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ABSTRACT

Despite years of effort, the field of conservatimology still struggles to
incorporate theories of animal behavior. | introglirt Chapter | the issues
surrounding the disconnect between behavioral ggadod conservation biology,
and propose the use of behavioral knowledge in latipa viability analysis. In
Chapter I, | develop a framework that uses thteseggies for incorporating
behavior into demographic models, outline the cobtach strategy through
decision analysis, and build on previous work ihdaoral ecology and
demography. First, relevant behavioral mechanidrosld be included in
demographic models used for conservation decisiakimy. Second, | propose
rapid behavioral assessment as a useful tool tmappate demographic rates
through regression of demographic phenomena omadigmns of related
behaviors. This technique provides behaviorallinestied parameters that may be
applied to population viability analysis for usenranagement. Finally, behavioral
indices can be used as warning signs of populaafine. The proposed
framework combines each strategy through decisiatyais to provide
guantitative rules that determine when incorpotptispects of conservation
behavior may be beneficial to management. Chafitapplies this technique to
estimate birthrate in a colony of California sem$ in the Gulf of California,
Mexico. This study includes a cost analysis ofibkavioral and traditional
parameter estimation techniques. | then providehapter IV practical
recommendations for applying this framework to nggmaent programs along
with general guidelines for the development of ddmpehavioral assessment.
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[. INTRODUCTION
The Cost of Conservation

A significant portion of the limitations of biolemal conservation stems
from the cost of preserving habitats, monitoringylations, and enforcing
management decisions (Moakal. 2004; Naidocet al.2006). Often
conservation biologists and wildlife managers nuigide limited funds between
these and other conservation objectives. Thisdithié amount of resources
government agencies and non-profit organizatioesahte to invest to increase
their understanding of the biology of managed pajpahs and the various threats
affecting them. One important method of collectingse data is to establish
regular monitoring programs of these populationsaitect data on abundance,
reproduction and mortality rates, and the numbdrraagnitude of direct and
indirect human interactions (Beissinger and McGuglo 2002; Morris and Doak
2002; Nichols and Williams 2006). These monitononggrams provide baseline
data that can be used for making management anty gigcisions, including
determining if the populations are threatened w#hline (Beissinger and
Westphal 1998; Morrist al.2002). More recently, emphasis has been placed on
monitoring protected populations to quantify thizets of management decisions,
which influence the establishment of future pokcamnd preserves (Kapesal.
2008). These monitoring programs, however, ofteolire costly, time-intensive
techniques to obtain informative estimates of dem@plgic rates (Sandercock
2006). This time lag between data collection andsiien-making can mean life
or death in threatened populations. The need fornmative data gathered in a
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short period of time has resulted in the use dineques to rapidly assess the
status of threatened populations and environmeatébles associated with their
declines (e.g., Rapid Ecological Assessment - Takeild Conservancy; Rapid
Assessment Program - Conservation Internationale©and Beattie 1993;

O'Deaet al.2004).

The Benefit of Behavior?

Beginning in the mid-1990’s, many behavioral egadts started to
advocate the use of theories of behavioral ecolodiye conservation of animal
species (Anholt 1997; Caro 1998; 1999; Anthony Bhaoinstein 2000; Gosling
and Sutherland 2000; Festa-Bianchet and Apollo8@82Blumstein and
Ferndndez-Juricic 2010). Many of the works theydpoed with conservation in
mind detailed specific programs where behavior suspected to be a benefit or
had been considered over the course of the managemgram. The main
argument of these studies was that including inédgrom on a particular animal’'s
behavior resulted in better management outcomes liigher productivity in
captive breeding programs, more effective presdesgigns, etc.; Caro 1998).
This field eventually came to be known as cons@wdiehavior (Buchholz
2007).

However, despite advances in particular managepregrams, Caro
(2007) conceded that theories of behavioral ecotogy not be applicable to as
wide a range of conservation issues as was fiosight. He pointed to the
mismatch between the theories and the conservatabiems as the main reason
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for this limited application. He argued that knodgde of particular behaviors can
benefit conservationists, but we must focus orctireservation problems before
trying to apply behavioral theories. Unfortunatehis focus on the case studies
of where behavior can improve and has contributezbhservation programs has
led to a disorganized grouping of conservation bemadeas, some with applied
examples, but no intuitive way to consider behainananagement (Linklater
2004; Angeloniet al.2008).

To ameliorate this problem, Berger-Ealal (2011) attempted to attack
this amalgamation of uncoordinated examples wigir tihamework for
conservation behavior. They divided their framewotk three conservation
themes stemming from behavioral phenomena: 1) Apthgenic impacts on
animal behavior; 2) Behavioral indicators; and 8hBvior-based management.
This framework serves to group the examples ofiptesvconservation behavior
successes into general categories, yet does natpreildlife managers with an

accessible method of applying this behavioral keolge to conservation issues.

Resear ch Approach and Objectives

The conceptual framework outlined in this work eg@zhes conservation
behavior from a different angle. Instead of workirgm the behavioral ecologist
perspective, | take Caro’s advice and focus oregiip conservation problem:
the need for increased wildlife monitoring and dadlection while balancing
program costs. This problem arises from the inangasse of demographic
models of population dynamics in management andy(Beissinger and
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Westphal 1998; Morrist al.2002; Gerber and Heppell 2004). These models are
used to perform a population viability analysistbe managed species to aid
policy makers and wildlife managers in evaluating impacts of their decisions
on the population of concern by providing quanti&ameasures of the
population’s probability of future decline (Lindeageret al. 1993; Drechsler
and Burgman 2004). The wide use of these modelenservation programs and
policy make them a practical candidate for a bralication to conservation
behavior.

The following conceptual framework incorporatesdetral knowledge
into demographic models 1) when these behaviorease the predictive ability
of demographic models of monitored populations; 2nds indicators of
population dynamics. Furthermore, | propose a pbssiseful technique to
implement point (2) that approximates demographai@ameters through
correlation with behavioral indicators. The laténategy has the potential to
provide managers with rapid assessments of vifalilation information while
reducing the costs of monitoring the populationisTramework fits into that of
Berger-Talet al (2011) through their themes of behavioral indhcsitand
behavior-based management, but includes a moresdg@rspective than this
previous work. | address the costs and benefieaoh strategy by placing them in
a decision analysis, which provides practical raewhen animal behaviors
should be included in the monitoring and modelingcpss. Chapter Il outlines

this applied framework, building from examples oéyous studies of animal



behavior and demography, with the emphasis on degtwe, foraging, and anti-
predator behaviors.

Chapter Il provides an applied example of theafdeehavioral
observations as indicators of demographic processegsrticular, | use the
regression from a previous study of California lk&@ (Zalophus californianus
aggression and territorial behavior and reprodeatate to project female
abundance at a breeding colony in the Gulf of Galifa, Mexico, over 28 years. |
compare these projections to those derived froditiomal methods of
reproductive rate estimation to analyze the emtsoduced through the
behavioral approximation, and the costs resultingrfeach monitoring

technique.

Description of the Study System

The study system from Chapter Il is the Califorséa lion breeding
colony that occurs on the island of Los Islotethim southern Gulf of California,
Mexico. This colony is the most studied populaiiothe Gulf and has been
increasing in population since 1980, although tleatgr Gulf of California sea
lion population decreased by 20% from 1993 to 2@xereret al. 2006).
California sea lions are a sexually dimorphic, pgtyous species that is known to
exhibit high levels of philopatry (Berta and Sumi®09; Hernandez-Camacho
2001). Each year, from May to August, female seaslicongregate at this
breeding colony to give birth to and nurse thepg(Garcia-Aguilar and

Aurioles-Gamboa 2003). By July, most females havergbirth and enter estrous



while still nursing their yearling pup (Petersordd@artholomew 1967; Garcia-
Aguilar and Aurioles-Gamboa 2003). The onset afoest in the females triggers
dominant males to form territories on these beathegfend the resident females
from competing males. Although most copulation escn the surf, it is
suspected that these territorial males competeate mith the fertile females
(Boness 1991). After the breeding season, the femidll continue to nurse and
care for her yearling pup until the following breéggiseason begins (Boness and
Bowen 1996; Meliret al.2000). By this time the yearling pups have growbé
juveniles and stay in this age class until fivergez age (Aurioles-Gamboa and
Zavala 1999). As adults, male California sea liareslarger than their female
counterparts and have a lower rate of survival {#es-Gamboa 1988;
Herndndez-Camacho 2001). Mature females have ashigfval rate (yearly
survival rate of ~0.95; Herndndez-Camacho 2001; &etaz-Camachet al.

2008) and typically bear one pup per year (Ried&880; Hernandez-Camacho
2001). This combination of life history traits ias#ly modeled by the equations in

Chapter Il (Gerber 2006; Gonzalez-Suarez and GRb@s).



[I. MONITORING BEHAVIOR: ASSESSING POPULATION STATS
THROUGH RAPID BEHAVIORAL ASSESSMENT
Abstract

Despite years of effort from behavioral ecologigtgeories of animal
behavior have not been integrated into the fieldosfservation biology. | propose
a novel framework to join these fields through tise of demographic models. |
present three strategies for incorporating behawmidemographic models, outline
the costs of each strategy through decision arsalgsid build on previous work in
behavioral ecology and demography. | then providetral recommendations
for applying this framework to management prografnst, relevant behavioral
mechanisms should be included in demographic magseld for conservation
decision-making. Second, rapid behavioral assessisiaruseful tool to
approximate demographic parameters through regres$idemographic
phenomena on observations of related behaviorsaa\Betally estimated
parameters may be included in population viabdityalysis for use in
management. Finally, behavioral indices can be aseslarning signs of
population decline. Rapid behavioral assessmenishiimomise as a cost-effective
tool, but also represents a cost to model accutgpvide a framework for
implementing rapid behavioral assessment through studies of reproductive,
foraging, and anti-predator behaviors. My framewarknbines each strategy
through decision analysis to provide quantitativies that can inform
management programs of when aspects of conseriagiwavior may be

beneficial.



I ntroduction

Despite more than a decade of literature on ceaien behavior
(Clemmonset al.1997; Caro 1998; 1999; Gosling and Sutherland 2B666ta-
Bianchet and Apollonio 2003; Blumstein and Fernandigricic 2010) and a few
outstanding case studies (Moateal. 2008), Caro (2007) recently conceded that
behavior can only inform specific management progrand no overarching
theories may be found to connect the two fields fiae Berger-Tadt al 2011).
Here | challenge this claim by providing a framekvtirat applies behavioral
knowledge to quantitative conservation biology, egnthrough population
demography. This framework accommodates existindjes in the area of
conservation behavior and indicates areas of fudxpdoration.

The relationship between a population’s demograptd/the behavior of
its members is the basis of my conceptual framewéikk 1). The interactions
between behavior and population dynamics can pecstdicture to conservation
programs through demographic models used in papualatability analysis
(PVA) in three ways: 1) including behavioral mecisams that increase biological
realism; 2) approximating demographic parametexsuthh rapid assessment of
behavioral indices; and 3) monitoring for behavievarning signs of population
decline. Decision analysis incorporates insighssilteng from these strategies,
providing a quantitative method to assess the tffdetween predictive ability
and program cost. This combination of PVA, rapisessment and decision
analysis leads to logical guidelines in applicagiohbehavior to management

decisions.



Below | describe three strategies for applyingwisalge of animal
behavior to demography through PVA. Managementicapbns from these
three strategies are interpreted in a cost-beaeéilysis to suggest when each
strategy might be appropriate. | then detail trecpss of rapid assessment of
behavioral indices as a means to estimate demogrppfameters followed by
examples of possible applications to three areasméervation behavior concern:

foraging, reproduction and predator avoidance.

A framework for integrating animal behavior into conservation decision-
making

Models of population dynamics have been used extelydo make informed
conservation decisions in the past (Mace and L4984 ; Beissinger and
Westphal 1998; Beissinger and McCullough 2002; Mat al.2002) and have
become a critical aspect of successful conservaindiny (e.g., potential
biological removal in MMPA, the Revised Managemrdcedure under the
IWC, and listing under the IUCN Red List and ESB&mographic models are
also suitable tools for describing the feedbacks tiiay occur between
demography and behavior (Fig. 1). First, behaviondividuals can influence
demography. For example, dunnocRsunella modulariy form male-dominated
linear dominance hierarchies at winter food pat¢besvies 1992). These
hierarchies can result in increased rates of femalgtality, causing male-biased
sex ratios following severe winters (Davies 198mography may also
influence the behavior of individuals, as can bense the harem-building saiga
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antelope $aiga tataricd. When these animalgere more abundant and sex ratios
more balanced, males competed for access to hariermales. As a result of
intense hunting of male antelope for their horosps remaining populations have
been shifted to extremely female-biased sex rafibs rarity of male saiga has
caused a switch in mating behavior: now dominamiaies restrict access to rare
males (Milner-Gullaneet al.2003). This change in behavior may then reduce the
fecundity of the population as subordinate fematesnot able to mate and bear
offspring, bringing the relationship between bebaand demography full circle.
Managers and conservation biologists can make fube ¢dinks between behavior
and demography by including them in their predetiwodels or by using

behaviors as indicators of demographic parametet$apulation trends (Fig. 1).
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Demography

: o Estimate demographic
v T phenomena from behavior using
rapid behavioral assessment

M P T

Strategy 2: Behavioral
proxies of demographic
parameters

Strategy 3: Behavior
as an indicator of
population trends

Strategy 1: Addition
of behavior in PVA
models

‘ Consequence (e.g. population decline or extinction) ‘

L]

Risk of decline x ¥
Strategy accuracy P q T r
Cost of each strategy ‘ A‘\ B D

Decision Analysis

Figure 1. Schematic of the connection between bhehand demography, and
three strategies to apply animal behavior to caagem programs. The decision
analysis shows how the costs of each stratAgy B > D) combine with the
accuracy of each strateqy ¥ g > r) and the predicted risk of population

reduction X, y,andz). Implications from this framework are found inbla 1.
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Table 1: Implications of Strategies 1, 2 and 3 opydation viability models and
program costs. Decision rules resulting from Figlisge provided for each
strategy and are compared to the costs of traditimonitoring T) and

population declineq).

I mplication Strategy 1: Strategy 2: Strategy 3:
Addition of Behavioral proxies Behavior asan
behavior in of demogr aphic indicator of
PVA models parameters population trends

Complexity of  Increased No change Decreased

resulting model

Expected Increased Decreased Decreased

accuracy

Cost Increased Decreased Decreased

Choose strategy px(A+C) <T+C qy(B+C) <T+C rz(D+C) <T+C

if:
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Strategy 1: Including behavior in PVA models

Much attention has been given to describing tiskigion of behavioral
phenomena in population models (Sutherland 1996tiktgs 1997; Ebert 1999;
Caswell 2001; Morris and Doak 2002). This stratsggiready displayed in
spatially explicit population models that incorperdispersal behavior (e.g.,
Gonzélez-Suéarez and Gerber 2008; Revilla and Wgkg808). In addition, when
mating behavior is included in population modeigain result in more accurate
estimates of population growth rates (Gerber 2006)ch may then better inform
management decisions and harvest protocols (Hetralz2012). Greenet al
(1998) show that incorporating mating system artdrpal care in population
models can elucidate the risks of directed harniasédrican game animals. The
drawback to these additions, however, is that thewlt in more complicated
models, which in turn often leads to increased dastto the need for parameter
estimation (e.g., increased radio tagging of irdinals to describe movement
behavior or DNA testing for paternity analysis).

This tradeoff between model accuracy and prograshroay be best
explored with decision analysis (Fig. 1; Tablellgan compare the costs of
observing a behavioral indicator to the cost ofdheent or traditional method of
population management ) and the cost of possible population decli@ég (f
including behaviors explicitly in models resultsmore accurate descriptions of
population dynamics in a threatened system, theflig¢a wildlife managers and
policy makers may be greater than the extra costse#ort required to create
these new models. Therefore, | can compare theapility of increased accuracy

13



(p) and the probability of population decling &long with the program costs of
Strategy 14) to those of the traditional method: choose Sgrateif px(A + C) <
T + C. In other words, if the increased accuracy and @bgarameter estimation
results in a more accurate estimate of populatestime and its consequences,
Strategy 1 should be considered.
Strategy 2: Behavioral observation as a proxy femwgraphic parameters

It may be possible for conservation biologistestimate latent
demographic rates through observation of certalmabers (Fig. 1)The simplest
models of population dynamics describe how bibjhafd death ratesl) interact
to result in populations that change over time.oBgerving particular behaviors
that are known to be correlated with demographiestaesearchers can uncover
the parameters underlying the dynamics of monitpagallations. Wildlife
managers should be able to observe behaviorsddlatarth (e.g., nursing or
parental care) and survival (e.g., foraging efficigor predator wariness) and use
them as proxies of the true ratesafdd, respectively). These behavior-based
parameter estimates may then be implemented in iAgYdels to help make
management decisions at a faster pace than stasulaeling techniques.

Instead of increasing costs through model compleStrategy 2 may
simply reduce the current cost of monitoring theydation of concern. However,
these strategies introduce greater errors in papal&rajectories due to variance
in the correlation between the behavioral indicatwl the true parameter. As
long as this observation error is small in relatiothe benefits incurred from
reduced costs in making these parameter estimg)nStrategy 2 may be an
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important monitoring option. Here, the accuragygnd probability of declineyy
for Strategy 2 must also result in the inequaligyB + C) <T + C (Table 1);
however, in this case the accuracy and apah(B, respectively) are likely to be
smaller than those of StrategydandA).

Strategy 3: Behavior as an indicator of populatioends

In systems where the behavioral indices from Sgsafehave consistently
shown associations with population growth, behaliobservations could be
used as rules of thumb to describe qualitativeepadtof population trend this
case, changes in population size or compositionnesylt in a marked switch
from one behavior to another. Observing these hela\changes would allow
managers to anticipate the fate of populationsicapise management decisions
based on early behavioral warnings. This procesddwanly be acceptable in
areas where behavioral observation and managemeenedl established and the
interaction between behavior and population dynansievell understood. In the
case of saiga harvesting outlined above, becaa®devpopulations of saiga have
been shown to depend on the proportion of adulesn@ilner-Gulland
1994;1997), sustainable harvest of males may heatesl to years when
guarding of males is not observed.

Although this strategy is understandably less ateuhan detailed
monitoring, it might act as an inexpensive warriag for wildlife managers. In
the decision analysis, the costs resulting fromlsefalarm@) must be minimal
in comparison to the benefits of the early warrangthe option of traditional
management with later detection of population aeglorrz(D + C) <T +C.

15



Rapid Behavioral Assessment

Before Strategies 2 or 3 can be implemented,a oiationship must be
drawn between a behavior and a related demograpleicomenon. Rapid
assessment techniques can provide a means to tl@Brrelationship by
observing the behavioral indices and estimatingatgaphic parameters. Rapid
behavioral assessment (RBA), typified by an intemsiitial double-sampling
(Eberhardt and Simmons 1987) of both the targetddior and demographic
data followed by continued monitoring of the beloaai index, may provide the
data needed to implement Strategies 2 and 3 alboge?). A study of the chough
(Pyrrhocorax pyrrhocorakby Kerbiriouet al (2009) is a helpful example of
using RBA for estimating juvenile survival. Duritigeir study the researchers
observed the spatial distribution and foraging bedraof choughs on Ouessant
island in France and monitored monthly survivajuseniles color-banded as
fledglings. They found that foraging frequency @amenile survival were both
negatively correlated with tourist visitation (Ketbu et al 2009). Kerbiriowet
al. (2009) argue that this reduction in survival i do the observed decrease in
foraging resulting from human disturbance afteddieg. Because data on both
foraging behavior and juvenile survival were caléetfor this population, a clear
association could be derived from regression madedescribe juvenile chough
survival as a function of their foraging habits.

Kerbiriou et al. (2009) applied their findings to an individualsea
population model and found that the prospectivesiase in tourism on the island
increased the short-term extinction probabilityto$ population due to the
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adverse effects of disturbance on foraging anddhelting decrease in juvenile
survival. Similar population models can be conggdaising the regression
between this behavior and the demographic parartegstimate risk to the
population ¥ or zin Fig. 1). Models using both the behavioral estenof the
demographic parameter and the traditional paranestenate can be compared to
guantify the deviation of the RBA model from thaditional demographic model.
Multiple methods of model comparison including imf@tion criterion
techniques, comparison of resulting growth rates@obabilities of extinction,
and absolute differences in estimated populatibessiesulting from each model
should be used to determine the accuracy of theehtbdt employs RBA. These
tests will also identify any bias resulting frone#ie indirect measureg &ndr in
Fig. 1). To the extent that error in the behaviestimate results from small
sample sizes, the lowered costs from RBA may aftoviarger samples, resulting
in lower measurement error, or higlogandr.

| do not expect that this method of parameter egton will be
appropriate for all demographic parameters as gmarsmeters are more sensitive
to errors in estimation than others. Thereforeiggest that RBA may be most
useful for estimating parameters with low to moteeraodel sensitivities. This is
because error introduced through regression wdblbree magnified in highly
sensitive parameters, but for parameters witle Igénsitivity there is no need for
such detailed estimates.

Even if estimates resulting from behavioral obstovs are sufficient in
predicting population trajectories, costs of inahgdRBA or other behavioral
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information in PVAs must be low enough to justifieir inclusion in future
censuses and management plans. As an exampletitnated cost of a 2007
field study by L. Gerber to estimate reproductiages in California sea lions
(Zalophus californianusin the Gulf of California, Mexico, was approxirait
US$4,992 (equal td in the decision analysis). This amount includezhlo
transportation, tagging materials, and camping tdive people for three field
trips, each lasting nine days, during the summea06f7. This figure also includes
the cost of a second trip to collect resightingadater that winter. The
approximate cost of a single trip to collect onitalon aggression behavior for
the same year would = $2,790. Although the first amount would be regdi
for the initial double sampling of behaviors anandgraphic data, monitoring
efforts in following years may be similar to thadehe latter value. Provided that
behavioral observations can be made relativelyyeasd through cost-effective
means, the tradeoff between accuracy and costnieeftort may justify the use
of RBA.

Because many studies have described systems Btrategy 1 is
important for conservation, | focus the remaindemg review on examples of
Strategies 2 and 3. Specifically, | characterizedhareas of vertebrate animal
behavior that greatly influence the viability ofadations: reproduction,
foraging, and anti-predator behaviors. Within esettion | provide case studies
of systems amenable to Strategy 2 or 3 and wheke iR&y prove to be a useful
monitoring technique. | acknowledge that these gtasstem from studies of
birds and mammals, but are confident that the batationships between

18



behavior and demography permeate through a braguk sif animal taxa,

including arthropods, reptiles, amphibians, anchawellusks (Paynet al.2011).
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Step 1: Find an efficient and cost-effective way to measure a possible

behavioral indicator of population status.

e

Step 2: Assess the accuracy of RBA through double-sampling analysis and
regression of both the behavioral indicator and demographic parameter

(quantify ¢ in Fig. 1).

g

Step 3: Compare predictions of population trajectories from behavioral }

PVA models to those from PVA models using traditional parameter

estimation (compare y to traditional risks of population decline).

1L

Step 4: If the tradeoff between the cost and accuracy of rapid behavioral

assessment is acceptable, continue to monitor this behavior for changes in

population viability (assess gy(B+C) < T+C from Fig. 1).

Figure 2: Steps for implementing rapid behaviossessment into the monitoring

and management of an animal population.
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Reproductive Behavior

The behaviors surrounding reproduction, parturitend parental care are
closely related to rates of reproduction and offgpsurvival. In particular,
behaviors stemming from the mating system may rapécations for female
fecundity and ultimately population growth rates(er 2006). It has also been
proposed that small populations, which typicallydnaigh conservation priority,
may be limited by male fecundity as well as thatenhales (Gerber 2006; Rankin
and Kokko 2007). These male fecundities will mdstlyy be easier to estimate
through correlation with mating behaviors rathentkexplicit testing of male
paternity, though the costs surrounding estimatifaihese rates may be
prohibitive for many conservation projects. | tfere focus on female fecundity
in the following examples.

Strategy 2- Gerbetret al (2010) have shown that female reproductive
rates are correlated to rates of male and femaeeagion in California sea lions
observed in the same year of fecundity estimatRapid assessment of male
aggression and other territorial behaviors, harethtarritory sizes, or patrolling
activity, may provide a fast and cost-effective meto estimate female, and
possibly male, fecundities. Combining these behallipassessed parameters
with PVA models may provide managers and policy enakvith relatively
accurate island-specific estimates of Californi l&en population growth at a
considerably lower cost. Initial investigationstthrclude parameters from RBA
suggest that behavioral proxies of reproductivesat these sea lion populations
provide an adequate means to predict risk of pojpulaecline (Chapter IIl).
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Monitoring these and other behaviors through RBAy mléow managers to focus
conservation programs on at-risk subpopulatiorteerathan spreading efforts
across the entire population.

Strategy 2- In a long-term study of bearded vultur€ypaetus barbatys
in the Spanish Pyrenees, Carretal (2006b) correlated the occurrence of
polyandrous breeding nests with habitat saturafitey found that as the
population of bearded vultures grew and traditionahogamous breeding pairs
claimed available territories, breeding trios cosgubof one dominant male, one
subordinate male and a female began to be estadlliatolder, more productive
breeding territories. This change from monogamouysotyandrous nests was also
highly correlated with a reduction of fecundity pest in these traditionally
productive breeding pairs, which reduced the pradiy of the population as a
whole (Carreteet al.2006b). In this system, where frequency of polyand
nests and nest productivity is known, RBA of neating systems may prove
useful in estimating fecundity of the populationmiay be possible to assess
population viability from these estimates for fldumanagement action.

Strategy 3- To further the example of the bearded vulturar(€teet al.
2006b), the onset of polyandry may be an indicat@ demographically robust
population where all available habitat has bededithrough increasing vulture
abundance. In contrast, if this habitat saturasdacilitated by supplementary
feeding by wildlife managers, which may reduce displ of young vultures, a
switch to polyandry near these supplementary fegdaints may serve as a
signal to stop supplementary feeding to encourgpedsal (Carretet al.2006a).
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In systems such as this and the saiga antelopetfreraxample above, well
defined shifts in mating strategy can serve asadsgof population status for

wildlife managers and conservation policy makers.

Foraging Behavior

Optimal foraging theory indicates that in a préalde environment there
is generally one optimal foraging pattern (Pgkeal.1977), which is manifest in
the role and distribution of individuals within agulation. As the environment
becomes less predictable due to a number of pessdoraging patterns tend to
change. These environmental pressures can be atrgyin and include small
population densities of threatened species (Re@€)18 reduction in important
cues that may indicate high patch quality (Ree®),98creased predation risk
(Heithauset al.2007), or poaching (Donadio and Buskirk 2006)dme a few.
Abiotic pressures (e.g., temperature, nutrienteatntor amount of cover) may
also result in changing foraging patterns. Oftesséhenvironmental pressures
combine in tradeoffs between foraging and otheaxl yitocesses, such as
reproduction or evading predation. Because thesmapforaging behaviors are
predictable given information about the animal’'sisnment, the vital rates they
are correlated with should be predictable alsoh&tland (1996) provides
detailed explanations and applications of foragiepries to population models.

Strategy 2- The pressures, or costs, surrounding foragieghaee-fold:
energetic costs (E), the cost of predation (P),taadcost of missed opportunity
(M), and are directly related to harvest rate (f}te equation:H=E+P + M
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(Morris et al.2009). The density of food in a patch at whichvkat rate satisfies
this equality is the giving-up density (GUD; Brow@88). From this equation we
see that as risk of predation while foraging inplaéch increases, so does the
GUD (Olsson and Molokwu 2007). Alternatively, irofirscarce habitats, the
GUD of a patch will likely be lower (Olsson and M&lvu 2007) because of the
heightened energetic requirements of the foragidgiduals. By presenting
animals in a population with experimental patclies.foraging animals provide
information about the level of environmental pressn their habitat.

Olssonret al (1999) applied this sampling technique in a papoh of
threatened lesser spotted woodpeckemdrocopos mingrand found that
average GUDs were correlated with individual repicitve success. They
showed that individual woodpeckers that left fonggpatches with lower
densities of wood-inhabiting insect larvae alstiated egg laying later than those
that left patches at higher prey densities (Olsstaal 1999). High levels of GUD
were also significantly associated with higher saieoffspring fledging that year.
The researchers conclude that high individual Glaiag be an indicator of
individual reproductive success. Importantly, th€d¢Ds were observed weeks
to months before the onset of breeding in the gpiy monitoring GUDs in this
population late in the winter, managers may be tbjgedict reproductive output
of the population later that year, allowing time foitigation should GUDs
decrease under an acceptable threshold.

Strategy 3- Many studies have been conducted to describepimal
feeding patterns involved in domestic animal huslbanThese optimal patterns
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have been linked to reproductive success and fawwival in domestic sheep
(McEvoy and Robinson 2002). McEvoy and Robinsor0@@escribe that
variation between foraging extremes, or a stuffv&doraging pattern, during
pregnancy may lead to lower embryo survival, redgceproductive output.
Nutritional content of forage during gestation lisoacrucial for offspring survival
and may compromise ovary development in unborn liesn@ akovleveet al.
1997; Nazarova and Evsikov 2008). Similar or mamnpunced patterns are
likely to appear in avian and reptile taxa, as thmast provision offspring with all
required nutrients before egg laying (Martinez-Pa@006; Nelsoret al.2010).
In birds, these behaviors may be used to moniéalgihg success of breeding
pairs. Marietteet al (2011) found that visitation rates at local fesdey zebra
finches [Taeniopygia guttatgpredicted crop contents in nestlings — a possible
indication of nestling fledging and reproductivesess of the parental pair. By
monitoring foraging frequency and choice of forpgeceding and during the
breeding season of a target species, managersunckyygecognize the
possibility of compromised reproduction or offsgyisurvival due to malnutrition
before the effects are observed in the followingr{®. If these sub-optimal
foraging patterns are observed, conservation dewsian be made preemptively

to avoid possible reproductive collapse.

Anti-predator Behavior
Anti-predator behaviors, such as flight responsi\agilance, often
reflect an animal's previous exposure to predaiiterefore, animals
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experiencing these dangerous situations shoulddre wary of their
surroundings compared to naive individuals. Obsgrand quantifying these fear
behaviors through rapid assessment may give caatsampersonnel a more
accurate measure of the level of experience a fomadilation has with predation.
Although these behaviors are termed “anti-preddtetiavior, in many cases
these behaviors are displayed in response to humdaiced threats.

Strategy 2 To estimate the amount of experience animalshtd
human contact, Caro (2005) recorded the reactigfrafan mammals to the
presence of his vehicle inside and outside of théepted Katavi National Park.
He found that many species became more wary offribex the vehicle more
often outside of the park — where hunting pressikmown to be higher — than
inside its boundarie®onadio and Buskirk (2006) apply this hypothesisHer,
suggesting that flight response may serve as acatwt of poaching pressure.
They recorded the distance and frequency that groiguanacod @ma
guanico@ and vicufias\(icugnavicugng fled from researchers standing in the
bed of a truck driving past the heard. They fourat the animals fled more
frequently in areas suspected of higher poachites due to less protection from
law enforcement@onadio & Buskirk 2006)

Surveying these flight behaviors through rapiceasment may provide
estimates of survival probability in these herdsoAif estimates of both legal
hunting and poaching pressures exist, managerdmaple to model the effect
of poaching on population persistence. These ess1an then be integrated into
PVA models to direct management decisions on ardthing policies.
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Strategy 3 Human-induced stresses may not always come idrdreatic
form of poaching. In a world of increasing ecotsurj some conservation
biologists have started to question the effectush&n disturbance in visited
populations (Frid and Dill 2002; Blumstein and Ferdez-Juricic 2010). Similar
to the chough in the example above, European $ttagjdcrocorax aristotelis
are costal breeding sea birds theg threatened by disturbance to foraging
juveniles (Velando and Munilla 2011). Velando andrilla (2011) show that
foraging European shag at the Cies islands in @akpain are highly disturbed
by the presence of boats in important foraginglpegc They find that the birds
group closer together and reduce foraging divestdedly as the number of boats
increases (Velando & Munilla 2011). By monitoriraydging patches for dense
groupings of European shag, action may be takeediace disturbance levels and
therefore mitigate future loss of juvenile birddg@rvation of disturbance
behaviors such as this and their effects on pojpularowth may prove important

in guiding management programs and policy in tlilesgsm destinations.

Discussion and Conclusions

| provide a conceptual framework that is roote@revious studies of
animal behavior and population dynamics to prowiecture for applying
behavioral studies to conservation decision-maklihgve outlined three
strategies to aid conservation biologists in iriéigg this knowledge into their
management programs with emphasis on the areap@iductive, foraging, and
anti-predator behaviors. In particular, Strateggcbrporates behaviors explicitly
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into demographic models. Strategy 2 assumes tlmaviomrs and demographic
parameters are correlated and makes use of taisoredhip to estimate the latter
from the former through rapid behavioral assessn&imtegy 3 uses these
behavioral indicators as warning flags against petmn decline. Because these
three strategies, their associated models, anddii@ns they require can be
combined into decision analysis, the above framkwot only makes use of
behavioral ecology theory, but also provides gdrretas for when incorporating
behavior into management is beneficial.

My framework and particularly the technique of RBAe methods that
should lead to reduced costs over the course afrataring program. The
examples of RBA provided above are only a smallgaraf the wealth of
knowledge behavioral ecology theory has brouglih¢cattention of behaviorists
and conservationists alike. A more detailed lisbethaviors and their
conservation implications can be found in Tabléh2ugh | do not intend for this
list to be an exhaustive representation of theg®rtant relationships. My
approach is not intended to replace standard metbbplopulation parameter
estimation, as these provide the most accuratauatsof species abundances and
are the basis of the models used in PVA. | recagthat such methods are
essential for wildlife management and provide inahle data on population
status and viability. | envision an adaptive mamaget approach that
incorporates RBA into monitoring procedures in cmagion with traditional
demographic parameter estimation. In this confRB#\ may prove to be an
acceptable tool for making fast and efficient maamagnt decisions.
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Though population demography is only one aspecbogervation
biology, | believe that its wide-ranging applicatim policy and management
provides an appropriate means of including demduacages to behavior. My
conceptual framework allows future management pnogrto make the most of
behavioral and population dynamic information vilik benefit of decreased
program costs. | hope this work helps conservdigmavior in saving both

species and money.
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Table 2: Implications of animal behavior for pogida demography and
population viability analysis, including behavioddta that can be collected to

estimate PVA parameters.

Behavior Implication for Data collection References
PVA
Mating system Fecundity Type, # of mates, Shuster and Wade
Sex ratio mating rates, 2003; Carretet al.
Patch choice  location, time, 2006b; Gascoigne
Genetic diversity frequency et al.2009;
Jenouvrieret al.
2010
Mate choice, Genetic diversity Paternity, cryptic ~ Cooper and Vitt
mate Fecundity choice, which mates2002; Matsubara
competition, Cost: energetic are selected, # of 2003; Clutton-
S |mate guarding and predation fights/displays, # of Brock 2007;2009
b pressure successful matings,
2 time spent guarding,
o # of mates
o
i
Dispersal Immigration/  Rate, survival, whichPeacock and Smith
emigration populations to/from 1997; Sterclet al.
Genetic 2005; Randalket al.
diversity, 2007; Robbinst
inbreeding al. 2009
Cost: risk of
dispersal
Parenting Fecundity, Duration, effort, Trivers and Willard
mating success success 1973; Jennions and
Polakow 2001
Diet choice Survival: Prey Forage type, nutrientCoolenet al.2007;
availability quality Heithauset al.
Cost: New 2008
=2 predation
'S pressures,
S infection risk
" | Patch choice Immigration/  Type of patches, rateéSutherland 1996;
emigration of movement, lengthHeithauset al.
of stay 2007; Kerbiriouet
al. 2009
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Table 2 cont'd

Behavior Implication for Data collection References
PVA
Rate/Time Cost: Predation When, how often,  Sutherland 1996;
pressures, and how much Morris and
nutrient values Mukherjee 2007;
o Carrying Marietteet al.
"B capacity 2011; Oppekt al.
S 2011
" | Missed Survival: Food Giving-up density ~ Whelan and
opportunity  availability Jedlicka 2007,
Cost: Predation Morris et al.2009
pressure
Flight Cost: Poaching, Distance from Caro 2005;
predator predator, time beforeDonadio & Buskirk
avoidance flight 2006
Survival
Predator Cost: Distance, how Manor and Saltz
inspection, Ref/introduced inspection happens, 2003; Mooringet
detection and predator specieswho inspects, al. 2004
S |vigilance Survival inspection/detection
g Growth rate rate, size of group,
%’ Group size who keeps watch,
& accuracy
5 Generalization Cost: Rate of learning,  Griffin et al.2000;
and Rel/introduction accuracy Colemanet al.
Discrimination of predators 2008; McCleery
Survival 2009
Disturbance Cost: missed Distance, recovery, Manor and Saltz
opportunity types of disturbance 2003; Blumsteiret
Survival al. 2005; Velando
and Munilla 2011
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. WHAT DOES ANIMAL BEHAVIOR TELL US ABOUT POPULATION
VIABILITY? RAPID BEHAVIORAL ASSESSMENT OF CALIFORNA SEA
LIONS IN THE GULF OF CALIFORNIA, MEXICO
Abstract

There is an acute need in conservation managemecbs$t-effective
approaches to estimate population viability. Iis thapter, | examine the
application of rapid behavioral assessment (RBApweel method recently
proposed that employs behavioral information aaffordable proxy of costly
demographic parameters. Specifically, | use RBAdiimate birthrates for use in
population viability analysis (PVA) of a breedingl@ny of California sea lions
(Zalophus californianusin the Gulf of California, Mexico. This approathplies
a tradeoff between a less costly method of estigdiirthrates and increased
model error. To investigate the effects of using RBA estimate of birthrate, |
project female abundances using two matrix modetgires and multiple
parameter estimation methods and compare modelitsuip census data
spanning 28 years. | also perform a cost analydiseoproposed and traditional
techniques. | find that models using RBA overesterfamale abundances when
compared to standard methods of birthrate estimatiowever, projections from
behavioral models are still conservative when caegb#o theoretical birth
function approaches. Thus, rapid behavioral assasismay provide a promising
and cost-effective approach to monitoring changegeimographic rates. |
conclude with a discussion of general guidelinggte future use of rapid
behavioral assessment in conservation management.
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I ntroduction

Conservation managers and policy makers must mhagisions about
biodiversity conservation in the face of limitedéling for data collection.
Population viability analysis (PVA) has become dely used approach to
compare the relative risk among populations, tatifiecritical life stages, and to
prioritize management actions (Mace and Lande 1B8issinger and Westphal
1998; Beissinger and McCullough 2002; Mowetsal.2002). These PVAs require
some estimate of the population size and estintdtdemographic rates such as
birth and death rates, which managers use to pgriojece abundances or
estimate probabilities of decline (Caswell 2001;rMoand Doak 2002). These
estimates, however, can be costly and time consutoiobtain, and also have the
possibility to change over the course of the prog(@hirakkal and Gerber 2010).
Thus it is of critical importance to identify costfective approaches to estimating
demographic rates to facilitate effective decismaking in managing wild
populations (Peterman and Anderson 1999; Drechsi@Burgman 2004).

| recently proposed rapid behavioral assessmeB#\JRRs an approach to
minimize the cost of population monitoring throug¥A (Chapter Il). RBA relies
on the potential correlation existing between patér behaviors such as foraging
or establishing breeding territories and relatetiaigraphic phenomena (Olsson
et al. 1999; Kerbiriouet al.2009; Gerbeet al.2010); therefore observing related
behaviors may allow managers to estimate the salraivd reproductive rates of a
focal population. The RBA technique utilizes dousdenpling (Eberhardt and
Simmons 1987) of data on a demographic parameger gurvival estimated

33



through mark-recapture) and a related behaviodatator (i.e., predator
vigilance) to describe a relationship between tha With an established
relationship between particular behavioral and jetmn parameters, monitoring
of the behavioral indicator may be used to inforrmapneter estimates for PVA
models.

Because observations of behavior generally redonver costs or effort
than more intensive and invasive demographic ssudhes monitoring tool may
reduce the cost of wildlife monitoring. Howevereté is a tradeoff in RBA
between decreased program cost and resulting dede&curacy of the
demographic models. This reduced accuracy resoilts the error variance in the
regression of the demographic parameter on thevimrhahindicator. Monitoring
programs should therefore only use behavioral elasiens to estimate model
parameters when this error is minimal, otherwisgsiens made using the RBA
estimate may increase the risk of population dedl@hapter II).

Here, | apply the RBA protocol to make predicti@fishe population
dynamics of a California sea lioAdlophus californianuscolony, and | explore
the trade-offs between projection accuracy and @bsstimation. For this
purpose | develop multiple combinations of modeirfalation and parameter
estimation techniques, including RBA, and comphesé projections to census
data. The breeding colony occurs on the islandosfIslotes in the Gulf of
California (GoC), Mexico, and is one of the bestdstd subpopulations in the
Gulf. In a previous study, Gerbet al (2010) described a relationship between
sea lion reproductive rates and observed aggressies and male territory sizes
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at breeding colonies within this population. Frdra tegression in this study, |
estimate female fecundity on Los Islotes from b&bravobserved in July from
2004 to 2007. This fecundity estimate was usedpufation models to project
female abundances over a 28-year span from 193008, a period that includes
24 census years.

Because my goal is to describe the influence cARBtimates in PVA,
and because there are many aspects of viabilitysieal compare projections
through multiple perspectives. First, | constroice- and two-sex matrix models
to investigate the importance of including malethim models. As many have
argued (Gerber 2006; Rankin and Kokko 2007), tworsedels may result in
different population dynamics as compared to trad@l models that only follow
the female portion of the population. | also in@udales in my models because
two methods of birthrate estimation explicitly inve males in their calculations.
These two methods include the technique of RBA wimesle aggression is
negatively correlated with reproduction due to gasgrampling of pupgGerber
et al.2010), and theoretical birthrate functions, whistireate fecundity from
simple ratios of male and female abundance. In eash, | compare population
projections to those that result from models caltad using the traditional
method of birthrate estimation. | consider thesé@a®based on demographic
counts to be the most accurate estimates of bietli@cause they involve the
most direct method of estimation (Beissinger andsieal 1998; Coulsoet al.
2001). Stochasticity is included in each modelfeate combination by choosing
from a list of previously estimated parameter valfge this population and
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resulting distributions from each combination asenpared. In order to address
the accuracys.cost trade-off, | perform a cost analysis of e@dhnique and
relate these to the accuracy of each models’ piieds: From my comparisons |
make conclusions about the utility of alternativetihods of birthrate estimation
when more detailed, count-based estimates arevadable or their costs are
prohibitive. | also make general conclusions abautn RBA is useful and

provide guidelines for future applications of tteshnique.

Methods
Study system

I model the population dynamics of a breeding nplof California sea
lions (Zalophus californiauson the island of Los Islotes in the GoC, Mexico
(Sztereret al.2006). This is one of the best studied breedirignees in the GoC,
with the most recent observations spanning fromd20@®008. These last
censuses indicate an increasing population onglaisd; however the greater
GoC population of California sea lions has seefi% Peduction in numbers
between 1993 and 2004 (Szterdral 2006). California sea lions in the GoC give
birth and breed during the summer months betweendid August (Garcia-
Aguilar and Aurioles-Gamboa 2003). By July mostgmant females have given
birth to a single pup, and males have formed whatreought to be breeding
territories among the females (Riedman 1990). Adoome month after
parturition, females enter estrous and mate (Rateand Bartholomew 1967;
Garcia-Aguilar and Aurioles-Gamboa 2003). The yagrpups will stay with
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their mothers until they reach one year of agethatt mothers give birth again
(Melin et al.2000; Garcia-Aguilar and Aurioles-Gamboa 2003}eAfveaning,
the young are considered to be immature juvenites fyears one to four
(Aurioles-Gamboa and Zavala 1999). At five yearagd, females become
sexually receptive and males begin competing faem@eterson and
Bartholomew 1967). This life history pattern is irelpresented by a stage-
specific, discrete-time matrix model that estimgtepulation size after

parturition in July.

Developing population models

| develop a set of six population models that rpooates model structure
variations in three aspects (Table 3): a) sex &iragh) birth rate estimators; and
c) stochasticity. | compare a one-sex, femalebasedel to a more complex
two-sex model. The one-sex model reflects the ferpattion of the population in
3 stages: pup (P), juvenile (J), and adult fem@&)e $urvival of pups (g through
their first year results in their graduation inb@ juvenile class, joining the
surviving immature juveniles 5 As juveniles survive and mature, they grow
(G) to become adult females. Adult females surwit the probability $into
the next breeding season. Birthrate (B) describesitmber of yearling pups per
female averaged across the study population. Ng@8 parn each year are
multiplied by an even female sex ratio (SR = 0sB)that | only follow the female

portion of the population. The equations for the-sex model are:
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P =1 *B*F, *SR
Juu =S "R+ 5, %, (2)
Fu=G ¥+, °F

N S
"1+ (N, /K)) (2)

where Nis the total population and the resulting processix is:

0 O I*B*SR
S S 0 (3)
0 G S;

The I term (Egn. 2 and 5) reflects a form of logislensity dependence
that discounts the overall pup birthrate as thal f@bpulation size reaches and
exceeds the carrying capacity parameter K (DobadrLgles 1989). | include
density dependence in pup births because as thégtigm grows, space on haul-
out beaches becomes scarce and animals must chenlothers to reach the
waterline. This jostling can result in the trampliof young pups, resulting in
lower effective birthrates with increasing popuwatisizes (Gonzalez-Suarez and
Gerber 2008).

Because the carrying capacity parameter ultimately as a scalar of the
combination of other parameters in the model, fmakimum population size is
highly dependent on the value chosen for K. Fa tbason | first found the best
estimate of K for the model using a demographicrede of birthrate because
this model should reflect true population dynantiest (Beissinger and Westphal
1998; Morris and Doak 2002). Each best K estimats fwund by calculating the

sum-of-square value (Hilborn and Mangel 1997) aheaodel to the census data
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from 1980 to 2008. | searched over a range of ptesgi values between 1 and
600 and summed across simulations within each datelvalue of K. The value
of K resulting in the smallest sum-of-square vatueonsidered to be the best
estimate for that model.

| also construct a two-sex model to reflect therergopulation over the
simulated period. Males are included in this mdmedause it has been argued that
the male portion of the population may significgntifluence population
dynamics (Caswell 2001). Gerber (2006) found twat$ex models reflect actual
growth rates more closely than their one-sex copatés in this sea lion
population. This formulation is also necessaryuse of a theoretical birth
function to estimate birthrates (Séstimating birthrates

The two-sex model divides juveniles entering theltastage according to
the female sex ratio into the adult female (F) addlt male (M) stages.
Therefore, the pup and juvenile stages are contgpasboth male and female
individuals. This is a reasonable assumption bexpast studies have not found
significant differences in survival based on segea lion pups or juveniles at this
island (Herndndez-Camachbal 2008). The resulting two-sex model is:

P, =I*B*F,

‘Jt+1 :SP *Pt +SJ *‘Jt
R =G*J, *SR+S; *F, )
Mt+1:G*‘]t *(1'SR)+SM *Mt

I
T 1+ (N, /K)) ()

where N is the total population. The resulting processrixa:
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0O 0 I*B 0
s. S 0 o
0 G*SR S. 0 ©6)
0 GA-SR 0 S,

Carrying capacity for the two-sex model (K = 50&8snestimated
similarly to the one-sex model (K = 294). Theséneates are reasonable because
the ratio of females to the total population (29&'% 0.579) is similar to that
found in the census data (mean ratio = 0.632). & Kegalues are then used in the
other corresponding models for data analysis. Beeafithe addition of males to
the model and the change in carrying capacityptiee and two-sex models

cannot be compared directly in terms of total ahiabaindance.

40



Table 3: Models 1 — 6 were composed of combinatarmse- and two-sex
matrix models with either the standard demographtbrate estimate, the RBA
estimate, or a theoretical estimate. Stochastiog$arf these models were created

by drawing from previously published parametermeates or observed data.

Modd # Sexesin modée Birthrate

(or 2 estimate
1 1 Demographic
2 1 Behavioral
3 2 Demographic
4 2 Behavioral
5 2 Harmonic Mean
6 2 Modified

Harmonic Mean
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Estimating birthrate

| implement birthrates estimated from demogragimd behavioral data
and theoretical birth functions in each model déscr above. The most recent
demographic birthrate estimate is calculated asatie of pups to females
observed at Los Islotes in July between 2004 al®d 20his demographic
estimate is used in tandem with previously estich&eundity values (Table 4) in
both the one- and two-sex models (Models 1 andshactively; Table 3); each of
which act as the “null” model for comparison witther methods of birthrate
estimation.

| also estimate birthrate through RBA using obagons of aggression
and territory size as behavioral indicators. THesgaviors are suspected to be
related to birthrate because male aggression ggnexsults from intrasexual
competition for breeding territories (Jacaisal.2008), whereas female
aggression is thought to result from mothers ptotgcheir offspring from
overcrowding (Heath 1989; Gerbetral.2010). Gerber et al. (2010) observed
aggression displays of males and females at sedbrg colonies in July of 2004
— 2006 using scan samples. They also measuretbtgrsize of individual males
at these colonies. Pup and adult female counts perfermed at the same time as
the behavioral observations at each island. Frasetliata, they described the
relationship between these behaviors and demograploulations of birthrate
with the following regression:

B=1.277+0.074 A, -0.170° A, -0.00I* Terr  (7)
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Here, birthrate (B) increases with increasing fenagression (A, likely due to
females protecting their young pups from othersdntrast, birthrate is
negatively correlated with male aggressiogAnd male territory size (Terr),
which is likely due to increased risk to pups frbighly territorial males. This
equation is used in both one- and two-sex modetsd@s 2 and 4, Table 3) to
test if RBA results in similar predictions as trentbgraphic models.

In addition to demographic and behavioral estigdtalso estimate
birthrate through two theoretical birth function dets. The first theoretical model
(Model 5) uses the harmonic mean birth functionrasef by Caswell (2001):

— 2* Mt
M +FHm) @

Here, birthrate is a function of the number of aduhles and females. | use the
polygynous form of this function, which divides fales into harems (h) defended
by males. | also analyze a second birth functiood® 6) that was proposed
more recently by Legendre (2004) as a modificatibthe harmonic mean birth
function:

. 2* M,
B= m|n[l,mj (9)

which limits the birthrate at a maximum of one gpgv female. This modified
harmonic mean birth function reflects the life brgtof California sea lions more
accurately than Caswell's harmonic mean birth fondbecause female sea lions

rarely produce twins (Riedman 1990). These twddirhctions are only used in
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the two-sex models because they require both nmaléeanale abundances to
calculate birthrate.

These different model formulations result in sigdals: two demographic
(one- and two-sexes), two behavioral (one- andgexes), and two two-sex birth
function models (one harmonic and one modified lwawic). Table 3 summarizes

the forms of these models.

Model stochasitcity

Stochasticity is incorporated into each of thembdels in Table 3 by
randomly selecting either from parameter estimptasished in previous studies
or from observed behaviors or harem sizes. Foterdifit estimates of pup,
juvenile, and adult survival and birthrate werengai from the literature. Only
two estimates of juvenile growth rates were avéddtmm previous studies. All
rates had been estimated within the census peitivel én the Los Islotes
population itself or from the larger GoC populatidodels using alternative
estimates of birthrate select from behaviors oemeasizes observed by Gerber
between 2004 and 2007 (unpublished data). | lin@trtumber of these alternative
birthrate estimates to four to control for the plolesbenefit of increased model
information. Because the RBA estimate of birthiat®rporates three different
yet possibly correlated behaviors, | restrict theded to select all three behaviors
from the same year (i.e. male and female aggressidrierritory size from 2005

are always used in Eq. 7 at the same time).
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These demographic parameters are randomly seledtedeplacement in
each year of the model and placed into the pramegsx to project the
population into the next year. Each model is itethwith the abundances of each
stage observed in 1980 and simulated 20,000 tilhsisould be noted that the
nature of the stochastcity introduced in each medeés due to the variety of
parameter estimates used. Therefore the stochgsticiuded in the models may
be composed of any combination of sampling, spatik-annual and inter-
annual variability. In the case of birthrates estied from behavioral metrics, the
employed regression comprises three years on #etett colonies and thus

includes all of these sources of variability.

Data analysis

| compare the projections of each model to dallected at Los Islotes
between 1980 and 2008, which includes a total afeét¥sus years. Models are
initialized with the abundances of each stage ofeskin 1980. Because of the
population size differences in each model due ¢catiidition of males in two-sex
models, all comparisons are made using female anoed instead of total
population sizes.

| expect that RBA will be most effective when usetvital rates with low
to moderate elasticity because parameters with dl@gticity will be very
sensitive to error introduced through the variapiche RBA regression (Morris
and Doak 2002). | therefore calculate the elastgibf the final abundance of
adult females after 28 years for each model to ars%g8ase in each parameter.
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Here, each possible parameter estimate for a sitegiegraphic rate was
increased by 5% and chosen at random for a tot20 ®00 iterations per
demographic rate. Elasticity was calculated as(ERqodF2008,0rigina)/0.05.

The accuracy of each model is evaluated in two Wagsmpare mean
log-growth rates resulting from diffusion approxima (Denniset al.1991) of
each model to each other and that computed froifiusidn approximation
performed on the census data. | also directly ¢atleuhe sum-of-squared
deviations (SS score, Hilborn and Mangel 1997 pgftransformed projected
female abundances compared to observed abundaneash census year. For
each model, the SS score and the percent predibtetlance compared to the
observed abundance in 2008 are each calculated fooodel simulations.
Because these distributions of these indicatoratadhe assumption of equal
variance, all comparisons are made through oneAMNGVA. Indicators with
significantly different means were investigatedhw@ames-Howell post hoc tests.

To investigate the effect that uncertainty in cengycapacity has on model
predictions, | also plot the goodness-of-fit predilof each model from the data
evaluated over a range of K values between 1 af@idi@ben center each plot at
the best K estimate for each model (Fig. 4). Thee@hwith the least amount of
change in sum-of-squared deviations as K deviates the best estimate is
considered more robust to uncertainty in this patam

Finally, | present a cost analysis of the tradiiloend RBA methods of
birthrate estimation in relation to their predietiability. For each behavior or
census observation, | calculate effort as the 8pent per observation per day.
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This calculation was performed for the most reckmographic birthrate
estimates from Gerbet al. (2010). For the RBA technique, | calculate these
values separately for aggression observationsaritbty size measurements and
then take their sum. Plotting these estimationreffagainst the resulting model

accuracy allows me to compare each model’s relatrge.
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Table 4: Variables and parameters used in eadieddik models with

descriptions and estimates.

Parameters Description Values or equations
and
variables
P Number of pups (individuals Eq. 1 or Eq. 4
from O-1 year old) at time
J Number of juveniles Eq.1lorEqg. 4
(individuals from 1-4 years
old) at timet
F Number of adult females Eg.1orEq. 4

(individuals greater than 4
years old) at timeé
My Number of adult males Eq. 4
(individuals greater than 4
years old) at timé

N Total population size at tinte N;=R+ J + K (+ My, for the two-
sex model)

SR Female sex ratio at birth SR=0.5

S Survival rate of pups FS:G’[O'?SZ 0.437, 0.706,
0.76]

S; Survival rate of juveniles & ?.902", 0.147P, 0.656,
0.915]]

S Survival rate of adult females ¢S [0.909, 0.9, 0.976, 0.9

Su Survival rate of males 5= [0.746, 0.98, 0.88%, 0.70]

G Growth rate of juvenilesto G =[0.478, 0.219]

adults

I Discount factor that represents€Eq. 2
the density-dependent risk of
trampling for pups

K MLE estimate of carrying One-sex model: 294
capacity at Los Islotes for the Two-sex model: 508
demographic estimate of

birthrate
B Birthrate: number of pups borrDemographic: B = [0.825
from an adult female per year 0.635, 0.456, 0.63]
RBA: Eq. 7
Harmonic mean: Eq. 8
Modified harmonic mean: Eq. 9
Ar Average rate of female Ar=[1.019, 2.633, 3.469, 3.776]
aggression per hr
Am Average rate of male Am =[2.041, 4.571, 1.776, 4.878]

aggression per hr
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Table 4 cont'd

Terr Average male territory area Terr =[158.771, 102.691, 95.949,
(m?% 93.818]
h Average harem size observedh =[5.453, 3.836, 4.698, 5.595]

on Los Islotes

#Hernandez-Camacho et al. 2008

® Weilgus et al. 2008

¢ Hernandez-Camacho 2001

4 Gerber 2006

¢ Weighted average of birthrates reported in Gerlteale2010
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Results

The mean growth rate of the Los Islotes populat@ioulated from the
diffusion approximation of the data wags= 0.0592 + 0.236 (mean + SD). Mean
growth rates calculated from diffusion approximati@f each model were found
to be significantly different (one-way ANOVA, unegjwariances: §ss986.07=
44565.48, P < 0.001). All models except Models @ 4nvere significantly
different from each other (Games-Howell post hat: {81odei2 — Umodela = 5.83 *
10°, P = 0.994; all others: £0.01; Table 5). All model-predicted mean growth
rates fall within the 95% confidence interval oé ttensus data.

Comparing individual model projections to the cendata resulted in
significantly different SS scores (one-way ANOVAeagqual variances:sksses2.679
=42538.50, P < 0.001, Table 5) after taking theinah logarithm of the raw SS
score. The demographic Models 1 and 3 receivetbthest SS scores (2.232 and
2.242, respectively), where a lower SS score indga better fit to the data.
These SS scores were significantly different frahreomethods of birthrate
estimation (Games-Howell post hoc test: P < 0.00d) not from each other (P =
0.372). The RBA Models 2 and 4 showed a similatgpat(Games-Howell: P =
0.876 between Models 2 and 4, P < 0.001 for otredeats), though with higher
SS scores than the demographic models (3.012 868,2espectively). Model 6
(5.577) and Model 5 (16.226) followed with sign#itdly higher SS scores than
any other model (Games-Howell: P < 0.001 for botdeis). It should be noted

that the log-transformed SS scores failed the $bapilk test of normality,
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though the large sample size should prove robustisgcassumption of the one-
way ANOVA.

By dividing the final abundance resulting from leacodel by the
abundance observed at Los Islotes in 2008, | catiedlthe percentage of the final
observed abundance projected by each model. TRasunement resulted in
significantly different mean abundance projectiafier a natural logarithm
transformation (one-way ANOVA, unequal variances;shss o7= 44565.48, P <
0.001). The demographic models resulted in the $oywmjected female
abundance after 28 years (Model 1: 98.23%; Modé&b324%), which were
significantly different from each other and all ettimodels (Games-Howell: P <
0.001). The RBA models overestimated female aburelag about 34% (Model
2:134.62%; Model 4: 134.72%). Again, these modadee significantly different
than other models (Games-Howell: P < 0.001), btifroon each other (P =
0.994). Models 5 and 6 also over projected fembalemndances (Model 5:
299.97%, Model 6: 180.45%), and were significadifferent from the other
models (Games-Howell: P < 0.001 for both models)dM results are

summarized in Table 5.

Model sensitivity analysis

As is typical of long-lived, iteroparous animdilse highest elasticities
were found in the juvenile and female survival pagters (Heppekt al.2000).
This was true of all models (Table 6). In the tvex-snodels, the parameter for
male survival had negative elasticities for Modzl4, and 6 and a positive
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elasticity in Model 5. Elasticity for K ranged beten 0.458 and 0.670 for all
models. The elasticity of the birthrate parametevd® equal to 1.472 in Model 1
and 1.203 in Model 3. All other parameters werwof (<1) to moderate (<2)

elasticity.

Uncertainty in carrying capacity

To better understand the influence of uncertamtye chosen K value, |
plotted the sum-of-squared differences of each firfool® the data evaluated
over a range of K values between 1 and 600 (Hillaowh Mangel 1997). | then
centered each plot at the best K estimate for samdel (Fig. 4). From Figure 4,
the sum-of-squared differences of Models 1 ance3vasre robust to deviations
from their best estimates of K, followed by Modelr contrast, Model 5 is most

sensitive to these deviations.

Cost analysis

Gerber and her field team censused the Los Ispmipslation 10 times
over the month of July, 2004, for a total of 10a@pe observations that required
6.38 hours in total. The effort resulting from tmgthod of birthrate estimation
was therefore 0.00266 hr/obs/d. To observe maldeandle aggression, Gerber’s
team spent a total of 11.33 hours in 11 days tota of 224 observations,
resulting in an effort of 0.000192 hr/obs/d. Tareste male territory size, they
spent 88 hours in 11 days for 256 observations effant of 0.0313 hr/obs/d —
which brought the total effort of the RBA technigiee0.0315 hr/obs/d. From
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Figure 5, the lower effort of the demographic eatenof birthrate also correlates
with lower SS scores. In general, | expect thafbmt increases, there should be
a reduction in deviation from the census data. Beedhe RBA technique
required higher effort and resulted in larger esrony results do not follow this

trend.
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Table 5:Mean and standard deviation of model results frioendiffusion
approximation and comparison to census data. Thec&® is the sum-of-squared
deviations of each model from the data for eaclsugnear. Model projections of
female abundance, given as percentages and mgantptabundance, are
compared to observed abundances at Los Islote30i® @oos ops= 203). Effort

of both demographic and behavioral methods of tatéhestimation is given as
hours per individual observation per day. Bold ealindicate models that are

significantly different (P > 0.05) from all others.

Diffusion Comparison to Census Data
Approximation
Model u (SD) SSscore  Percent Mean koos Effort
(SD) Observed (SD) (h/obs/d)
(SD)
1 0.0464 (0.0106) 2.232 98.23 199.41 0.00266

(1.634) (30.08)%  (61.07)

2 0.0576(0.0107) 3.012 13462 27327  0.0315
(2.447)  (41.52)%  (84.29)

3 00468(0.0107)  2.242 99.24 201.46  0.00266
(1.601)  (3040)%  (61.71)

4 00577 (0.0106) 2.956 134.72 27349  0.0315
(2.335)  (41.11)%  (83.46)

5  0.0865(0.0098)  16.23 299.97 608.95 -
(7.619)  (84.76)%  (172.07)
6  0.0683(0.0100) 5577 180.45 366.32 -

(3.968)  (5221)%  (105.99)
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Table 6:Elasticities for each parameter in all six modé&lse parameters include survival rates (S) of p&)sj@veniles (J),
females (F), and males (M); juvenile growth rate; €&x ratio (SR), carrying capacity (K); the demagnic estimate of birthrate

(B); and the observed aggression rates of femal@safnd males (§), male territory size (Terr), and harem size (h).

parameter Mode 1 Model 2 Mode 3 Model 4 Model 5 Model 6
Se 1.499 1.600 1.390 1.521 1.518 1.448
S 2.648 2.762 2.555 2.666 2.310 2.468
Se 20.857 18.828 21.875 20.190 13.74 18.395
Swu - - -0.490 -0.339 0.392 -0.428
G 1.693 1.783 1.606 1.768 1.658 1.821
SR 1471 1.348 1.878 2.019 1.398 1.974

0.519 0.609 0.458 0.508 0.670 0.554

1.472 - 1.203 - - -
Ac - 0.274 - 0.325 - -
Am - -0.918 - -0.900 - -
Terr - -0.148 - -0.185 - -

h - - - - 0.284 0.043
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Figure 3:Projected female abundance of each model. Dotted indicate the
2.5" and 97.8 percentiles of populations projected from each RB#del. The
lines of Models 1 and 3 and Models 2 and 4, resgyt lie on top of each other.
Data points are observed abundances at Los Istogsch census year, with
filled points representing the years of double dargdor sea lion behavior and

demographic counts for birthrate estimation.
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Figure 4: Goodness-of-fit plot of sum-of-squaredidi&ons from the census data
for each model at varying levels of K. The plots eentered on the best estimate

of K for each model.
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Figure 5: Cost analysis of models utilizing demdpia (Model 1: black circle;
Model 3: red circle) and RBA (Model 2: black trideagModel 4: red triangle)
methods of estimating birthrate. In both one- amol$ex formulations, the
demographic model resulted in lower effort and reffbie effort for a
demographic estimate of birthrate was 0.00266 BrftbEN = 10). Effort for
birthrate estimation using RBA (0.0315 hr/obs/dswalculated as the sum of
aggression observation effort (0.000192 hr/obs/d,224) and effort in

estimating male territory size (0.0313 hr/obs/d; R56).
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Discussion

As expected the demographic models performed bedl comparisons.
This is largely because | chose to use the basta&st of carrying capacity, K, for
demographic estimates of birthrate for other modatisin a comparison. In this
sense, this pattern constitutes part of the dgwmigtocol for model comparison
rather than a true result. It is more informatiweviever to discuss the relative
rank positions and projection differences of theeotcompeting models in
relation to the demographic models. | found thdtalgh estimating birthrate
through rapid behavioral assessment does increasror of a projected
population, the amount of error may be acceptdbleach comparison, both
RBA models projected female abundances that were ouanservative than the
harmonic and modified harmonic mean birth functidrtss was true independent
of model formulation (one- or two-sex, determirasir stochastic). When
considering final female abundances, Models 2 apckdicted values within 75
individuals of both demographic models and the gemata. This estimation
technique also retained to a large degree the nobssto uncertainty in carrying
capacity shown in the demographic models, espgaidien the two-sex model
formulation was used.

The same cannot be said of the theoretical himictfons. Model 5, which
used the standard harmonic mean birth functiorfppaed poorly in all areas of
comparison, with the highest sum-of-squared dednatscore. In Figure 4 this
model is most sensitive to errors in carrying céyagstimation. Model 5 also
overestimated final female abundance by almosnadithe observed value.
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However the harmonic mean birth function modified haximum numbers of
offspring (Model 6) showed intermediate performabetveen the demographic
estimate of birthrate and the standard harmoniarbe#h function. Model 6
showed similar behavior to the demographic and RiAlels in both comparison
to data and sensitivity to errors in K. | therefeeeommend that managers use
this birth function when maximum offspring numbars known, but data on
birthrates are unavailable.

When considering the tradeoff between effort spefiecting data and
model accuracy, effort and deviation from the cergata are both lowest for the
demographic models. Therefore these models arerpeef However, most of the
effort in estimating birthrates through RBA resdlfeom collecting data on male
territory size. This behavior has very little irdluce over birthrate estimation,
though, because its covariate from the RBA regoesisi small (-0.001). | chose
to use the regression equation with the most Al@ppert from the Gerbeat al
(2010) study, but the next-best model did not idelterritory size. Perhaps using
this second equation with only male and female eggion as covariates would

result in a lower cost than traditional birthragtimation.

Conclusions

My results suggest that RBA may be a viable metifadonitoring this
population in the future if observation costs camrdduced. To ensure the greatest
accuracy in using this technique in this and othenitoring programs, | have
developed a few guidelines for the use of RBA.tFtl&e benefits of using RBA
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will be overpowered when trying to use behaviorgdgators of highly sensitive
demographic parameters. This is because the etroduced into the estimate
through regression results in increasingly inadeupapulation dynamics as the
sensitivity of the parameter increases. | theresmigggest that the technique only
be used on parameters known to have low or modseatstivities. For this same
reason, RBA should only be used when the behavimdatator explains a
relatively large proportion of the variance in ttemographic parameter.
Although | conclude that RBA may be beneficiamanagers for this
colony of California sea lions, | did not investigdnow continued observation of
sea lion behaviors may influence predictive ahilRyture programs may benefit
by updating population projections after repeatelddvioral observations. This is
evident in Figure 3, where the RBA model closelofws the trajectory of the
population until the late 1990’s. Reevaluationled RBA model may therefore be
necessary after about ten years in this systefaoldad not explore how
accurately this relationship between sea lion behand reproductive rates
transfer to other colonies in the Gulf of Calif@nespecially to colonies with
stable or declining populations. Future studiesughmvestigate how transferable
this technique is to other GoC colonies and otlogufations in North America,
as behaviors vary across geographic ranges (F38&). The wider the
applicability of a behavioral indicator is, the raarseful it will be to a variety of
managers and biologists. However, because beht&vids to be taxon specific,
application of this technique is most likely lindtéo within a population or
species, or at most at the family level (Blumstaid Fernandez-Juricic 2010).
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This work represents an important step in the siolu of behavioral
ecology in the field of conservation biology. Rapehavioral assessment shows
promise as an important management tool to incrimeseffectiveness of
management decisions while reducing costs. | hiogiethis work inspires
naturalists, conservation biologists, and wildiifianagers to draw on their
knowledge of animal behavior to benefit their warld the populations they

monitor.
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IV. GENERAL DISCUSSION

| have argued that conservation behavior can belmgftonsidering the
interactions between behaviors and demography wiading management
decisions. This is due to the reciprocal relatigm&ietween many behaviors and
demographic processes, though these relationshagdmspecific to the species
in which they are observed. By including theseti@teships in population
viability analysis, conservation behaviorists h#we opportunity to contribute to
a wide variety of wildlife management decisions @oticies. This framework
makes use of the quantitative nature of these ptipnlmodels to provide
intuitive rules for the use of conservation behaimomanagement through
decision analysis.

In particular, | have outlined three strategiest thhake use of the
behavior-demography relationship. The first isrii@re familiar use of behavioral
mechanisms in demographic models to increase haalbigealism and descriptive
ability. Currently this strategy can be found imsally-explicit models that
include animal dispersal and habitat selection. §dwnd strategy defines the
relationship between a demographic process anasalglrelated behavioral
index to approximate demographic rates for useA.Prhe third strategy uses
well-understood behaviors as early warning flagsagulation decline.

The second strategy involves the proposed teckrofuapid behavioral
assessment, which uses a behavioral index as g pfexrelated demographic
parameter. Once data have been collected on bethetmavioral index and the
traditional parameter, a regression can be usednslate future behavioral
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observations into parameter estimates for PVA. ®&bphavioral assessment
results in a tradeoff between model accuracy andram cost because this
second-hand estimate increases observation erectodhe variance around the
RBA regression, but may greatly reduce the costseffort surrounding
estimation of the demographic parameter. If therdrom RBA is small in
relation to its program cost, repeated behavidoakovations may be used to
update PVA models for more efficient managemenisitacs. | have provided a
detailed example of this process in a breedingrgotd California sea lions in the
Gulf of California, Mexico.

This investigation resulted in four general guiges for the use of RBA in
population management: 1) The cost of observind#taviors in the wild
population must be less expensive than traditiorethods of parameter
estimation. 2) Behaviors closely related to theapaater of concern should be
targeted as possible indices. These behaviorgenlérally stem from the natural
history of the species in question. 3) The moreipecthe correlation between the
behavioral index and the demographic parametemttre applicable this tool
will be. 4) RBA should only be applied to paramstérat have low to moderate
model elasticities, as the slight error from theARBgression will be magnified

by higher parameter elasticities.

Conclusions
This work demonstrates that conservation behdoimrsed on population
biology has the ability to have wide-spread impactsvildlife management. This
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is because demographic models are increasinglyeimghted in conservation and
management programs and behavior is intrinsicalpted to demography.

My approach in this study followed the advice @fr€(2007) in that |
focused on the issues and outcomes that consenattogy is concerned with
rather than trying to extend behavioral ecologywdeoge to a conservation
problem. Future conservation behavior researchramg should focus on the
general issues of saving money, improving the aaguof limited biological
information, and shortening the time needed to mialcgmed management
decisions. | hope that the framework outlined is 8tudy provides structure to

future conservation behavior programs.
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