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ABSTRACT

Sex-biased Predation daricha by a Novel Predator in

Annadel State Park

by

Amber N. Brouillette, Master of Science
Utah State University, 2008
Major Professor: Dr. Edmund D. Brodie, Jr.
Department: Biology
Newts of the genugaricha have long been studied due to the powerful
neurotoxin found in their skin. Tetrodotoxin (TT&gts by blocking receptors in sodium
channels, ultimately resulting in death via asplag®n. The only documented predators
of species in this genus have been snakes of thesgbamnophis. Recently, predation
onTaricha in Ledson Marsh in Annadel State Park, Santa Ro8ajyas discovered.
Predation was in the form of laceration or evisttena and tracking of predation from
1998-2008 showed that it was male-biased. Twoisp@iTaricha were found living
sympatrically at this location, the California nefit torosa) and the rough-skinned newt
(T. granulosa). Fluorometric High Phase Liquid ChromatograpH?LC) analysis was
used in order to quantify TTX levels in the skinteih male and ten female newts of each
species. Quantification of TTX was done to detaerthe influence, if any, that TTX
levels may have on sex-biased predation in thisiladien. | predicted that levels of

TTX would be greater in females than males, andtgranT. granulosa thanT. torosa



since very fewl. granulosa were preyed upon during the study period. My ltesu
indicated that there were significant differencesa®en the sexes, aifidtorosa were
significantly more toxic thai. granulosa. An in-depth ecological study of relative
abundances of both species and identification®ptiedator are needed at this site to
obtain a clear picture of the predator-prey dynanaicLedson Marsh.

(46 pages)
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INTRODUCTION

Newts of the genusaricha have been known to be highly toxic for some time
(Mosher et al. 1964; Wakely et al. 1966; Brodie &;38rodie et al. 1974; Daly et al.
1987; Hanifin et al. 1999, 2002). Early studie§afficha granulosa (Brodie 1968)
showed that many animals were susceptible to thwshekin toxin, tetrodotoxin (TTX),
a potent neurotoxin. TTX acts by blocking sodiumartnels (Narahashi et al. 1967) and
death for exposed animals is usually the resulesiiratory failure (Brodie 1968). Until
recently, the only known successful predator$asfcha (i.e. predators that do not die
from ingestion) are garter snakes of the gérhasnnophis (Brodie and Brodie 1990,
1991) These predators have been shown to have varyietslef resistance to TTX,
and where found sympatric with speciedaficha are involved in a coevolutionary arms
race (Brodie et al. 2002).

In the past there has been evidence of predatiiempts onlaricha by various
families of birds, but none of those attempts vwserecessful as each resulted in the death
of the bird (Storm 1948; Pimentel 1952; McAllisadral. 1997; Mobley and Stidham
2000). Recently, however, successful predatiomavitha by great blue herons was
documented (Fellers et al. 2008). Additionallyegation attempts ofaricha by a skunk
have been observed, but the fate of the skuni issehknown (M. Edgehouse, personal
communication). Successful predation upganicha torosa andTaricha granulosa by an
unidentified predator has been extensively docuetkm Ledson Marsh in Annadel
State Park.

Annadel State Park is located on the eastern efgpe city of Santa Rosa, in

northern California. In 1835, an 18,833-acre Igratht was given to John Wilson, which
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included property that is now the park (Krumbei®3p Through the years, the property

changed ownership and was used to raise varioes tyjivestock, fowl, and produce
such as grape vineyards and fruit orchards. 1®D18%® eastern 1800 acres of the park
were sold to a man with the last name of Ledsoa.ustd the property to plant hay and
raise cattle, but had problems with water shortagesmetime in 1930 he built a low
dam in an area that may have been a vernal pdalporetain water, which is now
known as Ledson Marsh (Cook and Jennings 2007¢layl,dhe entire park is over 5,000
acres and includes a variety of habitat types dfinlyioak woodland, fir forest,
marshland, chaparral, grassland, and meadow. bddsaesh, itself, is approximately 11
ha in size when completely full of water (Cook ashnings 2007). The marsh is
seasonal, and fluctuates in size.

Ledson Marsh has proven to be suitable habitadgohibians, and serves as the
primary breeding ground for many species in thé& pacluding the red legged frog
(Rana aurora draytoni), the California newtT. torosa) and the rough-skinned newft. (
granulosa). During regular surveys of the marsh Roraurora egg masses (winter
breeding period in 1998 through the breeding peoiodinter 2008)Taricha mortality
has also been recorded. In addition to trackiegiimbers oTaricha killed, sex was
documented as well as classification of the new/tane of three injury types: no injury,
laceration, or evisceration. Interestingly, the tality observed over this ten-year period
was male-biased.

Sex-biased predation is not uncommon, howevercdhees of such predation as
well as the direction of bias (i.e. male-biasedfgmale-biased) vary depending on the

habits or life history traits of the species of gredator and the prey (i.e. Dickman et al.



1991; Norrdahl and Korpimaki 1998; Chirste et &l0@). Christe et al. (2006)
investigated sex-biased predation as a sourcetohgix mortality, which may be a
possible cause for differences in the lifespan afesiand females. They looked at sex-
biased predation by two owl species as well aopad a literature review of sex-
biased predation. It was found that sex-biasedatien is fairly common, especially by
birds, and that in most cases of sex-biased pdai avian predators, the predation
was male-biased rather than female-biased. Tlotmial reasons for male-biased
predation were noted. First, sexual dimorphism pilay a role. In many cases males
are much more visible than females due to showianage, coloration, size etc.
Second, males often have different behaviors tharafes, which places them at a higher
risk for predation. These behavioral differencesadten seen in animals that have
parental care, where the female parent stays thoe nest or burrow while the male
parent leaves in search of food. Additionally, @sabften have varying behaviors due to
territoriality and mate acquisition. Finally, tretudy showed that in some mammalian
cases, males have higher parasitic loads and aseutiable to escape predation as easily
(Moore and Wilson 2002; Christe et al. 2006).

With Taricha, the first two hypotheses could have some beanmgex-biased
predation. However, it is unknown if either of th@pply toTaricha species. In this
case, it is likely that differences in toxicity kdg play a role in selective predation.
Previous research has shown that in some poputatiemal€erl. granulosa are more
toxic than conspecific mal€blanifin et al. 2002). Therefore, it is likely th&toxicity
levels in individuals of this population follow tlsame trend a predator may target males

due to decreased risk of encountering TTX.
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The pattern of male-biased predationTanicha may be attributed to several

possible predators. Studies have shown eviscarhtidirds of the family Corvidae on
toads of the genuBufo, which are also toxic amphibians (Olson 1989; C&83t
Brothers 1994). Other studies, however, have netéteration and predation 8afo
toads by raccoons and skunks, respectively (HaasdrVial 1956; Wright 1966; Schaaf
and Garton 1970). This study looks at the longitpatterns offaricha mortality at
Ledson Marsh, and determines whether or not tgxpidys a role through the use of

fluorometric HPLC analysis.



MATERIALS AND METHODS

Taricha mortality

Taricha mortality data were collected from Ledson Marsimmadel State Park
in Santa Rosa, CA. Data were collected duringradireeding season (November-
March) from winter 1998 to winter 2008 (Figure The exterior edges and pools of the
marsh were surveyed haphazardlyTaricha. Those that were found dead were sexed
and assigned an injury type of either none, puecdtuacerated, dismembered, or
eviscerated. Newts that were eviscerated and hatther injury type, were classified as
eviscerated. Injury types of puncture and laceratvere combined, as such a
classification was subjective. In addition, thasslifications of dismembered or
eviscerated were combined, since in both casesaWwewas essentially eaten. In some
cases newts were collected that had decayed ortbaeapart to the point that sex,
species, and/or injury were unable to be assigiégse 110 unknown newts only
comprised about 18% of the total newts collected,\sere excluded from any analyses.
Gravidity was also recorded for female newts. Bgithe years of 2007 and 2008,
species identificationsI(torosa or T. granulosa) were also made. All collected newts
were preserved.

Since the timing of migration into breeding ponsigifected by rainfall, |
compared mortality with precipitation by plottingetm together to determine any
possible patterns between the level of predatiahramfall over time. Monthly totals for
rainfall in Santa Rosa, CA over the 1998-2008 neteperiod were collected from the

California Data Exchange Center website (SRO toweryided by the California
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Department of Water Resources (http://cdec.watgoed). Rainfall averages for each

year were calculated from the average of the mgmthhfall totals for the months of
November through March. Overall average rainfalbwalculated as an average of the

1998 — 2008 yearly averages.

2008+ O
2007 [ . — ]
2006 - PP ——

20054 L * * °
2004+
2003+
2002+ .
20014 L *
2000+
1999+
1998+ L * °
19974  em———

1996 L * * ®

1995

L
N N J
X N )
]

®
®
X 1
N

7Dec 14Dec 21Dec 28Dec 7Jan 14Jan 21Jan 28Jan 7Feb 14Febb 228Eeb 7Mar 14Mar
Week

Figure 1.Tarichatorosa breeding duration in weeks.

Predator identification

Attempts to identify the predator(s) were made gisiotion activated cameras
and clay models of newts. Newt models were madeylremo modeling clay
(Sculpey). One male and female “model” newt weesglenand baked following
manufacturers instructions (Figure 2A). These rhodw/ts were then pressed into a
small block of polymer putty to make a “master” chof each (Amazing Mold Putty,
Aluminite Corp.) (Figure 2B). These master moldgewsed to make clay newts that
were not cooked. The Premo modeling clay used terttee model newts was then

pressed into the mold and four male and four femalet “field” models were made
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(Figure 2 C and D). These field models were ledtleable so that an “attack” by a

predator might leave identifying marks (i.e. beakoth, claw, etc.) (Brodie 1993).

Figure 2. Materials used to create field model3.T&o model newts. The one on the
left is a male, and the one on the right is a femd@) The master mold for male and
female newt models. C) Male field model. D) Fenfedel model.

Two male and two female field models were place@ither side of Ledson
Marsh in view of a motion-activated digital camétaiddeback Excite, Cuddeback
Digital). The field models and cameras were witthiree meters of the edge of the water
in two areas of the marsh with newt breeding astivirhe cameras were attached to a
small bush in each area and secured with zip #e4-inch long hook was made out of
12-gauge wire. The hook was placed through the nevdel and into the ground in

order to keep the models anchored (Figure 2 C gndtiz cameras and models were left

in place for 19 consecutive days, and three coniseecdays in 2007 and 2008,
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respectively. In January 2008, a blind was sedpgroximately 100 meters from the

shore of the marsh. Over a 2-day period for 2 $iatidawn and 2 hours at dusk, the
marsh was monitored for predation activity. Evicewof the predator was also searched

for on the bodies of collected newts.

Quantification of TTX

Specimens used for quantification of TTX were ectéd from Ledson Marsh and
Bullfrog pond in Santa Rosa, CA in February 2081llfrog pond is located just outside
of the north end of Annadel State Park (FigureB)th locations were searched
haphazardly. A total of 40 newts were collectexnhfrthe two locations, 10 males and 10

females of each species. All animals were frozehin3 days at -8TC.

zZ —»

.' Bullfrog
1 — pond

Spring
Lake

> Lake .
" lllsanjo

Ledson .
1 km Marsh —»

Figure 3. Map of Annadel State Park. Important
features of the park are indicated. Green indgctte
park’s area. The view is from the south.
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Procedures for collection of skin tissue as weksaction and quantification of

TTX were performed as in Hanifin et al. (2002) witinor exceptions. Extracts of the
tissue were prepared by homogenizing a five mitendiameter skin punch in 6Q0 of

0.1 M acetic acid using a tissue sonicator (550&Sbrsmembrator, Fisher Scientific).

Standards for flourometric HPLC were prepared ftetrodotoxin with citrate buffer

available from Sigma (product number T8024-1MG).

Analyses

All analyses were performed using SAS/STAT verddh(SAS Institute).
Differences in the frequencies of injury accordiagex were determined using
Pearson’s chi-squared analysis of a contingendg.tahis analysis was also done
comparing differences in the frequencies of injacgording to gravidity in females. All
other comparisons between species, sex, or inyeg &lso were done using Pearson’s
chi-squared analysis. Toxicity data were not nolyndiktributed, so transformations
were performed. For the analysis of all 40 newtslgined, comparisons of male toxicity
levels between the two species, as well as anadfdisgranulosa alone, the value of
0.00001 was added to each of the values so asiimate zero values. These data were
then log transformed. For analysisiotorosa alone, the data were square root
transformed. For analyses of female toxicity lsydata were log transformed.
Comparisons between species and sex for all 40sneliected were analyzed using a
two-way ANOVA. Within species and within sex comipans were performed using

one-way ANOVA. All ANOVA procedures were conductesing PROC-GLM.
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RESULTS

Taricha mortality

Overall, significantly more male than femalaricha were found deadkf =
20.86, df = 1, P < 0.0001) (Table 1). Figure dstrates some of the common injuries
observed. Additionally, there was a significarifedience in the number @f. torosa vs.

T. granulosa collected in 2007 and 2008%(= 88.6567, df = 1, P < 0.0001). Specimens
from 1998-2006 all appear to Betorosa. While the total number afaricha preyed
upon varied across years (Figure 5), overall predavas male-biased. Similarly, the
frequency of injury types between the two sexesgsificantly different (Table 2, Figure
6). MaleTaricha were killed significantly more often than fema(tscerationy? = 8.33,
df = 1, P = 0.0039; evisceratigfi = 331.74, df = 1, P < 0.0001; Figure 7). ConeBrs
there was a significantly larger number of deaddienmewts found with no injury than
dead male newtxt = 90.04, df = 1, P < 0.0001). In 2007 and 2008¢tal of 113 newts
were collected. Of these 113 newts collected, nlere identified a$. granulosa (five
males, four females).

Most often, dead femalBaricha that were collected were gravigf (= 166.14, df
=1, P <0.0001). Of the females found, howevesre was not a significant difference
from what is expected based on proportions of iatéividuals found in the occurrence
of injury types for gravid vs. non-gravid femaldable 3, Figure 8). In addition,
comparisons between gravid and non-gravid newtedoh injury type were all non-
significant (nonex® = 0.3191, df = 1, P = 0.5721; laceratioxf = 0.0004 , df =1, P =

0.9837; evisceratiork’ = 3.6312,df = 1, P = 0.057). A plot of newt mortality and
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rainfall did not indicate any pattern between thenber ofTaricha killed each year and

average rainfall during the breeding season of Nier — January (Figure 9).
Table 1. Total male and femalaricha collected according to injury type and

year. Gravid females are the number of femaletswbee found gravid within
that year.

Injury Type Injury Type

Males N L E Total Females N L E Gravid Total
1998 0 1 4 5 1998 24 1 0 25 25
1999 1 3 4 8 1999 1 3 0 4 4

2000 6 2 4 12 2000 46 3 5 52 54
2001 0 0 0 0 2001 0 0 0 0 0

2002 0 1 1 2 2002 16 0 2 18 18
2003 2 1 2 5 2003 11 0 2 12 13
2004 3 4 111 118 2004 40 5 18 44 63
2005 0 2 15 17 2005 11 0 2 10 13
2006 1 4 78 83 2006 5 5 0 9 10
2007 2 0 0 2 2007 18 1 1 16 20
2008 1 11 81 93 2008 12 0 3 12 15
Total 16 29 300 345 Total 184 18 33 209 235
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Figure 4. Typical mortality seen in Ledson Marg¥). Eviscerated male newt.
B) Gravid femal€T. torosa with no injury. C) Eviscerated male. D) Malettha
was both eviscerated and dismembered.
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Figure 5. Total numbers of male (black bars) amdafe (white bars) newts
collected from 1998 to 2008.

Table 2. Contingency table comparing injury typasrhale and female
Taricha. ltalicized numbers are expected values basquabability. N, L,
and E represent newts with the following injuryégpnone, lacerated, or

eviscerated.
Injury Type
Sex N L E Total X2 P
Male 16 29 300 345
118.97 27.96 198.08
Female 184 18 33 235
81.03 19.04 134.92

Total 200 47 333 580 349.48 << 0.0001
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Figure 6. Percentage of male and fenfalacha collected with
no injury (black bars), laceration (white bars)gersceration
(grey bars).
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Figure 7. Total number of male and fema#eicha found that had been
lacerated or eviscerated.
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Table 3. Contingency table comparing injury typasgravid and
non-gravid femal@aricha. Italicized numbers are expected values
based on probability. N, L, and E represent nevitts the following
injury types: none, lacerated, or eviscerated.

Injury Type
Gravidity N L E Total X P
Gravid 171 16 15 202
169.12 15.97 16.91
Non-gravid 9 1 3 13
10.88 1.03 1.09
Total 180 17 18 215 3.9215 0.1408
90 -
80 -
70 -
60 -
50
40 -
30
20 -
10 -
0 Il
N L E

Injury Type

Figure 8. Percentage of total gravid (black bans) a
non-gravid (white bars)aricha collected according
to injury type. Injury type is denoted as follows:

N = none, L = laceration, E = eviscerated.
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Figure 9. Comparison of yearly rainfall Taricha mortality. Black
and white bars represent total male and fematecha collected,
respectively. The solid line represents the tatadfall (cm) in
November - March, the dashed line is the averaigéath(cm)
during the same time period.

Predator identification

The predator(s) responsible for this sex-biasedgiien was not identified, as the
field models were never “attacked.” However, tigitdl cameras photographed two
possible predators, a raccodirdcyon lotor) and a skunkMephitis mephitis) (Figure 10
A and B). Other possible predators observed dwsurgeys of the marsh include ravens
(Corvus corax) and Steller’s jaysQyanocitta stelleri). Bodies of the recovered newts did
not provide definitive evidence regarding the idgraf the predator(s). A juvenile
western fence lizards¢eloporus occidentalis) with a total length of 64.48 mm was also
found eviscerated at the edge of the marsh. Irestases dead newts were found on top
of stumps around the edges of the marsh. Most ofiewts were collected in the
shallow pools of the marsh or on the shore noféhin 3 meters) from the water. No

predation event was noted during observation fioenalind.
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Figure 10. Pictures taken of a raccoon (A) andumkKB) near the marsh
using motion-activated cameras.

Quantification of TTX

HPLC analysis showed that there was a signifidéfgrence in the levels of TTX
between all 40 male and female newts (F = 4.7%, 4fP = 0.0367), with females having
greater toxicity than males (Figures 11 and 12]@4dlp. Additionally,T. torosa were
significantly more toxic thail. granulosa (F = 8.48, df = 1, P = 0.0061) (Figure 13).
However, within each species there were no sigmficifferences between the sexgs (
torosa: F = 0.02, df = 1, P = 0.879®; granulosa: F = 3.90, df = 1, P = 0.0639).
AlthoughT. torosa males had a greater mean toxicity than femalekesvadso had a
much larger variance than that of the females @4dbFigures 11 and 14). In contrast,
the standard error far. granulosa was much larger for females than for males. It was
also found that there were no significant diffeehbetweefd. torosa andT. granulosa
females (F = 2.79, df = 1, P = 0.1119; Figure hé)yever,T. torosa males were
significantly more toxic than those of granulosa (F = 5.74, df = 1, P = 0.0276) (Figure

14).
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Sex

Figure 12. Comparison of mean log values of TTX/éon male
and femaléeTaricha, with standard error bars. This difference is
significant at a significance level of 0.05.



Table 4. Comparison of the levels of TTXTintorosa andT. granulosa males and females. Sample sizes within
each group were equivalent, with N = 10 for each se

TTX/cm? (mg, mean = SE)  Predicted whole newt Range TTX/crfi (mg)

toxicity (mg, mean + SE)

Species/Sex TTX/plug
(mg, mean + SE)

T. torosa
Male 0.00171 + 0.00055 0.00871 + 0.00278 0.3266 + 0.10606 0.0003 - 0.0243
Female 0.00142 + 0.00024 0.00724 + 0.00124 0.2203 + 0.04745 0.0029 — 0.0143
T. granulosa
Male 0.00041 + 0.00021 0.00211 + 0.00106 0.0583 + 0.02911 0.0000 - 0.0108
Female 0.00167 + 0.00115 0.00852 + 0.00587 0.2285 + 0.15813 0.0001 - 0.0612

6T



TTX/cm2 (mean, mg)

Species

Figure 13. Comparison of mean log values for TTX/cm
for T. torosa (grey bars) and. granulosa (white bars),
with standard error bars. The difference is sigaiit at

P =0.05.
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Figure 14. Comparison of mean TTX/cfor T. torosa
andT. granulosa males and females, with standard error
bars. The species is denoted below each bar tath

sex denoted as an M or F above each bar for mdéarale,
respectively.
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DISCUSSION

Toxicity may be the driving factor behind maled®ed predation at Ledson
Marsh. Overall, femal@aricha are more toxic than males, which is consistentt wit
previous work on populations @f granulosa (Hanifin et al. 2002). Females of the two
species do not differ significantly from one anatimelevels of toxicity, which may be
attributed to females investing TTX into their egg®rder to protect them from
predation. Hanifin et al. (2003) found that levelsST TX in T. granulosa eggs are highly
correlated with TTX levels in the dorsal skin oéttmother. This suggests that females
may invest TTX into their eggs, presumably as as®of protection.

The significant differences in TTX levels betwele two species dfaricha are
opposite from what | expectedaricha granulosa was killed much less frequently than
T.torosa, and is the less toxic species at this locatiearthermoreT. torosa males are
significantly more toxic thail. granulosa males. As | anticipated that granulosa
would be more toxic tham. torosa, since only nine of 113 newts in 2007 and 2008wer
identified asT. granulosa, these results were also surprising. It is notéwo however,
that one femald. granulosa had very high toxicity, and two males had undetelet
levels of TTX (Figures 15, 16, 17). If one outldf newts are highly toxic, and two out
of 10 have zero toxicity, it is possible that thare many more highly toxic females and

non-toxic males in this population.
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There is the potential that the diffezes in the levels of predation within and

between species may be due to differences invelabundances diaricha. These data
were not collected during this study due to logatreasons. There are multiple methods
of determining relative abundances for amphibigputetions that would be effective for
this species including visual encounter surveysjgtt-line drift fences and pitfall traps,
surveys at breeding sites, drift fences at breesiit@g, and quantitative sampling of
amphibian larvae (Scott et al. 1994). However tilme and resources needed to
effectively monitor this population combined wititetsometimes short breeding season
made collecting these data not possible at this.timaving noted this potential bias in

the data, it is important to point out that colientof the newts for HPLC analysis was

not difficult. Taricha of both sexes and species were found easily.

Differences in the numbers of male and female néwisd dead, without injury
may be due to the courting process. In both spetles been noted that several males
will simultaneously attempt to mate with one fem@enith 1941; Janzen and Brodie
1988). This behavior was also observed duringdtudy. It is possible that males
competing to mate with a female accidentally dralaenfemale in the process of
breeding (Briggs and Storm 1970; Kargarise Sherh®8®). The few males found with
no injury may also have been drowned in this stiei§argarise Sherman 1980).

It is interesting that predation is male-biased] get few females are found killed
(i.e. laceration), but not consumed (i.e. evis@fat In handling many live newts in
Ledson Marsh, | noted that some of the femalessbads (Figure 18). It may be that a
predator handles a female and then realizes tleatdbo toxic, and releases her. Past

research has found that snakes of the sp&besnophis sirtalis will limit exposure time
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to Taricha granulosa based on the toxicity of the newt as well as tieke’s own

resistance (Williams et al. 2003). In other worsnake that could withstand less toxin
than found in its prey item would reject the nevdrenquickly than a more resistant
snake. However, few females were scarred, andutdvoe difficult to show that

scarring was a result of predator handling withezttially observing predation attempts.

Figure 18. Femalk torosa found with scarring on
head, back, and tail.

It is possible though, that male-biased predatiothts population is also
controlled by sexual dimorphism or behavioral dgfeces as mentioned in the
introduction. As Christe et al. (2006) note, im®&cases of sex-biased predation sexual
dimorphism plays a role. Sex-biased predation sderbe most often influenced by
sexual dimorphism in cases where males are mughrland/or much more colorful than
females. In the case déricha, there is some sexual dimorphism, however, ilighs It

has been shown that in the cas@.afranulosa, males are only 1-9% larger than females
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(Neish 1971; Taylor 1984). Measurements takerher© newts collected for HPLC

analysis indicate that the average total length @fLT. granulosa males and females in
this population was 153.45 mm and 138.47 mm, rés@bg. The average TL for male
and femal€T. torosa in this population was 167.65 mm TL and 143.02 iim
respectively. There is, however, a much largdedhce between the masses of the
sexes and species in this population. The averags fofT. granulosa males and
females was 12.82 g and 11.31 g, respectively. alleage mass fdr. torosa males and
females was 18.74 g and 13.09 g, respectively.s@ heasses indicate that despite small
differences in the lengths of the sexes and spgeitiese are differences in the total body
size that may be significant when it comes to piiedaas bigger prey items may be
easier to find or may be preferred by the predator.

During breeding, mal&aricha develop lighter, smoother skin, their tails flatte
out to aid in swimming, and they get nuptial padgfeeir feet, which aid in breeding
(Petranka 1998). Physical differences betweenvtbespecies are also minor, and
determining species identity when they are fourrdsatrically can be difficult.T.
torosa has light skin that comes in contact with theie,eyhereas the skin surrounding
the eye ofT. granulosa is completely dark (Stebbins 1951; Riemer 1958jtHermore,
the eyes of both species are different sizes, thigreyes of. torosa meeting the margin
of the head while the eyes Bfgranulosa do not (Petranka 1998). The most telling
method of distinguishing between the two speciedéferences in the posture of the tail
during an unken reflex, in which a newt respondagditation by arching its back and
raising its tail to show aposematic coloration lo@ ¥entral sideTaricha granulosa will

curl their tail at the end, whil€. torosa maintain a straight tail. Again, these physical
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differences are slight, and it is unknown whethrenat a predator could avoid either sex

or species by sight alone.

The second point of Christe et al. (2006) that ip@applicable to this population
is behavioral differences between males and femddepending on the location of the
population, there is a lot of variability in thetfgans of migration into breeding ponds for
both Taricha torosa andTaricha granulosa (Petranka 1998). It is important to note that
these patterns and other life history traits vargoading to geographical location, the
topography of the area, the climate, and otherogpcdl, and possibly even genetic,
factors (Riemer 1958). Nonetheless, there have geperal patterns for migration noted
for both species (Twitty 1942; Stebbins 1951; Pitakh960; Neish 1971; Petranka
1998). In the case @t granulosa, this migration pattern ranges from males and fema
both moving into the pond in mid-April and thenvew®y in late October in Canada
(Neish 1971), to males migrating into the breeqingd earlier than females in late
January to early March (Pimentel 1960). Some paipris ofT. granulosa may be
found in breeding ponds year round (Petranka 19B8).T. torosa, breeding typically
begins in January, although, populations in the&kBgrarea have been noted to breed as
early as the end of September (Stebbins 1951). nWiegrating into the pond, males
arrive at the pond before females and often stagdofollowing breeding (Twitty 1942;
Stebbins 1951). If the males of this populatiorvenearlier than females and also stay
longer, then male-biased predation may be duecteased exposure time to predators by
males. Additionally, given this scenario, there Vddoe a higher ratio of males to females
in the marsh, which would also increase the chaatpsedation occurring on male than

femaleTaricha.
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It is unclear if there are differences in the tigmof migration into the marsh for

the two species dfaricha. Given the typical breeding times above, itkely that the
breeding period of the two species overlaps armmfours concurrently at Ledson Marsh.
As the breeding periods were denoted accordingegtesence of. torosa egg masses
in Ledson Marsh (Figure 1) data regardingranulosa breeding periods were not
collected during this studyTaricha granulosa lay individual eggs, which are more
difficult to observe than th&. torosa egg masses. Personal observation over the past tw
years confirms the presenceTofgranulosa breeding males and gravid females
concurrently with those dfF. torosa. However, it is not known exactly when each
species entered and left the marsh. A differen¢he timing of migration into the
breeding pond for these two species, may expladitierence in the levels of predation
on the two species. Either a later or earlier atign period may not coincide with
activity of the predator(s), producing lower nungefT. granulosa attacked due to a
lack of contact between predator and prey.

It is unknown what produced the increase in leweélsredation between 2003 and
2004 (Figure 5). It was originally thought thag¢ timount of precipitation may have
influenced the numbers of newts migrating to thesimas precipitation does effect when
newts migrate (Petranka 1998). However, lookingigtire 9, there does not seem to be
any correlation between yearly rainfall and newttaldy. Rainfall in 2004 was above
average levels, however, there have been yeardavithore rainfall and lesser
predation. | attempted to correlate this predatiith the loss of another food source for
the predator(s), such as the shutdown of a nearifill; however, | was unable to find

such an occurrence.
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Although the field models did not experience angdation attempts, field

observations over the research period provide sdues as to the identity of the
predator(s). Most of the dead newts that wereectdld were found in the shallow pools
at the edge of the marsh or along the shore. Neefts very rarely found in the deeper
interior waters of the marsh. In some cases deadswere found on top of stumps
(Figure 19) or on top of the aquatic fern in theeva These observations suggest that
these attacks are due to an avian predator. Tadafor would have to have enough
dexterity to cleanly eviscerate a newt or sometlaisgmall as the sceloperan lizard
mentioned in the results. This predator is propalbk similar to a great blue heron as
seen in Fellers et al. (2008), as the herons weserged eating the entire newt. Herons,
to my knowledge, are not known to eviscerate prey po consumption. As mentioned
above, both Brothers (1994) and Olson (1989) hatmessed predation dsufo boreas,
another toxic amphibian, by members of the famibyv@ae. In both instances,
predation occurred near a breeding pond, and dedsi$ evisceration of the toad.
Brothers reports that in some cases, toads weledpolit of the water onto the shore by
the bird. Other Corvids, such as gray jays, Stsljays, and Clark’s nutcrackers, have
been observed eating other amphibian species atioiarvae (Tordoff 1980;
Beiswenger 1981; Turner 1960; Pilliod 2002; Muretal. 2005).

Despite this evidence, it is not possible to fullle out other potential predators.
There have been multiple descriptions of eviscenadf amphibian prey by skunks and
raccoons (Hanson and Vial 1956; Wright 1966; SchadfGarton 1970; Groves 1980).
In all of these cases the prey species was a toadt of the genuBufo. As seen in

Figure 10, these two possible predators were foenyg close to the marsh.
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Additionally, the dam for the marsh had to be regzhduring winter 2008. During that

time a group of raccoons would often investigagedbnstruction and were seen
harassing western pond turtl€ddmmys marmorata) and other animals living in the
marsh (Cyndy Shafer, personal communication). K& & both species were also found

on the trails around the marsh. The substratadnaaound the marsh itself, however,

was not suitable for identifying tracks of the patt near recovered newts.

Figure 19. Juvenile newt found on top of a stumphanedge of the marsh. A) zoomed
out view. B) close up.

As toxicity may be a driving factor for male-biage@dation on the Ledson
Marsh population, a broad ecological study of iteis needed. Relative abundance
data for males and females of both species woldevaine to evaluate a skewed sex
ratio as a potential explanation for these datavolld also be important to have accurate
data regarding the migration patterns of both gecfTaricha into the marsh for
breeding. Additionally, it would be helpful to iy the predator(s) in the area. The
predators’ identification would provide knowleddwmoat its activity and habits during the

newt-breeding season. In turn identification meyvle further evidence as to why
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there is selective predation at this location. tikemnmore, identification may provide

some insight into the drastic change in the numbenewts preyed on between 2003 and
2004. Answers to all these questions may helgsigmduish between two hypotheses
regarding the predator(s). We would understandhénghe predator(s) can detect or
capture one sex/species better than the otherifasexual dimorphism or behavioral
differences) or whether the predator is discrimimgabetween highly toxic and non-toxic
newts during handling or due to learning. Addittly, we would have a clearer picture

of the interactions between the two species of s@nt their predator(s).
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