A Population Monitoring
Framework

for Five Subspecies of Island Fox

(Urocyon littoralis)

Prepared for

The Recovery Coordination Group
of the
Island Fox Integrated Recovery Team

Prepared by

Esther S. Rubin?, Vickie J. Bakker?, Murray G. Efford®,
Brian S. Cohen?, Jerre A. Stallcup®, Wayne D. Spencer?,
and Scott A. Morrison®

'Conservation Biology Institute
“University of California, Santa Cruz
3University of Otago, New Zealand
“The Nature Conservancy

June 2007



A population monitoring framework for five subspecies of island fox

Sponsored by

The Nature
Conservancy. 0

SAVING THE LAST GREAT PLACES ON EAR

Preferred citation:

Rubin, E.S., V.J. Bakker, M.G. Efford, B.S. Cohen, J.A. Stallcup, W.D. Spencer, and S.A.
Morrison. 2007. A population monitoring framework for five subspecies of island fox
(Urocyon littoralis). Prepared by the Conservation Biology Institute and The Nature
Conservancy for the Recovery Coordination Group of the Integrated Recovery Team.
145pp + maps + app.

i June 2007



A population monitoring framework for five subspecies of island fox

ACKNOWLEDGEMENTS

EXECUTIVE SUMMARY

1
1.1

Table of Contents

INTRODUCTION e et e e e

Background

1.1.1 Status of Channel Island Foxes
1.1.2 Island Foxes as an At Risk Island Species
1.1.3 Monitoring Planning Process

1.2

2
2.1

Monitoring Objectives

MONITORING PARAMETERS AND APPROACH ...............

Identification and Prioritization of Parameters

2.1.1 Parameters for Tracking Recovery
2.1.2 Additional Parameters to Guide Fox Management Decisions
2.1.3 Threats Monitoring

2.2

General Population Sampling Considerations

2.2.1 Key Biological Issues
2.2.2 Additional Constraints and Considerations

2.3

Overview of Potential Sampling Methods

2.3.1 Capture-Recapture Trapping
2.3.2 Radio Telemetry

2.3.3 Camera Stations

2.3.4 GPS Technology

2.3.5 Genetic Analyses

2.4

3
3.1
3.2

4
4.1
4.2
4.3

2-1
2-3
2-5
2-5

2-6
2-6
2-7

2-9
2-9
2-10
2-11
2-12
2-13

Development of Island-Specific Trapping and Survival Monitoring Protocols
2.4.1 Island-Specific Trapping Protocols
2.4.2 Island-Specific Survival Monitoring Protocols

DATA MANAGEMENT AND INTEGRATION.........oiiiinenntn.

Standardization of Databases

Integration of Fox Monitoring Data with Other Monitoring Data

A MONITORING PLAN FOR SAN MIGUEL ISLAND FOXES

San Miguel Island Foxes
Monitoring Objectives

Past and Current Monitoring

4.3.1 Summary of Past and Current Protocols
4.3.2 Representation Analysis of Current Trapping Protocols

2-14
2-19

il

June 2007



A population monitoring framework for five subspecies of island fox

4.3.3 The Ability of Existing Protocols to Meet Current Objectives

4.4 Monitoring Protocols on San Miguel Island
4.4.1 Feasibility Considerations for Monitoring
4.4.2 Candidate Trapping Protocols
4.4.3 Representation Analysis of Selected Candidate Trapping Protocols
4.4.4 Survival and Cause-Specific Mortality Monitoring

4.5 A Tiered Approach for Population Monitoring
4.5.1 Recommended Long-Term Trapping Protocols
4.5.2 Recommended Monitoring for Survival and Cause-Specific Mortality
4.5.3 Recommended Research Modules

5 A MONITORING PLAN FOR SAN NICOLAS ISLAND FOXES

5.1 San Nicolas Island Foxes
52 Monitoring Objectives

5.3 Past and Current Monitoring
5.3.1 Summary of Past and Current Protocols
5.3.2 Representation Analysis of Current Trapping Protocols
5.3.3 The Ability of Existing Protocols to Meet Current Objectives

54 Monitoring Protocols for San Nicolas Island
54.1 Feasibility Considerations for Monitoring
5.4.2 Candidate Trapping Protocols
5.4.3 Representation Analysis of Selected Candidate Trapping Protocols
5.4.4 Survival and Cause-Specific Mortality Monitoring

55 A Tiered Approach for Population Monitoring
55.1 Recommended Long-Term Trapping Protocols
5.5.2 Recommended Monitoring for Survival and Cause-Specific Mortality
5.5.3 Recommended Research Modules

4-7

4-9
4-10
4-12
4-14

4-14
4-14
4-15
4-16

5-1
5-4

5-4
5-4
5-6
5.7

5-10
5-10
5-10
5-13
5-14

5-14
5-14
5-15
5-15

6 A MONITORING PLAN FOR SANTA CATALINA ISLAND FOXES 6-1

6.1 Santa Catalina Island Foxes
6.2 Monitoring Objectives

6.3 Past and Current Monitoring
6.3.1 Summary of Past and Current Protocols
6.3.2 Representation Analysis of Current Trapping Protocols
6.3.3 The Ability of Existing Protocols to Meet Current Objectives

6.4 Monitoring Protocols for Santa Catalina Island
6.4.1 Feasibility Considerations for Monitoring
6.4.2 Candidate Trapping Protocols
6.4.3 Representation Analysis of Selected Candidate Trapping Protocols
6.4.4 Survival and Cause-Specific Mortality Monitoring

6.5 A Tiered Approach for Population Monitoring
6.5.1 Recommended Long-Term Trapping Protocols
6.5.2 Recommended Monitoring for Survival and Cause-Specific Monitoring
6.5.3 Recommended Research Modules

6-2
6-4

6-5
6-5
6-8
6-9

6-11
6-11
6-12
6-13
6-14

6-15
6-15
6-16
6-16

iv

June 2007



A population monitoring framework for five subspecies of island fox

7 A MONITORING PLAN FOR SANTA ROSA ISLAND FOXES
7.1 Santa Rosa Island Foxes
7.2 Monitoring Objectives

7.3 Past and Current Monitoring
7.3.1 Summary of Past and Current Trapping Protocols
7.3.2 Representation Analysis of Current Trapping Protocols
7.3.3 The Ability of Existing Protocols to Meet Current Objectives

7.4 Monitoring Protocols for Santa Rosa Island
7.4.1 Feasibility Considerations for Monitoring
7.4.2 Candidate Trapping Protocols
7.4.3 Representation Analysis of Selected Candidate Trapping Protocols
7.4.4 Survival and Cause-Specific Mortality Monitoring

7.5 A Tiered Approach for Population Monitoring
7.5.1 Recommended Long-Term Trapping Protocols
7.5.2 Recommended Monitoring for Survival and Cause-Specific Mortality
7.5.3 Recommended Research Modules

8 A MONITORING PLAN FOR SANTA CRUZ ISLAND FOXES
8.1 Santa Cruz Island Foxes
8.2 Monitoring Objectives

8.3 Past and Current Monitoring
8.3.1 Summary of Past and Current Monitoring Protocols
8.3.2 Representation Analysis of Current Trapping Protocols
8.3.3 The Ability of Existing Protocols to Meet Current Objectives

8.4 Monitoring Protocols for Santa Cruz Island
8.4.1 Feasibility Considerations for Monitoring
8.4.2 Candidate Trapping Protocols
8.4.3 Representation Analyses of Selected Candidate Trapping Protocols
8.4.4 Survival and Cause-Specific Mortality Monitoring

8.5 A Tiered Approach for Population Monitoring
8.5.1 Recommended Long-Term Trapping Protocols
8.5.2 Recommended Monitoring for Survival and Cause-Specific Monitoring
8.5.3 Recommended Research Modules

9 LITERATURE CITED AND REPORTS REVIEWED. ...............

7-1
7-3

7-4
7-4
7-5
7-5

7-7

7-7
7-9
7-10

7-11
7-11
7-11
7-12

June 2007



A population monitoring framework for five subspecies of island fox

LIST OF MAPS

Map 1-1
Map 4-1
Map 4-2
Map 4-3
Map 4-4
Map 4-5
Map 4-6
Map 4-7
Map 5-1
Map 5-2
Map 5-3
Map 5-4
Map 5-5
Map 5-6
Map 5-7
Map 6-1
Map 6-2
Map 6-3
Map 6-4
Map 6-5
Map 6-6
Map 7-1
Map 7-2
Map 7-3
Map 7-4
Map 7-5
Map 7-6
Map 8-1
Map 8-2
Map 8-3
Map 8-4
Map 8-5
Map 8-6

Channel Islands of California

San Miguel Island:
San Miguel Island:
San Miguel Island:
San Miguel Island:
San Miguel Island:
San Miguel Island:
San Miguel Island:
San Nicolas Island:
San Nicolas Island:
San Nicolas Island:
San Nicolas Island:
San Nicolas Island:
San Nicolas Island:

San Nicolas Island:

Existing Trapping Grids

Existing Trapping Grids in Relation to Vegetation
Existing Trapping Grids in Relation to Slope
Existing Trapping Grids in Relation to Ruggedness
Trapping Scenario A

Trapping Scenario B

Trapping Scenario C

Existing Trapping Grids

Existing Trapping Grids in Relation to Vegetation
Existing Trapping Grids in Relation to Slope
Existing Trapping Grids in Relation to Ruggedness
Trapping Scenario A

Trapping Scenario B

Trapping Scenario C

Santa Catalina Island: Existing Traps

Santa Catalina Island: Existing Traps in Relation to Vegetation

Santa Catalina Island: Existing Traps in Relation to Slope

Santa Catalina Island: Existing Traps in Relation to Ruggedness

Santa Catalina Island: Trapping Scenario A

Santa Catalina Island: Trapping Scenario B

Santa Rosa Island:
Santa Rosa Island:
Santa Rosa Island:
Santa Rosa Island:
Santa Rosa Island:
Santa Rosa Island:
Santa Cruz Island:
Santa Cruz Island:
Santa Cruz Island:
Santa Cruz Island:
Santa Cruz Island:

Santa Cruz Island:

Base Map

Vegetation

Slope

Ruggedness

Trapping Scenario A

Trapping Scenario B

Existing Traps

Existing Traps in Relation to Vegetation
Existing Traps in Relation to Slope
Existing Traps in Relation to Ruggedness
Trapping Scenario A

Trapping Scenario B

vi June 2007



A population monitoring framework for five subspecies of island fox

LIST OF TABLES AND TEXT BOXES

Table 1-1 Channel Islands of California: size and distance from the mainland.

Table 2-1 Monitoring goals for each island as stated and prioritized by island managers.

Table 5-1 Size of three trapping grids and dates trapped during 2000-2005.

Box 2-1. Example Of A Risk Isocline, With The Status Of A Hypothetical Population Plotted.

Box 2-2. Trapping Configurations Considered.

APPENDICES

A. Univariate Representation Analysis of Existing and Proposed Trapping Scenarios on San
Miguel Island

B. Univariate Representation Analysis of Existing and Proposed Trapping Scenarios on San
Nicolas Island

C. Univariate Representation Analysis of Existing and Proposed Trapping Scenarios on
Santa Catalina Island

D. Univariate Representation Analysis of Proposed Trapping Scenarios on Santa Rosa
Island

E. Univariate Representation Analysis of Existing and Proposed Trapping Scenarios on
Santa Cruz Island

F. Multivariate Analysis of Habitat Characteristics of Existing and Proposed Trapping
Scenarios on San Miguel Island

G. Multivariate Analysis of Habitat Characteristics of Existing and Proposed Trapping
Scenarios on San Nicolas Island

H. Multivariate Analysis of Habitat Characteristics of Existing and Proposed Trapping
Scenarios on Santa Catalina Island

l. Multivariate Analysis of Habitat Characteristics of Proposed Trapping Scenarios on Santa
Rosa Island

J. Multivariate Analysis of Habitat Characteristics of Existing and Proposed Trapping
Scenarios on Santa Cruz Island

K Monitoring Island Fox Populations by Trapping and Spatially Explicit Capture-
Recapture: Options for San Miguel Island

L Simulations of Trapping Regimes for Island Foxes on San Nicolas Island Using an
Island-wide Grid, and with Variations on the Present Grid Trapping

M Monitoring Island Fox Populations by Trapping and Spatially Explicit Capture—
Recapture: Options for Santa Catalina, Santa Rosa, and Santa Cruz

N Number of Radiocollared Individuals Required to Detect Eagle Mortality

Independent Statistical Review of the Monitoring Framework

vii June 2007



A population monitoring framework for five subspecies of island fox

Acknowledgements

This document was developed in response to the Technical Analysis Request (TAR) 2.1 issued
by the Recovery Coordination Group (RCG) of the Channel Islands Fox Integrated Recovery
Team (Recovery Team). It represents the effort of the Monitoring Task Force, formed in
response to TAR 2.1, to develop island-specific monitoring protocols for review by the
Population Modeling Technical Expertise Group (TEG), Wild Population Management TEG,
and Fox Health TEG, as well as land managers of the Channel Islands. As such, this framework
reflects a culmination of years of investigation, discussion, and planning by the Recovery Team,
its many dedicated participants, and all who have contributed to the understanding of this
species.

The following scientific advisors contributed specific analyses and guidance critical to
developing the monitoring framework: Deanna Clifford, U.C. Davis; Dan Doak, U.C. Santa
Cruz; Linda Munson, U.C. Davis; Eric Rexstad, University of St. Andrews, Scotland; Andy
Royle, USGS Patuxent Wildlife Research Center; and Winston Vickers, Institute for Wildlife
Studies (IWS).

We are also grateful to the following land managers for providing valuable input on objectives,
logistics, and multiple questions, and arranging for tours of the different islands: Tim Coonan,
National Park Service (NPS); Calvin Duncan, Santa Catalina Island Conservancy (SCIC); Kate
Faulkner NPS; Julie King, SCIC; Grace Smith, U.S. Navy; Rachel Wolstenholme, The Nature
Conservancy (TNC); and Lotus Vermeer (TNC).

We would like to acknowledge the direction and advice of the following RCG members: Peter
Schuyler, Chair; Carl Benz and Eric Morrissette of U.S. Fish and Wildlife Service (USFWS);
Brian Cypher, California State University, Stanislaus Endangered Species Recovery Program;
Carlos De la Rosa, SCIC; Dave Graber, NPS; Devra Kleiman, Zoo-Logic, LLC; Rebecca Shaw,
TNC; Dale Steele, California Department of Fish and Game; and Rosie Woodroffe, U.C. Davis.

Numerous others have assisted in this effort or provided review of this document, and we
gratefully acknowledge their input: Sandy Baldwin, U.S. Navy; Susan Coppelli, formerly NPS;
Colleen Cory, TNC; Mitchell Dennis, NPS; Lisa Drake, NPS; Jodi Fox, IWS; David Garcelon,
IWS; Darcee Guttilla, SCIC; Colleen Lynch, AZA Population Management Center; Robyn
Powers, San Francisco State University; Katherine Ralls, Smithsonian’s National Zoological
Park; Kara Randall, NPS; Gary Roemer, New Mexico State University; Tessa Smith, NPS; Frank
Starkey, SCIC; Hilary Swarts, U.C. Davis; Debbie Watson, NPS; and all those who have studied
and monitored island foxes in the past.

Finally, we thank The Nature Conservancy and the Santa Catalina Island Conservancy for
providing the funding to develop a monitoring framework that is foundational to the recovery
and management of this species. And we are grateful for the leadership of Kelly Brock and the
U.S. Navy, for commissioning an earlier monitoring planning effort for San Clemente Island
Fox; that process and analysis provided an important foundation for the work presented here.

viii June 2007



A population monitoring framework for five subspecies of island fox

Executive Summary

Island foxes (Urocyon littoralis) inhabit the six largest Channel Islands off the coast of southern
California, with a separate subspecies recognized on each island: San Miguel Island fox (U. I.
littoralis), San Nicolas Island fox (U. l. dickeyi), San Clemente Island fox (U. |. clementae),
Santa Catalina Island fox (U. |. catalinae), Santa Rosa Island fox (U. l. santarosae), and Santa
Cruz Island fox (U. |. santacruzae). Due to their limited geographic distribution and small
population sizes, foxes on all six islands have been listed as Threatened by the State of
California, and all subspecies except those on San Nicolas and San Clemente have been listed as
Endangered by the U.S. Fish and Wildlife Service (USFWS) due to recent precipitous population
declines and high risk of extinction.

Due to the persistent high risk of this island species, robust monitoring of fox populations and
their threats is a key component of recovery and long-term management. This document
presents a framework for population monitoring for five subspecies of island fox on San Miguel,
San Nicolas, Santa Catalina, Santa Rosa, and Santa Cruz Islands. A monitoring framework
previously developed for the U.S. Navy on San Clemente Island, in addition to years of
monitoring and research on all six islands, provided the foundation for the current effort. This
document thus represents the first comprehensive synthesis of monitoring data, objectives, and
protocols across multiple Channel Islands with foxes.

Sections 1-3 of this report describe the considerations and approaches used to identify specific
monitoring objectives, determine parameters to address these objectives, and develop protocols
to measure these parameters. Sections 4-8 present illustrative island-specific examples of
monitoring scenarios designed to address current monitoring objectives, but with different levels
of effort and precision. We provide at least two alternative trapping scenarios for each island,
along with expected precision (e.g., for resulting population estimates), effort required, and
estimated habitat representation. It is expected that island managers will tailor and adapt
protocols for on-the-ground use, based on their resources and priorities, understanding that there
is generally a trade-off between monitoring intensity and information value.

Monitoring Objectives and Parameters

This framework reflects the culmination of years of investigation, discussion, and planning by
the Island Fox Integrated Recovery Team, island managers, veterinarians, population modelers,
statisticians, and other scientists who have contributed to the understanding of this charismatic
species. The motivation for this effort was the recognition that monitoring objectives and
protocols have varied among islands and over time. Going forward, the monitoring objectives
for this framework address the essential core of information in which managers should invest,
recognizing logistical and monetary constraints and the inherent trade-offs for precision. These
objectives are:

1. Track recovery of fox populations relative to recovery criteria, which will be defined in
the Recovery Plan for this species developed by the USFWS.

2. Determine when delisting is warranted (as defined in the USFWS Recovery Plan).
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3. Guide island-specific management decisions such as those related to captive breeding,
vaccination, eagle removal, and management of human activities.

4. Refine parameter estimates for population viability analyses (PVA), and facilitate other
cross-island comparisons.

This framework incorporates the general philosophy of the Recovery Coordination Group
(RCG), which emphasizes close tracking of fox mortality rates to identify the presence and
intensity of the fox’s primary threats, namely eagle predation and disease, and to rapidly detect
new threats. Precise temporal-scale knowledge of mortality is vital for triggering management
actions to control these threats. Mortality rates, especially for adults, exert the greatest influence
on the risk of extinction for island foxes in population viability analyses, and observed mortality
rates can be used to accurately predict future risk. Population size estimates and general trends
in abundance can help corroborate conclusions regarding population status made from mortality
data. While other philosophical approaches emphasize precise estimates of population size and
abundance trends, our reliance on mortality rates derives from the commitment to monitor
mortality precisely and the relationship between mortality rates and population status.

Tracking Recovery

Based on this general philosophy, management goals of island managers, and further input from
population modelers and Technical Expertise Groups (TEG), the following monitoring
parameters were targeted for the purpose of tracking and determining recovery:

» Annual mortality rates at high precision (with associated cause-specific mortality
rates)—sufficient to detect an annual eagle-specific mortality rate of >2.5%,
averaged over 3 years.

= Population trend (or lambda [A]) at low to moderate precision, estimated from
annual population estimates or from population models.

* Annual population size, with 80% confidence interval.

In anticipation of a recovery plan for the island fox, the RCG, land managers, and population
modelers proposed recovery criteria, with the following related to monitoring:

1. Anisland fox population must have no more than 5% risk of quasi-extinction over a 50-
year period. This risk level must be based on the following:

= The risk of extinction must be calculated based on the lower 80% confidence
interval for a 3-year average of population size estimates, and the upper 80%
confidence interval for a 3-year average of mortality rate estimates.

= This risk level must be sustained for at least 5 years.
= Quasi-extinction is defined as a population size of <30 individuals.

2. Anisland fox population trend must be increasing so that the average population estimate
in year 5 is greater than that of year 1.

3. A golden eagle management strategy, approved by the land manager(s) charged with the
recovery of an island fox population, must include monitoring protocols able to detect an
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annual island fox mortality rate caused by golden eagle predation of >2.5%, averaged
over 3 years.

These components of the proposed recovery criteria, together with the RCG philosophy,
influenced the targeted precision of monitoring protocols in this framework, i.e., high precision
in mortality rates but greater flexibility in precision of population and trend estimates. This
framework provides protocols that estimate true population size (N), with an estimate indicated

by a “hat” (N ).
Guiding Management

Island managers identified the following additional parameters needed to guide management
decisions:

= Overall and cause-specific mortality rates by age and sex, to examine all causes of
mortality (all islands).

» Habitat-specific density (San Nicolas, Santa Rosa, Santa Cruz).
= Habitat-specific survival (Santa Cruz).
= Reproduction measured in terms of annual recruitment (San Miguel, Santa Rosa).

= Disease and health profiles, as sampled from all dead foxes and from a subset of
the living population, based on sampling protocols determined by the Fox Health
TEG (all islands).

Population Sampling Considerations

Experts involved in developing a previous island fox monitoring framework for the U.S. Navy
on San Clemente Island recommended trapping and radio telemetry as key components for
islandwide fox monitoring to address mortality rates and causes. Trapping also provides the best
means of estimating population sizes with known precision and confidence intervals. The use of
GPS collars provides an additional means of monitoring habitat use and, possibly, mortality. To
minimize stress to foxes, as well as labor and equipment costs, we recommend scenarios in
which both these objectives may, for the most part, be met with one annual trapping effort,
thereby making the best use of personnel resources and reducing disruption to foxes that might
occur from multiple trapping efforts.

In determining specific trapping protocols, we considered a wide range of factors, including the
ecology and behavior of the species, the logistical constraints on each island, and the selection of
feasible monitoring methods that can provide the desired measurements in the most efficient and
statistically robust manner. For island foxes, some key biological issues are their social structure
(and existence of territories held by monogamous pairs), their ability to inhabit essentially every
habitat type on the islands, and the timing of parturition. Access constraints on the islands, and
concern for animal welfare, limit the choice and design of sampling protocols. Steep and rugged
terrain, primitive road conditions or lack of roads, and large size of three of the islands make the
use of large trapping grids infeasible, and ecologically sensitive areas seasonally restrict access
to some areas for trapping.
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The choice of trapping protocols involves tradeoffs between desired precision, feasibility and
cost, and the extent of trapping; these, in turn, are influenced by the status of the population. For
large populations with high survival, the risk of quasi-extinction is low; that is, these populations
lie far from the 5% quasi-extinction isocline (Box ES-1). High precision in population estimates
may be less important in such cases, compared to populations with smaller N and/or higher
mortality, and managers may choose to reduce the extent of trapping and subsequently generate
population estimates with lower precision (i.e., with CV >20%), thereby reducing costs, efforts,
and potential risk and stress to foxes.

Our goal was to identify feasible trapping approaches for each island that would generate a
statistically robust estimate with adequate precision and representation of island habitats. We
provide recommended monitoring protocols that strive to estimate population size with a

coefficient of variation (CV) of <20% when feasible. CV( N ) 1s a measure of precision equal to
the standard error of the estimate divided by the estimate itself. There is flexibility in the
required precision of trend, and this level of precision will ultimately be decided by island
managers, in their decision on trapping protocols. Although one standardized sampling approach
across all islands would have been desirable, objectives and constraints differ somewhat across
islands. Therefore, island-specific protocols must be tailored accordingly. The key parameters
obtained from trapping should nevertheless be comparable among islands.

Box ES-1. Example of risk isoclines, with the status of a hypothetical
population plotted.

The combination of a population’s 3-year average size and mortality rate can be plotted to
determine the population’s status in relation to predetermined risk isoclines (shown here as
5, 10, and 30% risk isoclines). In this case, the population’s status (shown as a point
estimate along with 80% confidence intervals) is well below the isocline representing a 5%
risk of quasi-extinction over 50 years, indicating a low level of risk.

Mortality Rate
(3 yr average)

Population Size (3 yr average)
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