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Executive Summary

INTRODUCTION

Population monitoring is essential for effectivadk bear management, but uncertainty about
applicability, strengths, and weaknesses of diffetechniques makes it difficult for wildlife
managers to decide which methods are most apptepoiaccomplish their objectives.
Consequently, the Northeast Black Bear Technicah@dtee (NEBBTC), a group of bear
managers charged by the Northeastern Wildlife Adstriators Association to share data and
ideas across jurisdictions, commissioned this tieethneport to investigate black bear population
monitoring options for the northeastearn Unitedéit@and Eastern Canada. The NEBBTC is
comprised of black bear managers from 13 U.S.statd 6 Canadian provinces: Connecticut,
Delaware, Massachusetts, Maryland, Maine, New Bmeis Newfoundland, New Hampshire,
New Jersey, New York, Nova Scotia, Ontario, Pervasyh, Prince Edward Island, Quebec,
Rhode Island, Vermont, Virginia, and West Virginia.

The objectives of this report were to (1) provaeoverview of current status and
management of American black bears in the reg@mproduce an in-depth review of reliable
techniques to estimate population parameters amgtongopulation trends, and (3) provide
guidance to agencies to better enable them to elmositoring tools that best meet their
management objectives given available resources.sWiweyed NEBBTC managers to get a
better understanding of their management needsemodirce limitations. We used computer

simulations to evaluate different data types (éngis, traps, radiotelemetry) and statistical models



(e.q., capture-recapture, spatial capture-recaptdree monitoring options we present are

necessarily general and are not meant to be drafcaurrent practices of any jurisdictions.

BIOLOGY

Black bears inhabit a variety of habitats in thetNeast, including boreal and hardwood forests,
coastal wetlands, and even barren ground. Thetyasf habitats and extensive geographic
range of the 19 NEBBTC jurisdictions encompassddaape that is highly variable in
productivity. Consequently, population parameferg., density, survival, population growth
rate) vary widely for black bears in this regioh.number of research projects have been
conducted on black bears in the Northeast so tigeeraf population growth and vital rates is

relatively well-documented.

MANAGEMENT

Black bear populations are generally increasingughout NEBBTC jurisdictions and the

greater number of bears often leads to human-lwedliats, particularly in areas with relatively
high human densitities. This situation puts pressu both bears and people, making it difficult
for managers to find effective management strasegi@ur survey of NEBBTC managers
revealed a number of interesting perspectives amagement objectives and population
monitoring methods. Harvest is the primary to@diby managers to affect change in Northeast
black bear populations. Almost all NEBBTC manageosild like to find cost-effective
monitoring techniques that produce accurate anciggestimates of population parameters to
efficiently assess the success of management algsectThe results of our manager survey

helped guide the focus and scope of this technegairt.



MONITORING TECHNIQUES
We identified many black bear population monitoromions for managers in the Northeast, but
there is no single best method for all bear pomriatand management objectives. One of the
greatest dilemmas for bear managers today ishikanbst expensive monitoring methods (i.e.,
radiotelemetry, DNA-based mark-recapture) are tlsanethods that provide the most accurate
and precise estimates of population parametersveMer, less expensive methods are ultimately
poor investments because the data often provideliomited inference with high uncertainty,
thereby restricting the ability of managers to cecesponses to changes in habitat and
management.
Key Findings
Management objectives, spatial scale, and existatg should be considered when
determining the methods to monitor population pai@ns.
Indices can be useful for decision making whenngtroorrelation with abundance can be
demonstrated, but this has yet to be accomplistebldck bears.
Indices are most useful for examining fluctuationfong-term population dynamics.
Estimates are more useful than indices to wildtifenagers for making management
decisions because they provide numbers with agsdameasures of precision.
A number of marking techniques can be used in captcapture models, with ear
tagging and DNA-based methods being common andteféemarking methods.
Large study areas can be difficult to adequatetypda when home ranges are small, but
managers may benefit from economies of scale coedpaith smaller studies, which

often require the same minimum investments in laval equipment.



Multiple sampling methods (e.g., hair traps, bedasy scat surveys, harvest) should be
strongly considered because the use of indepemdethiods increases precision and

reduces bias of parameter estimates.

Abundance and Density

Our evaluation suggests that the most cost-effe@nd reliable technique to estimate black bear
population abundance and density is DNA-based merépture, for which a number of
sampling methods exist. Newer models such asadlyagxplicit capture-recapture (SECR) use
information on spatial locations of detectors sasthair traps and bear rubs, making them more
suitable for estimating density when sampling iscaghte (e.g., given typical home-range sizes).
Although SECR models are a rapidly developing afaasearch, when precise estimates of
abundance are needed, managers should still comsidespatial models as they have a longer
history in bear research and management. Fortynagatial and non-spatial estimators can
usually be used in tandem. Regardless of the ntgpe) the use of multiple sampling methods
(e.g., hair traps, harvest) should be consider@ddoce bias and increase precision of estimates.
Key Findings

Closed mark-recapture models represent one ofdabietbchniques to estimate abundance

for black bears because of a long history of usedamonstrated reliability.

Density often is a more relevant parameter thamddoce to wildlife managers, and is a

particularly useful parameter to evaluate habitetlity within and between studies.

Newly emerging estimation techniques based onalpagxplicit capture-recapture

models show great promise to account for the ddatiation of sampled animals in

relation to the sampling grid to adjust densityreates accordingly.



Our simulations suggest that managers considepatjadly-explicit capture-recapture
models should be aware that unbiased and precnsgtylestimates require that the
sampling area is sufficiently large and detectpesced close enough to adequately

characterize home ranges.

Survival and Reproduction

One of the most reliable ways to estimate survéwvel reproductive parameters for black bears is
capture, radiomarking, and monitoring. Althougtiotelemetry can be expensive, it provides
the most useful and reliable information on surlivegproduction, and emigration. Monitoring
costs are greatly reduced if GPS collars are usegpared with VHF collars, although intitial
costs are higher. Radiotelemetry-based methodgatwide valuable information about causes
of mortality and factors affecting reproductionurthermore, telemetry data can be used for
other purposes such as habitat evaluation, movedyeaimics, and estimating dispersal. Some
open population mark-recapture models (e.g., robdesign) can estimate apparent survival, but
not true survival. DNA-based mark-recapture meshad a viable second option for estimating
survival and reproduction.
Key Findings
Among the most effective ways to accurately andipety estimate survival for black
bears is to radiocollar a sufficiently large sampli¢he population and track their fates;
providing robust estimates of survival and inforim@aton causes of mortality, important
information to adjust management of populationfwigative trajectories.
Mark-recapture methods can be used to estimateeaqsurvival, but cannot account

for loss through emigration.



The most effective way to accurately and precisslymate reproductive parameters for
black bears is to radiocollar a representative $amipthe female population and monitor
their reproductive output over time. An added liéinethat radiotelemetry can be used
to also estimate adult survival and other variafgeg., home-range size, habitat use).
Reproductive success can be measured by monitaningals radio-marked during den

visits and through direct observations.

Population Growth

A diversity of methods can be used to monitor blae&r population growth in the Northeast, but
we suggest managers focus on two proven methatistelemetry (i.e., demographic analysis
using survival and recruitment rates) and DNA-basadk-recapture. NEBBTC managers
indicated the importance of understanding theigglahip between population trends and
management efforts. Thus, we believe that one odetiadiotelemetry, stands out because of its
proven track record and potential to detect difieauses of population changes. Conversely,
DNA-based mark-recapture methods are powerful lsecthey can produce precise estimates of
growth rates in relatively short time periods aeddwuse the use of covariates allows testing of
hypotheses for potential causes of population achadthough DNA-based methods can be
expensive, costs can be reduced with subsamplangg multiple sampling methods
concurrently, or skipping years.
Key Findings

Population growth reflects the cumulative changgsapulation abundance due to birth,

immigration, death, and emigration and may be dribeomost effective measures of

population performance for making management datssi



Useful methods for estimating population growthuieg|that they have sufficient power
to detect changes in abundance as a direct rdsuihiimagement and habitat changes, if
such changes occurred.

Interpretation and extrapolation of population gtiowates should be done carefully,
particularly when monitoring only portions of adar population.

Population projection models can be reliable batdata intensive. Estimates of the
standing age distribution are important but diffica estimate. The method requires
extensive use of radiotelemetry, but animals cadisteibuted over a large area.
Traditional radiotelemetry methods may provide mibetail regarding cause-specific
mortality, but may suffer from issues of geograptiasure violation more so than do
more recently developed mark-recapture approaches.

Mark-recapture techniques such as Pradel modelproaiuce precise estimates of
population growth in short time periods relativektmwn-fate methods and are less

affected by most capture biases.

CONCLUSIONS

Choosing Monitoring Technique

There is much variability in bear and human demplgics, environmental conditions, and social
perspectives among NEBBTC jurisdictions, which nsaikelifficult to establish region-wide
standards for black bear research and managerB&atk bear populations are increasing
throughout the Northeast whereas wildlife conseovatevenue from hunting revenues has

diminished. Shrinking revenues combined with iasieg challenges and expectations make it



more important than ever for managers to choosenthst appropriate, reliable, and cost-
effective population monitoring techniques to n@m@hagement objectives.

Estimates of black bear population parameterganerally more valuable to managers
than indices that do not provide estimates of samgpr process error. Because many reliable
monitoring methods are available and there is arosl universal desire by NEBBTC managers
for accuracy and precision, we suggest that esomatethods be given preference over indices.
Use of indices for black bear population monitonngy be justified when budgets are severely
constrained and the index has well-known propedresdata are already recorded for other

purposes (i.e., harvest), but they will generatly Ime suitable for most management objectives.

Population Monitoring Scenarios

Black bear population monitoring studies shouldlesigned to quantify the response of a
population to management or other actions, but singoan appropriate study design can be
challenging for managers given the number of metlaéilable. Ideally, a study design should
be both effective at providing the desired infonmatand efficient at collecting the required
data. To aid managers in selecting the most apjptepmonitoring methods and study design,
we used computer simulations to evaluate a rangemdlation scenarios with several classes of
population parameter estimation models, includiragkaresight, open, closed, and spatially-
explicit mark-recapture, and demographic analy$eshis report we provide generalized study
design recommendations for monitoring black begupations based on the results of our
computer simulation analyses and collective expege

For simplicity, we focused our evaluation of bldiar monitoring options on the most

suitable methods currently available for estimatimgtwo population parameters identified as



being most important to NEBBTC black bear mana@exs abundance and population growth).
We present our recommendations for 6 scenariogjmgrirom small N 500) to largeN >
2,500) population sizes and from declining to stailincreasing population trends.
Acknowledging financial limitations, we urge maneg always strive to use the best
monitoring techniques available, particularly thosethods that inform adaptive management

and function across jurisdiction boundaries.

Future Work

Methods for monitoring bear populations are evaviapidly. Not only has technology changed
(e.g., DNA analysis, GPS collars), but the methHodsnalyzing such data (e.g., Bayesian
statistics, hierarchical methods) have changededls Wne area that we think holds much
promise is the integrated population analysis nattibat combine harvest and auxiliary data.
Another area that holds promise is the integratiomark-recapture methods and occupancy
estimation. Our report is a current view of thetestof the art of population monitoring and we
urge managers to monitor the published literatarthat they may take advantage of these
anticipated advances. More research will be reguio evaluate the performance of these
integrated population analysis approaches andvelale software programs for application by

bear managers.



Section I. Introduction



Chapter 1. Background and Goals

1.1 BACKGROUND
American black beardJfsus americanyshave been hunted since colonial times for their f
meat, and fat and to reduce or eliminate confliite humans. By the early to middle part of
the twentieth century, black bear populations imynareas in North America had substantially
declined from historic levels because of exceskiNiag by humans. Eventually, black bears
were recognized for their ecological and cultui@lre, which resulted in their classification as a
game species in most jurisdictions. Consequepdpgulation recovery from overexploitation
was an important management goal in the 1960s ghrearly 1980s. Bear populations
rebounded as a result of habitat recovery and ceaithee hunting regulations. As populations
increased, hunting emerged as what many view ageaeffective, and responsible mechanism
to reach and maintain population objectives focklaears in a cost-effective manner. In recent
decades, black bear populations throughout Nortledga have increased in abundance
(Garshelis and Hristienko 2006) and distributiomg(ife 1.1). Forty states in the U.S. and all
Canadian Provinces, except Prince Edward Island hesident populations of black bears. In a
survey of states and provinces (hereafter, jurigiis) with black bear populations in 1988 and
2001, 32 jurisdictions reported population incresasering that time period, 10 jurisdictions
reported stable populations, and 2 reported dexliHestienko and McDonald 2007).

Although the American black bear has been resednetoee than any other bear species,
Garshelis and Hristienko (2006) found that popatatrends reported by agencies were not

always based on actual population estimat&3 ¥ of jurisdictions analyzed based on 1988—



2001 period). They argued for more rigorous edioneof population size for states and
provinces. However, they noted that such effordy tme cost-prohibitive and of limited use
because measurement error and annual variation treadeinterpretation difficult. Therefore,
other approaches should be considered for mongdr@ar populations. Concomitant with
increasing and expanding bear populations, bedlictsrhave increased in recent years with 34
jurisdictions reporting increasing human-bear dotsl(Hristienko and McDonald 2007).

Accordingly, black bear management in many portioSorth America has gradually
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Figure 1.1:Black bear distribution in North America. From ®atk et al. (2012). Bear
distributions were mapped by state and provincialdgists using 36-kfrhexagonal grid cells
to identify primary and secondary occupied range.



shifted from population recovery to enhancing hatrwgportunities and reduction of human-
bear conflicts. Clearly, wildlife management ageateed reliable information and tools to
effectively respond to changing management circant&s without putting long-term viability
of bear populations at risk. More specificallyeagies faced with increasing bear populations
need information on how best to use hunting to cedwuman-bear conflicts and they need
monitoring methods that allow them to determinleafvest is having the desired effect without

risking persistence of the bear population.

1.2 NORTHEAST BLACK BEAR TECHNICAL COMMITTEE

Because of a desire for regional collaboration pedpective on bear population management
and monitoring techniques, wildlife agency direstbom the northeastern U.S. and eastern
Canada created the Northeast Black Bear Technmaindttee (NEBBTC). The NEBBTC
meets annually to address a dynamic list of charges the Northeastern Wildlife
Administrators Association. The committee is coisgul of black bear managers from each of
the following 13 U.S. states and 6 Canadian pr@sn€onnecticut, Delaware, Massachusetts,
Maryland, Maine, New Brunswick, Newfoundland, Newarkpshire, New Jersey, New York,
Nova Scotia, Ontario, Pennsylvania, Prince Edwsalahd, Quebec, Rhode Island, Vermont,
Virginia, and West Virginia. In April 2010, the NBTC was charged by the Northeastern
Wildlife Administrators Association to review pogiilon estimation and monitoring techniques
for black bears in the Northeast and to develagxhrical publication to help bear managers
select appropriate monitoring methods and makenméd study design choices. NEBBTC

members were asked to cooperate by sharing dats,idnd opinions.



1.3 OBJECTIVES

The NEBBTC's first charge, to review populationigsttion and monitoring techniques for

black bears in the Northeast, represents an immaritormation need for black bear managers.
There are many rapidly evolving techniques for rtarimg but uncertainty about applicability
and efficacy of each technique makes it difficolt Wildlife managers to decide which methods
are most appropriate to accomplish their managenigattives. Consequently, NEBBTC
commissioned this technical report to investigdaehbear management and monitoring options
for jurisdictions in the northeastern U.S. and easCanada.

Jurisdictions of the NEBBTC have a long historyusing research to guide their
management efforts and a variety of monitoring roéshhave been used. For example, Maine
has estimated bear population parameters usingtedeinetry for >30 years, longer than any
state in the U.S. other than Minnesota (Barrettl201n Pennsylvania, state wildlife managers
have marked bears since 1980 to estimate populabiondance and trend (Ternent 2006).
Biologists from New York have used age reconstauctrom harvest data to estimate population
growth rates (New York State Department of Envirental Conservation 2007). Recent black
bear population inventory and monitoring effortshie Northeast have focused on estimating
abundance using noninvasive DNA-based capture-mesdpture methods developed by Woods
et al. (1999). Genetic assignment tests using kmnfom these studies have revealed
considerable inter-jurisdictional movement (Stagp&tment of Environmental Conservation
New York 2007, Huffman 2008). Also, collaboratiamong jurisdictions takes advantage of
certain economies of scale. For example, lowetuwrapates can be used to reliably estimate
large populations compared with small ones. Thosperative regional research and

monitoring programs for black bears in the North@as appealing for many different reasons.



Some population monitoring methods lack sufficiercision to detect small but
meaningful changes in population parameters, map@deasible at spatial and temporal scales
most beneficial to managers, or may provide littfermation regarding underlying population
processes. Financial and logistical constrairtesnofietermine the scope of ecological
monitoring programs and the techniques consideZadghlan et al. 2001). Many ecological
monitoring programs lack well-defined objectivesl a@glect sources of variation or error
(Yoccoz et al. 2001). Further, populations oftemss geopolitical boundaries, and data
collection and management objectives may diffestauitially among jurisdictions. Regional
research and monitoring approaches may better imeshared objective of sustainable bear
populations in the Northeast, but coordinating eéfacross wildlife programs benefits from
uniform procedures to ensure data compatibilitp@anmayer and Likens 2010). As such, the
primary objective of this report is to assess ad methods and provide recommendations that
incorporate statistical rigor and precision, fegi$y) and cost-effectiveness for a range of
population and management objectives. Our objestivere to (1) provide an overview of
current status and management of American blackshedhe region, (2) produce an in-depth
review of reliable techniques to estimate poputaparameters and monitor population trends,
and (3) provide guidance to agencies to betterlerthbm to choose monitoring tools that best
meet their management objectives and availableiress. Our recommendations are
necessarily general and are not meant to be dr@tfcaurrent practices of any jurisdictions. To
clarify our use of terminology in this report, wave provided a glossary of terms for managers

(Appendix A).



Chapter 2. Study Region

2.1 GEOGRAPHY, CLIMATE, AND VEGETATION

Northeastern North America is characterized byardie array of geography, climatic
conditions, and black bear habitats. NEBBTC juasdns (hereafter, Northeast; Figure 2.1)
encompass Atlantic Coastal Wetlands in the eashariti to Interior Highlands in the west
(Alexander 1967). The granitic Appalachian Mounsaslominate much of the region, reaching
their highest point at Mt. Washington, New Hampsi{i,917 m). The Atlantic Ocean serves as
the eastern and northern borders for many NEBBTiSdictions. The region also contains
some of the largest freshwater (i.e., Lake Eri&kel@ntario) and saltwater (i.e., Chesapeake
Bay, Hudson Bay) bodies in North America.

The climate of the 13 U.S. states within the staha is classified as humid mid-latitude,
with cold winters, warm summers, and distinct autiand spring seasons (Alexander 1967).
The climate of the 6 Canadian Provinces is muctesolith shorter summers and more days of
lingering snow, so forests typically produce leasdhand soft mast. However, daylight is much
longer in summer so lowland habitats can be quiteyctive for black bear foods.

Forests in Connecticut, Delaware, Maryland, Nevg&grPennsylvania, Rhode Island,
Virginia, and West Virginia, are predominated bk ¢@uercusspp.) and hickoryGaryaspp.),
which provide abundant hard mast for black beaeuiomn (Ryan et al. 2004). The forests of
Maine, New Hampshire, New York, Ontario, Quebed ®ermont primarily consist of maples
(Acerspp.), American beeclrégus grandifolid, and paper birchBetula papyrifery with only

beech providing a valuable, but variable, sourceastl mast (McLaughlin et al. 1994).



Massachusetts is a transition zone between thasentjor forest types. Southern
Newfoundland, Nova Scotia, and Prince Edward Iskeddominated by relatively unproductive
boreal spruce-fir forests, which transition to learground near the Atlantic Coast and above the
Arctic Circle. Forest regeneration after urban@atnd suburbanization over the last century
has resulted in reestablishment of abundant hast pnaducing trees, which may have been a

contributing factor to increasing black bear popales in the Northeast.
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Figure 2.1: Northeast study region of 13 U.S. states and Ga@i@m provinces comprising the
jurisdictions of the Northeast Black Bear TechniCaimmittee.




2.2 HUMAN POPULATION TRENDS

The Northeast is one of the most densely populateas in North America because of its
agricultural productivity, proximity to waterwayand early history of settlement. The region is
home to almost 100 million people with 72 millioagple inhabiting the Northeastern U.S. and
23 million residing in eastern Canada (Figure 2 Phe sizes of jurisdictions vary widely:

Rhode Island and Prince Edward Island each are€086&0f whereas Quebec is >240-fold larger
in area, with nearly 1.4 million kim The Northeast also has some of the sparsesirhum

populations in North America. The lowest densityhomans in the Northeast occurs in
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Figure 2.2: Human population density and growth rates by judgdn in the northeastern U.S.
and eastern Canada.




Newfoundland (Figure 2.2), whereas the greatestitles are concentrated near New York City
and Toronto, Ontario. According to the 2010 U.8n€ls, the average human density in the
northeastern U.S. was 105 peopleflaompared with 32 people/Kmountrywide (U.S. Census
Bureau 2010). In fact, the 13 NEBBTC member statedain almost 25% of the entire U.S.
population of >311 million people, but constitutdy7% of the total land area (681,748%4m
Almost 70% of the entire Canadian population of »3Bion people resides in the 6 NEBBTC
provinces, while occupying only 32% of the totaldearea of Canada.

Human populations in the Northeast are experiendragatic variation in growth rates
among jurisdictions. Between 2000 and 2010, ti#& Population grew by 9.7%, but the
average population growth in the 13 Northeast states only 4.7% (U.S. Census Bureau 2010).
Between 2006 and 2011, Canada’s population greu3%6, whereas eastern Canadian
provinces grew by 11.4% (Stat Canada 2011). Gmtard Delaware, which differ considerably
in size and density, experienced approximately §B&wth from 2000 to 2010 (Figure 2.2).
Other jurisdictions recorded less growth but ongwfbundland reported a decrease in the

human population.

2.3 BLACK BEAR DISTRIBUTION

Approximately 232,000 black bears (Noyce 2012) bitne 3.6 million kri encompassed by
the NEBBTC jurisdictions. Historically, the entiNortheast was occupied by black bears (Hall
1981). At present, no resident black bear popardatexist in Delaware or Prince Edward Island
(Figure 2.3), but during the past 2 decades bemyeraas expanded in Connecticut,
Massachusetts, New Jersey, New York, PennsylvRhiade Island, Virginia, and West

Virginia, and sightings have been reported recantlyelaware (Scheick et al. 2012).



2.4 BEARS, HUMANS, AND MANAGEMENT

High and increasing human densities in the Northeasnbined with increasing bear numbers
and close proximity of bears to humans in manysreave humans and bears on a collision
course. Twelve of 17 jurisdictions in the Northteascupied by black bears reported increasing
human-bear conflicts between 2000 and 2010 (No9d2R Black bears are omnivorous and
are often drawn to anthropogenic foods such asagertbirdfeeders, and agricultural crops.
Although black bear attacks on humans are raréjents do occur and have resulted in injuries

or even death, costly litigation, and negative pptions of bears by the public. Conflicts
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Figure 2.3: Primary and secondary black bear range in northeasU.S. and eastern Canada.
From Scheick et al. (2012).




between humans and bears are inevitable whereatigiities overlap. Also, vacation or
retirement properties owned by urban residentbaceming more commonplace in the

Northeast and they often have little experiencdinigavith wild animals. Such changing
dynamics present many challenges to black bear geasian the Northeast.

Finding socially-acceptable management solutiortsetr-human conflicts is a major
priority for black bear managers in North Amerid@ear hunting has a long history in the
Northeast and is a traditional and established foffpopulation management. Hunting is
viewed by many as a safe, effective, and respamsileichanism to reach and maintain
population objectives for black bears. Of the 48.LAnd 12 Canadian provinces and territories
in North America that have black bear populatigt&srely on hunting as their primary
management tool (Hristienko and McDonald 2007)arBrinting in some form is permitted in
14 of the 17 NEBBTC jurisdictions with bears (Noy&f#2). Other population management
tools have been proposed (e.g., immunocontracepgtocation) but few, if any, are deemed
adequately successful or economically feasibleaspatial and temporal scales of concern to
management agencies.

Hunting can be a significant source of fundingvaidlife conservation and management
activities in NEBBTC jurisdictions (Figure 2.4)n Pennsylvania for example, residents are
required to purchase bear hunting licenses thak tebre than $2 million in revenue per year.
Also, conservation funds are generated in the fdo& a tax on sporting arms and ammunition
(i.e., Federal Aid in Wildlife Restoration Act (16S.C. 669-669i; 50 Stat. 917) of September 2,
1937, commonly called the "Pittman-Robertson ActThese funds may be applied toward
habitat management, land acquisition, conflict linsement programs, research, or other

activities to foster wildlife management and comaéon.



Although hunting remains the primary mechanismbiear management in most areas,
hunting participation and revenues are declinimgsgemost statesin the region (Figure 2.5), as
across most of North America (U.S. Department aih@eerce 2006). From 1996 to 2006,
hunter numbers declined by 3.7% in the U.S. (U&hdDs Bureau 2010), leading many states to
increase license fees. Such trends have beendmsastt in Maine, Massachusetts, and Rhode
Island with a 35-62% decline in hunting revenueas agoncomitant net loss of over 300,000
hunters. These trends are even more striking densg that, on average, human populations in

the Northeast grew by approximately 6% during gasod (U.S. Census Bureau 2010).
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Over 70% of NEBBTC bear managers stated thatiingirg the most important
management tool available (Chapter 6). Howeveresing and expanding black bear
populations in NEBBTC jurisdictions, combined wetbcreasing hunter participation and
revenue, present substantial challenges to suctdédatk bear management in the Northeast.
These uncertainties lead to increased urgencyetttifgg and apply scientifically reliable and
cost-effective monitoring techniques to meet blaekr management objectives. Ultimately,
managers need to be able to link population pammestimates with the drivers of population

change to effectively implement adaptive manager{iichols and Williams 2006).
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Section Il. Biology



Chapter 3. Phylogeny and Description

3.1 NOMENCLATURE
Common name: American black bear (English), Owis (frrench), Oso negro (Spanish)

Scientific name:Ursus americanuPallas, 1780

3.2 PHYLOGENY

Recently resolved genetic phylogenies suggestid esgpansion of bear species, along with
many other taxa, during a time of dramatic glothahatic change approximately 6 million years
ago at the Miocene-Pliocene boundary (Krause &08I18). During this radiation, the common
ancestor of the Asiatic black beér. thibethanuy, American black bear, and the sun bear
(Helarctos malayanysseparated from the group containing the slotl fdalursus ursinugs
brown bear (. arctog, polar bear. maritimug, and cave beat); spelaeus Genetic

evidence suggests that the Asiatic and Americackldaars split approximately 4.1 million
years ago and are considered sister taxa, althanatpjeological data and other predictions place
this divergence prior to the first opening of theriBg Strait around 5.3 million years ago
(Krause et al. 2008). Following the extinctioncakve bears, American black bears were likely
the only bear species occupying North America urbwn bears presumably traversed the
Bering Strait approximately 12,000 years ago. Heisetic legacy and the rapid radiation that
led to modern species is evidence of the succelgssuds in general and highlights the

sometimes cryptic differences between speciegjihaeeper than their names suggest.



3.3 DESCRIPTION

The American black bear varies in color acrossaitgje, from black in much of the eastern U.S.
and Canada (Figure 3.1), to cinnamon or blondeutlsvestern states, to bluish in parts of
Alaska, and the striking, nearly white pelage ofridede bears of British Columbia (Pelton
2003). Several color phases can be found witrersime regions. In some areas, black bears
are difficult to distinguish from sympatric grizzbears.

The American black bear is the smallest of thetdrg bear species in North America,
but shows substantial variation in size, reflectiegional differences in habitat quality. Adult
bears are 120-200 cm in length and 70-105 cm séobk&ight. The average mass of adult male
black bears is 68-158 kg, although males with acteabundant hard mast or agricultural or
anthropogenic foods may exceed 365 kg. Black bmarsexually dimorphic, with females
approximately two-thirds the size of males andlyeegceeding 175 kg. Seasonal variation in
abundance and quality of food resources also irsgaers, with body mass in autumn

approximately 30% greater than in spring.

Figure 3.1: American black bear.
Photo credit: Maine Department of Inland Fisherasd Wildlife



Chapter 4. Life History and Population Dynamics

4.1 DENNING

Black bears typically begin denning in October mvBmber, depending on when adequate fat
reserves are obtained and how long food remaintahle Hellgren and Vaughan (1989)
reported that pregnant females in the Great DiSaamp of Virginia and North Carolina

denned for 119 days, which was among the shortestorded denning periods for areas with
similar climates and likely reflected habitat qtiabf this area. Black bears are known to
temporarily leave their dens during winter in séast€food or to not den at all when in poor
condition (Hamilton and Marchinton 1980). Alterelgt if adequate food is available, denning is
not necessary other than to give birth. Adult maes usually the last to enter and first to exit
their dens, a trait that has implications for hgmirsy and fall hunts are structured in areas where

female mortality is a concern (Weaver and Peltdd].9

N L o N
Figure 4.1: American black bear family in winter den.
Photo credit: New York Department of Environme@ahservation



Black bear den selection can vary by region, sekyidual selection, and reproductive
status. Bears use many types of dens includirgcagities, caves, small depressions, culverts,
excavations, brush piles, open ground nests, alasitacations (Figure 4.1). Black bears
exhibit a specialized form of hibernation, enablihgm to remain dormant for long periods of
time without eating, drinking, urinating, or deféog (Lundberg et al. 1976, Nelson et al. 1983).
Compared with other hibernating species, blackdaser specialized because they are able to
recycle nitrogen waste from metabolic processespnbteins, which aids in the prevention of
muscle and bone loss that occurs with most anithaisg long sedentary periods (Harlow
2012). Depending in large part on their reprodigcsitatus, bears may lose 25-40% of their
body weight during hibernation, due partly to thetfthat bears maintain constant body
temperature around 35°C, unlike “true” hibernatofee heart rate of hibernating bears drops
from an average of 40-50 beats/minute to approxin&t beats/minute. Because black bears
remain relatively alert, predation during the degnperiod is limited but has been observed
(e.g., Rogers and Mech 1981). Denning presengmreisers with a unique opportunity to
capture black bears with limited risk of injuryttee bears or humans, and provides the best
opportunity to observe true litter sizes from whaehb survival can be reliably estimated

(Vashon et al. 2003).

4.2 REPRODUCTION

Black bear females reach sexual maturity betweand?7 years of age and enter into estrus
during summer, with the peak occurring in late Janeé July (Pelton 2003). Black bears are
promiscuous, meaning that a single male can matemultiple females and vice versa.

Consequently, adult females are the primary drieémopulation growth (Lariviere 2001).



Females can mate during the same summer thatctesrdisperse, potentially sooner if the litter
is lost. As with most components of black bear hfstory, age of sexual maturity (i.e.,
primiparity) differs by habitat quality and dens({@zetwertynski et al. 2007). Generally, bears
in eastern North America mature earlier, with ageremiparity averaging 4.46 years (95%
credible interval 4.02—4.96) versus 5.58 years (¢58dible interval 5.06—-6.07) in the west
(Beston 2011). Further, reproductive synchrorg,(birth pulses) may occur because of hard
mast crop failures or similar environmental eveasshas been documented in the Allegheny
Mountains of western Virginia (Bridges et al. 2011)

Black bears, like all bears with the possible @tiom of the sun bear, exhibit delayed
implantation, a physiological adaptation that sasisedevelopment of the fertilized egg
(blastocyst) for several months. If during thiaéithe female is not able to accrue necessary fat
reserves, the blastocyst is reabsorbed or cubméprn but consumed by the mother (M.

Vaughan, U.S. Geological Survey, personal commtioica While in the den, adult female

Figure 4.2: American black bear cubs of year.
Photo credit: Maine Department of Inland Fisherasd Wildlife



bears give birth to 1-6 cubs (Figures 4.2 and 4yB)cally during late January—early February,
after a gestation period of 60-70 days. In théhsastern part of their range, mean litter sizes
range from 2.3 to 3.0 cubs (Bridges et al. 2011).

Cubs are born blind, nearly hairless, and weigir@amately 360 g. Black bear milk
averages 33% fat which is about 10 times that fonridiman milk. Cubs are dependent on
milk for at least 22 weeks, but nurse for 30 weaksverage. Upon exiting the den, bears will
wander in search of food, although it is ofteniatly scarce, and they therefore may
occasionally return to the den. Cubs grow to 1&g Within their first 6 months, although
about half will not survive their first year, withale cubs having greater mortality rates than
females (Elowe and Dodge 1989). Cubs remain wighr imother for approximately 1.5 years
after birth, during which time they learn how taa@h food, interact with other bears, and, in
many parts of black bear distribution, how to ceewiith humans. This is a critical phase that

sets the stage for a bear’s life and eventualdgne

4.3 POPULATION DYNAMICS

Fall hard mast failure influences milk fat contenspring, but not cub survival because females
can switch to alternative food sources and stdbpice milk of sufficient quality to nourish cubs
(McLaughlin et al. 1994, McDonald and Fuller 200Pximary mortality sources for cubs are
starvation, predation, and human causes, suchhade/eollisions and management removals.
Although controversial, the sexually selected itifade hypothesis has been supported in some
populations after experimental removals of adullesia Czetwertynski et al. (2007) reported
older age of first reproduction and lower cub sual/{66%) in higher-density areas that were not

hunted compared with lower-density areas whereihgiaiccurred (83%).



Hunting is an obvious driver of survival rateshunted populations (e.g., Hellgren and
Vaughan 1989, Schwartz and Franzmann 1991, Bergtigar 1998, Koehler and Pierce 2005,
Czetwertynski et al. 2007) but other vital rates ba affected as well. For example, hunted
populations can shift to younger ages of sexualrgtand greater investments in reproduction
that compensate for elevated mortality (CzetweRyasal. 2007, Beston 2011). Such shifts,
including those driven by non-harvest mortalityy@@amportant implications for long-term
management because adult female survival has bpemary focus of conservation and
management efforts, including more conservativedsirquotas for females (Beecham 1983,
Mitchell et al. 2009).

The availability of food resources is also a catideterminant of abundance and density

of bear populations. Clearly, areas with abundi@mds can support a greater density of bears

Flgure 4.3: Female American black bar with 5 cubs of year.
Photo credit: T. Sears



than those where food production is poor. Vasiain biological carrying capacity of a region
can be inferred from the range of population desibbserved in black bears. In the western
part of their range, densities as low as 0.8 b&@@sknf exist in areas of low productivity that
also contain grizzly bears (Hebblewnhite et al. 2003onversely, higher-quality habitats,
although still with resident grizzlies, may supp5t0 bears/100 khtJonkel and Cowan 1971).
In the East, however, densities range from 10.5s68@0 kn in Maryland (Bittner et al. 2013)
to 201 bears/100 khin small areas in eastern North Carolina (van Magteal. 2012).

Life-stage simulation analyses and other methade been used to estimate the relative
effects that individual vital rates have on popolatgrowth (i.e., elasticity; Wisdom et al. 2000).
Like most large mammals (Heppell et al. 2000), pajon growth rates of black bears are
driven primarily by adult female survival (BestoB@1d). The strength of this relationship,
however, may vary across populations, as can tkerdrof the vital rates themselves. For
example, Beston (2011) found an 18% differencdastity estimates of adult female black
bear survival between western and eastern popn&{h67 and 0.55, respectively).
Conversely, cub and yearling survival, along wihundity, had greater elasticities in eastern
populations (Beston 2011). Such differences &edylicaused by more abundant and higher-
quality foods in the East, allowing females to proel more offspring beginning at an earlier age,
but may be confounded by greater human-caused Imp(@zetwertynski et al. 2007). The
meta-analysis of Beston (2011) using data from $2607 suggested that 55% of eastern black
bear populations were increasing compared with 8fi%estern populations. With existing
high densities of bears, increasing numbers ofsyead increasing human populations,
challenges to bear and bear-human conflict manageiméhe East will likely continue to

increase as well.



Section lll. Management



Chapter 5. Population Management Strategies

5.1 MANAGEMENT GOALS

Goals for black bear management in North Americgeafrom protection of imperiled
populations, to maximization of sustainable yiétdpopulation reductions for nuisance bear
control (Miller 1990). Harvest is the primary tdol agencies to manage black bear populations
(Figure 5.1), with sustainable population objectiaed quotas playing prominent roles in bear
management plans (Hristienko and McDonald 200ThliP input is often considered along with
biological data when setting quotas because maskliear populations are managed based on
social, rather than biological, carrying capaci8tate and provincial governments in North
America are usually responsible for drafting legjisin to regulate bear hunting. Wildlife

agencies in the Northeast typically use a bestavatscience approach along with adaptive

Figure 5.1: Harvested black bear at game check station.
Photo credit: Pennsylvania Game Commission



management to achieve population targets. Althdulgtk bear management is a high priority
for many wildlife agencies, constraints to bearydapon management include inadequate
habitat protection, political pressures, technatabiimitations of available population
management techniques, and inadequate financipbsiufor management (Miller 1990).
Consequently, many bear management plans are das/aruch by financial and logistical
considerations as they are by biology.

Setting meaningful objectives for population pagsens (e.g., abundance, survival, and
population growth) is fundamental to effective llldear management. In the past two decades,
adaptive resource management has gained widesyeaghition as a flexible and rigorous way
to ensure management objectives are met (Williarat 2002). Adaptive management relies on
setting population objectives and developing ab$etonitoring and management programs that
iteratively adapt to changing population dynamicée first major step for managers in this
process is to establish scientifically-defensileydation objectives based on social, financial,
demographic, and habitat-based criteria. Althopgbulation targets are often difficult to
achieve because of uncertainty of population stahasharvest rates, clearly defined targets
provide important perspective for long-term managenefforts and can be used to objectively

evaluate progress being made with management plans.

5.2 HARVEST MANAGEMENT

Harvest is the primary tool used by most bear marsap reduce human-bear conflicts in the
Northeast (Chapter 7). However, establishing hetrkegulations for black bears is complicated
because multiple agencies are often involved imthaagement of this wide-ranging species.

Legal authority for black bear management variesragmurisdictions and can be vested at many



levels (i.e., community, state or province, natipn&ears inhabiting public lands are managed
by agencies within the Department of the Intereog(, National Park Service, U.S. Fish and
Wildlife Service, Bureau of Land Management) or Bement of Agriculture (U.S. Forest
Service) in cooperation with state and provincianagement agencies. Most wildlife
regulations passed by state legislatures or indbg@rcommissions apply to all lands within
those jurisdictions, including federal, state, anéate lands. Although public and private
landowners can restrict hunting access, they cammement more liberal regulations than the

states. Harvest may also be limited near humanitiied areas due to firearms restrictions.
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Figure 5.2: Northeast human-bear conflicianagement priority by jurisdiction (Noyce 2012).




Human-bear conflict management is a high priant$2 out of 19 NEBBTC
jurisdictions (Figure 5.2; Appendix B) and bears aranaged by wildlife departments within
state or provincial natural resource agencies regide. Hunting regulations influence what,
how, when, and where wild game may be taken. Bexthe vulnerability of black bears to
harvest is heavily influenced by sex, time of yéarvest techniques (e.g., hounds, baiting,
archery), and the length of hunting seasons, hgmé&gulations can have dramatic effects on
bear population dynamics. Choosing appropriatedstitechniques and establishing sustainable

harvest rates are two crucial steps to effectiaelbbear management and conservation.
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Figure 5.3: Northeast jurisdictions that permit spring or fakar hunting seasons (Noyce 2012).




5.3 HARVEST REGULATIONS

5.3.1 Timing of Season

Throughout its range, American black bear harvesegally consists of spring hunts, fall hunts,
or both. Spring hunts typically provide better kifygelts and more palatable meat, whereas
fall hunts have lower hunter success but yield maaier bears (Ternent 2006). The timing of
hunting seasons can also be used to control tlreafatnales to females in the harvest or to
reduce the susceptibility of females with cubschpitalizing on differences in the duration of
denning between sexes. Of the 19 NEBBTC jurisoingtj 4 do not allow harvest, 12 have a fall

hunting season, and 3 have both spring and faliingiseasons (Figure 5.3).

5.3.2 Season Length

Duration of season affects harvest by exposingsheavarying hunting pressure and effort.
Season length varies greatly among jurisdicticastjig from 13 weeks in Maine to just a few
days in Pennsylvania. Individual state and praainegulations may also influence actual
hunter days even when season lengths are equakx&mple, 8 of the 11 states in the Northeast
do not permit black bear hunting on Sundays sodramhay only be in the field 6 days per
week. Northeast states that prohibit all Sundaytihg, with few exceptions, are Connecticut,

Delaware, Maine, Maryland, Massachusetts, New yePennsylvania, and Virginia.

5.3.3 Harvest Method

Various methods exist for harvesting American blaekrs in the Northeast. Method of take can
have vastly different effects on hunter successhamdest selectivity. The use of baits to attract

bears can increase hunter success and enabledtmber selective. Baiting bears,



however, is controversial because of social corscabout animal welfare (i.e., feeding wildlife),
environmental concerns (i.e., bait sites resemlgendpage dumps), and the potential to habituate
bears, which could lead to increased human-bedlicsn Almost half (47%) of NEBBTC
jurisdictions allow the use of bait to hunt blackabs (Figure 5.4).

Another method for harvesting black bears is usiaimed hounds to chase bears until
they climb trees or bay on the ground, where thay then be taken by hunters. The use of
hounds increases hunter success because houndsteanhand track bears through dense

vegetative cover with greater efficiency than humaHunting bears with hounds can allow
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Figure 5.4: Northeast jurisdictions that permit the use of Baithunting black bears (Noyce
2012)




for greater selectivity, like the use of baits, dege hunters may have multiple opportunities to
determine whether to harvest a particular anininting bears with hounds is also
controversial because of concerns about fair caadeanimal welfare (e.g., exhaustive pursuits,
injuries from jumping out of trees). Additionallgpund hunting generally comes with a dog
training season and there is controversy as tohenghese training seasons negatively affect
bears, particularly cubs. Almost 1/3 of NEBBTCigdictions allow the use of hounds for

hunting (Figure 5.5).
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Figure 5.5: Northeast jurisdictions that permit the use of hdsifor black bear harvest (Noyce
2012).




5.3.4 Bag Limit

Bag limits establish the number of animals a huntay harvest, which is typically 1 bear per
hunter per hunting season among NEBBTC jurisdistioAlthough this has some effect on the
total number of bears harvested, bag limits hagétbader effect of distributing the harvest
among a greater number of hunters. Bag limits @étermine the allowable sizes (i.e., age
classes) and sexes that may be harvested. Indtikddst, most bag limits permit the taking of
any bear of either sex older than a cub of the,y@trough most jurisdictions prohibit the taking
of adult females accompanied with young of any dgeme states (e.g., Pennsylvania,

Massachusetts) do not have bag limit distincticasel on age or sex.

5.3.5 Permit System

Black bear harvest regulations in the Northeastrappemented through different types of
hunting permits. The total number of animals aBovto be harvested may be set as a fixed
number or percentage (i.e., quota) of the estimadgdilation and hunting opportunities may be
allocated through licenses or special permits. WMaitdlife management agencies require
anyone hunting bears to purchase a black bearskcensting $5-50, depending on the
jurisdiction. Some states also require a consenvair general hunting license as a prerequisite
to buying a black bear license. Multi-speciesrigms are offered in some jurisdictions, usually
combination packages for de€docoileus virginianus turkey Meleagris gallopavp and

black bear. Combining opportunities for harvestjagne species usually results in discounted
license fees, thus increasing overall license saldsharvest rates. Baiting does not require
additional licenses to be purchased, but somedigtiens that allow the use of hounds also

require a special hound hunting license in additma bear tag.



Chapter 6. Black Bear Status by Jurisdiction

6.1 MANAGEMENT STATUS

The history of black bear recovery, habitat quakiyd human demographics are diverse across
the Northeast so bear management status varietywitleo NEBBTC jurisdictions (i.e.,
Delaware, Prince Edward Island) have no resideat pepulations, whereas 16 of 19 currently
classify black bears as game species (Noyce 2QI#ye states such as New York and
Pennsylvania have played particularly importanésas reserves and source populations for
surrounding states. Smaller states that contamaat bear habitat and high densities of humans
(i.e., Connecticut, Delaware, Rhode Island), hareespondingly small bear populations and
relatively few conflicts, whereas medium-sizedesawith larger bear populations and higher
human densities (e.g., New Jersey, Massachusatig)d have many conflicts. The southern
portions of Canadian provinces tend to have faatgrenumbers of bear-human conflicts than
those in the north because human densities (armhplpbear densities) are typically much
greater along the border with the U.S.

The following jurisdiction-by-jurisdiction summanf bear management status is based
on a recent summary of a survey of wildlife managenagencies by Noyce (2012), who
adapted methods by Hristienko and McDonald (20&tandardized surveys improve inferences
across diverse jurisdictions where information rbaycollected or reported in different formats.
We calculated bear density (no. bears/108)ky dividing the estimated number of bears for
each jurisdiction as reported in Noyce (2012) lgltoccupied area as determined by Scheick et

al. (2012).



6.1.1 Connecticut

The Department of Energy and Environmental Prateds responsible for black bear
management in the state of Connecticut. No managepian currently exists for black bears in
Connecticut (Noyce 2012). Only northwest Connettis primary black bear range and the
population is contiguous with southwest Massaclisisgtd eastern New York. Bear range is
expected to expand across much of the state (F&lije Research on the growing bear
population has been conducted for 10 years. N&kldaar hunting is currently allowed in

Connecticut.

Figure 6.1: Summary information for Connecticut’'s human andcbklaear populations. Black

bear primary and secondary range from Scheick .e28112).



6.1.2 Delaware

The Division of Fish & Wildlife is responsible fistack bear management in the state of
Delaware. None of Delaware is primary or secontagk bear range because of high human
densities. The Philadelphia metropolitan areaitmsluburbs most likely restrict immigration
from southern New Jersey (Figure 6.2). Delawarerttaestablished bear population and no
black bear research has been conducted in thetstdéte. Consequently, Delaware does not

have a long-term bear management plan (Noyce 28i®o black bear hunting is allowed.

Figure 6.2: Summary information for Delaware’s human and blaekr populations. Black
bear primary and secondary range from Scheick .e28112).



6.1.3 Maine

The Department of Inland Fisheries and Wildlifeasponsible for black bear management in the
state of Maine. Black bear management in Mairgaiided by a long-term plan. Almost all of
Maine is primary black bear range, with only thathern coastal portion of the state unoccupied
(Figure 6.3). Maine has been the site of ongolagkobear research using radiotelemetry since
1975 (Barrett 2011). Hunters in Maine are allowetarvest 1 bear/person in the fall. With
>30,000 black bears, Maine has more bears thastatg/in the Northeast and populations

continue to increase (Noyce 2012).

Figure 6.3: Summary information for Maine’s human and blackri@gpulations. Black bear
primary and secondary range from Scheick et al120



6.1.4 Maryland

The Wildlife and Heritage Service is responsibleldiack bear management in the state of
Maryland. Most of western Maryland is primary INdaiear range, except for areas
encompassing the metropolitan areas of BaltimodeVdashington and the Delaware-Maryland-
Virginia peninsula (Figure 6.4). Maryland has béensite of telemetry- and DNA-based black
bear research. Maryland’s population of 600 besairscreasing (Noyce 2012) and black bear
management is guided by a long-term plan. Humtekéaryland are allowed to harvest 1 bear/

person during a fall hunt.

Figure 6.4: Summary information for Maryland’s human and blaelar populations. Black

bear primary and secondary range from Scheick .e28112).



6.1.5 Massachusetts

The Division of Fisheries and Wildlife is resporisilor black bear management in the state of
Massachusetts, which is guided by a long-term (Moyce 2012). Almost all of western
Massachusetts is primary black bear range with trdyeastern portion of the state surrounding
Boston being unoccupied (Figure 6.5). Black begouytations in Massachusetts are contiguous
with Connecticut, New Hampshire, New York, and Venn Massachusetts has been the site of
ongoing black bear research for >20 years. Humtersllowed to harvest 1 black bear/person

during a fall hunt. Massachusetts bear populatamasncreasing (Noyce et al. 2012).

Figure 6.5: Summary information for Massachusetts’s humantdack bear populations.
Black bear primary and secondary range from Schetc. (2012).



6.1.6 New Brunswick

The Fish and Wildlife Branch is responsible fordli®ear management in the province of New
Brunswick. Black bear management is not guided png-term plan (Noyce 2012). Almost all
of New Brunswick is primary occupied black bearganvith small pockets of secondary range
interspersed (Figure 6.6). No black bear reselaashbeen conducted in New Brunswick.
Hunters in New Brunswick are allowed to harvesearfperson during a spring or fall hunt

season. New Brunswick bear populations are inorggbloyce 2012).

Figure 6.6: Summary information for New Brunswick’s human alagkbear populations.
Black bear primary and secondary range from Schetc. (2012).



6.1.7 Newfoundland

The Department of Environment and Conservatioesponsible for black bear management in
the province of Newfoundland and bear managementided by a plan (Noyce 2012). Almost
all of Newfoundland is primary occupied black besarge, with only the southeastern tip
considered secondary range (Figure 6.7). No resdss been conducted on black bears in
Newfoundland. Hunters in Newfoundland may har2elsears/person/year; 1 during a spring

and 1 during a fall hunt. Newfoundland’s bear dapan is increasing (Noyce 2012).

Figure 6.7: Summary information for Newfoundland’'s human aratkbear populations.
Black bear primary and secondary range from Schetc. (2012).



6.1.8 New Hampshire

The Fish and Game Department is responsible fakkidaar management in the state of New
Hampshire. Management is guided by a long-term.pkdmost all of New Hampshire is
primary black bear range and only a small areasading Manchester is considered secondary
range (Figure 6.8). Black bear research has begoirng for almost 20 years. Hunters in New
Hampshire are allowed to harvest 1 bear/persomguifall hunt. New Hampshire’s bear

population remains stable (Noyce 2012).

Figure 6.8: Summary information for New Hampshire’s human dadkobear populations.
Black bear primary and secondary range from Schetc. (2012).



6.1.9 New Jersey

The Division of Fish and Wildlife is responsible tdack bear management in the state of New
Jersey. Almost all of northern New Jersey is prinaccupied black bear range, whereas most
of southern New Jersey is secondary range (Fig@e 61anagement of black bears in New
Jersey is guided by a long-term plan and reseastbben ongoing for almost 20 years. Hunters
in New Jersey are allowed to harvest 1 bear/pedlsong a fall hunt. In northern New Jersey,
where human densities are high, bear populatiangareasing substantially because of access

to anthropogenic food sources, resulting in freqbear-human conflicts.

Figure 6.9: Summary information for New Jersey’s human andkokear populations. Black
bear primary and secondary range from Scheick .e28112).



6.1.10 New York

The Bureau of Wildlife in the Department of Envimeantal Conservation is responsible for
black bear management in the state of New Yorknasit all of New York is primary occupied
black bear range, with 2 main populations subduidg unoccupied range along the 1-90
transportation corridor that bisects the state feast to west (Figure 6.10). New York has been
the site of ongoing black bear research for alrB0stears. Hunters in New York are allowed to
harvest 1 bear/person during a fall hunting sea8war populations in New York are increasing

(Noyce 2012).

Figure 6.10: Summary information for New York’s human and blae&r populations. Black
bear primary and secondary range from Scheick .e28112).



6.1.11 Nova Scotia

The Wildlife Division is responsible for black beaanagement in the province of Nova Scotia.
Black bear management is not guided by a long-fdam (Noyce 2012). Almost all of Nova
Scotia is primary occupied black bear range, witly the northern island and the northeast coast
considered to be unoccupied (Figure 6.11). Weaataware of research conducted on black
bears in Nova Scotia. Hunters in Nova Scotia nmeyést 1 bear/person during a fall hunting

season. Nova Scotia’s black bear population iseasing (Noyce 2012).

Figure 6.11:Summary information for Nova Scotia’s human andklaear populations. Black
bear primary and secondary range from Scheick .e28112).



6.1.12 Ontario

The Fish and Wildlife Branch of the Ministry of Ni@&l Resources is responsible for black bear
management in the province of Ontario, which iglgdiby a long-term plan (Noyce 2012).
Almost all of Ontario is primary occupied black beange, with only the northern edge and the
southern tip surrounding Toronto considered todmsdary range (Figure 6.12). Ontario has
been the site of ongoing black bear research foostl 30 years (M. Obbard, Ministry of Natural
Resources). Hunters in Ontario may harvest 1-gsheason during a fall hunting season,

depending on the management unit. Ontario’s bepulption remains stable (Noyce 2012).

Figure 6.12: Summary information for Ontario’s human and blaelabpopulations. Black

bear primary and secondary range from Scheick .e28112).



6.1.13 Pennsylvania

The Pennsylvania Game Commission is responsiblel&mk bear management in the state of
Pennsylvania. Management is guided by a long-tgdam. Almost all of Pennsylvania is
primary black bear range, with only the southeaster surrounding Philadelphia being
unoccupied (Figure 6.13). Pennsylvania has beesith of ongoing black bear research for
almost 40 years (Alt 1976). Hunters in Pennsylaamnually harvest approximately 20% of the
estimated 18,000 black bears in the state, with pejulations thought to be stable (Ternent

2006).

Figure 6.13:Summary information for Pennsylvania’s human aratkbear populations.

Black bear primary and secondary range from Schetc. (2012).



6.1.14 Prince Edward Island

The Fish and Wildlife Division is responsible fdabk bear management in the province of
Prince Edward Island. All of Prince Edward Islasdinoccupied black bear range (Figure 6.14).
No research that we are aware of has been condoctBlick bears on Prince Edward Island.

No resident black bears exist on Prince Edwaradhtsléherefore no harvest is allowed.

Figure 6.14:Summary information for Prince Edward Island’s humaand black bear
populations. Black bear primary and secondary mafrgm Scheick et al. (2012).



6.1.15 Quebec

The Ministry ofSustainable Development, Environment, Wildlife &adksis responsible for black
bear management in the province of Quebec. Almibsf Quebec is primary occupied black
bear range, with only the northwestern portion moiftthe Arctic Circle considered unoccupied
(Figure 6.15). Quebec has been the site of ondaaxk bear research for almost 20 years.
Hunters in Quebec may harvest 1 or 2 bears/pensongda spring or fall hunting season (fall
season in select zones only). With an estimate@Dblack bears, Quebec has one of the most

robust populations of black bears. Quebec’s bepulation is increasing (Noyce 2012).

Figure 6.15:Summary information for Quebec’s human and blagk pepulations. Black bear
primary and secondary range from Scheick et al12)0



6.1.16 Rhode Island

The Division of Fish and Wildlife is responsible tdack bear management in the state of Rhode
Island. Almost all of Rhode Island, much of whailrrounds the city of Providence, is
unoccupied black bear range, with only the westegion considered secondary occupied range
(Figure 6.16). No formal black bear research #atre aware of has ever been conducted in
Rhode Island. No black bear hunting is allowe&iode Island. Although few black bears
inhabit Rhode Island, the population is increagMgyce 2012). The bear population increase is

most likely a result of immigration from Massachiise

Figure 6.16: Summary information for Rhode Island’s human artlbbear populations.

Black bear primary and secondary range from Schetc. (2012).



6.1.17 Virginia

The Department of Game and Inland Fisheries isoresple for black bear management in the
state of Virginia. Black bear management in Virgiis guided by a long-term plan. Almost all
of Virginia is primary occupied black bear rangéthvonly the eastern edge of the state near the
Atlantic Ocean being unoccupied (Figure 6.17).gWiia has been the site of ongoing black bear
research for over 30 years. Hunters in Virgineatowed to harvest 1 bear/person during a fall

hunting season. Virginia’'s bear population is @aging (Noyce 2012).

Figure 6.17:Summary information for Virginia’s human and bldsar populations. Black
bear primary and secondary range from Scheick .e28112).



6.7.18 Vermont

The Department of Fish and Wildlife is responsibleblack bear management in the state of
Vermont. Black bear management is guided by a-teng plan. Much of Vermont,
particularly the Green Mountains, is primary bldgar range, with unoccupied range on the
western and secondary range along the easternrbafne state (Figure 6.18). Vermont has
been the site of ongoing black bear research foost 20 years. Hunters in Vermont are
allowed to harvest 1 bear/person during a fall imgnseason. Vermont’s black bear population

is increasing (Noyce 2012).

Figure 6.18:Summary information for Vermont's human and blag&ripopulations. Black
bear primary and secondary range from Scheick .e28112).



6.1.19 West Virginia

The Division of Natural Resources is responsibtebtack bear management in the state of West
Virginia. Most of West Virginia is primary occuidlack bear range, with only the northern
panhandle considered unoccupied (Figure 6.19).t Wieginia has been the site of ongoing
black bear research since 1972 (Ryan et al. 20@#paars are managed according to an
operational plan that is updated every 5 yearsntéta in West Virginia are allowed to harvest 1
or 2 bears/person during a fall hunting seasonstWgginia’s bear population is increasing

(Noyce 2012).

Figure 6.19:Summary information for West Virginia’s human atatck bear populations.

Black bear primary and secondary range from Schetc. (2012).



Chapter 7. Manager Survey

7.1 BACKGROUND AND METHODS
As we have illustrated in the preceding sectiomsie are a many differences among
jurisdictions in black bear population charactésssuch as density and growth rates reflecting,
and sometimes driving, the underlying variatiotheir biology and management. Our literature
review was based on peer-reviewed articles, theseslissertations, and agency reports. It
produced a substantial amount of information artd da black bear populations from the past
several decades. Clearly, however, research amditariag efforts within any given jurisdiction
rarely are as extensive as managers would likeareothey consistent across jurisdictions.
Despite the relative importance of black bear manant across the Northeast, substantial gaps
will likely always exist due to budgetary limitatie

In an attempt to fill in some of the informatioags from the literature, we developed a
survey specifically for black bear managers inNloetheast. Our interests were three-fold.
First, we wanted to capture information about blbae&r populations that was not available in
the literature from those individuals most knowledgle about these populations. Second, we
wanted to learn how policies, communication, ancag@ment collectively function across this
large, diverse region. Finally, we wished to bettederstand managers’ perceptions about
science and how they use research results in deaisaking.

We consulted survey design experts when buildurgoestions to ensure clarity and to
minimize response bias (S. Clark, Yale Univerditly;Patterson, University of Montana; S.

Wilson, Blackfoot Challenge). Consistently, expestiggested we use the Likert scale (Likert



1932), where respondents select one of five ansmaaked from strongly disagree to strongly
agree. This is a very powerful and rapid way oktdung beliefs to identify patterns across a
sample of people. Questions are often writtehasktreme position relative to a specific
concept. For example, “Population growth ratesla@emost important parameter for
management decision making.” In theory, this appihdforces each respondent to rank their
beliefs within a given topic or cluster of quesBorAs responses are not enforced across
guestions, however, it is possible for more tham guestion in a cluster to have the same rank.
Therefore, we used strategic follow-up questionsmtwoe fully understand certain topics when
the Likert scale may have been inadequate to extraadesired information.

To further ensure accurate responses, we prowddgditions of terms that could be
interpreted differently by respondents. This wagipularly important for geographical extent,
because what one person considers a local extgnbeneonsidered regional by someone else.
We therefore established that all questions pexthia the entire jurisdiction, i.e., the state or
province of the respondent. This definition likellgcreased the resolution of information in
some situations such as a single jurisdiction lgunultiple bear populations of differing status.
For almost all of our primary questions, howeveprovided an appropriate resolution and
reflected the respondents’ professional perceptions

Instead of contacting every person involved witkick bear management in the region,
we chose to contact the primary representativeddNEBBTC for each jurisdiction. We
recognized that this approach would not capturevéi@ation in responses as well as a more
comprehensive list. However, it reduced redunddhaycould bias interpretation of questions
for areas where multiple personnel were involveddear management. Although we collected

the name, agency, and jurisdiction for each responfibr tracking purposes, we assured



respondents that responses to sensitive questiouisl niemain anonymous. Responses were
collected over a three-month period in early 2012.

Generally, the survey can be divided into severadth topics, including management
objectives, management tools, the role of the pubdile of science, and trans-jurisdictional
issues. Many of our questions, however, relategllttopic, requiring somewhat holistic,
gualitative interpretations. The survey, includthg full list of questions and responses, is

provided at the end of this report (Appendix B).

7.2 RESULTS AND DISCUSSION

Fifteen of the 19 NEBBTC jurisdictions respondedhe survey. Of the 6 Canadian provinces,
Newfoundland, Ontario, and Quebec responded. ©1&states, only Delaware did not
respond, which is not surprising as they do noelavesident bear population (Chapter 6). Our
discussion of survey results is limited to thogesflictions that responded and must therefore be
interpreted accordingly.

As expected from such a diverse group of wildhifeanagers, responses varied
considerably across jurisdictions. One of the éweptions to this was that decisions are made
at the level of the state or provincial managenageincy for all NEBBTC members other than
Ontario, where decisions were made at the loc&lleVhere were several comments, however,
that decisions can be made by the legislature witregard to data and without managers’
involvement. Most respondents believed that decgsare made at the most effective level
within a jurisdiction, although they can at timesibfluenced by political and financial concerns.

Seventy-three percent of respondents agreed ihgmod communication regarding bear

population management objectives and status aprosdictions, at least within the domain of



the NEBBTC. Most also agreed that it is importangéstablish region-wide monitoring
standards, although most responded that thesentlyrd® not exist. The significance of
communication was clear given how bear populatigmadics in one jurisdiction can impact
management decisions of their neighbors, partiuladight of the rapid growth of some bear
populations in the Northeast.

Within jurisdictions, 73% of respondents reportieat their agency has explicit bear
management objectives and a formal bear managestan({Figure 7.1). Perhaps reflecting the

rapidly changing status of bear populations inNloetheast, only one respondent indicated that

Figure 7.1: Survey responses regarding the existence of éxpleck bear management
objectives by NEBBTC jurisdiction.



>80% of their population objectives have been nmvét) 53% of respondents reporting that
objectives have been met for <40% of their jurigdic (Figure 7.2). Nearly every jurisdiction in
the Northeast reported increasing black bear ptipngbased on the survey by Noyce (2012)
and, accordingly, respondents stated that minirgibinman-bear conflicts is among the most
important investment they can make to reach andtaiaimanagement objectives. Several
respondents noted, however, that these effortdiegetly linked with education, which
confounded interpretation across this cluster @stjons to some degree. Regardless, the role of

education in reducing conflicts was a clear prjoltr most jurisdictions, which was reflected in

Figure 7.2: Survey responses regarding whether black bear gemant objectives had been
met by NEBBTC jurisdiction.



our finding that 58% of jurisdictions have formalueation programs in place about bears.
Further, minimizing conflicts, along with maintang sustainable harvests, were typically the
primary objectives of management plans. Accordingtljusting harvest levels was considered
to be the most important management tool for ejergdiction where hunting occurred.
Responses about the role of enforcement of garedinfg, and sanitation laws were among the
most consistent, but few respondents regardedshismportant, relative to other factors, in
reaching population objectives.

Regardless of the specific mechanisms, 47% obrefgnts claimed that current efforts
are adequate for reaching or maintaining manageoigattives in their jurisdiction. Similarly,
53% of respondents stated that adaptive managepmaniples play an important role in their
agency, although use of adaptive management didlwatys correspond with having adequate
management efforts in place. Noyce (2012) repdttati53% of NEBBTC jurisdictions had
experienced an increase in human-bear conflicts ttveepreceding 10 years, with no
jurisdictions reporting a decrease. Despite tipedrgrowth in bear populations and in human-
bear conflicts reported in Noyce (2012), 67% of sunvey respondents indicated that <40% of
their populations were at or beyond social carryapgacity (Figure 7.3).

A more detailed understanding of population dyr@mvas considered important for
improving management by all but one respondennil&ily, there was consensus that
monitoring bear population demography is importarduccessful management. However, we
submit that our question was poorly phrased becsmse respondents referred to human
populations rather than bear populations. Regssdtbe role of obtaining reliable data on bear
population dynamics, and improved understandingp@frivers, was clear. This is also evident

in the apparent trend toward using more robustarebetechniques, with fewer jurisdictions



relying on density extrapolation, population redanstion, and biomarking, and more
jurisdictions using genetic studies and mark-raaapmethods (Noyce 2012).

Given their increased use, we asked for spea#ficgptions on the reliability and
feasibility of using DNA-based mark-recapture fosmitoring bear populations. Generally,
respondents regarded DNA-based methods as beiggvedirsuited for certain objectives, such
as estimating population abundance in small alrdsjiewed them as prohibitively expensive
for large-scale questions. Several respondent®eaiaped the greater precision of parameter

estimates from genetic studies, particularly gitrentypically short study durations.

Figure 7.3: Survey responses regarding the proportion of blaekr populations at or beyond
social carrying capacity by jurisdiction.



This was consistent with the 73% of respondents wticated the precision of demographic
estimates influences how they apply research sesuldecision making, although only 40% of
respondents had thresholds of precision below wihielz discounted research results.

Given the broad range of population objectives statlis, and personal history of
respondents, an overall synthesis of the surveyduoei of limited utility. Our manager’s
survey was successful, however, in providing regilgirelevant information not available
through other sources (e.g., reports, publisheddlitire). The variation of responses is of itself
extremely valuable, clearly indicating that there mo one-size-fits-all answers to management
of black bears in the Northeast. Further, certasights, such as the support for monitoring
standards, suggest that broader discussions gar@shictional boundaries may be important in

reaching regional objectives of sustainable haswasiile minimizing human-bear conflicts.



Section IV. Monitoring Technigues



V.1 INTRODUCTION TO MONITORING TECHNIQUES

To some, monitoring implies a passive approachikdliife management consisting simply of
following trends in population size or other paraeng with little understanding of what is

driving the trend and even less understanding abowtto modify it. The context that we use

for monitoring in this document includes trackingrd in vital rates, but it also involves learning
what is causing the changes, how confident welatethe trend is real, and assessing population
response to management changes. In a broader, sengse the term monitoring to describe the
estimation of population parameters that may b&uls® management.

Population parameters such as abundance and duaxevaften impossible to directly
measure and difficult to reliably estimate for wadeging, elusive species such as black bears.
Obtaining estimates of demographic parameterslémkibears requires intensive and often
expensive study designs to achieve reasonableslef¥@lccuracy and precision (Harris et al.
2011). Precision of estimates is generally comsil@cceptable for management decision
making when coefficients of variation are <20% (B et al. 1990). As we reported in
Chapter 7 and Appendix B, however, managers ofésire greater precision to evaluate
outcomes of management actions.

Parameter estimates fall into 4 general combinataf accuracy and precision (Figure
IV.1): accurate and precise, accurate but imprepisise but inaccurate, and imprecise and
inaccurate. Estimates that are accurate (low laiad)precise (low uncertainty) are the most
beneficial to wildlife management. Perhaps thetrdasgerous are estimates that are precise but
inaccurate (Figure 1V.1), as they may mislead marap have false confidence in reliability of
estimates Black bear managers in most NEBBTC jurisdictians interested in obtaining the

most accurate and precise population parameten&sts possible (Chapter 7; Appendix B).



Figure IV.1: Estimates of population parameters fall into fcgeneralcategories of accurac
and precision.



Chapter 8. Abundance and Density

8.1 ABUNDANCE

Black bear population abundance (i.e., number mhals in an area of interest at a given time)
in the Northeast is generally increasing (ChapjerAbundance remains one of the most
important parameters to wildlife managers (Niclaoigl Hines 2002, Schwartz et al. 2007),
including black bear managers in the Northeast p@&ha/). Abundance is used for setting
harvest quotas, monitoring population changes,usraiérstanding population dynamics.
Generally, precision of abundance estimates ineseagth greater sampling intensity, which
usually means greater cost. Thus, most manag®&EBBTC jurisdictions consider the
tradeoffs between sampling intensity (i.e., cost) eeliability (i.e., accuracy and precision) as

the primary consideration when choosing methodsstonate black bear abundance (Chapter 7).

Figure 8.1: Remote photograph of black bear with uniquely nenab ear tags.
Photo credit: New York Department of Environme@ahservation



8.1.1 Indirect Estimates of Abundance

Abundance is usually thought of as a discrete nurobanimals inhabiting a particular space,

but indirect measures of abundance, or indicespften be useful depending on the objective
(Caughley 1977, Lancia et al. 1996). Reliabledredican provide estimates of population trend
in response to perturbations, which may be all hateded for certain jurisdictions, and can
cost far less than a population estimate. Theibdstes are those that have a linear and positive
correlation with population size. Non-linear redaships can be useful as well, if the curvilinear
form can be quantified. Unfortunately, the stréngind shape of the relationships for most
indices of black bear abundance have not beentigaésd. Following is a discussion of several

types of commonly used indices to black bear abocela

8.1.1.1 Bait-station Index
Bait-stations have been used_\5>wildlife management agencies in North Americar&belis
1990), including Maryland (Figure 8.2). The metleablved from pre-baiting for black bear
trapping (Johnson and Pelton 1980), and involvebshing a series of bait-station routes in
bear habitat, often along roads or trails. Bdteroopened cans of sardines or bakery products,
is suspended by a string from a tree branch abaugBove the ground at each of a series of
sampling sites. A bear visiting the site will geadly climb the tree to obtain the bait, leaving
claw marks as an indication that the site wasadsitBaits are usually checked after 5-7 days
and the proportion of visited bait sites is usedmidex of abundance. Bait-station surveys are
usually conducted annually to monitor bear popatatrends.

Several potential problems exist with bait-stasonveys. First, a non-visit does not

mean that bears are not in the area of the baiB@a of bait sites are not visited even where



bear densities are high. Therefore, detectiomiparfect (i.e., <100%) and can vary by factors
not associated with population abundance, sucluesiations in natural foods eaten by bears.
Further, the relationship is likely curvilinear aaglymptotic because bear populations may
continue to increase even when the bait-statioaxriths reached 100%. Another issue with this
method is that bears may become food-conditionedess wary of humans, similar to effects of
trapping with bait (Ternent and Garshelis 1999,r8met al. 2005).

The only rigorous evaluation of bait-station suwveynd population trend was performed

by Clark et al. (2005) and Rice et al. (2001). r€kt al. (2005) found that bait-station indices

Figure 8.2: Use of bait station studies by NEBBTC jurisdictibioyce 2012).



were not a good predictor of population growth wita 330-kni study area within Great Smoky
Mountains National Park, Tennessee. Bait-statidices were correlated, however, with indices
of acorn abundance, suggesting that the avaikalofinatural foods affected visitation rates.

Rice et al. (2001) used a power analysis and cdedthat bait-station surveys in Idaho and
Washington lacked adequate power to detect evess grapulation declines. We note, however,
that surveys across a broader geographical regarti{ern Appalchians; Southern Appalachian
Black Bear Study Group, unpublished data) cleafiected the general increase in bear
numbers over the past 3 decades. Year-to-yeaudltions in bait-station indices are likely
affected by sampling error and extraneous factach ss natural food availability, so we view
bait stations as a method most useful for detegiiogs population trends over a long period of
time (i.e., decades) in a broad geographical coftex, multi-state or province wide).
Occupancy estimation methods may be used with ti@sdbased on bait-station data if the sites
were surveyed repeatedly within a short periodmét(MacKenzie et al. 2006). Given such
data, Royle et al. (2005) described methods fomesing abundance, but this has not been

attempted with bears.

8.1.1.2 Observations

We define observations as any attempt to record standardized way, bear-human encounters,
either by design or incidental. For example, m@migdictions record numbers of nuisance bear
complaints received from the public in a standadimanner, so those numbers can be
compared each year as general trend in bear abeed@ther jurisdictions have recorded
observations of bears by the public, usually foakknne-establishing populations. These types

of observational data are affected by factors atiie@n population abundance (e.g., mast failures



usually coincide with increasing nuisance bear damfs or road kills), so these data should
only be used as a general measure of populatiod.trAdditionally, road kill data are affected
by traffic volume, which has been steadily climbfogdecades throughout eastern North
America (van Manen et al. 2012).

Observational air or ground surveys for black beae sometimes feasible in areas where
cover is sparse and bears are easily detected édizhet al. 2002), but except in more northerly
units of some Canadian provinces, this methodusliysnot feasible. Even in relatively open
areas, sightability is strongly dependent on habjzes (e.g., meadows, alpine). Observations
may be easier to obtain at known feeding sites,(gagbage dumps, berry patches), but the same
assumptions and complexities with using nuisanceptaint data probably apply. Remote
cameras hold some possibility as a monitoring ifodifferences in trap success among camera
types can be overcome (Kelly and Holub 2008). m{Banthera tigri3 abundance has been
estimated with remote cameras (Royle et al. 2009)His requires that individual animals be
identified from photographs. Although potentididasible for Asiatic black bears and sun bears
based on chest markings (Ngoprasert et al. 20di8)would not be reliable for American black

bears without supplemental markings (e.g., Maad. €t994).

8.1.1.3 Harvest Data

All NEBBTC jurisdictions with hunting seasons mariatnnual harvest and many require
physical checking of harvested bears to obtain datsex, weight, and age (i.e., cementum
annuli analysis of teeth) and other informatiorg(ffe 8.3). Stable harvest trends can be used to
illustrate that the bear population is not declindramatically, and that the pattern suggests an

overall sustainable harvest rate given some knaydexd hunter effort. Of course, an important



assumption is that harvest opportunities and remphevels are constant. For example,
declining populations may sometimes show stabledgen harvest for a period of years because
more hunting effort (i.e., more hunters afield, mmbunter days) may be expended. Finally,
harvest indices can be sensitive to sampling vangDiefenbach et al. 2004). Consequently,
harvest trend data are insensitive to populati@anghs at best and may be misleading at worst.
If effort can be quantified (e.g., number of hurdays), the harvest per unit effort (sometimes

referred to as catch per unit effort or CPUE) cdadccalculated and used as an index of

Figure 8.3: Collection of black bear teeth for cementum anaaohlysis by NEBBTC jurisdiction
(Noyce 2012).



abundance, as it is for other species. Varialtlesrahan population abundance affect hunter
success (e.g., weather, duration of hunt, methibalsed) and would have to be included in any
CPUE models, but positive relationships have besnahstrated for moose (Schmidt et al.
2005). However, analyses of fishery data indi€R&JE can remain stable while abundance
declines (Harley et al. 2001). Furthermore, evetlen the best conditions, precision of CPUE
indices of abundance is generally low compared wiitler estimators of abundance (Harley et

al. 2001).

8.1.2 Direct Estimates of Abundance

Although indices may be suitable for some purpodiesct enumeration of population size may
be more suitable to support management objectiFes.example, maximum sustainable yield
harvesting requires an estimate of population @8e The simplest population enumeration
concept is a census or total count, whereby evairgal in the population can be observed and
counted. In that special case, the detection piuca probability ) is 1, sometimes referred to
as perfect detection. In most instances, howeletection probabilities are not perfept{1)

and only a proportion of the population is captusedetected@). In those cases, population
size can be estimated if that proportiphié known, using the basic relationsiNp= C/p.

Consequently, almost all population estimation rmé#hfocus on the estimation f

8.1.2.1 Mark-recapture
Mark-recapture is used to estimateenabling the estimation of a number of population
parameters including abundance, density, populatiowth, and apparent survival (true survival

times probability of animal remaining in the pogida). For estimating black bear abundance



(Figure 8.4), this technique begins with first takia sample from the population, marking the
animal in a unique way (e.g., ear tags, biomarkiadio collars, DNA) and later recapturing
those animals, or recovering them in the case fesasamples, with the same or different
detection methods. In its simplest form, the propo of marked animals recovered in the
recaptured sample 5

Mark-recapture models are based on a number ofge#®ns, including that the
population is closed to additions or deletions, keare not lost and are read correctly, and all

animals have the same probability of capture. &iasay be difficult to discern, but can be

Figure 8.4: Use of mark-recapture methods to estimate blaek eundance by NEBBTC
jurisdiction (Noyce 2012).



prevalent in even large scale mark-recapture b@ek studies (Garshelis and Noyce 2006).
Violation of some or all of these assumptions isiown in bear studies (e.g., ear tag loss,
mortality, trap shyness) and sophisticated metiheds been developed to estimate or
avoid such biases. For example, open populatiboma®rs have been developed when
geographic (i.e., immigration and emigration) omagraphic (births and deaths) closure
violations occur between sampling occasions (J#§4, Seber 1965).

A variety of techniques have been used to markkdears for mark-recapture purposes.

Live capture is a common form of initial markingdarecapturing (Figure 8.5). Live capture is

Figure 8.5: Marked black bear live-captured in culvert trap.
Photo credit: West Virginia Division of Natural Resces



relatively expensive but immobilized bears canitied with tattoos, ear tags (Figure 8.6), and
radio collars and age and sex data can be colletded with other individual attributes that can
be useful for estimating capture probabilitiesardther purposes. Live-capture studies for
bears generally mean small sample sizes and liggedraphic extent. However, an exception
is Pennsylvania, where a range-wide mark-recagtfiioet has been ongoing since 1980
involving >800 marked (i.e., ear-tagged) animalsysar. Pennsylvania is 1 of 7 NEBBTC
jurisdictions that have conducted mark-recapturdist to estimate black bear population

parameters (Figure 8.4).

Figure 8.6: Marking black bear with uniquely numbered ear tag.
Photo credit: Pennsylvania Game Commission



Biomarkers such as tetracycline and radioisottyodés promise for mark-recapture
studies. Radioisotopes are effective markersvolugre bears are hunted, there is concern about
health risks posed by consuming meat of markedsbeketracycline, which fluoresces in bone
tissue under ultraviolet light, offers a non-hazasi alternative. For example, tetracycline baits
have been used in Minnesota and Michigan to estistatewide bear populations (Garshelis and
Visser 1997, Belant at al. 2011). Tooth or rib plew were obtained from hunter-killed bears
and examined under a microscope to detect theyetlme. Cautions include the failure of
tetracycline to fluoresce in some tooth samplesdbse of inadequate dosage or slow growth in
some seasons and in old animals), markers fadiagtoxe in bone samples, and bears
emigrating from the sampled area, all of which pesly biases estimates of population size.
Further, if non-target species take a significanpprtion of the baits, population estimates will
be positively biased. Wide spacing between baiteecessary to ensure that individual bears do
not consume >1 bait. Also, animals that are mooag@to consume tetracycline baits may also
be more prone to harvest, thereby introducing @&sshelis and Noyce 2006). The method is
attractive because almost all NEBBTC jurisdictioasupied by black bears allow hunting
(Figure 5.3), which would enable easy access taptece samples. Unfortunately, biomarkers
do not enable researchers to individually iderdifiymals, which limit the choice of population
estimators that can be used. Biomarker projedient Hampshire and New York were
unsuccessful because of low bait consumption asufficient marking of bears (A. Timmins,
New Hampshire Fish and Game Department; J. Huest; Work Department of Environmental
Conservation; personal communication). Biomarlkeesnot currently used by any NEBBTC

jurisdictions to study bear populations.



Another method for marking bears is the use afally observable marks, the most
common being colored streamers attached to theoé#ne bear (Mace et al. 1994, Martorello et
al. 2001). Live-captured bears are marked and tdiserved at camera stations, with capture
histories being generated from the photos. Adgegaf the technique are that the remote
cameras are relatively inexpensive to operate tathoeis not result in the avoidance behavior
associated with live trapping. Drawbacks incluge inability to identify individuals because of
poor picture quality or the head position of tharhstreamers can break or fall out, and the
method may raise ethical issues about encumbeni@gianal with such tags and the undesirable
aesthetics to wildlife observers. Observationsesrs by airplane have also been used with
mark-resight techniques to estimate bear abund@itler et al. 1998), but that technique is
largely infeasible in the NEBBTC region becausa predominantly closed forest.

Mark-recapture methods based on DNA extracted tvear hair or scat samples have
received widespread use in recent years for estijmpbpulation abundance throughout North
America (Woods et al. 1999, Mowat and Strobeck 2@8@@rsen et al. 2003), including 7
NEBBTC jurisdictions (Figure 8.7). This is largelye to technical breakthroughs in the 1990s
based on polymerase chain reaction, enabling samalunts of DNA from hair or scat to be
amplified and then genotyped (Foran et al. 19%icrosatellites have been the most
commontype of marker used to identify individuaddk bears for DNA-based mark-recapture
studies. Woods et al. (1999) devised a hair tibgm known as snares or corrals, by stringing
barbed wire around a series of trees to form afoeure around a baited center (Figure 8.8).
This type of sampling is often referred to as neasive genetic sampling because, following

medical terminology, biological samples are obtdingthout breaking the skin.



Noninvasive genetic sampling, however, is not authits pitfalls. Hair and scat samples
are of poor quantity and quality compared with bl@o tissue samples, thus they may be prone
to genotyping errors (allelic dropout, false algléhat can lead to animals losing their “marks”
and overestimating the number of individuals fraxmarrect genotypes (Taberlet et al. 1996).
Also, if marker power (i.e., genetic diversity)imsufficient, individuals may not have unique
genotypes, leading to underestimates of abundaidle £t al. 2000). Methods have been
developed to identify and remove genotyping erfs datasets (Taberlet et al. 1996, Paetkau

2003), substantially reducing the influence of hegors on population estimates.

Figure 8.7: Use of DNA-based mark-recapture to estimate bissele abundance by NEBBTC
jurisdiction (Noyce 2012).



Laboratory issues aside, insufficient sampling eapkure biases can lead to erroneous or
imprecise estimates of population parameters (VéaitsLeberg 2000; Boulanger and McLellan
2001; Boulanger et al. 2084; Settlage et al. 2008, Laufenberg et al. 2013aciBbears are
particularly prone to some capture and samplingdsand these issues should be taken
seriously when designing mark-recapture studidsarty, the use of simple Lincoln-Peterson
estimators of bear abundance is no longer justezhuse of the inability to cope with sampling
biases. Pilot genetic sampling studies shouldonelected to ensure the desired genotypic

discrimination can be achieved (Kalinowski et &8l0@, Settlage et al. 2008). Wildlife managers

Figure 8.8: Bear hair trap used to collect hair for geneticadysis and DNA-based mark-
recapture estimates. Photo credit: M. Sawaya



may be reluctant to embrace genetic monitoring nuslbecause unfamiliarity with methods
and models (Schwartz et al. 2007). Stetz et All12developed an online resource for
managers to bridge this barrier (http://alaskageg/gem/mainPage_1.htm).

Although hair snagging (sometimes also referrealstsnaring) with barbed wire has
become the standard DNA collection method for blae&r studies (Long et al. 2008), bear scat
can provide a source of DNA from shed epithelidlscas well. Studies show the use of scat
detection dogs greatly improves efficiency of stateys (Long et al. 2007, Wasser et al. 2007),
but low microsatellite amplification rates canlstgverely limit detection probabilities.
Considerable effort has been directed to identifyhre best methods for scat collection (e.g.,
swab of epithelial cells from surface of the seaiyl storage (Murphy et al. 2007), but with
current technologies capture probabilities typicaimain too low to use scat alone for
abundance estimation. Consequently, genetic aambe more efficient and reliable (i.e., fewer
genotyping errors) for hair compared with scat (Rebal. 2003).

DNA-based mark-recapture studies on black beargusir collection have been
conducted throughout North America, including salar the Northeast (Tredick et al. 2007,
Obbard et al. 2010, Wegan et al. 2012; see Appeddor summary). Clevenger and Sawaya
(2010) used barbed wire strung across wildlife sirgg structures to collect hair from traveling
bears and this method could be adapted to any tfdesown crossing location. Hirth et al.
(2002) found ample black bear hair for genetic ysialon bark and broken twigs of crab apple
trees Malus pumilg when bears were climbing trees to eat ripening in fall. They suggested
that in the Northeast sampling in apple orchardsdcpotentially replace or augment DNA

collection from hair traps.



One potential concern with hair sampling studsethat hair samples from >1 bear can
become mixed on barbed wire (Roon et al. 2005) pas of a large laboratory test, Kendall et
al. (2009) submitted >800 blind samples, includid® intentionally mixed samples consisting
of hair from closely related (i.e., full siblingsgars. Their results were conclusive in that no
genotyping errors were made. Further, black baardamples are abundant enough that mixed
samples can be discarded or replaced by anothgisamlixed samples should not constitute a
major problem as long as standard laboratory pod$écend error checking procedures are used
(Paetkau 2003). A hair sampling device to samplg b bear was developed by Immell and
Anthony (2008) but, to our knowledge, has not besed beyond that study.

Similar to other bear species, American black $ea on trees, posts, and other objects
(Figure 8.9). Although this behavior is not fullpderstood, it provides an opportunity to collect
high-quality hair samples for use in mark-recaptitglies. The first large-scale application of
this sampling method used rub trees to collectzfyrikear hair in Glacier National Park,
Montana (Kendall et al. 2008, 2009). Researchswsused bear rubs to estimate grizzly and
black bear abundance in Banff National Park, AlbéBawaya et al. 2012) but found very low
detection rates for black bears relative to grexliConsiderably greater detection rates were
documented, however, for black bears with bear miliadlacier National Park (J. Stetz,
unpublished data). However, sampling biases,yf associated with DNA collected from rub
trees compared with samples obtained from moresaic sampling methods such as hair
shares remain poorly understood.

Although hair traps have become the standard rddtirchair collection, variation in
study design is common and may affect parametenatgts. We note that many of these issues

are concerns for any mark-recapture study, notgesetic sampling. For example, black bear



researchers have used both rewarding (e.g., pasoauts) and non-rewarding lures (i.e.,
scents) to entice bears to enter hair traps. Rbagfures have commonly been used in eastern
North America to attract bears to sites, but bezayg exhibit a positive behavioral response,
which can result in negatively biased abundandenages if not modeled appropriately.
Researchers in the western U.S. and Canada hasteumseture of rotten cattle blood and
decomposed fish with success, but recapture prifiedare lower than rewarding lures, which
can lead to problems in modeling capture heterage(ee., differences in capture probability
among individuals not related to previous captuigghavioral biases caused by lures likely are

more easily modeled than the more insidious he&rely biases that can go undetected if

Figure 8.9: Female black bear with cubs using a bear rubartimeastern Pennsylvania.
Photo credit: B. Higgins



capture probabilities are low. Regardless, thétald recapture animals is central to mark-
recapture studies and the effects of lure or badetections should be further explored.

Researchers may select different heights of wegedding on the physical characteristics
(i.e., body size) of bears in the sampled poputatiStudies targeting grizzly bears have almost
universally set the wire at 50 cm to allow cubgass under the wire, but still allow for high
detection rates of adults. However, research hawis that hair samples from even cubs of the
year are also collected with hair traps (KendadleR009). Ideally, every adult bear that enters
a hair trap would leave hair as they pass ovendeuthe wire, but a number of studies have
documented lower detection rates for males thamfesn One contributing factor for this
difference may be that males have different molgagerns or schedules or males may be tall
enough to step over the wire without leaving h&iecause male detection probabilities are often
lower than females at hair traps, some researtiaes used two strands of barbed wire set at
approximately 40 and 60 cm in an attempt to captuvee males (Drewry et al. 2013; J. Clark,
U.S. Geological Survey, unpublished data). As d@ieviously, it is vital to know what
segments of a population are being sampled to eresitimates are properly interpreted.

The density of hair-sampling sites on the landscamealso affect detection probabilities.
One assumption for mark-recapture studies is thanhanals have the same probability of
capture. This is rarely realistic, of course, &tuidies to estimate population size should be
designed to ensure that all animals have at leasé ®pportunity to be detected. Thus, at a
minimum, trap spacing should be no greater tharsthalest seasonal home-range diameter of
bears within the sampled area (Boulanger et al42P006). Summer home ranges of females
are thus useful for guidance because black beaelmanges are smaller for females than males

and because most hair sampling surveys take ples@mmer. In eastern North America, where



bear home ranges are relatively small, this mdaatshiair traps often need to be only a few
kilometers apart. Additionally, because bear derssin the East can be high, obtaining
adequate capture probabilities requires a highigeofshair traps (Settlage et al. 2008). In high-
density areas, the number of sampling sites thed t@ be maintained can be overwhelming.
Also, the number of hair samples collected mayigk Bnd overtax the budget for DNA
analysis. Inthose cases, DNA analysis of onlylesst of the total number of hair samples
collected may be an option (Tredick et al. 2007tI&ge et al. 2008, Dreher et al. 2009).
However, subsampling may reduce capture probaslgo determining an appropriate level of
subsampling is important (Laufenberg et al. 20I13).reduce the probability of obtaining
duplicate samples during a sampling interval, n@sgarchers have used subsampling methods
whereby only 1 sample from a site-week combinatias used (e.g., Settlage et al. 2008). Such
subsampling is statistically sound in theory buymesult in biases against bears travelling in
family groups (i.e., females with cubs or yearlingsd should be acknowledged. Also,
subsampling might make it more difficult to modehlavioral biases because the first occasion
that an animal is captured may actually be a recamf an animal whose hair was previously
collected but not genotyped (Laufenberg et al. 2013

Another consideration is whether or not to movee tiaps between sampling sessions.
Leaving sites in place and rebaiting them takesic@nably less work than moving them, but
capture probabilities are generally greater whasssire moved (Boulanger et al. 2006). The
tradeoff between labor costs and detection proib&siis complicated by the type of lure used.
Sites with rewarding lures may have greater deiratites when they are not moved as a

positive trap response bias may increase over time.



Many other variables may influence hair trap cepfrobabilities, including weather
conditions that can affect sample quality and kaindards for genetic analysis. Previous live
captures can negatively affect capture probalsliweh hair traps as previously live-captured
bears may develop wariness of similar sites (Baggaet al. 2008, Kendall et al. 2009).
Although study design and environmental factors pase significant problems for mark-
recapture studies, sampling variation in estimafddack bear abundance can be distinguished
from the real stochastic changes in populationll@we, process variation) with careful study
design and statistical analysis.

A wide variety of mark-recapture models curremtkyst to estimate black bear
population abundance and each have their own sheagd weaknesses (Appendix D). Many
methods use procedures to account for the biasealpnt with sampling bears (e.g., trap
response bias, unequal capture probabilities,dagopulation closure). Other models have
been developed to provide more precise estimatabwifdance (e.g., multi-method models,
models that allow individual covariates). The d®oof which method to use depends on the
objectives, budget, and biological realities of $tiedy and, therefore, should be determined prior
to initiating fieldwork. Because of relatively tgr home ranges of bears, one of the greatest
challenges in using closed population models ifatimn of the assumptions of geographic
closure (Boulanger et al. 2001). Sampling largelptreas can reduce such violations but that
can mean an intensive sampling effort. Use of qugulation models that relax the assumption
of closure, such as Jolly-Seber (Jolly 1965, S&Béb) or Pradel (1996) models, can be
effective as well (e.g., Clark and Eastridge 2006).

Capture heterogeneity is a major concern with anadapture abundance estimates for

bears because it is prevalent and difficult toneate (Boulanger et al. 2004 For example,



larger bears may be able to step over the barbedata hair snare, resulting in lower capture
probabilities than smaller bears which, if not detd, would produce an abundance estimate that
is biased low. A variety of methods have been ligezl to detect and account for this bias

(e.g., Pledger mixture models, Huggins individuatiehogeneity models, Jackknife models) but
they may not perform well when capture probabsitee low (Huggins 1991, Pledger 2000,
Boulanger et al. 2004, Laufenberg et al. 2013)e &tfiect of capture heterogeneity can also be
reduced with the use of multiple sampling methd®er et al. 2007, Boulanger et al. 2008).
For example, samples from hair traps have beeninsgzhjunction with hair collected at bear

rub trees and wildlife crossing structures (Sawetyal. 2012), from nuisance bears (Kendall et

al. 2009), and from harvest samples (Dreher &0fl7). Samples from harvested bears might be
a readily available method for recapturing previpusarked bears for some jurisdictions.

Individual covariates should be considered whenpussible (i.e., Huggins models) as
they also improve precision and reduce bias of dance estimates. For example, it is now
common to use covariates such as each individaaésage distance to the edge of the sampling
grid (Boulanger and McLellan 2001), history of pais live capture (Boulanger et al. 2004,
2008; Kendall et al. 2009; van Manen et al. 2048y time-varying sampling effort (Kendall et
al. 2009, Sawaya et al. 2012) to improve modelqguerénce.

Mark-resight models have seen rapid improvemeasntly with more powerful and
flexible maximum likelihood methods being readilycassible to researchers and managers (e.g.,
Program MARK, McClintock and White 2011). Thesevrmaethods can make use of detections
of animals that are unmarked, marked, individuaiBrked, and combinations of the three.
Beyond abundance, mark-resight methods can estapatErent survival and transition

probabilities (e.g., on or off the study area) with robust design framework (Section 9.1.2.).



In addition to substantial developments in madapture analysis techniques in recent
decades, software programs have improved accoydamgl facilitated application of newly
emerging techniques to estimate population parasméMpendix E). Most notably, Program
MARK offers a user-friendly interface to develop dets based on maximum likelihood
estimation methods (White and Burnham 1999). RmogWARK uses information-theoretic
methods based on Akaike’s Information Criterion@Athat enable users to compare models,
test hypotheses, and average parameter estimatss acultiple models (Burnham and
Anderson 2002). Specialized packages for Prograre®eing developed rapidly (e.g., secr,
RMARK) that may provide more power and flexibilitfiowever, most R packages are
command-driven and less user-friendly, althougheptons exist, such as WiSP (Zucchini et al.

2007), which uses dropdown menus.

8.2 DENSITY

Density is simply population abundand®® @ivided by the area samplefl)( Despite the
simplicity of the concept, determining the actuaeasampled by the traps or other capture
devices is difficult because animals spend timsidatthe immediate sampling area, particularly
those that reside on the edge of the study arb& afea has historically been estimated by
buffering the sampled area by the mean maximunamntst moved (MMDM) or %2 MMDM, by
individual animals detected in the sample (Kararttl Nichols 1998). This approach, however,
has been criticized as not having any true steéistoundation and, therefore, may produce
biased density estimates (Efford 2004). The difficof reliably estimating population density

is a topic that has seen much interest and devaopim recent years (e.g., Efford 2004, Royle

and Young 2008, Foster and Harmsen 2012, Noss 2052).



8.2.1 Spatially Explicit Capture-recapture

Spatially explicit capture-recapture (SECR) modielge been developed that combine elements
of distance sampling with mark-recapture modelg¢Bers et al. 2010). Non-spatial capture-
recapture models are based on encounter histhaesite generated for temporal sampling
occasions but ignore the spatial location of titgss SECR models use the spatial distribution
of trap sites to estimate home-range size and @dtiity, assuming that the probability of
detection is greatest in the home range centedatettability decays as a function of distance

from the center (see Borchers [2010] for a nontmahmeview of SECR models). Like many

Figure 8.10: Use of density extrapolation methods for estingabilack bear abundance in
NEBBTC jurisdictions.



nonspatial population estimators, SECR models wsamum likelihood estimation methods to
estimate detection probabilities. Bayesian moHalse recently been developed using Markov
Chain Monte Carlo (MCMC) methods to estimate blaekr density (Gardner et al. 2010).
Hierarchical SECR models have also been useditoastdensity of black bears (Royle and
Young 2008, Gardner et al. 2009). Obbard e28l1Q) conducted a comparison of density
estimators for black bears in Ontario and conclutiatidensity estimates from SECR models
were lower and presumably less biased than estnfiae non-spatial mark-recapture models.
About 1/3 of NEBBTC jurisdictions have used densixyrapolation methods to estimate
abundance (Figure 8.10). Density extrapolatiorhas (i.e., extrapolating density to
unsampled areas based on known correlation witlogate information such as habitat) can be
used to estimate black bear abundance if the aggntbetween density and the surrogate is
well-known for the area and scale of interest (Mbetaal 2005). xtrapolating density can lead
to false inference, however, if the correlationhaiabitat is not explicitly modeled or poorly
understood. One important advantage of SECR magldisit the correlation of density at
individual trap sites with habitat covariates candirectly integrated into the estimation process,

enabling researchers to predict density in areasarapled (Drewry et al. 2013).

8.3 ABUNDANCE AND DENSITY SIMULATIONS

It is usually impossible to discern the degreeia$lin an estimate from a field study and even
the most precise estimates can be severely bi&sgar¢ IV.1). Therefore, simulations are
typically used to estimate and compare the poteitig and precision of estimation methods
and study designs. In such simulations, populatwith known characteristics (e.g., known

abundance) are created by the user, and then “sdimgicording to the prospective study



design. For example, Boulanger et al. (2§)04sed simulated detection data in Program
CAPTURE to estimate the bias of grizzly bear abmedastimates in hair trapping studies due
to the heterogeneity in cub capture probabiliti€eey were able to evaluate the performance of
multiple study designs (i.e., size and number af gells with hair traps) and thereby make
recommendations on study design that reduce this & heterogeneity. Simulation studies
such as those have become instrumental in desitp@iagresearch and monitoring studies (e.g.,

Boulanger et al. 2008, Stetz et al. 2010, Laufemleerl. 2013).

8.3.1 Abundance

8.3.1.1 Mark-recapture Abundance Simulations

We evaluated a number of black bear mark-recastuy designs by conducting closed-
population abundance simulations using estimateetaction probability spanning the range
found in the primary literature, focusing on stde®nducted in the Northeast (Appendix C).
Using Program R (R Development Core Team 2005)apekViSP (Wildlife Simulation
Package; Zucchini et al. 2007), we simulated pdmra ranging in true abundance from 100 to
900 in intervals of 100 individuals (Table 8.1) Wit study areas of several different physical
dimensions, each with uniform density. We assuthatisampling effort was constant acrkss
occasionsk = 5, 7, or 10), depending on the particular sirota This is reasonable as most
mark-recapture studies deploy the same numbeap$ &ach occasion, although the number and
length of occasions may vary. We used a minimurropeasion capture and recapture
probability of 0.005 (assuming that all bears hialgéast some opportunity to be detected), a
maximum per-occasion value of 0.5, and we assuroachprovement in detection across

occasions (i.e., no behavioral response). All sanons used a model, dyto allow for the



heterogeneity in detection probabilities imposedh®ysimulated sampling design (Otis et al.
1978). We derived nonparametric bootstrap 95%idente intervals with 99 runs. We
calculated percent relative bias (PRB) as the diffee between the estimated parameter value
and truth (i.e., the value used to generate simdldata; PRB = [(estimate - truth) / truth] x
100%). To assess performance, we estimated thageveelative bias and coefficient of
variation across replicates and assessed CIChédfuitetails of these simulations can be found in

the annotated R code (Appendix F).

Table 81. Population and sampling parameters used in clpspdlation abundance
simulations with WiSP package (Zucchini et al. 20@7program R. Minimum and maximum
capture probabilities were per occasikn (Not every combination was run because of
computational limitations.

Study area Study area Min. Max.
dimension dimension Population capture capture
(no. grid cells (no. grid cells  abundance  No. sampling probability probability

east-west) north-south) (N) occasionsk) (P (9)]

100, 200 100, 200 100-900 5,7,10 0.005 0.5

For those simulation scenarios with adequate fdataodels to converge, estimates
generally followed predictions, with decreasingsb@ad increasing precision as true population
abundance and the number of sampling occasionsased (Figure 8.11). One exception,
however, was decreasing CIC due to overly pre@timates as abundance increased with the
smaller study area scenario. For all but the gsauscenarios, CV remained below 20%, and
was rarely >10% for populations 0200 animals. These results suggest that, acn@aswme of
population sizes, the detection probabilities aotiein black bear mark-recapture studies in the

Northeast have been adequate for robust abundaticeates. As expected, larger study areas



produced less biased and more precise estimateslitiamaller study areas. However, near
nominal coverage was achieved for the majorityceharios and bias rarely exceeded 5% for
populations of 300 animals.

Higher detection probabilities and more complexdeis would likely result in even
more precise estimates; however, such data (eixjyna probabilities) were rare and likely too
specific to a particular region or study to be ukef simulations. In general, studies should be
designed to minimize closure violation and maxindegection probabilities. With this in mind,

we explore factors that may determine detectiobabdities later in this chapter.
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Figure 8.11:Relative bias of abundance estimates as a funcfidime number of sampling
occasions, true abundance, and study area dimessi8imulations performed with WiSP
package (Zucchini et al. 2007) in program R. PRBetcent relative bias; CIC = confidence
interval coverage.



8.3.1.2 Mark-resight Abundance Simulations

Because some NEBBTC jurisdictions obtain data feolarge number of live-captured bears, we
explored the potential to use mark-resight withRloessson log-normal estimator (PNE;
McClintock and White 2009). The PNE model requirevidually identifiable marks, but does
not require that the number of marks be known, (inecase of emigration from the study area),
although the number of marks is often determinedelemetry prior to camera surveys. As
with many mark-recapture models, the assumptiageofyraphic closure may be relaxed with
the PNE model, but abundance estimates shoulddmgiated cautiously. Model parameters
and results of simulations are reported in Tak?e ®ver the suite of parameters considered,
model performance was generally poor in terms & Bdcause of negative bias in abundance
estimates with likely underestimated error, altfopgrformance may improve with larger
population sizes or changes in other parameteespil® these limited results, these new classes
of mark-resight models have shown promise in a rermobempirical studies (McClintock and
White 2011). They provide a major advancement traglitional mark-resight (e.g., Mace et al.
1994) by allowing multi-model inference, model aging, and the use of covariates, in addition
to the greater flexibility as discussed previoysteClintock and White 2011).

Similar to mark-recapture models (Boulanger e2@08), it may be possible to combine
resighting events from multiple data sources toroup bias and precision of abundance
estimates. In addition to visible marks for uséhwemote cameras, genetic samples collected
during live capture may be paired with detectiaas hair traps or bear rubs (Chapter 11) to
create single encounter histories for use with rregkght models. Combining detection data

from multiple sources reduces bias from any singg¢hod, and has been shown in simulation



and empirical studies to improve abundance estsr(@eeher et al. 2007, Boulanger et al. 2008,

Sawaya et al. 2012).

Table 82. Parameter definitions and values used in maikfnesimulations in program MARK.

Simulation inputs Estimates from simulations
Parameter Definition Value PRB* CcV® CIC®
Nmale Abundance (M) 300 -27.7% 9.1% 5.6%
Nremale Abundance (F) 300 -21.2% 9.2% 23.7%
Nmale No. known marks (M) 100
Ntemale No. known marks (F) 100
Individual detection rate 0
heterogeneity
male Mean detection rate (M) 0.55
female Mean detection rate (F) 0.5
Unmale No. unmarked individuals (M) 200
Utemale No. unmarked individuals (F) 200
male Apparent survival (M) 0.85
female Apparent survival (F) 0.9
. Transition probability 0.05
' Probability of not 0.5

transitioning to previous state

*PRB = percent relative bias ((estimate — truthiith) x 100%.

PCV = coefficient of variation.

CIC = percent of simulations with confidence intrincluding true abundance.

dMean detection rate for primary sampling occasion.

°For this simulation, the probability of leaving thdy area (i.e., transition from observable tohservable state).



8.3.2 Density

8.3.2.1 Spatially Explicit Mark-recapture DensitynBlations

We used simulations in Program R to evaluate thipeance of SECR methods to inform
study design for black bear density estimatiorheaNNEBBTC region. We conducted
experiments covering a range of plausible sam@o®narios and population parameters based
on the primary literature (Appendix C), focusingtbe maximum likelihood approaches of
Borchers and Efford (2008). To perform the simuola, we used theecrpackage (Efford

2012) in Program R to generate and sample popuokattben derive estimates of density, from
which we assessed bias and precision relativaieodensity. Again, we estimated bias as the
average PRB across replicates and precision bastte@verage CV and average CIC. Further
details of these simulations can be found in theotated R code (Appendix G).

We conducted a large number of SECR simulationasaes resulting in approximately
1,400 combinations of parameters (Table 8.3), whrehavailable in a relational database from
the authors. Results of SECR simulations were rgdlgesimilar across the two grid sizes we
considered, with the biggest exception being tldd-dich scenarios (i.e., high density)
consistently failed because of computer memorytcammss for the area based on 25 x 25 grid
cells. Similarly, for the 10 x 10 grid, we excladgpurious results from several low-density
scenarios from our discussion.

Generally, our results indicated the greatest ini@ensity estimates, both positive and
negative, occurred for low-density populations jmamaller home ranges)( and with greater
spacing of sampling sites. Specifically, low-déngiopulations were more likely to produce
positively biased estimates, even with high detectates, with large home ranges relative to site

spacing. Negative bias was also associated wiil $rome ranges in conjunction with large site



Table 8.%. Population and sampling parameters used in SEG&aions using the secr
package (Efford 2012) in Program R. Not all comalions were run because of computational
limitations.

Density No. sampling Site spacing
(bears/knr) go? ®(m) occasionsK) Grid size (m)
0.1 0.05 400 5 10 x 10 1,000
0.5 0.10 1,000 7 25 x 25 2,000
1.0 0.15 2,000 10 3,000
15 0.20 3,000
0.25

g0 = average detection probability at the indiaitsiactivity center.
b = shape of the half-normal detection function;asaverted into an estimate of home-range radius:

(qchisq(0.95, 2)9)* .

spacing, even with high detection rates and skghitjher population density. Low CIC (95%)
for 10 x 10 grids also occurred with sparse dag@aos, such as low-density populations with
small and large site spacing, with a lesser effect duetection probability or number of
sampling occasions. Only 21% of scenarios withsthallest home range achieved nominal
(95%) CIC, however, these estimates were heavagda and CIC was achieved simply because
of poor precision that resulted in large confidemtervals. We found the same pattern of poor
precision for 25 x 25 grids, but with only 15% eg&garios achieving 95% CIC. The number of
sampling occasions seemed to be the least infelgrarameter overall, although more occasions
did result in greater precision, particularly am@pgrse data scenarios. We observed the same
patterns for 25 x 25 grids but associated CVs wersistently better than the 10 x 10 grid

scenarios.



In summary, the 25 x 25 grid scenarios with th&t performance in terms of bias and
CIC were those with lower density and relativelygiahome ranges; detection probability, site
spacing, and number of occasions were less imgorfre 10 x 10 grid scenarios were less
consistent in terms of the influence of populati@msity and detection rate. However, home-
range size, both in absolute terms and relativgtéospacing, again was the most important
factor in model performance. Thus, given the l@fedampling typical of black bear DNA-
based mark-recapture studies, our results sudguggsEECR models may produce biased and
imprecise estimates for populations when home aage small.

Because of computer limitations, we acknowledge the number of replicates may
have been too limited for adequate inference ofehpdrformance for some scenarios. We
note, however, that formal analyses of field dasappposed to simulations, may produce better
estimates by taking advantage of multiple datacasymore advanced models (e.g., mixture
models with covariates), and more realistic sangpdichemes based on biologists’ expertise.
Finally, although SECR methods hold great promisgfoducing more reliable density
estimates than traditional mark-recapture methidfiniques are currently undergoing rapid
development. Our simulations reflect the curreatesof this class of SECR model but may need
to be revisited as models and data collection imgrd=or example, recent extension of SECR
models to incorporate landscape resistance sugipestsiodels using Euclidian distance
between activity centers and sampling sites tored@ sigma may drastically underestimate
density (Royle et al. 2013). An empirical compani®f SECR against a traditional approach
using black bear genetic sampling in Glacier Natidtark found no difference in density
estimates (Stetz et al. In Press). This was likeiynction of sampling a large area (4,100:km

approximately 66 times larger than average maleeéh@nges in this region), which served to



reduce edge effects. Again, these models are gahgy rapid growth and require further

theoretical development as well as simulation angigcal evaluation

8.3.3 Factors Affecting Detection Probabilities

As we have shown, the combination of detection @lbdlty, sample coverage, and population
characteristics themselves (e.g., abundance, gepspulation growth) will determine the bias
and precision of parameter estimates derived frarksmecapture studies. We therefore
examined the potential explanatory power of a sufiteariables on detection probabilities based
on estimates in the primary scientific literatugpendix C). These included whether sites were
moved between occasions, if a food reward was (1sedpositive capture response), total
abundance (or density) of the population, and tosahber of bears detected.

We included studies from beyond the Northeashtosiase our sample size, and
accounted for potential regional differences bgsiiying studies as Northeast, Southeast, or
West. Because studies may use sampling occadiaf$event duration, we standardized
sampling effort covariates to be a function of tivenber of sites deployed, the number of
occasions, and the length of occasions per urdt afes our interests were qualitative (i.e., not to
estimate effect sizes), we do not report beta mefits here. We predicted that sampling effort
and a random effect of each study would be amoagnibst powerful predictors of detection
rate. We used both generalized linear and mixittsfmodels in Program R to identify those
factors (e.g., study design, population) that leplain the variation in detection probabilities
obtained in black bear studies. We determined hsg®ort based on AlGcores for mixed
effect models and significance of specific varialdd@sed on whether the 95% CI around beta

coefficients included 0.



Consistent with predictions, mixed-effects modatduding sampling effort, the random
effect of study, and whether sites were moved hadrost support based on ANalues (Table
8.4). Support for this last factor should be ipteted with some caution, however, as the
addition of a single parameter with a correspondiA¢C. 2 does not indicate a strong effect
(Arnold 2010). We found that detection probabilgymostly influenced by differences among
study properties beyond those associated with sagh@ésign or properties of the population

itself, although we do not to suggest these othetiofs are not important.

Table 8.2 Model selection results for generalized linear amixied effect models of black
bear detection probability based on hair sampling.

log-

Model?® k AlC AIC. AIC.weight Iikelir?ood
Study + Effort 4 -20.86 0 0.67 15.34
Study + Effort + SitesMoved 5 -18.61 2.24 0.22 B5.7
Study 3 -15.18 5.68 0.04 11.11
Effort + Density 4 -14.52 6.33 0.03 12.17
Effort 3 -13.4 7.45 0.02 10.22
Abundance + NumSites 4 -13.02 7.83 0.01 11.42
NumsSites x Abundance 3 -11.54 9.32 0.01 9.29
Effort + SitesMoved 4 -11.41 9.45 0.01 10.61
Region + Effort 5 -9.46 11.4 0 11.16
Effort x Density 3 -9.01 11.85 0 8.03
Density 3 -9.00 11.85 0 8.02
Effort x Density + Region 5 -7.11 13.74 0 9.98

aStudy = (categorical) a random effect of multipitimates reported by the same authors; Effort at{coous)
total number of site-days per unit area; SitesMovéHdinary; yes/no) whether sites were moved betwee
occasions; Density = (continuous) estimated demgistudy population; Region = (categorical) gehezgion
where study occurred (northeast, southeast, o) wWésimSites = total number of sampling sites; Abamze =
estimated abundance of study population. A “+igates an additive effect of covariates; a “*” icalies an
interaction term of covariates.

® Akaike’s Information Criterion corrected for firisample size.

Results from fixed-effects models (i.e., removihg tandom effect of each study)

suggested that population abundance and samplioig @kere the most important predictors of



detection rate. Specifically, detection had a weadative correlation with abundance but had a
strong positive correlation with sampling effoResults of these simulations may be used as
guidelines for study design, with emphasis on @nguadequate sampling coverage given the
specific properties of the studied population. Md&e the capture probability principles and
methods to increase detection probabilities wared|here also apply to the mark-resight and
spatially explicit capture recapture models desttiblsewhere in this chapter and in Chapters 9
and 10. We also note that high detection ratesoimecessarily equate to robust population
estimates. However, high detection rates areunstntal in identifying the most appropriate

estimator, which, in turn, contributes to more rstparameter estimates.



8.5 CONCLUSIONS: ABUNDANCE AND DENSITY

Indices can be useful for decision making whenrgfroorrelation with abundance can be
demonstrated, but this has yet to be accomplistrelldck bears.

Imprecision and unreliability renders indices inaggiate to support crucial decisions
where errors can have substantial consequences.

Indices are most useful for examining fluctuationfong-term population dynamics.
Direct estimates of abundance are more usefulitithoes to wildlife managers for
making management decisions (e.g., setting haquexts) because they provide
estimated numbers of animals with associated measidmprecision.

Closed mark-recapture models represent one ofdabietbchniques to estimate abundance
for black bears, because of a long history of uskdemonstrated reliability.

A number of marking techniques can be used to ereatounter histories for bears, with
ear tagging and DNA-based methods being commoretiective marking methods.
Estimators that do not account for potential caphiases (e.g., heterogeneity, behavior)
will likely produce biased estimates for black Isear

Multiple sampling methods should be considered wlienpossible as the use of
different, independent methods increases preceanoihreduces bias of abundance
estimates. In particular, strategic use of mudtgdhmpling methods can reduce the cost
of genetic sampling studies.

Extremely large study areas can be difficult tocageely sample, particularly when

home ranges are small.



Individual covariates should be considered whenpussible (i.e., Huggins models) as
they improve precision and reduce bias of abundastimates. Managers considering
these types of models should be aware that lonwoaptrobabilities will reduce precision
and increase bias, so capture probabilities shoeilshaximized whenever possible
(Section 8.3.3).

Density often is a more relevant parameter thamddmoce to wildlife managers, and is a
particularly useful parameter to evaluate habitetlity within and between studies.
Newly emerging estimation techniques based onapagéxplicit capture-recapture
models show great promise to account for the ddatiation of sampled animals in
relation to the sampling grid to adjust densityreates accordingly.

Our simulations suggest that managers considepatjadly-explicit capture-recapture
models should be aware that unbiased and precnsgtyglestimates require that the

sampling area is sufficiently large to adequatelyresent home ranges.



Chapter 9. Survival and Reproduction

9.1 SURVIVAL

Population abundance is probably the most diffipojpulation parameter to estimate but it is not
always necessary for effective population managéméstimates of survival can be quite
useful, because survival is essential for monitpeffects of harvest, evaluating regulation
changes, and better understanding population dywsaf8orensen 1998). Furthermore, black
bear population growth is particularly sensitiveel@anges in adult female survival (Beston
2011), and survival is not as sensitive to thewa&pbiases that plague abundance estimates,

making robust estimation possible with less costeffort.

Figure 9.1: Black bear cubs of year.
Photo credit: Maine Department of Inland Fisherasd Wildlife



Table 9.1. Black bear survival and reproductive rate estamdtom Northeast Black Bear Technical Committesglictions.

Jurisdiction  SurvAdF  SurvYngF  SurvCub  AgeFirstRepro  AvglLitSize Fecundity VitalRateRef
MA 0.87 Cardoza, personal communication*
MA 0.66 0.59 3.70 Elowe and Dodge (1989)*
MA 0.53-0.63 Fuller (1993)*

MA 0.74 McDonald and Fuller (2001)*
ME 0.96 0.78 0.79 4.91 0.58 McLaughlin (1998)*

ME 0.84 0.76 0.65 5.10 0.61 McLaughlin (1998)*

ME 0.96 0.71 0.59 4.47 0.58 McLaughlin (1998)*

NH 0.87 0.74 Timmins (2008)*

NJ 0.94 0.72 3.00 McConnell et al. (1997)*
NJ 0.70 New Jersey (2004) *

ON 0.87 0.78 0.46 7.81 Obbard and Howe (2008)*
ON 0.86 0.44 6.70 Obbard and Howe (2008)*
ON 0.84 0.76 0.53 6.17 0.46 Yodzis and Kolenodl886), Kolenosky (1990)*
PA 0.84 3.20 3.00 Alt (1980, 1981, 1989)*

PA 0.59 Diefenbach and Alt (1998)*
PA 3.53 0.62 Ternent and Sittler (2007)*
QC 0.85 0.71 6.00 0.47 Jolicoeur et al. (2006)*

QC 0.96 5.33 0.58 Jolicoeur et al. (2006)*

VA 0.93 0.70 4.00 0.50 Carney (1985)*

VA 0.78 0.72 Hellgren (1988)*

VA 0.87 4.00 2.30 0.57 Hellgren and Vaughan (1989
VA 0.73 0.73 3.89 0.66 Kasbohm et al. (1996)*

VA 0.81 Klenzendorf (2002)*

VA 0.87 Lee and Vaughan (2005)*
VA 0.70 2.83 0.69 Ryan (1997)*

VA 0.92 0.90 0.87 3.80 2.50 Bridges et al. (2011)

VT 0.26 5.33 0.87 Hammond (2002)*

wv 0.76 0.79 3.11 2.65 Ryan (2009)

*From Table S1 in Beston (2011)



Black bear survival can be estimated by trackivartfates with radio collars or by mark-
recapture techniques, non-invasive or otherwisavifal typically varies with age and sex and,
ideally, survival would be estimated for bears wéry age, sex, and reproductive status (i.e.,
females with and without cubs or yearlings). Foately, little information is usually lost by
pooling into age categories (e.g., old adults [83],yyoung adults [3—-8 yrs], juveniles [1-3 yrs],
and cubs of the year [<1 yr]). Annual survivakesatre calculated as the proportion of each age
or sex class that survived each year.

Black bear survival and reproductive rates varatiyehroughout North America. Black
bear populations in the Northeast have relativeiy fiecundity (i.e., no. female cubs/adult
female/year) and low age of first reproduction. (ipgimiparity; Beston 2011; Table 9.1). Of the
NEBBTC jurisdictions, Vermont has the greatest felbty, whereas New Jersey, Pennsylvania,

Virginia, and West Virginia have the lowest average of first reproduction (Table 9.1).

9.1.1 Radiotelemetry

The most common method to estimate bear survival gapture animals, radiocollar them, and
monitor their signals to determine if, when, andywine animal died (Figure 9.2). Estimating
survival with radiotelemetry data does not reqtina locations be obtained, but the status (dead,
alive, unknown) must be monitored regularly andjfrently, and preferably over a number of
years, to estimate annual variation. Adult femalesoften targeted in telemetry survival studies
because population growth rates are most senstitreat population parameter (Beston 2011).
Cub and yearling survival are other population peaters of interest to managers, therefore
expandable radio collars that allow for substart@ly growth have been developed (Vashon et

al. 2003) for cubs and yearlings. Whichever agesg#s are monitored, it is important to



determine sample sizes needed to provide a robtistate that will meet study objectives. For
example, if an agency desires to detect a 5% deeieaannual adult female survival, it is
important to know how many radio-collared animatand be required to meet that objective.

In general, precision of survival estimates is legken when sample sizes are moderate (e.g., 20-
30 females/year), although large samples may haregtjto isolate sampling variance from total
variance in parameter estimates (Harris et al. 2BELe et al. 2011). Although radio collars
provide valuable information on bear ecology, weertbat this information represents only a

snapshot of an individual’s activities and onlynaadl subset of the total population.

Figure 9.2: NEBBTC jurisdictions using radiotelemetry methtmmonitor black bear
populations in 2011 (Noyce 2012).



Modern VHF radio collars often have pre-programnmedtivity sensors and emit
uniquely pulsed mortality signals when animals hdweel (Figure 9.3). Researchers can then
quickly find animals that have died, increasing pinebability that cause of death can be
determined, which is usually not possible with meg&apture methods. Radiotelemetry
methods have greatly improved in recent years secatithe integration of Global Positioning
System (GPS) technology, satellite data transfealoidities, smaller and lighter collar designs,
and increased battery life. GPS collars have tegwlized the study of wildlife with the sheer

volume of data that may be stored on board theGaent to handheld receivers, or even sent

Figure 9.3: Black bear with GPS collar.
Photo credit: New York Department of Environme@ahservation



directly to satellites and emailed to researchéus.added advantage of radiotelemetry methods
for estimating survival is that other attributesbefar ecology (e.g., movements, habitat use) can
be examined as well.

Intuitively, it would seem that annual survival wd be easy to calculate: simply divide
the number of living animals after 1 year by thenbver originally collared. Unfortunately, that
simple binomial calculation is accurate only if thié animals are collared at the same time and
every animal is located on every occasion. Howda¥an animal is captured and collared
halfway through the study period, for example,ghevival estimate for the population will be
biased high because that animal has already suiak the sampling season. Animals that did
not survive until that time do not have the oppoitiuto be captured and collared. Procedures
were developed to accommodate different startingsd@r survival data (staggered entry
design), which base survival rates on short intsrgatime (e.g., 1 week) and whereby the
number of surviving animals is divided by the numdserisk, excluding animals whose signal
was not located during that interval (Kaplan andeévi@958, Pollock et al. 1990). The product
of those weekly sampling intervals over 52 weekglpces an unbiased estimate of the annual
survival rate. The method, in effect, estimatestitne of death as the mid-point of the sampling
interval. Thus, it is important in telemetry-basenvival studies that the animals are located
frequently and regularly. The Kaplan-Meier metihad been implemented in Program MARK
(known-fate models) to estimate survival, thus énglusers to use information-theoretic
methods for model selection. If telemetry dataraecollected regularly, it may still be possible
to obtain a reliable estimate of survival usingtrsesvival models, also in Program MARK.

Such data are sometimes referred to as raggeddatty



In addition to monitoring adult survival, cub ayehrling survival can be monitored by
approaching and visually observing radiocollaredltai@males with cubs throughout the non-
denning period. Oftentimes, cubs can be treeccandted while the female remains nearby.

Litter and cub survival can likewise be estimatsohg the known fate or nest survival methods.

9.1.2 Mark-recapture

Black bear survival can also be reliably estimatgt mark-recapture methods. With this
method, animals are captured and marked (eithaitibmally or using genetic sampling) and
their recaptures are monitored over time (usuadlyryg). To illustrate, consider an animal that
was captured during year 1 and 2, not capture@am 8, and captured again in year 4. An
animal being captured is the result of the prodi& probabilities: the probability that it was
captured ) and the probability that it was alive and stikgent on the study area (apparent
survival, ). The difficulty lies in not knowing whether arais that are not captured are
successful at avoiding traps (p)-or dead (1 - ). These 2 confounded terms can be separately
estimated based on individuals that are trappetcagured in subsequent year(s), and finally
recaptured later in the study. For those indivisluae survival rate during the period it was not
captured is known (= 1, as evidenced by its capture during a follgwear) so the odds of not
being captured is solely due to the capture prdibpall - p). Thus,p can be estimated for that
time period and the probability of survival for taeimals that are never captured again can be
estimated ( is the proportion of marked animals not capturedidd byp). A number of
estimators using this same general premise havedmeloped, of which the Cormack-Jolly-
Seber (CJS) method (Cormack 1964, Jolly 1965, SEWES) is commonly used because it

estimates only 2 parametepsand . Other methods such as Jolly-Seber (Jolly 19666



1965, Pradel 1996) or robust design (Pollock 18&ndall et al.1995) are more general because
other population parameters can be estimated édgndance, population growth). The robust
design model (Pollock 1982, Kendall et al. 1995nbmes CJS and closed population models
by sampling multiple times within each year over tourse of multiple years. The within-year
(“secondary”) occasions allow estimation of detatprobabilities and abundance, whereas
across-year (“primary”) occasions allow estimatodrsurvival, immigration, and temporary
emigration from the study area. These models,dan,accommodate covariates and can be
extended to multi-state data types (Brownie e1@93) to estimate transition probabilities
between different states, for example, betweendare@nd non-breeder status. One advantage of
estimating survival with mark-recapture methodthé&t survival estimation is not as prone to
capture biases as other parameters (d)g.,

Finally, there may be potential to use band regowesthods, which are commonly used
to estimate survival rates in birds, but have gdid applied to bears. Brownie et al. (1985)
developed a method whereby animals are taggedyeactior a successive number of years and
tags are recovered when those animals are fourdd dése advantage of that technique is that
parameter estimates are not sensitive to captasebi(particularly capture heterogeneity) in the
marking process (Nichols et al. 1982, Pollock aagtding 1982). In addition to survival, the
method also provides an estimate of recovery théeproportion of the marked animals that are
killed and retrieved by hunters and then identitsda marked animal (Mace et al. 1994). For
example, if managers set up barbed-wire hair tamplsobtained 400 different genotypes from
500 bear hair samples prior to each hunting se@ssuming a genotyping success rate of 0.8),
assuming a harvest rate of 0.1, and assuming arabhuanter kill of 400 bears, all of which

were genotyped, a 10% annual difference in annuahsal could be detected over a 10-year



period. If marked animals do not emigrate fromdhea where the samples are recovered (i.e.,
hunted areas), the method returns true estimatasroival ) rather than apparent survival)

which included emigration. However, if a large podion of the marked population emigrates
outside the areas open for hunting, the estimagwoll be biased low. Overall, data would

have to be collected over a longer period of time at greater expense to detect a 10%
difference in survival compared with some otheian discussed previously. The major
advantage is that relatively few sample sites wialde to be established and their spatial
locations would be less strict than for estimatbgndance because recapture rates are not being

estimated, resulting in savings in personnel tiegpiired to obtain samples.

9.2 REPRODUCTION

Reliable estimates of reproduction are importanpfedicting population growth and can reflect
annual fluctuations in habitat conditions. Measwtfemale reproductive success for black
bears include litter size, cub sex ratio, age ohimarity, and fecundity. Because black bear
population growth rates are sensitive to changesluit female survival and reproduction
(Beston 2011), wildlife managers are often intex@sh obtaining accurate and precise estimates
of reproductive parameters. These data are ofted in tandem with survival and age structure
data to project population growth using matrixratividual-based models (Chapter 10).
Primiparity, litter size, and cub sex ratios foadk bears are usually estimated by radio-marking
and monitoring female bears in den sites. Fecwyradht other reproduction parameters can be
difficult to estimate because true litter sized s@dldom be known as mortality occurs
immediately after (and even prior to) birth. Thliger size estimates depend on when the cubs

are counted, which can lead to estimation errbm. example, if litter sizes are based on



placental scars and cub survival is based on tatkanetry of cubs beginning at about 2 months
of age, cub recruitment will be overestimated beeauortality between birth and 2 months is
not accounted for. Given that caveat, black beaunrfidity can be reliably estimated using a

variety of techniques from inspecting reproductieets to observation techniques.

9.2.1 Reproductive Tracts

Female black bear reproductive tracts can be exahtmcount corpora lutea on ovaries and
placental scars on the walls of the uterus (Fi@u4¢. Corpora lutea indicate the number of eggs

that were shed in the mammalian reproductive pseash reproductive cycle and placental

Figure 9.4: Black bear reproductive tract with 2 ovaries ande&/eloping embryos in center.
Photo credit: West Virginia Department of Inlandskeries and Wildlife



scars indicate the number of embryos that wereaniptl (Stickley 1961, Kordek and Lindzey
1980). Consequently, the average number of codptea is generally greater than the number
of placental scars because not all eggs will bdantpd. Also, not all placental scars will
become successfully birthed fetuses, and that numitie¢ypically be greater than cub counts in
winter dens. Reproductive tracts can only be oethfrom dead bears and are thus dependent
on harvest. Although many NEBBTC jurisdictionsallbear harvest, only West Virginia

collects reproductive tracts to estimate reproaduc(Figure 9.5).

Figure 9.5: Collection of female black bear reproductive tsaftr estimating reproductive
parameters by NEBBTC jurisdiction (Noyce 2012).



9.2.2 Den Visits

Visiting black bear dens in winter can provide datea number of reproductive parameters.
Bear cubs are born in the den and may experiencelityprior to emerging in spring.
Therefore, entering dens to count newborns provadediable estimate of litter size and sex
ratio (Samson and Huot 1995, McDonald and Full€@120unless mortality occurred prior to the
den visit, which is difficult to confirm. The progion of cubs observed the following year in
dens as yearlings can be used to estimate cubvaun@onversely, 1-year recruitment can be
directly estimated (the number of female cubs riésdunto the 1-year-old age class per adult
female). Research suggests that remote photograpthyods could be used in conjunction with

den visits to improve accuracy of reproductive anld survival estimates (Bridges et al. 2004).

9.2.3 Observations

Throughout most of their forested range, black ®ganerally have low sightability. Thus,
observations of non-radiocollared bears for esimgatproductive parameters has limited utility
in the Northeast. In open habitats or places whixek bears develop strong preferences for
foraging locations (e.qg., berry patches, garbags, l@gricultural fields), observations may be
used for estimating age of first reproduction aecuhdity. If a sample of radiocollared females
exists and den visits are not feasible or risk@in@ddonment, researchers can use telemetry to
approach them to tree cubs in the field after deargence. This technique enables estimation
of litter size, cub and yearling survival, age ahpparity, and fecundity. As with known-fate
analyses, observations should be frequent to obtdfitient precision and to reduce bias from

undercounting that sometimes occurs using this ogeth



9.3 SURVIVAL AND REPRODUCTION SIMULATIONS

9.3.1 Survival Simulations

To explore the influence that sample size, duradifostudy, and population characteristics have
on the precision of survival estimates from radetestry data, we conducted a suite of
simulations in MATLAB using code modified from Hexet al. (2011; modified from Doak et
al. 2005). Briefly, this simulation routine allowse user to vary a large number of parameters
related to sample design (i.e., the number of idd&is per age class monitored over a
designated number of years) and population charsiite including cub, yearling, subadult, and
adult survival, and fecundity. The model also ussagances of vital rate estimates to provide a
more accurate depiction of the uncertainty in stalvfor reproduction or lambda) estimates as
the number of years of monitoring increases. Patanestimates can then be viewed in terms of
the tradeoffs between sample size and precisieneltly providing a realistic starting point for
project design. The routine also allows for defghcovariance of vital rates, for example cub
and yearling survival, although we followed the gestion of Harris et al. (2011) and did not
include such effects because of limited evidenosowhriance in the literature. Another factor
not considered in our simulations is the removaahpling variance. Because of typically
small samples, estimating and removing samplingamae is rarely done, resulting in less
precise estimates from known fate models (Harrad.2011). Whenever possible, however,
sampling variance should be removed prior to esingavital rates or lambda.

We reviewed the literature for estimates of vitdes for black bear populations in the
Northeast, drawing on the summary provided by Be§611). We initially considered

combinations of estimates representing either lmgstorst-case scenarios (i.e., highest or



lowest vital rates from across studies), with titemt of capturing the extreme situations that
managers may encounter with similar analyses. Mttesl, however, to use more realistic
combinations of vital rates from real populationattNEBBTC managers may be familiar with
(Table 9.2). As an example population with lowalues for the vital rates of interest, we chose
a study in east-central Ontario (Kolenosky 19989r an example of greater vital rates, we
combined estimates from 3 studies in Virginia (Ea®I2). In all cases, variance of vital rate
estimates were from the same study as the vialastimates themselves. In addition to using
estimates from different populations, we variedribenber of animals and the number of years
monitored for each vital rate. For a small studgign, we used combinations of 10 or 30
animals monitored per age class for 3, 5, 10, &ngears. For a large study, we used
combinations of 30 or 100 animals monitored perdagss for the same range of years. For
more details on simulation methods, see Harris. ¢2@11), Doak et al. (2005), and the
annotated MATLAB code (Appendix H).

We assessed precision of estimates as their @Qui@9.6). For all age classes, survival
estimates were least precise (largest CV) fordheet vital rate population (i.e., Ontario) with
the smallest number of individuals £ 10) monitored. The lowest CVs were obtainedhilie
largest sample size € 100) for all age classes, although the influesfdew or high vital rates
was less consistent. Specifically, adult and subadirvival were most precise for the “low”
scenario, whereas cub and yearling survival werst piecise for the “high” scenario. These
results likely reflect the magnitude of variancehe vital rate estimates used (Table 9.2), as cub
and yearling estimates were more precise for tigh"fpopulation, and subadult and adult were

more precise for the “low” population.



Table 9.2 Estimates for black bear vital rates and theitaveces used in demographic analysis
simulations.

Vital rate estimates Variance estimates

Rates Cub Yrlg Subad Adult Fecund Cub Yrlg Subad Adult Fecund

s S S S S S S S

Low> 053 0.76 0.87 0.84 0.4570 0.00778 0.00793 0.0021B0O0063  0.00049

High 073 087 0.9% 0.93 0.6875 0.00493 0.00435 0.00360 0.00271  0.02000

¥ Survival estimate.

® Kolenosky (1990); 241 adult females monitored.

°Ryan (1997); 34 bears monitored (6M, 28F).

4 Lee and Vaughn (2005); 54 yearling bears monit¢8dd/:20F).
€ Carney (1985).

We obtained rapid gains in precision by increasimgnumber of years of monitoring,
although this gain in precision slowed betweendd 20 years (Figure 9.6). In fact, CVs for all
scenarios within each age class were within ~5% af@ig/ears monitoring. As a general rule,
going from 3 to 10 years of sampling resulted m$ame improvement in precision of estimate

as increasing the number of individuals monitoreanf 10 to 100.
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Figure 9.6: Age class-specific estimates of precision forisahestimates from radiotelemetry
data as a function of sample size and number aymanitored (3, 5, 10, or 20). Solid symbols
and lines reflect “low” vital rates from Ontario (#lenosky 1990). Open symbols with dashed
lines represent “high”, composite vital rates foir§inia populations (see Table 9.2). Small,
medium, and large scenarios refer to 10, 30, or ib@viduals monitored, respectively, for the
vital rate in question. Note the scale of y-axey whiffer.



9.3.2 Fecundity Simulations

In addition to providing estimates of precision $orrvival, the simulations described in section
9.3.1 allowed us to evaluate the role of sample aid variance on precision of fecundity
estimates. We again used the MATLAB simulatiortireeiof Harris et al. (2011) with the vital
rate estimates presented in Table 9.2, varyingaingple size and number of years of monitoring.
For more details on simulation methods, see Hatrad. (2011), Doak et al. (2005), and the
annotated MATLAB code (Appendix H).

Similar to the adult survival analysis, the difieces between the fecundity of these
populations was quite pronounced, with a considgdalver value in the Ontario population,
yet with a far more precise estimate, than the asie Virginia scenario. As with adult
survival, the greatest gains in precision wereiakthfrom increasing the sample size of radio
collars (Figure 9.7). We observed the same geimambvement in precision as the duration of
monitoring increased, with the most rapid gainsuoigag in early years. Again, going from 3 to
10 years of monitoring was roughly equivalent tor@asing sample size from 10 to 30 or 30 to

100 (Figure 9.7).
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Figure 9.7: Age class-specific estimates of precision forrieldy estimates from radiotelemetry
data as a function of sample size and number asymanitored (3, 5, 10, or 20). Solid symbols
and lines reflect “low” vital rates from Ontario (#enosky 1990); open symbols with dashed
lines represent “high”, composite vital rates foir§inia populations (see citations in Table
9.2). Small, medium, and large scenarios refetGp30, or 100 individuals monitored,
respectively, for the vital rate in question.



9.4 CONCLUSIONS: SURVIVAL AND REPRODUCTION

Among the most effective ways to accurately andipedy estimate survival for black
bears is to radiocollar a sufficiently large sampli¢he population and track their fates
through time.

This method can provide robust estimates of suhawmd information on causes of
mortality, the latter being important informatianadjust management of populations
with negative trajectories.

Mark-recapture methods can be used to estimateeaqpsurvival, but cannot account
for loss through emigration.

Band recovery methods developed for birds havenpiatdo estimate annual survival of
bears for populations that are harvested.

The most effective way to accurately and precisslymate reproductive parameters for
black bears is to radiocollar a representative $amipthe female population and monitor
their reproductive output over time. An added lie¢inethat radiotelemetry can be used
to also estimate adult survival and other variafgeg., home-range size, habitat use).
Reproductive success can be measured by monit@thg-marked animals during den

visits and through direct observations.



Chapter 10. Population Growth

10.1 POPULATION GROWTH

Population growth refers to changes in abundanee time, including increases, decreases, or
no change, reflecting the cumulative influencebidh, death, immigration, and emigration on
the demography of a population (Pollock et al. 29Fopulation growth is the most important
parameter to many black bear managers in NEBBTi€diations (Chapter 7; Appendix B), yet
it is difficult to estimate for many bear populatso(Harris et al. 2011). State and provincial
estimates of bear abundance over time often rgyrealth patterns that differ from true trends

(Garshelis and Hristienko 2006). Abundance inda@@spotentially be useful for measuring

Figure 10.1:Female black bear with 5 yearling cubs.
Photo Credit: T. Sears



population growth but, as discussed previously ({f#ra8), no reliable index of relative
abundance exists for black bears except for mangaross changes in bear populations over
extended periods of time. Therefore, we will nistdss indices further here.

In its simplest form, population growth is calceldtoy dividing population size during a
particular period of time by population size of firevious time period, = N/N. (i.e., realized
population growth). Consequently, abundance estiradnave been used to estimatevhich
offers numerous advantages over point estimatabuidance. Growth rate estimation is
generally more robust to capture heterogeneityesiisan abundance (Schwarz 2001), although
Hines and Nichols (2002) found that behavioral ésasere possible, particularly with short-

term data sets.

10.1.1 Demographic Analyses

Growth rate estimates from vital rate statisticen@trix or individual-based projection models
require robust estimates of population size, agd-s&x-specific survival and fecundity, sex
ratios, age structure data, and age of primip&@tark et al. 2006, Clark et al. 2010).

Sometimes called life-table methods or demographatyses (Harris et al. 2011), they are data
intensive, often requiring both mark-recapture eadiotelemetry techniques. If predictions of
population growth to evaluate persistence are niagle projected population growth), estimates
of process variance should be included. The adgandf these methods is that the estimates can
be accurate and sensitivity analysis and populatiaility analyses can be used to answer a
wide array of ecological questions. Also, hanast easily be accommodated in population
projections to evaluate different management adtieras. Like any projection, assumptions are

usually based on constant environmental conditamisvariance, so these models should be



updated often. Uncertainty increases dramati¢h#ylonger the time period of the projection
(Caswell 2001).

Matrix population models constitute one approachstimating population growth.
Sometimes called Leslie matrices, this method @agplied to stable or unstable age
distribution data and can be used deterministiaallgtochastically to project population growth
and variance. A number of matrix-based softwaotst(e.g., Poptools) have been developed
that enable users to perform sensitivity and elagtanalyses. Other individual-based models
have been used to model bear population growth, ®iskman, GAPPS, R package
demoniche). The alternate-year breeding in blagkdis more easily accommodated in these
individual-based models and thus have widesprepdap In general, these tools produce
reliable results given adequate estimates of ratigis.

Precision of life table-based estimates of poputagrowth are strongly correlated with
the precision of age-specific vital rate estimatBscause black bear population growth is most
sensitive to changes in adult and subadult femaklaval and fecundity, precise estimation of
those parameters is particularly important to abteliable estimates of projected population
growth (Freedman et al. 2003, Mitchell et al. 200Generally, the precision and accuracy of
vital rate estimates increases with the numbendaividuals monitored and the duration of
monitoring (Harris et al. 2011). Even with longrtemonitoring, many life table analyses
estimate imprecisely with 95% confidence intervals (Clattbften overlap 1.0, indicating the
possibility of a stable, declining, or increasirgpplation. Additionally, population age and
stage distributions should be adjusted for misdiaation errors to obtain more precise and less
biased estimates (Conn and Diefenbach 2007). petha most difficult parameter required for

many projection models is an estimate of the stapdge distribution. Unless a population is



sampled almost completely, some age and sex classesually more susceptible to sampling,
which can lead to bias. It is possible to profmpulation growth assuming a stable age
distribution, but this is probably rare for blackass because of their long lifespan and annual
fluctuations in abundance of food resources.

Integrated population models can be used to esip@pulation growth for black
bears by integrating multiple types of data. Odeaatage of integrated models is that they can
synthesize various relevant data into a singleyaisal Fieberg et al. (2010) recently used this
approach to synthesize age-at-harvest data, pel@dje-scale estimates of abundance, and
measured covariates thought to affect black beaekarates. The authors concluded that
integrated population models were unbiased and ¢yaldt promise for black bear population
monitoring, but they recognized the assumptiongaf distribution being representative of the

greater population may often be unreasonable.

10.1.2 Population Reconstruction

Population reconstruction has been used by NEBB&Gagers to monitor bear population
growth and estimate abundance, recruitment, sunawa harvest rate (Figure 10.2). The
technique has been used in fisheries managemedéedades (Fry 1949, Pope 1972) but was
popularized for wildlife management by Downing (098~vho estimated minimum population
size and trend for white-tailed de€docoileus virginianus The technique is based on total
harvest by year and a sample of ages of harvestathks to back-calculate the age distribution
at the time the oldest animals were born, thusneging minimum population size. The
population size estimate is a minimum because ddaim causes other than harvest are not

included. The greatest advantage of Downing reicactson is that it requires only the total



annual harvest and a subsample of annual harvdstge data (Downing 1980). Thus, no
additional costs are incurred other than cementumulaanalysis to age a subsample of the
harvested population (Chapter 8). Davis et al0f2@ound that such reconstruction techniques
performed best when harvest rates were high andalahortality was low, as may be the case
with bears in many NEBBTC jurisdictions. Howewigse authors also found that the estimates
of could be negatively biased if harvest rates trdrelen moderately upward (0.01/yr) or

were highly variable. This could be the case imy"dEBBTC jurisdictions because bear
harvests are greatly affected by mast availalslitgt other factors, and many changes in harvest
regulations have occurred in recent years.

Population reconstruction relies on the assumghahharvest and natural mortality rates
do not change over time. Additionally, this methethased on the assumption of a stable age
distribution and a constant harvest reporting r&epulation reconstruction relies on a number
of other assumptions that are difficult to meemiany wildlife studies. Williams et al. (2002)
provided a comprehensive critique of populatiororestruction and identified 3 main flaws of
the method: 1) survival estimates are inferred feopopulation model; 2) biases in the
reconstruction will manifest themselves in theraates; and 3) even if assumptions are met,
estimates of sampling variation will not include tampling error of the harvest. Also,
Williams et al. (2002) suggested that populatiaccorestruction based on age-at-harvest data
alone is theoretically flawed because the methas shmt account for non-hunting mortality and
the age and sex distribution of the harvest is giobbnot reflective of the sampled population.
They concluded that population reconstruction sthawlt be considered if more reliable

estimation methods are available (Williams et 8D2).



Davis et al. (2007) reported that population retarction held promise for black bear
management but Gove et al. (2002) indicated thedadigharvest data are insufficient to estimate
the necessary demographic parameters requiresfrgtion reconstruction and the method
produces no estimate of sampling error. To addresse and other problems, Gove et al. (2002)
introduced maximum likelihood methods to estimatevast rates and population size given
auxiliary data on survival from radiotelemetry @mnchter reporting rates from a telephone
survey. One of the advantages of using maximusililikod techniques for reconstruction is

that various population assumptions (e.g., constantest, increasing harvest) can be tested

Figure 10.2:Use of population (i.e., age) reconstruction frbarvest data to estimate black
bear population growth rates; information compileg (Noyce 2012).



using information-theoretic methods (Burnham andiémson 1998) and statistical uncertainty
can be measured. Recently, attention has beeedptatmodel evaluation for statistical
population reconstruction through the use of redidnalyses, sensitivity analyses, and model
predictions (reviewed in Skalski et al. 2@).2 Model evaluation differs from model selection
(i.e., based on AIC values) in that goodness-afatasures are used to identify an appropriate
set of models, whereas model selection is sim@yrdlative support for a set of models that
may, in theory, all be inappropriate (Johnson andadd 2004). Thus, model evaluation
precedes model selection and averaging, but ddegplace it. One suggested approach is to
delete one or more consecutive year’s data fronbdiggnning or end of the series to determine
model stability. If results change substantiallys likely that inadequate data are being used.
Estimability of such population reconstruction misdequires auxiliary data, as even the
simplest of models is over-parameterized when aghrat-harvest data are used (Skalski et al.
20123). These auxiliary data can include catch per anftarvest effort, index data, mark-
recapture, or radiotelemetry data (Skalski et@D72 2012a). Such combinations of data would
permit an integrated analysis of data collectednlaypny NEBBTC jurisdictions, be more
statistically rigorous, and provide estimates @&qmion for all parameters. Further, statistical
population reconstruction models appear robusbtigu age classes (i.e., when actual ages are
not known), providing greater flexibility of usek@ski et al. 201B). Instead of maximum
likelihood, Conn et al. (2008) used Bayesian ansilgsestimate similar population parameters
for black bears, again by coupling age-at-harvatt @ith mark-recapture data. However, the
computational complexities of such an approachettly provide little utility to most wildlife
managers. Clearly, more research and softwardaj@went is needed on this promising

technique.



10.1.3 Mark-recapture

Although mark-recapture methods are commonly usebtimate population size, population
growth is less difficult to estimate. For exampla@n estimate of abundands)(is biased low
because of undetected capture heterogeneityaasonable to assume that all subsequent
estimates oN might be similarly biased. Assuming that, thatieihship among those estimates
over time should be relatively constant. Consetiyglolack bear population growth can be
estimated using linear regression to measure tpe ddetween a series of annual abundance
estimates. The reliability of this method, of cgryris dependent on the accuracy and precision
of abundance estimates. Precision can be low Bedhe regression is based on annual
abundance estimates rather than the capture ddteaimprise those estimates.

Based on that notion, Pradel (1996) and SchwatzAanason (1996) developed
maximum likelihood methods for estimating populatgrowth () directly from mark-recapture
data without the need for estimatiNg As discussed previously, that method also pes/id
estimates of apparent survival) @nd apparent fecunditf)(and has been added as a routine in
Program MARK (White and Burnham 1999). Subsequesgarch has shown that the Pradel
method is robust to moderate capture heterogerikaynost difficult of all capture biases to
estimate (Schwarz 2001, Hines and Nichols 2002¢bktant et al. 2011). Clark and Eastridge
(2006) estimated population growth in a small papah of black bears in Arkansas and
adequate precision was achieved using live-caglat@ collected over a period of several years.
Those estimates were consistent with estimates fr@msampling and population modeling
based on radiotelemetry data. The Pradel moddbds used to investigate the effect of
salmon availability on grizzly bear population gtbvin British Columbia, Canada. (Boulanger

et al. 2004). More recently, bear rub tree detection dateeveeiccessfully used with a Pradel



model in Banff National Park, Alberta, to estimat®r grizzly bears (Sawaya et al. 2012).
Thus, such methods not only evaluate changes ipdpelation over time, but enable
researchers to evaluate the proximate causes pbindation trend (e.g., survival, fecundity).
Pradel models with genetic sampling based on desarghual sampling occasion,
repeated for several years was deemed efficacayuadnitoring the range-wide population of
bears in Tennessee (J. Clark and F. T. van Mané&h,&kological Survey, unpublished data).
The number of sites would not have to be as higle@sired to estimate abundance with closed
or robust design methods. Given the robustnetizecéstimators, capture probabilities could be
lower compared with estimates of population sizeictv would make the technique more cost
effective. However, there are some logistical t@nsts. Sampling sites should be
systematically spaced so that all bears have ameat opportunity for detection and locations

should be changed annually to reduce behavioral bia



10.2 POPULATION GROWTH SIMULATIONS

10.2.1 Population Projection Growth Rate Simulaion

We again used a MATLAB simulation routine modifiedm Harris et al. (2011) to explore the
influence of study design, vital rate values, aitdl vate variances on estimates of population
growth rate with demographic anlayses. Managersygically most interested in the lower
bound of estimates, so we assessed precisionastimates based on the width of 90%
confidence intervals, which produces a 5% probigtiitiat the estimate falsely exceeds true
assuming accurate estimates are used with a rddeanadel (Harris et al. 2011).

For all scenarios, precision improved rapidlylas tumber of years increased,
particularly in early years, with relatively smghins between 10 and 20 years of monitoring
(Figure 10.3). Consistent with Harris et al. (20Me found the greatest improvements in
precision for all scenarios by increasing the nunadbenonitored litters (Appendix H). When
considering single vital rates, however, the grgdtaprovement in precision for the lower vital
rate scenarios (i.e., Ontario) was gained throughitaring more adults, whereas the higher vital
rates scenarios (i.e., Virginia) showed the gréatesrovement by monitoring fecundity more
intensively. This latter finding may seem somewduttradictory to expectations given the
known value of adult female survival (Garshelisle005, Beston 2011). However, variance of
adult survival estimates is typically low so gaingprecision can be more easily accomplished

with other vital rate estimates, as others havadaie.g., Mitchell et al. 2009).
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10.2.2 Open Population Mark-recapture Simulations

As we discussed in Section 8.3, simulations areveepful tool for study design when data are
available on population and sampling parametersadreh managers have targets of accuracy
and precision. We therefore conducted a suitgpeh@opulation simulations with the Pradel
(1996) model in program MARK to provide referen@énts for estimating population growth
rate in black bear populations in the NortheasgaiA, we reviewed the literature and extracted
estimates of population growth)( apparent survival (), and detection probabilitiep)(from
DNA-based mark-recapture studies (Table 10.1). sifeilated populations of 100 or 500 bears,
that were either monotonically increasing<1.05) or decreasing € 0.95), for 5 or 10 years.
We ran 250 replicates per scenario, and again ssg@sodel performance with average PRB,
CV, and CIC.

Results of our simulations were consistent withsthfrom other analyses using the
Pradel model based on DNA sampling (e.g., Ste#t. &010), with all considered scenarios
producing unbiased (i.e., PRB < 1%) and precise, €V < 5%) estimates of population growth
rate. Simulations based on larger populationsl@amger studies performed best. However,
despite being unbiased, those scenarios had timtezouuitive result that high precision and
extremely small confidence intervals led to low Gi&lues (Figure 10.4). Population abundance
did not seem to affect CIC, but again reflecting tlecreasing CV of estimates, longer studies
tended to have poorer CIC than shorter studiegat@r detection probabilities did not
effectively improve estimator performance: evenribar doubling of female detections (from
p =0.38 top = 0.7) resulted only in a 1.4% improvement in @V the sparsest scenario (i.e.,
scenario 2, smaller and declining population witvér survival). Our results suggest that even

with relatively small populations and moderate deta probabilities, robust, sex-specific



Table 10.1 Population and sampling parameters used withadP(a896) open population

model simulations in program MARK to estimate p@an growth rate of black bear

populations.
No.
Scenario N M F Pm PF years
1 100 or 500 0.95 0.93 0.87 0.4 0.38 5o0r10
2 100 or 500 0.95 0.85 0.80 0.4 0.38 5o0r10
3 100 or 500 1.05 0.93 0.87 0.4 0.38 5o0r10
4 100 or 500 1.05 0.85 0.80 0.4 0.38 5o0r10
5 100 or 500 0.95 0.93 0.87 0.7 0.70 5or10
6 100 or 500 0.95 0.85 0.80 0.7 0.70 5o0r10
7 100 or 500 1.05 0.93 0.87 0.7 0.70 50r10
8 100 or 500 1.05 0.85 0.80 0.7 0.70 50r10

estimates may be obtained within 5 years of sargplis an example, these population and

sampling parameters are very similar to those aft€aet al. (2011) who conducted a study on a

small area (223 ki with 51 grid cells of 5.2kf We also conducted simulations with reduced

capture probabilities. Our results suggest tHgoechange in could be detected over a 5-year

period given a capture probability of 0.05 (281rlsaimples assuming a bear population estimate

of ~4,500 (e.g., New Hampshire, Vermont) and a ggnog success rate of 0.8). A capture

probability of 0.025 would enable detection of &dQifference in . These are best-case

scenarios because constant capture probabilitiegyal, and population growth are assumed.



Sample sizes would have to be greater if thosenpeteas vary, for example, by time.
Regardless, it seems apparent that robust estiroatelse possible with less intensive sampling
than is required for estimating abundance.

These simulations were necessarily simplistithadata required to parameterize more
complex models are not available for many areasddoffs will exist with field studies, which
will almost certainly encounter heterogeneity gbtcae probabilities, annual variation irand

, and the realities of sampling populations. Hoevedata from field studies allow use of more
complex models to accommodate those realities,diat) robust design or mixture models that
make use of covariates and potentially multipledgpes, as has been discussed elsewhere
(Boulanger et al. 2004c, 2006, 2008; Stetz etGl0?. Therefore, these rather simple scenarios
should be viewed as a starting point for explonmgre realistic study designs depending on the

specific objectives, population characteristics] amailable resources.
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10.3 CONCLUSIONS: POPULATION GROWTH

Population growth reflects the cumulative changgsapulation abundance due to birth,
immigration, death, and emigration and may be dribeomost effective measures of
population performance for making management datssi

The most powerful methods for estimating populagoowth are those that have
sufficient power to detect changes in abundan@edisect result of management and
habitat changes, if such changes occurred.

Population Projection can be reliable but are datnsive. Estimates of the standing
age distribution are important but difficult to iesate in most situations. The method
requires extensive use of radiotelemetry, but alsiroa@n be distributed over a large area.
Radiotelemetry provides the ability for estimatotger useful population parameters.
Populations may act as sources for surroundingsatespite not displaying increasing
local abundance.

Interpretation of changes in population growthsatkould be done carefully, particularly
when monitoring only portions of a larger populatio

Methods to estimate population growth are even maried than those for estimating
abundance, and include mark-recapture, known-daie various indices.

Management objectives, spatial scale, and exislatg should all be considered when
determining the methods to monitor population gtowt

When using indices to monitor population growtteytimust reflect a reliable
relationship with the processes in question; otiswnferences about population

changes may be false. For example, poor food yeaysresult in greater movements by



bears, which could result in increased visitatimibait stations despite there being no true
relationship with abundance. Because each apptuesh suite of assumptions, some
more difficult to address than others, use of mld{iindependent methods should be
considered.

Traditional radiotelemetry methods may provide nuetail regarding cause-specific
mortality, but may suffer from issues of geograptiasure violation more so than do

more recently developed mark-recapture approaches.

Mark-recapture techniques such as Pradel modelproauce precise estimates of
population growth in short time periods relativektmwn-fate methods and are less
affected by most capture biases. Howewer, inferatout ultimate drivers of growth
are limited even with the use of covariates andathigty to parse out componentsof

(e.g..fand ).



Section V. Conclusions



Chapter 11. Monitoring Options

11.1 CHOOSING MONITORING TECHNIQUE
As the preceding chapters have illustrated, theereuch variability in bear and human
demographics, environmental conditions, and s@aetpectives among NEBBTC jurisdictions,
which makes it difficult to establish region-wideuisdards for black bear research and
management. This diversity of people, places,lmads makes bear management in the
Northeast particularly complex. Black bear popola are increasing throughout the Northeast
whereas wildlife conservation revenue from huntaeges has diminished (Chapter 2).
Shrinking revenues combined with increasing chgksnand expectations make it more
important than ever for managers to identify anplyaphe most appropriate, reliable, and cost-
effective population monitoring techniques to nm@hagement objectives. Over 60% of black
bear managers in NEBBTC jurisdictions believe thatprecision of population parameter
estimates is important to consider when managiagkibear populations. Given the wealth of
options currently available to wildlife managers éstimating black bear population parameters,
monitoring decisions are complex. Generally, tbeusacy and precision of population
parameter estimates is driven by cost and effdrgdeoff that managers are forced to confront.
Human population in the Northeast is concentraes New York and Toronto, the
largest metropolitan areas in the U.S. and Carradpgectively. Much of the region is enveloped
by urban development stretching 800 km (500 mi@nf Boston, Massachusetts to Washington,
D.C. termed the Megalopolis or “very big city” (Goian 1961). This high human density has a
pronounced effect on black bear distribution irearef the Northeast (Figure 11.1). High

human and bear densities and increasing populativaltenge NEBBTC managers trying to



reduce human-bear conflicts. Bear-human conflieige been on the rise for decades in the
Northeast and managers should be prepared forictst continue to increase in response to
changing landscapes. Although the ecological iasbf American black bears allows them to
adapt to moderate changes in habitat and avathabilifood resources, human land use patterns
in the Northeast are changing rapidly and the &ffetclimate change (Frumhoff et al. 2007)
may drastically alter the distribution of beardso Consequently, NEBBTC managers urgently

need effective tools to monitor black bear popafet. Our primary objective was to evaluate

Figure 11.1:Northeast black bear distribution in 2011 from ®&ck et al. (2011) and human

density in 2005.



the effectiveness of available techniques to motitack bear populations in the Northeast,
given management objectives.

As shown in Chapters 8, 9, and 10, many suitadaeitoring options exist for black bear
managers in the Northeast, but there is no singeapriate method for all bear populations and
management objectives (Table 11.1). Due to anddnoe of monitoring methods, managers are
now faced with difficult decisions about how besstlect a monitoring method for their current
objectives that will also be useful for future momning. Invariably, managers want the best
methods to address their objectives, but theralarays budget constraints that ultimately
magnify the tradeoffs between method reliabilitd @ost. One of the greatest dilemmas for bear
managers today is that the monitoring methodsgiatide the most accurate and precise
estimates of population parameters (i.e., radiotetey, DNA-based mark-recapture) are also the
most expensive . However, less expensive methedgl@mately a poor investment when
money and resources are used to collect datagheals little about bear populations and
provide limited inference regarding the drivergpopulation change. We urge managers to
always strive to use the best monitoring techniquueslable to address their objectives, even if
decisions must ultimately be made based on findnoissiderations.

Monitoring method selection should begin with assessing whétleemethod being
considered can produce estimates for the paramktaterest (i.e., meet management
objectives) with the manager’s desired level otmien. Once all of the suitable monitoring
methods have been identified, managers shoulddbesider the potential advantages and
disadvantages of each method along with any spearediderations (e.g., data requirements)

before selecting a monitoring method (Table 11.1).



Table 11.1. Suitability of available monitoring methods foriesating population parameters
for American black bears in jurisdictions of thertth@astern Black Bear Technical Committee.
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Parameter of Interest
Abundance + o+ + ++ o+ o+ o+ o+
Density + 4+ ++ + o+ o+ o+
Survival ++ + + + + + 4+
Reproduction ++ + o+ o+ o+ o+ o+
Population Growth + 4+ ++ o+ +H+ o+ o+ o+ O+
Advantages
Proven track record of precise estimates +  ++ ++ o+
Identify individual bears + ++ o+ o+ o+
Determine sex ratio + + 4+ ++ o+ o+ o+
Provide data on multiple wildlife species ++
Can also examine genetic structure and dispersal + ++ + o+
Can be used with other sampling methods + + + + + o+
No additional costs if harvest monitofed + +
Can identify drivers of parameter ++ +

Disadvantages
Relatively expensive - - - -

Logistically difficult e -
Capture, handling, or removal required - - - -
Baiting bears may lead to habituation -- - - - -

Concern for human consumptfon - - -

Dependent on constant harvest and mortality -

Cannot positively identify species (i.e., bears) -- -

Individual marks can be lost - -- -



Table 11.1 (continued)

Mark-recapture
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Special Considerations
Provides coarse data on many individuals ++ + o+ o+
Provides fine-scale data on few individuals ++
Best for heavily harvested populations (>20%) ++ +
Best for highly visible populations + ++
Requires specialized lab/field equipment + + o+ o+ +
>1 year of data collection required ++ ++  + + o+
>5 years of data collection required ++  ++
>10 years of data collection required ++ +

&7++” = most suitable or applicable, “+ = suitableapplicable, null = not suitable or applicable,

“-* = disadvantageous, “--“ = most disadvantagedased on synthesis of report findings.
 Demographic analysis using survival and fecunditgs from radiotelemetry.

“DNA-based method has potential to identify gregpesportion of population.

dExcept DNA analysis for mark-recapture or cemen&malysis for population reconstruction
®Because tetracycline used as a biomarker or drsg$ during capture.

11.1.1 Parameter of Interest

Estimates of black bear population parameters emerglly more valuable to managers than
indices that do not provide estimates of samplimgre Because many reliable monitoring
methods are available and there is an almost waldesire by NEBBTC managers for accuracy
and precision (Chapter 7), we suggest that estimatiethods be given precedence over indices.

Use of indices for black bear population monitonmgy be justified when budgets are severely



constrained and the index has well-known propedresdata are already recorded for other

purposes (i.e., harvest), but they will generatly Ime suitable for most management objectives.

11.1.1.1 Abundance and Density

Currently, we believe the most cost-effective agltable technique to estimate black bear
population abundance is DNA-based mark-recapt@e Ghapter 8; Table 11.1), for which a
number of sampling methods exist. Newer model<f®HIse similar sampling methods but
use information on spatial locations of detectoraking them more suitable for estimating
density when sampling is adequate given the natiutiee population (e.g., home-range size;
Chapter 8). Although SECR models are a rapidlyetising area of research (e.g., Efford and
Fewster 2012), when precise estimates of abundeeceeeded, managers should consider non-
spatial models as they have a longer history im kessearch and management and they are
generally more robust to violation of assumptioRsrtunately, spatial and non-spatial
estimators can usually be used in tandem. Regardiethe model type, with the number of
marking methods now available for bears, the usaufiple sampling methods (e.qg., hair traps,

bear rubs, harvest) should be considered to reloiaseand increase precision of estimates.

11.1.1.2 Survival and Reproduction

One of the most reliable ways to estimate surnawel reproductive parameters for black bears is
capture, radiomarking, and monitoring (see Chagitdiable 11.1). Although radiotelemetry can
be expensive, we believe it provides the most Uisefd reliable information on survival and
emigration. Monitoring costs (flight time, grouratio-tracking) are greatly reduced if GPS

collars are used compared with VHF collars, althoting intitial costs are higher. Additionally,



radiotelemetry-based methods provide valuable mé&tion about causes of mortality and factors
affecting reproduction. Furthermore, telemetryadzdn be used for other purposes such as
habitat evaluation, movement dynamics, and esthgatispersal. Some open population mark-
recapture models (e.g., robust design) can estiaparent survival, but do not estimate true
survival in geographically open populations. Noeétss, DNA-based mark-recapture methods

are a viable second option for estimating survaral reproduction.

11.1.1.3 Population Growth

A diversity of methods can be used to monitor blae&r population growth in the Northeast
(see Chapter 10; Table 11.1), but we suggest mamémgris on two proven methods,
radiotelemetry (i.e., demographic analysis usingigal and recruitment rates) and DNA-based
mark-recapture. NEBBTC managers indicated the rapoe of understanding the relationship
between population trends and management effoitad@r 7). Thus, we believe that one
method, radiotelemetry, stands out because ofdatgen track record and potential to detect
different causes of population changes (Table 11C)nversely, DNA-based mark-recapture
methods are powerful because they can producesprestimates of growth rates in relatively
short time periods (Table 11.1) and because thefusevariates allows testing of hypotheses for
potential causes of population change. AlthoughABdsed methods can be expensive, costs
can be reduced with subsampling or skipping yebimately, the decision to use

radiotelemetry or DNA-based mark-recapture shoelthéised on management objectives.



Table 11.2. Ability of population growth estimation methods fdmerican black bears to detect
different causes of trend in jurisdictions of therthieastern Black Bear Technical Committee.
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Excessive human-caused mortality
Excessive legal hunting +  ++ o+ + +
Unreported mortality (e.g., poaching) + 4+ +
Hunting-related mortality +  ++ o+ + +
Conflict bears + ++ + + +
Net emigration
Disturbance +  ++ o+ +
Decline of habitat quality + + + +
Attractive sinks +  ++ o+ +
Density-dependent dispersal +  ++ o+ + +
Increased road or trail density
Vehicle collisions + +
Access for hunters or poachers +  ++ o+ +
Fragmented habitats + + + +
Intraspecific killing
Related to high density +  ++ o+ +
Reduced carrying capacity + + + +
Skewed sex ratio + + +  ++ + +
Hunger + ++ + +
Poor reproduction
Decline of habitat quality + + + +
Displacement from high-quality habitat + ++ +

Advanced age in female cohort ++  ++ + + +



Table 11.2 (continued)

Mark-recapture
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High cub mortality
Predation +
Poor nutrition ++
Disease +
Accidents (e.g., vehicle collisions) ++
Orphaning ++
Other useful analytical abilities
Habitat modeling, fine-scale +  ++ o+ + + +
Occurrence modeling, coarse-scale +  +H o+ + + +
Core and linkage habitat prediction +  ++ + +
Coarse bear movement info +  ++ + 4+ +
Movement data, fine-scale + o+ 4 + + +
Population estimation + + + o+ +
Condition of the bears, health, disease + o+ 4 + ++ +
Diet studies, fine-scale (species of food) + ++ + + + +
Diet studies, coarse-scale (isotope) +  ++ + 4+ +
Fragmentation and connectivity + +t + 4+ +
Sex and age structure ++  ++ 4 + + +
Home-range size or overlap, dispersal +  ++ o+ + ++

&”1++” = most suitable or applicable, “+ = suitableapplicable, null = not suitable or applicable;
based on synthesis of report findings.
P Demographic analysis using survival and fecunditgs from radiotelemetry.



11.2 POPULATION MONITORING SCENARIOS

Black bear population studies should be designeddget management objectives, but choosing
an appropriate study design can be challenginghmragers given the number of methods
available (see Chapters 8, 9, and 10; Table 11dBally, a study design should be both effective
at providing the desired information and efficiabtollecting the required data. Again, the most
common dilemma that managers face today is nottbawonitor their bear populations, but

how to monitor a population to maximize data cdlt@t while minimizing project costs.
Therefore, in this chapter we provide comprehensiudy design recommendations for
monitoring black bear populations based on theltestiour simulation analyses and our
collective experience.

For simplicity, we will focus our discussion anghiiation of black bear monitoring
options on the most suitable methods currentlylabls (Table 11.1) for estimating the two
population parameters most important to NEBBTC rgara(abundance and population growth;
Chapter 7). We present our recommendations fapiilation scenarios, ranging from small to
large population sizes and from declining to staivlencreasing population trends. We based
our population size classes of smal, (500), mediumN = 500-2,500) and larg&l > 2,500)
on the range of black bear population sizes fonrfd&EBBTC management units. We pooled
recommendations for stable and increasing popusit@cause most managers already use those
distinctions to classify population trends. Altlgbusome managers may not know the exact
status of their populations, the scenarios predantéhis chapter should provide guidance for

study design.



11.2.1 Small, declining populatiod( 500, < 1.0)

Small, declining black bear populations are ofghsatest conservation concern to managers and
advantages of monitoring should be carefully wethagainst the potential disadvantages. For
example, capture and handling mortality concerasggaeater with smaller populations than with
larger populations because management effortsfme directed to increasing adult survival. In
fact, managers should consider monitoring adultigal over population growth in these
situations. Accurate and precise estimates ateplarly important for small, declining
populations because there is little room for erfbine value in monitoring smaller populations
has been questioned, however, because resourddsheoused more effectively to secure
habitat or reduce human-bear conflicts. Nonetlseles recommend using DNA-based mark-
recapture to estimate abundance and populationtgrf@mwsmall, declining populations because
this method does not involve capture or handliagfiordable at small scales, and can provide
precise estimates ofin a shorter time period compared with radiotelegynélrable 11.1).

Because DNA-based mark-recapture abundance essirfatsmall populations generally
have poorer precision than larger populations {8e&.3), managers must compensate by
increasing sampling effort (e.g., number of ocaasimumber of sampling sites per unit area) to
achieve the same level of precision. For exanglarge population study may achieve a CV <
20% for abundance with 4 sampling occasions, wiseseamall population would require at least
7 occasions to obtain a CV < 20% (Section 8.3FDr all population scenarios, use of multiple
sampling methods (e.g., hair traps and bear rgldsighly recommended to increase sampling
intensity to improve accuracy and increase pregisica cost-effective manner. SECR or open

population models should be considered becausdesraadas usually can amplify capture



heterogeneity due to a high proportion of animiaégd have home ranges extending beyond the

edge of sampling grid.

11.2.2 Small, stable or increasing populatidn (500, 1.0)

Many small black bear populations in the Northeastnewly reestablishing populations and are
not harvested, so population reconstruction isamodption (Table 11.1). If the population is
very small and expanding its range, then an indek sis bait-station surveys (see Section
8.1.1.1) may be sufficient to monitor abundanceupancy, or range expansion. Managers
interested in monitoring abundance or populati@wgn should consider DNA-based mark-
recapture methods. Population growth aside, thretbods provide the best baseline data on
population size, density, and sex ratios to udgeashmarks to gauge future population
dynamics related to management actions. For teisasio, radiotelemetry could also be
considered to estimate population growth, but marsaghould be aware that at least 5 years of
monitoring will be required, or more if vital ratase highly variable, to obtain a precise
estimate of population growth (see Section 10.2A0ain, because DNA-based mark-recapture
abundance estimates for small populations gendnalg lower precision than larger
populations, managers must compensate by increaamgling intensity (e.g., number of
occasions, number of sampling sites) to achievednge level of precision as detailed

previously.

11.2.3 Medium, declining populatiohl & 500-2,500, < 1.0)

Medium, declining populations represent a unigualehge for managers because it can be

more difficult to obtain financial support for memiing compared with small, declining



populations. We suggest that managers interestestimating abundance for medium,

declining populations use DNA-based mark-recapasrthese methods provide the most reliable
estimates (Table 11.1). Managers interested intoramy population growth for medium,
declining populations may consider using either Db&sed mark-recapture or radiotelemetry-
based methods. Radiotelemetry-based methods mageropriate when the age distribution
of the population is believed to be non-stabld ananagers cannot wait to acquire sufficient
data to use projection models (Table 11.1). Algioboth methods are suitable for estimating
population growth (Table 11.1), if capture-relatedrtality is not a concern, radiotelemetry is
the better method to use for this scenario asitdediect the causes of trend (Table 11.2), which

is a desirable attribute to NEBBTC managers (Chafjte

11.2.4 Medium, stable or increasing populatidie(500-2,500, 1.0)

Stable or increasing populations of medium sizepanbably the most common population
scenario in the Northeast. In fact, few populationthe Northeast are currently declining
(Chapter 6) and many statewide and managemenpaojpitlation estimates fall into this size
range. With larger populations and small home-easiges, the number of sampling sites needed
for DNA-based estimates of abundance can be dauntmsuch cases, radiotelemetry-based
methods may be a better alternative.

DNA-based mark-recapture may be a viable optiomfanagers interested mainly in
monitoring population growth because that can lme@mplished with lower capture
probabilities, meaning that fewer samples wouldehavbe genotyped and sites could be
sampled for fewer occasions. Harvest and rub tfeegxample, can be used to augment hair

trapping efforts, thereby requiring less overathgling effort to achieve comparable accuracy



and precision of parameter estimates. When additisampling methods are used for the
recapture sample for DNA-based mark-recapturetuaatad trapping grid may not be necessary
because essentially all bears marked at hair wapd be available for recapture from harvest
or at rubs; i.e., the method would not be dependerthe hair-sampling grid alone for the
recapture sample.

The advantage of using radiotelemetry to monitguubation growth is that it would
provide inference regarding potential causes ofdr@able 11.2). The advantage of using
DNA-based mark-recapture to estimate annual abwadiarthat it would also allow for
estimating population growth through regressiongagfulation size. A more tenable alternative
to population-wide DNA sampling would be to samgrhealler population subset(s) and
extrapolate the estimates to a wider region, goggtain assumptions (e.g., similar habitat,
harvest intensity, patch size). Habitat covarigi@sed on SECR models could be used to project
range-wide densities (Drewry et al. 2013). We ssgjthat the decision to use DNA-based or
telemetry methods be based on the interest of neas&g also monitor abundance or survival

(Table 11.1).

11.2.5 Large, declining populatioN £ 2,500, < 1.0)

As described previously, sampling requirements b&too intensive to make DNA-based mark-
recapture feasible for estimating abundance witpel@opulations. Again, population projection
using radiotelemetry or DNA mark-recapture to deiee population growth would probably be
better alternatives. Also, the economies of saedebetter for radiotelemetry than for DNA-

based mark-recapture because the precision of pteaestimates from known-fate models is



independent of population size (Section 10.2.1gnehas costs increase with population size for

DNA-based studies (i.e., more samples collectedname bears to identify).

11.2.6 Large, stable or increasing populatidrF=(2,500, 1.0)

Probably the most common scenario in the Northe@skarge, stable or increasing bear
populations. The establishment of sub-regionalitoang programs among NEBBTC
jurisdictions is an important consideration, pati@cly where bear populations are shared among
multiple jurisdictions (e.g., Pennsylvania and Néark or Maryland and West Virginia).
Pooling resources to collaboratively monitor popiotas using radiotelemetry or DNA-based
mark-recapture techniques would provide long-teemdfits. We suggest that managers
interested in estimating abundance for large, stabincreasing populations use DNA-based
mark-recapture because this method provides thé meicable estimates (Table 11.1). Again,
this would most likely entail a series of estimédtaspopulation subsets, with extrapolations as
suggested before. As in the previous exampleptipepulation projection or estimation of
population growth using mark-recapture methodsnsee reasonable, regional or jurisdiction-

wide approach.



11.3 FUTURE WORK

Methods used for monitoring bear populations amwevg rapidly as this is an active area of
research. Not only has technology changed (eNA Bnalysis, GPS telemetry), but the
methods for analyzing such data (e.g., Bayesidissta, hierarchical methods) have changed as
well (Royle and Dorazio 2008). We anticipate tmany of the difficulties we detail in this

report will eventually be reduced or overcome. &mmple, SECR models have much potential
to serve as a valuable population monitoring tooblear managers but further investigations are
needed, and indeed ongoing, to test model assunspdiad various aspects of the estimation
process. One area that we think holds much promithe integrated population analysis
methods that combine harvest and auxiliary data,(8kalski et al. 2007). More research needs
to be done to evaluate the performance of thisigcie and to develop software more readily
useful to bear managers. Another area that hatwwipe is the integration of mark-recapture
methods and occupancy estimation (Conroy et alBR0D detection probabilities can be

coupled with site-specific densities and habitatac@tes, it may be possible to monitor only
detection rates in the future once that relatignghestablished. Our report is a current view of
the state of the art of population monitoring are&lwge managers to stay tuned to the published

literature so that they may take advantage of thesieipated breakthroughs and advances.
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Appendix A: Glossary

Term Definition
Age structure The relative proportions of a population in differage classes.
Birth rate The average number of offspring produced per ixdiai per

unit of time, often expressed as a function of @je

Bootstrap analysis

A nonparametric statistical analysis for computingfidence
intervals for a phylogeny or a point estimate (0§ FST). Re-
sampling with replacement to estimate the proportibtimes an
event (such as the positioning of a node on a gjeyletic tree)
appears during multiple re-sampling of a data set.

Carrying capacity

Number of individuals in a population that the neses of a
habitat can support; the asymptote, or plateatheofogistic and
other sigmoid equations for population growth.

Census population size

The number of individuals in a population.

Demographic stochasticity

Differences in the dynamics of a population thatthe effects
of random events on individuals in the population.

Demography

The study of population structure and growth.

Density independent

Having an influence on individuals in a populattbat does not
vary with the density of that population.

Density Number of individuals in relation to the space,uoé, or other
resources that are needed.
Density dependent Having an influence on individuals in a populattbat varies

with the density of that population. Often appltedirth and
death rates.

Deterministic

Events that have no random or probabilistic asgagtsather
occur in a completely predictable fashion.

Deterministic model

Mathematical model in which all of the relationshigre fixed
and the concept of probability does not enteryvaminput
produces an exact prediction as an output.

Distribution

The geographic extent of a local population or egiclal unit.

Effective population sizeN)

The average size of a population expressed in teftiie
number of individuals assumed to contribute gewesky to the
next generation; generally smaller that the aciiza of the
population, depending on the variation in reprohecsuccess
among individuals.

Environmental stochasticity

Random variation in environmental factors thatusfice
population parameters affecting all individualgpopulation.

Exponential rate of increase (

The natural log of the finite rate of increase.cAtsllled the
instantaneous rate of increase.




Fecundity The potential reproductive capacity of an individoi
population. For wildlife populations typically usemrepresent
the number of female offspring per female per time).

Fertility An ecological concept of the actual number of \@atffspring

produced by an organism, equivalent to realizedrdity.

Finite rate of increase )

The ratio of the population density in one yeathiat in the

previous yearN/N:-1); exponential or intrinsic rate of increase).

Fitness

The ability of an individual, or genotype to suriand produce
viable offspring. Quantified as the number of pffag
contributed to the next generation, or as propontibthe
individual’s genes in all the genes contributethi next
generation.

Gene flow

Exchange of genetic information between demes girou
migration.

Habitat

The place where an animal or plant normally livefen
incorrectly characterized by a dominant vegetatygme or plant
form.

Hypothesis

Universal propositions that suggenets an explandtiosome
observed ecological situation

Instantaneous rate of increasg (

The rate of increase of a population undergoingegptial
growth under a given set of ecological conditiaa) be
positive, negative, or zero, and if birth and deatks are
constant for sufficient time will produce a stablge
distribution. In the logistic equationy max (1N/Ko.

Intrinsic rate of increase {ay

The rate of increase of a population undergoingagptial
growth under optimum ecological conditions; the mmaxm
instantaneous rate that a species is capablé ixfal
characteristic of a species (Cf. exponential asthimaneous
rate of increase).

Leslie matrix life history

A matrix of values of age-specific fecundity andvsorship
used to project the size and age structure of alatipn through
time; a population matrix.

Life history

The set of adaptations of an organism that inflaghe life-
table values of age-specific survival and fecunditich as
reproductive rate or age at first reproduction.

Likelihood statistics

An approach for parameter estimation and hypothestsg
that involves building a model (i.e., a likelihofudhction) and
the use of the raw data (not a summary statisticjch often
provides more precision and accuracy than fregsiesttatistic
approaches (method of moments). The parameteterest is
estimated as the member of the parameter spacetixamizes
the probability of obtaining your observed datakelihood
approaches facilitate comparisons between differerdels
(e.g., via likelihood ratio tests) and thus thditgsof alternate
hypotheses (e.g., stable versus declining populaiie).

~—



Maximum likelihood estimate
(MLE)

A method of parameter estimation that obtains Hrampeter
value that maximizes the likelihood of the obserdath.

MCMC

Markov chain Monte Carlo. A tool or algorithm farapling
from probability distributions based on construgtanMarkov
chain. The state of the chain after many stefizeis used as a
sample from the desired distribution. Sometimdieda
random walk Monte Carlo method.

Microsatellite

Tandemly repeated DNA consisting of short sequeatese to
six nucleotides repeated between approximatelygine 100
times. Also known as VNTRs, SSRs, or STRs.

Mortality (my)

Ratio of the number of deaths to individuals &, reften
described as a function of ag@. (

Net reproductive rateR)

The expected number of offspring produced by a femaring
her lifetime.

Niche

The set of resources and environmental conditioatsallow a
single species to persist in a particular regidtenoconceived of
as multidimensional space. Also called fundamemtile.

Omnivore

An organism whose diet is broad, including botmpknd
animal foods. Specifically, an organism that feadsore than
one trophic level.

Parameter

In statistics, an unknown true characteristic efsticical
population. It is usually impossible to know tredue of a
parameter. A statistic estimates a parameter.

Phenology

Study of the periodic (seasonal) phenomena of drandhplant
life and their relations to the weather and climatg. the time
of flowering in plants).

Poisson distribution

A probability distribution, with identical mean amdriance, that
characterizes discrete events occurring indepelyoeinone
another in time, when the mean probability of #hatnt on any
one trial is very small. Earthquake hazards, @ctive decay,
and mutation events follow a Poisson distributidime Poisson
IS a good approximation to the binomial distribatishen the
probability is small and the number of trials g

Polymerase chain reaction (PCH

A technique to replicate a desired segment of DRBR starts
with primers that flank the desired target fragn@iDNA. The
DNA strands are first separated with heat, and toehed
allowing the primers bind to their target siteslyiferase then
makes each single strand into a double strandirgidrom the
primer. This cycle is repeated multiple times drept 106
increase in the gene product after 20 cycles ak@Pancrease
over 30 cycles.

Population growth rat@iN/dt)

The rate of growth of a population over a shoriqukof time,
defined by the product of population sikg,and the
instantaneous rate of increasg(see logistic equation).




Recruitment

Increment to a natural population, usually fromiyg@animals
entering the adult population.

Resource A substance or object required by an organism domal
maintenance, growth, and reproduction.
Sex ratio Ratio of the number of individuals of one sex tattbf another

sex in a population.

Shadow effect

A case usually caused by low marker polymorphismmamk—
recapture studies in which a novel capture is k&beak a
recapture due to identical genotypes at the lodist.

Single nucleotide polymorphism
(SNP)

A nucleotide site (base pair) in a DNA sequenceitha
polymorphic in a population either due to transis@r
transversions and can be used as a marker to aEgestic
variation within and among populations. Usuallyyoto
alleles exist for a SNP in a population.

Stable age distribution

The proportions of individuals in various age céssi a
population that has a constant instantaneous fag@wth,r.

Stage-classified population

A population containing individuals of differentvaddopmental
stages (e.g., adults and larvae) in the same ferelift habitats.

Stochastic

The presence of a random variable in determiniegtiicome
of an event.

Stochastic model

Mathematical model based on probabilities; the iptexh of the
model is not a single fixed number but a rangeosiSible
numbers (Cf. deterministic model).

Survival(l,)

Proportion of newborn individuals alive at agelso called
survivorship.

Survivorship curve

Curve showing the number of individuals surviviegagex (log
scale) plotted against age.

Sympatric Occurring in the same place; usually refers tosacé@verlap in
species distribution (Cf. allopatric).
Type | error The rejection of a true null hypothesis

Type Il error

The failure to reject a false null hypothesis




Appendix B: Survey Questions and Results

In January and February of 2012 we requested hiegtrimary representatives from each
NEBBTC member jurisdiction complete an online syriehelp us better understand elements
of bear research and management that could nagiared from the available literature. Only
one representative per jurisdiction was inviteddmplete the survey. To minimize nonresponse
issues, we reminded members about the surveyleasitthree separate occasions.

We attempted to keep the survey as simple as pegsimeet our objectives and maximize
response rate. Questions were designed with gistaisce of social scientists with experience
creating surveys of similar nature. Further, wieseéed wildlife biologists both inside and
outside of the NEBBTC who are familiar with bearmagement issues to review the questions.
To maximize efficiency and ease for the respondenéssurvey was conducted online using
SurveyMonkey, with most questions requiring simglgking a radial button.

Below are the exact questions paired with a sumrmorgsponses, either in narrative or
graphical format.

Introduction

The following set of questions is intended to gigea better understanding of how black bear
managers and biologists in the northeast condeat work. As such, we request that you answer
the following questions as they pertain to the pajpans in your jurisdiction. Most questions use
the Likert scale, where answers are ranked froongty disagree to strongly agree. This is a
very powerful, and rapid, way of clustering beliedsdentify patterns across a sample of people.
We will use these results in the Technical Regdaat e are preparing for the NEBBTC to
identify relevant black bear monitoring and managetoptions across jurisdictions.

We are requesting your name, position, and jurigmicsimply to help us track how
representative our sample is. Individual respomsisiot be published

Definitions

1) Monitoring: for our purposes, this refers todeterm, focused monitoring efforts (e.g., multi-
year population growth rate estimates) as oppassthtus assessments (e.g., one-time
abundance estimate).

2) Precision: any measure of uncertainty relataddaitoring. These can include standard errors
(SE), coefficients of variation (CV), confidenceadrnvals (Cl), or others. A measure of
uncertainty is what separates parameter estimaigs dbundance) from an index.

3) Adaptive Management: a structured, iterativeepss of optimal decision making in the face
of uncertainty, with an aim to reducing uncertaio®er time via system monitoring. In this way,
decision making simultaneously maximizes one oremesource objectives and, either passively
or actively, accrues information needed to impriaeare management. For our purposes,



"adaptive management" includes variations sucldaptave impact management and adaptive

resource management.
4) Jurisdiction: State or Province.

Questions

1. What is your name?

2. What is your current job title?

3. What jurisdiction do you represent?

At what level within your organization
are management decisions typically
made?

Fourteen of 15 respondents answered that decisid
are made at the level of the state/province natural
resources agency, with the remainder being at the
local level. Three respondents noted, howevet, th
legislators or game commissions or other levels of
government can intervene in part depending on th
political climate or specific issue.

5. Management decisions are made at
the most effective level within my
jurisdiction.

. .

ns

a

(4%

#$
1" #$
6. There is strong administrator support
for new programs or research and
monitoring efforts in my jurisdiction. . . . . .
#$
" #$
7'. It you answered D_|sagree or Strongly even respondents provided narrative answers to
Disagree to the previous question, wha

do you see as the primary constraints
affecting current or potential future
monitoring efforts?

guestion 7. The general consensus was that sup
a function of funding and the attitude of the catre
administration. Either or both can be factors.

ort




8. Establishing Northeastern region-
wide standards for monitoring is
important to facilitate communication
and improve management across
jurisdictions.

9. There is good communication about
black bear population status across
jurisdictions.

10. There is good communication abo
black bear monitoring across
jurisdictions.

11. There is good communication abo
black bear management objectives
across jurisdictions.

12. There is strong concordance of blg
bear management objectives across
jurisdictions.

1(

#$

#$
#$

#$

I

#$

#$
#$

#$
#$

#9$




13. I am familiar with the concept of
adaptive management.

#$
" #$
14. It is more important to manage beau
populations based on numerical
population goals or based on bear .
impacts to people and property. ' ' ' 4 '
" #9$
15. What proportion of populations in
your jurisdiction are at or beyond social
carrying capacity? ]
% & & & '
16. There is strong public support for h I
black bear conservation in my
jurisdiction. . . - ; . ;
#$
" #9$

17. There is strong public support for
black bear harvest in my jurisdiction.




18. Bear hunting advocacy groups play
an important role in helping to manage
bear populations in my jurisdiction.

19. Adaptive Management plays an
important role in managing bear
populations in my jurisdiction.

#9$
#9$
20. Current management efforts and
methods are adequate for
reaching/maintaining objectives. e B — -
#9$
#9$
21. Adjusting harvest levels (through
season length, bag limits, permit quotas
open areas, etc) is the most important . -
management tool | use. ' 43 ' '
#$
22. Educational efforts are the most
important investment for reaching
management objectives in my B
population. '#$ ' '




23. Game laws enforcement is the mo
important investment for reaching
management objectives in my
population.

1.

" #$

24. Feeding/sanitation enforcement is
the most important investment for
reaching management objectives in m
population.

" #$

25. Minimizing human-bear conflicts
(e.g., via improved sanitation) is the
most important investment for reachin
management objectives in my
population.

ahl-l
III#$II

" #9$

26. Q425 follow-up: For your top choig
among the last three questions, pleas¢
explain why.

Several respondents noted that there is no singht
important component for reaching management
objectives, and that many are interrelated. In
particular, education and conflict reduction (ldyge
evia sanitation) are linked. Education leads todew
2 conflicts leads to increasing social carrying céyac
This, then, has direct implications to managemsnt
populations grow and new problems and
opportunities develop. Clearly, reducing humanrb
conflicts is among the top priorities for all
jurisdictions.

m

a

27. Abundance is the most important
parameter for management decision
making.

el

" #9$




28. Population growth rate is the most
important parameter for management
decision making.

#9$
#9$
29. Survival is the most important
parameter for management decision
making. -
#9$
#9$
30. Fecundity is the most important
parameter for management decision .
making. . I .
#9$
#$
31. Population persistence from
Population Viability Analysis (PVA) is
the most important parameter for l
management decision making. : : L
#9$
#9$
32. Monitoring habitat is more importan
than monitoring demographic questions
- T T 1
#9

#$




33. Precision of estimates plays an

important role in how | perceive and us

information in decision making.

34. There are thresholds of precision
after which | discount or ignore
scientific results.

35. If you answered "agree" or "strong
agree" to the previous question, what
threshold CV is acceptable for decisio

making? For example, a point estimats
of 100, with a SE=20 would yield a CV

of 20%. This equates to a simple 95%
confidence interval of 60.8-139.2.

Iy

=)

D

(%S

36. For decision making in my
jurisdiction, the most appropriate time
frame to monitor a population after
management objectives (e.g.,
abundance) have been met is:

37. Understanding the causes of
population changes is more important

than only knowing that populations are

changing.




38. Establishing measurable
management objectives is important fo
adaptive management of wildlife
populations.

#$

39. My jurisdiction has explicit bear
management objectives or a formal be
management plan.

.-.-.-—\
#$

40. We have reached management
objectives in the following percentage
my jurisdiction:

[@)

| | B

II-L
& & &

%

41. Precise parameter estimates are m
important for populations that are
declining or threatened.

42. Monitoring demography is an
important component of successful
conservation and management.

P




43. Q42 follow-up: Why?

There was some confusion about question 42, wh
invalidates the response for it and this question.

From this follow-up question, it became appareat th

several respondents interpreted question 42 ag be
related to human demography.

44. Successful management does not
require monitoring population
demography.

— -I,L
#9$
$

" #

45. Black bear populations are robust I
and therefore do not require focused
monitoring efforts. . . — . — -
#9$
1" #$
46. More detailed information on
population trends would improve
management in my population. . . ] — - .
#9$
! #$

47. Genetic monitoring methods are
inferior to other monitoring methods.

1.

" #9$

ch

in



With near consensus, genetic methods are considlered
superior to, or an excellent complement to, tradai
48. Q47 follow-up: Why? methods, depending on the research question. The
general perception, however, is that genetic method
are prohibitively expensive due to sampling demands

49. The status of a population should
determine how much is invested in

monitoring, e.g., declining populations

should receive greater funding to . ; ; ; ; .
determine causes. #$

! #9
50. | attempt to stay current with the
scientific literature, eg the Journal of
Wildlife Management. ; — . . .
#9$
" #$
51. Sources other than the peer-review
literature are more important for ]
learning about new monitoring methods . . . . . .
#9$

" #9$




Appendix C: Noninvasive Genetic Sampling LiteratureSummary

Table C.1. Summary of publications related to the use of neasive genetic sampling methods to estimate blaek population
parameters and model capture probabilities (Ch&)ter

Reference Site name Year State/Province Area (kf)
Coster et al. (2011) Pittsburg 2006 NH 196
Coster et al. (2011) Milan 2006 NH 223
Coster et al. (2011) Pittsburg 2007 NH 196
Coster et al. (2011) Milan 2007 NH 223
Tredick and Vaugahn (2009) Great Dismal Swamp NWR 2001 VA 175
Tredick and Vaugahn (2009) Pocosin Lakes NWR 2002 NC 115
Tredick and Vaugahn (2009) Alligator River NWR 300 NC 150
Tredick and Vaugahn (2009) Great Dismal Swamp NWR 2002 VA 175
Tredick and Vaugahn (2009) Pocosin Lakes NWR 2003 NC 115
Tredick and Vaugahn (2009) Alligator River NWR 200 NC 150
Dreher et al. (2007) Northern Lower Peninsula 2003 Ml 36,848
Mowat et al. (2005) Sout-central Selkirks 1996 BC 5,226
Mowat et al. (2005) North-central Selkirks 1996 BC 4,640
Poole et al. (2002) Prophet Plateau 1998 BC 5,413
Poole et al. (2001) Prophet Mountains 1998 BC 3,114
Mowat et al. (2005) Yellowhead 1999 BC 5,352
Mowat et al. (2005) Parsnip Plateau 2000 BC 3,016
Mowat et al. (2005) Parsnip Mountains 2000 BC 8,63
Mowat et al. (2005) Bowron 2001 BC 2,494
Tredick et al. (2007) Pungo Unit of Pocosin Lake¥/R 2002 NC 50
St. Johns 2001 FL 967

Tredick et al. (2007)



Gardner et al. (2010)
Belant et al. (2005)
Belant et al. (2005)
Bittner et al. (2013)

Settlage et al. (2008), Laufenberg et al. (2013

Boersen et al. (2003)
Immell and Anthony (2008)
Immell and Anthony (2008)
Immell and Anthony (2008)
Immell and Anthony (2008)

Settlage et al. (2008)

Settlage et al. (2008)

Triant et al. (2004)
Triant et al. 2004)
Stetz et al., unpublished data
Stetz et al., unpublished data

Obbard et al. (2010)

Sawaya et al. (2012)

Sawaya et al. (2012)

Fort Drum
Stockton Island
Sand Island
Alleghany/Garrett County
Great Smoky Mountains NP
Tensas River Tract
Steamboat
Toketee
Steamboat
Toketee

Great Smoky Mountains NP

3 National Forests

Inland

Coastal
Glacier NP
Glacier NP
11 WMUs
Banff NP
Banff NP

2006
2002
2002
2000

2003

1999
2003

2003
2004
2004

0320

2003
1999
1999
2004
2005
2004, 2005

2006

2008

NY
Wi
Wi
MD
TN
LA
OR
OR
OR
OR
TN
8C,GA
LA
LA
MT
MT
ON
AB
AB

157
41
12
2152
200
9 32
112
155
138
145
160
329
208
142
,600
,606

2,246
2,247




Appendix D: Mark-recapture Models

Black bear population parameters (e.g., abundalesesity) can be estimated from a variety of
mark-recapture models, each with their own abitlitpccommodate assumptions (see Chapters
8, 9, and 10; Table D.1). Some of these assungtpply to all models (e.g., demographic
closure, marks are not lost), whereas other assangptan only be relaxed with specific model
types. Managers should examine the model assunspdiod decide which ones would apply to
their populations before finalizing their selecsonndependent of which model type is chosen,
managers should gain a thorough understandingeadgsbumptions that apply to their model
before making management decisions based on ufged his is particularly important for
interpreting density estimates based on modelsdéat the assumption of geographic closure.
Although there are many more mark-recapture matiels we can possibly cover here,
the models we presented (Table D.1) have the gtgadeéential to provide reliable estimates of
population parameters for black bears in the NagheOf these, the Huggins closed-capture
model (Huggins 1991) has been used most frequem#gtimate black bear abundance because
of its ability to incorporate individual covariates model detection probabilities (i.e., increase
estimate precision). Closed-population mixture aiedhave also been used when individual
capture heterogeneity is known to bias estimateause of differences in individual detection
probabilities. Recently developed SECR modelsnaftar precise estimates while addressing
the geographic closure assumption, but these mbdeks their own assumptions that may not be
biologically feasible (e.g., circular home rangeattare stationary during sampling) or may be

violated in real-world sampling scenarios (e.gptaee probability highest at home-range



center). When demographic or geographic closukeasvn to be violated, we suggest that
managers consider an open population model suPblaxck’s robust design (Pollock et al.

1990), which requires multiple primary samplingipds (usually years).

Table D.1. Assumptions of mark-recapture models for estinggfimerican black bear
population parameters in jurisdictions of the Nedstern Black Bear Technical Committee.

E

= X

§ £ 3 & 5

> 0 o c

S & 3 © - 2 3

s g 228 &2

Model suitability O O T D c S 'e)

Parameter of interest
Abundance + + +H+ 4+ + + +
Density + + + ++ + + +
Survival + ++
Reproduction + ++
Population growth + ++
Model assumptions
Every animal has chance of being readably marketl + + + + + +
Marks are read correctly and not lost + + + + + + +
Every animal with equal capture probability + +
Every animal has circular home range +
Detection probability highest at home range center +
Detection probability can be related to covariates + + + +
Population has been representatively sampled + + + + + +
Population is demographically closed + + + + + +
Population is geographically closed + + + + +
Study area boundaries do not change +

@ ++” = most suitable or applicable, “+ = suitableapplicable, null = not suitable or applicable;
based on synthesis of report findings.



Appendix E: Statistical Analysis Software

Most of the mark-recapture model types present&krtion IV (see Chapters 8, 9, and 10;
Table D.1) can be implemented with various compsitdtware packages, many of which are
freely available. These software programs camegé a range of population parameters and
offer a number of appealing features (Table ES9me of the software programs have excellent
graphic user interfaces (GUI) which makes obtaimnagameter estimates easy for wildlife
managers. However, caution should always be applien using these programs because
different settings can have profound effects onréiability of population parameter estimates
(e.g., different link functions in Program MARK).

Among the many software programs available to marsgagProgram MARK (White and
Burnham 1999) stands out with the most proven trackrd of reliable use for estimating black
bear abundance and population growth. Program MA&iKaccommodate a variety of data
types (e.g., hair snares, bear rubs, telemetryptephotographs, observations) and can
implement most mark-recapture models that are camynsed by researchers and managers to
estimate black bear population parameters (Taldlg E.

Program R packages have particular appeal oved-st@ame programs such as MARK
because they generally offer greater versatilitgdtbmate parameters of interest (Table E.1).
Nonetheless, Program R requires an extensive hresiment to adequately learn the
programming language. Therefore, managers mayuabeothe frustration of a steep learning
curve to become proficient with producing relialdsults. However, advantages to investing the

time to learn R code are that the program is freeapen source, the programming language is



consistent across many different packages, extemsiline resources are are available, and new
packages are constantly being developed to accoatmoew sampling methods and mark-
recapture models.

Table E.1. Software packages for analyzing mark-recapturdeisofor American black bear
populations in jurisdictions of the Northeasterad¥ Bear Technical Committee.

Program R packages

2 x < 5 2 o

Software suitability® a Z x il = =
Parameter of interest
Abundance + ++ + + +
Density ++ + ++ + +
Survival ++ ++
Recruitment ++ ++
Population growth b ++ ++ b +
Features
Open access software + + + + + +
Open-source code + + +
Documentation ++ ++ ++ ++ + +
Graphic user interface ++ + ++ +
Individual covariates + + + + +
Sex-specific parameter estimates + + + + + +
Simulations ++ ++ ++ + ++

an

++” = most suitable or applicable, “+ = suitableapplicable, null = not suitable or applicable;
based on synthesis of report findings.
®= new models under development



Appendix F: R Code for Closed Population
Abundance Simulations

## NEBBTC Simulation of closed population abunda@stimation using routines in ## the R package
'WiSP'. Modified by Jeff Stetz and Mike Sawaya msoer 2012

## WISP is not on CRAN - must be downloaded frowetieper website: ## http://www.ruwpa.st-
and.ac.uk/estimating.abundance/WiSP/index.html

## | had to extract files to a folder not in C:\gr@m Files, then copy/paste to C:\Program FileBR \
2.15.1\library

## ---- set working directory ------------------ o

setwd('C:\...\"); getwd()

require(wisp); require(rgl); require(xlsx)

x.len <- ¢(100,200) study region

y.len <- ¢(100,200) study region

ngroups <- seq(400,900,by=100) this is the numberdividuals

occ <- ¢(5,7,10) occasions

for(x in 1:length(x.len)) { for(y in 1:length(y.leh{

for(n in 1:length(ngroups)) { for(o in 1:length(9y¢

for(repl in 1:50){

my.region <- generate.region(x.length=x.len[x], ithi=y.len[y])

dimensions (aka survey region)

my.density <- generate.density(my.region, southwiegisimple plane in this case)
southeast=1, northwest=1) #plot.density.populatigndensity)

resolution plots can slow things down

my.pop.pars <- setpars.population(my.density, nurgbaups=ngroups[n],
population (here, #groups=#individuals) size.metiader",

#

# x-dimension values for # y-dimension values faniber of groups; for us # Number of sampling
# Creates population

# Defines density surface # 3D wire plot; high

# Number of animal groups in

# Method of how animal group

sizes are determined;

size.min=1, size.max=1, size.mean=1,

size values - if 'size.method' has been set ta user

only active if 'size.method' set to 'poisson’

reflecting individuals are independently detecteplosure.method="beta",

# 'size.method = "user™ allows the user to entsssible group size values and their probabilities.
# Method of how group exposure is determined. 'ogbth beta’ for Poisson-distributed group exposure
values;

user provides possible group exposure values aidgiobabilities.



exposure.min=0, exposure.max=1,

exposure values (only used when 'exposure.metheer.
exposure.mean=0.5, (only if 'exposure.method ="oeta
exposure.shape=0.1,

Beta distribution (only if ‘exposure.method = beta’

type.values = c("Male","Female"), properties fomaal groups.

# If 'method = user' the

# Lower and upper bounds of # Mean group exposaltgeewt Shape parameter of the

# Vector of possible type

# Vector of possible group # min, max, and meae siz

# I've set group size to 1,type.prob = ¢(0.45,0.85)ector of respective type my.pop <-
generate.population(my.pop.pars)

# summary(my.pop)

#plot.population(my.pop, type='details', show.siZzlesshow.exp=T, dsf=0.75, title="my.pop")
my.cr.design.pars <- generate.design.cr(my.regid@apture-recapture design parameters;
n.occ=occ|o], effort=rep(1,0cc[o])) # number of asons; relative effort across occasions
"effort=c(1,1,1,1,1)"

my.sample.cr.pars <- min/max values

my.point.est.crMh <- point.est.crMh(my.cr.sampleminix =2,init.N =-1) # Currently set to model Mh
with 2 mixtures

#summary(my.point.est.crMh) # Currently have suniesaturned off to limit clutter

my.interval.est.crMh <- int.est.crMh(my.cr.samplemmix =2,init.N =-1, # Nonparametric bootstrap Cls
with 99 runs

ci.type="boot.nonpar’, nboot=99, plot=F) #summany{nmerval.est.crMh)

##---- A new row for a dataframe with each eleméntjnstance
if(my.pop.pars$size.method=="user"){ groupsize=n{eanpop.pars$size.values)

} if(my.pop.pars$size.method!="user"){

groupsize=my.pop.pars$size.mean }

#A single row of the table

new.row <- data.frame(Nhat.ind=my.interval.est.cdbot.mean$Nhat.ind,
effort=my.cr.design.pars$effort[1],

occasions=my.cr.design.pars$number.occasions,

SE=my.interval.est.crMh$se$Nhat.ind, replicate=sepd.len[x],y=y.len[y],ngroup=ngroups[n],
nindivid=ngroups[n]*groupsize,occ=occ[0],

min.cp.mark=my.sample.cr.pars$theta0.marked, maramg=my.sample.cr.pars$theta0.marked,
min.cp.unmark=my.sample.cr.pars$thetal.unmarkes,apainmark=my.sample.cr.pars
$thetal.unmarked )

##---- Within a loop, you do the following to adtetnew row to your table (or create a table)
if(exists("out.table"){

out.table <- rbind(out.table,new.row)

} if(lexists("out.table™)){

out.table <- new.row

probabilities.

# was pmin.unmarked=0.01, pmax.unmarked=0.25, #apaire probability
setpars.survey.cr(my.pop, my.cr.design.pars, pnairked=0.01, pmax.marked=0.25,
improvement=0) # Improvement in detection my.cr gkenx- generate.sample.cr(my.sample.cr.pars)
across sessions #summary(my.cr.sample)

}

Hend repl

##---- Save output to .xlIsx file; static destinatide name




##---- Destination .xIsx has to be created firstg(time); worksheets added after that -------------

filespot <- ("C:/.../NEBB.wisp.sims.output.xIsx")

##---- Dynamic worksheet name; worksheet adde@toncon destination file ------------------------—-—-

##---- R will return an error if worksheet with samame exists or if file is open ------------------
SaveExcel <- write.xIsx(out.table, filespot,
sheetName=paste("XY",x.len[x],y.len[y],"N",ngroup$['Occ",occ[0],

"Mh.005.5",sep="."), col.names=T, row.names=F, ajod)

rm(out.table)

}end o

Yend n Hendy

Hend x

### ---- Simulations based on conditions defineavab #

#my.Mh.cr.sim <- point.sim.crMt(pop.spec=my.poppar

'mypop' and 'mydens' allows randomization

# design.spec=my.cr.design.pars,

# survey.spec=my.sample.cr.pars, B=99, seed=123456)

repllicates; setting seed makes it replroducible #

# using user defined # B=num

#save(out.table,file=paste("wisp.X",x,"Y")y,"N",i9tc",0,"Mh.005.5.RData", sep=".")) #

#summary(my.Mh.cr.sim)

##plot(my.Mh.cr.sim)

#

#

## Suggested citation:

## Zucchini, W., Borchers, D.L., Erdelmeier, M. X&&d, E. and Bishop, J. 2007.

## WISP 1.2.4. Institut fur Statistik und OkononetGeror-August-Universitat Gottingen, ## Platz de
Gottinger Seiben 5, Gottingen, Germany.




Appendix G: R Code for Spatially-explicit
Capture Recapture Abundance Simulations

## An R function to run a suite of SECR simulations
## Modified from Murray Efford's 2012-05-31 code hptetz and A.Mynsberge

## Set working directory!!
setwd('C:/Sinopah/NEBBTC/Simulations/secr/Restilts")
getwd()

require(secr)

runsim <- function(nrepl = 25, outputfile = 'simtput.RData’) {

#1# ---- Parameter values ---------=-=----mm-m oo
D <- ¢(0.001, 0.005, 0.01, 0.015)
g0 <- ¢(0.05, 0.01, 0.15)
sigma <- ¢(400,1000, 2000, 3000)

## ---- Design variables --------------=---em s
spacing <- ¢(1000, 2000, 3000)
occasions <- ¢(5,7,10)
nspacing <- length(spacing)
noccasions <- length(occasions)

## --—- Grid dimenSiONS ——-======mmm = s
nx <- 25; ny <- 25

## ---- Simulation variables ------------------—--m oo
buff <- 20000 #homon to use 4*sigma; went larger to be safe

## ---- array to hold results ------------=-=-mmmmrm oo
output <- array(dim = c(nspacing, noccasionsy&pl))
# output.SE <- array(dim = c(nspacing, noccasionepl))
# output.CV <- array(dim = c(nspacing, hoccasjamepl))
dimnames(output) <- list(spacing, occasiorni®st{(,"se","cv"),NULL)
# dimnames(output.SE) <- list(spacing, occasibiti_L)
# dimnames(output.CV) <- list(spacing, occasjdigLL)

cat('Starting simulations', date(), \n’)
flush.console()
## ---- loop over replicates, spacing, and noceesie----------------
for (rin L:nrepl) {
for (sp in 1:nspacing) {
grid <- make.grid (nx = nx, ny = nyasmg = spacing[sp])
for (nocc in 1:noccasions) {



temppop <- sim.popn (grid, D = Dffler = buff)

tempCH <- sim.capthist (grid, peptemppop,
detectfn = 0, noccasions = sma@s[nocc],
detectpar = list(g0 = g0, sigmsigma))

## bracketing with try() allows us to continuehéte is an error in secr.fit

tempfit <- try (secr.fit (tempCHetectfn = 0, buffer = buff,
trace = FALSE, verify = FALSE,
start = log(c(D,g0,sigma)))est = TRUE)

if (linherits(tempfit, ‘try-erroj'{
temppred <- unlist(predict(tdi)pD',])

## here we save only the relative SE of D-haplace as desired

output[sp,nocc,"est",r] <- tepngd['estimate’]
output[sp,nocc,"se" rl<-tempiffSE.estimate']
output[sp,nocc,"cv" r]<-tempdf'SE.estimate'] / temppred['estimate’]

}

else{
cat("'\n")
}

}

cat('Completed replicate’, r, date()) \n'

flush.console()

save(output, file = outputfile)

#save(output.SE, file = gsub("output”, fmutt SE.",outputfile))

#save(output.CV, file = gsub("output”,"put.CV.",outputfile))
}

output

}

## ---- Output filename is NOT dynamic --------——----------------
runsim (nrepl = 25, outputfile = 'sim.output.D.0§3.15.sigma.3000.25b.RData’)

##---- Convert sigma to home range in kM2 ----------------emmnmo--

for (hr in L:length(sigs)) {

homerange = ((sigs*(qchisq(0.95,2)"0.5))"2)*3.1415

homerange/1000000

##---- NEBBTC secr simulation output extractiomnfatting, and analysis -------------------------
##---- Manual file selection; mix of static and @ynic outputs -------------=-==-=m-mmmmmmemmnav
##---- J. Stetz and M. Sawaya - last modified 0581 2012 ---------------mmmmmmmm oo

require(xIsx)

setwd('C:/Sinopah/NEBBTC/Simulations/secr/Results’)
getwd()

##---- Provide filename within parantheses; inflgdéfix ".RData" ----------------=-=----=-------



filename="sim.output.D.001.g0.05.sigma.1000.10.RDat
load(filename)
dim(output)
dimnames(output)
id<-dimnames(output)
spacing=id[[1]]
occ=id[[2]]
rep=dim(output)[3]
for(i in 1:length(spacing)){
for(j in 1:length(occ))

new.rows=data.frame(spacing=spacing[i],occasioos]j],
rep=1:25,estimate=output[spacing][i],occ]j],"¢kt"
SE=output[spacing[i],occ][j], "se",],
CV=output[spacing][i],occ[j], "cv",])
if(exists("out.table")){
out.table=rbind(out.table,new.rows)
}

else{
out.table=new.rows

}

##---- Name components coming from file name
##---- Requries that the naming convention Stagssme -----------=------mmmemmmmmmmm oo
##---- The "\" are to take the special meaningaiuhe period -------------=-=--m-mmemmmmmmmee-

##---- Note that there are some factors (vs. nujiechanged later

out.table$D=unlist(strsplit(filename,"\."))[[4]]
out.table$gO=unlist(strsplit(filename,"\."))[[6]]
out.table$sigma=unlist(strsplit(filename,"\\."))[[8
out.table$gridsize=unlist(strsplit(filename, "\)[T9]]
out.table$filename=(filename)

d = unlist(strsplit(filename,"\."))[[4]]

g = unlist(strsplit(filename,"\."))[[6]]

sig = unlist(strsplit(filename,"\."))[[8]]

gr = unlist(strsplit(filename, "\."))[[9]]
strsplit(filename,"\."); sapply(out.table,"class")

##---- Converting whole columns, hence use of sappiction

#formatC(out.table$est, digits=4, format="f", flayggnoreNA=T, zero.print=T)
#initial attempt to reduce number of decimals; jatulip a problem with NAs?

out.table[,sapply(out.table,"class")=="factor"] <-
sapply(out.table[,sapply(out.table,"class")=="fat}bas.character")
out.table[, c(7:10)] <- sapply(out.table[, c(7:1@%.numeric)



out.table$D=(out.table$D/1000); out.table$g0=(aini¢$g0/100)

##---- Convert 'Inf' SE's to 'NA' for calculatingsCand/or confidence interval coverage ('CIC') --
is.na(out.table$SE)=lis.finite(out.table$SE)
out.table$PRB=((out.table$estimate-out.table$D){abte$D)
out.table$lowCl=(out.table$estimate-
(1.96*out.table$SE));out.table$upperCl=(out.tabktibeate+(1.96*out.table$SE))

#out.table$ClC=ifelse((out.table$estimate<out.thbpgperCl)&(out.table$estimate>out.table$lowCl), 1,
0)

out.table$CIC2=ifelse(((out.table$estimate-
(1.96*out.table$SE))&(out.table$estimate+(1.96*takile$SE))),1,0)

#out.table

##---- First save output as RData file, then .xlsx

save(out.table, file=paste("D",d,"g0",g,"sigma",5gid",gr,"frmtd.RData",sep="."))

##---- Save output to .xlIsx file; static destinatfie name
##---- Destination .xIsx has to be created firstg(time); worksheets added after that -------------

filespot <- ("C:/Sinopah/NEBBTC/Simulations/secrfittis/NEBB.secr.sims.output.summary.10b.xIsx")
##---- Dynamic worksheet name; worksheet adde@tongon destination file ----------------------
##---- R will return an error if worksheet with samame exists or if file is open ------------------

SaveExcel <- write.xlIsx(out.table, filespot, shesmth=paste("D",d,"g0",g,"sigma",sig,"grid",gr,sep¥".

col.names=T, row.names=F, append=T)



Appendix H: MATLAB Code for Demographic
Analysis Simulations

% Lamvaresti.m: a program to estimate the samplargance in log stochastic lambda
% using approximation formulae from Doak et alD2@equation numbers refer to this
% paper and its appendix 3).

% Further modified from code provided by R. HafosNEBBTC Technical Report

% J.Stetz and M.Sawaya - last modified 24 FEb 2013

% You must have the symbolic math toolbox of Matkabuse this program.

% This program uses two functions (secder.m angheaiym) from the website of
% programs that accompany Morris and Doak (2002)v.sinauer.com/PVA/

% The general form of data entry used here is quitdar to other, simpler

% programs also on this website, including Vitatse and Stochsens.m; reading
% through these programs may help you understendttuctures used here if you
% having trouble.

% One warning: the symbolic logic routines andgimeulations to estimate correlations
% in beta variable means and variances are timstening, with one to several minutes
% between different steps. Be patient.

% 25 age classes; 6 vital rates (4 survival, Wirfdiy) - zero correlation throughout

clear all;

global yrsam kknums mmnums % global variabkediby called functions
randn('state’,sum(100*clock)); % seeding randombenn
rand('state’,sum(100*clock)); % seeding random mens

warning off % MATLAB:divideByZer

%**-k***-k********** Parameters that must be Input by user *khkkkkkkkkkkkkhkkkhkkkhkkkkk

% First, give symbolic names for each vital rateécused in this program. For the desert tortoise,
% these are: first, six survival rates (for stag&9; next, 5 growth rates (stages 2-6);

% and, finally, three fecundities (stages 5-7).

% These symbolic definitions are given below, dmehtthe vector of these names (Svr) is defined.

syms v1v2v3v4v5 % vital rates as symbolidalales
Svr = [vl v2 v3 v4 V5 |; % vector of symbolic vitaltes

% Next, give the mean Vital rate values:

% CUB surv(v1)=0.87; YEARLING surv(v2)=0.9; SUBADUL(2-3yr) surv(v3)=0.82;
% ADULT (4+) surv(v4)= 0.92; fecALL(v5)= 0.312 [et6+(v5) = 0.350] (note these are



% fx, not mx values)
% NOTE! INCLUDES ONLY ONE FECUNDITY!!

%Fx = total # offspring produced during x.
%mx = fecundity: mean # offspring produced

realvrmeans =[0.73  0.87 0.933 0.93 0.6875];
% Then estimated true temporal variances (not arandeviations) of the Vital Rates:
realvrvars=[0.00493 0.00435 0.0036 0.0027.02@;

% Next, you must say what the distribution is facle vital rate: this program only distinguishes
% between beta-distributed variables (coded and)all others, assumed to be fecundities

% or similarly distributed parameters (coded 2).

% | interpret this as survival rates (n=4) are bgtehereas fx (n=2) are

% fecundities

vrtypes= [ones(1,4),2];

% Then, you must give a the full estimated matfisemporal correlations between the vital rates.
% We do this here by putting the matrix for theatetortoise directly in the code (see also

% Table 8.2 in Morris and Doak 2002). You coulsbdbad a matlab binary data file that has your
% correlation matrix.

% Harris comment: Seems to me for NCDE griz thisuth be a 6 x 6 matrix of zeros

% Kept as all zeros; justification discuss in Haet al 2011 a little (ie, lack of evidence

% in the literature for covarying vital rates, giés logical likelihood
realcorrmx=[00000;00000;00000;000;00000Qj;

% Define how the different vital rates combineriake each matrix element, doing this

% by defining the entire symbolic matrix:

% 25 x 25 Leslie matrix for NEBBTC black bears {@&rs based on Beston 2011, from Hebblewhite et
al. 2003)

symmx =[00 0 v5v5Vv5v5v5v5v5Vv5v5v5 vEwhv5 vb v5 vb vb v5 vb v5 vb
vi10000000000O0O0OMOMMMOOOOOOODO
Ov200000000000MOMMOOOODOOOOO
0O00v30O0O0O0000000MMMOOOODOOOO0OO
0O00O0Ov3000000000MOMMOOOODOOOOO
0000Vv4A00000000MOMMOOOODOOOOO
00000VYW000000O0OMOMMOOOOOOOOO
000000v4M00000O0OMMMOOOODOOOOO
0000000V4A00000M®OMMOOOODOOOO0O
00000000OVA0000MOMMOOOOOOOOO
0000000O0O0OVYWO0OOOMOMMWOOOOOOOO
0000000OO0O0OOV4A00MOMMOOOOOOOOO
0000000OO0O0O0OOOVAOMOMMOOOOOOOOO
00000000O0O0OO0OO0OVAXOMOOOOOOOOO
000000O0OO0O0OOO0OOOVWMOOOOOOOOO
00000000O0O0O0OO0OO0OOOCOMO OOOOOOOO
000000000O0OO0OO0O0OO®MOOO0O0OO0O00OO0OO0DO



0000000000OO0COOCWOAOO0O0O0O0OO0DO
0000000000000 WMOVWYAO0OO0O0OO0OO0O
0000000000000 WMMOOVAOOO0O00OO0DO
0000000000O0COOCWMMOOOVAO0O0OO0OO0DO
0000000000O0COOCWMMOOOOVA4000O00O0
0000000000O0OOOWMMOOOOOVAO0O0O
0000000000 O0COOCWMMOOOOOOV4E 0O
0000000000000 MMOOOOOOOV4A O ];

% Now, what are the sampling intensities for eatdl vate and the durations of sampling that

% you want to have run calculations for? insanssngatrix with columns of sampled number of
% individuals used to estimate each vital ratei{gnsame order as for the means and variances
% above) and rows for different sets of these $esrip run. For example, the insams defined

% below has one set of sampling of 30 individfiateach vital rate, and one set of sampling 100
% individuals for each rate; remember that theseing patterns can be those used or ones you
% might want to consider.

insams = [10 10 10 10 10; 30 10 10 10 10; 10 300L@0; 10 10 30 10 10; 10 10 10 30 10; 10 10 10 10
30; 30 30 10 10 30; 30 30 30 30 30J;

% Then input each sampling duration that you waminsider: each number here is one duration to try
yrsams = [3 5 10 20];

% Rename output each time

outputfilename = 'NEBBTC_Var8.txt'; % The nameluf file to save output data to

Qpr*xrrekriikiix End of Parameter inputs: Proceeding to calculations

kkkkkkkkkkkkkkkkkkkkhkkkkkkx

%First Step: Basic calculations and estimatiorhefdeterministic vital rate sensitivities

estiouts=[]; % The vétmto store output data

realmx = subs(symmx,Svr,realvrmeans); % Makingadrix of the mean numerical values
nmx = length(realmx); % Size oppmx.

nvr = length(realvrvars); % Numbewihl rates

[lambdas,lambdal,W,w,V,v]= eigenall(realmx); %dkigenall.m to get eigenvalues
sensmx = v*w'/(v*w); %eGsensitivities of matrix elements
vrsens = zeros(1,nvr); rfitidlize vital rate sens.
for xx=1:nvr % A loop to calculate sensitivity feach vital rate
% First get derivatives of elements with respeadtital rates:
diffofvr = double(subs(diff(symmx,Svr(xx)),Svr,lgemeans));
vrsensbyelements(:,:,xx) = diffofvr;
% Then, sum up to get row of total vital raeastivities:
vrsens(xx) = double(sum(sum(sensmx.*diffofvr)));
end; % xx

% Second Step: Calculate stochastic lambda amsétisitivities to the matrix element means
mx = realmx; % Set mx equal to the name of stom@pmatrix



vrcovmx = realcorrmx.*(sqgrt(realvrvars’)*sqrt(reatars)); % Make a covariance matrix
tau=(vrsens)*vrcovmx*(vrsens'); % tau as in Tuljgg@r (1991), but estimated by vital rates
% Estimate log(lambda_S), the log of stochastidida:

loglamS = log(lambdal) - 0.5*(1/(lambdal”2))*tau;

squloglamderivs=[]; % Here, we are define the tlateeage variables for the final calcs:
squVarsums =[];
squCorrsums = [J;

for ii=1:nvr % Loop to get the values needed tineste the derivatives: d(log(lambda_S))/d(vi)
kkllsum=0;
for kk=1:nvr
for Il = 1:nvr
dSldi =0;
dSkdi =0;
dSldi = sum(sum( sensmx.*double(subs(diff(diff(syr8wr(Il)),Svr(ii)),Svr,realvrmeans)) ));
dSkdi = sum(sum( sensmx.*double(subs(diff(diff(syr&vr(kk)),Svr(ii)),Svr,realvrmeans)) ));
for xx = 1:nmx
for yy =1:nmx
dSldi = dSldi + vrsensbyelements(xx,yy,ii)*sum(ssegder(mx,xx,yy).*vrsensbyelements(:,:,ll) ));
dSkdi = dSkdi + vrsensbyelements(xx,yy,ii)*sum(saegder(mx,xx,yy).*vrsensbyelements(:,:,kk) ));

end
end
kkllsum= kkllsum + vrcovmx(kk,)*(dSitirsens(kk) +dSkdi*vrsens(ll));
end
end
% The derivatives of log(lambda_S) with respgeatach vital rate:
loglamderivs(ii) =  vrsens(ii)/lambdal + ers(ii)*tau/(lambdal”3) - kkllsum/(2*lambdal”2);

% The square of each derivative, which mulpléth the variance in each rate in equation 2.
squloglamderivs(ii) = (loglamderivs(ii))"2;

% The sums that multiple with the variancethefvariances terms in equation 2:
squVarsums(ii) = (L/lambdal”4)*( sum( vrseijis{isens.*sqrt(realvrvars).*realcorrmx(ii,:)) )"2;

disp('The vital rate number and sensitivityagf(lambda_S) to this vital rate");
disp([ii,loglamderivs(ii)]);
end; %ii
% Finally, the matrix of values that multiple witte variances of correlations in equation 2:
squCorrsums = (1/lambdal”4)*((sqrt(realvrvars’)t@ealvrvars)).*(vrsens™*vrsens)).”2;
clear v1 v2 v3 v4 v5 Svr symmx; %making space imuoe/

% Third Step: estimate sampling variance in loglide S)for different sampling patterns
for ii = 1:length(insams(:,1))% Loop through eaet af sampling intensities
SamNs = insams(ii,:); % The vector of withiraysample sizes to use
for jj=1:nvr % A loop to use simutat to estimate the correlation of means and standa
if vrtypes(jj) ==1 % deviations in samglealues for beta-distributed variables:
mn = realvrmeans(jj);
va = realvrvars(jj);
v = mn*((mn.*(1-mn)/(va))-1); % cal@ik the beta parameters
ww = (1-mn).*((mn.*(1-mn)/(va))-1);
aa = betarnd(vv,ww,SamNs(jj),10000)D%w 10,000 sets of values



aavars = var(aa);
aaSD= sqgrt(aavars);
aameans=mean(aa);

aacov=cov([aaSD',aameans'));
vrvrvarcovs(jj) = aacov(1,2);
else vrvrvarcovs(jj)=0;
end;
betacorrcontribut(jj) = 2*vrvrvarcovs(jj)oglamderivs(jj).*(1/lambdal”2).*(sum( ...
vrsens(jj)*vrsens.*sqrt(realvrvars(jfyealcorrmx(jj,:)) );
disp('The vital rate number and, next limeta-value correlation contribution to variance");
disp(jj); disp(betacorrcontribut(jj));

end;
clear aa aavars aaSD aameans aacov; % maldog spmemory
for yy=1:length(yrsams); % Loop through the péng durations

yrs = yrsams(yy); % number of years of data

for xx=1:nvr %loop to estimate within-yesampling variances of each vital rate:

if vrtypes(xx) == 1; inyrvar(xx) =ak/rmeans(xx)*(1-realvrmeans(xx)); end; % binomial
if vrtypes(xx) == 2; inyrvar(xx) =ak/rmeans(xx); end; % using Poisson variance for
fecundities
end

% Next, estimate the total sampling varéafto mean values (equation A6):

meanvars = (1/yrs).*(realvrvars + inyrv@amNs);

% Then, the variances for the correctethnae estimates (equation A9):

correctedvarvars = (2*yrs/(yrs-1)"2)*readars.*(realvrvars + 2*(inyrvar./SamNs));

SDvars = (correctedvarvars./(4.*realvrvar® Transform correctedvarvars to get varianceSog
SDvars(isnan(SDvars)) = 0;

correlvars = (yrs/(yrs-1)"2)*(realcorrmx.f®)."2; % The variances of the correlations

% At Last, get the outputs:

% 1. The sampling variance in the estinsigeterministic log(lambda): this is also the

% sampling variance in log(lambda_S)agated by sampling variance of the mean vitakrate
DeterLogLamVar = sum(squloglamderivs.*measy;

% 2. Sampling variance of log(lambda_Spfjast variance in means and variances of vitalstat
VarLogLamVar = sum(squloglamderivs.*mears/+ squVarsums.*SDvars );

% 3. Sampling variance of log(lambda_Sifrariances of means, variances, and correlations,
%  but without the effects of beta gahte correlations

FullLogLamVar = sum(squloglamderivs.*mearsv& squVarsums.*SDvars +

0.5*sum(squCorrsums.*correlvars) );

and

% 4. The best of sampling variance of laghda_S) with the effects of beta variable coriahat
FullLogLamVarADDED = FullLogLamVar+sum(betarcontribut);

% Save the data: as now written, the ogtpte one row for each combination of sampling tiloma

% intensity. The columns of data are: damgpntensity for the first vital rate; sampling
% duration; sampling variance (SV) foratatinistic log(lambda); SV for log(lambda_S) frod S



% vital rate means and variances; SVdgflambda_S) from SV in means, variances, and
correlations;
% SV for log(lambda_S) from all sourcestjreated log(lambda_S) for the input parameterd; an
% estimated log(deterministic lambda).
estiouts = [estiouts;[SamNs(1) yrs DetgilamVar VarLogLamVar FullLogLamVar
FullLogLamVarADDED ...
loglamS log(lambdal) mean&ibvars |];
disp('The sampling intensity set, samptingation set, and sampling variance in log(lambdig,_S
disp([ii,yy, FullLogLamVarADDED]);
end; %yy
end; %ii
save(outputfilename, 'estiouts’,'-ASCII'); % Thisess a file with the data in estiouts
disp(DONE!);



