
introduction

Dispersal behavior is driven by tradeoffs
between risks and benefits associated with
movement (Clobert et al. 2001; Zollner and
Lima 2005; Delgado et al. 2010).  Understanding
the risks animals face during dispersal is critical
to explaining and analyzing observed movement
patterns (Clobert et al. 2001; Nathan et al. 2008;
Pe’er and Kramer-Schadt 2008).  For many
species, initial movement away from natal
locations is accompanied by substantial risks to
survival as a result of individuals’ lack of
experience in the new environment, small body
size relative to conspecifics, and novel
antagonistic interactions with heterospecifics
(e.g., Barbraud et al. 2003; Yoder et al. 2004;
Chaput-Bardy et al. 2010).  The ways that
individuals mitigate the risks associated with
natal dispersal may have important implications
for the spatial dynamics of the species (Barbraud
et al. 2003; Zollner and Lima 2005).  Numerous
studies have concluded that movement behavior
may predict the importance of corridors or other
wildlife management regimes to the functional
connectivity of populations (Haddad 1999;
Knowlton et al. 2010), and risk-taking strategies
influence the movement of individuals in
relation to resource distribution (Sih et al. 2004).
The risks encountered by juvenile pond-breeding
amphibians, and their behavioral reactions to
them, may therefore profoundly influence
population persistence and connectivity.  

Relatively little is known concerning the initial

movements of juvenile pond-breeding
amphibians out of ponds, even though this life
stage is widely acknowledged to be critical to
population regulation (Harper et al. 2008).
Dispersing juvenile amphibians undergo an
ontogenetic habitat shift (aquatic to terrestrial
habitat) and are subject to high mortality during
the first year post metamorphosis (Rothermel
and Semlitsch 2002).  Documented causes of
mortality include energy depletion (Scott et al.
2007), desiccation (Rothermel and Luhring
2005), density effects (Harper and Semlitsch
2007; Rittenhouse and Semlitsch 2007; Berven
2009), and predation (Rittenhouse et al. 2009).
Numerous studies have found that habitat quality
surrounding ponds influences juvenile survival
and the duration and directionality of juvenile
movements (e.g., deMaynadier and Hunter 1999;
Rittenhouse and Semlitsch 2006; Popescu and
Hunter 2011).  However, few studies have
directly documented predation of juveniles
during initial movement in terrestrial habitat, and
there is currently little evidence to address the
question of whether predation represents a
significant risk factor to dispersing pond-
breeding amphibians.  

Pond-breeding Spotted Salamanders
(Ambystoma maculatum) and Ringed
Salamanders (A. annulatum) make initial
movements away from ponds on the scale of
20−50 m, and the choices that individuals make
during this initial phase of dispersal have
profound implications for future survival
(Osbourn 2012).  For example, recently-
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metamorphosed salamanders are susceptible to
predation by larger anurans (e.g., Chivers et al.
2001; Murray et al. 2004).  Search strategies of
pond-breeding amphibians during initial
movement out of natal ponds are often
considered in relation to their effectiveness in
locating quality habitat (e.g., Rothermel 2004;
Walston and Mullin 2008); few studies
acknowledge the potential of predation pressure
to dictate optimal movement strategies,
potentially because relevant data on predation
risk are scarce.  Because terrestrial amphibian
density is negatively correlated with distance
from ponds (Rittenhouse and Semlitsch 2007),
predation pressure by anurans is likely highest
closest to the pond.  Therefore, we hypothesize
that juvenile amphibians face high predator
densities immediately upon exiting ponds after
metamorphosis (Madison 1997).  

In this study, we used fluorescent powder
tracking to follow the movements of recently-
metamorphosed Ringed Salamanders away from
natal ponds in order to document the occurrence
of predation, the identity of predators, and the
locality of predation events in relation to the
pond. 

materialS and methodS

This study was conducted at Daniel Boone
Conservation Area (DBCA, 1,424 ha) in Warren
County, Missouri, USA (Latitude: 38°46ʹ54ʹʹ;
Longitude: -91°23ʹ0ʹʹ).  The DBCA is
characterized by mature second-growth forest
dominated by oak and hickory tree species in the
canopy and Sugar Maple in the understory.  The
study took place at four small permanent ponds
within DBCA.  Each of the four ponds was
surrounded by a closed-canopy forest with
similar amphibian communities (Hocking et al.
2008).  All four ponds contained Ringed
Salamanders, Spotted Salamanders, Eastern
Newts (Notophthalmus viridescens), Green
Frogs (Lithobates clamitans), American
Bullfrogs (Lithobates catesbeianus), Wood
Frogs (Lithobates sylvaticus), Spring Peepers
(Pseudacris crucifer), and Southern Leopard
Frogs (Lithobates sphenocephalus).  One of the
four ponds additionally contained Marbled
Salamanders (Ambystoma opacum).  

We captured late-stage Ringed Salamander
larvae from the ponds and raised the larvae in
cattle tanks within 500 m from the natal ponds.
We collected metamorphosed salamanders from

the cattle tanks and held them in containers with
damp moss until conditions were ideal for
release and tracking, which were defined as: (1)
within 24 h of, but not concurrent with, a rain
event; (2) when minimum nightly temperatures
were above 10° C; and (3) within two weeks of
the individual’s metamorphosis.  Salamanders
were released at the pond from which they were
collected as larvae between June and July 2011
on 12 separate nights.  We released up to 10
salamanders in a night between 2030 and 2200,
soon after a rain event when the ground was wet
and relative humidity was high.  Previous studies
have found that salamanders readily disperse
from ponds under these conditions (e.g.,
Rothermel 2004) and make dispersal movements
up to 9 d after a rain event (Shannon Pittman,
unpubl. data).  We therefore believe that the
behavior of individuals in this study
approximated that of individuals initially moving
from their natal ponds.  

During salamander releases, we placed
salamanders approximately 20 cm from the edge
of the pond, under upside-down clay flowerpots
spaced a minimum of 5 m apart.  The clay pots
served as release enclosures and allowed animals
to acclimate to the environment for
approximately 20 min. prior to release.  To
minimize the influence of observer orientation
in salamander movement decisions, we lifted the
release chambers from a distance of at least 3 m.
Although the overall bearing of juvenile
emigration from natal ponds is often found to be
significantly non-random (Rothermel 2004;
Watson and Mullins 2008), previous studies have
also concluded that the mean direction of exit
varies among ponds and years (Jenkins et al.
2006).  Therefore, we were unable to predict the
mean emigration direction for this study and
spaced animals haphazardly (but non-
overlapping and a minimum of 5 m apart) around
the edges of the ponds.  

Prior to placing the salamander in the release
chamber, we covered the posterior half of
salamanders with pink, orange, or green
fluorescent powder (DayGlo Color Corp,
Cleveland, Ohio, USA) to enable us to track
continuous movement of salamanders after
release.  By alternating pigment color, we
reduced the likelihood of two identically-colored
paths intersecting.  Fluorescent powder has been
used successfully in previous studies to track
short-term movements of small amphibians
(Eggert 2002; Graeter et al. 2008; Roberts and
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Liebgold 2008; Roe and Grayson 2008, 2009;
Orlofske et al. 2009).  Previous work has shown
that the pigment does not affect survival or level
of cutaneous respiration in newts and
ambystomatid salamanders (Rittenhouse and
Semlitsch 2006; Orlofske et al. 2009).
Therefore, we do not think it likely that powder
affected the movement behavior of animals in
this study.  

Two hours after release we returned and used
ultraviolet lights (Arachnid A14, Blacklight.com,
Volo, Illinois, USA) to locate and follow powder
trails deposited by salamanders.  We followed
trails until we located the salamander, the trail
was lost, or the trail ended at a predator with
traces of fluorescent powder on its mouth or
evidence of an obvious predation event (Fig. 1).
We identified the species of the predator and
measured the distance between the predation
event and the edge of the pond.  Predators were
identified as ‘unknown anuran’ if the powder
trail post-predation exhibited a pattern indicative
of anuran movement (such as hopping prints).  

reSultS

Of the 124 salamanders tracked for this study,
29 (27%) were consumed by predators (23%),
33 were relocated alive, and 62 (50%) were not
found on the surface at the end of their trails.
Predation rates among the four ponds ranged

from 17−25%.  Salamanders were preyed upon
by Green Frogs (52%; n = 15), American
Bullfrogs (17%; n = 5), and unknown anurans
(31%; n = 9).  The majority of predation events
occurred within 5 m of the pond edge (Table 1;
Fig. 2).  The mean percentage predation per
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figure 1. Green Frog (Lithobates clamitans) after
predation event.  This individual consumed two
salamanders at minimum during this tracking night, and
was found at the end of one salamander’s powder trail.
(Photographed by Dana Drake). 

figure 2. Fate of salamanders according to distance from pond.  “Lost” represents salamanders which were not
located at the end of the trail; “Alive” represents salamanders that were located alive on the surface; and “Preyed Upon”
represents salamanders which were consumed.  Gray vertical lines on x-axis indicate axis truncation.



meter did not decrease with distance from pond
between 6–15 m (Table 1).  

diScuSSion

This study found that anuran predators present
a substantial risk to Ringed Salamanders during
initial movement away from natal ponds.
Overall, we estimated that approximately 23%
of salamanders were consumed by predators in
this study, and predation events occurred up to
15 m from the pond edge.  The predation
documented also likely represents an
underestimation of actual number of predation
events, as a considerable proportion of
salamanders were not relocated and their fates
were unknown.   

Studies documenting the terrestrial movement
of amphibians after metamorphosis often
analyze movement in relation to habitat type and
structure (e.g., deMaynadier and Hunter 1999;
Jenkins et al. 2006; Popescu et al. 2012).  While
habitat plays a profound role in amphibian
movement decisions, predation risk may also
influence movement behavior and search
strategies.  Both theoretical and empirical studies
have found that predation risk has potentially
large impacts on the consequences of prey
movement decisions (Zollner and Lima 2005;
Rittenhouse et al. 2009; Fraker and Luttbeg
2012).  For example, Rittenhouse et al. (2009)
found that Wood Frog survival was highly
influenced by movement strategy; Wood Frogs
that remained close to the pond were more likely
to die as a result of predation.  

Juvenile salamanders likely behave in response
to both habitat quality and predation risk under
the limitations of movement and

sensory capacity.  Rittenhouse and Semlitsch
(2007) found that terrestrial amphibian density
is highest closest to breeding ponds and
decreases substantially 30 m from the pond edge.
We found that the highest proportion of
predation events occurred close to the natal pond
(0−5 m).  We did not detect a decline in predation
rates between 6−10 m and 11−15 m from the
pond, but sample sizes at these distances were
small.  Linear movement perpendicularly away
from the pond edge should minimize the time
that salamanders spend in areas with the highest
predator densities.  It is possible that during
initial movement bouts into terrestrial habitat,
juveniles have an evolved propensity to move
linearly away from the pond regardless of
acquired information in order to reduce
predation risk (Jenkins et al. 2006; Patrick et al.
2007).  Additionally, the spacing of emigrating
juveniles out of natal ponds may impact
predation rates.  We spaced salamanders
haphazardly around the pond edges, while most
studies have found that juvenile distribution
around the pond during emigration is nonrandom
(e.g., Jenkins et al. 2006).  More information is
needed on the effect of salamander emigration
distribution on predation rates.  

Studying the movement decisions of juvenile
amphibians based on an incomplete accounting
of risk may yield incorrect or misleading
conclusions about the survival costs of
movement behavior.  Movement in response to
predation risk may not be the best search strategy
for locating ideal habitat for settlement,
especially in fragmented areas or areas with
highly clumped habitat.  Movement behavior
that is optimal for reducing predation risk may
therefore appear maladaptive when considered
in the context of locating settlement habitat.
Future studies of juvenile salamander movement
should seriously consider the impact of predation
pressure on movement decisions during initial
movement out of ponds in order to garner a more
comprehensive understanding of the basis of
amphibian dispersal behavior.  
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table 1. Predation events based on distance from the
pond.  “# Present” refers to the number of salamanders that
traveled at least the minimum distance from the pond.  “#
Preyed Upon” refers to the number of salamanders that
were consumed by anurans within the distance from pond
range.  The “% Preyed Upon/m” indicates the mean
percentage of animals that were consumed at each meter
within the distance range indicated.  We did not include
data from distances greater than 15 m because we did not
detect any predation events farther than 15 m from the
pond.  

Distance from
Pond (m) # Present # Preyed

Upon
% Preyed
Upon/m

0 to 5 124 25 4.9
6 to 10 27 2 2.4
11 to 15 13 2 3.2



literature cited

Barbraud, C., A.R. Johnson, and G. Bertault.
2003. Phenotypic correlates of post-fledging
dispersal in a population of Greater Flamingos:
the importance of body condition. Journal of
Animal Ecology 72:246–257. 

Berven, K.A. 2009. Density dependence in the
terrestrial stage of Wood Frogs: Evidence from
a 21-year population study. Copeia 2009:328–
338. 

Chaput-Bardy, A., A. Grégoire, M. Baguette, A.
Pagano, and J. Secondi. 2010. Condition and
phenotype-dependent dispersal in a damselfly,
Calopteryx splendens. PLoS ONE 5:e10694. 

Chivers, D.P., E.L. Wildy, J.M. Kiesecker, and
A.R. Blaustein. 2001. Avoidance response of
juvenile Pacific Treefrogs to chemical cues of
introduced predatory Bullfrogs. Journal of
Chemical Ecology 27:1667–1676. 

Clobert, J., E. Danchin, A. Dhondt, and J.
Nichols. 2001. Dispersal. Oxford University
Press, New York, New York, USA.

Delgado, M.M., V. Penteriani, E. Revilla, and
V.O. Nams. 2010. The effect of phenotypic
traits and external cues on natal dispersal
movements. Journal of Animal Ecology
79:620–632. 

deMaynadier, P.G., and M.L. Hunter, Jr. 1999.
Forest canopy closure and juvenile emigration
by pool-breeding amphibians in Maine.
Journal of Wildlife Management 63:441–450.

Eggert, C. 2002. Use of fluorescent pigments and
implantable transmitters to track a fossorial
toad (Pelobates fuscus). Herpetological
Journal 12:69–74.

Fraker, M.E., and B. Luttbeg. 2012. Effects of
perceptual and movement ranges on joint
predator-prey distributions. Oikos 121:1935–
1944.

Graeter, G.J., B.B. Rothermel, and J.W. Gibbons.
2008. Habitat selection and movement of
pond-breeding amphibians in experimentally
fragmented pine forests. Journal of Wildlife
Management 72:473–482. 

Haddad, N.M. 1999. Corridor use predicted from
behaviors at habitat boundaries. American
Naturalist 153:215–227.

Harper, E.B., and R.D. Semlitsch. 2007. Density
dependence in the terrestrial life history stage
of two anurans. Oecologia 153:879–889. 

Harper, E.B., T.A.G. Rittenhouse, and R.D.
Semlitsch. 2008. Demographic consequences
of terrestrial habitat loss for pool-breeding

amphibians: predicting extinction risks
associated with inadequate size of buffer
zones. Conservation Biology 22:1205–1215. 

Hocking, D.J., T.A.G. Rittenhouse, B.B.
Rothermel, J.R. Johnson, C.A. Conner, E.B.
Harper, and R.D. Semlitsch. 2008. Breeding
and recruitment phenology of amphibians in
Missouri oak-hickory forests. American
Midland Naturalist 160:41–60.

Jenkins, C.L., K. McGarigal, and B.C. Timm.
2006. Orientation of movements and habitat
selection in a spatially structured population of
Marbled Salamanders (Ambystoma opacum).
Journal of Herpetology 40:240–248. 

Knowlton, J.L., and C.H. Graham. 2010. Using
behavioral landscape ecology to predict
species’ responses to land-use and climate
change. Biological Conservation 143:1342–
1354.

Madison, D.M. 1997. The emigration of radio-
implanted Spotted Salamanders, Ambystoma
maculatum. Journal of Herpetology 31:542–
551.

Murray, D.L., J.D. Roth, and A.J. Wirsing. 2004.
Predation risk avoidance by terrestrial
amphibians: The role of prey experience and
vulnerability to native and exotic predators.
Ethology 110:635–647.

Nathan, R., W.M. Getz, E. Revilla, M. Holyoak,
R. Kadmon, D. Saltz, and P.E. Smouse. 2008.
A movement ecology paradigm for unifying
organismal movement research. Proceedings
of the National Academy of Sciences of the
United States of America 105:19052–19059. 

Orlofske, S.A., K.L. Grayson, and W.A.
Hopkins. 2009. The effects of fluorescent
tracking powder on oxygen consumption in
salamanders using either cutaneous or bimodal
respiration. Copeia 2009:623–627. 

Osbourn, M. 2012. Initial juvenile movement of
pond-breeding amphibians in altered forest
habitat. Ph.D. Dissertation, University of
Missouri, Columbia, Missouri, USA. 155 p.

Patrick, D.A., A.K. Calhoun, and M.L. Hunter,
Jr. 2007. Orientation of juvenile Wood Frogs,
Lithobates sylvatica, leaving experimental
ponds. Journal of Herpetology 41:158–163.

Pe’er, G., and S. Kramer-Schadt. 2008.
Incorporating the perceptual range of animals
into connectivity models. Ecological
Modelling 213:73–85. 

Popescu, V.D., and M.L. Hunter, Jr. 2011. Clear-
cutting affects habitat connectivity for a forest
amphibian by decreasing permeability to

Herpetological Conservation and Biology

685



juvenile movements. Ecological Applications
21:1283–1295. 

Popescu, V.D., D.A. Patrick, M.L. Hunter, Jr.,
and A.J.K. Calhoun. 2012. The role of forest
harvesting and subsequent vegetative regrowth
in determining patterns of amphibian habitat
use. Forest Ecology and Management
270:163–174. 

Rittenhouse, T.A.G., and R.D. Semlitsch. 2006.
Grasslands as movement barriers for a forest-
associated salamander: migration behavior of
adult and juvenile salamanders at a distinct
habitat edge. Biological Conservation 131:14–
22. 

Rittenhouse, T.A.G., and R.D. Semlitsch. 2007.
Distribution of amphibians in terrestrial habitat
sorrounding wetlands. Wetlands 27:153–161. 

Rittenhouse, T.A.G., R.D. Semlitsch, and F.R.
Thompson III. 2009. Survival costs associated
with Wood Frog breeding migrations: effects
of timber harvest and drought. Ecology
90:1620–1630. 

Roberts, A.M., and E.B. Liebgold. 2008. The
effects of perceived mortality risk on habitat
selection in a terrestrial salamander.
Behavioral Ecology 19:621–626. 

Roe, A.W., and K.L. Grayson. 2008. Terrestrial
movements and habitat use of juvenile and
emigrating adult Eastern Red-spotted Newts,
Notophthalmus viridescens. Journal of
Herpetology 42:22-30. 

Roe, A.W., and K.L. Grayson. 2009. Repeated
exposure to fluorescent powder does not affect
survival or mass in Eastern Red-spotted
Newts, Notophthalmus viridescens. Applied
Herpetology 6:295–299. 

Rothermel, B.B. 2004. Migratory success of

juveniles: a potential constraint on
connectivity for pond-breeding amphibians.
Ecological Applications 14:1535–1546.

Rothermel, B.B., and T.M. Luhring. 2005.
Burrow availability and desiccation risk of
Mole Salamanders (Ambystoma talpoideum) in
harvested versus unharvested forest stands.
Journal of Herpetology 39:619–626. 

Rothermel, B.B., and R.D. Semlitsch. 2002. An
experimental investigation of landscape
resistance of forest versus old-field habitats to
emigrating juvenile amphibians. Conservation
Biology 16:1324–1332. 

Scott, D.E., E.D. Casey, M.F. Donovan, and T.K.
Lynch. 2007. Amphibian lipid levels at
metamorphosis correlate to post-metamorphic
terrestrial survival. Oecologia 153:521–532. 

Sih, A., A.M. Bell, J.C. Johnson, and R.E.
Ziemba. 2004. Behavioral syndromes: an
integrative overview. Quarterly Review of
Biology 79:241–277.

Walston, L.J., and S.J. Mullins. 2008. Variation
in amount of surrounding forest habitat
influences the initial orientation of juvenile
amphibians emigrating from breeding ponds.
Canadian Journal of Zoology 86:141–146.

Yoder, J.M., E.A. Marschall, and D.A. Swanson.
2004. The cost of dispersal: predation as a
function of movement and site familiarity in
Ruffed Grouse. Behavioral Ecology 15:469–
476. 

Zollner, P.A., and S.L. Lima. 2005. Behavioral
tradeoffs when dispersing across a patchy
landscape. Oikos 108:219–230.

Pittman et al.—Predation of juvenile pond-breeding salamanders.

686



Herpetological Conservation and Biology

687

Shannon Pittman received her Ph.D. from the University of
Missouri with Ray Semlitsch and her B.S. in Biology from
Davidson College.  She studied the movement ecology of
juvenile pond-breeding salamanders while at Missouri and
developed movement models to investigate the effects of habitat
composition on amphibian population persistence.  She is
currently a postdoctoral associate with Dr. James Forester at the
University of Minnesota studying the effects of landscape
configuration on the spatially-explicit population dynamics of
invasive biofuel crops.  (Photographed by Gabrielle Graeter).

mike oSbourn received his Ph.D. from in Biological Sciences
from the University of Missouri, Columbia, with Ray Semlitsch.
While at Missouri, his research focused on juvenile amphibian
movement ecology and habitat selection in forests altered by land
use.  He received his B.S. in Anthropology from Emory
University and M.S. in Biological Sciences from Marshall
University, where he focused on the amphibian ecology and
conservation.  He is broadly interested in conservation biology
and movement ecology and is currently an instructor at the
Appalachian State University in Boone, North Carolina.
(Photographed by Julia Earl). 

dana drake is a research manager in Ray Semlitsch’s lab at the
University of Missouri.  She received her B.A. in Human
Ecology from College of the Atlantic and her M.S. at Drexel
University with Dr. James Spotila.  Her research interests range
from natural history and mutualism to conservation biology and
ecology, with amphibians, especially their embryonic and larval
stages, as a focal point.  Her current work focuses on source-sink
dynamics of ambystomatid salamanders with an emphasis on the
Ringed salamander, Ambystoma annulatum. (Photographed by
Katherine O’Donnell).

ray SemlitSch is a Curators’ Professor at the University of
Missouri.  He received his Ph.D. at the University of Georgia in
1984 and did a post-doc at Duke University.  While at the UGA’s
Savannah River Ecology Laboratory he worked extensively in
natural wetland depressions known as “Carolina bays.”  He has
worked with amphibians for > 30 years and focused on
conservation issues during the last 18 years.  His current research
addresses problems of amphibian population persistence in
human-altered landscapes, metapopulation and source-sink
dynamics, landscape connectivity, and the protection of wetlands.
(Photographed by Tracy Rittenhouse).




