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ABSTRACT. Spring acaricide applications directed against nymphal Ixodes scapularis have been shown
to be effective, but are perceived by the public as having significant adverse environmental impacts,
particularly against nontarget organisms. Targeting the adult stage of I. scapularis in the fall would
hypothetically result in indirect control of subsequent subadult stages while avoiding other arthropods that
are typically inactive during this period. We demonstrate that single fall applications of deltamethrin for 3
consecutive years immediately reduced fall questing adults, while also rapidly reducing the abundance of all
postembryonic stages. Deltamethrin applied to the shrub-layer vegetation resulted in levels of control
between 97.1% and 100% at 7 days postapplication. Repeated applications against the reproductive stage of
I. scapularis progressively reduced the abundance of larvae and nymphs in treated plots, reaching 91.4% and
100% by the conclusion of the study.
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INTRODUCTION

The number of cases of Ixodes scapularis Say–
transmitted diseases continues to escalate in many
parts of the United States. In New Jersey,
confirmed cases of Lyme disease, human babesi-
osis, and human granulocytic anaplasmosis have
increased <1.4-, 3.1-, and 6.2-fold, respectively,
in the period 2001–2005 (NJDHSS 2006), while
the etiological agents of these diseases have been
identified in I. scapularis collected from locations
across the state (Varde et al. 1998, Schulze et al.
2005). Consequently, the development of reliable
interventions to reduce tick-borne disease risk
continues to be a public health priority (Stafford
and Kitron 2002, Hayes and Piesman 2003).

The critical element in the success of any tick-
borne disease intervention program is reducing
exposure to infected ticks. Meeting this goal can
be achieved through a variety of prevention and
education measures. However, Hallman et al.
(1995) reported that although 84% of survey
respondents were aware of at least one precaution
to reduce exposure to ticks, only 43% reported
taking any precaution. Given that there are
inherent problems with relying solely on educa-
tion programs, actual reduction in the tick
population may be more effective in mitigating
risk (Hayes and Piesman 2003). Chemical control
is most effectively directed against I. scapularis
nymphs, the stage epidemiologically linked to the
vast majority of Lyme disease cases, and has

proven to be the most reliable means of
suppressing tick populations (Schulze et al.
1987, 1991; Stafford 1991; Curran et al. 1993;
Schulze et al. 2001b). However, the use of
habitat-targeted acaricides is generally viewed
by the public as having undesirable environmen-
tal impacts, including adverse effects on nontar-
get organisms (Ginsberg 1994).

Barrier acaricide applications directed at I.
scapularis nymphs have been shown to reduce the
potential for human/tick encounters in high-risk
areas (Schulze et al. 2007). This strategy, which is
suitable for most public health–related tick
control programs, minimizes adverse impacts by
limiting the amount of acaricide introduced into
the environment during the growing season.
However, there are occasions when larger-scale
tick control efforts are required. For example, in
response to a Lyme disease outbreak among U.S.
Army reservists conducting field-training exercis-
es in New Jersey, we demonstrated that single
applications of carbaryl and diazinon to shrub-
layer vegetation in November resulted in signif-
icant control of I. scapularis adults throughout
the fall and spring activity periods (Schulze et al.
1987). Tick populations rebounded by the fol-
lowing fall, apparently because the acaricide
applications had no impact on nymphs that were
inactive in the litter layer during the application.
Theoretically, single fall applications conducted
annually against the reproductive stage should
result in long-term population reduction. In a
recent study, use of the 4-Poster topical treatment
device, which targets both fall and spring
populations of I. scapularis adults parasitizing
white-tailed deer (Odocoileus virginianus Zimmer-
man), showed significant reductions in all active
stages within 3 years of deployment (Solberg et
al. 2003). These results suggest that annual

1 Freehold Area Health Department, 1 Municipal
Plaza, Freehold, NJ 07728.

2 Terry L. Schulze, Ph.D., Inc., 9 Evergreen Court,
Perrineville, NJ 08535.

3 Monmouth County Mosquito Extermination Com-
mission, PO Box 162, Eatontown, NJ 07714.

4 To whom correspondence should be addressed.

Journal of the American Mosquito Control Association, 24(4):566–570, 2008
Copyright E 2008 by The American Mosquito Control Association, Inc.

566



habitat-targeted acaricide applications directed at
the reproductive stage each fall might similarly
suppress I. scapularis populations over time,
while minimizing nontarget effects by virtue of
the timing of the application.

Our working hypothesis was that single acar-
icide applications against I. scapularis adults in
the fall for 3 consecutive years would significantly
reduce all postembryonic stages of this tick.

MATERIALS AND METHODS

Study site

The study was conducted at the Wayside
Training Area within Naval Weapons Station
(NWS) Earle, Colts Neck Township, Monmouth
County, New Jersey, where I. scapularis is
consistently abundant (Schulze et al. 1986,
Schulze and Jordan 1996). The forest canopy of
this <60-ha site consists of pitch pine (Pinus rigida
Miller) and mixed hardwoods, including red oak
(Quercus rubra L.), white oak (Q. alba L.), and
chestnut oak (Q. prinus L.). The understory is
composed of saplings of the dominant canopy
species together with sassafras (Sassafras albidum
(Nuttall) Nees), American holly (Ilex opaca
Aiton), and black cherry (Prunus serotina Ehrh.).
Highbush blueberry (Vaccinium corymbosum L.),
lowbush blueberry (V. angustifolium Aiton),
huckleberries (Gaylussacia spp.), laurels (Kalmia
spp.), and greenbriar (Smilax rotundifolia L.)
dominated the shrub layer.

Tick collections

We established 2 treatment and 2 untreated
control plots, each 1 ha in area. Abundance of all
postembryonic stages of questing I. scapularis
was monitored at each plot by sampling 10 100-m
transects, using a combination of walking and
drag sampling methods (Ginsberg and Ewing
1989, Schulze et al. 1997). Tick drags used to
survey adults were constructed of 1-m2 pieces of
light-colored corduroy fastened to 1-cm-diam
wooden dowels along the leading edge, while
heavy-duty steel springs were sewn into the
trailing edge of the drag for added weight and
flexibility to improve performance when being
dragged through dense vegetation. The drags
were pulled alongside of each investigator by
means of a 2-m rope handle attached to the ends
of the wooden dowels. Adult ticks adhering to
investigators’ clothing and drags were counted
and returned to each transect at 20-m intervals.
To collect subadult ticks, we used a previously
described modified flagging method that has
proven effective in dense shrub layers that
prevent traditional drag sampling (Schulze et al.
2002). The smaller flags were ‘‘mopped’’ between
plant stems within the leaf litter along each

transect and examined at 5-m intervals. Ticks
found on flags and coveralls were counted and
returned to their respective transect. Dragging
and walking surveys were conducted simulta-
neously by the same individuals between 0800
and 1200 h when vegetation was dry and wind
speed was consistently below 10 km/h.

Beginning in spring 2004 and in all subsequent
years of the study, I. scapularis abundance was
assessed by sampling all transects on 3 different
dates during the peak activity period of each
postembryonic stage (Schulze et al. 1986), specif-
ically mid-March through April for spring adults,
mid-May through mid-June for nymphs, and
August for larvae. Fall adult I. scapularis were
surveyed between mid- and late October. Follow-
ing single applications of acaricide in the fall of
2004, all plots were sampled at 1-day and 7-day
intervals posttreatment to document the efficacy
of the application against I. scapularis adults. In
2005 and 2006, we sampled only at 7 days
postapplication.

Acaricide applications

Deltamethrin (Suspend SC Insecticide, 4.75%
[AI]; Bayer Environmental Science, Montvale,
NJ) was applied according to labeling recom-
mendations to the shrub layer of the treatment
plots, using a truck-mounted, high-pressure (800-
psi) hydraulic sprayer at a rate of 0.09 kg/ha. The
applications were performed during the last week
of October, 2004–06.

Statistical analysis

Preapplication abundance of host-seeking I.
scapularis was compared between treatment and
control plots using Mann–Whitney U-tests (Sokal
and Rohlf 1981). Kruskal–Wallis tests were used
to compare means of treatment and control plots
for each sampling date (Sokal and Rohlf 1981).
Post hoc comparisons of mean ranks were
performed after Siegel and Castellan (1988). An
algebraic variation of Henderson’s formula was
used to calculate percent control of ticks on
acaricide-treated plots: percent control 5 100 2
(T/U 3 100), where T and U are the mean after
treatment/mean before treatment in treated plots
and untreated plots, respectively (Henderson and
Tilton 1955, Mount et al. 1976). All statistical
tests were performed using Statistica analysis
packages (StatSoft 1995).

RESULTS

Direct effects of acaricide applications
against adults

The abundance of fall adults was higher in the
treatment compared to control plots during
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preapplication sampling in 2004 (Mann–Whitney
U(20,20) 5 53.50; P , 0.01) (Table 1). The initial
fall 2004 application of deltamethrin provided
96.4% control within 1 day and 97.1% control
through 7 days, while tick abundance in the
untreated control plots was statistically similar
or higher than pretreatment means (Table 1).
Preapplication numbers of adults in fall 2005
were significantly lower than preapplication
abundance in 2004 and were similar to the
postapplication abundance observed in 2004.
Subsequent applications in fall 2005 and 2006
resulted in 100% control of adults in the
treatment plots, while adults in untreated control
plots were statistically similar to or higher than
the 2004 preapplication means (Table 1).

Indirect effects of acaricide applications
against subadults

Preapplication sampling of plots in 2004
showed higher abundance of spring adults and
nymphs in treatment plots compared to controls,
while larval numbers were statistically equivalent
(Table 2). Numbers of spring I. scapularis adults
in 2005, 2006, and 2007 were reduced in the
treated plots relative to both their 2004 numbers
and to abundance in the untreated control plots
(Table 2). We also found significantly fewer
nymphs and larvae in the treated plots in 2005,
2006, and 2007. While nymphal abundance in the
control plots did not vary over 3 years, we saw
80% control of nymphs in the 1st spring and
100% control in the 2nd and 3rd. Larval
abundance in the control plots was more variable
among years but showed consistent decline in
abundance in the treated plots.

DISCUSSION

Deltamethrin applied to forest shrub layers to
suppress I. scapularis adults resulted in levels of
control between 97.1% and 100% at 7 days
postapplication, with significant control (96.4%)
achieved within 24 h. As expected, control of fall
adults resulted in reduced numbers of adults in
the following spring, with reductions $93.7% in
all years. Repeated applications against the
reproductive stage of I. scapularis progressively
reduced larval and nymphal tick abundance,
reaching 91.4% and 100% control, respectively,
after 3 years. Surprisingly, we observed a reduc-
tion in I. scapularis nymphs and continued
suppression of adults in fall 2005. Given the 2-
year life cycle of I. scapularis, we would not have
anticipated an effect on nymphs or fall adults
from the initial 2004 application until 2006.
Unlike earlier studies using carbaryl and diazinon
(Schulze et al. 1987, 1992), these results suggest
that deltamethrin may also have affected imma- T
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ture stages of I. scapularis that were inactive in
the forest leaf litter at the time of the application.

The results of this study demonstrate that a
single fall application of deltamethrin directed
against I. scapularis adults for 3 consecutive years
rapidly and dramatically reduced the abundance
of all postembryonic stages. These results are
comparable to those reported by Solberg et al.
(2003), which showed 91–100% reduction of all
stages of host-seeking ticks following a 3-year
deployment of 4-Posters. Although both control
methods target the reproductive stage of I.
scapularis, each has advantages and disadvantag-
es. Because a single 4-Poster can theoretically
treat all deer within a 20-ha area (Solberg et al.
2003, Schulze et al. 2007), this technology can
effectively and economically control ticks over
large tracts of land. However, conventional
acaricide applications may be more economical
when controlling ticks in smaller areas. For
example, Solberg et al. (2003) reported the
operational cost to be <$100/4-Poster per week,
so that 2 typical 8-wk deployments in fall and
spring would cost $1,600/4-Poster or $80/ha.
Because the treated area in this study was only
2 ha, the operational cost would effectively be
$800/ha. By comparison, the cost of the single fall
application of deltamethrin in this study was $325/
ha. Although the break-even point of these
control methods is <5 ha, a single habitat-
targeted acaricide application eliminates the need
for weekly or semiweekly operational mainte-
nance of the 4-Poster devices. Further, the
widespread use of the 4-Poster faces several
hurdles, including labeling restrictions that limit
its deployment to residential areas with low
housing density and regulations in several states
that prohibit feeding deer because of concerns
about the spread of wildlife diseases. However,
where the use of the 4-Poster is restricted or
uneconomical, our results show that sequential
conventional acaricide applications against the
reproductive stage of I. scapularis, made to shrub-
layer vegetation at a time of year when most
nontarget forest arthropods are inactive and
unlikely to encounter the acaricide (Schulze et al.
2001a), provides another approach to tick control.

ACKNOWLEDGMENTS

We thank Tom Gentile and Ray Green, NWS
Earle for their continue assistance. The current
work was supported by a Cooperative Agreement
(U50/CCU219564-01,02,03,04) between the New
Jersey Department of Health and Senior Services
and the Centers for Disease Control and Prevention.

REFERENCES CITED

Curran KL, Fish D, Piesman J. 1993. Reduction of
nymphal Ixodes dammini (Acari: Ixodidae) in a

T
a
b

le
2
.

S
p

ri
n

g
–
su

m
m

er
h

o
st

-s
ee

k
in

g
Ix

o
d
e
s

sc
a
p
u
la

ri
s

a
b

u
n

d
a
n

ce
a
t

d
el

ta
m

et
h

ri
n

-t
re

a
te

d
a
n

d
u

n
tr

ea
te

d
p

lo
ts

,
W

a
y
si

d
e

T
ra

in
in

g
A

re
a
,

2
0
0
4
–
0
7
.

Y
ea

r1

P
re

tr
ea

tm
en

t
P

o
st

tr
ea

tm
en

t

L
o

ca
ti

o
n

2
0
0
4

2
0
0
5

2
0
0
6

2
0
0
7

K
ru

sk
a
l–

W
a
ll

is
te

st
re

su
lt

s2

S
p

ri
n

g
a
d

u
lt

s

U
n

tr
ea

te
d

p
lo

ts
1
.6

6
0
.4

1
.3

6
0
.2

1
.2

6
0
.1

1
.7

6
0
.2

H
(3

,2
4
0
)

5
0
.7

8
;

P
5

0
.8

5
T

re
a
te

d
p

lo
ts

8
.6

6
1
.4

a
0
.2

6
0
.1

(9
7
.2

%
)3

0
.4

6
0
.1

(9
3
.7

%
)

0
.1

6
0
.1

(9
8
.9

%
)

H
(3

,2
4
0
)

5
6
2
.2

8
;

P
,

0
.0

1

N
y
m

p
h

s

U
n

tr
ea

te
d

p
lo

ts
8
.4

6
1
.5

a
5
.2

6
1
.4

a
b

7
.6

6
1
.4

a
1
.7

6
0
.4

b
H

(3
,2

4
0
)

5
1
7
.8

4
;

P
,

0
.0

1
T

re
a
te

d
p

lo
ts

1
3
.9

6
1
.3

a
1
.7

6
0
.6

(8
0
.3

%
)

0
(1

0
0
%

)
0

(1
0
0
%

)
H

(3
,2

4
0
)

5
6
5
.0

3
;

P
,

0
.0

1

L
a
rv

a
e

U
n

tr
ea

te
d

p
lo

ts
4
9
.8

6
7
.3

a
1
4
.4

6
1
.5

b
2
2
.4

6
3
.9

b
8
4
.3

6
1
6
.2

a
H

(3
,2

4
0
)

5
4
6
.6

1
;

P
,

0
.0

1
T

re
a
te

d
p

lo
ts

4
2
.4

6
8
.0

a
4
.9

6
0
.9

b
(6

0
.0

%
)

2
.9

6
1
.2

b
(8

4
.8

%
)

6
.2

6
2
.9

b
(9

1
.4

%
)

H
(3

,2
4
0
)

5
1
0
0
.6

7
;

P
,

0
.0

1

1
V

a
lu

es
a

re
m

ea
n

ti
ck

s
co

ll
ec

te
d

/1
0

0
-m

tr
a

n
se

ct
6

S
E

;
n

5
2

0
fo

r
a

ll
co

m
p

a
ri

so
n

s.
2

M
ea

n
s

in
th

e
sa

m
e

ro
w

fo
ll

o
w

ed
b

y
th

e
sa

m
e

le
tt

er
a

re
n

o
t

si
g
n

if
ic

a
n

tl
y

d
if

fe
re

n
t.

3
R

ep
re

se
n

ts
p

er
ce

n
t

co
n

tr
o

l
(m

o
d

if
ie

d
H

en
d

er
so

n
’s

eq
u

a
ti

o
n

).

DECEMBER 2008 SUPPRESSION OF I. SCAPULARIS POPULATIONS 569



residential suburban landscape by area application of
insecticides. J Med Entomol 30:107–113.

Ginsberg HS. 1994. Lyme disease and conservation.
Conserv Biol 8:343–353.

Ginsberg HS, Ewing CP. 1989. Comparison of flagging,
walking, trapping, and collecting ticks from hosts as
sampling methods for northern deer ticks, Ixodes
dammini, and lone star ticks, Amblyomma ameri-
canum (Acari: Ixodidae). Exp Appl Acarol 7:313–322.

Hallman W, Weinstein N, Kadakia S, Chess C. 1995.
Precautions taken against Lyme disease at three
recreational parks in endemic areas of New Jersey.
Environ Behav 27:437–453.

Hayes EB, Piesman J. 2003. How can we prevent Lyme
disease? N Engl J Med 348:2424–2430.

Henderson CF, Tilton EW. 1955. Tests with acaricides
against the brown wheat mite. J Econ Entomol
48:157–161.

Mount GA, Grothaus RH, Reed JT, Baldwin KF.
1976. Amblyomma americanum: area control with
granules or concentrated sprays of diazinon, pro-
poxur, and chlorpyrifos. J Econ Entomol 69:257–259.

NJDHSS [New Jersey Department of Health and
Senior Services]. 2006. New Jersey reportable disease
statistics: 1998–2005 [Internet]. Trenton, NJ: New
Jersey Department of Health and Senior Services
[accessed January 31, 2008]. Available from: http://
www.nj.gov/health/cd/stats.htm.

Schulze TL, Bowen GS, Lakat MF, Parkin WE, Shisler
JK. 1986. Seasonal abundance and host utilization of
Ixodes dammini (Acari: Ixodidae) and other ixodid
ticks from an endemic Lyme disease focus in New
Jersey, USA. J Med Entomol 23:105–109.

Schulze TL, Jordan RA. 1996. Seasonal and long-term
variations in abundance of adult Ixodes scapularis
(Acari: Ixodidae) in different coastal plain habitats of
New Jersey. J Med Entomol 33:963–970.

Schulze TL, Jordan RA, Hung RW. 1997. Biases
associated with several sampling methods used to
estimate the abundance of Ixodes scapularis and
Amblyomma americanum (Acari: Ixodidae). J Med
Entomol 34:615–623.

Schulze TL, Jordan RA, Hung RW. 2002. Effects of
microscale habitat physiognomy on the focal distri-
bution of Ixodes scapularis and Amblyomma amer-
icanum (Acari: Ixodidae) nymphs. Environ Entomol
31:1085–1090.

Schulze TL, Jordan RA, Hung RW, Krivenko AJ,
Schulze JJ, Jordan TM. 2001a. Effects of an
application of granular carbaryl on nontarget forest
floor arthropods. J Econ Entomol 94:123–128.

Schulze TL, Jordan RA, Hung RW, Taylor RC,
Markowski D, Chomsky MS. 2001b. Efficacy of
granular deltamethrin against Ixodes scapularis and

Amblyomma americanum (Acari: Ixodidae) nymphs.
J Med Entomol 38:344–346.

Schulze TL, Jordan RA, Schulze CJ, Healy SP, Jahn
MB, Piesman J. 2007. Integrated use of 4-Poster
passive topical treatment devices for deer, targeted
acaricide applications, and Maxforce TMS bait boxes
to rapidly suppress populations of Ixodes scapularis
(Acari: Ixodidae) in a residential landscape. J Med
Entomol 44:830–839.

Schulze TL, Jordan RA, Schulze CJ, Mixson T, Papero
M. 2005. Relative encounter frequencies and preva-
lence of selected Borrelia, Ehrlichia, and Anaplasma
infections in Amblyomma americanum and Ixodes
scapularis (Acari: Ixodidae) ticks from central New
Jersey. J Med Entomol 42:450–456.

Schulze TL, McDevitt WM, Parkin WE, Shisler JK.
1987. Effectiveness of two insecticides in controlling
Ixodes dammini (Acari: Ixodidae) following an
outbreak of Lyme disease in New Jersey. J Med
Entomol 24:420–424.

Schulze TL, Taylor GC, Bosler EM, Jordan RA, Shisler
JK. 1991. Effectiveness of three granular acaricide
formulations in suppressing populations of Ixodes
dammini (Acari: Ixodidae): I. Short-term control of
nymphs and larvae. J Med Entomol 28:624–629.

Schulze TL, Vasvary LM, Simmons W. 1992. Effec-
tiveness of an aerial application of carbaryl in
controlling Ixodes scapularis (Acari: Ixodidae) adults
in a high-use recreational area in New Jersey. J Med
Entomol 29:544–547.

Siegel S, Castellan NJ. 1988. Nonparametric statistics
for the behavioural sciences. 2nd edition. New York:
McGraw-Hill.

Sokal RR, Rohlf FJ. 1981. Biometry. 3rd edition. New
York: Freeman.

Solberg VB, Miller JA, Hadfield T, Burge R, Schech
JM, Pound JM. 2003. Control of Ixodes scapularis
(Acari: Ixodidae) with topical self-application of
permethrin by white-tailed deer inhabiting NASA,
Beltsville, Maryland. J Vector Ecol 28:117–134.

Stafford KC. 1991. Effectiveness of carbaryl applica-
tions for the control of Ixodes dammini (Acari:
Ixodidae) nymphs in an endemic residential area.
J Med Entomol 28:32–36.

Stafford KC, Kitron U. 2002. Environmental manage-
ment for Lyme borreliosis control. In: Gray J, Kahl
O, Lane RS, Stanek G, eds. Lyme borreliosis biology,
epidemiology and control. New York: CABI Publish-
ing. p 301–334.

StatSoft. 1995. STATISTICA. Release 5. User’s man-
ual. Tulsa, OK: StatSoft.

Varde S, Beckley J, Schwartz I. 1998. Prevalence of tick-
borne pathogens in Ixodes scapularis in a rural New
Jersey County. Emerg Infect Dis 4:97–100.

570 JOURNAL OF THE AMERICAN MOSQUITO CONTROL ASSOCIATION VOL. 24, NO. 4


