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ABSTRACT

Mammalian Predator Abundance on the Virginia Barrier Islands

in Relation to Beeding Habitats of Colonial Birds

by

Oskars KeiSs, Master of Science
Utah State University, 2000

Magjor Professor: Dr. Raymond D. Dueser
Department: Fisheries and Wildlife

The predator distribution, abundance, and impact on colonia nesting birda
the Virginia barrier islands (Virginia, USA) were studied by track surveys and live
trapping of raccoons @rocyon lotor). Six surveys on 23 islands were carried out
between October 1998 and June 2000, and 57 raccoons were captured during 1062
trapnightson 8 islands and 2 mainland sites. Raccoons were found on 18 islands,
American mink Mustela vison) on 8, red fox {/ulpes wlpes) on 6, and northern river
otter (Lutra canadensis) on 6. Birds avoided islands with raccoons and red foxes
(Spearman rank corelation 1999: n = 13; ¢=-0.56; p = 0.05; 2000: n = 14;4=-0.79;
p < 0.002). Raccoon relative abundance was best correlated (r = 0.99, p < 0.001) with
the area of the salt marsh. Islands with raccoons had more shrubs and were higher in
elevation thanislands without. One possible management solution to protect birds on
some smaller islands is the removal of predators.

(98 pages)
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FOREWORD

Birds inhabiting wetlands have experienced overhunting, habitat loss, and
disturbance during breeding, migration, and wintering seasons. Markeinting,
agriculture, and recreation have contributedo this destruction, serving the unsatisfied
appetite of humans. Introductions of exotic species and an increase in the numbers of
ubiquitous species taking advantage of humaaltered habitats have also contributed to
the loss of biodiversity.

The Atlantc Coast of North America has experienced largecale human
disturbance. Hardly any undisturbed landscapes remain with the exception of the
Virginia Coast Reserve of The Nature Conservancy. Still, ecosystems are connected,
and even protected areas suffer fom the consequences of humartaused changes
outside these reserves. We believe that raccoon populations have flourished as a result
of an unlimited food supply in combination with reduced hunting by modetay
people. The increase in small to mediumsized predator numbers have placed heavy
pressure on wild bird populationsin all of temperate North America.

The management of predators on the Virginia barrier islands represents a major
challenge to biodiversity protection in the modern world, where ecgstems are heavily
impacted by direct and indirect consequences of actions of a single, widespread, and

opportunistic species- Homo sapiens.
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INTRODUCTION

Predators and Waterbirds

The influence of humans on various ecosystems has caused changes in predator
populations (Whitaker and Hamilton 1998). Several species of predators have declined
in human-modified ecosystems [e.g., wolf (Canis lupus), Peregrine Falcon (Falco
pregrinus)], while others [both native predators, e.g., red fox (Vulpes vulpes) in Western
Europe, and human-introduced predators, e.g., American mink (Mustela vison) in
Europe] have increased in numbers and are causing severe problems for other species
(Reynolds and Tapper 1996).

The negative impacts of mammalian predators on waterfowl (Anatidae, Sovada
et a. 1995; V?ksne 1997), gulls (Laridae Craik 1997) and waders (Charadridae,
Patterson et al. 1991) have been documented worldwide. Various species of predators
have had different levels of impact in each situation. When introduced to predator-free
islands, predators often cause complete reproductive failure in avian colonies (Craik
1997; V? ksne 1997). Although breeding birds or their eggs may not be the major part
of the diet of predators, frequent predation during the breeding season can cause serious
declines of bird populations (Y anes and Su?rez 1996).

The red fox is a very efficient predator on ground-nesting birds (Sargeant et al.
1984). It both depredates nests and kills breeding female ducks (Fleskes and Klaas
1993; Sovada et a. 1995), gulls (Southern et al. 1985), and shorebirds (Loegering and
Fraser 1995). In northern circumpolar regions, the arctic fox (Alopex lagopus) is a

common predator of nesting birds (e.g., Bailley 1992). When introduced in southern
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boreal and temperate forests of Europe, the raccoordog (Nyctereutes procyonoides)

also has been shown to be an efficient predator on grounaesting birds (V? ksne 1997).

In temperate North America, the raccoon(Procyon lotor) depredates nests of both
arboreal and groundnesting birds (Gaston and Masselink 1997; Hartmeet al. 1997).
An important predator in wetlands is the American mink (Sayler and Willms 1997).
Birds are much more vulnerable to predation by exotic predators such as the arctic fox
on Aleutian Islands (Bailey 1992) and the American mink, raccoalog, and raccoon in
Europe (Kauhala 1996; Craik 1997; \? ksne 1997).

Small, isolated islands often lack mammalian predators, or even any terrestrial
mammals, because of isolation and insufficient food resources. For example, Kadlec
(1971) indicated that it is dificult to maintain mammalian predator populations on
islands off the Massachusetts coast. However, coastal habitats may receive sufficient
nutrient resources from the sea to sustain animal populations at high densities relative to
the same area of inlandhabitat (Rose and Polis 1998). Coastal ecosystems are also
subject to severe weather events, such as hurricanes and “northeasters,” which may
cause periodic extinction of terrestrial mammals. Mainland mammalian populations in
coastal habitats quickly reestblish themselves after such extinctions (Swilling et al.
1998) due to a lack of dispersal barriers and sufficient source populations. Coastal
islands, however, have a serious barrier for neflying terrestrial animals: the water
(Lomolino 1986). Allen andSargeant (1993) in North Dakota found that even a
terrestrial barrier, such as an interstate highway, could play a significant role in

preventing dispersal of red foxes.
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Predator control in both mainland and island habitats has been an ongoing issue

in waerfowl management for years, escalated by a decline in interest in hunting and
trapping of furbearers (Whitaker and Hamilton 1998) and introduced predator species,
especially in Europe (Scotland— Craik 1997; Finland— Kauhala 1996; and Latvia—
V?ksne 197). Different methods have been applied to reduce mammalian predator
numbers and to reduce the impact of these predators on birds, including removal of
predators, translocation of predators, and fencing of nesting areas.

Removal of predators can increasenesting success of waterfowl (Balser et al.
1968). It is especialy effective when conducted on islands before the start of the
breeding season. Unfortunately, it is labemtensive and requires constant annual effort,
particularly in areas where ice bridgs form between islands and the mainland during
the winter (V? ksne 1997).

Under pressure from animal rights groups, predator translocation has been tried
as an aternative to killing predators and nuisance animals. Mosillo et al. (1999) showed
that survivd of translocated raccoons was comparable to that of notranslocated
animals. Furthermore, none of the translocated raccoons returned to the initial capture
site [distance between capture and release site not given (Mosillo et al. 1999)]. Thus
translocation of mammals might be effective in reducing predator numbers in one
location, but may inflate predator numbers in the release area. Kaufmann (1990)
reported that translocated raccoons did not show homing ability; homing by
translocated avian predators hasbeen frequently documented (e.g., ¥ ksne 1997).
There are also growing concerns about the role of translocations in the spread of

diseases (Cunningham 1996) and mixing of gene pools (Griffiths et al. 1996).
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Construction of artificial barriers, such as f&ces and moats, in combination

with removal of mammalian predators may significantly increase nesting success of
ducks (Lokemoen and Woodward 1993). However, construction of fences, especially
for exclusion of climbing mammals such as raccoons, is an expsme undertaking.

Electrified fences are effective (Forster 1975), but difficult to use in a saltwater

environment.
Background

The Virginia barrier islands ecosystem, including the barrier islands, salt
marshes, lagoons, and adjacent mainland, has expericed far less human disturbance
than any other barrier island- salt marsh system on the Atlantic coast of North America
(Dueser 1990). Commercia hunting for meat and plume had almost expatriated many
bird species from the islands at the turn of the centy, but avian populations recovered
after the implementation of hunting regulations and conservation at the beginning of the
20" century (Barrier Island Avian Partnership, in litt.). All permanent human
inhabitants abandoned the islands in the late 1930s early 1940s after a series of
disastrous hurricanes in the middle of 1930s (Barnes and Truitt 1997).

Colonial waterbird populations on the Virginia barrier islands, specifically
common terns &erna hirundo), gull-billed terns Gelochelidon nilotica), royal terns
(Sterna maxima), sandwich terns §terna sandvicensis), least terns &erna antillarum),
and black skimmers Rynchops niger), have been studied for the last 2 decades
(Williams et al. 1990; Barrier Island Avian Partnership, in litt.). Continugospulation

declines have been observed (Fig. 1). From 1977 to 1998 the number of tern
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Fig. 1.—Changes in numbers of 3 bird species: snowy egret (Egretta thula), gull-billed tern (Gelochelidon nilotica), and
black skimmer (Rynchops niger) on the Virginia barrier isands between 1975 and 1988 (Williams et a. 1990).
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and black skimmer (Fig. 2) colonies declined from 23 on 11 islands to 13 on 10
islands, and populations of 4 of the 6 species studied decreased (Erwin et a., in press.).
Predation by mammaian predators is believed to be one of the major reasons for

this decline, in combination with storms and tidal flooding, food limitation, and

competition with species of larger size (Erwin et al. 1998). Erwin et al. (in press.)

Fig. 2-Black skimmer Rynchops niger) on Ship Shoal Island, July 5, 1999
(photo by the author).
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blamed 2 mammalian predator species: the raccoon and the red fox. A 3rd species, the

American mink, may also be involved. Craik (1997: 303) indicatetidt “ mink predation
is widespread but difficult to detect and should be considered as a possible cause when
seabird colonies near the mainland decline and disappear.”

Eleven islands were surveyed in the 1970s: Assawoman, Metompkin, Dawson
Shoals, Parramore Hog, Cobb, Little Cobb, Wreck, Myrtle, Smith, and Fisherman’s.
Raccoons were present on six of these islands: Assawoman, Parramore, Hog, Cobb,
Little Cobb, and Smith. Red foxes were present on 3 islands. Assawoman, Parramore,
and Hog (Dueser et al. 1979Frwin et al., in press.).

An October 1998 survey showed that the raccoon was found on all 7 study
islands (Cobb, Hog, Myrtle, Ship Shoal, Smith, Parramore, and Wreck), and the red fox
on 2 [Parramore and Smith (JiMnez, in litt.)]. A March 1999 survey ofhese 7 islands
plus Metompkin Island, Cedar Sandbar and Little Cobb Island (Jitmez et al., in litt.),
detected raccoon tracks on Cedar Sandbar, Cobb, Hog, Myrtle, Ship Shoal, Smith,
Parramore, and Wreck and red fox tracks on Cedar Sandbar, Metompkin, and
Parramore. Red fox tracks were not found on Smith Island in the March 1999 survey
(Jim?nez et d., in litt.). Using information from U.S. Fish and Wildlife Service
(USFWS) personnel, Erwin et al. (in press.) concluded that there were no mammalian
predators on Fishermans Island in 1998. Thus surveys of mammalian predators on
islands in October 1998 and March 1999 indicated that predators might have colonized

more islands since the 1970s.



Objectives

The primary objective of this study was to compile thenformation required to
develop a predation management strategy for protection of nesting colonial waterbirds
on the Virginia barrier islands, including information on predator distribution and
movements. Specific objectives include the following:

(1) Docurrent the interaction between mammalian predators and nesting colonial
waterbirds on the Virginia barrier islands, including any apparent cases on island
avoidance and abandonment by the birds;

(2) Describe predator distribution and abundance on the Virginilgarrier islands and
document any change between the 1970s and 1990s,

(3) Examine the relationship between predator abundance on the islands and island area,
available habitat and isolation (distance from nearest mainland and distance from
nearest island);

(4) Describe raccoon movements using raditelemetry and examine possible island
colonization scenarios;

(5) Examine differences in red fox and raccoon distribution on the Virginia barrier
islands;

(6) Recommend possible management solutions for protectnoof nesting sites of

colonia waterbirds.

Theoretical Hypotheses

(1) Bird numbersin colonies will be higher on islands with low predator abundance;
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(2) Predator immigration rate varies inversely with island isolationthe more isolated

the island, the ower will be the immigration rate;

(3) Itislikely that the effect of “ stepping stones’” (MacArthur and Wilson 1967) will be
observed. Thus both the minimum ovewater distance from the mainland and the
minimum overwater distance from the next island dermine isolation;

(4) Predator extinction rates vary with island area- bigger islands will have fewer
extinction events, lower turnover rates, and higher population numbers;

(5) Extinction rate varies inversely with the areas of different habitat typeSpecifically,
increased areas of forest and salt marsh could be beneficial for raccoons and red foxes;
thus we would expect to see lower extinction rates and higher predator abundance on
islands with increased forest and salt marsh areas;

(6) The predator population on a given island might be either a seldustaining
population or a sink population, in the terms of Pulliam (1988). In the first scenario, the
population would rarely if ever reach carrying capacity, because of extreme seasonal
events or frequeat environmental disturbance by weather events (disturbance hypothesis
of McGuinness 1984). In the 2nd scenario, seasonal shortages of resources (e.g., food
during the breeding season) might prevent population increase. If the sink scenario is
true, we expect to see lower numbers of animals when immigration is restricted (e.g., by
open water barrier) and higher numbers when immigration is unrestricted.

(7) Islands (including the small ones) close to the mainland experience “rescue effect”
(Brown and KodrieBrown 1977; Hanski 1999); thus we expect to see predators there

most of the time.
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MATERIAL AND METHODS

Study Site

The Virginia barrier islands are located between the Delmarva Peninsula and
Atlantic Ocean [centered approximately 37° 30' N and 75° 40" WMcCaffrey and
Dueser 1990a)], in Accomac and Northhampton Counties, Virginia, USA (Fig. 3). The
Virginiabarrier islands are a chain of Atlantic coastal islands, ranging in size from 10 to
2000 ha (Table 1). The physiography of these islands consists oflting, lowlying sand
dunes and sand flats. Grasslands [mostly American beachgrassAnimophila
breviligulata Fern.)] and shrub thickets of southern wax myrtléfyrica ceriferaL.) and

Table 1-Area (ha) of 4 cover categories, total length (km), isolation (km) and
elevation (m) of 23 Virginia barrier and marsh isands.

Shrubs Isolation, km
Bae and Grass Sub- Salt Total Length Man Next Elev
Island sand forest land total marsh area km -land island m
Assawoman 102.8 9.6 1.7 1141 1014 2155 51 1.7 0.1
Cedar 217.7 12.5 7.9 238.1 1586.7 1824.8 111 29 04 3.4

Cedar Sandbar  39.5 0.0 0.0 395 0.0 39.5 1.9 25 01
Chimney Pole  18.7 0.0 0.3 190 84.7 103.7 15 79 07 15

Cobb 157.4 745 1241 3560 2324 5884 9.2 118 09 21
Fishermans 93.1 1065 1544 3540 2868 640.8 6.8 (0.6) 20 31
Godwin 0.0 0.0 0.0 0.0 300.6 300.6 25 88 01 0.7
Hog 190.8 157.7 412.0 760.5 582.8 1343.3 136 116 09 3.0
Holly Bluff 0.0 1.0 3.2 4.2 8.9 131 0.9 02 02

Little Cobb 19.0 0.0 15 205 5.9 26.4 14 105 0.7 0.9
Metompkin 229.1 0.0 0.0 229.1 1339 3630 11.3 12 01 21
Mink 0.3 0.6 11 20 2509 2529 0.7 102 08 1.2
Mockhorn 0.0 429 401 83.0 1350.6 1433.6 9.9 28 25 31
Myrtle 50.7 10 46.6 983 2504 3487 42 100 03 3.7
Parramore 2256 433.6 3.9 663.1 15314 21945 121 75 04 9.1
Raccoon 0.0 8.7 70 157 42.3 58.0 0.8 04 02 1.9
Revel 0.7 12.8 0.6 141 4256 4397 3.0 73 03 3.0
Rogue 0.2 5.9 6.4 125 88.6 101.1 21 117 05 15
Sandy 10.5 0.0 0.0 105 425 53.0 1.9 75 07

Ship Shoal 32.0 0.8 197 525 1984 250.9 45 103 0.7 1.9
Skidmore 1.0 11.9 4.7 176 19.0 36.6 1.3 09 04 33
Smith 745 1024 178.0 3549 757.6 11125 12.4 28 18 2.4

Wreck 53.2 17.0 423 1125 1855 2980 6.8 103 0.7 2.7
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northern bayberry (Myrica pensylvanica Loisel.) are the dominant vegetation types

on most islands (Fig. 4). Forests of loblolly pineRinus taeda L.) and deciduous trees
(Acer rubrum L., Prunus maritima Marshall, Prunus serotina Ehr., Quercus spp.) have
developed on only two islands, Parramore and Smith, although scattered trees occur on
several islands. Extensive salt marsh dominated by smooth cordgrasspértina
alterniflora Loisel.) and saltmeadowcordgrass [Spartina patens (Aiton) Muhl.] occurs
on the lagoon side of the islands. Shell (external skeleton divalvia) formations are

common on islands, building remarkable durAkéke structures on Wreck Island (Fig. 5).

Fig. 4—North end of Hog Island(photo by the author).
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Fig. 5-Shell piles on Wreck Islandphoto by the author).

Predator Track Surveys on Islands

Mammalian predator presence and/or abundance was determined with a
combination of sampling procedure Systematic mammalian predator track surveys
were initiated in October 1998 by Jiménez (in litt.), and continued periodically between
March 1999 (Jiménez, in litt.) and June 2000 (Table A1). Systematic track surveys were
performed on every island havinga beach long enough ? 1.5 km) to accommodate this
standard survey method. Each survey line consisted of five ~300 m segments (one line
~1500 m in total; distance determined by pacing). The number of lines per island was

determined by island length, rangignfrom 2 lines on Myrtle and Ship Shoal islands up
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to 10 lines on Hog Island. Systematic track surveys were performed by walking on

the beach immediately above the mean high tide line and scanning ~3 m wide swath of
sand. Presence or absence of predator ticks was recorded on each segment. In addition
to the October 1998 (Jiménez, in litt.) and March 1999 (Jiménez et al., in litt.) surveys,
there were as many as 4 other potential survey periods during the present study: May
July 1999, September— November 1999, March 2000, and June 2000 (Table Al). There
was one survey on each island per survey period. Mean percent frequency of tracks was
calculated for each island for each survey period by taking the average of all lines on
that island. Under most conditins this mean percent frequency provides a timspecific
index of animal abundance and/or activity, with these variables confounded. In reality
the interpretation of these data is subject to several constraints and limitations (see
Discussion). Under the anditions of the present study, mean percent track frequency
(“ track frequency”) appears to be closely related to animal abundance, and is therefore
interpretable as an index of the relative abundance of animals on an island. Live
trapping also was used taassess mammalian predator abundance (Table 2).

On small islands or islands where habitat type prevented systematic track
surveys (no sandy beaches), presence or absence of mammalian predators was

determined by observation of isolated tracks or presence ofcat.

Trapping and Monitoring of Predators

Eight islands and 2 mainland sites were chosen for live trapping: Cobb, Hog,
Mink, Myrtle, Parramore, Rogue, Ship Shoal, and Smith islands, and Brownsville and

Cushman's Landing on the mainland. The iskd® were selectedfor sampling either
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Table 2—-Methods used to detect predator species presence and abundance on
23 Virginia barrier and marsh idandsin 1999 —2000.

Systematic track Presence / absence
Island surveys survey Live trapping

Assawoman X X
Cedar X
Cedar Sandbar -
Chimney Pole -
Cobb X
Fishermans X
Godwin -
Hog X
Holly Bluff -
Little Cobb -
Metompkin X
Mink -
Mockhorn
Myrtle
Parramore
Raccoon
Revel -
Rogue -
Sandy -
Ship Shoal X
Skidmore -
Smith X
Wreck X

X X XX XX X X XX XX XX XXXXX XXX
X X 1 X

X 1 X 1 X

because of the apparent abundance of predators (Cobb, Hog, Myrtle, Parramore, Ship
Shoal) or because they were immediately adjacent to other, populated, islands (Mink
adjacent to Myrtle, Rogue adjacent to Hog). Trapping was conducted May through
August 1999, except on Smith Island, where trapping continued in October and
November 1999 in an attempt to recover nonfunctional radioollars (Table 3).

Traps were placed intrapping stations Fig. 6), 3 traps in each station. Trapsin

stations were approximately 200 m apart (distance was determined by pacing in the



Table 3—Trapping effort for mammalian predators on 8 barrier idands and 2 mainland areas of the Virginia Coast
Reservein 1999.

No. of
Site Location Trapping session Dates nights  No. of stations No. of trap-nights Tot.

Brownsville Mainland I AUG3-AUGS5 3 5 39
Cobb Island I JUL 16-JUL 19 4 13 152
Cushman’s Mainland I AUG 2-AUG4 3 5 41
Hog Island I JUL 8-JUL 10 3 14 103

I JUL 11-JUL 14 4 13 138 =241
Mink I JUN 5—JUN 7* 3 2 16
Myrtle I JUN 5—JUN 7* 3 6 51

I JUL 22—-JUL 23 2 2 12 =63
Parramore I JUL 28-JUL 30 3 13 98
Rogue I JUL 11-JUL 14 4 2 21
Ship Shoal I MAY 29- JUN 1* 4 6 66

I JUL 22—-JUL 23 2 1 6 =72
Smith I JUN 15-JUN 17 3 14 98

I JUN 26— JUN 28 3 13 105

i JUL1-JUL 3 3 14 95 =298

S OCT 28-0CT 29 2 3 12

S NOV 10-NOV 11 2 2 9 =21
Total: 51 128 1062

* traps pre-baited for 2 nights before trapping
** trapping session to recwer nonrworking radic-collars



Fig. 6-Livetrap set on Cushman’s landing trapping si{@hoto by the author).

field with a precision of 210 m). Trapping stations were 200- 400 m (distance chosen
randomly) apart from each other. The amber of trapping stations created on each
island was determined by (1) beach length on the island and (2) total area of the island.
All islands were sampled roughly proportional to their area and length, except
Parramore, which was undersampled relativea the other islands. Trapping took place
in al upland habitat types on each island, but the habitats were not proportionally
sampled (Table 4). Most trapping occurred on the beach o? 200 m behind the beach.
Because most islands are= 1 km in width, thebeach was sometimes adjacent to the

bayshore marsh (Fig. 3.). We trapped primarily on the beach both becausethisis the



Table 4—Trapping effort for mammalian predators by habitat on the Virginia barrier idandsin 1999.

Bare land/sar Shrubs/forest Grassland Saltmarsh
S g N X U N S g N S g N
s § g s ¢ 5 g 2 § 5 g s £ 8 g
§ B s, 3¢ B s, % ¢ B s, B EOE o, 3%
Island 8 =5 &3 g’ 8 =5 =53 g’ 8 5 =53 g’ 8 =5 53 g’
Cobb 26.8 52.6 526 0.0 127 7.9 79 00 211263 263 00 395 132 132 0.0
Hog 14.2 45.2 469 16.7 11.7 161 12.0 0.0 30.7 32.3 349 83.3 434 65 6.2 0.0
Mink 0.1 167 125 0.0 0.2 16.7 188 0.0 04 333 313 00 993 333 375 0.0
Myrtle 145 250 222 0.0 0.3 0.0 0.0 00 134 300 349 0.0 718 450 429 100.0
Parramore  10.3 39.5 39.8 13.3 19.8 55.3 56.1 73.3 0.2 0.0 0.0 00 69.8 53 4.1 133
Rogue 0.2 0.0 0.0 0.0 5.8 16.7 19.1 0.0 6.3 33.3 333 0.0 87.6 50.0 47.6 100.0
Ship Shoal 12.8 27.8 30.6 0.0 0.3 0.0 0.0 0.0 79 222 278 0.0 791 50.0 417 0.0
Smith 6.7 45.2 43.6 615 9.2 11.3 6.6 115 16.0 323 386 269 68.1 11.3 11.3 0.0
Total: 11.8 416 419 38.0 125 172 126 28.0 128 25.6 30.7 240 629 164 151 10.0

18
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locus of interaction between mammalian predators and nesting colonial waterbirds and
because raccoons are so frequently observed actively foraging on the beach. For
example, we observed 5 animals foraging on Parramore Island on March 14, 1999
(Jim?nez et d., in litt.).

Forty-three wire live traps (“Havahart,” Woodstream Corporation, 69 N. Locust
Street, Lititz, PA 17543 USA and Tomahawk Live Trap Co., P.O. Box 323,
Tomahawk, W1 54487, USA) were used in trapping. Traps had following dimensions:
105x38x38 cm (3 traps), 100x30x30 cm (5 traps), 80x30x25 cm (19 traps), 100x20x20
(15 traps), and 75x30x30 (1 trap). Traps were baited with canned cat food, sardines, and
maple syrup in summer, and fruits of wild common persimmoiDiospyros virginiana
L.), apples, fish, and shrimp during the autumn trapping on Smith Island. On some
islands, traps were prebaited before actual trapping (Table 3), but this practice was
discontinued because it did not increase capture success. Traps were set during the day
and inspected the following morning. To avoid overheating of trapped animals, traps
were covered with marsh wrack and shrub branches collected on the sitEi(. 6).

Each captured animal (Fig. 7) was immobilized by intramuscular injection of
ketamine/acepromaine solution [10mL 100mg/mL ketamine (Ketasét Fort Dodge
Laboratories, Inc., Fort Dodge, 1A 50501, USA) + 1 mL acepromazine], using 0.1 mL
solution per 1 kg of animal. Mass was estimated subjectively before immoabilization.
The animal was aged, sexed, wahed (with 5 kg springbalance with 0.05 kg precision:

Pesola AG, Rebmattli Strafl3e 19, CH6340 Baar, Switzerland), eartagged (tag style 893
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Jiffy, size 3; National Band & Tag Co., 721 York Street, Newport, KY 41072, USA),

and earclipped for future genetc study. The first premolar tooth was pulled
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Fig. 7-Animals were handled with care to avoid potential infection of the
handler with rabies (photo by the author).
from each adult animal and sent to Matson’s Laboratory (8140 FlaglRd., Milltown,
MT 59851) for age determination. Adult island and mainland animals were subjectively

selected for radiccollaring, but we about equal numbers of males and females were
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radio-collared. Thirty radiotransmitters were used, including 20 mafiactured by

AVM Instrument Company, Ltd. (model P2RLMA Mortality; 2356 Research Drive,
Livermore, CA 94550, USA) and 10 by Wildlife Materials, Inc. (model HLPMN124;
1031 Autumn Ridge Road Carbondale, IL 62901, USA) with frequencies ranging
between 150.80-151.800 MHz.

Radio-collared animals were tracked with collapsible, hantteld Yagi
antennas and two radiereceivers (model: TRX-1000S, Wildlife Materias, Inc.). Island
animals were tracked as often as possible, given the constraints of transportationda
access (high tide). Animals on the mainland sites were radiacked periodically for 12
weeks. Three or more bearings of an animal were attempted on each tracking occasion
to facilitate triangulation of exact location. Locations were computed with tHd_ocate”
program. Attempts were made to incorporate al bearings collected in the field for
determination of the estimated location of an animal. However, | estimated a location
even when all bearings did not match perfectly: some bearings were arbitraritiyopped

until alocation was obtained.

Bird Surveys

The 25" and 26" annual colonial waterbird surveys were conducted by Williams
et a. (in litt.) on June 20~ 23, 1999 and June 18- 21, 2000, respectively. All islands
were surveyed using the generamethods of Williams et al. (1996). During the surveys,
attempts were made to detect possible depredation of nests and/or adult colonial nesting

birds by mammalian predators.
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Data Analyses

The physical dimensions and land cover (habitat) composition on daisland
were determined using ArcView 3.1 analysis of National Oceanic and Atmospheric
Administration Coastal Change Analysis Program (CAP) classified Landsat
Thematic Mapper imagery (Dobson et al. 1999). Images of classified habitats for the
southernislands from Hog Island southward were available from a 1993 satellite image;
for islands from Parramore Island northward classified images of habitats were
available from 1988 satellite images only. Island borders in continuous salt marsh were
determined by locations of deep tidal creeks. In some cases, however, there were no
clear borders between the adjacent salt marsh and the next island since large expanses
of Spartina spp. grow between islands. In those cases, the borderline was drawn
subjectively. I$and length was measured as the length of the seaside beach for most
islands, but was simply the maximum distance across for islands without beach (e.g.,
Mockhorn Island).

A Spearman rank correlation coefficient (Liepa 1974; Zar 1996) was cal culated
to tes the hypothesized relationship between raccoon abundance and abundance of
colonial waterbirds on the islands. Pearson produahoment correlation coefficients
(Liepa 1974; Zar 1996) were calculated to test the hypothesized relationships between
raccoon abundance and island characteristics. Predator and bird distribution on the

islandsin relation to island characteristics was tested by Kruskd/allis test (Zar 1996).
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RESULTS

Track Surveys on Islands

Four wild mammalian predator species were recorded dung at least 1 survey
between October 1998 and June 2000: red fox on 6 islands (Assawoman, Cedar, Cedar
Sandbar, Metompkin, Parramore, and Smith), raccoon on 19 (all but Assawoman,
Godwin, Little Cobb, and Mink), American mink on 8 (Cobb, Fishermans, Hog,i ik,
Myrtle, Ship Shoal, Smith, and Wreck), and northern river ottet ¢tra canadensis) on 6
(Cobb, Hog, Metompkin, Mockhorn, Myrtle and Parramore). Wild mammalian
predators thus were recorded on al but 2 of the all sampled islands, Little Cobb and
Godwin (Table 5). One species was recorded on 10 islands, 2 on 6 islands, and 3 on 5.
None of the islands had all 4 species recorded. Additionally, domestic do@dnis
familiaris) tracks were recorded on 9 islands (Table 5), where dogs frequently
accompany theirowners to the islands for day visits.

The total number of all surveys on each island ranged from 1 to 6 (Table 6).
Surveys always detected the presence of raccoon tracks on Cedar, Fishermans, Hog,
Parramore, and Smith islands, and aways failed to detecraccoon tracks on
Assawoman, Godwin, Little Cobb, Metompkin (but see Table 5), and Mink islands.
Thus surveys in different seasons yielded the same results for raccoons on 66.7% of all
islands. Surveys always detected red fox on Cedar, Metompkin, and Pamare islands,
and always failed to detect the presence of red fox tracks on Chimney Pole, Cobb,
Fishermans, Godwin, Hog, Little Cobb, Mink, Mockhorn, Myrtle, Raccoon, Rogue,

Sandy, Ship Shoal, Skidmore, and Wreck islands.



25
Systematic track surveys in diffeent seasons yielded the same results for red

fox on 85.7% of all islands (Table 6). Systematic track surveys detected high variability
in raccoon track abundance, both spatially and temporally (Table 7). Track on occupied
islands ranged from 5% on Fishermas Island to 100% on Parramore and Smith islands.
Track frequency declined from 80% in October 1998 to 22% in June 1999 on Hog
Island, and from 70% in March 1999 to 0% in June 2000 on Myrtle Island (Table 7).
This decline appeared to be independent of thamount of precipitation recorded during
the 2 days prior to the survey (see Discussionfor details). On average, raccoon tracks
Table 5-Mammalian predator species detected in track surveys on 23 Virginia

barrier and marsh islands, October 1998 — June 2000 (including data from Jiménez, in
litt. and Jiménez et al., in litt.).

Number of
Domestic American predator

Island Red fox dog Raccoon mink River otter species*
Assawoman -

Cedar

Cedar Sandbar
Chimney Pole
Cobb
Fishermans
Godwin -
Hog -
Holly Bluff -
Little Cobb -
M etompkin X
Mink -
Mockhorn -
Myrtle

Parramore X
Raccoon

Revel -
Rogue -
Sandy -
Ship Shoal -
Skidmore -
Smith X
Wreck -

X

| X X X
|
x|

I X | X X |
x |

|
X X x| x
Il X X | X X X X X |

| X X |
I x 1 x|
| X X X | X |

NWRPRNRPRPRPPOWREPNORPWONWENNLPRE

|

X X X X X X X X X X X |
|
|

I < 1 x|
X X | x|
|

* excluding domestic dog
! report from Virginia Wildlife Services program of the biited States Department of Agriculture
indicated raccoon tracks on the island on the night of 18/19 of April, 1999.
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Table 6-Mammalian predator species detected in track surveys on 23
Virginia barrier and marsh idands, October 1998 — June 2000.

Domestic American Northern
Island Red fox dog Raccoon mink river otter
Assawoman 0,0,+,00- 00-00- 00-00~ 0,0-00~- 0,0-0,0-
Cedar 0,+,+,0,0+ 0~+00+ 0,++,00+ 0--00~ 0~--0,0~
Cedar Sandbar 0,+,+,00~- 0--00~ 0,+-00- 0--00~ 0~-0,0—
Chimney Pole 0,0~-0~ 0,0~-0- 00~+0~ 00~-0~ 00~-0~
Cobb -—-0-- +-+0-- ++-0++ ++-0+~- +—1—0——
Fishermans 0,0,0-0-~ 0,00-0- 0,0,0,+0+ 000,+0~ 0,00-0-
Godwin 0,0-0,0~ 0,0~0,0~ 00~00~ 0,0~00~ 0,0~0,0~
Hog ---0-- +--0-- ++++++ +—-—0-- ++—-0—--
Holly Bluff 0,0,0-00 0,00,+00 0,00,+00 0,00-00 0,00-0,0
Little Cobb o,--00- 0~-00-~ 0~-00- 0~-00- 0~-0,0~
Metompkin o,++,0++ 0-+0-- 0--0—~~ 0~-0-- O0,+-0~—
Mink 0,0-0,0~ 0,0~0,0~- 0,0~00~ 0,0,+0,0~ 0,0~0,0~
Mockhorn 0,0,0-0-~ 0,00-0-~ 0,0,0,+0+ 0,00-0- 0,00,+0-
Myrtle —_———  —t———— t At A== -
Parramore ++,+0++ —-——0-+ ++++++ ———0—-— —+-0——
Raccoon 0,0,0-0-~ 0,00-0-~ 0,0,,0,+0+ 000-0- 0,00-0-
Revel 0,0,0-00 0,00-00 0,0,0,+00 0,00-00 0,00-0,0
Rogue 0,0-00~ 0,0~-00- 0,0,+0,0,+ 0,0-00~ 0,0-0,0~-
Sandy 0,0~--0~- 00~-0-~ 0,0,++0- 00--0- 0,0--0-
Ship Shoal - —=t—-—-—-— ttt—-— =ttt —————-
Skidmore 0,0,0-0-~ 0,00-0- 0,0,0,+0+ 0,00-0- 0,00-0-
Smith +=-——-—— =t t-—- +t Attt ————t- —————
Wreck ———0—— -—0-- ++-0~— ——+0—-— ———0——
+ presence,
— not detected,
0 not surveyed

In a sequence: October 1998 (Jiménez, in litt.),
March 1999 (Jiménez et a.jn litt.),
June/July/August 1999,
September/October/November 1999,
March 2000,

June 2000
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were observed on 49.3— 53.8% of all survey lines on occupied islands or on 23.2

53.8% of all lines on all surveyed islands (Table 7). The numbers were alwayigh for
certain islands, particularly Parramore and Smith islands, ranking 1 and 2 for all survey
periods. Track frequencies declined considerably and consistently on Hog Island
between October 1998 and June 1999, but then increased and stabilized in M arahd
June 2000. No raccoon tracks were recorded on Ship Shoal and Wreck islands after
March 1999.

With the exception of Parramore Island, summer frequencies were lower than
those recorded in spring for the 6 islands surveyed in all periods-€ample t-test, ts =
3.11, P = 0.026). This pattern also appeared to be independent of precipitation events
during the 2 days prior to the survey. Averages of occupied islands only did not vary
significantly with season (Table 7).

Table 7—Mean percent frequencies of raccoon tracks detected during systematic

track surveys on 11 Virginia barrier isands, October 1998 — June 2000 (including data
from Jiménez, in litt. and Jiménezet al., in litt.).

October March June March June
Island 1998 1999 1999 2000 2000
Assawoman - - - - 0.0
Cedar - - 64.0 - 52.0
Cobb 13.3 26.7 0.0 12.0 0.0
Fishermans - - - - 5.0
Hog 80.0 45.0 22.0 57.5 58.6
Metompkin - 0.0 0.0 - 0.0
Myrtle 40.0 70.0 10.0 20.0 0.0
Parramore 100.0 100.0 95.0 85.0 100.0
Ship Shoal 20.0 10.0 0.0 0.0 0.0
Smith 93.3 100.0 64.1 72.0 40.0
Wreck 30.0 10.0 0.0 0.0 0.0
Average (total) 53.8 45.2 28.3 35.2 23.2

Average (occupied) 53.8 51.7 51.0 49.3 51.1
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The mean percent frequency of red fox tracks on Parramore Island declined

from 100% in the October 1998 surveyd 5% in the March and June surveys of 2000
(Table 8). It is important to note, however, that the sandy beach in front of the forested
portion of Parramore Island has greatly eroded since autumn 1998 and thus detectability
of tracks has decreased consideraly. Red fox tracks have not been detected on Smith
Island since October 1998, when they were recorded on average on 13% of the survey
lines (Table 8). Red fox track frequency on occupied islands varied between 5% and
57.5% (Table 8), but the scarce distribition of the red fox on the islands as well as the
change in track detectability on Parramore Island makes this decrease biased.
Table 8-Mean percent frequencies of red fox tracks detected during systematic

track surveys on 7 Virginia barrier idands, October 1998 — June 2000 (including data
from Jiménez, in litt. and Jiménezet al., in litt.).

October March  Summer March June
Island 1998 1999 1999 2000 2000
Assawoman - - - - 0.0
Cedar - - 0.0 - -
Cobb 0.0 0.0 0.0 0.0 0.0
Fishermans - - - - 0.0
Hog 0.0 0.0 0.0 0.0 0.0
Metompkin - 55.0 37.5 - 0.0
Myrtle 0.0 0.0 0.0 0.0 0.0
Parramore 100.0 60.0 50.0 5.0 5.0
Ship Shoal 0.0 0.0 0.0 0.0 0.0
Smith 13.3 0.0 0.0 0.0 0.0
Wreck 0.0 0.0 0.0 0.0 0.0
Average (total) 16.2 14.4 9.7 0.7 0.6

Average (occupied) 56.65 57.5 43.75 5.0 5.0
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Bird Survey

Altogether 16,749 and 14,253 birds of 24 species P@ecaniformes,
Ciconiformes, Charadriformes) were counted during 28 and 26" Colonial Waterbird
surveys in 1999 and 2000, respectively (Williams, in litt.; Tadé5 and A6). Seven
mixed colonies of herons Ardeidae, Ciconiformes) were found in 1999 (six in 2000) on
five islands: Chimney Pole Marsh, Cobb, Club House Point, Fishermans and Wreck.
One mixed colony of gulls(aridae) and brown pelicans Pelecanus occidentalis) and
23 colonies (18 in 2000) of gulls and terns were found on 16 islands (14 in 2000):
Assawoman, Cedar, Chimney Pole Marsh, Cobb, Dawson Shoals (not in 2000),
Fishermans, Godwin (not in 2000), Hog, Little Cobb, Metompkin, Mink, Myrtle,
Sandy, Ship Shoal, and Wreck. No colonies were found on Holly Bluff, Parramore,
Raccoon, Revel, Rogue, Skidmore, and Smith. The size of the least tern colony on Hog
Island (11 pairsin 1999) was small in comparison to the area of the island (~1300 ha),
so essentialy Hog Island also was without birds in the summer of 1999.

When ranked from most to fewest nesting colonial waterbirds, islands without
predators in summer 1999 (Table 9,n=17) have ranks 2, 3, 4, 6,7,9, and 10
(average 5.9). Islands withraccoons only have ranks 1, 5, 13, 14, 16, and 16 (average:
10.8). Idlands with red foxes have ranks 8, 11, 12, and 16 (average: 11.8). Islands
without predators in summer 2000 (Table 10y = 21) haveranks 1, 2, 4, 5, 6, 7, 9, 11,
17.5, and 17.5 (average 7.8). Islands with raccoons only have ranks 3, 8, 12, 17.5, 17.5,
17.5, and 17.5 (average: 13.3). Islands with foxes have ranks 10, 13, 17.5, and 17.5

(average: 14.5).



area and occurrence of 2 mammalian predatorsin the summer of 1999.

30

Table 9—Ranks of islands by number of nesting waterbirds relative to island

Gulls and Total
Herons terns number

Rank Island by area by area by area  Raccoon Red fox
1 Fishermans 0.63 15.61 16.24 Yes No
2 Little Cobb 0 10.95 10.95 No No
3 Chimney P. 1.43 5.75 7.18 No No
4 Wreck 0.92 5.79 6.71 No No
5 Sandy 0 5.15 5.15 Yes No
6 Cobb 0.92 0.44 1.36 No No
7 Ship Shoal 0 0.39 0.39 No No
8 Cedar 0 0.24 0.24 Yes Yes
9 Mink 0 0.17 0.17 No No
10 Godwin 0 0.14 0.14 No No
11 Metompkin 0 0.08 0.08 No Yes
12 Assawoman 0 0.03 0.03 Yes Yes
13 Hog 0 0.02 0.02 Yes No
14 Myrtle 0 0.01 0.01 Yes No
16 Parramore 0 0 0 Yes Yes
16 Rogue 0 0 0 Yes No
16 Smith 0 0 0 Yes No

Islands without predators had significantly more birds than islands with

raccoons in both 199 (n; = 10,n,=7,U = 57,P < 0.05) and 2000 (1= 11,n,=10,U =

85, P < 0.05, WilcoxonMannWhitney test, Zar 1996). The Spearman rank correlation

(Zar 1996) between bird abundance and raccoon track frequency was negative and

statistically significat in 1999 f = 13, r = —-0.56, P = 0.05) and 2000 i = 14, rs=

—0.79, P < 0.002). The Spearman rank correlation between capture success of raccoons

on 8 islands and ranked bird datain 1999 was also negative and statistically significant

(n=8,1s=-0.81,P < 0.05).
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Table 10—Ranks of idands by number of nesting waterbirds relative to island
area and occurrence of 2 mammalian predatorsin the summer of 2000.

Gulls and Total
Herons terns number
Rank Island byarea by area by area Raccoon Red fox
1 Cedar Sandbar 0 27.063 27.063 No No
2 Little Cobb 0 19.811 19.811 No No
3 Fishermans 0.69 13.018 13.705 Yes No
4 Sandy 0 12.453 12.453 No No
5 Wreck 2.85 3.829 6.675 No No
6 Chimney Pole 1.48 4.339 5.815 No No
7 Ship Shoal 0 1.554 1.554 No No
8 Cobb 0.58 0.445 1.025 Yes No
9 Myrtle 0 0.143 0.143 No No
10 Metompkin 0 0.129 0.129 No Yes
11 Assawoman 0 0.102 0.102 No No
12 Hog 0 0.101 0.101 Yes No
13 Cedar 0 0.004 0.004 Yes Yes
17.5 Godwin 0 0 0 No No
17.5 Mink 0 0 0 No No
17.5 Mockhorn 0 0 0 Yes No
17.5 Parramore 0 0 0 Yes Yes
17.5 Raccoon 0 0 0 Yes Yes
17.5 Rogue 0 0 0 Yes No
17.5 Skidmore 0 0 0 Yes No
17.5 Smith 0 0 0 Yes No

Trapping and Monitoring of Predators

We captured 57 raccoons during 1062 trapights (Tadle 3 and 11; Fig. 8),
including 5 recaptures. Most captured individuals were adults € 47 or 90%); only 5
(10%) were juveniles. Males§ = 25) and females ( = 22) were approximately equally
represented among adults ?° = 0.66, P = 0.42). Four of 5 juveiles were males.
Juveniles and adults were captured both on the islands and the mainland. All 5
recaptures occurred on islands, and none of these animals were recaptured more than

once.
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Table 11 ~Raccoons captured on eight barrier isands and two mainland areas of the Virginia Coast Reserve in 1999.

First captures Recaptures Total captures Trapping

juv. Ad. juv. Ad. juv. Ad. success

Site Loc ? ? tot ? ? tot tot ? ?tot ? ?tot tot ? ? tot ? ? tot tot capt/tn*
Brownsville M 0 0 O 2 3 5 5 0 00 0 00O O O0O0O 2 3 5 5 128
Cobb I 0o 00 O0OO O OO0OO0O OOO0O O OO0OWO OO0 Q0 0 o000
Cushman's M 0 11 0 1 1 2 000 O0OO0OO O OI1 1 01 1 2 049
Hog I 2 0 2 3 0 3 5 0 0O 1 01 1 2 0 2 4 0 4 6 024
Mink I 0o o0 O0O0OO O OO0OO0O OOO0O O OO0OWO OO0 Q0 0 o000
Myrtle I 0 0 O 1 1 2 2 0 00 00O O 00O 1 1 2 2 049
Parramore I 1 0 1 7 714 15 0 00 O OO O 1 0 1 7 7 14 15 153
Rogue I 0 0 O 1 0 1 1 0 00 O OO O OO0O 1 0 1 1 o048
Ship Shoal | 0o o0 O0O0OO O OO0OO0O OOO0O O OO0OWO OO0 Q0 0 o000
Smith I 1 0 1 111021 22 0 0O 2 2 4 4 1 0 1 13 12 25 26 0.82
Total: 4 1 5 252247 52 0 0O 3 25 5 4 1 5 282452 57 054

M —mainland
I —island

capt/tn* — captures per 10 trapnights

All dead animals (whole body or at least skull) were collected for the Virginia Museum of Natural stéry
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Five raccoons (untagged animals) were found dead on the beaches of Caobb,

Parramore, and Smith islands (Tables 12 and A2). Cause of death in all cases remains
unknown, but in 3 cases (Smith Island and both Parramore Island animals) the bodies
were untouched without obvious marks of predation. Two carcasses on Cobb Island in
March and August 2000 were not freshly dead and had been at scavenged by mink or
another raccoon. In an attempt to recover radiecollars, 2 animals (untagged animals)
were shot on Snith Island in October 1999. One fresh roadkilled raccoon was found on

the mainland near Cheriton, Virginia.

Fig. 8—Captured raccoon in alivetrap (photo by the author).



Table 12-Raccoons captured, radio-collared or found dead on the Virginia barrier idands and mainland areas of the

Virginia Coast Reserve in 1999.

34

First captures Radio-collared

Found dead

ad. ad.

.E.
<
.E.
<

=
<

ad.

Site Loc

,_,
e
—
Q

~—
-
Q

Qe
-
e
—
Q

~—

,_,
Qe

ind tot Tot

Brownsville M
Cheriton M
Cobb I
Cushman's M
Hog I
Mink I
Myrtle I
Parramore |

I

I

I

o w

\'

~~

'_\

~

~—~~
OFRPrEFEPNOWRKRrOOWU

~
=
OFRLPUINOUINOOU

Rogue
Ship Shoal
Smith

OR~NRFRPROWOOON™
coErocoorocow|™

11(1) 12021(1) 22

[y

?
0
0
0
0
0
0
0
0
0

0

0

AMProoroonvoooOON
RPIOOOOOOORr OO OVt
olleNeoNeRoNoNeNoNoNoRoRalhY
OO0 O0OO0O0O0 OO ONV:
Oooocoocoococoocoooo
OhORPNROWOOONMN
NhOOUIFROOR OO RN
'_\
SwORNNOWR O
'_\
OO RNNOWR OO W

W

Total: 25(1) 22 (1) 47(2) 52

=
=
w

RI*O000000 OO0 O

OO0 O0OO0O0O0 OO ONY:

RPIPOOOOOOOOOO

NOOORrROOOOOR O

1
1*
2

WRPROOOOOOONOO

NINOONOOOONBE

VWO ONOOOONBE

M — mainland
| —island

number in parentheses () indicates that animal died shortly after captu

* shot in attempts to recover non working radiocollars



35
Trapping success (captures per 10 trapnights) on islands with at least 1

capture ranged between 0.24 on Hog Island to 1.53 on Parramore Island (Table 11).
When all 8 of the islands listed in Tdke 11 are included, trapping success is positively
correlated with area of contiguous salt marshr(= 0.87, P = 0.005, Fig. 9A), area of
shrubs and forest ( = 0.81, P = 0.015, Fig 9B), and total island arear(= 0.78, P =
0.026, Fig. 9C). When the largestsland (Parramore) was excluded from these analyses,
however, these correlations declined to 0.53F = 0.225, Fig. 9A"), 0.21 P = 0.649, Fig.
9B") and 0.32 P = 0.480, Fig 9C"), respectively. Correlations between trapping success
and the areas of other over types were relatively weak even with Parramore Island
included: area of upland habitat (bare sand, grassland and forest;= 0.47, P = 0.240),
area of bare sand = 0.46, P = 0.246), area of vegetated upland (grassland, shrubs and
forest; r = 0.457,P = 0.254), and area of grasslandr(=-0.14, P = 0.734).

There was a strong, positive correlation between area of salt marsh and
raccoon track frequency in 5 survey periods (October 1998 June 2000; Table 13). This
correlation is strong and statisticdly significant, even if Parramore Island is excluded
from analysis (Table 14). There was also a statistically significanP(< 0.05) positive
correlation in some survey periods between mean percent frequency of raccoon tracks
and (1) area of forest and shubs, (2) total area of upland habitats, (3) total area of the
island, (4) island length, and (5) island elevation above sea level. Correlations with
other island parameters (area of sand, area of grasslands, isolation from mainland, and

isolation from thenext island) were not statistically significant (Table 13 and Table 14).
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Table 13~Pearson product-moment correlation r (p value) between mean percent frequencies of raccoon tracks on
Virginia barrier idands (n) and island parametersin 5 survey periods (including Parramore Iland).

Bare Forest/ Grass Sub-  Salt Isolation  Isolation

Period  sand Shrubs land  total marsh Total Length  (mainl.) (nextisl.) Elevation n
October .53 .74 (.057) .34 72 .86 (.014) .87 .78 (.038) .65(.111) .30(.512) .60(.154) 7
1998 (.223) (.454) (.066) (.011)

March .06 (.890) .66 (.078) .17 A7 .80 (.018) .73 .35(.398) .16 (.698) .39(.342) .63(.095) 8
1999 (.695) (.237) (.039)

June .56 (.031) .76 .16 .64 .93 .92 .66 (.008) .26 (.356) .27 (.323) .79(.002) 15
1999 (<.001) (.580) (.010) (<.001) (<.001)

March .65 (.113) .81(.027) .33 .79 .90 (.006) .93 .83(.021) .62 (.137) .30(.513) .64 (.125) 7
2000 (.467) (.034) (.003)

June .66 (.004) .85 .35 .80 .89 .95 .71 (.001) .04 (.872) .09 (.720) .81 17
2000 (<.001) (.168) (<.001) (<.001) (<.001) (<.001)

Table 14 ~Pearson product-moment correlation r (p value) between mean percent frequencies of raccoon tracks on
Virginia barrier isands (n) and idand parametersin 5 survey periods (excluding Parramore Iland).

Bare Forest/ Grass Sub-  Salt Isolation Isolation
Period  sand Shrubs land  total marsh Total Length (mainl.) (nextisl.) Elevation n
October .26 (.614) .71 (.116) .69 .62 .96 (.002) .86 .75 (.085) .65 (.165) .66 (.151) .28(.589) 6
1998 (:127) (.192) (.030)
March .28 (.545) .46 (.295) .40 .27 .80 (.029) .59 .22 (.629) .15 (.746) .65(.114) .48(.274) 7
1999 (.369) (.563) (.166)
June 40 (.152) .44 (.113) .34 .45 .90 .87 .63 (.016) .37 (.195) .49(.075) .51(.088) 14
1999 (.228) (.107) (<.001) (<.001)
March .42 (.405) .80 (.055) .75 71 .99 .92 .83(.041) .62 (.188) .73(.103) .19(.717) 6
2000 (.089) (.116) (<.001) (.009)
June .56 (.023) .64 (.008) .67 73 .83 .92 .73(.001) .10 (.707) .28(.286) .47 (.102) 16
2000 (.004) (.001) (<.001) (<.001)

37
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Thirty adult raccoons were radiecollared, including 26 on five islands and 4

at two mainland localities (Table 12). The number of days of tracking effort per
individual ranged from 5 to 50 (average 15, Table A3). Many of the AVM
manufactured colbrs were no longer detectable after only a brief period of time (Table
A3): on average an animal wearing an AVM collar disappeared after 24.7 daySK =
5.3). An animal wearing Wildlife Materials, Inc., collar was detected on average of
292.6 days GE = 77.0). Either there was mass movement of AVM radioollared
animals to locations where they could not be monitored, or many of the radoollars
simply failed after only a short time in the field. The latter case is supported by the
observations of 12 collaed animals on Parramore Island: 3 males and 3 females were
collared with AVM collars and 4 males and 2 females were collared with Wildlife
Materials, Inc., collars. While all of animals wearing Wildlife Materias, Inc., collars
were still detectable on Paramore in June 2000, while none of the animals with AVM
collars were detectable after September 1999 (Table A3).

Considering these constraints, we detected no movement of raccoons between
the islands and mainland or between adjacent islands, even islarléss than 1 km apart.
Maximum distances moved were measured as the greatest straighhe distance
between any pair of locations ever observed for an individual. Maximum distances
moved ranged from 181—- 5550 m (Table 15 and Table A4). An average male was
observed to move a shorter distance (1236 mSE = 124) than an average female (1680
m, SE = 571). An average mainland animal moved a greater distance (2666 18 =
1072), than an average island animal (1175 nE = 172). However, these results are

biased because the failure of AVM radigransmitters resulted in small numbers of



39
locations for all island animals (Table A4). The record onday, straightline

movement for an island animal was “ Ray Raitis’ (150.967 MHz) on Smith Island: 1788
min 24 hours (Tabk A4).

The record oneday, straightline movement for a mainland animal was “Sue
Subate” (151.395 MHz) on Brownsville Farm: 3044 min 12 hours (Table A4). None of
the maximum distances observed would have been long enough to carry an animal from
the mainland directly to a remote island (see Table 1 for distances from mainland to
islands), but given only the distance, raccoons could easily reach islands in close

proximity to the mainland (e.g., Smith).

Predators and Waterbirds

We observed no evidence of diect mammalian predation on colonial waterbirds
(Table 16). However, bird colonies were not found on islands with high raccoon
abundance, e.g., Parramore and Smith (Fig. 10). Birds were absent from these islands
despite the availability of extensive areasof suitable nesting habitat for colonial
waterbirds (sand with sparse vegetation) on both islands, and despite the fact that both

Table 15-Distances (m) moved by individual raccoons on Virginia barrier
islands and mainland areas of the Virginia Coast Reserve Summer 1999 — Spring 2000.

Category Min. Max. Average SE SD n
All animals 181 5550 1414 2371 11856 25
Mainland 950 5550 2666 1072.3 21446 4
All islands 181 3294 1175 172.3 789.7 21
Hog and Rogue 406 1038 752 130.2 260.3 4
Parramore 181 3475 1285 307.7 973.0 10
Smith 325 1888 1261 261.0 690.6 7
Males 406 1838 1236 124.0 480.1 15

Females 181 5550 1680 570.8 1805.1 10
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islands have supported active nesting in the past (Beck et a. 1990).

In 1999, islands wih bird colonies had smaller areas of shrubs and forest, than
islands without colonies P = 0.05, KruskatWallis test). In 2000, islands with bird
colonies had larger areas of sand P < 0.002) and all upland habitat (sand+
shrubs+grasslands) than islandsithout colonies P < 0.05, KruskalWallis test).

In both seasons, raccoons and/or red foxes were present on islands with larger
areas of shrubs and forest (in 1999P < 0.05; in 2000:P = 0.001, KruskatWallis test)
and higher in elevation (in 1999P < 0.002; in 2000:P < 0.05, KruskatWallis test) than
islands without these two predator species. In 1999, islands without the two predator
species were more isolated P < 0.02, KruskalWallis test) than islands hosting them. In
2000, predators were present onlarger islands P < 0.05, KruskatWallis test) than
islands without predators. The influence of other island characteristics was not
statistically significant.

Table 16—Observed predation events on birds during the 26" annual Colonial
Waterbird survey June 18 — 21, 2000 on Virginia barrier isands.

Island Bird species Number of kills Predators
Fishermans Larusatricilla ~30 Gulls
Fishermans Serna maxima 11 Gulls
Fishermans Rallus longirostris 5 Gulls
Little Cobb Larus argentatus (dead) 3 -
Little Cobb Larusatricilla 2 Gulls

Little Cobb Rallus longirostris 1 Gulls
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DISCUSSION

Predator Impact on Waterbirds

Because we did not detect direct depredation during our study, it might not be
obvious why mammalian predators are responsible for declines of nesting waterbird
populations on the Virginia barrier islands. At least two factors might explain this: (1)
depredated birds are quickly scavenged and are therefore not found by observers
(Hartman et d. 1997) and (2) frequent disturbance by mammalian predators, but not
direct depredation, might be the main cause of abandonment of colony sites.
Disturbance by mammalian predators might be important on Virginia barrier islands.
Islands with large bird cobnies in both seasons (1999 and 2000) had few or no
predators, and islands with high raccoon abundance had few or no bird colonies (Fig.
9). In July 1997, Barry Truitt observed nearly 500 nesting black skimmers, along with
250 nesting common terns and 50easting gultbilled terns abandon a colony on Ship
Shoal Island when raccoons found the colony (B. Truitt, pers. comm.).

Nest site abandonment by gulls and terns in response to predators has been
described elsewhere (Emlen et a. 1966; Kadlec 1971; Aivaslednis, pers. comm.).
Kadlec (1971) has shown that the introduction of predators on islands off the
Massachusetts coast greatly reduced colony sizes of herring gulls, and sometimes led to
island abandonment as a colony site. These experiments, however, vearel atively short
term (2 — 4 years) and predators were not able to maintain themselves on the
experimental islands (Kadlec 1971). The herring gulls, therefore, probably experienced

less disturbance in the long term than in this study on Virginia barrii@ands, where
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predators have been present at least since the 1970s. On a regional scale, however,

Kadlec (1971) observed no significant predator impact on the herring gull breeding
populations. Kadlec's (1971: 634) conclusion that “...the displacement andvement

of breeding adults is probably the most significant effect of the predators’ is relevant to
the findings of this study. Although there are few other potential breeding sites left for
colonial waterbirds on the Delmarva Peninsula, some of the birdsight have moved to
nest on small dredgespoil islands off the coast of mainland Virginia (Ruth Beck, pers.
comm.). Unfortunately we do not have evidence of banded bird recoveries due to a lack
of an ongoing bird banding on the islands. Erwin et al. (1998)owever, reported results
that do not support displacement of breeding terns by predators: nesting success in year
t had little effect on the occupancy of the same nesting site in the yearl.

Observations of the behavior and nesting success of a persular colony of ring
billed gulls Larus delawarensis) at Rogers City, Michigan, “ revealed that the raccoon,
apparently a single animal, was causing very little direct destruction, but was indirectly
responsible for the extensive egg and chick mortality ..by inciting ‘panic flights
which took the entire adult population ... away from their nests for up to four hours at a
time” (Emlen et a. 1966: 67#678). The adult birds were alert and restless even during
the nights when raccoon did not visit the colony.HTs clearly shows that, even when not
directly preying upon colonial waterbirds, raccoons still may be responsible for
reproductive failure of a colony.

Based on observations in Lake Engure, Latvia (Aivars Mednis, pers. comm.),
black-headed gulls Larus ridibundus) abandon islands where the raccoortog has been

present for extensive periods of time during the previous breeding season. Raccaon
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dogs, however, are primarily depredating duck nests, thus causing little direct impact

on breeding gulls (Aivars Medis, pers. comm.).

The fact that we found no mammakilled birds, however, does not necessarily
mean there was no mammalian predation. Studies by Hartman et al. (1997) showed that
bird carcasses in such an environment (e.g., waterbird colony) disappear ryequickly;
only 8% of carcasses persisted till day 3 of carcass observations, with all the rest
scavenged by avian predators. This also reveals the problem of identifying the killer.
Birds that might seem to have been killed by an avian predator may habeen killed by
araccoon or mink and then scavenged by a gull afterwards. The difficulty of detecting
American mink predation was already mentioned (Craik 1997). Burness and Morris
(1993) in Lake Erie, Ontario, Canada, observed that an adult mink was resmble for
death of 26-40% of chicks in the common tern colony. Viksne (1997) found that a
female mink with blind cubs in its den on Lopsalrova Island in Lake Engure, Latvia, in
10 days killed 40 breeding blackheaded gulls, 5 breeding ducks of various spees, and
1 gosling of greylag goose Anser anser). American mink was found on 8 of the
Virginia barrier islands (Table 5); however, sampling procedures on sandy beaches
might not be appropriate for recording mink, given the aquatic habits of this species
(Whitaker and Hamilton 1998).

Piping plover nest depredation is well documented on the Virginia barrier
islands. Patterson et al. (1991) attributed 91% of all known (31% of nest losses were by
unknown cause) nest losses on Assateague Island in 1986 and8¥%o predators: 47.6%
were depredated by red fox, 28.6% by raccoons, 14.3% by avian predators, and 9.5% by

unidentified mammalian predators. In 1998, predation on Assateague Island caused
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55.6% (5 nests) of all known nest losses or 50% of all nest loss€s).S. Fish and

Wildlife Service, Chincoteague National Wildlife Refuge, in litt.). However, on Cedar
and Metompkin Islands in 1998, Cross (in litt.) found that only 21.4% (3 nests) of all
known nest losses were due to predation by red fox.

Predation by avian predators also might be an important source of mortality.
Yorio and Quintana (1997) showed that kelp gullsLérus dominicanus) were
responsible for 99% of observed predation events on nests of royal terns and cayenne
terns (Sterna eurygnatha) in Patagoria, Argentina. Predation by bigger larids (e.g.,
gulls) on smaller ones (e.g., terns) is well known. Even meditsize gulls might
eventually depredate nests of smaller species or even show cannibalistic behavior. For
example, mediumsized black-headed gulk have been observed to eat chicks and eggs
of small-sized little gulls Larus minutus) in Lake Engure, Latvia (Janis Viksne, pers.
comm.). Probably the most efficient predacious larids are the glaucous gulldrus
hyperboreus, e.g., Gilchrist and Gaston 297), great blackbacked gull (Larus marinus,
del Hoyo et a. 1996; Janis Viksne, pers. comm.) and herring gulLdrus argentatus,
Hario 1994; Janis Viksne, pers. comm.). The latter two species are common on the
Virginia barrier islands. We might only gussvhat is the rate of predation by these two
gull species on local nesting tern colonies. Other avian predators, e.g., great horned owl
(Bubo virginianus) and northern harrier Circus cyaneus), which prey upon terns and
gulls (Morris and Wiggins 1986; JasiViksne, pers. comm.), were also observed on the
Virginiabarrier islands in the summer of 1999. Predation by a single Eurasian eagle owl
(Bubo bubo) on adult birds in a colony of blackheaded gulls might be persistent for an

entire breeding season and rault in very few fledged young in a whole gull colony
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(Janis Viksne, pers. comm.). Observations on Asaateague Island in 1992 (U.S. Fish

and Wildlife Service, Chincoteague National Wildlife Refuge, in litt.) attributed 21% of
piping plover egg losses to avan predators (crows, gulls, grackles).

The results of this study show that there are no bird colonies on islands with
high raccoon abundance, e.g., Parramore and Smith (Fig. 9). In the past, however, both
islands have supported waterbird colonies (Beck etl. 1990). The negative correlations
found between abundance of raccoons and waterbirds suggest that birds are avoiding
islands with predators [support for hypothesis (1)]. There are very few safe nesting sites
for birds on the Virginia barrier islands lmause even a single raccoon might cause

major breeding failure (Emlen et al. 1966).

Predator Distribution

Since the first records of mammalian predator distribution in 1970’s (Dueser et
al. 1979; Truitt and Peterson, in litt.), raccoons have been foundh@ll islands except
Godwin and Mink (Table 17). Even Little Cobb Island, which was apparently predator
free during this study and supported a big gull colony, had predators recorded on it from
1970s (Dueser et a. 1979). Some of the historic predator obeestions compiled by
Truitt and Peterson (in litt.) should be accepted only with caution (e.g., “two foxes
(red?) observed” and “ possible fox and rat tracks”). Neither Jifmez (in litt.; Jin?nez
et a., in litt.) nor this study detected red fox on Cobb an#iog islands, where this
species has been observed in the past. There is obviously some questions whether
“ possible fox tracks’ on Ship Shoal in 1995 provides evidence for red fox presence on

that island. One should notice aso that in the past the predat@bservations were
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occasional observations, not systematic surveys and thus might have overlooked

mammalian predator presence on some less populated islands. Therefore, a conclusion
that predator distribution has increased during the past decades might Nvébe an
overestimate. However, an increase of suitable habitat for raccoons, namely areas of
shrubs on the islandgMcCaffrey and Dueser 1990b; Shao et al. 1998; Young et al.
1995), suggests

Table 17-Raccoon and red fox distribution on the Virginia barrier idands
between 1970 and 2000 (Dueser et al. 1979; Dueser and Porter, in litt.; Jim?nez, in

litt.; Jim?nez et al., in litt.; Truitt and Peterson, in litt.; Raymond Dueser, pers. obs;
this study).

1971-1980 1981-1990 1991-1997 1998-2000
ra red ra red rac red ra red

Island ccoon fox ccoon fox ccoon fox ccoon fox
Assawoman + + + + + + - +
Cedar + - + - + + + +
Cedar Sandbar na n/a na nl/a na nl/a + +
Chimney Pole Marsh  n/a n/a n/a nla n/a nla + -
Cobb + - + + na n/a + -
Fishermans na n/a na nl/a na nl/a + —
Godwin na n/a na nl/a na nl/a - -
Hog + + + + + - + -
Holly Bluff n/a nla n/a nla n/a nla + -
Little Cobb + - na nl/a na nl/a - -
M etompkin + + + + + + + +
Mink - - na nl/a na nl/a - -
Mockhorn na nl/a + — + — + —
Myrtle - - + - + - + -
Parramore + + + + na nl/a + +
Raccoon - - na nl/a na nl/a + —
Revel + + + + + + + -
Rogue n/a nla n/a nla n/a nla + -
Sandy na nla n/a nla + + + -
Ship Shoal n/a nla na nla + + + -
Skidmore - - + - na n/a + —
Smith + - + - + - + +
Wreck - - na nl/a na nl/a + —
+  presence

— absence
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n/a no available data

that conditions may have been favorable for accoons to expand their range and
abundance on the islands. Today, at least 5 large islands sustain persistent raccoon
populations: Cedar, Hog, Mockhorn, Parramore and Smith. Failure to detect predators
on small islands (e.g., Little Cobb and Ship Shoal) kere raccoons or red foxes have
been observed in the past indicates that small islands cannot support |eteym predator
populations. Mammalian predators may be only transient visitors to these small islands

(seered fox dispersal abilities discussed latgr

Predator Abundance and Island Characteristics

Track surveys provide a relatively inexpensive method for detecting the
presence of mammals (e.g., Lindén et al. 1996), but are subject to a variety of
limitations. In the first track surveys on the islasgd Jin?nez (in litt.) used both the
scent station method (Linhart and Knowlton 1975) and the systematic survey procedure
reported here. The scent station method records only tracks made during the survey
period, and thus provides a measure of predator abutance/activity over a given period
of time (e.g., a night) and under a given set of environmental circumstances (e.g., a
period without rainfall). Neither method is able to determine how many animals are
represented by a given set of track counts. Jifinez (in litt.) found that the 2 methods
yielded the same quantitative results, i.e., the same general estimates of track frequency.
Because of the logistical constraints involved in working along the full length of each
island, JinPnez (in litt.) and Jin?nez & al. (in litt.) adopted the systematic survey

procedure for work on the Virginia barrier islands. Track frequency as determined by
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the systematic method and trapping success (captures per 10 trapnights) on 7 islands

during summer 1999 were positively caelated (r = 0.96, P = 0.0005), validating the
use of mean percent track frequency as a measure of raccoon relative abundance on the
islands.

Tracks in sand are subject to disturbance by wind, rain, and overwash. My field
work was scheduled to avoid theotential effects of overwash. Rain disturbance can be
reduced by constructing canopy over the sample transect (Bider 1968). This was
impossible in the present study (and might cause predator avoidance as well). The
VCR-LTER Program operates a recording veather station on Hog Island, in the middle
of the Virginia barrier island complex. Based on the precipitation records from this
station, the majority of the systematic track surveys were conducted during periods of
dry weather. There was no significant awelation between the amount of rainfall on
Hog Island in the 2 days before the survey and observed mean raccoon track frequency
(Fig. 11). In fact, the highest track frequency ever observed on Cobb Island (26.7%)
was recorded on March 16, 1999, after a@lay total of 52.58 mm of rainfall. Rainfall
appears to have had little effect on either track detectability or raccoon activity.
Furthermore, the tracks of whitdailed deer (Odocoileus virginianus) were amost
always recorded even when predator tracks wee not (Table A1), suggesting that
mammalian tracks were detectable during all survey periods.

Ideally, each survey would detect only tracksccumulated over a standard 32
day/night period before the survey. Unfortunately, it was necessary to schedule the

surveys when transportation to the islands was available. It was not possible to
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standardize the survey schedule around rain events or lunar phase. The surveys thus

detected tracks that may have accumulated over an unknown number of daysand

1000 ¢ o .

80 r=-0.22; p=0.27
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rainfall, mm

Fig. 11-Relationship between mean raccoon track frequency on 7 Virginia
barrier islands and cumulative rain fall since 2 days before the survey date (measured at
Hog Island station, Hog Island, VA). The 2 points with the highest amount of rainfall
represent Cobb and Wreck islands and have the highest ever measured track frequency
on those islands.
nights. Because each period was only a few days in length, lunar phase did not change
significantly during 1 survey period. Lunar cycles were different onettb survey
periods (October 1998, March 1999, June 1999, March 2000, and June 2000) but no
obvious influence by lunar cycles on track frequency was observed.

Despite the fact that we have only 2 years of relative abundance (i.e., track
frequency) data, itappears that raccoons are less active on beaches in summer, than in
spring (P < 0.05, 1-tailed t-test) and probably also in fall and winter. This has important
management implications. Also out of 10 raccoons directly observed on the beach, 7

were in Marchand 3 in June, despite that much more time was spent in field in June,

July, and August. Nine of the 10 observations were on overcast days. DeWivey
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(1948) observed raccoons being active in a Florida salt marsh during the day, and

raccoon activity followed the tide cycle more closely than the diurnal cycle.

It is worth noting that raccoon abundance declined on all islands except
Parramore on which systematic surveys were carried out in al 5 periods between
October 1998 and June 2000 (Table 7, Fig. 12)Also, overall track frequency declined
if we compare the October 1998 survey with the June 2000 survey {2iled t-test, P <
0.01). Raccoons were not detected on Ship Shoal and Wreck islands after March 1999,
despite the extensive amount of time spent othese islands during summer 1999. Ship
Shoal and Wreck islands apparently had no raccoons living on them after spring 1999.

Raccoon abundance was always strongly positively correlated with the amount
of salt marsh adjacent to the islandr(= 0.83 tor = 0.99 in different periods; Table 13
and Table 14). This observation agrees with earlier reports of raccoons foraging in salt
marsh (e.g. DeWittlvey 1948), and suggests that salt marsh provides a source of food
for raccoons. Raccoonsregularly prey upon fiddler crabs (Uca spp.), but small snails

(often Melampus spp.), as well as ribbed mussels(Geukensia demissa) will also be
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Fig. 12-Dynamics of relative abundance of raccoons on 6 Virginia barrii?
islands between October 1998 ad June 2000.
taken (Brian Silliman, pers. comm.). A variety of invertebrates are available in the salt
marsh for most of the year, while other food sources [e.g., BlackberrieR(bus argutus
Link), eggs of nesting birds] are only seasonal delicatessen.idéller crabs are not
available for raccoons in winter, except on warm days when they may emerge from
their deep burrows. Melampus spp. and Geukensia demissa are available for raccoons
during all seasons, including the winter (Brian Silliman, pers. comm.JThese
invertebrates might reach high densities in the salt marshup to 205 individuals/hfor
Uca pugnax (Wolf et al. 1975), 645.2 individuals/fifor Melampus (Daiber 1982), and
45.5 individual s/m for Geukensia demissa (Daiber 1982). Geukensia demissa has been
characterized as the most important food source for raccoons in some tidal marshes in
Louisiana (Daiber 1982). It is not surprising, therefore, that raccoon relative abundance
is so strongly correlated with area of salt marsh.

The other habitat tye correlated with raccoon relative abundance is shrubs and
forest. This is easy to explain, because the raccoon is presumably a forest inhabitant

(Whitaker and Hamilton 1998). Shrubs provide cover, denning sites, and also food (e.g.,

blackberries, persimnons, bird eggs and young) in the barrier island environment.
Predator Movements and Island Colonization

Although we detected no movements of marked raccoons between islands,
observations and translocation experiments by Hanlon et al. (1989) showed thatlm
and female raccoons crossed the Swash (~300 m wide—2 m deep at mean low tide)

between Parramore and Revel islands regularly. Kaufmann (1990) reported raccoons
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regularly swimming between keys in Florida Everglades and across rivers and lakes

up to 300 m wide. Kauhala (1996) reports that rivers more than 300 m wide serve as
dispersal barriers for introduced raccoons in Germany. However, Hartman and Eastman
(1999) found raccoons swimming in saltwater up to 950 m to reach the next island in
Haida Gwaii achipelago, British Columbia, Canada. Raccoons were found on 86% of
islands isolated by less than 400 m of water, on 29% of islands isolated by 4@00 m,
and on 25% of islands isolated by more than 800 m of water (Hartman and Eastman
1999).

According to his information, raccoons might easily move between most of the
adjacent islands in the Virginia barrier island complex. Presence of predators was
dependent on island isolation [support for hypothesis (2)]: islands with raccoons and red
foxes were farther from mainland in 1999 P < 0.02; KruskatWallis test). Conversely,
there was no significant correlation between raccoon relative abundance and island
isolation (Table 13 and Table 14). Extensiv&partina spp. marshes connect some of the
islands, and only itdal creeks isolate them from each other. This might make raccoon
dispersal between islands easier.

Both the trapping data and the systematic track surveys indicate pronounced
differences in raccoon relative abundance among islands (Table 7, Table 11, Fi@.Fig.
10). Large islands (e.g., Parramore and Smith) had high raccoon abundance, and small
islands (e.g., Ship Shoa and Myrtle) had much lower raccoon abundance [support for
hypothesis (4)]. Larger populations have much smaller risk of extinction. Thehdsto a
basic prerequisit of metapopulation concept— asynchronous population fluctuations

(Levins 1969; Harrison and Taylor 1997), which we can observe on the Virginia barrier
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islands (Fig. 12). Some of the populations clearly went extinct during ostudy,

because of repeated failure to detect presence of animals since spring 1999 on Ship
Shoal and Wreck islands.

Our observations show that foxes have colonized fewer Virginia barrier islands
than raccoons. The dispersal abilities of the red fox are vg good. In the Southern
Finnish archipelago, Bergman (1966) observed foxes voluntarily swimming between
islands 100 m apart in winter conditions in an atmospheric temperature-6£7°C and 2
km apart in summer conditions. He also found that “ foxes seldorwisn out to treeless
skerries when these lie quite close to the forested islands, but often cross the sounds (up
to 300 m) between forested islands’ (Bergman 1966: 40). Foxes in the Southern Finnish
archipelago are only occasionally found on islands smalle¢han 40 ha (there is no salt
marsh on the islands in Finnish archipelago, only upland habitat; Bergman 1966). This
suggests that red fox has a certain area (food) requirements to be able to successfully
colonize an island. Sargeant (1978) reports that aadult red fox requires 2.25 kg food
per week, but no free water. Krim et al. (1990) observed that Assateague Island red fox
consumed mostly mammals (87%), which might not be available in sufficient quantities
on small barrier islands. Foxes also are nothlserved to feed in salt marsh (Kaufmann
1990), thus the red fox distribution on Virginia barrier islands is most probably limited

by the available upland food resources on each particular island.

Management Implications

There are several potential management optionsfor avian habitat restoration on
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Virginia barrier islands: habitaioriented management, bireoriented management,

and predator-oriented management. Habitat management would be cutting and/or
burning the shrubs on islands to create gable breeding sites for colonial waterbirds
and indirectly decrease predator populations. Despite the potential effectiveness of this
action, this management option is not realistic because of ongoing studies of natural
vegetation dynamics on the islandéShao et al. 1998). Birdoriented management might
include creation of artificia islands for nesting and protecting existing colonies. This
also might be unrealistic because artificial islands might have a very short lifespan,
considering the dynamics bnatural islands (e.g., the northern 25% of Myrtle Island has
been lost to the Atlantic Ocean in 5 years). Additionally, mammalian predators might
also reach artificial islands. Any construction on sites where colonial waterbirds prefer
to nest (i.e., onthe low-elevation beaches and marshes) will have very short persistence
time, because of the frequent destructive power of hurricanes and northeasters.
Predator-oriented management might be effective only if predator manipulation could
effectively keep the predators from depredating bird nests and disturbing breeding
adults. Because we know that disturbance by predators might be an important source of
indirect chick mortality (Emlen et a. 1966} even a single animal can still create
problems — the goal wauld be the elimination of predators. This might be a possible
option, but only for some islands.

Large islands with large populations of predators, such as Cedar, Hog,
Mockhorn, Parramore, and Smith islands, probably are unmanageable by any
acceptable method and should be considered as “lost to predators.” At least 3 years of

attempts to control red foxes on Metompkin Island, which is relatively large and close
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to the mainland, apparently have failed, because there were still observations of fox

tracks onthat island after management actions (Barry Truitt, pers. comm.).

Small islands near the mainland (Assawoman, Holly Bluff, Raccoon, Skidmore)
or near to alarge island with stable raccoon populations (Myrtle, Revel, Rogue) most
likely also have no managemat options. It is clear enough by study on Parramore and
Revel islands that raccoons will frequently cross water < 300 m wide (Hanlon et al.
1989).

Small- to mediumsized, relatively isolated islands might be the only islands on
which predators could be ket under control. Those islands include Chimney Pole
Marsh, Cobb, Godwin, Little Cobb, Sandy, Ship Shoal, and Wreck. Apparently they do
not have high raccoon populations, if at all at this time, and frequent overwashes and
flooding are helping to keep théslands more or less free of predators.

The 2 basic aternatives to predator management on Virginia barrier islands
appear to be translocation or euthanasia of liverapped animals. Because the mentioned
concerns about dangers of consequences of wildliferanslocation — spreading of
disease, mixing gene pools (Cunningham 1996; Griffiths et al. 1996)it would be
preferable to kill (euthanase) nuisance animals. Knowing the ubiquitous distribution and
high densities of raccoons (Mosillo 1999), the questieawhere to release translocated
animals without harassing both local and translocated animalsis very important.
Euthanasia, however, may raise public concerns, because raccoons are charismatic
animals to the public and level of public understanding of 6reservation biology” is not
uncommon to be equal with “individual animal conservation” regardless of the status

and distribution of the species. However, in specific circumstances public opinion might
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tolerate euthanasia. Messmer et al. (1999) found thathé majority of the public

supported or strongly supported control of skunks, raccoons, and foxes to protect duck
species in danger of extinction (81.3%), control of gulls and crows to protect nesting
piping plowers (71.5%), control of foxes to protect neshg piping plowers (66.8%), and
control of skunks, raccoons, and foxes to improve duck nesting success (58.9%). This
means that control of raccoons and red foxes on Virginia barrier islands to protect
nesting birds— terns and shorebirds— might be well reeived by the public. But even
with total removal of raccoons and red foxes on manageable islands, other predators,
e.g., American mink, will remain on the islands and mink management, given the
aquatic habits of mink, would be very hard, if at all possiblon Virginia barrier islands.
When choosing the best time for raccoon trapping on the islands, fall, winter, or
spring is strongly recommended. Trapping in summer has little trapping success, which
might be connected with behavior of raccoons during thelsymer, and also it is a much

more difficult task in hot and humid conditions than in any other season.
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Table Al—-Predator track survey on 23 Virginia barrier and marsh isandsin
June 1999 — 2000.

Island Date Line Segment Species Observer
Assawoman 22.06.1999 * - Vul wul Bill Williams
Assawoman 20.06.2000 1 1 - Justin Crump, Oskars Keiss, Bill Williams

N N N 2 - N
- “ N 3 - “
-« “ . 4 - “
-« “ . 5 - “
- “ 2 1 - .
‘- - 2 Odovir ‘-
- “ N 3 - “
-« “ . 4 - “
2 ‘o Mo 5 - ‘o
‘- 3 1 9yflo -
‘- - 2 Odovir -
L L L 3 - L
Cedar 06.06.1999 * - Vul vul (observed wikit) Marcus Killmon
Cedar 22.06.1999 1* 1 Can fam Randall Schultz
(N-5) - - 2 - -
(North Cedar only) e e 3 Can fam -
‘- - 4  Canfam -
“- 5  Prolot
2* 1 Prolot
2 Prolot
3 Prolot
“- 4  Prolot
“- 5  Prolot
3 1 Prolot
- “ N 2 - N
3 Prolot
-« “ . 4 - .
“- 5  Prolot
4* 1 Prolot
2 Prolot
3 Pro lot
“- 4 Prolot
“- 5  Prolot
5 1 Prolot
2 Prolot
- “ N 3 - N
-« “ . 4 - .
. “ . 5 - .
6* 1 Prolot
Cedar 20.06.2000 1 1 - Oskars Keiss
(NS 2 Pro lot
(North Cedar only) o e 3 Pro lot -
4 Pro lot
5 Pro lot
2 1 Pro lot
2 Prolot
- ‘- - 3 Prolot, Odo vir -
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Table A1—Continued.

Island Date Line Segment Species Observer
Cedar 20.06.2000 2 4 Prolot, Odo vir, Vul vul Oskars Keiss
(NS 5 Pro lot
(North Cedar only) 3 1 Odo vir, Pro lot
(continued) e R 2 Pro lot -

- ‘- - 3 Odovirt -
“- 4 Prolot
. “ . 5 - .
. “ 4 1 - .
2 Prolot
N “ N 3 - N
. “ . 4 - .
. “ . 5 - .
. “ 5 1 - .
N “ N 2 - N
e “ e 3 - e
Mo Mo Mo 4 - Mo

Cedar (south) ~ 20.06.2000 - -

<

ul vul, Odo vir, Can fam, Pro lot Justin Crump, Bill Williams

Cedar Sendbar  04.08.1999 * - - Barry Truitt
Cedar Sandbar  24.08.1999 * - Vulwl B
Cedar Sandbar  20.06.2000 * - - Philip Smith, Ruth Beck
Chimney Pool  23.06.1999 * - - Eli Fenichel
Chimney Pool  14.10.1999 * - Prolot Oskars Keiss, Mads Thomsen
ChimneyPool  21.06.2000 - - - Justin Crump
Club House Point  20.06.00 - - - Philip Smith, Ruth Beck
Cobb (N-9) 18.07.1999 1 1 Lep cal, Odo vir, Can fam Oskars Keiss

- - - 2 Lep cal, Can fam -

- ‘- - 3  Lepcal, Canfam -

4 - (washed out)

- ‘- - 5  Odo vir -

2 1 - (washed out)

B - B 2 Canfam B

. “_ . 3 - .

e o e 4 - e

B - B 5 Canfam B

- ‘- 3 1  Odovir -

2 Odovir, Lep cal

3 Odo vir, Lep cal

4 Odo vir, Lep cal

- ‘- - 5  Odovir, Canfam -

4 1  Odovir, Lepcal

2 Odovir, Lepcal

e ‘. e 3 - e

-4 = -4 4 Lep cal -4

- - - 5 Lepcal, Odo vir -
Cobb (N-5) 24.03.2000 1 1 - Patrick Brannon, Erika Peterson

. . . 2 - e

. “_ . 3 - .

e o e 4 - e

5  Prolot (dead)

. “_ 2 1 - .

. “_ . 2 - e
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Table A1—Continued.

Island Date Line Segment Species Observer
Cobb (N-s) 24.03.2000 2 3 - Patrick Brannon, Erika Peterson
(continued) 4 Musvis

“- 5  Prolot
3 1 Prolot
2 Odovir
3 Odovir
e o “ 4 - e
e o e 5 - e
4 1  Odovir
2 Odovir, Musvis
3 Odovir, Musvis
“ 4 Odo vir, Musvis
e o e 5 - e
O “_ 5 1 - N
2 Musvis
3 Musvis, Lep cal
“ 4 Musvis, Odo vir, Lep cal
“. 5  Lepcal, Musvis
. . 6 1 - i
Cobb (N-9) 15.06.2000 1 1 - Oskars KeiSs, Philip Smith
2  Lepca
e ‘. ‘. 3 - e
4 Lep cal
5 Lepcal, Odo vir
2 1  Lepcal, Odo vir
2 Odovir, Lepcal
3  Lepcal
“ 4 Lepcal, Odo vir
5  Lepcal, Odo vir
3 1  Lepcal, Odovir
2 Odovir, Lepcal
3 Lepcal, Odo vir
“ 4 Lep cal
5 Lep cal
4 1 Lep cal
2  Lepca
e ‘. ‘. 3 - e
4 Lep cal
5 Lep cal
Cobb (N-9) 19.06.2000 1 1 - Justin Crump
e e e 2 - e
e ‘. ‘. 3 - e
B - - 4  Canfam
B - B 5 Canfam
2 1  Odovir
2 Prolot, Lep cal, Odo vir
3 Odo vir, Lep cal (observed)
“ 4 Odo vir
5  Odo vir
3 1 Odo vir
2 Odovir
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Island

Date

Line Segment Species

Observer

Cobb (N-9)

Cobb

Fishermans

(EwW)

19.06.2000 3

“ “ “

L« L« 4

“ “

“

02.08.2000 —*

19.11.1999 1

“ “

(Southern shore) M -

Fishermans

(EwW)

16.06.2000 1

“ “

(Southern shore) e .

Godwin
Godwin
Hog (N-9)

23.07.1999 *
19.06.2000 -
21.06.1999 1

“ “

“ “ “

(ﬂb(}dl\)l-‘(ﬂ-b(}dl\)l—‘Uﬂ-b(;\)l\)l—‘(ﬂ-bOOI\)D—‘Uﬂb(JOI\)l—‘UWbWI\)l—‘UWbWI\)l—‘UWbWI\)l—‘l*I\)HUﬂ-b(AJ

WN P

Odo vir
Odo vir

Pro lot (found dead)
Odo vir

Mus vis, Odo vir

Odo vir, Pro lot, Mus vis
Mus vis, Odo vir, Pro lot
Mus vis, Pro lot, Odo vir
Odo vir, Pro lot

Prolot, Odo vir

Odo vir, Pro lot

Odo vir, Pro lot

Prolot, Odo vir

Prolot, Odo vir

Odo vir, Pro lot

Prolot

Odo vir, Pro lot

Prolot, Odo vir

Pro lot, Odo vir

Odo vir, Pro lot

Prolot, Odo vir

Prolot, Odo vir

Odo vir
Odo vir
Odo vir
Odo vir
Odo vir
Odo vir
Odo vir, Prolot
Odo vir
Odo vir
Odo vir
Odo vir
Odo vir

Prolot, Odo vir
Prolot, Odo vir

Justin Crump

“

Barry Truitt
Oskars Keiss

“

Oskars Keiss, Calvin Brennan

“

Raymond Dueser, Eli Fenichel, John Porter, Randall Schultz

Oskars Keiss
Raymond Dueser

“

“
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Table A1—Continued.
Island Date Line Segment Species Observer
Hog (N-9 21.06.1999 1 4 Prolot, Odo vir Raymond Dueser
- - - 5  Prolot, Odo vir
2 1  Prolot, Odovir
2 Prolot, Odovir
3 Prolot, Odo vir
“ 4  Prolot
-« “ . 5 - I
- “ 3 1 - .
- “ N 2 - .
- “ N 3 - .
-« “ “ 4 - I
“- 5  Prolot
-« “ 4 1 - I
- “ N 2 - .
- “ “ 3 - .
-« “ “ 4 - I
-« “ . 5 - I
- 5* 1 Prolot Randall Schultz
- “ N 2 - .
- “ N 3 - .
-« “ . 4 - “.
-« “ . 5 - “.
- “ 6* 1 - “.
- “ N 2 - “.
- “ N 3 - “.
-« “ . 4 - “.
-« “ . 5 - “.
-« “ 7* 1 - “.
- “ N 2 - “.
3  Prolot
-« “ . 4 - “.
-« “ . 5 - “.
- “ 8* 1 - “.
- “ N 2 - “.
- “ N 3 - “.
-« “ . 4 - “.
-« “ . 5 - “.
- “ g* 1 - “.
- “ N 2 - “.
- “ N 3 - “.
-« “ . 4 - “.
-« “ . 5 - “.
“. 0 1 -
- “ N 2 - “.
- “ N 3 - “.
. “ . 4 - I
. “ . 5 - I
Hog 14.10.1999 * - Prolot Oskars Keiss, Mads Thomsen
Hog (N-9 24.03.2000 1 1 Pro lot Oskars Keiss
e e e 2 - e
e ‘. e 3 - e




Table A1—Continued.

Island Date Line Segment Species Observer
Hog (N-9 24.03.2000 1 4  Prolot Oskars Keiss
(continued) e e - e
2 Pro lot
- ‘- “ Odo vir
- ‘- 3 Odo vir
- ‘- “ Odo vir, Prolot
Prolot
4 Prolot
Prolot
Prolot
“ Prolot
Prolot
5 Prolot
Prolot
- - - Odo vir
“ Prolot
6 Pro lot
Prolot

Prolot
Prolot

. “ 7 - I
Prolot
8 Pro lot
Prolot
Prolot
Prolot
Odo vir, Pro lot
Hog (N-9) 14.06.2000 1 Odo vir, Justin Crump
Prolot, Odo vir
Prolot, Odo vir
Odo vir
2 Odo vir
Prolot, Odo vir
Prolot, Odo vir
“ Prolot, Odo vir
Prolot
3 Prolot, Can fam
Prolot

Prolot -
Prolot

[
'
=
=
B ONRPORMWONRPUORMWONRPORWONRPAORWONRFRPORWONRFRPORWONRPORMRWONRPORWONRPORMWNEO
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'
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Table A1—Continued.
Island Date Line Segment Species Observer

Hog (N-9 14.06.2000 3 5 Prolot Justin Crump
(continued) e 4 1 Prolot -~

2 Prolot

3 Prolot

. “ “ 4 - I

5  Prolot, Odovir

5 1 Prolot

N “ N 2 - .

N “ N 3 - .

- ‘- “ 4 Odo vir

. “ . 5 - I

6 1 Prolot

2 Prolot

N “ N 3 - .

- ‘- “ 4 Odo vir

. “ . 5 - I

. “ 7 1 - I

2 Prolot

“ 3 Prolot

e e e 4 - e
Holly Bluff 19.10.1999 * - Prolot, Can fam Oskars Keiss
Little Cobb 18.07.1999 * - - Randall Schultz
Little Cobb 15.06.2000 1 1 - Patrick Brannon, Justin Crump

. . . 2 - i

. . . 3 - i

e e e 4 - e
M etompkin 22.06.1999 1* 1 - Randall Schultz
N-S, Southern e e 2 Vul wul -
part only, Channel e B 3 wvulw -
marker 71-S e e 4 Vul wul e
(starting from B B 5 - B
Metompkin inlet) e 2% 1 - e

2 Vulwl

- “ N 3 - .

4  Vvulwl

-« “ . 5 - I

- “ 3* 1 - .

- “ N 2 - .

‘- - 3  Canfam -

-« “ . 4 - I

-« “ . 5 - I

-« “ 4* 1 - I

2 Vulwl
Metompkin 13.04.2000 * - Vul vul (observed) Barry Truitt
Metompkin 19.05.2000 * - Vul wul Barry Truitt
Metompkin 20.06.2000 1 1 - Philip Smith

e ‘. e 3 - e

e o e 4 - e

e o e 5 - e

. “_ 2 1 - i
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Table A1—Continued.

Island Date Line Segment Species Observer
Metompkin 20.06.2000 2 2 - Philip Smith
(continued) e e 3 - B

. “ “ 4 - I

. “ . 5 - I

- “ 3 1 - .

- “ N 2 - .

- “ N 3 - .

-« “ “ 4 - I

-« “ . 5 - I

-« “ 4 1 - I

- “ N 2 - .

- “ N 3 - .

-« “ “ 4 - I

-« “ . 5 - I

-« “ 5 1 - I

2 - Justin Crump

- “ N 3 - .

-« “ “ 4 - I

-« “ . 5 - I

- “ 6 1 - .

- “ N 2 - .

- “ N 3 - .

-« “ “ 4 - I

-« “ . 5 - I

-« “ 7 1 - I

- “ N 2 - .

- “ N 3 - .

-« “ “ 4 - I

-« “ . 5 - I

- “ 8 1 - .

N “ N 2 - .

N N N 3 - .
Mink 04.06.1999 * - Musvis Eli Fenichel
Mink 19.06.2000 - - - Oskars Keiss
Mockhorn 19.10.1999 * - Prolot, Lut can Oskars Keiss, Randall Carlson
Mockhorn 12.06.2000 * - Prolot OskarsKeiSs, Patrick Bramon, Justin Crump
Myrtle(N-9) 21.06.1999 1* 1 Prolot Ruth Beck

e ‘. e 3 - e

e o e 4 - e

e o e 5 - e

. “_ o 1 - i

. “_ . 2 - i

e “ e 3 - i

e o e 4 - e

e e e 5 - e
Myrtle 05.07.1999 * - - Eli Fenichel
Myrtle 07.10.1999 * - Prolot Raymond Dueser
Myrtle(N-9) 20.03.2000 1 1 - Oskars Keiss

B B B 2 - (overwashed) -

- - - 3 - (overwashed) -
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Table A1—Continued.

Island Date Line Segmert Species Observer
Myrtle(N-) 20.03.2000 1 4 - Oskars Keiss
(continued) - - 5  Musvis (overwashed) -

2 1 Musvis, Prolot
2 Prolot
N “ “ 3 - .
. “ “ 4 - I
e e e 5 - e
Myrtle(N-9) 19.06.2000 1 1 - Philip Smith, Ruth Beck
- B B 2 Odovir
B - B 3 Odovir
. “ “ 4 - I
. “ . 5 - I
- ‘- 2 1  Odovir
N “ N 2 - .
N “ “ 3 - .
. “ “ 4 - I
e e e 5 - e
Parramore(N-5)  30.07.1999 1* 1 Pro lot Randall Schultz
2 Prolot, Vul vul
3 Prolot, Vul wul
4 Prolot, Vul wul
5  Prolot, Vul wul
2* 1 Prolot
2 Prolot, Vul wl
3 Prolot, Vul wul
4 Prolot
5  Prolot, Vul wul
3* 1 Prolot
2 Prolot
3 Prolot, Vul wul
4 Prolot
5  Prolot, Vul wul
4* 1 Prolot, Vul vul
2 Prolot
3 Prolot
4 Prolot
e e e 5 - e
Parramore 22.09.1999 * - Pro lot Oskars Keiss
Parramore(N-§  25.03.2000 1 1  Prolot, Odovir, Vul vl Patrick Brannon
2 Prolot
3  Prolot
4 Odo vir, Prolot
- ‘- - 5  Odo vir, Prolot
2 1  Odovir, Prolot
2 Prolot, Odovir
3 Odo vir, Prolot
“ 4  Prolot
“- 5  Prolot
3 1  Odovir, Prolot
2 Prolot
3  Prolot
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Table A1—Continued.

Island Date Line Segment Species Observer
Parramore(N-s)  25.032000 3 4  Prolot Patrick Brannon
(continued) e R 5 Prolot -~

e e 4 1 - e

e . e 2 - e

e . . 3 - e

“ 4 Prolot

5 Prolot
Parramore(N-s)  14.06.2000 1 1 Prolot Philip Smith

2 Prolot

e ‘e e 3 Pro |ot observed feeding on beach B

4 Prolot

5 Prolot

2 1 Prolot

2  Prolot

3  Prolot

“ 4 Prolot

5 Prolot

3 1 Prolot

2 Prolot, Odo vir

3 Prolot, Vul vul, Odo vir

“ 4 Prolot

5 Prolot

4 1 Prolot

2 Prolot

3  Prolot

4 Prolot

5  Prolot, Canfam
Raccoon 28.10.1999 * - Prolot Oskars Keiss
Raccoon 12.06.2000 * - Prolot  OskarsKeisSs, Patrick Brannon, Justin Crump
Revel 26.10.1999 * - Prolot Barry Truitt
Rogue 22.06.1999 * - Prolot Eli Fenichel, Oskars Keiss
Rogue 16.06.2000 - - Pro lot, Odo vir Justin Crump
Sandy 23.06.1999 * - Prolot Oskars Keiss, Ruth Beck
Sandy 14.10.1999 * Prolot Oskars Keiss, Mads Thomsen
Sandy 21.06.2000 * - - Oskars Keiss, Philip Smith, RuttBeck
Ship Shoal(n-s)  21.06.1999 1 1 - Oskars Keiss

e e e 2 - e

e ‘. e 3 - e

“ 4 Odo vir

5  Odo vir

2 1  Odovir

2 Odovir

e . e 3 - e

. “ “ 4 - I

. . . 5 - I
Ship Shoal 05.07.1999 * - - Oskars Keiss
Ship Shoal 04.08.1999 * - Prolot Barry Truitt, Erica Peterson
Ship Shoal (S) 09.09.1999 * - Musvis Oskars KeiSs, Patric Brannon
Ship Shoal 07.10.1999 * - - Raymond Dueser
Ship Shoal(n-9)  23.03.2000 1* 1 - Barry Truitt




Table A1—Continued.
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Island

Date Line Segment Species

Observer

Ship Shoal(N-s)  23.03.2000 1*

(continued)

“

Ship Shoal\-9

Skidmore
Skidmore
Smith(N-9)

S
lS.O:éiZOOO Jf.fff
s
19.1(;:;;.999 *::-
12.06.2000 -
25.0?:?.999 J—.::—
o
-
L
o
o

PARWONPRPORWONRPORWONRPRORMW

l—‘(QbOOMl—‘(ﬂbWI\)l—‘(ﬂbWI\)l—‘(ﬂbWI\)l—‘(ﬂ-b(;\)l\)l—‘(ﬂ-bWI\)H'

Musvis
Mus vis, Lut can
Musvis
Musvis

Odo vir
QOdo vir, Musvis
Mus vis, Odo vir

Mus vis, Odo vir
Odo vir
Musvis
Prolot
Prolot
Odo vir, Pro lot
Odo vir

Odo vir
Prolot, Odo vir
Pro lot

Prolot
Prolot
Prolot
Odo vir, Pro lot
Odo vir
Prolot
Prolot
Odo vir, Pro lot
Prolot
Odo vir, Pro lot
Odo vir, Pro lot
Prolot, Odo vir
Odo vir, Pro lot
Odo vir, Pro lot
Odo vir, Pro lot
Odo vir, Pro lot
Prolot, Odo vir
Prolot, Odo vir
Prolot, Odo vir

Prolot

Barry Truitt

“

“

Oskars KeisSs, Philip Smith

Oskars Keiss

Oskars KeiSs, Patrick Brannon, Justin Crump

Oskars Keiss

“

Eli Fenichel

“
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Table A1—Continued.

Island Date Line Segment Species Observer
Smith(N-9) 25.06.1999 7* 2 Prolot Eli Fenichel
(continued) e e 3 - e

4 Prolot
e o e 5 - e
e ‘. 8* 1 - e
e ‘. e 2 - e
3  Prolot
Smith 27.10.1999 * - Prolot Oskars Keiss
Smith(N-9) 20.03.2000 1 1 - Oskars Keiss
2 Prolot (observed)
3 Prolot, Musvis
“- 4  Prolot
“- 5 Prolot
2 1 Prolot
2 Prolot
- “ N 3 - .
-« “ “ 4 - I
- o e 5 - e
3 1 - (overwashed)
2 Prolot
3 Prolot
“ 4 Prolot
5 Prolot
4 1 Prolot
‘- - 2  Odovir, Prolot
- B 3 - (overwashed) -
‘- “ 4 Prolot (overwashed)
- o e 5 - ‘o
5 1 Prolot
‘- - 2 Prolot, Odo vir
‘- - 3 Odo vir, Prolot
‘- “ 4 Prolot, Odo vir
5 Prolot
‘- 6 1 - (overblown by wind)
‘- - 2 - (overblown by wind)
‘- ‘- 3 - (overblown by wind)
- ‘- 4 - (overblown by wind)
- - - 5 - (overblown by wird)
Smith(N-9) 19.06.2000 1 1 - Oskars Keiss
. . . 2 - i
. “_ . 3 - i
e o o 4 - e
“- 5  Prolot
2 1  Prolot (dead on the beach)
e “_ . 2 - i
. “_ . 3 - i
e o “ 4 - e
“- 5  Prolot
. “_ 3 1 - i
2 Prolot
- ‘- ‘- 3 Odovir
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Table A1—Continued.

Island Date Line Segment Species Observer

Smith(N-9 19.06.2000 3 Odo vir Oskars Keiss
(continued) e e - e

Prolot
Odo vir
Odo vir, Pro lot
Odo vir
Odo vir, Pro lot
Prolot, Odo vir
Prolot
Odo vir

Prolot
Wreck (N-9) 21.06.1999 1 - Oskars Keiss

[
'
=
=
PORONRPORMWONRPORMWONRPORMWONRPORMWONRPRPODMWNEOD
'
'
=

5
Wreck 06.07.1999 * Musvis  Eli Fenichel, Oskars KeiSs, Randall Schultz
Wreck (N-S) 23.03.2000 1 - Oskars KeiSs, Patrick Brannon

“

- (overwashed)

[N

'

=
NFPORWNRFRPORWNRFRPODMWNEE

'

'

=
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Table A1—Continued.

Island Date Line Segment Species Observer
Wereck (N-S) 23.03.2000 4 3 - Oskars KeiSs, Patrick Brannon
(continued) e e 4 - e

e e e 5 - e
e e 5 1 - e
e e e 2 - e
Wreck (N-9) 15.06.2000 1 1 - Justin Crump, Patrick Brannon
N “ “ 3 - .
. “ “ 4 - I
. “ . 5 - I
N “ 2 1 - .
N “ N 2 - .
N “ N 3 - .
. “ “ 4 - I
. “ . 5 - I
N “ 3 1 - .
N “ N 2 - .
N “ N 3 - .
. “ “ 4 - I
e o e 5 - e
e e 4 1 - e
Wreck (N-S) 19.06.2000 1 1 - Oskars Keiss, Philip Smith

N N N 2 - .
- “ N 3 - “.
-« “ “ 4 - “.
-« “ . 5 - “.
- “ 2 1 - “.
- “ N 2 - “.
- “ N 3 - “.
-« “ “ 4 - “.
-« “ . 5 - “.
- “ 3 1 - “.
- “ N 2 - “.
- “ N 3 - “.
-« “ “ 4 - “.
-« “ . 5 - “.
-« “ 4 1 - “.
- “ N 2 - “.
- “ “ 3 - “.
-« “ -« 4 - “.
. “ . 5 - “.
. . 5 1 - “.
* only predator tracks registered

Lepcal - Lepus californicus - Black-tailed Jackrabbit

Syl flo- Sylvilagus floridans - Eastern Cottontail

Vul vul - Vulpes vulpes - Red Fox

Canfam- Canisfamiliaris- Domestic Dog

Prolot - Procyon lotor - Raccoon

Musvis - Mustela vison - American Mink

Lut can - Lutra canadensis- Northern River Otter

Odo vir - Odocoileusvirginianus- Whitetailed Deer
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Table A2—-Raccoons Procyon lotor sampled for DNA analyses on the Virginia Barrier Idands and mainland areas of the
Virginia Coast Reservein 1999.

Capture  Right Left Radio Weight, Recapture date,

BottleNr.  Sex Age Date site! eartag eartag freguency g Name site

PR 01 ?  Ad JUN 15SM 13 0004 0003 150.897 3700 Rocky Rokis -

PR 02 ?  Ad JUN 15 SM 22 0006 0005 150.908 3300 Nancy Nara -

PR 03 ?  Ad JUN 15 SM 32 0008 0007 150.967 4550 Ray Raitis JUN 17, SM 35
PR 04 ? Ad JUN 17 SM 35 0020 0019 — 2800 Jane Janta -

PR 05 ?  Ad JUN 16 SM 14 0002 0001 150.987 3800 Stormy Stogis -

PR 06 ?  Ad JUN 15 SM 42 0010 0009 150.929 3300 Lil Lize JUN 26, SM 37
PR 07 ?  Ad JUN 16 SM 04 0012 0011 151.135 4300Dan Daris -

PR 08 ?  Ad JUN 16 SM 30 0016 0015 — 4400 Randy Rancis -

PR 09 ?  Ad JUN 16 SM 24 0014 0013 — 4700 Barry Balvis -

PR 10 ?  Ad JUN 16 SM 33 0017 0018 — 4100 Sandy Sanda JUN 27, SM 32
PR 11* ?  Ad JUN 27 SM 31 0022 0021 — 4100 John Johans -

PR 12 * - Ad. JUN 30SM 07" — 0026 — 4900 Kaupens Kaupens —

PR 13 ?  Ad JUN 28 SM 33 0023 0024 — 3500 Dazy Dace -

PR 14 ?  Ad JUL 2 SM 32 0027 0025 — 3350BonnieBonifacija —

PR 15 ?  Ad JUL 3 SM 49 0029 0028 151.047 3150Lialia -

PR 16 ?  Ad JUL 3 SM 48 0030 0031 151.175 3500 Tracy Trine -

PR 50 ?  Ad OCT 28 SM 59 0096 0097 — 3900 Grieta Grieta -

PR 51 ?  Ad OCT 28 SM 44 0098 0099 — 4700 Rasma Rasma -

PR 52* ?  Juw OCT 28 SM 58" - 0101 — 1650 Rinalds Rinalds -

PR 53* ?  Ad OCT 28 SM 58" — 0100 — 39000lgaOlga -

PR 54 ?  Ad OCT 29 SM 40 0102 0103 — 4000 Armands Armands NOV 11, SM 40
PR 55 ?  Ad OCT 29 SM 58 0104 0105 — 6200 Didzis Didzis -

PR 56 ?  Juw OCT 29 SM 60 0106 0107 — 1600 Erlens Erlens -




Table A2—Continued.
Capture  Right Left Radio Weight, Recapture date,

BottleNr. Sex Age Date site! eartag eartag frequency g Name site
VV01(57) ? Ad. NOV 10 SM 48 0108 0109 — 4300 VarisVaris -
PR 58 ? Ad. NOV 10 SM 57 0110 0111 — 4850 Mareks Mareks -
PR 17 ?  Ad JUL 8 HG21 0033 0032 151.028 4500 Sud Surmis -
PR 18 ?  Ad JUL9 HG14 0035 0034 151.075 4550 Harvey Harijs JUL 14, HG 15
PR 19 ?  Ad JUL 11 HG 16 0037 0036 150.943 5400 George Georgs -
PR 21 ?  Ju. JUL13 HG21 0041 0040 - 850 Tom Tonijs -
PR 22 ?  Ju. JUL13 HG21 0043 0042 - 700 Jerry Jezups -
PR 20 ?  Ad JUL 12 ROO1 0039 0038 151.180 4050 Ricky Ritvars -
PR 23 ?  Ad JUL 23 MY 14 0045 0044 151.017 3850 Sonny Solis -
PR 24 ?  Ad JUL 23 MY E 0047 0046 151.106 3900 Cher Ciepa -
PR 42* ?  Ad JuL 3 -3 0081 - — 4300 Jukums Jukums -
PR 25 ?  Ad JUL 28 PA 01 0049 0048 151.117 3650 Roxy Roga -
PR 26 ?  Ad JUL 28 PA 02 0051 0050 151.002 2750 PriscillaPrincese  —
PR 27 ?  Ad JUL 28 PA 09 0052 0053 — 2500 Debbie Dekla -
PR 28 ?  Ad JUL 28 PA 12 0054 0055 151.087 4300 Phil Pilkis -
PR 29 ?  Ad JUL 28 PA 13 0056 005/ 151.150 3750 Peter Peteris -
PR 30 ?  Ad JUL 28 PA 17 0059 0058 150.957 4000 Forest Fogts -
PR 31* ?  Ad JUL 28 PA 20 0061 0060 — 3250 KerjaKerija -
PR 32 ?  Ad JUL29 PA11 0062 0063 151.363 4000 Marley Martins -
PR 33 ?  Ad JUL 29 PA 15 0065 0064 151.745 4550 Eddie Edgars -
PR 34* ?  Ad JUL 29 PA 22 - 0074 — 5000 MaigonisMaigonis —
PR 35 ?  Ad JUL 29 PA31 0066 0067 151.060 3750 MadonnaMadara —
PR 36* ?  Ad JUL 29 PA 22 0073 - — 4800 Lavizelavize -
PR 37 ?  Ad JUL 30 PA 05 0069 0068 151.602 4550 Bud Burvis -
PR 38 ?  Ad JUL 30 PA 09 0071 0070 151.436 4400 BorisBronislavs -

82
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Table A2—Continued.
Capture  Right Left Radio Weight, Recapture date,
BottleNr. Sex Age Date sit¢  eartag eartag frequency g Name site
PR 39 ?  Ju. JUL30 PA24 0076 0072 — 1250 Junior Juris -
PR 40 ?  Ad JUL 30 PA 25 0077 0078 151.552 4700 Sarah Saiva -
PR 41 ?  Ad JUL 30 PA 29 0080 0079 151.496 2950 Rosie Rozalija -
PR 43 ?  Juw. AUG2 CUO09 0082 0083 — 1300 Jillian Jilde -
PR 45 ?  Ad AUG4 CUO02 0087 0086 151.291 4250 Betsy Bella -
PR 44 ?  Ad AUG3 BRO7 0085 0084 151.645 5700 Arnold Arnis -
PR 46 ?  Ad AUG5 BRO7 0093 0092 — 4600 TinaTina -
PR 47 ?  Ad AUG4 BRO08 0088 0089 151.395 3650 Sue Subate -
PR 48 ?  Ad AUG4 BR12 0091 0090 151.316 4200 Frank Francis -
PR 49 ?  Ad AUG5 BRO09 0094 0095 — 4400 GarfieldaGandrene —
PR 59* - Ad. MAR24 CcO' - - - — Kazimirs Izidors -
Y ocalities:

BR - Brownsville (mainland), CG- Cobb Island, CU— Cushman’ s landing (mainland), H& Hog Island, MY —
Myrtle Island, PA— Parramore Island, RO— Rogue Island, SM— Smith Island

* dead, whole animal collected for Virginia Museum of Natural History
" not captured but found dead near the trap site
$roadkill on highway 13 at CheritonyA (mainland; UTM 18415355 E 4130925 N)

Thorthern part of Cobb Island, precise location unknown, found dead, halétten, skull collected for Virginia Museum of
Natural History



Table A3-History of radio-tracking of adult raccoons on the 5 barrier idands and 2 mainland areas of the Virginia
Coast Reservein Fall 1999 and Spring 2000.

Total Number of Last date Number of days
Radio Collar Date Trap site  tracking days of of collar known to
frequency type® Name Sex collared captured® effort (days) reception  reception work
150.897 AVM Rocky Rokis ? JUN15 SM 13 16 1* AUG 12 0
150.908 -~ Nancy Nara ? JUN15 SM22 16 8 AUG 12 69
150.929 -“- Lil Lize ? JUN15 SM 42 17 9 AUG 12 69
150.943 -“-  GeorgeGeorgs ? JUL11 HG16 7 2 JUL 13 2
150.957 -“- Forest Fogts ? JuL28 PA17 7 2 AUG 24 27
150.967 -~ Ray Raitis ? JUN15 SM 32 14 5 JUL 2 17
150.987 -“- Stormy Stogis ? JUN16 SM 14 16 5 JUN 28 12
151.002 -~ PriscillaPrincese ?  JUL 28 PA 02 7 3 AUG 24 27
151.017 -“- Sonny Solis ? JUL23 MY 14 11 0 JUL 23 0
151.028 -“- Sud Surmis ? JUL8 HG21 8 3 JUL 12 4
151.047 -~ Lialia ? JUL3 SM49 10 2 AUG 12 40
151.060 -“-  MadonnaMadara ? JUL29 PA3l 7 1* AUG 17 19
151.075 -“- Harvey Harijs ? JUL9 HG14 9 4 JUL 14 3
151.087 -“- Phil Pilkis ? JUuL28 PA12 7 1* AUG 24 27
151.106 -“- Cher Ciepa ? JUL23 MYE 11 0 JUL 23 0
151.117 -“- Roxy Roga ? JuL28 PAO1 7 3 AUG 24 27
151.135 -~ Dan Daris ? JUN16 SM 04 16 7 AUG 12 68
151.150 -“- Peter Peteris ? JUuL28 PA13 7 4 SEP 13 47
151.175 -~ Tracy Trine ? JUL3 SM48 11 2 AUG 6 34
151.180 -~ Ricky Ritvars ? JUL12 ROO1 7 2 JUL 14 2
151.291"  WMI Betsy Bella ? AUG4 CUO02 48 48 FEB 27' 207"




Table A3—Continued.

Total Number of Last date Number of days
Radio Collar Date Trap site  tracking days of of collar known to
frequency type® Name Sex collared captured® effort (days) reception  reception work
151.316  WMI Frank Francis ? AUG4 BR12 50 49 NOV 14 102
151.363 -~ Marley Martins  ? JUL29 PA1l 7 7 JUN 14 321
151.395 ‘- Sue Subate ? AUG4 BRO8 45 40 JUN 17 318
151.436 -~ BorisBronislavss ?  JUL 30 PA 09 7 7 JUN 14 320
151.496 -“-  Rosie Rozdija ? JUL30 PA29 6 5 JUN 14 320
151.55%  -“-  Sarsh Saiva ? JUL30 PA25 - - - 54F
151.602 -~ Bud Burvis ? JUL30 PAO5 6 5 JUN 14 320
151.645 -~ Arnold Arnis ? AUG3 BROY 47 47 JUN 17 319
151.745 -“-  Eddie Edgars ? JUL29 PA15 7 7 JUN 14 321

two types of collars were used:
AV M - raccoon collars, manufactured by “AVM instrument company ltd.”
WM I - fox collars, manufactured by “ Wildlife Material Inc.”
% Locdlities:
BR - Brownsville (mainland); CU- Cushman’s landing (mainland); HG Hog Island; MY — Myrtle Island; PA—
Parramore Island; RO— Rogue Island; SM— Smith Island
*signal very weak
Tkilled by car on the highway 13

* collar dropped



Table A4—~Maximum distances (m) between 2 locations of radio-collared raccoons on 5 barrier idandsand 2 mainland
areas of the Virginia Coast Reserve in Fall 1999 and Spring 2000.

86

Radio Dates of locations of maxmum Days Total number
Trapping site  frequency Name Sex distance movement between Distance of locations
Brownsville 07 151.645 Arnold Arnis ? SEP 30-OCT 8 8 1119 49
Brownsville 08 151.395 Sue Subate ?  AUG9-AUG 10* 1 3044 40
Brownsville 12 151.316 Frank Francis ? AUG 6- SEP 26 51 950 50
Cushman's02 151.291 Betsy Bella ? OCT 16— FEB 27 134 5550 49
Hog 14 151.075 Harvey Harijs ?  JUL 12— JUL 14*** 2 1038 6
Hog 16 150.943 George Georgs  ?  JUL 11—JUL 13*** 2 775 3
Hog 21 151.028 Sud Surmis ?  JUL 8—JUL 12*** 4 406 4
Myrtle 14 151.017 Sonny Solis ? No successful locations - - 1
Myrtle E 151.106 Cher Ciepa ? No successful locations - - 1
Parramore 01  151.117 Roxie Roga ?  JUL 28— AUG 17*** 20 625 4
Parramore 02  151.002 Priscilla Princese ? JUL 28— AUG 17*** 20 316 4
Parramore 05  151.602 Bud Burvis ? SEP 13- JUN 14 285 1660 8
Parramore 09  151.436 BorisBronislavs ? MAR 25-JUN 14 81 2130 9
Parramore11  151.363 Marley Martin§ ?  AUG 17— OCT 26 70 950 7
Parramore 12 151.087 Phil Pilkis ? No successful locations - - 1
Parramore 13 151.150 Peter Peteris ? AUG6-AUG17 11 925 5
Parramore 15  151.745 Eddie Edgars ?  JUL 29-AUG 6*** 8 1163 8
Parramore 17  150.957 Forest Fogts ?  JUL 28-AUG 6*** 9 1425 3
Parramore 25  151.552 Sarah Saiva ?  JUL 30-AUGE ?8 181 2"
Parramore29  151.496 Rosie Rozalija ? AUGG6-SEP3 38 3475 8
Parramore 31  151.060 MadonaMadara ? No successful locations - - 1
Rogue 01 151.180 Ricky Ritvars ?  JUL 12— JUL 14*** 2 788 3
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Table A4—Continued.
Radio Dates of locations of maximum Days Total number
Trapping site  frequency Name Sex distance movement between Distance of locations
Smith 04 151.135 Dan Daris ?  JUL2-AUG12 40 1588 7
Smith 13 150.897 Rocky Rokis ? no successful locations - - 1
Smith 14 150.987 Stormy Stogis ?  JUN 17-JUN 27* 10 1838 6
Smith 22 150.908 Nancy Nara ? JUN18-AUG 12 55 1050 9
Smith 32 150.967 Ray Raitis ?  JUN 27-JUN 28** 1 1788 7
Smith 42 150.929 Lil Lize ?  JUN21-AUG 12 52 1888 8
Smith 48 151.175 Tracy Trine ?  JUL 3-JUL 7*** 4 350 2
Smith 49 151.047 LiaLia ?  JUL 3—JUL 7*** 4 325 2

Yincluding capture location

* is night observation;

* % both observations are night observations;

***  one of observationsis capture, which is equab night observation

" collar dropped
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Table A5-Bird colonieson Virginia barrier isandsin 1999 (Williams, in litt.).

Herons Larids

No. of No. of  No. of No. of No. of  No. of
Island colonies species individ. colonies species individ.
Assawoman 0 0 0 1 1 6
Cedar 0 0 0 0 0 0
Cedar Sandbar 0 0 0 4 4 428
Chimney Pole Marsh 2 5 148 1 2 596
Club House Point 1 7 257 1 3 462
Cobb 1 9 540 4 3 260
Dawson Shoals 0 0 0 1 2 749
Fishermans 2 10 406 1 7 10000
Godwin 0 0 0 1 1 42
Hog 0 0 0 1 1 22
Holly Bluff 0 0 0 0 0 0
Little Cobb 0 0 0 1 5 289
Metompkin 0 0 0 1 4 29
Mink 0 0 0 1 2 42
Mockhorn 0 0 0 0 0 0
Myrtle 0 0 0 1 1 4
Parramore 0 0 0 0 0 0
Raccoon 0 0 0 0 0 0
Revel 0 0 0 0 0 0
Rogue 0 0 0 0 0 0
Sandy 0 0 0 2 4 373
Ship Shoal 0 0 0 1 4 98
Skidmore 0 0 0 0 0 0
Smith 0 0 0 0 0 0
Wreck 1 9 273 2 8 1725
Total: 7 1624 24 15125
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Table A6-Bird colonies on Virginia barrier idandsin 2000 (Williams, in litt.).

Herons Larids

No. of No. of  No. of No. of No. of  No. of
Island colonies species individ. colonies species individ.
Assawoman 0 0 0 2 1 22
Cedar 0 0 0 1 1 8
Cedar Sandbar 0 0 0 1 4 1069
Chimney Pole Marsh 1* 6 603* * 2 *
Club House Point 1 9 243 1 3 830
Cobb 1 10 341 3 3 262
Fishermans 2 7 440 2 7 8342
Godwin 0 0 0 0 0 0
Hog 0 0 0 1 3 136
Holly Bluff 0 0 0 0 0 0
Little Cobb 0 0 0 1 5 523
Metompkin 0 0 0 2 1 47
Mink 0 0 0 0 0 0
Mockhorn 0 0 0 0 0 0
Myrtle 0 0 0 2 3 50
Parramore 0 0 0 0 0 0
Raccoon 0 0 0 0 0 0
Revel 0 0 0 0 0 0
Rogue 0 0 0 0 0 0
Sandy 0 0 0 2 4 660
Ship Shoal 0 0 0 1 2 390
Skidmore 0 0 0 0 0 0
Smith 0 0 0 0 0 0
Wreck 1 9 848 3 6 1141
Total: 5 1872 18 12381

* mixed colony of cormorants, herons and gulls



