size at metamaorphosis was quantified as the SVI, {1 mm} of all juvenile A,
fexamum emigrating from each pond. Because A. fexanum size and dure at metamorp hosis
were not independent, we anuyzed the effecs of temparat period and pond type on A
texanum size and date &t metamorphosis using muitivariate analysis of variance {MANOVA,
FROC GLM: 8AS Institute, 1988) followed by univadate analyses of variance {ANOVA},
We determined annual juvenile recruitment at exch pond as the proporton of memmaor-
phosing juveniles to the number of breeding female A, texanum that visited the pond during
the breeding season and tested for the effects of fish on A ‘texanum juvenile recruitment by
performing a nonparametric Friedman two-way analysis of variance by ranks test (PROC
GLM: SAS Institute, 1989} berween both pond types and temporal periods,

We followed all significant univariate interactions with 2 Tukep-Kramer Multple Come
parison Test. Due to unequal sampie sizes among weatments, all analyses are reported using
type HI sums of squares. All analyses were performed using SAS 9.1 (SAS Insdrure, 1989),

Resuurs

Fish have not been documented in either of the wo experimental ponds since the Fnal
applicaton of Rownone o Pond B in Jan. of 2008, We phserved 3 toml of 10 amphibian
species among the four WWNP ponds dutiing our study {Table 1), There was no effect nf
pond tvpe (Fy 15 = 0.0%; p = 0.86) or termporal period (Fy 3 = Li% p = 0.30) on amphib-
lan species diversity; however. there was a significant pond type-by-emporal period
interaction (Fus = 1142 p = 0.005). Prior to the removal of fish from the experimental
ponds, amphibian species diversity was 3.5 times greater in the reference pands than in the
experimental ponds (Table 13, American toads {Bufp americanus) were the most abunriant
amphibian species during this wmporal perind. accounting for 90.3% and 56.8% of the
raplures ai experimental and reference ponds, respectvely. Amphibian communio com-
position changed for both pond wpes following the removal of fish from the exparimental
ponds. Ambrstomea texanum hecame the most abundans species, accoundng for 40.6% and
34.0% of all amphibians in experimental ponds and reference ponds. respectivaiv. Results
of the Tukev-Kramer Multipie Comparisons Test revealed thae oalv the spedies diversin
of the experimental ponds changed benveen remporal periods (p = 0.013. Foilowing the
removal of fHsh. amphibian species diversitv within experimental ponds increased by
J41%, whereas amphibian species diversity incrensed by D.6% within reference pords
‘Table 11,
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Tute T-—Mean relatve sbendance (percent? of amphibians caprured in expenmenal (072 0 amnd &
ceference (= 91 ponds ar Warbler Woeds Nare Preverve, Coles Gounry, [llingls, during ead

emporal perivd {preapplicaton or postapplication). Maan wnnuat Shannon-Weir Diversiv Fadel
waives (H: 21 sE} are displaved for hoth pond oypes during each temporal period

Prewapplication fnstapphuation

Species ;wxpm ureni pontds  Refercnce ponds  Experimentd ponds Referenve ponds

Aminsiong fexonum ‘ 233 1692 A0 g

Hufo umericantss 90.50 56,78 12.03 232
itafo joleri . B3.08 007 - 9.4
Jeris crepitans .19 .47 0.30 CEO8
Hrela versicolor X chrysoscells - 0.3% 3.31 I L1l
Prendacris erucifer .16 3% ENY 459
Prevdacrix friserinta ’ - - .24 .08
Hanz catetbeiang +.84 4.14 5,31 745
Rane svlvatics 0.94 792 247 16.18
Rana wiviculena 0.71 2.89 1404 14,11
Mean HT LT o8} 0.15 (003 .52 (.08 ThE66 {004 57 (0D

We captured 1302 emcrging juvenile Ambystoma bedonuon from hoth pﬁﬁd Types durphig
the smudy period. Twelve juveniles were r:aptured at the éxperimental pends durin,

vears when fish were present, whereas 8681 Jjuveniles were c&pum:d during the vears follow- .
ing fish removal. Twenty-nine juveniles were caprured at the reference pouds prior 1o the '

removal of fish from the experimental ponds, whereas 400 juveniles were capuured after
fish remnval. There was an effect of pond type, temporal period, and their interaction on
A wranum farval period and size at memmorphosts (Wilks™ 3 > 0.93; Fuyugy > 4538 p <
1), Throughout the study, juvenile A. tmenum from the experimental ponds mea-
morphosed earlier than juveniles from the reference ponds (Fy jagg = 2847, p < 0.001) and
dhere was & signilicius: pused ope-by-empoeral peried interaction on L frennn taral period
Fiion = 3.9 p = 0.015: Fig. 1), TukewKramer Muldple Compurisons Tests revenled that
A texanum larval period changed onlbe in the experimental ponds following fish removal
v = 0.029). Following e removal of fish, A feemom Bread perioct froor experimenal
ponds increased by 19.06%, whereas larval period length from reference ponds dacreased by
A% (Fig. 13.

Throughout the smdy period. juvenile Amiustoma texenum emarging trom experimental
ponds were farger than juveniles emerging from reference ponds (T jues = .15 p <
2001 Fig. 13, The average size of juvenile 4. wxanum at metamaorphosis was 36.3 = 0.3 min
and 30.5 = 0.1 mim for experimentat and reference ponds. respectively, Overall, . feenum

#i7e at metamorphosis decrensed in the vears following fish rernonal iF; s = 158951 p <

U001 Fig, 1y, decreasing by 19.3% and 18.7% for experimenai and reference pfmds
respectively. There was no pond wyype-hvtempor period inwraction on A, fexgram size oL
mﬂﬂmorph()sxs (F( itun & 241 P 3.12).

There was no effect of pond ope on Amivsioma excwrum juvenile recrulmment.
‘Friy = 2.91. p = 1.153). However. juvenile recruiument was affected bv wmporal beriod”
Fuiy = 1339, p = 0.063), und there was a significant pond npe-bv-iempdeal pertod.
Meracrion (F e = 1833 p = 3002 Fig. 91, Resalts of the Tukev-Rramer Muliple Com-

Pamgons Tests showed that 4, fexartm juvenile recruitment increased oniy for the experi-
MEnal ponds following the removal of fish 'p = 80171 After the vemoval of Hsh. A4

ﬁ'@ﬁ e e
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Fur. fo—Changes i fwval smalimonth salamander {dmdystoma texanwm Iarvad peniod (dae of
metmmorphosis) and size at metamorphoesie bemween wmporal periods and pond wpes al Warbler
Wennls Mature Preserve. Coles Coanay, {linois. All datd sre presevnted as means = 1 s

xaraon juvenile recruitment increased Thfold at the experimental ponds, whereas juvenile
recruitment at the reference ponds increased 6-foid (Fig. 21 There was no emperal change
in A texanwom juvenile recrulement at the reference ponds {p = .20)

Disevssion

This saudy dermonstrates that the presence of introduced fish in the WWNP experimental
ponds had adverse effects on nadve amphibians at the community and population levels.
Differenices in armphibian species diversity at WWNP were likely due to changes in species
relative abundarnce rather than changes in species composition, as species richness within
and between pond types did not vary considerably over ihe entire suudy period (Table L)
Our findings are consistent with previous studies describing the negative associzdon
hetween fish pres¢énce and amphibian community structure. Hecnar and M'Closkey (1097)
discovered thar amphibian species richness was lower in ponds containing predatory fish

D Experimental Ponds
@ Reference Pondg

= 140 0 =
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Fri. 2.—Changes in imimfoma fexgnnst jvenile recruitment proporton of memmorpiosnd
heenides o number of hreeding femades) in experimental unl reterence ponds betveen emposy
rrenods st WWNT. Note: the scale for pest-application recruiument crighi-uxin 5 ten s greateyr Ui

the nre-pplicidion recpibiment leteaxis o A darg are presentend s omeans = 1 <
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than in ponds Lwcking predatory fish. Semlinch 11083 also noted that the distibagdons
of some Aminstoma communites are iofluenced by fish predudon. During de vearswiien
fish were present at WIWNP, the amphibian species diversiwy of reference ponds was {on
werage’ 3.3 umes greater than the diversity of experimental ponds, Following the removal
of tish. amphibin spedes diversity improved onlv for experimental ponds, indicating tha
troduced fish were primarily responsible for the low amphibian species diversity ar
experimentd ponds during the preapplicaton period. Thus, our beforeandeafter investi-
quzion provides cuusal evidence thar introdoced fish bud negadve offects on the amphib-

fan communite ar the WWNP ponds. and that the removal of predatorysfish sisnproved . -

aunphibian species diversity.

The interaction between predation und interspecific competition is an 1mpor;am factor

that regulazes muny amphibian communities (Withur, 1987) and s one plausible explana-
tion for the remporal shifis in amphibian species diversity observed at the WWNP experi-
menil ponds. During the vears when fish were present, American toacks ( Bﬂ_fb CIMETECQTLLS)
were the most abundant amphibivn species 3t the expesimental ponds, and meta
morphusing juveniles accounted for 76.3% ot all B umerioanus captured during this stady.
Hence, the changes in 8. americgnus relative abundance likely occurred at the larval stage.
Previous studies have demounsuated the reladve unpalatability of B, americanus tadpoies

sompared to cnmpcting farval apnrans (Kmse and Stone, 1984; Smith =t af, 1999y, Thcﬂ_
presence of fish might hove hod positive indirect effects on B, americanuy abundance. bv‘

depredating and reducing the abundance of competing amphibians, However, B, «

rmus tadpoles are also inferior competitors (Wilbur, 1687). Therefore, the observed deéline .

i B americanus refative abundance after the removal of Hsh mighe be atmbmnbif: to
increased levels of interspecitic competition following the release of predartion’ pressufé ot
other larval amphibians. o
During the vears when fish were present, juvenile donbystoma texanum at the experimental
ponds metamorphosed an average of 51 d ewrlier and were 17.5% larger than juveniles
metartorphosing from fishiess reference ponds, Fellowing fish removal. juvenile A. tevanim
from die experimenial poads metsmorphosed un average of 17 d earlier and were 15.3%
larges than juveniies metamorphosing from reference ponds {Fig. 1), We found thac the
presence of fish in the experimental ponds reduced A texamem furval period, as juveniie 4.
Fannwm at the expenmental ponds metanorphosed eurlier than juveniles trom reference
ponels during the vewrs of fish presence. Others have discovered shinitor dﬁwzlopm{:nmk

respunses of dmbvstoma o predation risk. For example, fareal lefferdon safiminders (47

jttrsaniamon) incresse development rse, metamorphosing earier and aca larger body size
Wiien in the presence of aquadic predators (Cortwright, 19898 Wells and Harris, 2001,
Reduced salamander larval perind in the presence of predators may be due 10 decreased
“ates of intraspecitic competition resuhting from reduced larval density (Skefly, 1699 Wells
and Harls, 2000, Increased amphibian larval densities oiten result in -lwlm ed ipetamonr-
phosis [Scott, 19903, and may explain the prolonged larval period for A. rexamon following
the removal of fish from WWNP experimental ponds Fig. 1. We captured considerably
fnre uvenile A, fexanmn during the vears following sh removal, and during this rempornd
perind we caprured over wice as many juvenile 4. fexamem at the experimental. bonds
in o= 361 than e reference poris rn = M), Althoush we were nnable m directly qnamxh-
A texnnum larval densites in diis stady, we wssumed that the mcreased nambey uf_;us*cniles
faptured following the removal of fsh s aortbutable w increused larval rensities,

Over the course of this stwdv. juvenile tminstomn texin.om cmergimg trom e exp&n-‘

mentat ponds were 15,7 larger than these emerging from the veferencs ponds. However,

PR
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the presence of fish had no apparent effect on A fexanuws growth, a3 the size of mwvenile
emerging from hoth pond wpes deerensed following the removal of Bsh 1Fig. 1), The
decrense i AL seeaziem size .t metanwrphosis for juveniles at both pond tpes might be due
o increased A texanem larval densities. Among other abiotic and biode factors. amphibiag
larval growti is density-dependent (Witbur, 1987; Werner, 1988} and increased amphibian
tarvad densides often result in slower growdh (Scor, 1990}, Therefore, the tempora
vartability i 4 fewanm lanal deasides may also explain the between pond-ope similarity in
Amiysiome texamom size at metamorphosis.

Following the removal of fish, Ambystoma texanmm juvenile recruitment increased only
within experimental ponds (Fig. 277 Field and laboratory experimenss have demonstrated
the adverse effects of introduced fish on the reproductive success of other native amphihian
species {Goodsell and Kars, 1999: Smith e of, 1988, Although the fish species introduced
into the WWNP experimental ponds are capable of consuming amphibian egg masses and
farvae {Keuse and Francis, 1977: Figiel and Sembitsch, 1990; Adams, 2000}, we did not
directly ohserve predation of A, teeenum larvae by the introduced fish during this study,
However, the increase in juveniie recruitment at the experimental ponds coincided with fish
removal, indicating that fish presence likely suppressed A, teeanwm juvenile recruivment
These observations support those of previous studies that have documented rapid (i,
<5 vt improvement in amphibian reproductive success following the removal of into-
duced fish, providing further evidence that seme amphibian populations are capabie of
recovery following the removal of predatory fish (Knapp e af, 2001; Hoffraan et af, 2004
Vredenburg, 2004,

We observed significant changes in the amphibian community ot WWNP in less than 2y
after the removal of fish from’ the sxperimental ponds. These nbservagions indicate that
the application of Reotenone might be an effective management strategy for fuwre
amphibian conservaiion efforts (see Mullin ¢ o, 2004). The quick recovery of amphibians
at the experimental ponds was likely due to colonizaton of amphibians from the nearby
reference ponds, despite low levels of juvenile recruiunent for most amphibiun species at
the experimental ponds during the vears when fish were present. Althourh improvements
i amphibian species diversity and Ambystoma texenon larval dynamics at WWNP eoincided
with, and are most likely atribumble to, the presence and absence of fish, some of our
resuits might be explained by abiotic processes such as varladon i precipitation,
tempernture, or pond hydroperiod (Semiitsch, 1985; Phillips e nl, 2002). However,
analvses of duily climatic dara obtained from Coles County Regional Airport, approximately
12 km from WWNP, Tevealed no differencés in mean daily precipitation or lemperae
patterns berwveen remporal periods (MANCOVA: Fi 50 = (B00: p = 0,549}, As such. our
+v study provides evidence that amphibian communities are capable of recovering from
environmental perturbations over an ecologicaily relevant time scale. Because amphibias
populadon sizes and reproductive sutput naturaily fluctuate among vears {Pechmann and
Witbur, 1994), longterm studies will be vimi for accurately determining the effects of
apthsopogenic permurbations on amphibian communites,
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Repatriation as a mechanism for restoring a pond-breeding amphibian community.

1¥ Year Report on Project #T-22-P-1

'This report details on-going work at Warbler Woods Nature Preserve (WWNP), Coles
County, Illinois, an 81.5 ha piece of land owned by L. Barrie Hunt. The overall project
concerns the monitoring of amphibian populations that utilize four breeding ponds in the
southeast portion of the property. Predatory fish previously inhabited two of these ponds.
The fish populations were removed by January 2003, and now the primary research objective
at WWNP is to restore pre-settlement levels of amphibian diversity through the repatriation of
tiger salamanders. This report details the colminued recovery of amphibians using the

breeding ponds at WWNP and the efforts to repatriate tiger salamanders at one of the ponds.

Study Site & Backaround

Four ponds in the southeast section of WWNP (Figure 1) are labeled from East to West:
A.B,C.and D. Ponds A and B are separated by a 5 m ridge of secondary deciduous forest
and understory vegetation. Ponds B and C are separated by 80 m of oid field that has been
planted with scedlings of deciduous hardwoods in accordance with an existing IDNR
restoration objective. Ponds C and D are separated by 280 m of primarily oid field that also
has been planted with seedlings of deciduous hardwoods. A small access road leading to a
barn and an extension of deciduous forest ravine bisecting the old field also separate the fatter
two ponds,

Prior to the fish removal in January 2003, Pond B contained a stable population of small

Ameinrus melas (biack bullhead catfish); Pond C contained a stable population of centrarchids



(Lepomis macrochirus [bluegill}, and Lepomis cyariellus [green sunfish}). All ponds have
stable populations of a variety of invertebrate species (e.g., snails, aquatic insects/larvae, efc.).
All ponds permanently hold water except for Pond D that has gone dry in 5 of the past 7 years

(usnally on or before [ August).

Activities at WWNP in 2006

From 23 February to 2 December, the drift fence-pitfall trap arrays around the four
amphibian breeding ponds (constructed in May 2000) were monitored every other day.
Specimens caught in the traps (Table 1) were measured (snout-vent length, tail length for
metamorphs and salamanders) and sexed (where possible). Where possible, the gender of
trapped individuals was also determined. All trapped specimens were given a pond-by-vyear
series of toe clips for future identification. Occasional maintenance on the fence/trap array
was also performed.

On 10 March, approximately 2200 Ambystoma tigrinum eggs (in multiple masses) were
collected from two sites within Stephen A. Forbes State Park (Marion County, Hlinois).
These egg masses were transported and immediately placed in enclosures (1 m®) within Pond
B at WWNP. From these egg masses, 293 larvae survived to hatching and were released into
the pond. To date, one juvenile tiger salamander has been caught in the pitfall traps around
that pond, although it was not certain if that individual was produced by the cohort of tarvae
released mto the pond in 2006.

From mid-September to mid October, approximately 20 adult and 30 larval builfrogs
were removed from Pond B at WWNP and euthanized. Tissues from the muscie and

gastrointestinal tract of adult specimens were preserved for future analysis of parasite content



and levels of chemical pollutants. This action was sanctioned by the Illinois Nature Preserves
Commission with the intent of reducing the potential for predation on juvenile tiger
salamanders as they left the pond and entered the surrounding forest habitat. On 2 December,

all traps sealed to prevent incidental capture during the Winter season of mactivity.

Results & Projected Outcome

The sizes of most of the amphibian populations of using the breedin g ponds at WWNP
have increased since this study began, especially in the ponds that previously held fish. The
populations of each species have since fluctuated (Fig. 2), due to different levels of
precipitation in each year and to adjustments in trophic dynamics of the larval community {(in
the absence of fish). Levels of species diversity, however, have increased in al ponds as a
result of the removal of fish (Table 2).

The initial effort of repatriating tiger salamanders was not successful, with a low survival
rate Lo hatching and even lower survival rate to the conclusion of the larval peried. I am not
discouraged by this outcome for several reasons:

1. Atthis latitude, some tiger salamander populations are reported to require two activity
seasons to complete larval period. As such, the larvae released into Pond B in Spring
2006 should not be expected to show up in the pitfall trap array surrounding Pond B until
the end of the 2007 activity season. Pond B is deep enough (up to 1.5 m at maximalxm
depth) that 1t will not freeze solid so that larvae can survive periods of surface ice

formaton.

b2

Bullfrog adults are generalist carnivores that atternpt to eat much of what they ean catch.

The sanctioned removal of bullfrog larvae and adults should reduce the predator



population in the 2007 activity season as well as those in the next few years. This will
improve the chances of farval tiger salamanders surviving to metamorphosis and entering
the forest habitat surrounding Pond B.

3. One of the two donor sites for tiger salamanders (a privately-owned farm pond in
Shepardsville, Vigo County, Indiana) experienced a mild drought during the early Spring
of 2006. One result from this event is that the tiger salamander population known to
breed in that pond either failed to reproduce that year, or experienced 100 % mortality
among its egg masses before they could be cojlected (due to either desiccation or being
frozen in shallow water during a subsequent freeze). Better monitoring of conditions at
that site in 2007 should assure the collection of an adequate amount of eggs for
repairiation to WWNP.

Another attempt at repatriating tiger salamanders through the release of larvae hatched from

egg masses that are allowed to complete development in Pond B.

Research Products

During 2006, the following poster presentations based on research conducted at WWNP

were made at scientific conferences:

Gross, L.M., and §.J. Mullin. 2006. An amphibian community after fish removal: A tale of
four ponds. Midwest Partners for Amphibian & Reptile Conservation, Carbondale, TL.

Walston, L.J., and S.J. Mullin. 2006. Population responses of wood frog (Rana sylvatica)
tadpoles to overwintered bulifrog (Rana caresbeiana) tadpoles. Joint Meetings of
Ichthyologists & Herpetologists, New Orleans, LA.

Furthermore, the following manuscripts have been accepted for publication in 2007:

Walston, L.J., and 8.J. Mullin. 2007. Responses of a pond-breeding amphibian community
to the experimental removal of predatory fish. Amer. Midl. Nat. 154:in press.



Walston, L.J., and S.J. Mullin. 2007. Population responses of wood frog (Rana sylvatica)
tadpoles to overwintered bullfrog (Rana catesbeiana) tadpoles. J. Herpetol. 41:23-30.
Tissue samples from the bullfrog larvae and adults removed from Pond B were obtained
and preserved. These samples represent material that can provide a preliminary data set for
future research at WWNP concerning the impacts of chemical fertilizer and pesticide

application on agricultural fields that are immediately adjacent to that area of the property.



Table 1. Amphibian and reptile species documiented in and around four ponds in the
southeast portion of Warbler Woods Nature Preserve (Coleé County, Illinois} during the 2006
activity season. Amphibians were all caught in drift fence-pitfall trap arrays around the
ponds, whereas reptiles were observed in the ponds or immediately adjacent habitat. Some

amphibian specimens were captured on more than one occasion, but were counted only once

in the tallies.

Taxa Observed Number Observed
Caudata
Ambystoma texanum 794
Ambystoma tigrinum 1
Lurycea cirrigera 2
Anura
Bufo americanus 43
Acris crepitans blanchardi 4
Pseudacris crucifer 25
Fyla versicolor (X chrysoscelis) 53
Rana catesbeiana 148
Rana svlvatica 26
Rana utricularia 33
Testudines
Chelydra serpentina 3
Terrapene c. carolina 2
Chrysemys picta marginata 1
Lacernlia
Eumeces laticeps 2

Serpentes
Diadophis punctatus
Nerodia sipedon
Thamnophis sirtalis
Elaphe spiloides
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Table 2. Composition of an amphibian community (expressed as a percentage of individuals
captured for each species) in four breeding ponds at Warbler Woods Nature Preserve {Coles
County, lllinois) between 2001 and 2006, Reference ponds lacked any fish, whereas
mitigated ponds contained populations of predatory fish that were extirpated by January 2003
(the delineation of the pre- and post-removal periods). Percentages do not sum to 100 % due

to rounding errors. The Shannon-Wiener Index of species diversity is also shown.

Pre-removal Post-removal
Species reference pond mitigated ponds reference ponds mitigated ponds
Ambystoma texanum 16.7 2.6 53.8 40.5
Bufo americanus 66.3 90.3 4.6 12.0
Hyla versicolor 0.6 s | 2.3 8.8
Psendacris crucifer 11 — 7.3 14.2
Rana catesbeiana - 4.1 4.8 14.1 6.8
Rana svlvatica 7.7 1.0 1.6 2.2
Rana wrricularia 3.0 0.7 16.0 14.9
Other species 0.5 0.6 0.3 0.6

Shannon-Weiner
Index (H) 0.48 0.20 0.61 0.74
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Figure I. Schematic map of Warbler Woods Nature Preserve (81.5 ha) in Coles County,

Hlinots. Ponds A, B, and C are permanent, whereas Pond D typically dries down on or before

1 August of each year.
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Figure 2. Numbess of individuals (shown in a logarithmic scale) for six species of
amphibians trapped at four breedin g ponds in Warbler Woods Nature Preserve (Coles County,
Nlinois) between 2000-2006. Predatory fish were extirpated from two of the ponds prior to

the 2003 breeding season.



