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SUMMARY

The distributions of ticks and Lyme disease spirochetes were studied at
16 National Park System units in the eastern United States. Habitat distribu-
tion was studied at Fire Island National Seashore, New York, by collecting
specimens from the clothes of investigators and from muslin drags and by
running tick traps at several sites along Fire Island. The ticks were returned to
the lab where they were dissected and examined for spirochetes.

Adult deer ticks were most abundant in the spring and fall. They were
more common in high shrub habitats than in grassy and low shrub habitats at
both times of the year. In the fall, they were also common in the woods.
Adults were more abundant on trails than in nearby areas off the trails.

Nymphs and larvae were far more common in leaf litter in the woods
than in open grass—shrub habitats. Trap captures of nymphs on trails were
not significantly larger than trap captures off trails. Immature Ixodes dam-
mini were commonly collected in clusters, while adults were mostly col-
lected singly.

During the spring and fall, activities that take place in high shrub areas or
in the woods (e.g., landscaping, trail or brush clearing, patrolling trails through
thickets or woods) involve a high risk of exposure to adult ticks infected with
Lyme disease. From spring through midsummer, any activity involving close
contact with leaf litter (e.g., playing in the leaves, gathering leaves for bedding,
picnicking on leaf litter) results in a high risk of exposure to infected nymphs.

Of the 16 national park sites sampled in the North Atlantic, Mid-Atlantic,
National Capital, and Southeast regions of the National Park System, the
number of infected ticks captured per unit sampling effort was greatest at Fire
Island National Seashore, followed by Assateague Island National Seashore,
Cape Cod National Seashore, and Acadia National Park. Overall, an average
of 51.5% of the adult Ixodes dammini and 28.0% of the nymphs were infected
with spirochetes.

Lyme disease can potentially spread rapidly through animal populations
because generally several ticks attach to each host, resulting in a high probabil-
ity that at least one of those ticks carries spirochetes. Therefore, most host
individuals in a typical endemic area are exposed to spirochetes. However,
many tick host species are inefficient or incompetent reservoirs, and ticks
might immigrate on host animals that are inefficient reservoirs. These host-
related factors could slow down the spread of Lyme spirochetes in animal host
and tick populations and lower the prevalence of spirochetes in questing ticks.

Treatment with permethrin-treated cotton balls did not consistently lower
densities or spirochete prevalence levels of northern deer ticks in field trials
on Fire Island. This technique effectively removed ticks from white-footed
mice at fully treated experimental sites. The densities and spirochete preva-
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lence levels of questing ticks in the subsequent stage were lower in treated
than untreated sites in some trials, but not in others. This method shows
promise as an approach to tick management, with relatively little environmen-
tal impact (compared to broadcast spraying and other high-impact approaches),
especially if the sources of infected ticks (other than local white-footed mice)
can be identified and managed. Applying this material by itself would proba-
bly lower the overall number of cases of Lyme disease. However, since
results varied in different trials, people should continue to follow precautions
to avoid tick bites, even in fully treated areas.



INTRODUCTION

Lyme disease is a tick-borne bacterial illness that is currently the most
commonly reported arthropod-borne disease in the United States (Centers
for Disease Control 1989). Most human cases occur in the northeastern and
north-central states, especially New York State (mainly Westchester and Suf-
folk counties), including Shelter Island (Bosler et al. 1983, 1984) and Fire
Island (Hanrahan et al. 1984b).

The northern deer tick, Ixodes dammini Spielman, Clifford, Piesman,
and Corwin (Acari: Ixodidae), is the vector species responsible for most
human cases of Lyme disease in the northeastern United States. This tick was
separated from a similar southern species, /. scapularis (Say) in 1979 (Spielman
et al. 1979). Similarly, Borrelia burgdorferi Johnson, Schmid, Hyde,
Steigerwalt, and Brenner, the spirochete that causes Lyme disease, was identi-
fied as the etiologic agent (Burgdorfer et al. 1982; Benach et al. 1983; Steere
et al. 1983a) and named (Johnson et al. 1984) recently. Therefore, a great
deal remains to be learned about the ecology and management of these species.
We are still in the early stages of describing the ecological interactions among
spirochetes, ticks, and their vertebrate hosts.

This report covers four major aspects of the ecology of Lyme disease in
eastern national parks. The first section reports field results on the habitat
distributions of Ixodes dammini, Amblyomma americanum, Dermacentor
variabilis, and Borrelia burgdorferi on Fire Island and identifies human activi-
ties that involve a high risk of exposure to infected ticks. The second section
is a study of the geographical distribution of /. dammini and Lyme spirochetes
in eastern national parks. The third section is a theoretical study of the spread
of Lyme spirochetes through natural populations. Mathematical models are
used to explore the potential influence of reservoir competence of alternative
host species and of tick immigration on spirochete prevalence in questing
ticks. The final section discusses methods to manage ticks and reports results
of a field trial of permethrin-treated cotton balls on Fire Island.

Background Information

Distribution and Symptoms of Lyme Disease

As stated earlier, Lyme disease is an illness caused by a spirochete,
Borrelia burgdorferi, that is transmitted to humans by the bite of an infected
tick. The disease was first recognized in 1975 when a cluster of cases with
arthritis-like symptoms appeared in the vicinity of Old Lyme, Connecticut
(Steere et al. 1976, 1977b). The disease has been present in Europe at least
since 1909 when the characteristic rash was first recognized (Afzelius 1921),
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but it was not then identified as part of a more extensive disease syndrome.
Lyme disease is now known in North America, Europe, Asia, Australia, and
possibly elsewhere (Steere et al. 1983b; Schmid 1984, 1985; Ai et al. 1988).
In this country Lyme disease is most common in the Northeast (especially
Connecticut, Massachusetts, New Jersey, New York, and Rhode Island) and
is also found in the north-central United States (Minnesota and Wisconsin),
western coastal states (California and Oregon), and Texas, with scattered
cases in other states (Dryer et al. 1979; Steere and Malawista 1979; Osterholm
et al. 1984; Spielman et al. 1985; Ciesielski et al. 1988). Locally acquired
cases have now been reported in 43 states (Centers for Disease Control 1989).

The symptoms of Lyme disease vary from patient to patient and often
mimic other conditions (Steere et al. 1977a; Centers for Disease Control
1982). Early symptoms (a few days to a few weeks after being bitten by an
infected tick) include an expanding circular rash or lesion that clears at the
center (Erythema chronicum migrans, or ECM), often accompanied by flu-
like symptoms including headache, fever, stiff neck, muscle aches, and sore
throat. Treatment with appropriate antibiotics is effective at this stage (Steere
et al. 1983b, 1984). Unfortunately, the rash can vary, ranging from blotchy in
appearance to red throughout. Furthermore, many patients display only some
of these symptoms, or none of them, and progress directly to the later manifes-
tations of the disease. Therefore, early diagnosis can be difficult.

Later symptoms (a few weeks to over a year after the tick bite) can be
severe and include arthritic, neurological, and cardiac problems. Episodic
bouts of arthritis in the large joints are common (Steere et al. 1977a, 1977b).
Possible neurological problems include numbness, tingling in the extremities,
lethargy, stiff neck, temporary loss of control of one side of the face, and
memory problems (Reik et al. 1979, 1985; Pachner and Steere 1985). Cardiac
problems such as palpitations and heart block are somewhat less common
(Steere et al. 1980). The occurrence and severity of these later symptoms
differ markedly in different patients. Treating these later manifestations (Steere
et al. 1983c, 1985) is far more difficult than treating the early stages, and
often requires hospitalization. Many cases have resisted all currently available
antibiotics. Therefore, early diagnosis and treatment are important.

Vectors of Lyme Disease

The primary vector of Lyme disease in North America is the northern
deer tick, Ixodes dammini. This species extends north to Massachusetts
(McEnroe 1977b, 1984, 1985) and Maine (Anderson et al. 1987; Ginsberg
and Ewing 1988) and has been reported in Ontario, Canada (Spielman et al.
1985). This species has been reported as far south as Assateague Island in
Maryland (Coan and Stiller 1986) but is replaced to the south by a similar
species, /. scapularis. The apparent parapatric distribution of these species
suggests that they may actually be geographical subspecies (McEnroe 1985).
Furthermore, /. scapularis is also capable of transmitting Lyme disease
(Piesman and Sinsky 1988). On the West Coast, the California black-legged
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tick, /. pacificus Cooley and Kohls, can transmit Lyme disease (Burgdorfer
et al. 1985). Finally, the lone star tick, Amblyomma americanum (Linnaeus),
which is most common in the southern states (Strickland et al. 1976) but
extends into New England, can apparently also transmit Lyme disease (Schulze
et al. 1984a). The common American dog tick, Dermacentor variabilis (Say),
can carry B. burgdorferi (Piesman and Sinsky 1988) but has not been impli-
cated in Lyme disease transmission (D. variabilis is a major vector of Rocky
Mountain spotted fever).

Magnarelli and coworkers (1986) recently isolated Lyme disease spiro-
chetes from tabanid flies (Diptera: Tabanidae) and mosquitoes (Diptera:
Culicidae). This isolation does not necessarily mean that these insects can
transmit Lyme disease, because dipteran hosts present numerous barriers to
survival, reproduction, and subsequent transmission of pathogens. Furthermore,
the geographical distribution of Lyme disease fits well with that of the tick
vectors (Steere and Malawista 1979), rather than with those of biting flies.
Nevertheless, anecdotal accounts of ECM appearing at the sites of mosquito
bites (e.g., Hard 1966) suggest that mosquitoes can occasionally transmit the
disease (perhaps passively on the mouthparts). If they can transmit Lyme
disease at all, mosquitoes are probably only secondary vectors (Magnarelli
et al. 1986).

Natural History of Ixodes dammini and Lyme Spirochetes

Adult /. dammini are active in the fall through the spring (sometimes
even on warm winter days) during which time they seek a blood meal,
overwinter, and lay eggs. They attach mostly to white-tailed deer (Odocoileus
virginianus), but are also found on humans, domestic dogs and cats, foxes
(Vulpes vulpes), raccoons (Procyon lotor), opossums (Didelphus virginiana),
gray squirrels (Sciurus carolinensis), and other species (a total of 13 mammal
hosts have been reported; Anderson 1989).

Larvae appear around midsummer and are found mostly on white-footed
mice, but also on gray squirrels, eastern chipmunks (Tamias striatus), deer,
raccoons, opossums, meadow voles (Microtus pennsylvanicus), eastern cot-
tontails (Sylvilagus floridanus), meadow jumping mice (Zapus hudsonius),
masked shrews (Sorex cinereus), and northern short-tailed shrews (Blarina
brevicauda). They molt and overwinter, appearing as nymphs the following
spring and early summer (May-July). The nymphs have a similar host range to
the larvae (Wallis et al. 1978; Piesman and Spielman 1979; Spielman et al.
1979; Anderson and Magnarelli 1980; Carey et al. 1980, 1981; Main et al.
1981, 1982; Bosler et al. 1984; Schulze et al. 1986). Immatures are also
found on various species of birds (McEnroe 1977a; Anderson and Magnarelli
1984; Anderson et al. 1986). Immature /. dammini have been recorded from a
total of 29 species of mammals and 49 species of birds (Anderson 1989).

After feeding, the nymphs molt to the adult stage, completing the two-
year life cycle (Spielman et al. 1985). Therefore, during any one year adults
are active in fall and spring, nymphs in early summer, and larvae from mid- to
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late summer. Thus nymphs are active earlier in the year than larvae (an earlier
stage of a later generation). However, small numbers of ticks in each stage are
found at other times of the year, probably because immature ticks that fail to
attach to a host can survive the winter and quest the following spring. In
contrast, adults that fail to attach apparently die during the summer (Yuval
and Spielman 1990).

Wilson and coworkers (1985) found a correlation between larval tick
abundance (density on white-footed mice) and deer abundance (estimated
from pellet counts, spottings, and tracks) on 13 islands in Massachusetts.
However, the correlation did not hold for nymphal abundance. The authors
argued that deer numbers influenced the numbers of adult ticks feeding and
laying eggs (and thus influencing the number of larvae), but that nymphs
dispersed between islands, perhaps on birds (McEnroe 1977a; Anderson and
Magnarelli 1984; Anderson et al. 1986). However, in New Jersey, Schulze
and coworkers (1984b, 1984c¢) found that ticks were absent from the northern
part of the state where deer density was greatest, and that elevation best
explained tick distribution. Furthermore, Wilson and coworkers (1984) did
not find a marked decrease in tick abundance one year after removing 70% of
the deer from part of Great Island, Massachusetts. When the rest of the deer
were removed (Wilson et al. 1988), larval densities on mice declined sharply.
This result suggests that deer were initially a superabundant resource for ticks
on Great Island (because thinning the deer population did not influence tick
densities), but that when deer were completely removed, hosts for adult ticks
became a limiting factor. Unfortunately, the results are inconclusive because
they do not take possible time delays (due to tick migration or survival over
more than one season) into account, and because tick density on mice is a
problematic estimator of tick abundance (the number of ticks per mouse is
ambiguous because it depends on tick densities, mouse densities, and densi-
ties of alternate hosts). Therefore, the role of deer in the population dynamics
of 1. dammini remains poorly understood.

Transovarial transmission of Lyme disease spirochetes occurs but is rare
in /. dammini. In Massachusetts, less than 1% of field-caught questing larvae
were infected with spirochetes (Piesman et al. 1986). Therefore, ticks pick up
the disease primarily by feeding on infected hosts. Since immature /. dammini
commonly feed on P. leucopus (a competent reservoir of Lyme disease;
Donahue et al. 1987), this mouse species is probably the major reservoir of
Lyme disease in nature (Bosler et al. 1984; Spielman et al. 1984; Levine et al.
1985; Mather et al. 1989b). However, immatures feed on numerous other host
species as well. Deer and catbirds appear to be incompetent as reservoirs of
Lyme disease (Mather et al. 1988; Telford et al. 1988a, 1988b), while voles,
chipmunks, raccoons, shrews, rabbits, and some birds apparently can serve as
reservoirs with varying degrees of efficiency (Mather et al. 1989a, 1989b;
Weisbrod and Johnson 1989; Telford and Spielman 1989; Fish and Daniels
1990; Telford et al. 1990). Unfortunately, the reservoir competence of many
vertebrate host species is unknown. The roles of these various species as
Lyme disease reservoirs need further study.



CHAPTER 1. Habitat Distribution of Ticks
and Spirochetes on Fire Island
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Information about the habitat distribution of Ixodes dammini and Borrelia
burgdorferi can be used to target self-protection efforts at habitats where a
high risk of encountering infected ticks exists. Habitat distribution data also
provide basic natural history information about this tick, which contributes to
our understanding of the epizootiology of Lyme disease. The purpose of this
chapter is to describe the habitat and spatial distribution of /. dammini and
Lyme spirochetes on Fire Island.

Methods

General sampling methods and a description of the study area are pro-
vided in the following sections. Details of techniques that are specific to each
section are given in the appropriate subsections.

Study Area

Fire Island is a barrier island off the south shore of Long Island, New
York, that stretches 55 km from Democrat Point (near Fire Island Inlet) on the
west to Moriches Inlet on the east. Sample sites were selected to include
major visitor areas, a diversity of habitat types, and several human residential
areas. From east to west, the eight sample sites were Hospital Point, Watch
Hill, Talisman, Fire Island Pines, Sailors Haven—Sunken Forest, Point
O’Woods, Ocean Beach—Robbins Rest, and the Lighthouse (Fig. 1).

The beach on Fire Island faces the Atlantic Ocean to the south, with
primary dunes to the north. Behind these dunes lies an area of secondary
dunes and swales (Fig. 2). The vegetation is primarily beach grass (Ammophila
breviligulata) on the primary dunes, with low patches of beach plum (Prunus
maritima). The secondary dune area includes creeping mats of beach heather
(Hudsonia tomentosa) and, in places, bearberry (Arctostaphylos uva-ursi).
Beach grass meadows and low shrub areas of beach plum, bayberry (Myrica
pensylvanica), and various ericaceous shrubs grade into high shrub thickets
(1 m and taller) of these same species, along with poison ivy (Rhus radicans)
and black cherry (Prunus serotina), often tangled with vines of greenbrier
(Smilax rotundifolia). Farther north are wooded areas that vary in tree height
and dominant species and that commonly include pitch pine (Pinus rigida),
black cherry, holly (Ilex opaca), shadbush (Amelanchier canadensis), and
sassafras (Sassafras albidum).

A belt of reeds (Phragmites communis) fringes the salt marsh to the north
of the forest. Upland marsh species include marsh elder (/va frutescens) and
sea myrtle (Baccharis halimifolia), which grade into black rush (Juncus
gerardii), salt grass (Distichlis spicata), and saltmeadow hay (Spartina patens)
on the marsh proper. Saltmarsh cordgrass (S. alterniflora) predominates lower
in the intertidal. The vegetation of Fire Island has been described in greater
detail by Art (1976) and Stalter and coworkers (1986).
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Long Island

Great South Bay
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Fig. 1. Study area (from Ginsberg and Ewing 1989a). Reprinted by permission of the
Journal of Medical Entomology.

Adult Ticks

Transect Samples

Adult ticks were sampled by an investigator walking random transects
(2-m-wide strips) in the eight sample sites on Fire Island. Each sample site
was measured east—west along the primary dune crest using maps and aerial
photographs (sample sites ranged from 1,219 mto 1,463 m in length along the
dune). Strips (transects) for sampling each site were selected with a random
number table. Every odd number of meters along the primary dune crest
represented the center of a 2-m-wide north—south strip.

Transects were sampled by walking due north and collecting ticks while
pulling a tape measure that was attached at the south end of the transect, at the

Woods Beach grass-Low shrub

1 High Shrub

Salt marsh

primary dune
secondary dune ocean

bay

Fig. 2. Cross section of Fire Island showing typical distribution of habitats (from
Ginsberg and Ewing 1989a). Reprinted by permission of the Journal of Medical
Entomology.
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inland base of the primary dune. The distance walked through each habitat
type (Fig. 2) was recorded. Habitats were designated as follows:

1. beach grass meadow—low shrub (less than 1 m tall)
2. high shrub (1 m and taller)
3. woods (closed tree canopy)

Ticks were collected and recorded as they were found clinging to the
investigator’s clothing (occasionally they were found on his skin). He wore
standard field clothes consisting of tan chino pants, an off-white cotton shirt
with a faded light-brown corduroy field jacket, khaki sneakers with white
socks (pant legs were tucked into the socks), and a tan fishing hat. The vast
majority of the ticks were collected from the pants and socks. They were
placed alive into vials and returned to the lab. The ticks were stored in a
refrigerator in sealed vials with pieces of moist paper towel. They were later
dissected in phosphate-buffered saline, pH = 7.4 (PBS), and examined for
spirochetes under dark-field. Adult /. dammini were sampled on transects in
the spring (4 April-6 May) and fall (20 October—24 November) 1986.

During the fall adult samples, sheets of muslin were dragged through the
vegetation along each transect after the regular transect sample was taken.
Five-minute drag samples were taken in each habitat (beach grass meadow—low
shrub, high shrub, and woods) in the vicinity of each transect (a total of three
drag samples with each transect). Both large and small muslin drags (see Drag
Samples section) were used simultaneously. Ticks were collected from the
drags as well as from the investigator’s clothing and were returned to the lab
for dissection.

Path-No Path Samples

The tendency of adult dog ticks (Dermacentor variabilis) to quest for
hosts along trails was examined by walking on and off trails at Watch Hill,
Sailors Haven—Sunken Forest, Ocean Beach, and the Lighthouse from 12 to
29 May 1986. A starting point was selected at random, and the investigator
walked the nearest trail for 30 min, recording the number of ticks he found
clinging to his clothes in that time. He then walked for 30 min in the same
vicinity, but not on the trail, and recorded the number of ticks. A new starting
point was randomly selected for each trail sample.

Similar samples were taken for adult /. dammini on 29 October (near
Ocean Beach) and 10 November (at Watch Hill) 1986. In these samples, the
trail nearest a random starting point was walked for 5 min. Then the area in
the vicinity but off the trail was walked for 5 min. The ticks were then
collected and returned alive to the lab. Additional samples were taken on the
same trail, starting at the point where the previous sample had ended. The
samples on 29 October were taken by Curtis Ewing, the field assistant. I took
all other adult samples. Path-no path samples of immature ticks were taken
with tick traps (see next section).
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Immature Ticks

Drag Samples

Questing larval and nymphal ticks were collected with a dragging method
that was modified from the flagging technique of Clymer et al. (1970). The
terms drag and flag are used interchangeably in this report. The small drag (or
flag) consisted of a piece of off-white, lightweight muslin, 30 X 116 cm
(12 X 46 inch), stapled at the middle to a 122-cm (48-inch) wooden rod
(Fig. 3A). The muslin hung like two flags on either side of the rod, which was
used to stir up the vegetation and litter, and then drag the muslin through. The
large drag consisted of a76 X 112-cm (30 X 44-inch) piece of muslin stapled to
a wooden base with a rope handle (Fig. 3B). This piece was dragged through
the vegetation behind the investigator. Drags were taken throughout the study
(1986-89) by myself and in 1986 by Curtis Ewing.

T 1
A
122 cm
T
30 cm

ol L T

~ s 30 cm

F—58 cm - 1

l———11-6 cm —

rope handle

i N

muslin —p» 76 cm

|

Fig. 3. Devices for tick drag samples (from Ginsberg and Ewing 1989b). A. Small
drag (or flag); B. large drag. Reprinted by permission of Experimental and Applied
Acarology.

| 112 cm !
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Nymphs were sampled by dragging at the eight sample sites from 1 to 10
July 1986. Preliminary random samples at Ocean Beach on 26 June produced
few ticks, apparently because of the highly clustered distribution of the nymphs.
Therefore, favorable tick habitats were selected at each site for drag samples.
The amount of time dragging, the habitat type, and the information on the
ticks collected were recorded. Subsequent to 1986, standard 5-min drag sam-
ples were taken. The understory and leaf litter in the woods, and grassy—shrubby
vegetation in the open were sampled for comparative purposes. The large and
small drags were used simultaneously in nymph samples.

Larvae were collected from 14 July to 18 September 1986 using tick
traps (see Tick Traps section) and drag samples. The small drag was used in
most samples because of the difficulty and time required to search the entire
large drag for the very small larvae (about 0.8 mm in length). On 24 July,
drags were taken in the yards of 10 houses in Ocean Beach. The houses were
selected with a random number table from a plot map of the village. Houses
were excluded from the sample if residents could not be located or were
unwilling to let us on their property. Presumably, the exclusion of some
houses did not introduce any important bias into the sample. In each yard,
Ewing and I each took a 5-min drag sample (with the small drag). Drags were
also taken in the woods to the west of Ocean Beach.

From 8 to 18 September, I sampled larvae with the small drag in the
eight sample sites along Fire Island. At each site, one drag was taken along a
broad sand road (e.g., the Burma Road), one in open shrub and beach grass,
and four in leaf litter in the woods. The drags were 5 min each.

Tick Traps

Ticks were collected with dry ice-baited traps that were modified from
the designs of Wilson and coworkers (1972) and Gray (1985). Each trap
consisted of a 1.9-L (2-quart) lidded plastic tub mounted on a wooden base
(Fig. 4). The base was approximately 4 cm thick with angled edges that
formed ramps toward the center. Each tub had a hole (approximately 6.5 mm
diameter) drilled facing each edge of the base (total of four holes) to allow
carbon dioxide to escape. Each sample night, 1.1 kg of dry ice were wrapped
in newspaper and placed into the tub. Masking tape was placed at the top of
the wooden base, overlapping the ramp, sticky side down. The next day, ticks
that had climbed the ramp were collected from the masking tape (Ginsberg
and Ewing 1989b).

Tick traps were set on and off trails in the woods west of Talisman on
14 July 1986. Trails were selected by using the trail nearest a random point on
Burma Road. Each trap was set on a distinct trail, 3 m from Burma Road. An
off-trail trap was set 3 m to the west of each trail trap (direction parallel to
Burma Road). The traps were collected on 15 July (Ginsberg and Ewing
1989b).
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Fig. 4. Tick trap (from Ginsberg and Ewing 1989b). Reprinted by permission of
Experimental and Applied Acarology.

Mouse Samples

In 1986, ticks were collected from white-footed mice (Peromyscus
leucopus) captured at Watch Hill, Sailors Haven-Sunken Forest, and the
natural area between Ocean Beach and Robbins Rest. The mice were caught
in Sherman traps that were set in 5 X 5 grids (25 traps) with 20 m between
grid points. The traps were baited with a mixture modified from that used in
the North American Census of Small Mammals (Calhoun 1951). The bait
consisted of 2 parts (by weight) beef suet, 2 parts peanut butter, 2 parts
raisins, 2 parts oatmeal, and 1 part paraffin. The suet and paraffin were
melted and the ingredients were combined, mixed well, and allowed to cool.
In samples taken from 1987 to 1988, the Sherman traps were set in grids with
10 m between traps and were baited with a 3:1 mixture (by volume) of rolled
oats and peanut butter.

Traps were collected at Watch Hill on 12 June, 22 July, and 28 August;
at Sailors Haven—Sunken Forest on 18 June, 30 July, and 4 September; and at
Ocean Beach on 26 June, 6 August, and 11 September 1986. Additional
samples were taken in subsequent years (see Chapter 4). The mice were
returned to the Talisman lab where they were anesthetized, measured, and
marked by toe-clipping, and where their ticks were removed. The mice were
anesthetized by placing them in quart plastic bags with a screened vial that
contained cotton moistened with methoxyflurane. After recovering from the
anesthesia, the mice were released (the same day) in the capture area.

Determining Spirochete Prevalence

Questing ticks were examined for spirochetes by dark-field microscopy.
Ticks were refrigerated alive in vials with moist paper toweling until dissection.
Each tick was bathed in merthiolate and rinsed twice in phosphate-buffered
saline, pH = 7.4 (PBS), then dissected in PBS under a dissecting microscope.
The gut was placed on a slide in PBS, flattened by gently pressing under a
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cover slip, and examined for spirochetes under dark-field (Leitz Laborlux 11
compound microscope with a dark-field adapter). A slide was considered
negative if spirochetes were not found after examining 100 fields of view
at x400.

Selected slides (with large numbers of spirochetes) were air-dried, then
fixed in methanol for 10 min, air-dried again, and stored dry. They were later
taken to the New York State Health Department lab at the Health Sciences
Center at Stony Brook, New York, where the slides were incubated in murine
monoclonal antibody 11G1 (Benach et al. 1988), which is specific to an
antigenic determinant in Osp-A, a 31-kilodalton outer surface protein specific
to the Lyme disease spirochete (B. burgdorferi). The slides were then rinsed
in fluorescein isothiocyanate-conjugated antimouse IgM and examined under
an ultraviolet microscope. The presence of B. burgdorferi was indicated by
glowing spirochetes on the slide. The spirochetes from ticks collected on
Assateague Island were identified with a similar technique by E. M. Bosler
(New York State Health Department) using a rabbit-derived polyclonal anti-
body and a fluorescein isothiocyanate—antirabbit conjugate.

Statistical Methods

Tick abundances in different habitat types were analyzed with a three-
way Model I ANOVA (habitat type X site on Fire Island X time of year) when
the variances could be stabilized by transforming the data. Otherwise, non-
parametric tests were used (Siegel 1956; Rohlf and Sokal 1981; Sokal and
Rohlf 1981).

Spatial distribution data were tested for randomness with goodness-of-fit
tests to a Poisson distribution, and by testing the significance of the variance-
to-mean ratio (Southwood 1978; Sokal and Rohlf 1981). Statistical tests were
performed with the BIOM statistical package (see Sokal and Rohlf 1981), the
StatView 512 + package (D. S. Feldman and J. Gagnon, 1986, Abacus Con-
cepts, Inc.), or on a hand calculator.

Distribution of Ixodes dammini

Ixodes dammini Adults

Habitat Distribution

Figure 5 shows the number of ticks captured per kilometer of transect
walked through each major habitat type. Adults were less commonly encoun-
tered in beach grass—low shrub areas than in areas with higher vegetation. The
number of ticks encountered in each habitat differed from the expected num-
ber based on an assumed uniform distribution among vegetation types in both
the spring and the fall (Ginsberg and Ewing 1989a).

A three-way ANOVA was performed on the number of adult ticks per
kilometer transect in each habitat type, in spring versus fall, at each of the
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sample sites along Fire Island. (Watch Hill and the Lighthouse were excluded
because transects at these sites did not include forested areas during some
samples.) The interaction between season (spring versus fall) and habitat
distribution was significant at P < 0.01, but adult tick abundance did not
differ significantly among sites on Fire Island (Ginsberg and Ewing 1989a).
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Fig. 5. Mean number of adult Ixodes dammini in samples from different habitats,
1986 (from Ginsberg and Ewing 1989a). Means are backtransformed geometric
means; error bars are upper 95% confidence limits. A. Habitat distribution of
adults, spring 1986; B. habitat distribution of adults, fall 1986.
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Therefore, the distribution of adult ticks among habitats differed in the fall
from that in the spring but did not differ at different localities along Fire Island
(Figs. 5 and 6).

This picture of habitat distribution of adult /. dammini could be influ-
enced by biases in the sampling procedure (Ginsberg and Ewing 1989a,
1989b). The data provided estimates of the likelihood of tick encounters by a
person walking through different habitats, which is relevant to the risk of tick
bite, but may not reflect the actual abundance of ticks in each habitat type. For
example, a person contacts a greater surface area of vegetation when walking
through a high thicket than through low brush and may therefore encounter
more ticks, even if ticks are equally abundant in each habitat.

To test this hypothesis, ticks were sampled with muslin drags after
walking each transect in the fall. Drags were placed down in the vegetation
(grass. forest understory, leaf litter, etc.) where they could contact a roughly
equal surface area of vegetation in each habitat type. The number of ticks
collected in each habitat by muslin drags differed significantly from the num-
ber expected based on transect samples in the same areas (chi-square =
18.018.df = 2.n =45, P < 0.001). However, during the drag samples, the
habitat distribution of ticks collected from drags was the same as that col-
lected from the investigator’s clothing (Ginsberg and Ewing 1989b). Further-
more, like transect samples, the drag samples showed greatest tick abundance
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Fig. 6. Number of adult Ixodes dammini captured per kilometer transect at sample
sites on Fire Island. Abbreviations refer to natural arcas in and necar the sites:
LH = Lighthouse: OB = Occan Beach: POW = Point O° Woods: SF = Sunken
Forest: FIP = Fire Island Pines: TAL = Talisman: WH = Watch Hill:
HP = Hospital Point.






