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6 A Monitoring Plan for Santa Catalina Island 
Foxes 

 
Santa Catalina, with an area of 194 km2, is the largest of the four southern Channel Islands and is 
the southern island located nearest the mainland (Laughrin 1973; Table 1-1, Map 1-1).  The 
island is approximately 35 km (22 miles) long and 13 km (8 miles) wide at its widest point, but it 
is <800 meters (0.5 mile) wide at the narrow isthmus near the town of Two Harbors (Laughrin 
1973; Map 6-1).  The narrow isthmus separates the island into the West End, comprising 16% of 
the island, and the East End, comprising 84% of the island (Kohlmann et al. 2003). 
 
The Santa Catalina Island Conservancy (SCIC) owns most of the island, which has a total human 
population of over 3,600, with most living in the incorporated city of Avalon and the remainder 
living in the unincorporated town of Two Harbors.  Because it is easily accessible from the 
mainland and offers a variety of recreational opportunities, Santa Catalina has the largest human 
population of all the Channel Islands and hosts up to a million visitors per year (Schoenherr et al. 
1999).  Although most human activity is concentrated in Avalon and Two Harbors, most interior 
portions of the island are accessible to visitors, and the perimeter shoreline is popular with 
visitors arriving by private boat.   
 
Ranching has been an important part of the history of Santa Catalina Island, with goats, cattle, 
horses, and sheep introduced in the 1800s, and pigs introduced in the 1930s (Schuyler et al. 
2002).  Although many of these were removed by 1972, goats and pigs still exist on the island 
(Laughrin 1973, Schoenherr et al. 1999).  In addition, American bison (Bison bison) and mule 
deer (Odocoileus hemionus) were introduced during the 1920s and 1930s (Lott and Minta 1983).  
Both species as well as other nonnative animal species, including blackbuck antelope (Antelope 
cervicapra) and feral cats, are still found on the island (www.catalinaconservancy.org, accessed 
January 22, 2007; Coonan 2003).   
 
Santa Catalina Island is topographically and botanically diverse, with elevations ranging from 
sea level to over 610 meters (2,000 feet, Laughrin 1973).  Due to complex topography created by 
numerous deep canyons and steep precipitous cliffs along the shoreline, this island is second 
only to Santa Cruz in the diversity of habitats it supports (Laughrin 1973).  Major vegetation 
communities on the island are: coastal sage scrub, representing 39% of the island and dominated 
by sage (Salvia apiana and S. mellifera), cacti (Opuntia spp.), lemonadeberry (Rhus integrifolia), 
and sugarbush (R. ovata), island chaparral, representing 30% of the island and dominated by 
chamise (Adenostoma fasciculatum), island scrub oak (Quercus pacifica), ceanothus (Ceanothus 
spp.), and island mountain mahogany (Cercocarpus betuloides var. blancheae), and grassland, 
representing 20% of the island and now dominated by nonnative grasses such as oats (Avena 
fatua), California brome (Bromus carinatus), and ripgut brome (B. diandrus, Schoenherr et al. 
1999, Timm et al. 2002; Map 6-2).  There are several freshwater sources including perennial 
springs, small streams, and man-made reservoirs on the island (Laughrin 1973). 
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6.1 Santa Catalina Island Foxes 
 
Foxes on Santa Catalina Island are classified as a unique subspecies (Urocyon littoralis 
catalinae; Moore and Collins 1995).  Fox populations on several of the Channel Islands, 
including Santa Catalina Island, have experienced periods of low density (Laughrin 1973).  
Catalina Island foxes were reported to be abundant in 1886, rare in 1893, and nearly extinct in 
1917 (Grinnell et al. 1937).  Fox numbers were reported to be very low in 1971, triggering the 
original classification of “rare” by CDFG (Laughrin 1973, 1980).  In 1972, 3 nights of trapping 
(60 trap-nights) produced only two captured foxes, and a search of the island produced little sign 
(Laughrin 1973).  Trapping in 1975 suggested a slight increase in abundance, but the researcher 
concluded that numbers were still low relative to densities on other islands (Propst 1975). 
 
In 1988 the population on Santa Catalina Island was still considered to be the most imperiled of 
the six populations of island foxes, and Garcelon et al. (1991) initiated a study to collect data on 
population densities, home range sizes, habitat use, diet, genetics, and disease.  Data collected in 
1989-1990 indicated that the population included a large proportion of juveniles compared to age 
structure observed on other islands, which could indicate high reproductive success and a 
growing population or relatively higher mortality among the older age classes (Garcelon et al. 
1991).  Densities on three trapping grids on the East End of the island indicated that fox densities 
varied across the landscape, possibly due to differences in habitat quality.  The three grids 
differed in fox density, and the density for each grid remained relatively stable during the 2 years 
(Roemer et al. 1994).  The population estimate was 1,342 in 1989-1990 (Roemer et al. 1994).   
 
Limited trapping (76 trap-nights) in 1998 suggested that densities on Catalina Island were much 
higher than those on the three northern Channel Islands (San Miguel, Santa Rosa, and Santa 
Cruz) and only slightly lower than on San Nicolas and San Clemente (Roemer 1999).  However, 
surveys conducted in 1999 and 2000 indicated that the fox population experienced a large 
(possibly >90%) decline apparently due to canine distemper virus (CDV) in 1999 (Timm et al. 
2002, Schmidt et al. 2004).  Foxes on the east end of the island suffered high mortality, with 
numbers plunging from an estimated 1,342 in 1989-1990 to an estimated minimum of 28 animals 
in 2000.  Meanwhile, foxes on the west side of the isthmus remained healthy, with no indication 
of CDV exposure, possibly due to limited fox movement across the isthmus due to high human 
density at Two Harbors (Timm et al. 2002).  
 
Following this disease outbreak, several recovery activities were implemented.  An island-wide 
trapping program was started to monitor distribution and abundance on the two sides of the 
island.  All captured animals were inoculated against CDV, and a vaccination efficacy study was 
initiated.  In addition, a captive breeding program and facility were established in 2001 (Timm et 
al. 2002).  The captive population was established and augmented with animals from the West 
End of the island, and offspring from the captive population were released on the East End.  In 
addition, a subset of animals captured on the West End was fitted with radiocollars, released on 
the East End, and monitored for survival, dispersal, and pair-bonding. 
 
Wild population abundance on Santa Catalina Island did not change noticeably from 2000 to 
2002, but the distribution of foxes on the island shifted during this period (Timm et al. 2002, 
Kohlmann et al. 2003).  Animals were translocated from the West End to the East End, West End 

 
Santa Catalina Island 6-2 June 2007 



A population monitoring framework for five subspecies of island fox 
 

animals were brought into captivity, and captive-born animals were released onto the East End.  
The island-wide estimate for 2002 was 215 animals, with 96 and 119 animals estimated in the 
East and West ends of the island, respectively (Kohlmann et al. 2003).  The West End comprises 
only 16% of the entire island, but supported 56% of all known live foxes on the island 
(Kohlmann et al. 2003).  Kohlmann et al. (2003) reported no differences in reproduction (pups 
per adult female) between the West End and East End, but age structure in the East End was 
more skewed toward young age classes, presumably as a result of the 1999 disease outbreak.   
 
A population viability analysis (PVA), conducted with the program VORTEX (Lacey 1993), 
indicated that the population was still at critically low levels in 2002, with significant risk of 
extinction, and that a recovery goal of at least 150 animals was needed on each side of the 
isthmus to minimize extinction risk (Kohlmann et al. 2005).  Results of the PVA also suggested 
that the rate of recovery on the East End of the island depended on translocations from the West 
End, and that the sustainability of source animals for these translocations depended on the West 
End supporting at least 150 animals (Kohlmann et al. 2005).  
 
By 2004, field data indicated that the East End subpopulation had reached the desired minimum 
of 150 foxes recommended by Kohlmann et al. (2003, 2005), and that the West End 
subpopulation was approaching this goal despite removal of animals for captive breeding and 
translocation to the East End.  The captive breeding program was therefore ended in December 
2004, and all captive animals were released into the wild (Schmidt et al. 2005).  By 2005, the 
island-wide estimate was 416 foxes, with 150 and 266 animals estimated on the West and East 
ends, respectively, and the East End still supporting a much lower density of foxes (1.9 
foxes/km2) than the West End (6.7 foxes/km2, J. King, SCIC, pers. comm.). 
 
Although Catalina Island foxes have reached the population size targeted by Kohlmann et al. 
(2003), several factors still threaten population persistence, including disease, feral cats, 
vehicular trauma, predation, and habitat changes due to invasive species, domestic livestock, and 
climate change.  As demonstrated by the near extirpation of the East End subpopulation, disease 
risk is a primary threat to all island fox populations, due to small populations, lack of disease 
resistance, and low genetic diversity (Wayne et al. 1991).  Introduction of novel diseases by dogs 
or other animals brought to the island by humans is a constant and serious risk, with foxes on 
Santa Catalina Island being at particularly high risk due to the high human population and 
associated large pet population. 
 
Foxes on Santa Catalina Island have also been afflicted by tumors of the ear canal.  The first 
cases were diagnosed in two foxes trapped during 2000-2001, with increased prevalence 
observed in 2002 and 2003 (Timm et al. 2002, Kohlmann et al. 2003, Schmidt et al. 2004).  The 
cause of the tumors is not yet understood but may be due to a genetic predisposition or an 
environmental carcinogen (Kohlmann et al. 2004).  Investigations are underway to better 
understand the etiology of this physical disorder (W. Vickers, IWS, pers. comm.).  
 
Feral cats were trapped during several surveys in the 1970s and, although their abundance, 
distribution, and relationship to fox population dynamics could not be determined, researchers 
speculated that feral cats could have negative impacts on the fox population (Propst 1975, 
Laughrin 1980).  In 1987, feral cats were considered one of the major threats to this population 
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(CDFG 1987).  Garcelon et al. (1991) reported that cats were present in high numbers in and 
around the town of Avalon; they speculated that cats competed with foxes for food sources and 
could potentially spread pathogens such as Toxoplasma to foxes.  During the 2000-2001 and 
2001-2002 fox trapping efforts, 48 and 49 feral cats were trapped, respectively (Timm et al. 
2002, Kohlmann et al. 2003).  Timm et al. (2002) suggested that even a slight overlap in diet 
could cause resource competition between cats and foxes, and that cats could serve as a disease 
vector.  They recommended investigating methods of cat removal.  Cats and foxes may also 
compete for den sites or they could indirectly compete for space (by displacement of foxes; 
Laughrin 1978).  Approximately 700 feral cats currently inhabit Catalina Island (D. Guttilla, 
CSU Fullerton, pers. comm.).  Research is currently being conducted to examine the ecology of 
feral cats on Catalina Island, including the effect of sterilization on home-range size and 
distribution (D. Guttilla, CSU Fullerton, pers. comm.). 
 
Collision with motor vehicles also poses a serious threat to Santa Catalina Island foxes, as 
evidenced by documented mortalities due to vehicular trauma among collared and uncollared 
foxes (Schmidt et al. (2004).  Four of five mortalities discovered in 2003 and at least two of 
seven carcasses retrieved in 2005 were attributed to car collision, with the majority of cases 
occurring on the paved road between the summit above Avalon and the airport (J. King, SCIC, 
pers. comm.).  A population viability analysis indicated that viability was sensitive to mortality 
among all age and sex classes (Kohlmann et al. 2005). 
 
Domestic dogs on Santa Catalina are also a significant threat to island foxes, by increasing the 
risk of introduced disease and predation on island foxes (Schmidt et al. 2004). 
 
Lastly, grazing by nonnative ungulates has negatively impacted Catalina Island’s foxes and may 
influence their abundance and distribution.  Propst (1975) noted that feral pig numbers were high 
in some parts of the island and may have influenced fox population size and distribution as a 
result of competition.  Although cattle and sheep have been removed from the island, a small 
number of domestic goats and pigs still persist, along with nonnative bison, mule deer, and 
blackbuck antelope (Schoenherr et al. 1999; www.catalinaconservancy.org).  Although there are 
hunting and removal programs to control numbers of mule deer and bison, respectively, surveys 
conducted in 2003-2004 suggested that there could be 1,048 deer and approximately 150-200 
bison on the island (Stapp and Guttilla 2006).  Grazing by these nonnative species has changed 
the composition and structure of the island’s plant communities (Schoenherr et al. 1999), which 
has likely altered fox habitat use and possibly increased their risk of predation.  In contrast to the 
northern islands, predation by golden eagles has not been observed on Santa Catalina Island). 
 
6.2 Monitoring Objectives 
 
As described in Section 2.1, the following monitoring objectives were identified for Santa 
Catalina Island: 
 
Parameters for tracking recovery 

 Annual estimate of island-wide population size, with an 80% confidence interval.  The 
point estimate should ideally have a coefficient of variation (CV) of ≤20%. 
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 Estimate of total and cause-specific annual mortality rates.  Mortality monitoring should 
be sufficient to detect an annual rate of eagle predation of 2.5% or greater, averaged over 
3 years.  In addition, these data should provide a means of surveying for disease and 
facilitate health research.  

 Trend in population size estimated either from annual abundance or from population 
models.  This estimate has no targeted precision; rather the precision of the trend estimate 
will be determined by the precision of the population estimates and possibly by precision 
of mortality rates. 

 
Parameters for island-specific management decisions  

 Cause-specific mortality rates by age and sex, considering all causes of mortality.   

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

 
6.3 Past and Current Monitoring 
 
6.3.1 Summary of Past and Current Protocols 
 
Laughrin (1980) initiated the first quantitative study of island foxes on Santa Catalina Island in 
1972 to examine habitat use and relative abundance, diet, and factors affecting population 
viability.  Foxes were trapped in three transects set along roads, each with 10-20 traps spaced at 
320-meter (0.2-mile) intervals (Laughrin 1973).  Traps were set in coastal sage scrub, woodland, 
chaparral, and riparian habitats (Laughrin 1980).  A measure of trap success was used as a 
relative index of abundance, and fox density was estimated for each transect by assuming that the 
transect sampled an area 800 meters (0.5 mile) wide (Laughrin 1973).  An attempt was made to 
extrapolate this value across the entire island but, due to the “unreliability of density estimates 
and inappropriateness of applying these estimates to the entire island, a determination of 
population size was abandoned” (Laughrin 1973).  While foxes on five of the islands were 
abundant and widespread, fox abundance on Santa Catalina Island in 1972 was very low, with 
limited sign observed and only two foxes captured during 60 trap-nights (Laughrin 1973).   
 
Santa Catalina Island was sampled again in 1975, with a more intense trapping effort along 
approximately 88 kilometers of transects (Propst 1975).  Traps were placed in a wide range of 
vegetation types, excluding sea bluffs, dune grassland, or marine meadow habitat types, with 
most sampling occurring in coastal sage scrub, the predominant vegetation community on the 
island (Propst 1975).  Traps were set 160-320 meters apart and trapped for 2-3 days (Propst 
1975).  Results provided a relative index of fox abundance, in the form of trap success, for 
sampled sections of the island.   
 
During 1988-1991, Garcelon et al. (1991) established three trapping grids on the East End to 
gather data on density, home ranges, diet, habitat use, genetic variability, and exposure to 
disease.  The original intent was to establish grids in different vegetation types; however, 
because vegetation communities on Santa Catalina are diverse and interspersed with each other, 
it was not possible to set a grid in a single homogenous vegetation type.  Therefore, each of the 
three grids (Haypress, Cactus Peak, and Wrigley Ranch) included multiple vegetation types, 
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including grassland, oak woodland, chaparral, coastal sage scrub, and riparian areas (Garcelon et 
al. 1991, Roemer et al. 1994).  Grids included 66 traps (6x11 traps), set 250 meters apart.  
Trapping duration was 6-7 consecutive nights during May-August in 1989 and 1990 (Garcelon et 
al. 1991, Roemer et al. 1994).  Blood samples were collected for disease, health, and genetic 
screening (Garcelon et al. 1991).  Twelve foxes captured on Haypress were radiocollared to 
obtain data on home ranges and diel activity patterns (Garcelon et al. 1991).  Collared animals 
were relocated during three daily time periods, and activity was determined by direct visual 
observation or signal modulation.   
 
Data obtained from this study included trap success, age structure, sex ratios, weights and body 
condition, and reproductive success (as indexed by the number of females showing signs of 
lactation or pregnancy).  Home range size was estimated for animals with ≥10 locations using the 
minimum convex polygon method (Mohr 1947).  Population size was estimated for each grid 
using the program CAPTURE (White et al. 1982) and Chapman’s modification of the Lincoln-
Petersen method (Seber 1982), with the latter method included as a comparison method because 
model selection in the program CAPTURE may not be robust with small sample sizes (Garcelon 
et al. 1991).  For the Lincoln-Petersen method, animals captured during the first 3 days were 
“marked,” and the last 3-4 days were considered the recapture period (Garcelon et al. 1991).  
Density was estimated from D = N/Aw where Aw is the effective trapping area obtained by 
adding a boundary strip of width W to the area of the grid, with W estimated as half the mean 
maximum distance moved (MMDM) between traps (Dice 1938, Wilson and Anderson 1985, 
Garcelon et al. 1991).  An island-wide population estimate was generated by extrapolating grid-
specific density estimates to the entire island.  The composition of various vegetation 
communities (referred to as habitat types in Roemer et al. 1994) on each grid was compared to 
the composition of corresponding vegetation types on the island, and “…fox density from each 
grid was then multiplied by the appropriate habitat area for each island, yielding an estimate of 
the number of adults.”  Urban, barren, and cultivated areas were omitted from the calculations 
(Roemer et al. 1994). 
 
In 1998, foxes were trapped along transects on Santa Catalina Island and the five other islands as 
part of a cross-island comparison of density (Roemer 1999).  Traps were set approximately 200 
meters apart, for 6 nights, for a total of 76 trap-nights.  Trap results were presented as trap 
success. 
 
After a large population decline due to an outbreak of CDV in 1999, Timm et al. (2002) initiated 
an intensive trapping program to estimate relative abundance and distribution of foxes and to 
compare population dynamics on the West and East ends of the island.  In addition, data were 
collected on juvenile dispersal, coarse-scale habitat use, and apparent survival (Timm et al. 
2002).  Trap transects were located along ridgelines, roads, and trails in an attempt to sample as 
many parts of the island as possible, with the exception of rugged and steep areas (Timm et al. 
2002).  Trap spacing averaged 320 meters on the West End of the island, with larger and variable 
inter-trap distances on the East End, where fox density was low after the 1999 population 
decline.  Blood samples were collected for disease screening as part of a CDV vaccination 
efficacy study (Timm et al. 2002). 
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As part of a translocation study investigating the effectiveness of translocating young foxes from 
the West End to the East End, the survival of 20 collared foxes was also monitored via radio 
telemetry.  The study group comprised ten translocated animals and ten non-translocated 
animals.  Collars were equipped with mortality sensors, and signals were monitored at least three 
times a week for the first month and then once weekly to assess survival and general locations 
for 1 year (Timm et al. 2002).  A subset of foxes included in the CDV vaccination efficacy study 
on the West End was also collared and monitored for survival (Timm et al. 2002). 
 
This trapping effort, conducted at various times of the year from September 24, 2000 through 
October 3, 2001, provided data on sex ratios, age structure, relative indices of density for the 
West and East ends of the island (in the form of trap success), an index of reproduction (number 
of fox pups captured), general locations of translocated individuals, general health and condition 
of captured foxes, including CDV titers, and survival data on a subset of the animals (Timm et al. 
2002).  Minimum island-wide abundance estimates were generated based on a minimum number 
of animals known to be alive during the trapping period; however, Timm et al. (2002) suggested 
that this estimate may be biased, as habitat quality and fox density varied across the island. 
 
During 2002-2006, fox research on Catalina Island generally followed the above methods to 
monitor the relative abundance and distribution of foxes on the West and East ends of the island, 
track survival and cause-specific mortality of animals translocated from the West End to the East 
End (in 2002), and track the health and survival of individuals included in vaccine efficacy 
studies (Kohlmann et al. 2003, Schmidt et al. 2004, J. King, SCIC, pers. comm.).  Approximately 
605 traps were set along transects of 55 traps each, for a total of 2,420 trap-nights (J. King, 
SCIC, pers. comm.).  Inter-trap distance varied slightly between years (Kohlmann et al. 2003), 
with an average inter-trap distance of approximately 250 meters in 2005 (J. King, SCIC, pers. 
comm.).  Additional focused trapping was conducted as needed, to replace collars or to check on 
an animal’s health (Kohlmann et al. 2003, Schmidt et al. 2004).  As part of ongoing health 
monitoring and the CDV vaccination efficacy study, animals were vaccinated, blood samples 
were collected from all captured individuals, and feces were collected from trap boxes 
(Kohlmann et al. 2003).  In addition, a study on ear-tumors has been conducted during recent 
years (and is continuing today), and all foxes found dead have been submitted for pathology at 
UC Davis (Schmidt et al. 2004, W. Vickers, IWS, pers. comm.). 
 
In 2002, 41 animals were monitored on the East End.  Twelve of these had been translocated 
from the West End to the East End, and the remainder were animals released the previous year 
(Kohlmann et al. 2003).  Signals were monitored daily for 1 month after release, and then weekly 
thereafter.  Signals were monitored via ground or aerial telemetry.  Exact fox locations were 
obtained during ground tracking, and approximate locations were obtained via triangulation in 
other cases (Kohlmann et al. 2003).  In 2003, no animals were translocated, but 57 collared foxes 
(>20% of the wild population) were monitored for survival, cause-specific mortality, and general 
space use (Schmidt et al. 2004).  Capture histories on 188 individually-identified foxes were used 
to estimate survival, using known fate models in program MARK (Kohlmann et al. 2003). 
 
Trap success was used as an index of abundance among parts of the island, and MNKA was 
calculated (Kohlmann et al. 2003, Schmidt et al. 2004, J. King, SCIC, pers. comm.).  Assuming 
an effective trap radius of 500 meters around each trap, 79% and 70% of the West End and East 
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End, respectively, were sampled (Kohlmann et al. 2003, Schmidt et al. 2004).  This estimate was 
used in combination with the MNKA to generate an island-wide population estimate.  The 500-
meter radius was based on approximate home range size for foxes on San Clemente Island and 
translocated foxes on Santa Catalina Island (Schmidt et al. 2004).  In addition, a 1-km2 grid was 
overlaid over the island and, based on the number of individual foxes captured in each grid cell, 
a mean and standard deviation of fox density was generated (foxes per km2), which were used to 
extrapolate over unsampled areas.  Population size was estimated by adding the number of foxes 
trapped (MNKA) to the number estimated as being in the unsampled areas (Schmidt et al. 2004). 
 
6.3.2 Representation Analysis of Current Trapping Protocols 
 
To determine how well existing trapping layouts sample habitat variability on the East and West 
ends of the island, we conducted univariate and multivariate representation analyses (Appendices 
C and H).  The current trapping effort samples approximately 79% and 84% of the East and West 
ends, respectively, assuming a 600-meter effective trap radius.   
 
Trapped areas (specific to either the East or West ends) differ statistically in slope, ruggedness, 
distance to the shoreline, and vegetation (Maps 6-2, 6-3, and 6-4) from the island as a whole.  In 
addition, they differ in distance to freshwater on the East End and in distance to developed areas 
on the West End.  Although statistically significant, it is not known if these differences are 
biologically significant or would influence accuracy of trapping analyses, as some differences 
are small relative to documented fox movement patterns (e.g., distance to freshwater or to 
developed areas) or seem irrelevant given the small absolute difference (e.g., slope and 
ruggedness; Appendix C).  Although there was a statistically significant difference in vegetation 
composition between trapped and island-wide areas, vegetation representation is relatively good, 
in particular on the East End (Appendix C).  The greatest bias on both ends of the island may be 
caused by under-representation of areas near the shoreline. 
 
Mean principal component (PC) scores for trapped areas also differ from those for the entire 
island.  On the East End, current trapping locations under-represent dry, remote, steep shoreline 
and modestly over-represent remote and gentle terrain.  All other habitat types are well-
represented by current trapping.  While the transects sample vegetation types in rough proportion 
to their occurrence, trap locations within each vegetation type under-sample steep shoreline, 
favoring locations with gentler terrain that is closer to interior lands and development than 
random points. 
 
On Santa Catalina Island’s West End, transect trapping under-represents steep and remote habitat 
and modestly over-represents interior habitat and habitat close to development.  Existing 
transects sample vegetation types in rough proportion to their occurrence.  Trapping in both 
grassland and chaparral vegetation types is representative of island-wide habitat characteristics.  
In the remaining vegetation types, trapping locations are biased in their habitat characteristics 
consistent with overall patterns of bias. 
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6.3.3 The Ability of Existing Protocols to Meet Current Objectives 
 
This section discusses the adequacy of existing protocols to address current monitoring 
objectives (Section 6.2).  We recognize that previous protocols may not have been designed to 
address the same set of objectives.  Our summary is intended to indicate where refinements can 
be made to better address current monitoring objectives, rather than to critique previous study 
designs. 
 
Population size 
 
Although past field data have been used to generate an island-wide population estimate, several 
shortcomings limit the accuracy and precision of these estimates: 

1. Current trapping is along transects which can provide relative abundance indices in the 
form of trap success.  However, transect sampling typically is not used to generate 
density estimates using traditional mark-recapture analysis methods and, in general, data 
from transect sampling do not provide estimates of abundance or density as precisely as 
grid trapping data.  A primary shortcoming of transect trapping is the difficulty of 
estimating effective trap area around the transect (Spencer et al. 2006, Schmidt and 
Garcelon 2003).  However, we recognize the challenge of trapping grids on steep and 
rugged terrain, and suggest that transect sampling may be necessary.  Fortunately, newly 
developed methods of spatially explicit capture-recapture analysis (Efford 2004) should 
allow use of modified transect configuration on large rugged islands (Section 6.4.2).   

2. Grids trapped during 1989-1999 would likely also provide an inadequate estimate for the 
entire island.  Because each grid represented several different combinations of vegetation 
communities, and collectively the three grids did not adequately represent vegetation 
variability on the island, extrapolation to the remainder of the island is problematic.   

3. The use of a 1-km2 grid overlaid on the island to extrapolate density to unsampled parts 
of the island may be problematic.  It is not clear if this approach corrects data for capture 
effort per grid cell.  That is, a cell including several traps might be weighted the same as 
a cell with only one trap.  This approach also appears to assume that all foxes present in 
the cell would be captured rather than accounting for capture probabilities using 
traditional mark-recapture methods.  This method, as currently used, does not take into 
account different densities in different habitat and does not include a way of estimating 
sampling error.  These shortcomings were also recognized by Kohlmann et al. (2003).  

4. Current transect trapping may be biased in terms of representation of some habitat types 
on the island.  For example, the existing protocol tends to under-sample areas near the 
shoreline (Appendices C and H).  This may be the case for any feasible trapping protocol, 
because shoreline areas may be too steep and rugged to safely trap.  We therefore suggest 
that research on habitat use and selection be conducted to better understand whether 
over- or under-sampling certain habitat types may bias density estimates.   

5. The current trapping protocol is labor-intensive and costly, approaching an island census 
rather than an estimate based on sampling methods.  Kohlmann et al. (2003) suggested 
that randomized sampling, stratified by habitat types and possibly using mark-recapture 
techniques, would be more efficient and robust. 
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Survival and cause-specific mortality rates   
 
Although annual capture data on marked animals can be used to estimate apparent survival rates, 
they don’t reveal mortality causes or distinguish emigration from death, and they do not facilitate 
immediate management response in the event of a disease outbreak or sudden increase in other 
forms of mortality.  Tracking radiocollared foxes can help rectify these shortcomings, but several 
factors may limit the ability to generate robust estimates of survival and cause-specific mortality 
using previous methods: 

1. The time period for tracking may be inadequate.  Garcelon et al. (1991) tracked a small 
number of radiocollared animals, but the transmitters had a limited life-expectancy (8-9 
months).  Unless foxes are recaptured to replace collars, or battery life of collars is 
extended, incomplete information on survival patterns results. 

2. Small sample sizes of collared and monitored animals do not provide adequate 
surveillance for disease.  Timm et al. (2002) suggested that sample sizes may have been 
too small to detect diseases or to adequately represent incidences of road kills.  
Kohlmann et al. (2003) also commented that sample sizes (at that time representing about 
18% of the population) may be a limiting factor.  We suggest, however, that 18% could 
be adequate, depending on the absolute number of collared animals, how collared 
animals are geographically distributed, and the intensity of monitoring.  

3. Radiocollared foxes may not be representative of the entire population.  Garcelon et al. 
(1991) radiotracked foxes from only one grid (Haypress), which may not have 
represented island-wide survival patterns.  Many of the collared animals monitored after 
the 1999 disease outbreak were foxes translocated or released from captivity, rather than 
a random sample of the population (Kohlmann et al. 2003).  In addition, many 
radiocollared animals were captured along road transects, which could have biased 
estimates of survival and mortality rates if animals living near roads had a higher 
probability of being hit by a car.  Finally, reflective tape was applied to collars after the 
disease outbreak, which could affect predation rates or chances of being hit by a vehicle, 
thus biasing estimates of cause-specific mortality.  

4. Radiocollaring and monitoring animals on Santa Catalina Island has not been continuous, 
so there are no long-term data on survival to allow for yearly comparisons.  To satisfy 
current monitoring objectives, radiocollared animals should be monitored continuously 
during all times of the year. 

5. Survival monitoring may not be frequent enough to determine causes of death.  
Kohlmann et al. (2003) noted that it was difficult to monitor collared foxes once per 
week, due to limited resources (personnel hours and/or vehicles), other field 
responsibilities, and difficult access in parts of the island.  Pathologists recommend that 
animals be checked multiple times per week to increase the chance of recovering 
carcasses before decomposition, to allow meaningful necropsy results.    

 
Trends in population abundance or density   
 
The extensive transect trapping that occurs every year on Santa Catalina Island may provide a 
useful index of changes in density.  It is even possible that a less intensive effort could provide 
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such an index, with trap success providing an index of relative abundance over time.  However, 
several aspects of the trapping protocols must be standardized to make year-to-year data 
comparable: 

1. Trap success alone should not generally be used as an index but instead should be 
corrected for capture probability. 

2. The location and spacing of traps have not been standardized across all years.  For 
example, in past years, trap spacing averaged 320 meters on the West End but was more 
variable and larger on the East End (Timm et al. 2002, Kohlmann et al. 2003), while 
inter-trap distances on the West End changed from 320 meters in 2000-2001 to 250 
meters in 2002.  Most reports (e.g., Schmidt et al. 2004) do not show trap locations, but 
changes in inter-trap distances suggest that trap locations were altered between years.  
Standardized transects should be trapped at the same locations every year, with the same 
inter-trap distances, because inter-trap spacing can influence capture probabilities.   

3. It is not known if transacts are trapped according to a standardized schedule during the 
annual trapping period.  Transects should be trapped at the same time every year and, 
ideally, the trapping period should be standardized among islands. 

4. It is not known if all protocols, such as the time of day traps are opened, checked, and 
closed, types of bait, and types of traps, have been kept constant across years.  Protocols 
should remain constant as much as feasible to reduce confounding factors in trend data. 

5. Sampling is not distributed across the island to represent all habitat types and geographic 
areas.  We recognize that this will likely be impossible with any feasible trapping 
protocol, due to Santa Catalina Island’s rugged and steep terrain.  We therefore suggest 
that (a) an attempt is made to distribute trapping across the island, whether by random or 
stratified placement, and (b) habitat use and selection studies be conducted to determine 
if under- or over-representation of certain habitat types introduces biases into trend 
analysis (see Section 6.5.3).   

 
6.4 Monitoring Protocols for Santa Catalina Island 
 
6.4.1 Feasibility Considerations for Monitoring 
 
Section 2.2.2 outlines general constraints and considerations related to field protocols that pertain 
to all islands.  In addition to those general constraints of access, timing, weather, animal welfare, 
and cost, monitoring on Santa Catalina Island must consider the following specific issues: 

1. The island contains extensive areas of rugged and steep terrain, which make fieldwork, 
especially trapping, hazardous to personnel and foxes (Maps 6-3 and 6-4).  
Approximately 54% and 74% of the East End and West End, respectively, has terrain 
with slopes greater than 30% (16.7°), which, according to NPS management, is the 
maximum steepness feasible for field work. 

2. Although there is a fairly extensive system of roads and trails, the island’s large size 
constrains some monitoring activities, such as daily signal checks from the ground.  
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3. Large numbers of visitors are present during some seasons, and it is not possible to safely 
set traps in areas of high public use.   

 
6.4.2 Candidate Trapping Protocols 
 
There are two options for trapping protocols on Santa Catalina Island (Section 2.4.1):  island-
wide random trapping and transect-based trapping using multiple small trapping units. 
 
We first evaluated the feasibility of island-wide random trapping.  Although we did not 
specifically analyze this method on Santa Catalina Island, analyses conducted on San Miguel, 
San Nicolas (Appendices K and L), and Santa Cruz (data not shown) suggested that this method 
would not be feasible on the three larger islands (Santa Catalina, Santa Rosa, Santa Cruz). 
 
We therefore explored the use of transects, which are more practical in rugged and steep terrain 
than grids (Appendix M).  Simulation results indicate that parallel paired lines (referred to here 
as units) produce better results than single straight lines with the same number of traps and 
spacing.  Therefore, we evaluated the number of units, with dimensions of 2x6 traps spaced at 
200 meters and trapped for 6 nights, that would be needed to obtain adequate precision 
(Appendix M).  Given a particular trap layout and duration, resulting precision depends largely 
on the number of recaptures.  Recaptures, in turn, are determined by the density of foxes and 
their behaviors which influence detection by the sampling system.  Program DENSITY models 
these behaviors using two detection parameters to describe movement patterns and capture 
probabilities when encountering traps (Efford 2004, Efford et al. 2004, Appendix K).  
Simulations were run at a range of densities, and detection parameters were set at a range of 
plausible values as well as a best estimate of detection scenarios, generated by V. Bakker using 
actual trap data from multiple years and multiple islands, and the program DENSITY.  Data 
archives from the many years of field work on the various islands provided a valuable resource 
for identifying these best estimates. 
 
Simulation results suggest that 33 recaptures would be necessary to obtain a mean CV( ) = 
20%, and that 40 recaptures would further assure that this precision was obtained in most runs 
(Appendix M).  Based on simulations, Figure M-7 in Appendix M indicates the precision 
expected at varying densities, when different numbers of units are trapped, with CV( ) = 20% 
representing approximately 33 recaptures, while Figure M-4 shows the number of units required 
to obtain 40 recaptures at varying densities.  The latter therefore provides a more conservative 
goal, which would assure a CV( ) ≤20%.  Our goal was to identify logistically feasible 
scenarios that would obtain at least 33 recaptures and, based on number of expected recaptures, 
we estimated expected precision with the equation CV( ) = 0.894m

D̂

D̂

D̂

D̂ -0.297-0.116, where m = the 
number of recaptures (Appendix M).   
 
Simulation results suggested that adequate precision (CV( ) ≤20%) could be obtained at current 
densities (West End and East End estimates of 6.7 and 1.9 foxes/km

D̂
2, respectively) if a total of 

22 units were trapped, with six on the West End and 16 on the East End.  If densities on the West 
and East ends fall to 2.0 and 1.0 foxes/km2, respectively, precision of the density estimate would 
likely decrease, with CV( ) on the West End likely increasing to over 25% and CV( ) on the D̂ D̂
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East End increasing to approximately 25%.  We propose this scenario as Santa Catalina Island 
Trapping Scenario A.  We produced a suggested map of this scenario by placing (and orienting) 
the 22 units randomly on the island, with the following rules:  (a) Units must originate on or near 
a road, (b) units must be ≥1,500 meters apart to reduce the chance of an individual fox moving 
between grids, (c) units could not be placed in areas of high human activity such as popular bays 
and campgrounds, or on leased lands, and (d) trap locations should avoid steep slopes [i.e., ≥30% 
(16.7°) slope] to reduce risks to field personnel (Map 6-5).  Although it is possible to place units 
closer to each other, maintaining at least 1,500 meters between units eliminates the need to 
account for inter-unit movements, and the nearly “regular” spacing of units that results from this 
spacing rule approaches a systematic sample which should have reduced sampling variance. 
 
If densities decrease and remain at low numbers, it would be desirable to have more trap units to 
maintain adequate precision.  We therefore increased the number of units on the East End to 20 
units.  However, it was difficult to place more than six random units on the West End, due to its 
small size, subject to the inter-unit distance constraints.  The resulting scenario (6 units on the 
West End and 20 on the East End) will therefore provide a higher precision (CV( ) = 22%) on 
the East End if density were to fall to 1.0 fox/km

D̂
2.  We propose this scenario as Santa Catalina 

Island Trapping Scenario B (Map 6-6), with units located in the same manner as for Scenario A. 
 
There is no correct answer on scenario choice, and variations of the two scenarios defined above 
are possible.  The final choice will depend on the trade-off between effort expended and desired 
precision, which will depend in part on population density and recapture rates.  At current 
densities, Scenario A with 1,584 total trap-nights will provide good precision.  Although the total 
number of trap-nights in Scenario A is lower than in the existing protocol (2,420 trap-nights), 
some units may require increased effort because some traps will now be farther from the road.  If 
this level of effort is deemed impractical, random units could be eliminated to reduce effort, but 
with reduced precision.  For example, if the number of units on the East End were reduced from 
16 to 12, a density estimate with a CV of approximately 24% would result for that end of the 
island, at current fox densities (Appendix M).  We developed Scenario B, with a total of 1,872 
trap-nights, as an option that would provide more precise estimates if population density 
decreased.  In that respect, Scenario B provides more flexibility for a range of densities.   
 
The expected precision of any of these three scenarios could be increased by increasing the 
number of nights trapped; however, this may be detrimental to foxes that are caught repeatedly.  
Trap-happy behavior may create a challenge with any trapping regime for this species and could 
bias estimates to an unknown degree and possibly reduce precision slightly.  Use of maximum 
likelihood methods, currently being incorporated into program DENSITY, will make it possible 
to include a learned response in the model; however, further analyses would be necessary to 
properly model this behavior in island foxes (M. Efford, pers. comm.).  
 
6.4.3 Representation Analysis of Selected Candidate Trapping Protocols 
 
To determine how well selected candidate trapping protocols represent habitat variability on the 
island, we conducted representation analyses using both univariate and multivariate techniques 
and compared the two candidate protocols (Scenarios A and B) to habitat variability in island-
wide areas and those sampled by existing protocols (Appendices C and H).   
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Univariate analyses (Appendix C) indicate that, in general, existing protocols sample habitat 
variability on the island more effectively than Scenario A and B, no doubt due to the larger 
proportion of the island sampled.  Scenarios A and B sample only 28% and 35% of the East End, 
respectively, while each samples 50% of the West End.  In contrast, existing protocols sample 
about 79% and 84% of the East and West ends, respectively, if a 600-meter effective trap radius 
is assumed (Appendix C).  Univariate analyses suggest that Trapping Scenario B tends to sample 
the island more adequately than Scenario A.  Statistically, areas sampled by all three trapping 
scenarios (including existing protocols) differ from random points on the island for all habitat 
measures examined, with the exception of distance to paved roads and developed areas on the 
East End of the island under existing trap protocols.  However, as discussed in Appendix C, 
statistical differences may not indicate biologically relevant differences.  For example, statistical 
differences were found in slope and ruggedness, but absolute differences were small and may not 
influence trapping results.  However, under-sampling of some areas, such as areas close to the 
shore, may bias trapping results if fox density is different close to the shore than in other areas.  
Increasing sampling in some areas, such as close to the shore, will remain problematic, however, 
due to logistic and safety issues, and this will likely mean that any logistically feasible protocol 
will also sample areas that area less steep and less rugged than island-wide areas.   
 
Multivariate analyses (Appendix H) indicate that, on the East End of the island, both existing and 
proposed trapping scenarios under-sample the island’s steep escarpment far from development.  
Proposed scenarios also significantly over-sample areas far from paved roads and development, 
regardless of slope and ruggedness.  Scenario A represents the multivariate attributes of the 
island modestly better than Scenario B.  On the West End of the island, existing and proposed 
trapping scenarios again under-sample steep terrain far from development, with the proposed 
scenario more substantially biased in this regard.  Existing transects over-sample rugged interior 
habitat, while the proposed scenarios over-sample gentle remote interior.  Biases in multivariate 
habitat sampled by proposed scenarios likely result from logistical constraints placed on trap unit 
location to ensure feasibility of the trapping effort.   
 
We suggest that future research be focused on fox habitat use and selection to test whether 
under- or over-sampling certain habitat characteristics is expected to bias trapping results.  
Density and demographic rates in disproportionately-sampled habitat types should be compared 
to overall island-wide patterns to ensure that monitoring program results are not biased.   
 
6.4.4 Survival and Cause-Specific Mortality Monitoring  
 
Due to the large size and rugged terrain of Santa Catalina Island, frequent ground monitoring of 
signals will be difficult, even if a full-time person and vehicle were dedicated to the task.  
Currently, signals from 30-60 foxes are checked from the air by a volunteer pilot once per week.  
The use of remote telemetry receivers could be considered as an alternative or an addition to 
ground monitoring on this island (see Section 2.4.2).  However, assuming a detection range (the 
distance over which a collar signal can be detected assuming a line-of-sight signal) of 5 km, 
many tall towers would likely be necessary to monitor all of Santa Catalina Island.  A 
preliminary viewshed analysis suggested that nine 45-meter high towers with a 5-km detection 
range would not adequately monitor San Clemente Island, which is smaller and has less rugged 
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terrain than Santa Catalina Island.  A viewshed analysis would be needed to determine the 
necessary number and most effective placement of towers, based on their height, and to 
determine portions of the island that would be monitored effectively by the remote system.  Prior 
to the viewshed analysis, the detection range of collars should be confirmed in the field. 
 
We believe the most promising approach for monitoring radiocollared foxes on Santa Catalina 
Island would be continued aerial monitoring.  However, the frequency of flights would need to 
be increased, ideally to a flight every other day, if not every day.  Ideally, a pilot and airplane 
should be contracted for a regular pre-determined schedule of flights, barring any mechanical or 
weather-related problems.  As described in Section 2.4.2, aerial monitoring may be the most 
effective strategy on the three largest islands (Santa Catalina, Santa Rosa, and Santa Cruz) and 
an option that should be explored is the idea of the three island managers (SCIC, NPS, and TNC) 
jointly contracting a pilot and airplane to monitor the islands on a regular basis.  This may reduce 
the collective cost of monitoring foxes on these islands and provide a thorough and efficient 
means of checking signals on Santa Catalina Island. 
 
If frequent aerial monitoring is deemed infeasible, the use of GPS collars or a combination of 
ground monitoring and remote telemetry monitoring should be considered (Section 2.4.2).  For 
the latter, personnel hours should be dedicated for regular monitoring of areas accessible by 
existing roads and trails, and remote monitoring towers could be placed strategically to detect 
signals in areas difficult to access from the ground.  For example, a viewshed analysis could 
identify all areas that could be monitored from existing roads and trails on a regular basis.  
Placement of remote towers could then be evaluated to detect signals from the remaining parts of 
the islands.  For example, towers could be placed on high points above deep canyons or above 
cliffs along the shoreline.  If field personnel are unable to check the entire island frequently 
enough, on-the-ground monitoring efforts can be split geographically so that half the island is 
checked one day and the other half is checked on alternating days.  We suggest that survival 
estimation be performed with the known fate model in program MARK. 
 
6.5 A Tiered Approach for Population Monitoring 
 
6.5.1 Recommended Long-Term Trapping Protocols 
 
We recommend that trapping be conducted according to one of the following two scenarios, 
based on an evaluation of trade-offs such as expected precision, logistical feasibility, and 
representation of habitat variability on the island: 

 Scenario A:  22 units of 2x6 traps, trapped for 6 nights, for a total of 1,584 trap-nights 
annually (Map 6-5) 

 Scenario B:  26 units of 2x6 traps, trapped for 6 nights, for a total of 1,872 trap-nights 
annually (Map 6-6) 

 
Trapping should be conducted at the same time each year and synchronized with timing on other 
islands to facilitate the most accurate comparisons across years and islands.  We suggest that July 
represents the optimum trap period (Section 2.2.2).  Furthermore, to reduce the probability of fox 
moves between sampling units, all units should be trapped in as short a time period as possible.  
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6.5.2 Recommended Monitoring for Survival and Cause-Specific Monitoring 
 
To address a primary monitoring objective outlined in Section 2.4, and to track survival and 
cause-specific mortality for Santa Catalina Island foxes, the following actions are recommended: 

1. Annually radio-collar at least 40 foxes with mortality-sensing collars (Section 2.4.2).  
These foxes should be widely distributed across the island.  Most, if not all, of the 40 
foxes may be captured and radiocollared during trapping designed for collection of 
demographic data, while a small amount of targeted follow-up trapping may be necessary 
if inadequate composition or numbers of animals are captured, or if previously collared 
animals need to be captured to remove old collars.  Some level of collar failure and/or 
mortality is expected to occur every year; therefore, the initial number of animals collared 
should ideally be increased to at least 45.  Additional follow-up trapping may be 
necessary if the number of radiocollared animals falls below 40. 

2. Explore the option of aerial signal monitoring, ideally in collaboration with monitoring 
efforts on Santa Rosa and Santa Cruz islands.  If feasible, contract pilot and airplane to 
conduct routine (ideally daily, but at least every other day during summer) monitoring of 
all radiocollared foxes. 

3. If aerial monitoring is not feasible, explore the option of a remote monitoring system to 
augment ground monitoring. 

 Conduct pilot studies to determine actual, in field, detection ranges for telemetry 
signals as a function of terrain, location, tower heights, etc. 

 Conduct a viewshed analysis to identify areas that can be monitored from the 
ground via telemetry from established roads and trails. 

 Conduct a viewshed analysis to determine number and locations of towers 
necessary to monitor animals in areas where ground-monitoring is not feasible.  
This would also help determine zones (e.g., the bottom of some canyons) from 
which a collar signal will not be detected by a tower).  

 Dedicate personnel hours needed to assure that signals are checked in all the 
ground-monitoring areas at a minimum of every 2 days during the summer and 
every 3 days during the winter, with a preferred schedule of a signal check on 
every animal each day. 

 If the above investigations warrant the use of remote telemetry on towers, 
construct towers and install and test the automatic recording system. 

4. Explore using GPS collars to monitor animals for survival (Section 2.4.2). 

5. Have personnel on call on the island to immediately locate and investigate mortalities, 
and develop a protocol for transporting carcasses to UC Davis for necropsy. 

 
6.5.3 Recommended Research Modules 
 
Monitoring protocols outlined in this report will produce a standardized long-term flow of 
demographic data on island foxes.  In addition to providing information for management and 
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conservation decisions, this dataset will provide a context for additional research studies on 
island fox biology, environmental factors affecting the viability and dynamics of fox populations, 
and management intervention.  Information gained from research projects may, in turn, be used 
to refine future monitoring protocols or analyses of monitoring data.  Monitoring and research 
modules are therefore complementary, although research modules may only occur for short time 
periods, while monitoring is designed to be an ongoing effort. 
 
Recommended research modules for Santa Catalina Island include:   

1. Habitat and space use.  Habitat selection and space use studies should examine behavioral 
and demographic patterns relative to roads, human activity, vegetation types, water 
sources, shoreline areas, and cat densities.  These data will be useful in interpreting 
annual trap data (e.g., to determine if over- or under-representation of certain habitats or 
portions of the island are likely to bias population estimates up or down).  In addition, 
studies of home range size and movement patterns will increase our understanding of 
habitat quality differences which could lead to source-sink dynamics.  Kohlmann et al. 
(2003) reported that foxes on Santa Catalina Island appeared to be aggregated in some 
areas, suggesting differing habitat quality across the island.  These authors also 
recommended that further habitat-specific studies examine reproduction, survival, 
movement, and the potential of source-sink dynamics.  Studies to quantify the degree of 
movement between the West and East ends of the island may provide valuable 
information on the pros and cons of a distribution barrier.  The presence of radiocollared 
animals (for survival monitoring) will greatly facilitate such studies. 

2. Disease and health.  Although standardized disease and health monitoring will be 
conducted every year, some tests or the intensity of testing may vary from year to year, as 
determined by veterinarians and epidemiologists, and some focused short-term research 
projects may be warranted.  For example, on Santa Catalina Island, studies should be 
continued on the etiology and health impacts of ear tumors. 

3. Ecological relationships with feral cats.  Cat density and distribution may influence the 
viability, abundance, and distribution of island foxes, and previous studies have 
suggested an inverse relationship between densities of foxes and cats (Kovach and Dow 
1981, 1986).  Continued studies could provide information on competition (e.g., for prey, 
den sites) and how interactions between the two species vary across seasons, years, and 
population densities. 

4. Human perspectives and education.  A survey should evaluate visitor and resident 
knowledge about foxes and the proportion of visitors (including those arriving by private 
boat) bringing dogs to the island.  This information can help design the most effective 
educational programs, aimed primarily at reducing risk to foxes from transport of 
unvaccinated dogs, feeding of foxes, excessive speeds on roads, and use of rodenticides.     

5. Reproduction and early pup survival.  Although annual trap data may provide some 
information on reproduction (e.g., indexed by the proportion of captured females 
exhibiting signs of reproduction), further research is needed on reproduction, early pup 
survival, and factors influencing these measures.  The presence of radiocollared foxes 
will facilitate such research, but other methods such as use of remote cameras or genetic 
techniques (via scat or hair sampling) may be necessary.    
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6. Traffic.  Temporal and spatial patterns of traffic volume and velocity, when paired with 
data on spatial and temporal patterns of road kills and island fox movement in relation to 
roads and other habitat features, will help identify management alternatives.  For 
example, if road kills tend to be more frequent during one season of the year, such data 
would help discern whether this increase is due to changes in traffic volume or velocity 
vs. changes in fox movement patterns. 

7. Vegetation.  The island-wide vegetation map should be updated every 5-10 years.  As 
part of this effort, field work should be conducted to measure vegetation height, structure, 
and composition at pre-determined sites to track changes due to habitat recovery, climate 
change, and human activity.  These data will be useful for understanding temporal and 
spatial patterns of fox habitat use.  The relative isolation of the West End of the island 
allows for different management of pest plants and animals, and so may serve as an 
interesting treatment to explore various aspects of fox community dynamics.  

8. Rodenticide use.  An island-wide survey of rodenticide should determine the types, 
amounts, and dispersal device being used on the island.  In addition, all dead foxes, 
whether suspected of dying from rodenticide poisoning or not (e.g., road-killed 
individuals), should be tested for rodenticide levels.  This information should be stored in 
one comprehensive file available to veterinarians monitoring island fox health. 

9. Effectiveness of remote telemetry stations.  If aerial monitoring of fox survival is not 
feasible for the long-term, a study should explore the use of remote monitoring systems 
to augment survival monitoring efforts on the ground.  This should include determining 
actual, in field, detection ranges for telemetry signals as a function of terrain, location, 
tower heights, etc., and a viewshed analysis to determine number and locations of towers 
needed to monitor the island adequately (Section 6.5.2). 

10. Indices of trend.  We recommend further research on the use of sign (e.g., scat, tracks, 
camera “observations”) as an index of population trend.  This should include statistical 
comparison to more formal estimates of population trend.  

11. Trap protocols and analysis of trap data.  In our analysis of potential trap protocols, trap 
detection parameters were refined with the use of existing data from multiple islands; 
however, increased understanding of the behavior of foxes in relation to trapping could 
improve the choice of trapping protocols and the analysis of trap data.  For example, it 
may be possible to more adequately model trap-happy behavior and incorporate this into 
density estimation models.   

Similarly, fox movement behaviors may influence the appropriate methods of data 
analysis.  For example, further research should be conducted to evaluate whether home 
range shape (e.g., elongated home ranges due to movement along roads, trails, and 
ridges) influences or biases density estimates, and how trap protocols and analyses may 
account for such potential influences. 

Further research is also needed to evaluate a potential approach for estimating density by 
combining telemetry and trapping data (Section 2.3.2).  Generally, this approach calls for 
delineating the area associated with a trapping unit, determining the proportion of 
locations within the trapping area for radio-collared animals, and estimating density for 
each unit based on the relationship between the proportion of locations within the 
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trapping unit and probability of capture.  This method requires further development for 
optimal design to assess how precision would vary with different grid sizes, trapping 
durations, numbers of radiocollared foxes, telemetry location frequencies, and telemetry 
location precision.    

 
Section 3.2 outlines additional non-fox data that should be routinely monitored and integrated 
with fox data. 
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