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F OREWARD

The importance of Lyme disease as the most
frequently reported arthropod-bome illness in the
United States is uniformly acknowledged by the
medical community, governmental health agencies,
and the public alike. While information on the
clinical spectrum, treatment, and epidemiology of
Lyme disease is available from a number of sources,
few recommendations have been compiled regard-
ing the control of vector tick populations. In recog-
nition of this, the following Extension Bulletin is
intended to provide a comprehensive summary of

published research conducted in New Jersey and
elsewhere on the management of populations of the
black-legged tick, Ixodes scapularis, in an effort to
reduce Lyme disease transmission. Rather than
limiting its scope solely to tick control, the Extension
Bulletin reviews current information on the biology,
ecology, and behavior of this important public health
pest. A complete understanding of these factors is
critical to the design of site-specific integrated tick
management strategies,



IN TRODUCTION

The decision to initiate control efforts against a
pest species is normally based on some perceived
unacceptable impact to human well-being, usually
caused by an excessive number of the subject pest.
Under most situations, the impact of low to moderate
populations of the pest is considered below an eco-
nomic threshold where efforts to reduce the number
of pests is either too difficult, too costly, or the
collateral impacts to the environment cannot be
justified. A possible exception to this premise is
when public health is threatened. Inthe case of Lyme
disease, alternatives to the actual reduction of popu-
lations of the black-legged tick, Ixodes scapularis
(formerly the northern deer tick, Ixodes dammini
[11), the principal vector of the Lyme disease spiro-
chete (Borrelia burgdorferi} in the northeastern
United States, have been well publicized. Where
Lyme disease is endemic, avoidance of tick-infested
areas is the principal means of preventing transmis-
sion {2). If avoidance of ticks proves impractical,

additional modifications to behavior include wear-
ing light-colored clothing, tucking pant legs into
socks, using personal or clothing repellents, and
promptly removing attached ticks. The implementa-
tion of a control program against/. scapularis should
be viewed as the final alternative.

Methods for reduction of I. scapularis popula-
tions as a means of controlling Lyme disease fali
within four categories: host reduction, habitat modi-
fication, biological control, and chemical control.
Each of these methods has distinct technical advan-
tages and disadvantages which must be considered
in the design of any control strategy. Environmental
considerations, logistics, and public perception all
have a profound influence on the selection process.
Irrespective of the method eventually chosen, its
success is predicated upon acomplete understanding
of the biology, behavior, and ecology of the target
organism (3).



BACKGROUND

Life Cycle of Ixodes scapularis

The black-legged tick, I scapularis, passes
through four stages of development: egg, larva,
nymph, and adult. Ixodes scapularis is a three-host
tick, meaning that each postembryonic life stage
must locate and obtain a bloodmeal from a separate
host in order to complete its life cycle. In late winter
or early spring after engorgement, the ferale black-
legged tick deposits a single eggmass containing
several thousand eggs. The majority of the eggs
hatch from July to September into tiny six-legged
larvae. Larvae remain at ground level in leaf litter or
similar debris and wait for a suitable host to pass by.
This host-seeking or “questing” behavior favors the
location of smaller animals. After feeding for a
period of two to three days, larvae drop off the host,
overwinter, and molt to nymphs the following spring.
Like larvae, I. scapularis nymphs, which now pos-
sess eight legs, quest at ground level, again favoring
attachment to small animals. Nymphs which fed on
infected hosts as larvae will carry the spirochetes
through the molt (trans-stadial passage) and may be
able to transmit the infection to its next host. Those
nymphs that are successful in finding hosts will feed
for a period of three to four days, drop off the host,
and molt to sexually differentiated adults in the fall.
Adult ticks quest on low-lying vegetation, typically
the shrub layer of a forest. This host-seeking behav-
ior favors location and attachment to larger mam-
mals. Female 1. scapularis finding hosts in the fall
will generally feed for approximately one week,
mate, and overwinter on the host. During the follow-
ing spring, the female will drop off the host, deposit

her eggmass, and die, completing the two-year life
cycle.

~ Activity Periods of Ixodes scapularis

The peak activity period of adult ticks in New
Jersey is between mid-October and early December
{(4). Those adults failing to acquire hosts in the fall
will enter diapause and become active again the
ensuing spring from mid-March through April.
Unlike other medically important tick species in the
Northeast, I. scapularis adults will become active in
winter during periods of warming. Althoughnymphs
may be observed from late April through early July,
the peak activity period is between late May and
early June. Larvae are most abundant in late July and
August, but may be found from late June through
September. The activity period of each stage is
depicted in Figure 1.

Hosts and Reservoirs

Ixodes scapularis is not host-specific, that is, it
will feed on a wide variety of hosts. In New Jersey,
subadult black- legged ticks were most abundant on
the white-footed mouse (Peromyscus levcopus), east-
em chipmunk (Tamias striatus), and eastern gray
squirrel (Sciurus carolinensis)(5). Other hosts yield-
ing at least one subadult stage of the black-legged
tick included the meadow vole (Microtus
pennsylvanicus), meadow jumping mouse (Zapus
hudsonius), masked shrew (Sorex cinerius), opos-
sum (Didelphis virginiana), raccoon (Procyon
lotor)(5), and 24 species of birds (6). Adult ticks
were found on white-tailed deer (Odocoileus
virginianus)(7), raccoons, opossums, and feral
domestic cats {Felis domesticus)(3), domestic ca-
nines (8), and horses (9). Anderson (10) reviewed
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Figure 1. Seasonal activity patterns of Ixodes

scapularis.

the literature on host associations and reported at
least one stage of I. scapularis parasitizing 31 mam-
mal species and 49 bird species. In addition to
serving as both maintenance and reservoir hosts,

birds are also important in the local and regional
distribution of subadultl. scapularis (6,11). Gener-
ally, subadults were found on small mammals and
birds, while I. scapularis adults were observed on
medium- and large-sized mammals. However, all
active stages are opportunistic and, for the most part,
will parasitize any available host.

While a variety of mammals and birds serve as
maintenance hosts, their role as reservoirs for B,
burgdorferi has not been adequately studied. On
Long Island, New York, both white-tailed deer and
white-footed mice were found to be spirochetemic
(12). Telford et al. (13) subsequently described deer
as incompetent reservoirs. Lyme disease spiro-
chetes have also been isolated from raccoons (14),
meadow voles (13), woodland jumping mice
(Napaeozapus insignis) and six bird species (16). At
this juncture, it is generally recognized that the
white-footed mouse is the principal reservoir host
for B. burgdorferi (15,17-19). Because spirochetes
are maintained trans-stadially with high frequency,
I. scapularis must also be considered an important
[eServoir.

Transmission

In nature, I. scapularis demonstrates an inordi-
nately high rate of infection with B. burgdorferi
when compared to most arthropod-borne diseases.
In a hyperendemic area of Monmouth County, New
Jersey, an average of 46% of [I. scapularis were
found to be infected with B. burgdorferi (20), and
occasionally reached an infection rate as high as 79%
(4). Nymphs on nearby Long Island, New York,
yielded infection rates ranging between 12.8% and
28.8% (E.M. Bosler 1993, personal communica-
tion). Research in New York and Connecticut showed
1.9% of unengorged larval I. scapularis were in-
fected, suggesting that transovarial passage of B.
burgdorferi is uncommon (21).

The high rate of infection in natural populations
of . scapularis is largely due to the temporal rela-
tionship of activity periods of each stage. Although
representing different generations, the activity of
nymphs precedes that of larvae in any given year. As
a result, infected nymphs are able to transmit spiro-
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chetes to a wide variety of hosts prior to the appear-
ance of larvae, giving the larvae an increased oppor-
tunity to acquire B. burgdorferi from newly infected
hosts. This relationship is angmented by the trans-
stadial passage of B. burgdorferi.

Unlike other hematophagous arthropods such as
mosquitoes and biting flies, ticks require an ex-
tended period of time to insert their mouthparts and
initiate the feeding process. Piesman and coworkers
(2) showed that I. scapularis nymphs transmitted B.
burgdorferito 1 of 14 rodents (7.1%) after 24 hours,
5 of 14 rodents (35.7%) after 48 hours, and 13 of 14
rodents (92.9%) after 72 hours, suggesting that in
most cases, infected ticks must be attached and
feeding for a period of 24 hours or more before
transmission occurs. The importance of prompt
removal of ticks to reduce the nisk of acquiring Lyme
disease cannot be overstated.

Ecology of Lyme Disease

Throughout the northeastern United States, I
scapularis exploits primarily woodland habitats and
associated ecotones in Connecticut (22,23), New
York (24,25), Massachusetts (26}, and New Jersey
(3,5). Inendemic areas of New Jersey, I. scapularis
is most often found in mixed hardwood forests with
extensive shrub layers (Photograph 1)(3,27). Brush/

shrub associations also serve as adequate habitat
(28,29), as do some fields in secondary woody suc-
cession (Photograph 2)(3,27), and certain ornamen-
tal landscaping associations (Photograph 3)(30).
Unfavorable habitats include open sunny areas such
as turfgrass (lawns, athletic fields, and other recre-
ational areas), croplands, and wetlands. Lawns
immediately adjacent to woodland edge may sup-
port low numbers of ticks (Photograph 3)(31).

Although woodlands clearly provide the princi-
pal habitat for 1. scapularis, studies in New York
suggested that the majority of Lyme disease cases
are the result of exposure to infected black-legged
ticks at or near the patient’s place of residence
(25,32,33). Suburban residential foci of Lyme dis-
ease within the Northeast are frequently associated
with adjacent or nearby woodlands (24,25,34). Within
these residential settings, 88.9% of I scapularis
were collected from woods and associated ecotones,
9.1% from ornamental plantings, and 2.0% from
maintained lawns (30). The presence of a dense
shrub layer, leaf litter, and other plant debris seems
to play an important role in the survival of both
larvae and nymphs by maintaining conditions of
high humidity and by providing cover for hosts.
Shrub layer vegetation also furnishes questing sites
for adult ticks. In concert with information on the
peak activity periods, these data provide the basis for
virtually all tick management strategies.



TICK MANAGEMENT

Avoidance and Personal Protection

As stated earlier, avoidance of tick-infested ar-
eas is the principal means of preventing exposure to
ticks and potential transmission (2). If avoidance of
tick-infested areas proves impractical, additional
modifications to behavior should be comsidered.
These include the wearing of light-colored clothing,
tucking pant legs into socks, judicious use of per-
sonal or clothing repellents, frequent self-inspec-
tions for ticks, and prompt removal of attached ticks.
By following these recommendations, the likelihood
of being bitten by infected ticks and acquiring Lyme
disease is remote. Therefore, the implementation of
a control program against I. scapularis may be
unnecessary and should only be considered as a final
alternative and only after the presence ofI. scapularis
populations has been documented.

Host Reduetion

The first published investigation to address con-
trol of I scapularis evaluated the effect of deer
reduction on tick abundance (35). Attempts to
reduce the number of white-tailed deer (0.
virginianus), the principal host ofl. scapularis adults,
through the use of several trapping techniques and
rifle-fired tranquilizers proved impractical. Subse-
quently, the destruction of approximately 70% of the
deer did not markedly reduce tick abundance during
the first year. While it can be argued that this study
was terminated before the effects of deer reduction
were fully manifest, the authors suggested that the
failure to reduce the abundance of subadult I
scapularis may result if deer removal follows the
peak activity period of adult ticks, if the density of
ticks per deer increases, or if alternate hosts are

parasitized. In a subsequent study, the virtual eradi-
cation of deer did reduce tick density (36).

Earlier, the hypothetical reduction in white-
footed mouse (P. lexcopus) populations, the princi-
pal reservoir of B. burgdorferi(15,17-19) and Babe-
sia microti (37), was thought to enhance transmis-
sion by a comresponding increase in density of I
scapularislarvae and nymphs on the remaining mice
(38). Rodent reduction methods were not discussed.

Ecological impacts notwithstanding, the notion
that the reduction or elimination of important mam-
malian hosts provides a viable means of reducing
Lyme disease transmission is both scientifically and
politically flawed. The first problem with the deer
reduction studies is that they were conducted in
geographic isolation. Compared to contiguous land
masses, islands frequently lack the diversity and
abundance of alternate hosts. Aside from the obvi-
ous difficulty in implementation, the success of
“host management” techniques developed in island
situations is not necessarily achievable on its main-
land counterpart. While recolonization of an island
by most terrestrial mammals will be slow, the niche
left following reduction of a local population of deer
will be rapidly exploited by surrounding herds. Even
if successful, a policy calling for the wholesale
destruction of this important game animal can be
expected to draw significant opposition from such
divergent groups as hunters and animal rights activ-
ists.

Habitat Modification

In the management of vector tick populations,
habitat modification refers to rendering existing



habitats unattractive to hosts while reducing tick
survival. The first study involving habitat modifica-
tion evaluated the effects of mowing and burning
vegetation on populations of 1. scapularis adults

(39). Bumning reduced adult tick populations by

70.0-88.3%. This reduction persisted for up to one
year, but was site-dependent. Mowing resulted in
similar reduction (70.0%}) for a one year period. The
short-term success in the control of [. scapuiaris
adults following the destruction of vegetation re-
sulted from an increase in tick mortality due to heat
or flame and/or the denial of questing sites. Wilson
(39) postulated that the long-term effect of vegeta-
tion destruction may have contradictory results by
improving deer browse, increasing density of small
mammals, and enhancing the ability of subadult
ticks to locate potential hosts. More recently, an
early April burn reduced the abundance of /.
scapularis nymphs by 49% after two months com-
pared to the unburmed woodlot (40).

In all likelihood, the destruction of vegetation by
control burning would be limited to routine forestry
management. Legal restrictions against open burn-
ing, potential damage to desirable plants and struc-
tures, and aesthetics preciude large-scale use of this
technique in residential environments, where the
majority of transmission is thought to occur. Physi-
cal destruction of vegetation holds more promise in
residential and recreational areas, primarily through
elimination of questing sites along frequently trav-
eled paths. Removal of woodpiles and brushpiles
(Photograph 4), stone walls, and other harborages
will tend to keep rodent populations to a minimum.
The effects of removal of leaf litter on survival of
subadult /. scapularis warrants investigation.

Biological Control

The degree to which predators and parasites
naturally regulate I. scapularis abundance has not
been established. Spielman (41) reported that the
waspHunterellus hookeri (Hymenoptera: Chalcidae)
parasitizes nearly 40% of I. scapularis nymphs on
NaushonIsland, Massachusetts. Although the preva-
lence of B. burgdorferi in ticks from this area is
reduced, populations of /. scapularis remain signifi-
cant. Because of its apparent inability to check

populations of /. scapularis in geographically iso-
lated areas, this chalcid wasp offers little promise as
an effective biological control agent on contiguous
land masses.

The establishment of flocks of helmeted guinea
fowl (Numida meleagris) in penned areas reduced
populations of [. scapularis compared to control
areas {42). Since guinea fowl feed on a wide variety
of arthropods, it is likely that the impact on non-
target organisms will be significant. This, combined
with the generally undesirable behavior of guinea
fowl renders them of guestionable value in most
integrated tick management programs.

Acaricide Applications
Tick Survey Techniques

Although it is prudent to survey areas for the
presence and abundance of!. scapularisbefore imple-
menting any tick management technique, it is most
important when the application of acaricides is an-
ticipated. The presence of ideal habitat is no guaran-
tee that black-legged ticks will be present. The
method used to survey the tick population is depen-
dent on both the habitat and the time of year. The
various tick survey techniques are discussed in detail
by Ginsberg and Ewing (29).

The adult stage of I. scapularis, the stage most
easily surveyed, is present during the fall, in winter
during warm spells, and during the early spring. This
stage may be sampled by use of tick drags or walking
surveys. Although there may be a number of varia-
tions, a tick drag may be fashioned from one square
meter of light-colored cotton muslin, corduroy, or
similar fabric which is fastened by staples at both
ends to 1-meter long dowels. At the forward end of
the drag, a 7-foot length of clothesline is attached to
either end of the dowel. The loop formed in the rope
serves as a handle for pulling the drag through the
survey area. When surveying adults, the drag is
worked across the shrub layer and the number of
ticks adhering to the drag is recorded. The sample is
standardized by dragging a measured distance or for
a prescribed period of time. An alternative method
involves the collection ofl. scapularisadults through
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walking surveys. In performing this type of survey,
an investigator walks through tick habitat and counts
ticks adhering to clothing, rather than on the tick
drag. By either method, investigators are cautioned
to wear overalls fastened at the cuff to rubber boots
with duct tape as personal protective clothing.

Ixodes scapularis subadults are somewhat more
difficult to survey. Both stages may be collected
using tick drags providing that the shrub layer is
sparse. In dense vegetation, a smaller version of the
drag, known as a tick flag, is worked across the leaf
litter between shrub layer plant stems. Again, the
survey may be standardized by flagging a prescribed
distance or area. Personal protection against tick
exposure may be augmented by use of repellents,
since ticks are mot collected from investigators’
clothing. Nymphs are best surveyed in May or June,
while larvae are most abundant in July and August.

The abundance of I. scapularis nymphs and
larvae may also be determined by trapping hosts,
most commonly the white-footed mouse. Depend-
ing on the configuration of the site, baited Sherman
box traps are set on grids or trap lines overnight.
Captured mice (or other suitable hosts) are then
anesthetized, examined for ticks, and returned to the
site of collection. Ticks removed from the host may
be retained in vials containing 70% ethanol for later
identification.

Dragging or flagging surveys for subadults in
the spring and summer are most productive when
conducted during cooler parts of the day, typically
midmoming after the dew has dried. Dragging or
walking surveys for adults in cooler weather are best
performed during midday when temperatures are at
their maximum. None of these survey techniques is
very productive when vegetation or leaf litter is wet.
When repeated surveys of an area are anticipated,
they should be further standardized by being con-
ducted at the same time of day and under similar
ambient conditions.

Host-Targeted Acaricide Applications
The use of acaricides to controll. scapularis has

been attempted through two divergent techniques.
The first is a host-targeted approach where tubes

containing permethrin-treated cotton batting are dis-
persed in wooded habitats (43). The treated cotton,
marketed commercially as Damminix, is intended to
be harvested by white-footed mice for nesting mate-
nal. Ixodes scapularis larvae and nymphs exposed
to this nesting rnaterial subsequently would be con-
trolled. The study showed that 72% of mice in
treated areas were free of ticks, compared to only 1%
in untreated areas. However, the number of host-
seeking {. scapularis nymphs were statistically
equivalent at treated and untreated sites. Mather and
coworkers (43) postulated that acaricide-treated cot-
ton would protect reservoir hosts from I, scapularis,
thereby reducing transmission of B. burgdorferi.
One year later, the number of host-seeking nymphs
was less than 50% on treated compared to untreated
sites, while less than 50% of those collected from
treated sites were infected with B. burgdorferi (41).
In alarger study, 1 of 40 captured P. leucopus within
treated areas were infested with three ticks, while in
untreated sites, 33 of 34 white-footed mice were
parasitized by an average of 20 subadult/. scapularis
per mouse (44).

Independent research conducted in Massachu-
setts met with similar success (45), while studies in
New York (46) and Connecticut (47) have shown no
difference in the density of host-seeking/. scapularis
nymphs or infection rates in the tick in Damminix-
treated versus untreated areas. In a long-term study
conducted on Long Island, New York, a similar lack
of efficacy was demonstrated after three years (48).
During one year of that study, a person was more
likely to be bitten by an infected tick in Damminix-
treated versus untreated sites. While Damminix
appeared to reduce the number of subadult ticks on
mice, it did little to reduce the risk of exposure to
infected host-seeking/. scapularis nymphs and adults
after two years. These studies suggest that the
reduction of [ scapularis populations following
distribution of Damminix is unpredictable and, at
best, may have only limited utility as part of an
integrated control program.

Ground Acaricide Applications
The second chemical control approach is more

conventional and involves the application of
acaricides to tick habitat. The first published study
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used liquid formulations of carbaryl and diazinon
applied via high pressure hydraulic sprayer to wooded
areas to control fall populations of I scapularis
adults (49). After 72 hours, the population of /.

scapularis adults was reduced 97.1% in the carbaryl-

treated plots and 100% in the diazinon-treated site.
As expected, control resulting from these applica-
tions were observed the following spring. However,
one year after the application, I. scapularis popula-
tion levels in the treated sites were similar to those in
the untreated plot. As such, the effectiveness of this
single application against adults was limited to one
year.

Historically, application of acaricides to control
ticks in wooded areas was thought to be impractical
because of the inability of sprays to adequately
penetrate the vegetation. The control of . scapularis
adults provides an exception, since they quest within
the shrub layer in the fall following abscission. At
this time, [. scapularis adults are particularly vulner-
able to acaricide sprays. Fall applications, however,
have little effect on larvae and nymphs, which are not
active at this time. As such, the effectiveness of a
single control attempt directed solely against adult
ticks in a limited area will be temporary and limited
only tothat stage. These applications had no demon-
strable effects on any life stage of Amblyomma
americanum, a potential secondary tick vector of B.
burgdorferi in New Jersey (50).

Inrecognition of its epidemiological importance
in the Lyme disease transmission cycle, several
studies were conducted to control [ scapularis
nymphs during their period of peak activity. Stafford
(51) applied two rates of a liquid formulation of
carbaryl within a residential area using a high pres-
sure hydraulic sprayer. At 72 hours postapplication,
no nymphs were recovered from the treated plots.
Control exceeding 90% continued within the treated
areas throughout the nymphal activity period. These
applications had no apparent effect on the emer-
gence of larvae in the summer or the appearance of
adults in the fall.

Owing to problems inherent with getting liquid
formulations through growing foliage and into the
leaf litter where subadult [ scapularis normally
quest, Schulze and coworkers (52) applied granular

formulations of carbaryl, chlorpyrifos, and diazinon
at the highest recommended rates using a chest-
mounted Cyclone seeder. Granular acaricide di-
rected against nymphs achieved between 53.8%
(diazinon) and 100% (carbaryl) control. A second
application against larvae resulted in more uniform,
but lower levels of control ranging between 66.3%
(chlorpyrifos) and 74.7% (diazinon). Additional
applications of carbary] at reduced rates resulted in
proportionately lower levels of control (52). Contin-
uous evaluation of these sites over a two-year period
showed a significant reduction in fall populations of
I scapularis following treatment against nymphs in
all plots and, in some instances, subsequent popula-
tions of subadults (53). The degree to which ongoing
control was achieved appeared to be correlated with
geographic isolation of the treated site from un-
treated [. scapularis habitat.

Applications of several formulations of car-
baryl, chlorpyrifos, and cyfluthrin to a large residen-
tial community in Westchester County, New York,
resulted in significantcontrol of nymphs at all treated
sites, ranging from 67.9% to 97.4% (54). Abun-
dance of nymphs at ail treated sites remained low
throughout the activity period of nymphs, indicating
that a well-timed application was sufficient to pro-
vide significant control for the nymphal transmis-
sion season. Spring applications of liquid and granu-
lar formulations of cyfluthrin reduced the abundance
of I. scapularis by 96% and 97%, respectively, at 10
days postapplication (55).

In 1992, a study was initiated to evaluate the
effects of granular carbaryl on populations of £
scapularis nymphs in another large hyperendemic
residential community. Application of carbaryl gran-
ules at the maximum and minimum recommended
dosage rates using modified Solo mist blowers re-
sulted in 91.7% and 94.8% control of nymphs, re-
spectively (34).

Although applications of liquid and granular
acaricide formulations have dernonstrated signifi-
cant reduction of 1. scapularis nymphs, the studies
were performed in separate areas under different
ambient conditions. To test the relative efficacy of
these formulations under similar circumstances,
maximum recommended rates for liquid and granu-

-9.



lar carbaryl were applied to wooded residential sites
using a low-pressure sprayer and modified Solo mist
blower, respectively. Carbaryl applications resulted
in significant control of nymphs with both liquid
(86.1%) and granular (94.1%) formulations (56):
The greater level of control achieved in the Con-
necticut study (51)compared to the application of
liquid carbaryl in New Jersey appeared to be attrib-
utable to differences in the high-pressure (Connecti-
cut) versus low-pressure (New Jersey) hydraulic
sprayers used. It appears that the higher pressure
resulted in greater physical disturbance of the leaf
litter, which allowed more acaricide to reach quest-
ing 1. scapularis nymphs. Although comparable
levels of control were achieved using liquid carbaryl
(51} and carbaryl granules (56), it should be noted
that sprays required one-eighth the amount of active
ingredient. The apparent environmental benefits of
this significantly lower rate of carbaryl, however,
may be offset by logistical problems associated with
the application of liquid formulations, such as the
availability of adequate water supplies, sophisti-
cated equipment, and personnel.

Aerial Acaricide Applications

Although previous research has demonstrated
the effectiveness of acaricide sprays against [
scapularis adults (49) and nymphs (51,56), and
granular formulations against nymphs (34,52), these
studies were conducted in relatively circumscribed
areas. To test the efficacy of established control
measures over potentially larger areas, liquid and
granutar formulations of carbaryl were aerially ap-
plied against /. scapularis adults and nymphs, re-
spectively. An aerial application of carbary] at the
recommended rate to a high-use recreational area
controlled 93.8% of the fall population of adults after
96 hours (57). Two rates of granular carbaryl were

applied by air to dense successtonal woodland bor-
dering a residential community during the peak
activity period of nymphs (34). These applications
resulted in 89.6% at the higher rate and 81.1% at the
lower rate. The relatively high levels of control
achieved with reduced rates of carbaryl were thought
to reflect the paucity of leaf litter compared to the
sites receiving ground applications of carbaryl.

Aerial applications of liquid and granular
acaricide, while effective, require considerable lo-
gistical and public relations support. Despite the fact
that identical rates are used in ground applications,
necessary public notifications, existing public per-
ceptions, and alleged ecological impacts must be
addressed with greater urgency when aerial applica-
tions are considered. Logistically, procurement of
necessary equipment, landing areas, fuel, and weather
contraints require more planning and provide more
opportunity for delay. Although there are situations
where aerial applications are clearly desirable, ground
applications have been shown to provide excellent
control in a cost-effective manner.

Acaricide Selection

Once the decision has been reached to apply
acaricides to a documented tick-infested area, the
selection of a particular acaricide must be based on
labeling requirements. Of the acaricides currently
available for use in this situation, most are labeled for
generic tick control. Specific acaricides, formula-
tions, and methods of application may be restricted
to certain target areas. Users are cautioned to care-
fully read the acaricide labeling to ensure that the
proposed application is not in violation of federal
and State pesticide control laws.
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SUN[MARY

Although not in the classic sense of combining
biological, mechanical, and chemical control tech-
niques, the approach to suppressing I. scapularis
populations should be an integrated one which em-
ploys education, behavioral modifications, some
habitat alterations and, as a last resort, the use of
acaricides. Avoidance of tick-infested areas and the
use of repelients, appropriate clothing, and frequent
self-examinations for ticks provide the best means
of reducing the risk of Lyme disease. Where avoid-
ance is impractical, chemical control may provide a
needed alternative. In most situations, however,
acaricides should only be used if avoidance of tick-
infested areas is not an option and only after the tick
population and the rate of infection have been shown
to pose a public health threat. A method of assessing
areas for potential risk of Lyme disease transmission
has been developed (27).

Review of the published scientific literature
suggests that host reduction, habitat modification,
biological control, and use of host-targeted acaricides
(Damminix) have limnited or unpredictable success
inreducing black-legged tick populations when used
alone. Research conducted in New Jersey and else-
where has demonstrated the efficacy of properly

timed acaricide applications. At present, applica-
tions of either liquid acaricides using high-pressure
hydraulic sprayers or granular formulations directed
against I. scapularis nymphs in late May to early
June appear to have the greatest impact on the tick
population. Single applications have consistently
resulted in control of greater than 30% of nymphs
and, in some cases, significant reduction in the adult
population in the fall and following spring. Ixodes
scapularis adults are easily controlled by ground or
aenial applications of acaricides, but reduction of the
adult population does not offer the same public
health benefits as the control of nymphs, the life
stage responsible for the majority of transmission.

Despite their demonstrated ability to signifi-
cantly suppress populations ofl. scapularis, applica-
tions of general use acaricides are viewed by some as
environmentally unsound. While environmental
concerns remain a high prioerity, such considerations
should be balanced against documented threats to
public health. The combination of non-chemical
techniques and the judicious use of acaricides in an
integrated approach provides the most effective
means of managing vector tick populations at this
time.

-11 -



Photograph 1. Mixed hardwood forests with a dense shrub layer provide ideal habitat for Ixodes scapularis,
the principal vector of the Lyme disease spirochete.
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Photograph 2. Abandoned fields in secondary woody succession and ecotonal areas may also provide
suitable habitats for Ixodes scapularis.
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Photograph 3. Landscaping and ornamental plantings around the home may serve as habitat for Ixodes
scapularis. Lownumbers of ticks may also be found in lawns immediately adjacent to landscaped and wooded
areas.

Photograph 4. Woodpiles and brush piles provide harborage and nesting sites for mammalian hosts of Ixodes
scapularis, such as mice and chipmunks.
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