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Fic. 2. Winter survival probabilities, cf),:m'sj (estimate * SE), for resident and migrant N. viridescens (A) males and (B)
females at Horton Pond, and (C) males and (D) females at Sylvatica Pond, based on the top model (Table 1; Appendix C: Table
C2). The study area was Mountain Lake Biological Station, Giles County, Virginia, USA.

ponds influenced transition probabilities between mi-
gratory states (w = 1.00; Table 1). As density increased,
the probability of transitioning from a resident to a
migrant increased (Y®M, B = 0.62 = 0.19), and the
probability of transitioning from a migrant to a resident
decreased (YM%, ﬁ=—0.43 * 0.21; Appendix F).

Parameter estimates

Using estimates from our top model (Table 1),
capture probabilities at the drift fence were high for
both sexes in both seasons (estimate * SE): males p =
0.94 *= 0.02 and females p =0.92 = 0.05 in the spring,
and p =0.90 = 0.02 for both males and females in the
fall. An exception was spring 2006, where a later
opening date reduced capture probabilities for both
sexes (males p = 0.75 = 0.05 and females p = 0.44 =
0.10). The fall sampling of residents using a seine was
highly effective at detecting both males (5=0.91 = 0.02)
and females (p = 0.84 = 0.08). As expected, spring
sampling of residents using minnow traps was less
effective for males (p = 0.66 = 0.03) and poor for
females (p =0.18 * 0.07). The large difference between
the sexes during spring trapping is likely due to male
newts being more active in the water column, while
female newts are more commonly found in edge and

substrate habitat during the spring (K. L. Grayson, S. P.
De Lisle, J. E. Jackson, S. J. Black, and E. J. Crespi,
unpublished manuscript).

Apparent survival probability estimates during the
breeding season (summer, J),:H:@:g) were generally
high across sexes, ponds, and migratory states (range =
0.81-0.98) with the exception of migrant females in
Sylvatica Pond (J) =0.49 = 0.05; Appendix G). Contrary
to our predictions, winter survival probabilities were
generally higher for residents compared to migrants
(Fig. 2). One notable exception was during winter 2006—
2007 when survival estimates of migrants and residents
were similar in Horton Pond (Fig. 2A, B). This dip in
survival for residents is consistent with the only
winterkill observed during the study. Apparent survival
estimates for females were more variable and estimated
with less precision compared to males, likely due to the
fewer number of individuals due to lower capture and
breeding probabilities (Appendix D).

Breeding probabilities were represented by transitions
between migrant and nonbreeding states (and vice versa)
prior to the spring sampling period. We found
substantial differences between the sexes in breeding
probability (Table 2). Over 90% of migrant males from
both ponds returned to breed the next year (e.g.,
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TaBLE 2. Breeding and movement probabilities (i.e., transition probabilities) for adult N. viridescens that bred in the previous year
(migrants, M) and individuals that skipped one or more breeding opportunities (nonbreeders, U) based on the top model (Table

1; Appendix C: Table C2).

Breeders Nonbreeders
Sex and pond & Estimate SE & Estimate SE
Male
SY MsyMsy 0.81 0.04 UsvMsy 0.55 0.40
SY MsyMir 0.12 0.02 UsyMag 0.07 0.12
SY (yMsyUsy 0.07 0.04 Usy Usy 0.38 0.42
HR Mk M 0.87 0.03 UnirMuk 1.00 0.00
HR MuirMsy 0.09 0.02 UnrMsy 0.00 0.00
HR yMurUnk 0.03 0.02 VR Vs 0.00 0.00
Female
SY MsyMsy 0.28 0.06 UsyMsy 0.36 0.16
SY Mur Mise 0.03 0.02 UsyMar 0.04 0.04
SY Yy MsvUsy 0.69 0.06 UsyUsy 0.59 0.17
HR Mix M 0.23 0.04 Unir Mg 0.24 0.11
HR M Msy 0.04 0.02 UnirMsy 0.04 0.03
HR JyMurUnk 0.73 0.05 yUurUnr 0.72 0.12

Notes: All transitions occurred prior to the spring sampling period (t=1=3=5=7). Movements between ponds (SY = Sylvatica
and HR = Horton, both at the Mountain Lake Biological Station, Giles County, Virginia, USA) are indicated by individuals
returning to breed at the other pond from their previous breeding attempt (i.e., YMsvMr or UsyMue). Transition probability (/%)
denotes the probability that an animal in state k at time ¢ is in state j at time ¢ + 1, given that it survives.

PhseMsy 1 \MsyMir — (.93) compared to only ~30% of
migrant females. Additionally, males that skip a year of
reproduction have higher probabilities of breeding the
next year than females (Table 2). Stated differently,
nonbreeding females are more likely to skip an
additional, successive breeding opportunity than males
YY),

Our model selection results also indicated differences
in transition probability between migratory states across
years and ponds. Local, season-specific density estimates
provided a plausible explanation for spatial and
temporal variation in these transition probabilities. At
higher densities, resident newts were more likely to
switch to migrating (\TJRM) and migrants were more
likely to retain their tactic (\IIMM; Appendix F). Still,
transition probabilities from migrant to resident tactics
were low for both sexes (range = 0.03-0.16), suggesting
that most newts in the migrant state are likely to remain
as migrants. Conversely, newts were much more likely to
transition from the resident state to the migrant state,
especially females (ranges: Yho .. =0.36-0.67 and y=o.
= 0.17-0.43). In other words, male newts were more
likely than females to remain in the resident state,
especially at low densities (Appendix F).

Transitions between ponds were indicated by migrants
or nonbreeders returning to breed at the other pond
from their previous breeding attempt. Estimates of these
transitions were low for migrants of both sexes (range =
0.0-0.12; Table 2). Residents could move between ponds
along the connecting drainage, but this was estimated to

occur infrequently for males (\Lﬁj{::““ = \ll,'f,';‘l‘e':“ =0.03 =
0.009) and was never observed for females.

Our estimates of model parameters assume fidelity of
adult newts to the areas surrounding the Sylvatica and

Horton Pond complex. Permanent emigration to a

breeding pond outside the study area would be included
in apparent survival estimates and would lower esti-
mates of breeding probability (Church et al. 2007).
However, we believe that permanent movements to
outside the study area were rare based on (1) the low
estimates of movement we observed between our
connected ponds, (2) extensive sampling of the only
other known N. viridescens breeding pond within a
kilometer (Appendix A), and (3) the total fidelity
observed by Gill (1978) of adult N. viridescens to
breeding ponds over a three-year study of five ponds.

DiscussioN

We studied life history parameters of two populations
of partially migrating red-spotted newts over five years.
We found considerable differences between residents
and migrants in apparent survival probability, with
higher winter survival for residents, and between the
sexes in breeding probability, with females substantially
more likely to skip breeding years. Our data also show
that N. viridescens adults can switch migratory tactics
over their lifespan. We found that newts are more likely
to switch from residency to migrating than the reverse
and males are more likely to remain as residents. Finally,
we found strong support that density influenced the
probability of remaining resident in the pond.

We did not find life history differences between
residents and migrants that suggested the two tactics
could have equal fitness over time. Our data highlight
that winter survival of residents can be impacted by
stochastic events, such as oxygen depletion in ponds
under ice cover. A winterkill during our study decreased
survival probability for residents, but the decrease was
only to the level of apparent survival for migrants in the
forest. Adriaensen and Dhondt (1990) observed a
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PLATE 1.
forest. Photo credit: H. M. Wilbur.

similar drop in survival of residents during the harshest
winter in their five-year study on European Robins, but
also only to the survival level of migrants. Across all
years in this study, winter survival of residents was
always higher than or equivalent to migrants. Our
winter survival estimates were more variable and less
precise for females compared to males; we attribute this
difference to the lower number of female captures,
resulting from lower capture probabilities and breeding
frequencies.

In addition to survival benefits, male residents have a
significant competitive advantage over migrant males
for mating opportunities. Migrant males arrive at the
breeding pond with reduced tail fins, which limits their
success at capturing and courting female newts (Bloch
and Grayson 2010). Our estimates of breeding proba-
bility suggest that the majority of migrant males return
to breed the next year and resident males are more
likely to remain residents, compared to females, to
exploit their competitive breeding advantage. In
contrast, fecundity was found to be similar between
resident and migrant females within a breeding season,
with differences only found in offspring size (Grayson
and McLeod 2009). However, resident females often
transition to the migrant state, and migrant females
often skip one or more years of reproduction. Sex-

Adult red-spotted newts (Notophthalmus viridescens) migrating in the fall from a breeding pond to overwinter in the

based differences in breeding probability have been
found in other studies of newts (Gill 1985) and
ambystomatid salamanders (Church et al. 2007, Gam-
ble et al. 2009), but the vast disparity between the sexes
in our study is notable. These differences in breeding
frequency suggest higher energetic costs of reproduc-
tion or a larger energetic investment required to initiate
reproduction for females (Bull and Shine 1979). So,
while resident and migrant females have similar
reproductive outputs within a breeding season, resident
females appear to have a reproductive advantage by
having the resources to remain in the pond and breed
again, while migrant females skip years in the terrestrial
habitat before returning to the pond to mount a
reproductive effort.

Thus, our survival and breeding frequency results
support the hypothesis that migrants and residents can
persist within a population due to conditional asymmie-
tries. During the years of our study, we found higher
fitness for resident males and females compared to
migrants in two pond populations, even with a
winterkill. Evidence for condition-dependent migration
with higher payoffs for residents has also been found in
avian studies (Adriaensen and Dhondt 1990, Gillis et al.
2008). Migrating and residency could have equal fitness
benefits if winterkill in a pond occurred frequently
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enough to cause temporal fluctuations in the tactic with
the highest winter survival. However, our small high-
elevation ponds likely experience harsher winter condi-
tions compared to low-elevation aquatic habitats or
larger ponds and lakes. We expect winter conditions
resulting in higher survival for migrants would need to
occur frequently for temporal fluctuations to equalize
fitness between migrants and residents over time.
Theoretical models have highlighted the link between
habitat quality, survival, and the proportion of a
population that migrates (Taylor and Norris 2007).
Our study shows empirically that overwinter survival
plays a large role in determining the costs and benefits of
migrating and residency.

When partial migration persists due to conditional
asymmetries between migrants and residents, individuals
are predicted to adjust their migration tactic based on
attributes such as sex, age, social status, or condition
(Lundberg 1988). As expected, we found that N.
viridescens can change migratory tactic over their
lifespan in natural populations. The mechanisms influ-
encing individual migration decisions have largely been
evaluated based on the demographics of migrant bird
captures (e.g., Ketterson and Nolan 1976, Smith and
Nilsson 1987, Boyle 2008), as opposed to multiyear data
on the migratory decision of individuals (Jahn et al.
2010). Using our estimates of life history parameters in
combination with previous experiments in the pond
habitat, we find support for the dominance and arrival
time hypotheses in our populations.

Support for the dominance hypothesis has been
provided in avian systems with age-based migration,
where older socially dominant adults remain as residents
and migrant populations are composed of juveniles and
socially inferior individuals (e.g., Smith and Nilsson
1987). These dominant adults are often larger and, in
accordance with the body size hypothesis, have greater
reserves for surviving the winter (Boyle 2008). Red-
spotted newts are not known to have defined social
hierarchies, and competitive ability is largely influenced
by body size (Werner and Gilliam 1984). Repeated
measures of individuals over the breeding season found
that residents maintain higher body condition than
migrants (M. A. Brians, H. D. McLeod, W. A. Hopkins,
K. L. Grayson, unpublished manuscript). Migrants also
end the breeding season with lower measures of body
condition compared to residents in our study popula-
tions (K. Grayson, unpublished data). Our mark—
recapture data indicate that once individuals become
migrants, few switch back to being residents. Thus,
individuals that remain in high condition appear able to
compete for residency, while those in lower condition
become migrants, supporting the resource competition
mechanism postulated by the dominance hypothesis.
Our higher estimates of survival for pond residents,
combined with the body condition benefits from aquatic
food sources and the ability to feed year-round (Morgan
and Grierson 1932), suggest that residents are not
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physiologically limited by body size for survival
overwinter in the pond, as suggested by the body size
hypothesis.

The arrival-time hypothesis predicts that residency is
more likely for the sex experiencing greater competition
for breeding resources, where staying in the breeding
habitat would result in larger gains in reproduction
(Myers 1981). Several studies have shown intense
competition between male N. viridescens for access to
females and mating opportunities (e.g., Verrell 1983,
Bloch and Grayson 2010). As predicted, we found that
male newts were more likely to remain as residents both
in an experimental setting (Grayson and Wilbur 2009)
and based on our sex-specific estimates of transition
probabilities between migratory states in the natural
populations. Male biases are common in migration
timing (earlier arrival; Morbey and Ydenberg 2001),
distance (traveling shorter distances; Ketterson and
Nolan 1983), and tactic (more likely to remain as
residents; Adriaensen and Dhondt 1990). In our
populations, sex-based differences in migration support
the mechanism proposed by the arrival time hypothesis;
higher rates of residency for males reflect the potential
for larger reproductive gains.

Theoretical models of the conditions necessary for the
evolution and maintenance of partial migration have
also highlighted the importance of habitat quality and
density dependence (Lundberg 1987, Kaitala et al. 1993,
Taylor and Norris 2007). Empirical studies in fish and
birds have found that the proportion of a population
migrating can be influenced by density or food
availability (e.g., Nilsson et al. 2006, Olsson et al.
2006, Brodersen et al. 2008). In accordance with these
studies, our work demonstrates that density can strongly
influence migration both in natural populations and in
an experimental setting (Grayson and Wilbur 2009),
indicating that partial migration can be a plastic
response to environmental conditions.

In summary, we evaluated processes maintaining
migration at the population level and assessed mecha-
nisms influencing the decision to migrate at the
individual level by determining the life history trade-
offs of migration and residency. In our populations we
found that partial migration can be maintained within a
population through conditional asymmetries, with
residents having higher fitness and inferior individuals
migrating. Changes in the survival benefits of residency,
through variation in the quality of the winter habitat,
could alter the costs and benefits of the two tactics and
would be predicted to change the proportion of the
population migrating. The wide geographic and habitat
range of the red-spotted newt makes it an ideal system
for testing this prediction and future studies on
migratory plasticity. On the individual level, our work
found support for sex and resource competition as
important mechanisms shaping the migration threshold
for an individual, illustrating how migratory decisions
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can be influenced by a complex array of individual and
environmental attributes.
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