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ABSTRACT

Amphibians have evolved in dynamic landscapes wperal density was high and ponds
often occurred in clusters. Moreover, populatiorssewnot isolated but formed a continuum
from subdivided populations to metapopulations. Bdays, amphibian populations are often
isolated and forced to use single ponds as breailiegt Subdivided populations that inhabit
clusters of ponds are considered more primary amdhais valuable for studies of population
dynamics.

Using multistate and Jolly-Seber capture-mark-reg@pmodeling techniques, | quantified
the dynamics of a subdivided population of the te@siewt, Triturus cristatus that inhabits
clusters of ponds for breeding. | estimated sutvarad recapture rates, migration between
subpopulations, temporary emigration and immigrapoobabilities, and breeding and non-
breeding population sizes. Annual survival was tamtsover time but lower for females
(0.69) than for males (0.91). Pond fidelity of adwas high for two subpopulations, whereas
every year both males (22-31%) and females (10-1gf%)e third subpopulation changed to
ponds of the other subpopulations for breeding.hHigtes of temporary emigration (0.39-
0.57), i.e. changes from breeding in one year to-meeding in the next, indicated that
breeding is costly, probably due to high mortadityd energetic costs of reproduction. Over
four years the number of breeding animals of twlopspulations increased whereas in one
subpopulation it decreased. Depending on the metlsedl, the number of non-breeding
adults was about the same as, or clearly excedwedumber of breeding crested newts.
Furthermore, pond residence models based on aearedata set showed that less than 60%
of any year's breeding population is in the portdsna time. The observed patterns of pond
residence led to an analysis evaluating the optsaadpling effort for monitoring purposes.
This study provides evidence that probabilitieskigp breeding opportunities can be high for
crested newts. The estimated high temporary enogrand low immigration probabilities

indicate that more than half of the breeding aduléxl only once in their life.
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ZUSAMMENFASSUNG

Amphibien sind in einer dynamischen Umwelt evolyieio es viele Weiher gab und diese oft
gehauft vorkamen. Zudem waren Populationen nidiieis sondern bildeten ein Kontinuum
von unterteilten Populationen zu Metapopulationéleutzutage sind Populationen von
Amphibien oft isoliert und gezwungen, einzelne Weilals Laichgewasser zu gebrauchen.
Unterteilte Populationen, welche WeiheranhaufungenLaichablage benutzen, werden als
ursprunglich  betrachtet und sind deshalb wertvollir f populationsdynamische
Untersuchungen.

Mittels Multistate und Jolly-Seber Fang-Wiederfalipdellierungsmethoden habe ich die
Dynamik einer unterteilten Kammmolchpopulatidmrjturus cristatus quantifiziert, welche
zur Laichablage eine Weiheranhaufung benitzt. wiehUberlebens- und Wiederfangraten,
Wanderraten zwischen den Subpopulationen, tempéné@igrations- und Immigrationsraten
(jahrliche Wechsel von laichenden zu nicht-laiclendKammmolchen, undice vers,
sowie Laich- und Nicht-Laichpopulationsgrossen bészt. Jahrliches Uberleben war
konstant Uber die Zeit, jedoch tiefer bei Weibcier69) als bei Mannchen (0.91). Die
Ruckkehrbereitschaft zum Weiher war hoch fur zweb@pulationen, wohingegen jedes
Jahr viele Mannchen (22-31%) und Weibchen (10-148%) der dritten Subpopulation zu
Weihern der anderen Subpopulationen wechseltene Hemporare Emigrationsraten (0.39-
0.57) deuten darauf hin, dass das Laichgeschaft hmhen Kosten verbunden ist,
wahrscheinlich aufgrund héherer Mortalitéat und getischen Kosten der Reproduktion. Die
Anzahl laichender Tiere in zwei Subpopulationentiser vier Jahre gewachsen, die einer
dritten Subpopulation jedoch gesunken. Die Anzattitdaichender Adulten war etwa gleich
gross bzw. grosser als die der laichenden Kammranlge nachdem welche Methode fiir die
Schétzung verwendet wurde. Des Weiteren zeigtenelMmdwelche die Weiherbesetzung
Uber ein Jahr beschreiben, dass weniger als 60%&idbeenden Adulten sich zur selben Zeit
in den Weihern aufhielten. Das beobachtete Musezr\Weiherbesetzung fiihrte zu einer
Analyse, welche den optimalen Fangaufwand fur Mwmgprojekte evaluiert.

Diese Studie liefert die Erkenntnis, dass die Waieslichkeiten adulter Kammmolche,
Laichgelegenheiten auszulassen, gross sein komnerhohen temporaren Emigrations- und
tiefen Immigrationsraten deuten darauf hin, dastrna¢s die Halfte der adulten Tiere nur

einmal im Leben reproduziert.
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1 INTRODUCTION

Amphibians are declining worldwide and this prodeas been happening for several decades
(Houlahan et al. 2000). Explanations for the glateline of amphibian species are manifold
and cause-effect relationships not always unambigjygroven (Beebee and Griffiths 2005).
Several possible causes have been reported sudtakasat destruction, alteration, and
fragmentation, alien species introductions and sSmwes, UV-B irradiation, chemical
pollution, diseases, climate change, or varioushspations thereof (Blaustein and Kiesecker
2002, Beebee and Griffiths 2005). However, eluandgtactors that cause population declines
iIs only one major area in the process of amphib@mservation research. Biologists should
also aim to increase the ability to detect declif&srfer 2003). The ability to detect declines
may be enhanced if one knows how different demdgcapates affect population
fluctuations. A decline of a species is inevitatdiated with a change at the population level,
l.e. changes in population dynamics and demografloy.get insights into population
dynamics, demographic parameters need to be estimdthe basic population model
(Williams et al. 2002) includes all processes ftindience changes in population siad) (

over time f), i.e., recruitmentR), immigration (), mortality ©), and emigrationg).
N(t+1) = N(t) + B(t) + I(t) — D(t) — E(t)

An issue particularly relevant to studies of pogiola dynamics of amphibians is whether
local populations that utilize clusters of pondsidiion as a single population or as a
metapopulation consisting of several discrete pamis (Petranka et al. 2004, Jehle et al.
2005, Petranka and Holbrook 2006). In the formeseaaigration between ponds is so high
that apparent subgroups behave as a single breedihgin metapopulations, movement
between ponds is restricted due to site philopdigyriers to dispersal, or long distances
between ponds (Petranka et al. 2004). Therefouelystg migration of the individuals of a
population between different ponds within clustefsponds is important to understand
population dynamics. Other parameters such as v&inand recruitment of distinct
(sub)populations provide further insights into npejaulation dynamics. Differences in these
parameters between subpopulations are of spetakst because they indicate whether and
to what degree subpopulations behave independently.

Amphibians have evolved in landscapes charactebyddequent disturbance events such as
dynamic floodplains which provide a high diversiby waterbodies that can be used as

breeding sites (Kuhn and Laufer 2001, Tockner et2806). Nowadays, in the highly
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fragmented landscape of Middle Europe, amphibidtenanhabit single ponds, which are

isolated from other ponds. Pond isolation is viewsd critical determinant of pond use and
population viability for many amphibian species {8taand Trenham 2001). Mann et al.
(1991) showed that the major factor determining phesence of six amphibian species is
‘fragmentation of the habitat’, i.e. whether a stansists of a single or of multiple ponds.
Thus, many amphibian species are more likely taorcsubdivided habitats.

Population dynamics and demography are commonliyze using capture-mark-recapture
(CMR) modeling methods (Lebreton et al. 1992). idtdite models allow the estimation of

survival and recapture probabilities, and also atign probabilities between distinct

locations or populations. Moreover, multistate mesaan estimate breeding probabilities, i.e.
probabilities that marked animals are present atsmpling site and do not skip breeding
(Fujiwara and Caswell 2002, Kendall and Nichols 20&kipping breeding opportunities is

known for amphibians (Bull and Shine 1979, Schreidal. 2002, Muths et al. 2006, Church
et al.in press.

Studies on population dynamics of amphibians aneegdly accomplished by sampling

animals at their breeding sites. In this way, omalyses the dynamics of the breeding
population rather than the dynamics of the wholpupation. Studies that focus entirely on

the breeding population do not cover all animalshére are animals that skip breeding
opportunities. For modeling the breeding populafiég= breeding population size), the basic
population model (Williams et al. 2002) needs to é&dended by adding temporary

immigration {Tl) and temporary emigratiod E), i.e. number of animals that change from the
non-breeding to the breeding population, sité versarespectively:

Ng(t+1) = Ng(t) + B(t) + I(t) — D(t) — E(t) + TI{t)— TE().

This study aims to model population dynamics obaydation of the crested newr{turus
cristatug in northern Switzerland from which CMR data haveen collected over five
consecutive years. The investigated populatiorf isigh value as the study site consists of
many ponds that form three clusters. Therefores likely that the population is subdivided
into three subpopulations.

I will estimate all components of the breeding pgapan model. Due to methodical
limitations recruitment rates can not be estimaté@n breeding probabilities are included
(Kendall and Nichols 2002). Further, | will estirmaton-breeding population sizes and make

recommendations how to best monitor populationgedted newts.
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The crested newfT(iturus cristatu$ is a long-lived and pond-breeding amphibian sgeci
(Thiesmeier and Kupfer 2000) and is threatenedutiitout Europe (Stopher et al. 1994). Up
to the present, only a few studies exist on poparatlynamics of the crested newt. Most of
them are focusing on a single population inhabi@ingingle pond (Hedlund 1990, Arntzen
and Teunis 1993, Cooke 1995, Baker 1999). Howexagyulations ofT. cristatusare known

to better survive when living in waterbody complex@s breeding habitat (Halley et al. 1996).
Thus, the risk of extinction of populations inhaigt pond clusters is lower than the
extinction risk of single pond populations. Furthéwe to decreased dispersal rates, isolated
populations have higher extinction risks than suléid populations (Griffiths and Williams
2000). Thus, subdivided populations Bf cristatusliving in pond clusters are useful for
studying population dynamics as such data maytieadsults that might be of high value for
better understanding the biology of the species.fé8pthere are no studies quantifying
population dynamics of the crested newt using CMBdeting approaches to estimate

survival and other population parameters of interes

The specific questions that | will address are:
(1) Does survival vary between subpopulations, sexes, years and/or between seasons
(summer and winter)?
(2) Does breeding probability vary between subpoputatisexes and/or over years?
(3) Does migration vary between subpopulations andZordéen sexes?
(4) Are breeding and non-breeding subpopulations irsongaor decreasing? What is the

minimum  monitoring effort to accurately estimate pptation size?
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2 MATERIALSAND METHODS

2.1 Study Species

My study focused on the crested newtiturus cristatus Amphibia, Urodela), which is a
long-lived and pond-breeding amphibian species;bifleeding season lasts from the end of
February until the middle of October depending orinmental factors (Thiesmeier and
Kupfer, 2000). The crested newt is widespread @&wope. It is distributed from Central-
France up to Great Britian in the west, to southgaris of Norway and Sweden in the north,
to the Ural Mountains and Western-Sibiria in thesttand to Central-France, Northern-
Switzerland and Romania in the south (Arntzen aradlig/1999). However, crested newts are
a threatened species throughout Europe and argmeed as Threatened or Endangered
(categorized by IUCN-criteria) in no less than blmtries (Stopher et al. 1994). The causes
of decline centre on a loss of lowland ponds amctsérial habitats, pollution, fish stocking,
and the general lowering of ground water tablesrban, industrial and intensive agricultural
areas (Corbett 1994).

2.2 Study System

The study site was the man-made nature reserveogkemmatt which belongs to the
commune Binningen (canton BL) in the north-westeant of Switzerland (47°32’ N, 7°33’
E, 328 m a.s.l.). Ponds at the study site thatirdrabited by crested newts are arranged in
three clusters (Ash, Beech, and Chestnut) (Fig. 2Vithin a pond-cluster distances between
adjacent ponds are short (1-10 m). Clusters mayesept populations or subpopulations.
However, for reasons of lacking terminology, | wekll groups of animals that inhabit the
same cluster 'populations’.

The Chestnut complex includes four very small paf2d6 nf) and one very large pond (120
m?). The Ash complex is a cluster of eight ponds,chtdre all about the same size (6-1%),m
whereas in the Beech complex there are three |laa®ts of approximately equal size (10-20
m?). Ponds of each complex are situated so closehegehat they are treated as a single
location in this study. The three complexes ararayed in a triangle with Chestnut and Beech
being much closer (20 m) to each other than baht@Ash (90 m). Ash lies 30 m higher in
altitude than Beech and Beech is about 10 m hitifear Chestnut. All ponds are permanent
and vegetated within and around. The Chestnut parelprovided with water from a little
stream that is probably the reason why only theselp are occupied by fish (T. Schwizer,
personal observatign
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Crested newts have been observed at the Herzogeaweat before the nature reserve has
been established in 1980 when only one pond wagading a habitat for newts. However,
since then the populations are thought to have eddykincreased (Prof. H. Durrgsersonal

communicatioh

Fig. 2.1. Study site Herzogenmatt. Each of theedlpepulations is associated with either pond
complex Ash, Beech, or Chestnut. Ponds and streaeni blue. Green areas indicate shrubs or

trees. White areas indicate low ground vegetatitaths within the nature reserve are colored

brown.

2.3 Capturing Methods

The crested newts were captured over five consecygars, from 2002 until 2006. In 2002,

2004 and 2005, four capture occasions were accehgalj whereas in 2003 and 2006 three
and ten capture occasions were conducted, resphctiv

In 2002, the first sampling was in mid-May and rolygtwo weeks was chosen as the period
between two consecutive capture occasions (Fig. 3iice recapture rate was very low in

2002, an other capture scheme was chosen for 2603@05, with a second sampling one to
two days after the preceding one. Unfortunatelyta daave been lost from the second
sampling in 2003. In 2004, we started already id-fpril, and again a two to three weeks

interval between two sampling sessions was taker2006 | wanted to cover the whole
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breeding season, and thus started already by thefddarch, capturing approximately every
two weeks and accomplishing the last samples dtegening of August.

Fig 2.2. Sampling scheme over five consecutive sieém total 25 samplingpccasios were

conducted.

March April May June July August

2002
2003
2004
2005

16
2006

The newts were captured from dusk to midnight lghtimg the shallow part of the ponds and
using dip-nets. As dip-netting was not possibletfer largest pond in the Chestnut complex,
minnow-traps were set at night and checked for semwthe morning of the following day.
After taking photographs, we released newts in® game ponds where we caught them.
Males are easily distinguished from females byaglbcloaca and by a black underside of the
tail and the presence of a bright white stripehat side of the tail (Thiesmeier and Kupfer
2000).

2.4 Reconstructing Individual Capture Histories

Crested newts are distinguishable individually lvg belly pattern (Hagstrom 1973), which is
typically an irregular array of black spots on dogw or orange background (Fig. 2.3). These
unique patterns change little after an animal reachaturity (Arntzen and Teunis 1993). The
capture history of each individual in the study weasonstructed from photographs in three
steps: First | compared the images from individealstured within a year and the same pond
complex. Next | compared images between pond corapl¢o search for individuals that
visited more than one pond complex within a bregdseason. Finally, recaptures across
years were found by comparing all images from ewyegr against images from every other
year. This time-consuming part of the study gemeraach individuals's complete capture
history.
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Fig. 2.3. A photograph showing the belly
pattern of an individual from the study site.
Since all specimens of. cristatus are
distinguishable individually by the belly
pattern, individual capture histories can be
reconstructed by comparing the photo-
graphs from different capture occasions.
(Photo by P. Ramseier).

2.5 Capture-Mark-Recapture Analysis

2.5.1 Goodness of Fit Testing

| tested goodness-of-fit (GOF) using program U-CARE (Choquet et al. 2005). Single-state
(Pollock et al. 1985) as well as multistate GORst¢Bradel et al. 2003) were made for both
males and females separately, using the data sgewhthin year samples were pooled.

The single-state GOF is testing the assumptionth@fCormack-Jolly-Seber (CJS) model,
which estimates survival and recapture probatslitemder an open population framework
(Pollock et al. 1985). Assumptions do not permitvaal to differ between newly marked and

previously marked individuals, or recapture probghbio differ between animals encountered

at the previous occasion and those not encount&uwotest 2.CT is part of the single-state




14 MATERIALS AND METHODS

GOF test (implemented in U-CARE) and was originalgveloped to detect immediate trap-
response behavior (Pradel 1993). Schaub et al4j2f@eind that this subtest is useful for
detecting Markovian temporary emigration. In Marieov temporary emigration, the

probability of an animal being absent from the skmgpsite is depending on whether or not
an individual was absent during the preceding acoaévhereas in the case of 'random’
temporary emigration all individuals have the sgonebability of being absent at a given
occasion). Trap-response behavior and Markoviarpoeany emigration, both give similar

results in this GOF test.

The multistate GOF (Pradel et al. 2003) is testmgassumptions of the Jolly-Move (IJMV)
model (Brownie et al. 1993) for multistate data. Ifidtate models allow for transitions

between states, survival probabilities and recaptprobabilities. In the JMV model,

transitions vary by state of departure, state o¥arand time interval, survival probabilities

vary by state of departure and time interval, andoanter probabilities vary by previous
state, current state and date (Choquet et al. 200% multistate GOF tests whether the

assumptions of the JMV model are met in the data.

2.5.2 Model Selection

Program MARK (Version 4.2) (White and Burnham 199@)s used for model computations.
| used the small sample correction of Akaike's dmfation Criterion (AIG) (Akaike 1973,
Hurvich and Tsai 1989) which is recommended ungsssple size is large relative to the
number of estimated parameters (Burnham and Ande2802). | used Akaike weighte;]

for determining which model best describes the dBianham and Anderson 2002). To
account for model selection uncertainty, model agierg (Burnham and Anderson 2002) was
used to calculate point estimates and standardsesf@ll parameters of interest.

AIC. accounts for both model likelihood and number afameters used in the modeling in
that way that higher model likelihood and fewergmaeters result in a lower A{CThus, the
best model always has the lowest AlB@kaike weights are derived from Al@ifferences
(AAIC.) and indicate the relative support of a modelegithe data and the set of candidate
models.

To account for model selection uncertainty (Burnhand Anderson 2002) parameters of
interest were estimated by model-averaging, i.eoming to the weight of the particular
model in the ranking. | selected those modelsttigether carried 95% of the weights.

My data were sometimes too sparse and parameteestinrefore not estimable, particularly
in models where | allowed for a high number of paeters. In the model ranking | sometimes

found that such high parameterized models wereehighnked than models with fewer
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parameters that were estimable. | ignored and ettletodels where more than half of the
parameters of interest (in the particular modepag) were inestimable.

2.5.3 Annual Survival, Temporary Emigration, Temporary Immigration, and
Migration

| used multi-state (MS) capture-mark-recapture ns@rownie et al. 1993, Schwarz et al.
1993) for modeling annual survival, between-sitgnation over years (i.e. migration between
pond complexes), temporary emigration, and temganamigration as proposed by Fujiwara
and Caswell (2002), and Kendall and Nichols (20@#)ly data from adult individuals were
used. Data from the same year were pooled to omgaalmccasion resulting in a five sample
data set. | defined four states: three for eachdpocomplex and one for the temporary
emigrant state (i.e. for those animals that skipraeding season) where animals are
unobservable (recapture probability = 0). | sepat&ivo groups, males and females.

The MS model is composed of three parameters: t@@probability, survival probability,
and transition probabilities between different edatl separated these three parameter types
into five model components: recapture probabiktyvival probability, temporary emigration
probability, temporary immigration probability, apdobability of between-site migration. |
defined a unique set of candidate models for eagtiefincomponent and used the step-down
approach (Lebreton et al. 1992) to evaluate eacthege component parameters. First, |
determined the top model of recapture probabiligycbmparing the various models in the
candidate set while keeping the dimensionalityhef dther four model components high and
constant. After determining the top model of reaeptprobability, | used that model to
compare each of the candidate models for survatal Here, again, | kept the dimensionality
of the transition probabilities (components 3-5)rhiand constant. These results were then
used in my evaluation of the temporary emigratiandidate model set, where | was keeping
the dimensionality of temporary immigration andvibe¢n-site migration (components 4 and
5) high and constant. Then, | used the top modeewiporary emigration rate to compare
each of the candidate models of temporary immignawhile keeping the dimensionality of
between-site migration (component 5) high and @nsfThird, | evaluated the top model of
between-site migration rate. After determining ¢iverall best model, | evaluated whether the
kind of temporary emigration was Markovian or ramdo

The step-down approach was useful to elucidatartbdel that best described the data. To
account for model selection uncertainty, | compatezl top model with various alternative

models. | produced these alternative models byseteall model component structures with
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AIC differences lower than 3 to the top model ia tomponent ranking and combining them
in all possible combinations. These models werduatad against each other in the 'overall

model ranking', where the top model was includedels

(1) Modeling Recaptur e Probabilities
Recapture probability (p) is a measure of the podiya that a newt, which was caught

previously, is caught again.

| expected that capture success (i.e. how manyiththls we caught in a particular year
compared to an other) positively influences p. lkemt | expected that p in Chestnut is much
lower than in Ash and Beech since minnow-trappsar less successful than is dip-netting.
In order to optimize the estimation of recapturebabilities, | created some special models in
the candidate set. As it was obvious from the agaptable (Tab. 3.1), in Ash and Beech
capture success was highest in 2005 and 2006. ést@it maximal capturing number were
reached in 2006. Further, capture numbers as wetbpture methods were similar for Ash
and Beech, but very much different for Chestnutintsthese observations and the
expectation that sex has no influence on p, | eckatset of candidate models. (Notations in
sensu Lebreton et al. (2002): t = time (i.e. yeag), = population, A/B/C =

Ash/Beech/Chestnut, * = interaction).

(1) p(g*)

(2)  p®

(3)  p(AB*-C*)
(4)  p(AB*3t-C*2t)

Model (1) is the general model allowing for diffectes of p in every year (t) and all
populations (g) with interaction. In comparisonmtodel (2) I could test whether populations
differ or not. Model (3) is setting the populatioAsh and Beech (AB) equal but not Chestnut
(C), and is again fully time-dependent. In modglt@mporal constraints for Ash and Beech
were made in such a way that 2003 is equal to 20@4lifferent from 2005 and 2006 (i.e.
three different estimates denoted as 3t). For @aoéeseéstimates of p from 2003 to 2005 were

forced to be equal but different to those from 2006 two time parameters (2t)).




MATERIALS AND METHODS 17

(2) Modeling Survival Probabilities

Survival rate @) is a measure of the probability that a newt sieviand is present in the

sampling area. Allowing animals to emigrate intor@bservable state, the latter condition is
no more required.

Using the MS-approach with an unobservable state/ival rates are only estimable for

breeders, but not for non-breeders (Kendall €139.7).

| wanted to test whether survival rates of breedbffer among sexes (sx) and among
populations (g). Further, | was interested whethewival rates vary over time, either alone

(t) or in an interactive (*) or an additive (+) nmar. | set up the following candidate models:

(1)  P(g*sx*1) (1) o)

(2)  D(g*) (8) @(g*sx)

(3)  D(sx*) 9 @(9)

(4)  D(g*sx+t) (10) d(sx)

(5) D(g+t) (11) d(constant)

(6) D(sx+t)

(3) Modeling Transition Probabilities

Transition probability'¢') is a measure of the probability that an animalngjes its state from
one occasion to the next, given that it survivesny case, there are three distinct parts of the
modeling: (a) temporary emigratio), (b) temporary immigration¥(), and (c) between-

site migration ¥'m).

a) Temporary Emigration
As in the modeling of survival rates, | was intéeeswhether temporary emigration rates
differ among sexes (sx) and populations (g), andtidr they vary over time, either alone (t)

or in an interactive (*) and additive (+) way. Hend evaluated the following 11 candidate

models:
(1) Yielg*sx*) (7) Pre(t)
(2) VYrelg*) (8)  Yi(g*sx)
(3)  Wisx*t) (9) ()
(4)  Pre(grsx+t) (10) Wilsx)
(5)  WPelgtt) (11) ‘Yre(constant)

(6)  WilSX+t)
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b) Temporary Immigration

| expected the information in the data to be toalsto estimate temporary immigration using
a high number of parameters, because animals nstseéfigrate before they can immigrate.
Thus, | kept it simple right from the start of theodeling, only looking for a difference
between males and females (sx), and therefore gpugrwith two models:

(1)  WYi(sx) (2)  ‘i(constant)

c) Between-Site Migration

Since | found only a small number (n=23) of aninmaigrating between pond-complexes in
the data, | did not expect to detect temporal Viaran the parameter estimates for between-
site migration. Thus, | was looking for differendassex (sx) and population (g), resulting in

a set of four candidate models:

(1)  ¥m(@*sx) (B)  ¥m(sx)
(2)  ¥m(9) (4)  Wp(constant)

(4) Markovian or Random Temporary Emigration

To test (and confirm GOF test results) whether @y emigration is Markovian or random

| took the top model and mutated only the transitinodeling part concerning temporary
emigration and immigration.

The random model suggests that the probability eihdp a breeder is not dependent on
whether the animal was a breeder or a non-breetlerd) i.e. that the probability of changing
from the non-breeder (nb) to the breeder states(ejjual to the probability of remaining in
the breeding state¥{nb—>b)=¥(b—>b)]. The Markovian model suggests that temporary
emigration is state-dependent, i.e. the probabilftpeing a breeder is dependent on whether
an animal was a breeder or a non-breeder in theegieg year. In this model(nb—>b) and

¥(b—>b) are allowed to be estimated separately.

2.5.4 Seasonal Survival

Again, | used multistate capture-mark-recapture efoaith an unobservable state (Kendall
et al. 1997) for modeling survival rates over seas@®nly data from adult individuals were
used. In this modeling approach | pooled thoseurapiccasions which are very close to each
other in time (i.e. 6 and 7, 12 and 13, 14 andFi§. (2.2)), which resulted in 22 occasions. |
defined two states, an observable state for breeded an unobservable state for non-
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breeders. Animals were separated into six group®gBilations x 2 sexes). In order to clearly
assign migrating animals to one of the six grougglitted capture histories by 'removing' and
'releasing’ these animals as follows. Removals fitoeeninitial state can be done by replacing
1" by a -1' at the last encounter before the atign event. Releases into the state after
transition can be done by placing a '1' to the saceasion as the removal.

In this modeling approach | focused on the estiomagf survival rates. The idea was to keep
the modeling quite simple. The constraining of ptaee probabilities (p) was not varied but
rather set up in a way that many parameters wéoeved to be estimated. The step-down
approach guided the modeling. First, | evaluatediist model of transition probability).
Then the top model of survival probabilit®) was selected.

Population recapture rates in the breeding state wenstrained according to the results of
the first analysis (see 3.2.2) where recapturesratédsh and Beech are best explained when
set equal, whereas those of Chestnut are diffecetite other two populations. Further, sex
differences were not allowed. | did not constranapture probability in terms of time, i.e. |
allowed 21 different estimates, one for each ocoeasirhus, the only model for p was

p(AB*t-C*t). Recapture rates in the non-breedingtstwere set zero.

(1) Modeling Transition Probabilities

The 'decisions' of the animals of changing the dirgestate or remaining in either the breeder
or the non-breeder state are 'made' at the begimiithe breeding season. Thus, only the first
transition rate) of every year needs to be estimated (M. Schpetsonal communicatign
The rest is fixed to zero. Since | suspected thiatassumption may negatively bias survival
rates, | allowed for one more exit per year from bneeding state in an other approach as a
comparison. However, estimates for survival ratesavapproximately the same, rejecting my
bias suspicion (data not shown). In all modelddvetd for four different¥ to be estimated
(i.e. temporal variation over years) because ofréselts in the first analysis (see 3.2.2). In
the modeling process transition probabilities wedwmeays varied for both transition processes
simultaneously.

The candidate model set contained four models. 4 mgerested whether population (g)

and/or sex (sx) are responsible for the variatiothe data.

(1) Y(g*sx) () (s
(2  Y(9) (4)  ¥(constant)
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(2) Modeling Survival Probabilities

The aim of this modeling approach was (a) to gémeses for seasonal survival rateB) (
over two different seasons and (b) to detect whetihere are differences between sexes,
populations, and states. In all models | discrireda'summer survival rate' and 'winter
survival rate'. Summer survival was assigned topeeod between the first and the last
sampling of each year, whereas winter survival assgned to the period between the last
sampling of any year and the first sampling offlllowing year. In the candidate model set,
| set up models to test whether there are diffeesnm summer (st) and/or winter survival
(wt) between breeders and non-breeders. Furthestéd whether differences in population
(g) and sex (sx) were supported by the data. leram account for the fact that summer and

winter periods are not equal for all years | did alblow variation over time.

(1) D(g*sx*st+wt) (9) D(g*sx*wt)
(2) D(g*st+wt) (10) d(g*wt)

(3)  D(sx*st+wit) (11) D(sx*wt)
(4)  D(st+wi) (12) D(wt)

(5) D(g*sx*st) (13) d(g*sx)

(6) D(g*st) (14) @(9)

(7)  D(sx*st) (15) @(sx)

(8) D(st) (16) d(constant)

2.5.5 Population Sizes

Calculating Breeding Population Sizes

| calculated annual population sizes and corresipgnstandard errors for all three breeding
populations using an 'ad hoc' approach (Wood €t%I8). In this approach, annual breeding
population sizesN;,) were calculated with numbers of captured aninmeals recapture

probabilities from the annual survival analysis.

Nip = ni/p;

with
ni: Total number of animals caught in year i,

pi: | used the model-averaged recapture probab#itiyrate.




MATERIALS AND METHODS 21

The standard erro6f of N, was approximated by using the formula (Wood e1298)

SE (N,) = ni[SE(p)] / p

With the ad hoc approach | could not calculatepiygulation size for the first year, because

the recapture probability did not exist per se.

Calculating Non-Breeding Population Size
a) The Gimenez Method

The proportion of breeding animals can be calcdlftem average temporary emigration and

immigration rates (O. Gimenegersonal communication

Np/ (Nb + Nop) = P/ (Pre + P)

with
Np: Number of breeding animals
Nnb: Number of non-breeding animals
Py Average temporary immigration rate
Ve Average temporary emigration rate

b) The Schwizer Method

As an alternative method | made my own derivatiba formula for calculating non-breeding
population sizes. | was motivated by unrealistinestes of the proportion of breeding
animals using the Gimenez method (as discussedbjn h addition to Gimenez method, |
included survival rates into the calculation. Nmta$ are as follows.

Nb,i: Number of breeders in year i (=breeding popuiatize),
Ei: Number of first-time non-breeders in year i,

li: Number of breeders in year i that were non-breenteyear i-1,

Nnb,i: Total number of non-breeders in year i (=non-bneggiopulation size),
Di: Probability to survive between year i-1 and i (v$al rate),
i Probability to breed again in year i when beinga-breeder in year i-1

(=temporary immigration rate),
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Ve i Probability to skip breeding in year i when breegim year i-1 (=temporary
emigration rate).
The number of first-time non-breeders in year dépendent on the number of breeders in
year i-1, the survival rate, between year i-1 grahd temporary emigration rate between year
i-1 and i.

Ei = Np,i-1 Di Pre,

The number of breeders in year i that were nondmesein year i-1 is dependent on the total
number of non-breeders in year i-1, survival ragdween year i-1 and i, and temporary

immigration rate between year i-1 and i.

li = Nnp,i-1 @i Vi

Then,

Nnb,i = Nnp,i-1 @i - i+ Ej

Nnb,i = Nnb,i-1 @i = Nap,i-1 Di Piij + Np,i-1 Di Pre,i

Nnb,i = Nnb,ii1 @i (1 — i) + Npji-t Di Pre, (1)

Using (1) | calculated the total number of non-biexs for every year assuming equal

survival of breeders and non-breeders.

Estimating Breeding Population Sizes

As an alternative method for the estimation of bneg population sizes, | analyzed my data
using POPAN which is based on the general Jollye&&bS) model (Schwarz and Arnason
1996). In contrast to the CJS-model, the JS-moo=unts for immigration and emigration to
and from the sampling area. In this way POPAN ig &b estimate probabilities of entry (i.e.
immigration) and probabilities of exit (i.e. emigom and mortality). From the estimated
parameters, POPAN calculates many other paramsetgbl as 'net number' and 'gross
number' of breeding animals. The differentiatiotnsen the number of those individuals that

were exposed to sampling (‘'net number’) and thebeurf all individuals that have actually
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been at the ponds (‘gross number’) allows for stienation of (a) the net and gross number of
animals that entered the study site between twasiags, (b) the number of animals present
at each sampling occasion, and (c) the gross plguilsize (as opposed to the net population
size that is estimated).

For this modeling approach, | only used capture ddtthe adult animals from year 2006
since data from the other years were too sparpeoled data from the last two catching
occasions, because the number of inestimable p&en@as too high in the analysis with
unpooled occasions.

| set up a candidate model set and used the stgp-dpproach to evaluate each of the
estimated parameters by first evaluating the bestlenfor capture rate (p), second for
apparent survival rated(), and third for probability of entrance (pent).

As for recapture rates in my former analyses o$dhgata, | assumed that p is time-dependent
and equal for Ash and Beech but different from @inés Three competing models were set
up: p(g*t), p(AB*t-C*t), p(t). | expectedb to vary over time and assumed variation across
populations. Thus, the two competing models weggtsand S(t). | strongly expected that
pent is time-dependent. With the two competing negent(g*t) and pent(t) | could test
whether there are differences between populationanted to separate estimates for all three

populations, thus having only one model for popatasize N(Q).

2.5.6 Optimal Sampling Effort

For monitoring purposes, one might want to know howuch effort has to be expended for
accurately estimating the abundance of a partioaulation. Using my data set (adults and

juveniles) from 2006, | wanted to answer 2 question

1. How many occasions are necessary to get a acasteate of the popolation size?
2. How long is the optimal periodor capturing to get an accurate estimate of the

population size?

| analyzed the data from 2006 with the last andufignate (24 and 25, respectively) capture
occasions pooled using POPAN (Schwarz and Arna886)1 1 did not distinguish between

the three populations but treated them as a spugpelation.

To use the whole potential of the data, | estimdiezbding population size using all nine
occasions in 2006 which span over 17 weeks. Fyrthproduced several sets of capture

histories by selecting some of the nine occasions isystematic way. | always prefered
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occasions 17-23 because during these occasionslisgnspccess was much higher than
before (16) and thereafter (24+25). Further, ditie have balanced sets of capture histories in
terms of how close two consecutive occasions weeath other and also in terms of first and
last sampling dates. | ran all models using theng&®iod POPAN implemented in MARK. |
always used a four-model candidate set with tinfgeddence and time-invariance for bdth
and p, not varying pent. (Appendix 7.2).

(1)  D(t) p(t) pent(t) N (3) d(constant) p(t) pent(t) N
(2)  @(t) p(constant) pent(t) N  (4) d(constant) p(constant) pent(t) N

Model-averaging of each model set produced thenastis of interest.

To answer the question how the number of samplaogsions influences the estimate and its
accuracy, | produced several data sets with 3 dcdasions (see Appendix 7.2). In order to

exclude a potential effect of the period in whiegmgling has been done (second question), |
only produced data sets where the last samplingsime was 12 weeks after the first. | made
six replicates of each number of sampling occasions

To test whether the time period between the fingt the last sampling occasion has an effect
on the estimate and its accuracy, | produced skdata sets with four occasions over the

periods of 6, 8, 10, 12, and 14 weeks, with fopticates of each.

Using a quadratic curve fit, | plotted the numbkoccasions and the period between the first
and the last sampling against population size eséinand coefficient of variance (as a

measure of accuracy), respectively.
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3 RESULTS

3.1 CaptureData

My CR data included a total of 1,509 captures (d@dferent adult and 107 different juvenile
individuals). Among the adults, 635 females (363lividuals), and 738 males (338
individuals) were captured (Tab. 3.1).

During the comparison of photographs, | realizeat fbveniles are difficult to recognize in
later years. Thus, | decided to include the juxenibnly in the analysis of optimal sampling
where | used only data from 2006. Belly patterns leamown not to be fixed and to vary
especially before reaching maturity (Arntzen andriie 1993). Existing black dots can grow
in size and new dots can emerge. However, changegradual and patterns are enough
diverse among specimens that | am confident to lcamectly identified all adults over the
years and all juveniles within 2006.

Table 3.1 Numberof captures (C) and number of individuals () firtlree populations

over five consecutive years.

POND SEX 2002 2003 2004 2005 2006 TOTAL

SITE

c | c | Cc | c | c | C I
Ash Males 12 10 34 27 63 49 87 57 159 78 355 149
Females 16 14 53 40 48 43 72 49 127 76 316 158
Juveniles 18 15 22 19 13 9 14 13 23 19 90 75
Beech Males 18 12 27 19 33 26 56 41 152 74 286 123
Females 13 11 20 17 24 20 57 47 97 56 211 122
Juveniles 1 1 4 4 2 2 2 2 27 15 36 24

Chestnut Males 19 17 6 6 10 10 15 15 47 38 97 78
Females 11 11 6 6 8 8 22 22 61 49 108 89

Juveniles 4 4 0 0 0 0 1 0 5 4 10 8
TOTAL Males 49 39 67 52 106 85 158 113 358 190 738 338

Females 40 36 79 63 80 71 151 118 285 181 635 363

Juveniles 23 20 26 23 15 11 17 15 55 38 136 107
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3.2 Capture-Mark-Recapture Analysis

3.2.1 Goodness-of-Fit Testing

In single-state goodness-of-fit (GOF) tests | fouhdt subtest 2.Ct is highly significant for
males §2=26.05, df=2, p<0.001) and femaleg=26.27, df=2, p<0.001), thus indicating
Markovian temporary emigration. All the other sudt¢ewere not significant and therefore
assumptions are not violated.

Multistate GOF test results showed no significamceotential violations of the JollyMove

assumptions (Appendix 7.1).

3.2.2 Annual Survival, Temporary Emigration, Temporary Immigration, and
Between-Site Migration

Model Selection

(1) Recapture praobability

The top model was p(AB*3t-C*2t) with an Akaike whig of 0.97 confirming my
expectations that capture success may predict igeapate (Tab. 3.2). In this model
recapture probabilities were equal for Ash (A) @wkch (B), and different from Chestnut
(C). Temporal constraints for Ash and Beech weréderia such a way that 2003 is equal to
2004 but different from 2005 as well as 2006. Fbe€inut, estimates of p from 2003 to 2005
were forced to be equal but different from thoge2f@06.

Table 3.2.Ranking of the four models in the candidate set Hecapture
probability (p). The ranking is based on lowest Al@lues.4AIC. is the AIG
difference to the top modely; is the Akaike weightK is the number of
estimable parameters, abBavis the deviance of a model. All models were built
with ®(g*sx*t) W(g*sx*t) Wu(sX) Ym(g*sx).

Model AAIC, w; K Dev

p(AB*3t-C*2t) 0.00 0.97 55 132.65
p(t) 7.33 0.02 35 187.15
p(AB-C*t) 9.22 0.01 56 139.41
p(g*t) 14.71 0.00 58 139.97

(2) Survival probability
| excluded all models containing time-dependenasabse most of the survival parameters

were not estimable. In contrast, in the models ehsurvival was constant over time,
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parameters were estimable. Among those modelssakespecific model best explained the
variation in the dataw(=0.73) (Tab. 3.3). The model with constant survipabbability

structure was three times worse supportgdQ.25) than the top model.

Table 3.3 Ranking of all time-invariant models for survivabpability (@). All
models were built with p(AB*3t-C*2tW(g*sx*t) W(SX) ¥m(g*sX).

Model AAIC, wj K Dev

P(sx) 0.00 0.73 16 185.70
®(constant) 2.12 0.25 15 186.70
®(g*sx) 7.90 0.01 21 183.94
®(g) 11.06 0.00 20 182.95

(3) Transition probabilities

a) Probability of temporary emigration. Fhe top model was the fully time-dependent model
without differences in sex and population;0.42) (Tab. 3.4). The model allowing for
additive variation in sex and time was nearly asrgf as the top modeb{=0.29). Also, the
population- and time-specific model had some supijpom the data¢;=0.16). There is little
support for an integrated interaction between sed aime in the fourth-ranked model
(0i=0.11).

Table 3.4. Ranking of the 11 models in the candids¢t for temporary
emigration rate ¥,). All models were built with p(AB*3t-C*2tYD(sx) Wy(SX)

Pm(g*sx).

Model AAIC, w; K Dev
We(t) 0.00 0.42 14  158.47
We(Sx+t) 0.76 0.29 14  159.23
We(g+t) 1.88 0.16 15 158.24
We(sX*t) 2.63 0.11 16  156.88
Wie(g*sx+t) 7.23 0.01 18  157.22
W (g*) 10.02 0.00 19 157.87
Y(constant) 24.55 0.00 11 189.30
Wie(g*sx*t) 25.96 0.00 29  151.99
W(sX) 26.01 0.00 12 188.67
We(g) 28.61 0.00 13 189.18

Wie(9*sx) 31.46 0.00 16  185.70
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b) Probability of temporary immigration. ©f the two models compared, the sex-specific
model had a weight of 0.59, and therefore, it waghty better than the model with constant
temporary immigration probabilityX=0.41) (Tab. 3.5).

Table 3.5.Ranking of the two models in the candidate set tBporary
immigration rate \fy;). Both models were built with p(AB*3t-C*2&P(sX) Py(t)

Y (g*sx).

Model AAIC, Wi K Dev
Wy (sx) 0.00 0.59 14  158.47
Y, (constant) 0.76 0.41 13 159.23

c) Probability of between-site migration. Fhe most parsimonious model had a sex- and
group-specific structurex=0.78) (Tab. 3.6). The second-ranked modg¥(@.22) endorses

that there are substantial differences of migratienaviour between populations.

Table 3.6.Ranking of the four models in the candidate setdetween-site
migration #,). All models were built with p(AB*3t-C*2t}D(sX) P(t) Py (SX).

Model AAIC, wj K Dev

W (g*sx) 0.00 0.78 19 215.24
W (9) 2.37 0.22 17 222.04
W (sx) 11.51 0.00 13 237.33
W, (constant) 11.95 0.00 12 239.87

Overall model selection

There was a significant amount of uncertainty indeloselection as seven models were
needed to carry more than 95% of the weight ofeaweé. Survival and recapture modeling
structure were the same in all models, i.e. suhwasied with sex, but not with populations
and time. Recapture probability was the same f@ufaiions Ash and Beech (with three
time-specific parameters) but different from popola Chestnut (with two time-specific
parameters). The seven top models differed onlyh wéspect to temporary emigration,
temporary immigration and between-site migratioobaibility. The model with time-specific
temporary emigration, sex-specific temporary immiigm and sex- and population-specific
between-site migration probabilities garnered tlagonity of the weight ¢;=0.40) (Tab. 3.7).
In comparison to the top model, the second-rankemtlemn (;=0.20) differed only in

temporary emigration
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which was time- and sex-specific (additive). Theddtanked model=0.14) differed only
with respect to temporary immigration which was stant, and the fourth-ranked model
(0i=0.12) differed only in between-site migration, waliwas no more sex- but only
population-specific. The other models were comliimet of these differences, carrying 0.04-
0.05 of the total weight.

Table 3.7. Overall model ranking. Shown are ong/thp seven models carrying together
99% of the weights.

Model AAIC, w; K Dev

D(sx) p(AB3t-C2t) Wie(t) Wi(sx) Wm(g*sx) 0.00 0.40 19 211.03
®(sx) p(AB3t-C2t) Wie(t+sx) Wi(sx) Wm(g*sx) 1.42 0.20 20 210.30
®(sx) p(AB3t-C2t) W (t) Wi(constant) Wi,(g*sx) 2.08 0.14 18 215.24
®(sx) p(AB3t-C2t) Wi (t) Wii(sx) Wm(Q) 2.37 0.12 17 217.66
®(sx) p(AB3t-C2t) W (t+sx) Wy(constant) W (g*sx) 4.21 0.05 19 215.24
®(sx) p(AB3t-C2t) Wi (t+sx) Wy(sx) Wi(9) 4.56 0.04 18 217.72
®(sx) p(AB3t-C2t) We(t) Wi(constant) Wi (9) 4.62 0.04 16 222.04

Random or Markovian Temporary Emigration. Fhe model for Markovian temporary
emigration was ranked higher than the one whictcrde=d random temporary emigration
(Tab. 3.8). The high AIC difference of 13.93 ind&s a strong support for a Markovian

manner of temporary emigration.

Table 3.8Comparison of the Markovian and the random modetl s
describe temporary emigration. Both models werdt bom D(sX)
P(AB3t-C2t) Pe(t) Wii(SX) Pm(g*sX).

Model AAIC, wj K Dev
Markovian 0.00 1.00 12 183.10
Random 13.93 0.00 13 194.94

Parameter Estimation

Only the seven models shown in Tab. 3.7 were usedccdmputing the model-averaged

estimates for parameters of interest (Akaike weigvere first recalculated).

(1) Recapture probability

For Ash and Beech estimated recapture rates wbBe(8En.ong=0.100) in 2003 and 2004,
and 0.73 (SEconi=0.073) in 2005 (Fig. 3.1). The parameter for 200G&s inestimable,
probably because it was close to 1. For Chestimgt, récapture rate for 2003-2005 was
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estimated very low (0.07) and with a relativelyhigariance (SEcong=0.039). For the year
2006, the estimated Chestnut recapture rate wWds(8Hncong=0.189).
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Figure 3.1. Annual recapture probabilities with responding 95% confidence
intervals. Note the estimate for Ash and Beechad®stimable in 2006.

(2) Survival probability
Estimated annual survival probabilities were 0.8, fcon¢=0.083) for males and 0.69
(SEincong=0.060) for females (Fig 3.2).
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Figure 3.2.Annual survival probabilities with corresponding%95confidence

intervals of males and females.

(3) Transition probabilities
a) Probability of temporary emigration. Estimates of annual temporary emigration rates

were separately averaged for sexes and time inservae. for periods between two
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consecutive breeding seasons. The parameters wdiigltt the temporary emigration rate
between 2004 and 2005 could not be generated fibr $#xes because it was inestimable.
Over all years, temporary emigration probabilitiesre higher for males than for females.
Estimates of the males ranged between 0.40,,(&$E=0.170) in the first period, 0.52
(SEincong=0.096) in the second period, and 0.57 &&s=0.068) in the last time-interval (Fig
3.3). Estimates of the females were 0.39 ,(§k=0.170) in the first period, 0.50
(SEincond=0.112) in the second period, and 0.554&&=0.072) in the last time interval.
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Figure 3.3.Annual temporary emigration rates of three yearns rfales and
females with corresponding 95% confidence intervale parameters for 2004-
2005 were inestimable.

b) Probability of temporary immigration. Annual rates for temporary immigration were
lower for males (0.03, SEong=0.032) than for females (0.12, $&nq.=0.061) (Fig. 3.4).
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Figure 3.4. Temporary immigration rates of males and femalegh wi
corresponding 95% confidence intervals.
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c) Probability of between-site migrationMigration probabilities per year ranged from 0.000
to 0.132 (Fig. 3.5). Highest migration rates forlesa(0.132, Sk con¢=0.059) as well as for
females (0.058, Skconi=0.051) were estimated for animals migrating frore§tnut to
Beech. Lowest rates (0.000, $&n:=0.000) were found for male and female movements
from Ash to Chestnut. Migration rates between pafspopulations were particularly
unbalanced between Beech and Chestnut.

CHESTNUT
0.058 0.009
0.132 0.037
0.059 0.028
0.013
0.003 0.011 ASH
0.021
0.019 0.015
BEECH

Figure 3.5. Migration rates of males (black) anuhdiées (grey) between the investigated
complexes Ash, Beech, and Chestnut. Correspondifig... are given below the

estimate.
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3.2.3 Seasonal Survival

Model Selection
(1) Transition probability

The model without sex- and population-specific cie had overwhelming support
(0i=1.00) in the data compared to the three other laddab. 3.9).

Table 3.9.Ranking of the four models in the candidate settfansition
probability' ¥ between breeder- and non-breeder state. All madeis built
with p(AB*t-C*t) d(g*sx). Note that for all models one transition

parameter per year was estimated.

Model AAIC, wj K Dev

Y(constant) 0.00 1.00 61 1821.44
W(sx) 13.34 0.00 68 1819.19
Y(9) 20.23 0.00 75 1810.32
W(g*sx) 61.91 0.00 93 1808.58

(2) Survival probability

Seasonal weekly survival probabilities were begilared when population- but not sex-
differences were allowed and when summer but notewisurvival was different between
breeders and non-breedeks;50.44) (Tab. 3.10). In the second-ranked modgE{.22)
populations were no more differing in survival,domparison to the top model. Moreover, in
the third-ranked model summer survival of breederd non-breeders was no more different
(0i=0.21). There was also some support for the modhelrevonly population but not states
differed in survival ¢;=0.09).
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Table 3.10.Ranking of the 16 models in the candidate set towigal
probability®. All models were built with p(AB*t-C*t}¥(.). Notations: 'st' =

summer time, ‘'wt' = winter time.

Model AAIC, Wi K Dev

®(g*st) 0.00 0.44 56 1822.29
®(st) 1.39 0.22 50 1836.77
®(constant) 1.47 0.21 49 1839.03
®(g) 3.14 0.09 53 1831.99
d(sx) 5.60 0.03 51 1838.81
d(sx*st) 7.41 0.01 53 1836.27
®(g*st+wt) 9.27 0.00 57 1829.36
®(g*sx) 13.01 0.00 59 1828.69
®(g*sx*st) 15.47 0.00 65 1817.86
®(grsx*wt) 24.05 0.00 64 1828.67
d(g*sx*st+wt) 26.33 0.00 69 1819.78
D(sx*wt) 50.33 0.00 52 1881.37
d(g*wi) 56.09 0.00 55 1880.57
d(st+wt) 57.97 0.00 46 1902.01
®(wt) 57.97 0.00 46 1902.01
P(sx*st+wt) 62.10 0.00 48 1901.83

Overall model selection

In the overall model ranking, all models with catesable weight (>5%) differed only in
survival probability structure. Transition probatyilstructure did neither vary with sex nor
population, whereas recapture probability was bgptained when fully time-dependent and
when equal for Ash and Beech but not for Chestiibie most parsimonious model was
(d(g*st) p(AB*t-C*t) W(constant)) carrying 44% of the weight of evidemntéhe candidate
model set, where survival probabilities varied wthpulation and between the two states
(breeders and non-breeders) during the breeding (irab. 3.11). Further, there was some
support (i=0.22) for the model where summer survival diffebedween the two states but
survival was equal for populations. AlImost the sameport (;=0.21) got the model with no
differences between either populations or stateshé fourth-ranked modeb{=0.09) only
populations but not states were differing in suaiv
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Table 3.11.Overall model ranking. Shown are only the four topdels
carrying together 96% of the weights.

Model AAIC, w; K Dev

®(g*st) p(AB*t-C*t) W(constant) 0.00 0.44 56 1822.29
d(st) p(AB*t-C*t) W(constant) 1.39 0.22 50 1836.77
®(.) p(AB*t-C*t) W(constant) 1.47 0.21 49 1839.03
@(g) p(AB*t-C*t) W(constant) 3.14 0.09 53 1831.99

Parameter Estimation

The main interest in this part of the study wassarvival parameters that | estimated using
multi-model inference based on the four top mo@&éb. 3.11).

Summer survival probabilities (one for each sta@)] one winter survival probability were
estimated for each population. Weekly summer saitvhates for breeders were 0.919
(SEincong=0.0184), 0.930 (SKcong=0.0111), and 0.955 (Skong=0.0227) for population Ash,
Beech, and Chestnut, respectively. Weekly summerival rates for non-breeders were
estimated as 0.971 (§kond=0.0375), 0.954 (SKcond=0.0265), and 0.957 (Qkone=0.0398)
for population Ash, Beech, and Chestnut, respdgtiestimated mean weekly survival rates
over wintertime were 0.9994 (QEong=0.0016), 0.9998 (SEcong=0.0009), and 0.9976
(SEincong=0.0031) for population Ash, Beech, and Chestrsgpectively (Fig 3.6).

1, - —=E

0.95 +
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OAsh
0.85 - OBeech
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weekly survival rate
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breeders non-breeders both groups
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Figure 3.6 Weekly survival rates (with corresponding 95% cdefice intervals) of

breeders and non-breeders over the summer (bregédiay) and survival rates of
both groups over the winter (non-breeding time)enmest explained by differences
among populations. Note that the scale on the g-@xirom 0.7 to 1.0 in order to

visualize the small differences between the pojmriat
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3.2.4 Population Sizes

Breeding Populations over Four Years

The breeding population Ash increased in numbearials in the first time interval from
122 (SE=22.1) to 167 (SE=30.3), decreased ovesdbend time interval from 167 (SE=30.3)
to 146 (SE=14.5) and again increased in the tiniterval from 146 (SE=14.5) to 17€Fig.
3.7). Population Beech was constantly growing srthmber of breeding animals through all
intervals, overall from 65 (SE=11.9) to £4Fhe number of breeders in Chestnut seems to
have enormously increased from 180 (SE=106.3) 60(5&=327.6) over the first three years,
but massively decreased the number in 2006 (11#2%B) to a level below that of 2003
(Fig. 3.7). However, breeding population sizes waled for Chestnut have huge 95%
confidence intervals. In contrast, the respectiatues for Ash and Beech, recapture rate
estimates for Chestnut were low (p=0.07) and emalegively large (SE=0.039), resulting in a
95% confidence interval ranging from 0.02-0.20. §hihe ad hoc estimation of population
sizes for Chestnut is rather questionable and attsnare hardly meaningful. As a
consequence, | did not include the Chestnut estsnanto analyss of non-breeding

populations.
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OAsh 122 167 146 173
OBeech 65 84 121 145
B Chestnut 180 270 556 117

Fig. 3.7. Breeding population sizes of the threputations over four years. For 2006
population sizes of Ash and Beech (denoted witkrést) were calculated based on
the assumption that recapture rate was 1.00. Matethe 95% confidence interval of

the Chestnut population size in 2005 is nearlyeac1200.

Y For 2006 there is no standard error because thrate was computed assuming a recapture rateG8%10
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A known problem in maximum likelihood computatiorssthe estimability of parameters
when being close to the border (i.e. 0 or 1) (Bamhand Anderson 2002). Due to high
sampling effort, | expect that the recapture rdtAgh and Beech in the year 2006 was indeed
100% or close to 100%, thus suggesting this tchbea@¢ason for the unsuccessful estimation
of this parameter. Assuming that recapture rate @8, all breeding animals would have
been caught. According to the calculations of ttiehac approach, the numbers of captured

individuals would be equal to the total breedinguilation size.

Non-Breeding Populations over Three Years

a) Proportions of breeding animals based on Gimemethod

Proportions of breeding animals for males and fesavere 0.08 (SE=0.07) and 0.19
(SE=0.09), respectively. Compared to the numbdsreéding animals, the number of non-
breeding animals (juveniles exluded) was calculdte® and 4.2 times higher for males and
females, respectively. As | did not estimate nurebef breeding males and females
separately, | calculated non-breeding populatiaressiusing the average proportion of
breeding animals from both sexes. Breeding andlmeading population sizes for Ash and
Beech are shown in Fig. 3.8 and Fig. 3.9.
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B Non-breeders 772 1061 925 1099
O Breeders 122 167 146 173

Fig. 3.8. Breeding and non-breeding populationssizepopulation Ash over 4 years
with corresponding standard errors (SE) derivedhflwreeding proportions based on
the method proposed by Gimenez. Note that all ipesétind negative SE were equal.

Positive SE are not shown entirely for non-breedgliogulation sizes from 2004-2006.
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Number of individuals

Beech 12007
1000 -
S 800 -
. 600 -
400 -
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0

2003 2004 2005 2006
@ Non-breeders 415 530 768 921
O Breeders 65 84 121 145

Fig. 3.9. Breeding and non-breeding populationssifepopulation Beech over 4 years
with corresponding standard errors (SE) derivedhftreeding proportions based on
the method proposed by Gimenez. Note that all peséind negative SE were equal.
Positive SE are not shown entirely for non-breegiogulation sizes from 2005-2006.

b) Calculating non-breeding population sizes basedchwizer's Method

From 2004-2006, breeding and non-breeding populatior both populations Ash and Beech
had roughly the same size over all years. Non-lmggubpulation sizes of both populations
were increasing over all years from 144-180, and 85, respectively (Fig. 3.10; Fig 3.11).

| calculated non-breeding population sizes for Astd Beech in an iterative way, thus
standard error propagation would lead to meanisglesults. For reasons of simplification, |
used average survival (assuming a sex-ratio of, A1id also average temporary emigration
and temporary immigration rates over all yearsaltulated population sizes of non-breeders
based on the assumption that from 1996 — 2002 imggpulation sizes were constant and
low; | set population size to 100 animals for Asidao 50 animals for Beech. This was
necessary because meaningful estimates by usirggiotes can only be generated when
including breeding population sizes of several ge&or 2003-2005 | used the estimated

breeding population sizes (Fig. 3.7).
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Fig. 3.10. Breeding and non-breeding populatiomssiaf population Ash based on

Schwizer's method. Note that these calculations ribtl include standard error

propagation since they were done in an iterative. wa
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Fig. 3.11. Breeding and non-breeding populatioessiaf population Beech based on
Schwizer's method. Note that these calculations rditl include standard error

propagation since they were done in an iterative. wa
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c) A comparison between Gimenez' and Schwizertsoahet

| calculated breeding proportions with variable pemary emigration and immigration rates
using the calculation proposed by Gimenez. | usetly demporary emigration and
immigration rates within the 95%-confidence intdsvaf the estimates, that were 0.05-0.75
and 0.05-0.25 for emigration and immigration pralidés, respectively (Fig. 3.2; Fig. 3.3).
Non-breeding population sizes were calculated Wwrdreding populations of 100 individuals.
Proportions of breeding animals were 0.06-0.86, nan-breeding population sizes ranged
between 17-1500 individuals (Appendix 7.3, Tab..A4)

Using again constant annual breeding populatioa €00 individuals) and constant annual
survival rate (0.8), | calculated non-breeding dapon sizes over 25 years with variable
temporary emigration and immigration rates basedSeshwizer's method. | used only
temporary emigration and immigration rates withire t95% confidence intervals of the
estimates, that were 0.05-0.75 and 0.05-0.25 fagmatmon and immigration probabilities,
respectively (Fig. 3.2; Fig. 3.3). In all calcutats non-breeding population sizes per year
were stabilized after 25 years. Non-breeding pdmrasizes ranged between 9-250
individuals, i.e. proportions of breeding animadtvileen 0.29-0.91 (Appendix 7.3, Tab. A5).
Gimenez' method produced higher estimates than rathod for each combination of
temporary emigration and immigration probabilitigsg. 3.12 illustrates ratios between
estimates of both methods for each point estim@itee higher temporary immigration
probabilities were, the lower was the ratio betw#®n point estimates of the two methods,
l.e. the smaller was the relative difference betwtee estimates. The degree of temporary

emigration had no influence on the ratio.
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Fig. 3.12. Estimate ratios of non-breeding popatatsize generated by two methods

(Gimenez’ and Schwizer’s) in relation to temporamgigration and immigration rates.
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Breeding Population Size of One Year Using POPAN

Modd Sdlection

(1) Capture Probability

The top model (p(AB*t-C*t)) in the capture probatyilwas time-dependent and assumed that
populations Ash and Beech had the same capturealpitities but differed from Chestnut
(0i=0.70) (Tab. 3.12). Model p(g*t) had less than hdlfthe support than the best model
(0i=0.30). The time-specific model p(t) had no suppothe datad;=0.00).

Table 3.12Model ranking of the three models in the candidatefor
capture probability. All models were built witth(g*t) pent(g*t)
N(g). Note that variances are missing because POBA&s not

calculate them.

Model AAIC, o K
p(AB*t-C*t) 0.00 0.70 54
p(g*t) 1.70 0.30 49
p(t) 27.75 0.00 69

(2) Apparent Survival Probability
The survival rate turned out to be best explaindeerwallowing for time- but not for
population-specific survival probabilitie®iE€1.00) (Tab. 3.13).

Table 3.13.Ranking of the two models in the candidate set for

capture probability. Both models were built withAg¢t-C*t)
pent(g*t) N(g).

Model AAIC, W; K
d(t) 0.00 1.00 41
d(g*t) 19.10 0.00 54

(3) Probability of Entrance

The structure of the top model for probability aftrance contained only time but not
population (;=0.88) (Tab. 3.14). In comparison, the time- angyation-specific model had
only little support in the datan(=0.12).
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Table 3.14.Ranking of the two models in the candidate set for
probability of entrance. Both models were built hwg(AB*t-C*t)

D(t) N(9).

Model AAIC, w; K
pent(t) 0.00 0.88 32
pent(g*t) 3.95 0.12 41

In the overall model ranking, only two models hagbort in the data. Model (S(t) p(g*t)
pent(t) N(g)) was the top modeb;£0.88) (Tab. 3.15). It was more than seven timemger
than the second-ranked model (S(t) p(g*t) pent(&)y)) (©i=0.12) that differed only in the
modeling of probability of entrance.

Table 3.15. Overall model ranking.

Model AAIC, w; K
S(t) p(AB*t-C*t) pent(t) N(g) 0.00 0.88 32
S(t) p(AB*t-C*t) pent(g*t) N(g) 3.95 0.12 41

Estimated and Calculated Parameters

Breeding population sizes for 2006 were calculdteceach population separately. Since the
second-ranked model could not successfully genetaiaf the three population estimates |

excluded it for parameter estimation.

Breeding population Chestnut was the largest poipalzonsisting of 271 adults (SE=53). In

Ash, 230 breeding individuals (SE=14) were preseitereas for population Beech (196,

SE=12) the lowest number of breeding adult crestagits was estimated (196, SE=12) (Fig.
3.13).
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Figure 3.13.Breeding population sizes of the Ash, Beech, andes@hut with
corresponding 95%-confidence intervals.

Further, breeding population sizes for each sargpticcasion could be calculated. Figure
3.14 shows the number of animals present at thdgpohpopulation Ash over the breeding
season and the cumulative breeding population.dizesn mid-April until the end of June 91
(39%) to 133 (58%) individuals of the total breegipopulation (N=230) were inhabiting
ponds at the time of the sampling sessions. Siacanpeters for apparent survival rates and
probabilities of entrance were the same for allydaions, curves of abundance over time

from Beech and Chestnut showed the same patteksras
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Figure 3.14. Black squares are calculated breegamylation sizes per captuegcasionat
Ash with corresponding 95% confidence intervalseyGtriangles represent cumulative
breeding population size of population Ash with 98éffidence intervals.
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3.25 Optimal Sampling Effort

Using all nine capture occasions over the wholepsiag period of 17 weeks in 2006, the
estimated number of breeding animals was 704 (SE34i8s estimate mean can be seen as a

reference, since it was performed using the whdl@mation in the data.

Number of Capture Occasions

The number of capture occasions had a positiveiente on the gross population estimate
mean (Fig 3.15). However, the effect flattened vhigfher number of occasions. The number
of occasions had a negative influence on the adeffii of variance of the estimate (Fig 3.16).
Again, with higher number of occasions, the infloerwas decreasing. The optimum of
sampling sessions over a sampling period of 12 weeks 6, for both the height and the

precision of the population size estimate.
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Figure 3.15. Mean estimates of breeding Fig. 3.16. Coefficient of variation (CV) of

population size plottet against the number of breeding population size plottet against the

sampling occasions. number of sampling occasions.
y = 130.2 + 142.0x - 10.8x with y: mean y = 0.353 - 0.093x + 0.008xwith y: CV of
breeding population size, and number of breeding population size estimates, ard

sampling occasions. number of sampling occasions.
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Period between First and Last Occasion

The period from the first to the last capture otmasiad a positive influence on the estimate

mean (Fig 3.17). However, the influence is decreasvith longer period. Also, the period

from the first to the last capture occasion haasitwe influence on the estimate's coefficient

of variance (Fig 3.18). The optimum sampling perwas 14 weeks when the number of

samplings was four.
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Figure 3.17. Mean estimates of breeding

population size plottet against the period between

first and last sampling occasions in weeks.
y = 260.8 + 39.1x - 1.3xwith y: mean breeding
population size, and: period between first and

last sampling occasion in weeks.
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Figure 3.18. Coefficient of variation (CV) of
breeding population size plottet against the
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occasions in weeks.
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4 DISCUSSION

Multistate CMR models showed that annual survivdlreeding crested newts was higher for
males than females. Further, survival over the dingetime was estimated to be lower for
breeders than for non-breeders but equal for batbgories over the non-breeding time.
Temporary emigration was Markovian and estimatedyeation probabilities were high and
variable over years, whereas temporary immigratmobabilities were relatively low.
Consequently, non-breeding populations had aboutleqr higher sizes than breeding
populations, depending on the method used for asitigy their size. Breeding probabilities
were higher for females than for males. Breeding $idelity was generally high but
population Chestnut showed relatively high betwsés-migration. Breeding populations
generally increased over the study period. The teadpattern of pond residence, analyzed
for one year, showed that at most 60% of the bmsedere present at one time. Evaluations
of Jolly-Seber models using various combinatiofissampling occasions showed that
sampling for monitoring breeding populations shdugddone at least 6 times over 14 weeks.

4.1 Surviva

Annual survival probabilities of breeding crestesits were 0.91 (SE=0.083) for males and
0.69 (SE=0.060) for females (Fig. 3.2). This ishat upper range of most published data [e.g.
0.33-0.57 (Arntzen and Teunis 1993), 0.50 (Glar@®@2), 0.65 (Hedlund 1990), 0.23-0.61
(Sewell et al. 2005)]. Only Baker (1999) (0.31-).Gdhd Hagstrom (1979) (0.70-0.80)
reported survival rates over several years in tomgge of my estimates. Glandt (1982),
Hedlund (1990), Arntzen and Teunis (1993), and Bak&99) estimated survival
probabilities using 'sampling efficiency' that theglculated from numbers of animals
captured and population size estimates. Nowadaysever, these calculations are seen as
obsolete nowadays because there are now better toagisal with capture probabilities
(Lebreton et al. 1992). Only Sewell et al. (200ppleed present-day CMR methods to
estimate survival probabilities. In contrast to stydy, Sewell et al. (2005) did not include
breeding probabilities, thus potentially leading negatively biased survival estimates
(Kendall and Nichols 2002, Schaub et al. 2004).

The difference in annual survival probabilitiesvbe¢n males and females is considerable.
Only few studies separately analyzed survival ratemale and female crested newts. My

findings are consistent with those of Baker (199#)p found that males survived generally
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better than females. Higher reproductive energyerdjgure of females might explain the
difference in survival between the sexes. This ide@&onsistent with Muellner's (1991)
finding that male crested newts gained mass duhagquatic seasons, whereas females just
maintained their mass. Stoefer (1997) showed thane year both males and females of a
population gained mass over the aquatic seasonmalgs gained more than females.
However, over the intermediate non-breeding seaswhduring the breeding season of the
second year both sexes lost mass, but mass losalwags higher for females than for males
(Stoefer 1997) .

Weekly survival rate during the non-breeding peficel, fall, winter) was equal for breeders
and non-breeders, whereas over the breeding tim&valwas lower for breeders than for
non-breeders (Fig. 3.6). A study on the pond-bregdiiger salamanderA(mbystoma
tigrinum) found the same pattern between breeding and remdimg animals over the
breeding and the non-breeding season (Church dh ghresg. My results suggest that
breeding newts in the ponds are at higher mortalgi than non-breeding individuals.
Therefore, reproduction may be costly in terms ofvival over the breeding period

(discussed below).

4.2 Temporary Emigration and Breeding Probabilities

The goodness-of-fit test indicated that temporanygeation was Markovian in nature. The
Markovian temporary emigration models showed thdgépending on the year, 39%
(SE=17.0%) to 55% (SE=7.2%) of breeding females d08c (SE=17.0%) to 57%
(SE=6.8%) of breeding males skipped breeding infélewing year (Fig. 3.3). Moreover,
once breeding animals had been absent from thelibgesite, only low proportions of males
(3%, SE=3.2%) and females (12%, SE=6.2%) returogfid ponds (temporary immigration
rates, Fig. 3.4). The higher temporary emigratetes and lower temporary immigration rates
of the males indicate that breeding probabilitiemales are lower than of females.

High rates of emigration after breeding suggest bh@eding is costly for crested newts. This
is consistent with the increased mortality of bregdanimals over the breeding season
compared to non-breeding animals (Fig. 3.6). Howewdering the non-breeding period
probabilities to survive were the same for bree@deid non-breeders (Fig. 3.6). This leads to
the conclusion that the energy spent for reprodaatiid not limit post-breeding survival. It
appears that crested newts desisted breeding @n toréhvoid the higher mortality risks in the

aquatic habitat, in that way increasing individfiedess. On the other side, individual fitness
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increases through reproduction too. This means téraporary emigration entails a cost
resulting in a trade-off between survival and rejuiciion.

Temporary immigration probability estimates wererywdow compared to emigration
probabilities; i.e. most of those animals that ostmpped breeding never bred again. This is
fairly astonishing since individual fithess doest mocrease anymore when once having
stopped reproduction, assuming the costs of skippireeding might be higher than the
survival costs of breeding.

One explanation that animals live on but do notadpce is that reproductive energy is so
high that many crested newts can not afford to dmeltiple times. Like reaching sexual
maturity (Ryser 1996), saved energy might nee@achr a certain energy threshold to make a
breeding attempt. An animal that does not reach timieshold skips breeding and thereby
increases its residual reproductive value, i.e.usieg more energy than it needs for
maintenance and growth, thereby filling its energgerves that can be used for future
reproduction. My results suggest that only few boeeding animals reach the assumed
threshold.

This is the first study that quantified probabdgiof temporary emigration and immigration of
the crested newt using CMR methods. Compared toluddd(1990), | found higher
probabilities of skipping breeding opportunitieshelT assumption of Hedlund (1990) that
recapture probability was 100% may be wrong andetbee breeding probabilities were
underestimated. Geopraphic variation among populaticould also be the reason for the
difference. As it has been shown for other amphilsigecies (Fretey et al. 2004, Muths et al.
2006, Church et aln pres3, temporary emigration seems to be a trait oflifeenistory of T.
cristatus Long-term CMR data from earlier studies on thpiydation dynamics of the crested
newt should be re-analyzed using multistate modetimethods in order to elucidate the

degree of temporary emigration of other populations

4.3 Migration and Pond Fidelity

Probabilities that crested newts chose differemidpsites for breeding over the study period
were generally low (Fig. 3.5). The low between-sitigration rates suggest that breeding site
fidelity is a more advantageous strategy. Individuaturn to sites where they bred in the
past. Fidelity of adult crested newts to their dieg sites is well-reported (Kupfer and Kneitz

2000, Oldham and Humphries 2000, Sinsch et al. RA@&yrating juveniles, rather than
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adults, may provide for genetic exchange betwegulptions. Juvenile migration is known
to be high (Kupfer and Kneitz 2000).

Of those animals that bred again in the followingaly the Chestnut population showed
highest emigration probabilities (males 22 — 31&tndles 10 — 14%, Fig. 3.5). Males from
Ash and Beech were 10.5 and 2.3 times, respectiledyg likely to change the breeding site
than Chestnut males, whereas migration probalsiliethe females of Ash and Beech were
even 34.4 and 3.1 times, respectively, lower tharse of the females from Chestnut. The
tendency that more Chestnut adults change theedbrg site could be explained by the
presence of fish in the large pond of Chestnuts Ttund is the only one at the study site a
stream is flowing in and where fish (species unkmpwere caught during fieldwork. Among
amphibians, crested newts seem to be particularigisve to fish predation on larval stages
(Swan and Oldham 1993) which is thought to haveulastantial influence on population
recruitment (Arntzen and Teunis 1993, Baker 19€%).the other side, the large Chestnut
pond is providing a high habitat quality in ternfdaw mortality risk for breeding adults (Fig.
3.6). Furthermore, among other attributes, halstatability for the crested newt includes
pond area as a measure for biological productii@iglham et al. 2000). Since it is thought
that amphibians have evolved in dynamic environsi\gituhn and Laufer 2001), where
ponds are temporary and therefore fish predatianimmal (Griffiths 1997), the large pond
may be deceptive for breeding site selection, &g tight be acting as an ecological trap
(Schlaepfer et al. 2002). Consequently, in the exdndf metapopulation dynamics, Chestnut
could act as a 'sink' population and only perdistsugh juvenile animals immigrating from
'source’ populationssénsuPulliam (1988)). A number of studies describedapepulation
structure for the species (e.g. Griffiths and Vditis 2000; Kupfer and Kneitz 2000).
However, these explanations are just speculativen€fying metapopulation dynamics and
revealing causes of variable migration among pdjmuia would require much more than the
migration analysis of breeding animals betweentlinee populations. Additional approaches
needed include analyses of population demographjyahilesand adults, of population
genetics, and correlations of both data sets witvirenmental variables. Even to decide
whether the investigated populations function amedapopulation or as a single breeding

unit, these other analyses would be necessary.
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4.4 Breeding Population Sizes

Over a period of four years, populations Ash ane@dBeincreased in numbers of breeding
animals, whereas Chestnut decreased. Populatiowtlgrean originate from various
demographic parameters, generally when recruitmaté outweighs adult mortality.
Considering that temporary emigration probabilities breeders (Fig. 3.3) were 5-7 times
higher than the probability for a non-breeder tedor again (i.e. temporary immigration, Fig.
3.4) and that, over the years, the non-breedingilptipns had roughly the same size as the
breeding populationsa (Fig. 3.10, 3.11), more alsrtedt the breeding population than non-
breeders re-entered it. Further, since survival easstant (Fig. 3.2), temporary emigration
rates and breeding population sizes increased wver (Fig 3.3; Fig. 3.7), | expect the
proportion of first-time breeders to have increaasdvell. Thus, the breeding population is
likely to have grown due to high recruitment rateger the preceding years. However,
numbers of captured juveniles over time do notaati such a trend (Tab. 3.1).

There is a discrepancy between the breeding populsize estimates for 2006 derived from
the two different methods, the Jolly-Seber modePR@ and the 'ad hoc' approach using
annual recapture rates (Fig. 3.7; Fig. 3.13), altfiroconfidence intervals overlap slightly.
One reason might be that, unlike the ad hoc apprd2©PAN is able to estimate the number
of breeding animals that were not exposed to samplschwarz and Arnason 1996). To
explain the differences between the estimates, wioisld imply that about a fourth of all
breeding animals in Ash and Beech, and even marelialf of the animals in Chestnut, were
in the pond only during the time between two contege sampling sessions. These animals
have either bred for a shorter period than one Baghmterval or they emigrated temporarily
over one or several sampling sessions. Temporargrans within breeding seasons as well
as short breeding activities have been reportedriit fence studies (e.g., Kupfer 1996;
Sewell et al. 2005). However, the proportion ofsthanimals is unlikely to be 50%, since the
majority of breeding newts is expected to stayh@ pond for several weeks (Kupfer 1996).
Therefore, the large variation in the Chestnutnesties can hardly be explained by within-
year temporary emigrants. It is more likely thag BFOPAN method is simply more powerful
since the information in the data is conserved Bingi all annual sampling occasions
separately, whereas all occasions are pooled iadhgoc approach. Moreover, it is unlikely
that | caught all individuals that were presentiniyithe sampling sessions. | assumed this for
estimating breeding population sizes for Ash anddBesince the recapture parameters of the
last sampling session could not be estimated. Asnsequence, | probably underestimated

the breeding population sizes of 2006.
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4.5 Non-Breeding Population Sizes

Based on Gimenez' method | could show that thegstigm of breeding adults was 8% for
males and 19% for females. Assuming a sex-ratid:tf only 13.5% of the total adult
population participated in breeding in any yearug,hmean non-breeding population size of
Ash and Beech ranged from 772-1099 and 415-92Ipectisely (Fig. 3.8, Fig. 3.9).
However, these estimates have huge standard esincg the precision of temporary
emigration and immigration rate estimates was yfaidw. Results from my alternative
method to calculate non-breeding population sieesylts showed that about half of the total
adult newt population was breeding in any year.(Bi§0, Fig. 3.11).

In contrast to Gimenez' method, my approach wasdam some simplifications and
assumptions. | did not include standard error pgapan since calculations were done in an
iterative way. Further, calculations were basedth@ assumption that breeding population
sizes for Ash and Beech were 100 and 50 individuakpectively, and temporary emigration
and immigration rates were constant over 25 yddesertheless, | assess the results of my
approach to be more realistic than those using Gexienethod because | included a survival
parameter into the calculation. The comparisonhefttvo methods (Fig. 3.12) showed that
the lower temporary immigration rate was chosee,higher was the difference between the
two methods. On the other side, probability of terapy emigration had no influence on the
relative difference. Obviously, Gimenez' methoanisch simpler and more precise than the
method | developed. However, by not accountingstowival probabilities Gimenez' method
is systematically overestimating the proportionbogéeding animals and thus non-breeding
population size (because they do not die). Evenghdhe method | proposed is only a weak
estimation in terms of precision, the results girbvide a more realistic impression of the
adult proportion that does not attempt breedingoalgh still living.

Although the mean estimates of the two methodsrges@ighly, both approaches show that

the numbers of non-breeding animals of all popotetiare considerable.

4.6 Pond Residence

Population size estimates for each occasion shdkatdfrom mid-April until mid-June 39-
58% of all animals breeding in 2006 were presemnattime (Fig. 3.14). Explanations about
the temporal pattern of pond occupation are mashif@himals could have entered and exited
the breeding habitat in a staggered fashion withnamigration peak in early April and a

prolonged emigration peak beginning in mid-Mayislalso possible, that one fraction of the
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breeding population was in the ponds over the whodeding period, whereas animals of an
other fraction entered in a staggered fashion isgagnly for some days. Something between
the two alternatives might be most likely becauseostudies report that entering animals
were caught over a long period during spring aaglext variably for several weeks (Sewell et
al. 2005).

Moreover, in a study on a population with a longiaes period from early March to early
November, the time spent in the aquatic habitatedamdividually from 8 to 30 weeks
(Kupfer 1996). Long-term data from Kupfer (1996)wsll as from Blab and Blab (1981)
showed that migration to and from the breeding gomccured over a time period of 3-11
weeks. In contrast to my findings, both studiesortgd that periods of immigration and
emigration were not overlapping. This implies tlthtring the period between the last
immigrant and the first emigrant all animals weresent.

Habitat changes and the relative time an animahdgpen each habitat are dependent on
ecological factors. The ratio of mortality and gtbwate has been proposed to be critical for
habitat selection and habitat changes (Werner 198iBce growth rate is related to food
abundance and food quality, an animal selects dlogl jJood habitat. According to Werner's
(1986) model food abundance and quality in the &jueabitat of the investigated crested
newts must be higher than in the terrestrial hglstace mortality is higher as well (Fig. 3.6).
Both food and mortality might limit the residename of a breeding crested newt in the pond.
This idea is particularly relevant for crested resince they are known to occupy the aquatic
habitat even when they are not breeding. Sexualljure animals stay in the pond after
reproduction; even juveniles are in the pond fardfeg (Thiesmeier and Kupfer 2000).
Moreover, the food and mortality limitations coldd another cause for adults not to breed
every year. Further studies are needed that igagsthow growth rate and mortality interact

and affect pond residence time.

4.7 Optimal Sampling Effort

My analyses showed that sampling should be doneaperiod of 14 weeks (when sampling
four times) for accurately estimating the breedmogulation size with the JS-method POPAN
(Fig 3.17, Fig. 3.18). However, precision of theireate was lower (i.e. the coefficient of
variance was higher) for longer sampling periodsppbly because of lower recapture rates.
This is not surprising assuming the temporal pattdrpond residence described above and

given that over a period of about 9 weeks only abalf of the breeding population is present
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at one time (Fig. 3.14). Sampling during the pesdssn from mid-April to mid-June is likely
to generate highest numbers of captures. Thereffergggest that the timing of the sampling
is set in such a way that the peak season is iedlud

When sampling over 12 weeks, an effort of 6 sangpliessions appears to be adequate for a
realistic and precise estimate (Fig 3.15 and Fl&)3.Considering the pond residence pattern
(Fig. 3.14), this is not surprising when assumingt the more sampling is done, the higher
the detectability is, and thus the higher the nunddeindividuals captured (affecting the
estimate) and the recapture rate are (affectingipom of the estimate). | therefore suggest
that at least 6 sampling sessions should be dartbdanonitoring of the three populations.
Using the data set of the entire breeding populatibe breeding population estimate was
even higher than the maximum of the regressionesur\¥his indicates that the suggested
sampling effort of 6 occasions over 14 weeks wibhably still underestimate breeding

population size, even though relatively slightly.

Conclusion

If an amphibian population is sampled at the bmegdiite, it is too simple to model the
population dynamics by using the basic populaticvdeh (Williams et al. 2002) including

population sizel]), recruitmentB), immigration (), mortality ©), and emigrationk).
N(t+1) = N(t) + B(t) + I(t) — D(t) — E(t)

The extension of this equation by the parametemgpdeary emigration and immigration
enables to model breeding populations and therelpwarating breeding and non-breeding

populations:
Ng(t+1) = Ng(t) + B(t) + I(t) — D(t) — E(t) + TI(t) — TE(t).

Using CMR multistate models breeding populatioresiflg), mortality ©), immigration ()

and emigrationK), as well as temporary immigratiol] and temporary emigratiornTE)

can be estimated. In order to model the popula®a whole, the implementation of a model
for the non-breeding population would be necesséhgrefore, sampling in the terrestrial
habitat would be advantageous because survivabpiiitiies and population sizes of the non-
breeding population would be directly estimablertfkermore, temporary emigration and
immigration probabilities could be estimated withone precision. However, amphibian
species like the crested newt are hard to catchawwd. Thus with only pond sampling a
simpler model can be made. The model's equatiosistsnof only four parameters, i.e. non-
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breeding population sizeNfg), mortality ©), temporary emigrationTE) and temporary

immigration {T1):
Nng(t+1) = Nns(t) — D() + TE() — TI(Y).

Immigration and emigration (analogous to the bmeggiopulation model) are not necessary
to be included as these parameters can not beasegpdrom those in the breeding population
model when only breeding but not non-breeding atlsnaae captured. The sum of both

breeding and non-breeding population model arexipeession of the whole population:

N(t+1)= Ng(t+1) + Nng(t+1)

Ne(f) + Nns(t) + B(t) + I() — Ds(t) — Dna(t) — E().
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7 APPENDICES

7.1 GOF Test Results

Tab. Al. Single-state GOF test results for males and

females.
Subtest Group X2 df p
TEST2.CT Males 26.055 2 <0.001
Females 26.268 2 <0.001
TEST2.CL Males 0.000 1 1.000
Females 0.000 1 1.000
TEST3.SM Males 2.460 2 0.408
Females 1.792 2 0.292
TEST3.SR Males 5483 3 0.598
Females 1.845 3 0.138
Sum of tests 63.902 16 <0.001
Tab. A2. Multistate GOF test results for males and
females.
Subtest Group X2 df p
TEST WBWA Males 0.000 1 1.000
Females 0.000 1 1.000
TEST M.ITEC Males 2256 2 0.265
Females 1.068 1 0.277
TEST M.LTEC Males 0.001 1 0.974
Females 0.002 1 0.959
TEST 3G.SR Males 3.378 8 0.908
Females 10.826 7 0.146
TEST 3G.Sm Males 7.685 9 0.566
Females 1.642 7 0.977
Sum of tests 26.858 38 0.928
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7.2 Sampling Occasion Selection for Monitoring Problem

Tab. A3. Data sets produced for monitoring analgsi$ population
size estimates derived using the modeling pack&yeAN.

Sampling Population
period Number of Occasions size Standard Coefficient
[weeks] occasions used estimate error  of variation
6 4 2-3-4-5 437 36 0.08
6 4 3-4-5-6 485 36 0.07
6 4 4-5-6-7 435 31 0.07
6 4 5-6-7-8 451 30 0.07
8 4 2-3-4-6 458 36 0.08
8 4 3-4-5-7 527 47 0.09
8 4 4-5-6-8 504 41 0.08
8 4 5-6-7-9 426 35 0.08
10 4 1-3-4-6 552 58 0.10
10 4 2-4-5-7 499 47 0.09
10 4 3-5-6-8 552 43 0.08
10 4 4-5-8-9 554 66 0.12
12 4 1-3-5-7 538 52 0.10
12 4 2-4-6-8 498 42 0.08
12 4 3-5-7-9 562 65 0.12
12 4 2-3-7-8 534 45 0.08
14 4 1-2-7-8 565 61 0.11
14 4 1-4-5-8 661 83 0.13
14 4 2-3-8-9 521 58 0.11
14 4 2-5-6-9 483 55 0.11
14 6 1-2-4-5-6-7 554 39 0.07
14 6 2-3-5-6-7-8 559 30 0.05
14 6 3-4-6-7-8-9 632 48 0.08
14 6 1-2-3-4-6-7 586 41 0.07
14 6 2-3-4-5-7-8 589 37 0.06
14 6 3-4-5-6-8-9 681 59 0.09
14 5 1-3-4-6-7 583 49 0.08
14 5 2-4-5-7-8 575 43 0.07
14 5 3-5-6-8-9 622 52 0.08
14 5 1-2-4-5-7 547 47 0.09
14 5 2-3-4-6-8 527 36 0.07
14 5 3-4-6-7-9 595 58 0.10
14 4 1-2-7-8 464 46 0.10
14 4 3-4-8-9 575 72 0.12
14 3 1-4-7- 788 181 0.23
14 3 2-5-8- 448 62 0.14
14 3 3-6-9- 389 61 0.16
14 3 1-5-7- 472 69 0.15
14 3 2-6-8- 412 42 0.10
14 3 3-4-9- 554 164 0.30
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7.3 Non-Breeding Population Size Calculations

Tab. A5. Point estimates of non-breeding population size for variable temporary
emigration and immigration probabilities based on Gimenez' method.

Temporary immigration probability

0.05 0.10 0.15 0.20 0.25 0.30

0.05 100 50 33 25 20 17

.. 010 200 100 67 50 40 33
% 0.15 300 150 100 75 60 50
@ 0.20| 400 200 133 100 80 67
S 025 500 250 167 125 100 83
c 0.30 600 300 200 150 120 100
% 0.35| 700 350 233 175 140 117
5 040 800 400 267 200 160 133
GE_) 0.45 900 450 300 225 180 150
> 050| 1000 500 333 250 200 167
g 0.55 1100 550 367 275 220 183
S 0.60| 1200 600 400 300 240 200
o 0.65| 1300 650 433 325 260 217
0.70| 1400 700 467 350 280 233

0.75| 1500 750 500 375 300 250

Tab. A6. Point estimates of non-breeding population size for variable temporary
emigration and immigration probabilities based on the method | proposed.

Temporary immigration probability

0.05 0.10 0.15 0.20 0.25 0.30
005 17 14 12 11 10 9
. 010/ 33 29 25 22 20 18
£ 015 50 43 37 33 30 27
8 020 67 57 50 44 40 36
S 025 83 71 62 56 50 45
c 030 100 86 75 67 60 55
£ 085 117 100 87 78 70 64
5 040 133 114 100 89 80 73
E 045 150 129 112 100 90 82
> 050/ 167 143 125 111 100 91
€ 055 183 157 137 122 110 100
S 060 200 171 150 133 120 109
S 065 217 186 162 144 130 118
070| 233 200 175 156 140 127
0.75| 250 214 187 167 150 136
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7.4 Electronic Appendix Contents

File 'MSc Thesis Thomas Schwizer.jiglthe print version of this report

Folder datd
- 'raw data.xlscontaining the full data set
- 'raw data compact.xl€ontaining the data set in which the necessary
information for the analyses is packed

Folder analysis
- Folder annual survival and transitiohs
containing the input file and all ouput files (.dofd .fpt)
from MARK

Folder breeding population size and pond occupancy

containing the input file and all ouput files (.dbfd .fpt)
from MARK

Folder Seasonal survival

containing the input file and all ouput files (.dlofd .fpt)
from MARK
Folder monitoring analysis

containing the input files and all ouput files {.dind .fpt)
from MARK




