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Life history variation in two populations
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ABsTRACT.—California Newts (Taricha torosa) are common amphibians throughout much of California, yet their life
history has been little studied. We examined T torosa in 2 physically separated breeding locations, a farm pond and a
nearby stream, between February and June 2015. We synoptically collected physical measurements on adults as well
as tissue samples from a subset of the newts present in both locations throughout the time period. Stable isotopes of
carbon and nitrogen were used to characterize the trophic niche space among newts of different locations and ages.
Our results suggest differentiated breeding phenologies as well as unique trophic signatures in the 2 different loca-
tions. In our sampling, the pond group bred and developed a few weeks earlier in the season and ate at a higher
trophic level, while the stream group bred and developed later and ate lower on the food chain. Taken as a whole, our
results suggest that the newts in this area exhibit some degree of ecological and life history plasticity.

RESUMEN.—Los Tritén de California (Taricha torosa) son anfibios comunes en gran partes de California, pero sus
historias de vida han sido poco estudiada. Examinamos T. torosa en 2 ubicaciones de reproduccién separadas fisica-
mente, un estanque de granja y un arroyo cercano entre Febrero y Junio de 2015. Recopilamos sinépticamente
mediciones fisicas en tritones adultos, asi como muestras de tejido de un subconjunto de los tritones en ambas ubica-
ciones durante el periodo de tiempo. Se utilizaron is6topos estables de carbono y nitrégeno para caracterizar el espacio
de nicho tréfico entre los tritones de diferentes ubicaciones y edades. Nuestros resultados sugieren fenologias de
reproduccion diferenciadas, asi como firmas tréficas tnicas en cada de las 2 ubicaciones diferentes. El grupo del
estanque se reproduce mas temprano en la temporada, se desarrolla mds rapido y come a un nivel tréfico més alto.
Mientras, el grupo del arroyo se reproduce mas tarde en la temporada, se desarrolla més lentamente y come mas baja
en la cadena alimentaria. En general, nuestros resultados sugieren que los tritones en esta drea exhiben rasgos ecol4gi-
cos y de historias de vidas plasticos.

Newts in the genus Taricha (family Sala-
mandridae) are distributed across the Pacific
coast of North America and are often observed
boldly moving over land during the rainy
season. Part of this behavior comes from pos-
sessing poisonous skin secretions containing
tetrodotoxin, one of the most toxic nonprotein
substances known (Stebbins and Cohen 1995,
Noguch and Arakawa 2008). During the win-
ter and spring months, after rain events, adult
newts can be seen heading toward their aquatic
breeding sites. Although the species is dis-
tributed widely, the California Newt (Taricha
torosa) has not been as intensively studied as
some of the other amphibian species in Cali-
fornia (e.g., California Tiger Salamander [Ambys-
toma californiense; Trenham et al. 2000] or
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California Red-legged Frog [Rana draytonii;
Hayes and Tennant 1985, Bishop et al. 2014]),
with much of the research on newts having
been carried out on Southern California popu-
lations (Kats et al. 1992, 1994, Kerby and Kats
1998, Bucciarelli et al. 2016, 2017).

As T torosa adults begin to migrate, they
make choices regarding where and when to
breed. In Contra Costa County, California,
near San Francisco, possible breeding loca-
tions include natural and man-made ponds,
as well as seasonal and permanent streams.
Taricha torosa shows similar breeding site
fidelity and homing ability in comparison with
other newts (Thomson et al. 2016), suggest-
ing that individual newts are more likely to
utilize one particular habitat when multiple
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Fig. 1. Sample and habitat locations of the 2 newt populations examined in this study. A, Turre Pond. B, Las Trampas

Creek (Contra Costa County, CA).

habitats are present (Twitty et al. 1964). In the
habitat around Moraga, California (Contra
Costa County), a number of streams and farm
ponds are available for breeding, oftentimes
in close proximity to each other. Dr. Larry
Cory, a retired herpetologist from Saint Mary’s
College of California, for years casually moni-
tored 2 breeding groups of newts in Moraga,
California, a pond-breeding group and a group
that breeds in Las Trampas Creek (Fig. 1).
Cory observed that the newts in the 2 loca-
tions consistently bred at different times of
the year, which suggests that the animals are
phenotypically plastic with respect to repro-
duction (L. Cory personal communication). It

is reasonable to assume that ecological or
environmental factors coincide with the phe-
nological differences in breeding and may be
expressed in aspects of the newts” diets
(Anthony et al. 2008).

One of the goals of trophic ecology is to
understand how environmental variations influ-
ence an organism's diet (Polis and Strong 1996,
Finlay et al. 2002, Layhee et al. 2014). Stable
isotopes of carbon and nitrogen are frequently
used to examine aspects of an organism’s diet
by plotting isotopic values from tissue sam-
ples in bivariate space (Fry 2006, Layman et
al. 2012). Taken together, C and N isotope val-
ues provide indirect indicators of feeding
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pathways (Layman et al. 2012), or a snapshot
of an organism’s trophic niche (Finlay et al.
2002, Fry 2006), which is often difficult to
compile by using other means (Sepulveda et
al. 2012).

Isotopic biplots provide information on
both the base of a food web and trophic struc-
turing (Fry 2006, Layman et al. 2012). For
example, the specific ratio of heavy to light
carbon isotopes (i.e., 13C/12C ) in a tissue
sample can be used to identify the organism’s
source of organic carbon, which reflects what
the organism has eaten. In lentic systems
(e.g., ponds and lakes), smaller & carbon val-
ues (i.e., more negative) indicate carbon that
was fixed photosynthetically by pelagic organ-
isms (e.g., floating algal cells), while larger
values (i.e., less negative) indicate carbon fixa-
tion in a littoral zone (e.g., attached algae)
(France 1995). In small lotic systems (e.g.,
streams), smaller & carbon values indicate that
the carbon was fixed by in situ organisms
(e.g., algae), while larger values indicate car-
bon that originated outside the system (e.g.,
allochthonous inputs) (Finlay 2001). In addi-
tion, the isotopic carbon ratio is conserved in
each feeding encounter, meaning that in
terms of carbon isotopes, “you are what you
eat” (Fry 2006). In a similar manner, the ratio
of heavy to light nitrogen isotopes (i.e.,
I5N/14N) is used to examine trophic place-
ment of an organism. This ratio increases by
approximately 3.4 units as one organism eats
another, thereby increasing the 8 nitrogen
signature as an organism eats higher up the
food chain (Fry 2006).

Because California Newts have a life cycle
that is part terrestrial and part aquatic, their
diet and feeding ecology should reflect dis-
tinct changes as they transition from one life
stage to another (eggs, larvae, or adults) or
reside in different locations (Davic and Welsh
2004). These changes should be evident for
newts breeding in different habitats like ponds
and streams, because these environments house
very different aquatic communities (Wetzel
2001, Dodds and Whiles 2010).

This study aimed to examine the natural
history and trophic relationships of the Cali-
fornia Newt, T. torosa, with respect to how
variation in habitat, season, sex, and life stage
influence the ecology of the aquatic phases of
the animal. Specifically, we were interested in
examining the following question: Are there
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measurable differences between pond- and
stream-breeding newts in Contra Costa County,
California, with respect to their phenology
and trophic relationships? To this end we col-
lected life history data on T. torosa individu-
als from a stream and a pond in northern
California and utilized stable isotope geo-
chemistry to examine their diets.

METHODS

All newts were collected from 2 sites, the
first on Las Trampas Creek, a first/second-
order seasonal stream, and the second a nearby
permanent pond on the Turre Family property
in Moraga, Contra Costa County, California
(Fig. 1). The pond is reportedly a historically
permanent natural feature on the property,
but one that has been augmented by the con-
struction of a low dam/berm on the outflow
location. On the occasions when the pond
has outflow, the water runs into an unnamed
tributary of Las Trampas Creek, with the 2
sampling sites only 0.57 km away from each
other. Collections at the stream and creek
sites were always conducted within 2-3 d of
each other. At each sampling event and loca-
tion, we collected surface water temperatures
using a digital thermometer. Newts at the 2
sites were surveyed every 2-3 weeks from
February through late June of 2015. All adult
newts were collected by hand, individual
animals were visually sexed, and 2 physical
attributes were recorded: snout—vent length
(SVL; tip of snout to anterior of vent; digital
calipers, £0.01 mm) and overall body weight
(digital scale, £0.1 g). A 3-way analysis of
variance (o = 0.05) was used to compare
snout-vent lengths of adults with respect to
month (February and April), location (creek
and pond), and sex (general linear model,
Minitab 17.3.1). All 2-way interaction terms
were included in the model. A 3-way ANOVA
(o = 0.05) was also used to examine adult
newt weight with respect to month (Febru-
ary and April), location (creek and pond),
and sex (general linear model, Minitab 17.3.1).
All 2-way interaction terms were included in
the model.

During 3 time periods (February, April, and
June), 3-8 adult newts were randomly selected
for stable isotope analysis. To collect tissue for
isotope analysis, we removed a 5- to 7-mm
piece of the end of each newt’s tail and placed
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TaBLE 1. Three-way ANOVA results (o = 0.05) for adult snout-vent length (SVL) versus month (February and
April), location (pond and creek), and sex. Table includes degrees of freedom (df), the independent coefficient (Coef),
the standard error of the coefficient (SE Coef), the F value, and the P value. All 2-way interaction terms are included
in the model. Factors statistically significant at o = 0.05 are in bold.

Source df Coef SE Coef F P
month 1 —0.234 0.391 0.36 0.551
location 1 1.522 0.418 13.27 <0.001
sex1 0.456 0.417 1.20 0.276
month *location 1 0.439 0.380 1.34 0.249
month * sex 1 0.441 0.413 1.14 0.288
location * sex 1 —0.150 0.399 0.14 0.707
Error 166

Total 173

it in 70% ethanol for preservation. All adult
newts were returned to their place of origin.
In addition, during these time periods, small
samples (2-7 individuals) of larval newts were
collected, along with newt egg masses, in
order to assess breeding site fidelity in the
adults. In these cases, due to tissue sampling
constraints, the whole organism was eutha-
nized using MS222 prior to preservation in
70% ethanol.

Prior to stable isotope analysis, all tissue
samples were individually dried at 60 °C for
a minimum of 48 h and pulverized using a
clean ceramic mortar and pestle. Between
0.5 mg and 1.5 mg of pulverized tissue was
placed in a 5 X 9-mm tin capsule (Costech
Analytical Technologies, Inc., Valencia, CA,
USA). The capsules were crimped and loaded
into a sterile 96-well plate and sent for iso-
topic analysis of carbon-13 and nitrogen-15
via a mass spectrometer at the UC Davis Sta-
ble Isotope Facility. Carbon and nitrogen
ratios are both expressed as 8 values and were
calculated using the following formula:

d Tsotope (%) = [(Rample/Rstandara) — 11 % 103.

In order to statistically compare isotopic
niche space between pond and stream adult
newts, 2 separate 3-way ANOVAs (o = 0.05)
were used to compare 813C and 815N values
with respect to month (February and April—
the only months during which adults were
present), location (creek and pond), and sex
(general linear model, Minitab 17.3.1; Ver-
burg et al. 2007, Layman et al. 2012). All 2-
way interaction terms were included in the
model. Due to sample size constraints and
issues with sexing larvae, t tests (. = 0.05)
were used to compare the isotopic data (§13C

and 815N values) for Taricha eggs and larval
newts between pond and stream. To help
with visualization of the data, the 813C and
815N values were also examined by plotting
the mean values in a bivariate graph (Fry
2006, Layman et al. 2012, Layhee et al. 2014).
When more than one individual or sample of
a particular organism was graphed, standard
error (SE) bars were added to indicate vari-
ability around the mean value.

REsuLTS

Two hundred and one adult newts were
captured and measured across both sites.
Many more individuals could have been cap-
tured, but because the study was primarily
designed to examine isotopic feeding relation-
ships, the large-scale collection of all newts
present was not undertaken. There were notice-
able differences in when newts arrived at the
pond versus at the stream. When first sam-
pled on 15 February 2015, the pond already
contained newt egg masses, indicating that
some newts had been on-site for at least 1-2
weeks prior to our visit. In contrast, the first
egg masses in the stream were observed on
2 March, suggesting a delay in timing be-
tween the 2 sites of approximately 2 weeks.
This temporal delay was also seen in the first
emergence of larval newts. In the pond, the
first larvae were observed on 17 April, while
in the stream, the first larvae were observed
on 4 May but were likely present in the week
prior, given their size.

The results of the 3-way ANOVA for adult
SVL versus month (February and April), loca-
tion (pond and creek), and sex can be seen in
Table 1. The results indicate a significant
effect of location, with the pond newts being
longer than the creek newts. The results of
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TaBLE 2. Three-way ANOVA results (o = 0.05) for adult weight versus month (February and April), location (pond
and creek), and sex. Table includes degrees of freedom (df), the independent coefficient (Coef), the standard error of the
coefficient (SE Coef), the F value, and the P value. All 2-way interaction terms are included in the model. Factors statis-

tically significant at o = 0.05 are in bold.

Source df Coef SE Coef F P
month 1 16.433 0.244 0.35 0.556
location 1 0.137 0.232 13.33 <0.001
sex 1 —0.547 0.247 4.89 0.028
month *location 1 —0.301 0.225 1.79 0.183
month * sex 1 0.591 0.245 5.82 0.017
location * sex 1 -0.003 0.237 0.00 0.990
Error 166

Total 173

TaBLE 3. Three-way ANOVA results (o = 0.05) for adult newt 6 C values versus month (February and April), location
(pond and creek), and sex. Table includes degrees of freedom (df), the independent coefficient (Coef), the standard error
of the coefficient (SE Coef), the F value, and the P value. All 2-way interaction terms are included in the model. Factors

statistically significant at @ = 0.05 are in bold.

Source df Coef SE Coef F P
location 1 -0.273 0.135 4.09 0.057
sex 1 —0.018 0.197 0.01 0.927
month 1 0.629 0.176 12.71 0.002
location * sex 1 0.070 0.166 0.18 0.678
location * month 1 0.206 0.183 1.26 0.275
sex * month 1 —0.198 0.153 1.68 0.210
Error 20

Total 26

TABLE 4. Three-way ANOVA results (0. = 0.05) for adult newt d N values versus month (February and April), location
(pond and creek), and sex. Table includes degrees of freedom (df), the independent coefficient (Coef), the standard error
of the coefficient (SE Coef), the F value, and the P value. All 2-way interaction terms are included in the model. Factors

statistically significant at oo = 0.05 are in bold

Source df Coef SE Coef F P
location 1 0.851 0.273 9.74 0.005
sex 1 —0.474 0.397 1.42 0.247
month 1 —-0.907 0.356 6.48 0.019
location * sex 1 —0.241 0.336 0.51 0.481
location * month 1 —0.855 0.370 5.35 0.032
sex * month 1 0.130 0.309 0.18 0.679
Error 20

Total 26

the 3-way ANOVA for adult weight versus
month (February and April), location (pond
and creek), and sex can be seen in Table 2. The
results indicate (1) a significant effect of loca-
tion, with the pond newts weighing less than
the creek newts; (2) a significant effect of sex,
with the females weighing less than the males;
and (3) a significant month * sex interaction.
The results of the 3-way ANOVA for adult
newt § C values versus month (February and
April), location (pond and creek), and sex can
be seen in Table 3. The results indicate a sig-
nificant difference between months: February

samples have fewer negative d C values than
April samples do. The results of the 3-way
ANOVA for adult newt dN values versus
month (February and April), location (pond
and creek), and sex can be seen in Table 4.
The results indicate a significant effect of
location, with (1) pond adults showing higher
values than creek adults; (2) a significant effect
of month, with April showing higher values
than February; and (3) a significant location *
month interaction.

The ¢ tests comparing 8 C and O N values
between ponds and streams for eggs and
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Fig. 2. Stable isotope biplots showing mean d N and 8 C values for the pond and stream newt adults, larvae, and egg
masses that were sampled during the months of February, April, and June. Symbols for the biplot are as follows: blue
symbols = pond individuals, green symbols = stream individuals, 0 = newt adults, A = newt larvae, ¢ = newt egg

masses. Error bars represent standard error of the mean.

juveniles indicate no significant difference for
ON egg values (t = 2.13, df = 2, P = 0.167),
but they do indicate significant differences
for 8 C egg values (t = 7.85,df = 2, P = 0.016),
8 C larvae values (t = —2.67, df = 14, P =
0.018), and 8N larvae values (t = 6.71, df =
21, P < 0.001).

In order to visualize the results of the
ANOVAs and compare the trophic niche space
occupied by the pond and stream newts at all
3 life stages, we created an isotopic biplot (i.e.,
Fig. 2). This figure clearly demonstrates the
differences between pond and stream animals:
the pond adults show higher §N values and
more negative 8 C values than the stream adults.
A similar pattern is observed for the larval
newts: the pond individuals show enriched
ON values and more negative 8 C values. The
t test for the egg data indicates no d N differ-
ences between stream and pond but does show
a significant 8 C difference, with the stream eggs
showing more negative d C values as seen on
the biplot (Fig. 2). Taken as a whole, the differ-
ent habitats and life stages occupy distinctly dif-
ferent biplot space, which supports the statis-
tical results that we reported earlier, with the
pond values having higher d N values and lower
8 C values, except in the case of the newt eggs.

DiscussioN

Our data support the idea of 2 differenti-
ated newt breeding phenologies with unique
trophic interactions in the Moraga, California
area: a pond group, which bred and developed
a few weeks earlier in the season while eating
higher on the food chain, and a stream group,
which bred and developed slightly later while
eating lower on the food chain. A number of
features differentiate these 2 groups.

The first has to do with the adult life his-
tory variation that we observed between the
pond and the stream. When comparing adults
from the pond versus the stream, we found a
significant pattern in that pond individuals
had larger SVLs than their stream-breeding
counterparts. It is unclear why this pattern
exists. One possibility is that because the
pond habitat is particularly constrained in its
overall size, there is more intraspecific com-
petition for within-pond breeding sites, which
attracts and retains larger-bodied individuals
with presumably higher competitive abilities.
These larger individuals may also be older
and more experienced.

Another possibility is that the pond itself
presents a more benign physical environment
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Fig. 3. Water temperature (°C) for surface waters of the pond and flowing water in Las Trampas Creek (Contra Costa
County, CA) over the 5 months of the study (February—June 2015).

because it is warmer (Fig. 3), it holds an abun-
dance of food (M.P. Marchetti personal obser-
vation), and its water is present year-round.
This suite of ecological conditions provides
a stable and predictable habitat throughout
the breeding season. The stream on the other
hand represents a more risky environment
because its water is significantly cooler (Fig.
3), its food is significantly less plentiful (Mar-
chetti personal observation), and its aquatic
environment is more unpredictable in both
the short term (i.e., floods/spates) and the long
term (i.e., seasonal drying). The more stable
pond environment may attract and retain
larger, more competitive, or more experienced
individuals than the riskier stream habitat does.

One way to examine the riskiness of the
stream habitat would be to document over a
number of years the date that surface flow
ceases and determine how often the stream
retains sufficient water for larvae to meta-
morphose and emerge. It may be that in any
but the wettest years, the stream serves as a
population sink for newt reproduction because
it provides breeding conditions early in the
year but fails to provide aquatic habitat long
enough for transformation and emergence. If
this is the case, the pond environment is the
safer and more desirable habitat choice. Our
observations of the drying times in the creek

over the last 7 years support this idea, as the
creek often dries completely by mid- to late
June, which is too early for the developing lar-
vae to complete metamorphosis.

Another difference between the pond and
stream is the spatial density of newts, eggs,
and larvae, with the pond having much higher
densities due to the limited extent of the
habitat. This higher density in the pond likely
impacts the diet choices of both adults and
larvae by providing easier opportunities for
conspecific predation. Cannibalism has been
observed many times in T. torosa (Polis and
Myers 1985, Elliott et al. 1993, Kats et al.
1994, Kerby and Kats 1998) and can be fairly
common (Kats et al. 1992). Conspecific preda-
tion, if it were occurring, would have the
effect of enriching dN values for the adults
and larvae in the pond over individuals in the
stream, similar to what is shown in Fig. 2.
Future studies that examine the entirety of
both aquatic communities and enumerate diet
in more significant detail in the 2 locations
may help elucidate the situation.

An additional difference between the 2
habitats has to do with the weight of the adult
newts. The significant difference in weight
observed between the pond and stream adults
is likely due to the pond animals breeding
approximately 2 weeks earlier than their stream
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counterparts. By the time we sampled the
pond adults in February, some individuals
may have finished reproduction for the sea-
son, while many of the stream adults were at
the beginning stages and therefore retained
their terrestrial prereproductive weights. We
also found that females were, in general, lighter
than males, which also supports the idea that
we measured the weight of some individuals
post reproduction, as the females contribute
more biomass to reproduction than males.
Future work will need to record the repro-
ductive status of the females.

Specific differences between the habitats
can be seen in the overall trophic relationships
displayed in Fig. 2. The adults and larvae have
similar O N values within the ponds and streams,
respectively, but very different dC values,
suggesting that life stage has less effect on
trophic position than on carbon source and
diet choice. Adults entering the aquatic phase
will carry the isotope ratio from their terres-
trial food for 4-6 weeks, and it is known that
d C sources differ significantly between terres-
trial and aquatic foods (Bishop et al. 2014). In
this study, it appears that larvae and adults are
consuming different prey, but interestingly,
the larvae have higher ON values than the
adults. The larvae of Taricha are also known to
be carnivorous (Petranka 1998), so one possi-
ble explanation for the enriched 8N values is
cannibalism by the larvae. Conspecific canni-
balism could account for elevated N levels
among larvae, whereas the adult newts may be
less likely to engage in this behavior because
they leave soon after spawning, resulting in
relatively lower trophic levels.

Conspecific predation is not the only pos-
sible explanation for the differential isotopic
values. It is possible to get variation in isotope
data if the newts are substantially changing
their diets through time (Bardwell et al. 2007,
Peterson et al. 2017), particularly with the
pond individuals having about a 2-week head
start in terms of development. This effect
could be significant for the larvae because
their diets are likely to change as they grow
and as their gape and mobility increase (Bard-
well et al. 2007). In addition, the underlying
micro- and macroinvertebrae aquatic commu-
nities are also phenolgically changing through
time, which may have a significant influence
on the diet of the newts (Peterson et al. 2017).
In addition, the fewer negative 8 C values of
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stream-dwelling newts suggest that some of
their food derives its carbon from allochtho-
nous inputs to the shady stream, whereas
these inputs are not as available in the pond.

During this study, we were not able to sam-
ple the basal organisms in the stream or pond
(periphyton and phytoplankton, respectively).
This calls up the possibility that there were
inherent isotopic differences between the 2
habitats and that the differences we observed
were present at the base of the food chain
rather than in trophic usage. While this possi-
bility may be true for the larvae, the migrating
adults coming to the 2 locations would osten-
sibly be drawn from the same terrestrial popu-
lation and therefore not be as affected by it.
Unfortunately, we are unable to rule out this
possibility without future work on the sys-
tem. Regardless, the differences we see in the
trophic structure of the 2 systems and among
life stages are interesting and suggest many
avenues for further study.

It also appears that significant life history
plasticity within Taricha torosa is reflected in
the isotope variation, particularly when adult
pond animals are compared with adults from
the stream. At this time, it is unclear why dif-
ferentiation among the adults would show up
in trophic data if all of the newts were part of
a single panmictic population. This question
could be examined in more detail by using
long-term demographic work through mark-
recapture (Watters and Kats 2006, Bucciarelli
et al. 2016) or by accurately aging individuals
(e.g., skeletochronology) (Trenham et al. 2000).

In addition, it is worth noting that this
work was completed at the end of a period of
extreme drought in California (2011-2016). It
would be interesting to compare the trophic
niche space of all the newt life stages detailed
here to the niche space in an average or a wet
year in order to evaluate the impact of limited
precipitation and groundwater recharge on
newt diets in these systems. In general, ecolo-
gists have a fairly poor understanding of how
trophic ecology changes in response to envi-
ronmental shifts (Arribas et al. 2015), particu-
larly for seasonal systems (Peterson et al.
2017). Along the same lines, it would be inter-
esting to collect adult newt tissue before the
newts enter the aquatic systems to breed, as
the terrestrial portion of their diet is not well
known (Thomson et al. 2016). Characterizing
the terrestrial diet through stable istotopes
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would involve significant methodological chal-
lenges in terms of collecting potential terres-
trial prey items (Bishop et al. 2014). Future
work on this species should also examine and
compare egg size and the time to larval emer-
gence between pond and stream, as some pre-
vious work has suggested that larger eggs
metamorphose more quickly (Stebbins and
Cohen 1995).

Taken as a whole, our results suggest that
the newts inhabiting these 2 breeding loca-
tions exhibit a fair degree of ecological and
life history plasticity, particularly with respect
to their diets. It is possible that the newts in
the 2 habitats represent independent and dis-
creet genetic populations with rare interbreed-
ing, although this scenario is unlikely given
their proximity. More likely is the scenario
that when breeding migrations are initiated,
individual newts home to one of the 2 aquatic
habitats in the area, resulting in 2 well-mixed
populations. With this scenario in mind, it is
interesting that we were able to both physi-
cally and trophically characterize the 2 groups
of newts, suggesting that local ecological and
environmental conditions have a large effect
on the newt’s life history. Appreciating the
trophic plasticity of California Newts can help
us understand the natural differences in
freshwater ecosystems and assess the newt’s
ability to adjust to different environmental
conditions (Arribas et al. 2015).
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