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After Integrated Tick Management in a Residential Landscape
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ABSTRACT In a recent study, the combined use of 4-Posters and Maxforce TMS bait boxes along
with a barrier application of deltamethrin resulted in accelerated control of Ixodes scapularis Say by
sequentially attacking each postembryonic life stage. We report the results of a follow-up study to test
the ability of 4-Posters used alone to sustain the high levels of control achieved through the integrated
tick management (ITM) approach after withdrawal of the bait boxes. In the Þrst year after withdrawal,
we observed declines in the level of control of larvae on small mammals, as well as of numbers of
host-seeking larvae in the treatment area. There was no difference in the level of control of host-
seeking adults in the treatment area after 2 yr. Within 2 yr, we observed a decline in control of subadult
ticks infesting small mammals, but continued to see signiÞcant control of both host-seeking nymphs
(85.9%) and larvae (89.0%) in the treatment area. The inconsistency that we observed between the
apparent ability of 4-Posters to sustain high levels of control of host-seeking ticks, although having less
effect on tick burdens on small mammal hosts, may be explained by the host-seeking ecology of
immature I. scapularis.
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A host-targeted approach to controlling Ixodes scapu-
larisSay, the principal tick vector of the agents causing
Lyme disease, human granulocytic anaplasmosis, and
human babesiois, offers an attractive alternative to
conventional habitat-targeted acaricide applications.
In the northeast, the 4-Poster topical treatment device
(USDA, Kerrville, TX) (targeted at deer) and Max-
force Tick Management System (TMS) bait boxes
(Bayer Environmental Science, Montvale, ND) (tar-
geted at rodents) have been used independently to
control adult and subadult I. scapularis, respectively
(Solberg et al. 2003, Dolan et al. 2004). However,
because each technology targets only speciÞc life
stages within the 2-yr life cycle of I. scapularis, signif-
icant reduction in tick abundance may not be
achieved until months or years after deployment. In a
recent study, the sequential deployments of 4-Posters
and Maxforce TMS bait boxes along with a barrier
application of deltamethrin resulted in accelerated
control of I. scapularis by targeting each postem-

bryonic life stage (Schulze et al. 2007). This inte-
grated tick management (ITM) approach led to
1-mo, 1-yr, and 2-yr postdeployment reductions of
92.7, 92.2, and 98.3%, respectively, of nymphal tick
burdens on small mammals and 86.6 and 94.3% re-
duction in host-seeking nymphs after 1 and 2 yr.

Although an effective and environmentally sensi-
tive approach, the commitment in resources needed
for a community-wide integrated host-targeted tick
control program may not be sustainable. For example,
Schulze et al. (2007) reported that, under current
manufacturer recommendations, the cost of the re-
quired two deployments of Maxforce TMS bait boxes
per year was estimated to exceed $2,000/ha, the ap-
proximate size of each property at the study site. In
contrast, the annual cost of two typical 8-wk deploy-
ments of 4-Posters at the recommended deployment
density of one 4-Poster/20 ha was estimated to be
approximately $80/ha (Solberg et al. 2003).

Because of the wide disparity in costs, we con-
ducted a follow-up study to test the ability of 4-Posters
used alone to sustain the high levels of control
achieved through the ITM approach after withdrawal
of the Maxforce TMS bait boxes.

Materials and Methods

StudyArea.An �66-ha residential community com-
prised of 48 single-family homes and 3 undeveloped
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lots in Millstone Township, Monmouth County, NJ,
served as the treatment area. Portions of nearby As-
sunpink Wildlife Management Area (WMA) located
�600 m from the treatment area and the adjacent
Borough of Roosevelt served as the untreated control
sites. Earlier studies conducted throughout this oak-
dominated area showed I. scapularis populations to be
statistically similar (Schulze et al. 1994, 2001, 2005a, b,
2007, Schulze and Jordan 1995).
4-Poster Deployment and Maintenance. Beginning

in fall 2003, we deployed four 4-Posters distributed
across the community as part of an integrated, host-
targeted tick control program. Deployment site selec-
tion was based on observed deer activity, willingness
of residents to host 4-Posters, and uniformity of spac-
ing between devices to achieve a minimum density of
one 4-Poster/20 ha. Three additional devices were
deployed in a similar manner within an adjacent com-
munity located south of the study area to minimize the
likelihood that deer from untreated properties would
be drawn into the treatment area by bait corn. Where
possible, 4-Posters were placed adjacent to wooded
margins of the properties to facilitate routine main-
tenance, including the weekly or semiweekly provi-
sion of recleaned, whole kernel corn bait and recharg-
ing of acaricide applicator rollers with 2% amitraz
(N�-(2,4-dimethylphenyl)-N-[[2,4-dimethylphenyl)
imino]methyl]-N-methylmethanimidamide; Point-
Guard; Hoechst Roussel Vet, Warren, NJ) at a weekly
application rate of 40 ml Point-Guard/roller (160 ml
Point-Guard/4-Poster). A second application at the
same rate was made 3Ð4 d later to all 4-Posters exhib-
iting weekly corn consumption of �41 kg. The max-
imum weekly dosage for heavily used 4-Posters during
the study was 80 ml Point-Guard/roller (320 ml Point-

Guard/4-Poster). The 4-Posters were operated each
fall between mid-October and mid-December and
each spring during March and April, depending on
weather conditions and observed tick activity. After
four individual deployments of 350 bait boxes on 13
properties during spring and summer 2004 and 2005,
use of the Maxforce TMS was terminated, whereas
4-Poster use continued through spring 2007.
Tick Collections. To assess the effectiveness of the

4-Posters to sustain low tick population levels within
the community, we monitored burdens of subadult I.
scapularis on live-captured small mammals and abun-
dance of host-seeking larvae, nymphs, and adults from
the treatmentanduntreatedcontrol areas. Smallmam-
mals were trapped using Sherman (7.6 by 8.9 by 30.5
cm) nonfolding box traps (H.B. Sherman, Tallahassee,
FL) baited with cotton balls and rolled oats. Nymphal
and larval tick burden data were obtained from single
trapping events in June and August, the peak activity
periods of I. scapularis nymphs and larvae, respec-
tively (Schulze et al. 1986, 2005b). During each 2-d
trapping event, 200 traps were set in both the treat-
ment and control areas for 2 consecutive d. All traps
were deployed by mid-afternoon and checked by mid-
morning on the following day. Captured rodents were
anesthetized with isoßurane or ethyl ether, examined
for ticks, individually marked, allowed to recover from
the anesthesia, and released at the point of capture.
Tick burden data from small mammals recaptured on
the second day were not collected.

We monitored numbers of host-seeking I. scapularis
at 50 plots established among 13 properties in the
treated area and at 20 plots located at the control sites
(Fig. 1). Each of these 100-m2 plots was placed in areas
with patchy shrub layers to facilitate collection of

Fig. 1. Aerial photograph of the Millstone Township, NJ, study area showing locations of the bait box deployment sites
(highlighted lots), locations of the 4-Poster devices (deer head symbols) and the untreated control area.
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subadult ticks. A similar number of 100-m transects
was established nearby in areas with denser shrub
layers more likely to yield adult ticks. All stages of
questing I. scapularis were collected using a combi-
nation of walking surveys and drag sampling (Gins-
berg and Ewing 1989) to minimize biases of the indi-
vidual sampling methods and those resulting from
differences in questing behavior exhibited by devel-
opmental stage (Schulze et al. 1997). Treated prop-
erties and untreated control sites were sampled once
during each of the peak activity periods of I. scapularis
larvae, nymphs, and adults (Schulze et al. 1986).
Adults were sampled in late October to early Novem-
ber, whereas nymphs and larvae were sampled in June
and August, respectively. Ticks adhering to investiga-
torsÕ clothing and drags were removed at 20-m inter-
vals (Schulze and Jordan 2001) and identiÞed to spe-
cies and stage.
Statistical Analysis. Differences in log-transformed

numbers of subadult I. scapularis infesting captured
small mammals were compared between trapping pe-
riods using separate one-way analysis of variance
(ANOVA) for treatment and control areas, with
TukeyÕs honest signiÞcant difference tests used for
post hoc comparisons (Sokal and Rohlf 1981). We
used Kruskal-Wallis tests to compare numbers of
questing I. scapularis means between years. Separate
tests were used for each stage and at control and
treatment areas. Post hoc comparisons of mean ranks
were performed following Siegel and Castellan
(1988). An algebraic variation of HendersonÕs formula
was used to calculate percentage control of ticks: per-
cent control � 100 Ð (T/U � 100), where T and U are
the mean after treatment/mean before treatment in
treated plots and untreated plots, respectively (Hen-
derson and Tilton 1955, Mount et al. 1976). All data are
presented as untransformed means. All statistical tests
were performed using Statistica analysis packages
(StatSoft 2005).

Results

4-Poster Deployment and Maintenance. Mean
weekly corn consumption and Point-Guard use did
not differ among the 4-Poster deployments between
fall 2005 and spring 2007 (Kruskal-Wallis tests: H(3,62) �
7.75; P� 0.07 and H(3,62) � 7.56; P� 0.06 for corn and
acaricide, respectively), suggesting consistent use of

the 4-Posters by deer over the course of the study
(Table 1). Mean weekly corn consumption after with-
drawal of the bait boxes (mean � 199.0 � 14.9 [SE]
kg) did not differ signiÞcantly from consumption dur-
ing the concurrent deployment of both 4-Posters and
Maxforce TMS (mean � 247.0 � 5.2 kg; sign test, P�
0.13) (Schulze et al. 2007), indicating that treatment
of deer was consistent between periods and that any
difference in observed tick abundance was not the
result of signiÞcant changes in deer use of the 4-Post-
ers. Within the treatment area, weekly corn consump-
tion varied among the four deployment sites from 31.8
to 72.7 kg, whereas in the adjacent buffer area, con-
sumption ranged between 13.6 and 47.7 kg.
Tick Burdens on Rodents. After deployment of the

4-Posters in concert with bait boxes for 2 consecutive
yr (2004Ð2005), subadult tick burdens on small mam-
mals were signiÞcantly reduced at treated properties,
suggesting �90% control of nymphal and larval ticks
(Schulze et al. 2007) (Table 2). Bait boxes were with-
drawn in August 2005. We expected to see any effects
of the continuing use of 4-Posters reßected in larval
burdens during August 2006 and 2007 and in nymphal
burdens in June 2007. Nymphal tick burdens in the
treatment area remained suppressed in 2006, reßect-
ing control of larvae in the previous year (Table 2).
However, mean larval burden at the treatment area in
2006 was signiÞcantly higher than that observed in
2005 before the withdrawal of the bait boxes, whereas
larval burdens at the control sites did not differ be-
tween years. Mean 2007 nymphal burdens at the treat-
ment site were signiÞcantly higher than burdens in
2006, whereas nymphal burdens at the control area
declined signiÞcantly during the same period. In 2007,
the mean larval tick burden in the treatment area did
not differ from that observed in 2006, whereas the
mean in the control area was signiÞcantly lower com-
pared with 2006. The observed control of larvae in-
festing small mammals declined from 99.3% in 2005 to
�60% in 2006 and �40% in 2007. Control of nymphs
infesting small mammals exceeded 98% in 2006 but
essentially ceased within 2 yr of withdrawing the bait
boxes.
Host-seeking Ticks. The combined use of 4-Posters

and bait boxes for 2 consecutive yr (2004Ð2005)
seemedtoprovide94.3%controlofhost-seekingnymphs
over 3 yr and 90.6% control of host-seeking larvae over
2yr. Similarly,numbersofhost-seeking adults in the fall

Table 1. Summary of corn consumption and Point-Guard applications, Millstone Township, NJ, 2005–2007

Deployment dates Community
Weeks

operational

Corn consumption (kg)
Point-Guard applied

(liters)

Total
Weekly

mean � SE
Total

Weekly
mean � SE

20 Oct. to 8 Dec. 2005 Treatment 7 1090.5 155.8 � 18.7 6.88 0.98 � 0.09
Adjacent 7 570.5 81.5 � 6.2 4.48 0.64 � 0.05

7 March to 27 April 2006 Treatment 7 1436.5 205.2 � 9.9 8.32 1.19 � 0.05
Adjacent 7 784.2 112.0 � 3.0 5.44 0.78 � 0.02

13 Oct. to 22 Dec. 2006 Treatment 10 2113.8 211.4 � 11.4 12.00 1.20 � 0.04
Adjacent 10 1154.7 115.5 � 2.4 7.84 0.78 � 0.02

12 March to 30 April 2007 Treatment 7 1586.5 226.6 � 10.2 8.80 1.26 � 0.02
Adjacent 7 784.2 112.0 � 1.4 5.60 0.80 � 0.01
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showed signiÞcant declines in all years, representing
an 87.3% level of control (Schulze et al. 2007) (Table
3). In 2006, the abundance of host-seeking I. scapularis
larvae in the treatment area was signiÞcantly greater
than that observed before withdrawal of bait boxes in
2005, whereas numbers of questing larvae at the con-
trol sites did not differ between years. Numbers of
host-seeking adults in the treatment and control areas
were similar in both years. In 2007, nymphal abun-
dance in the treatment area was similar to that ob-
served in 2006, whereas numbers of host-seeking
nymphs in the control area were signiÞcantly lower.
The apparent level of larval control declined from
90.6% in 2005 to 74.3% in 2006 but rose to 89.0% in 2007,
reßecting an increase in larval numbers in the control
plots. During the same period, the level of control of
adults remained similar (87.3% in 2005 and 89.5% in
2006), whereas the level of control of host-seeking
nymphs in 2007 (85.9%) declined slightly from a high
of 94.3% in 2006.

Discussion

Measured corn consumption at the 4-Poster devices
during fall 2005 through spring 2007 suggested that
deer were receiving acaricide treatment at a rate sim-
ilar to that observed before withdrawal of bait boxes
(Schulze et al. 2007). Consequently, we expected that

any contribution of the 4-Poster to the observed re-
duction in I. scapularis abundance to be similar during
both periods.

Both the 4-Poster and MaxForce TMS are designed
to control speciÞc life stages of I. scapularis and have
shown direct and cumulative effects on tick popula-
tions. For example, a 2-yr deployment of bait boxes
against nymphs and larvae seemed to signiÞcantly
reduce tick burdens on small mammals, leading in turn
to declines in abundance of host-seeking adults and
nymphs in the subsequent fall and spring, respectively.
Also, deployments of 4-Posters presumably resulted in
reductions of adult tick burdens on deer, and we
observed a decline in host-seeking larvae in subse-
quent years (Schulze et al. 2007). The abundance of
host-seeking ticks on treatment area plots declined
each year, suggesting that the effects were cumulative.
After the withdrawal of bait boxes after the 2005 larval
activity period, we expected that the only effect from
the continued deployment of 4-Posters from fall 2005
forward should have been directly against adult bur-
dens on deer and indirectly against larval populations
in subsequent years (control of 2005 adults on deer
would reduce larval populations in 2006 and control of
adult burdens in 2006 would impact 2007 larvae). Any
cumulative effects might be observed in numbers of
nymphs and adults during the second year.

Table 2. Subadult I. scapularis burdens (mean � SE) on live-captured P. leucopus and T. striatus at Millstone Township, NJ treatment
and control sites, 2003–2007

Year

ANOVA resultsa
Preintervention Pos-intervention

2003 2005 2006 2007

n Burden n Burden n Burden n Burden

Nymphs
Control 25 1.5 � 0.4 a 22 3.5 � 0.7 b 31 4.1 � 0.5 b 44 1.6 � 0.5 a F(3,118) � 6.33; P � 0.01
Treatment 29 2.2 � 0.5 a 40 0.4 � 0.1 c (92.2%)b 76 0.1 � 0.1 c (98.3%) 61 3.2 � 0.7 a F(3,202) � 12.41; P � 0.01

Larvae
Control 32 3.0 � 0.6 a 34 5.9 � 0.8 b 25 5.2 � 0.7 b 24 2.9 � 1.1 a F(3,111) � 3.65; P � 0.01
Treatment 52 2.9 � 0.4 a 45 0.04 � 0.03 b (99.3%) 39 2.0 � 0.5 a (60.2%) 12 1.7 � 0.8 a,b (39.4%) F(3,144) � 10.79; P � 0.01

aMeans in the same row followed by the same letter are not signiÞcantly different (Tukey HSD).
b Represents percent control (modiÞed HendersonÕs equation).

Table 3. Summary of host-seeking I. scapularis (mean � SE) at the Millstone Township, NJ treatment and control study sites,
2003–2007

Location

Year

Kruskal-Wallis testaPreintervention Postintervention

2003 2005 2006 2007

Nymphs
Control 1.7 � 0.5 3.4 � 0.8 10.1 � 2.1 a 5.3 � 0.8 H(2,70) � 15.71; P � 0.01
Treatment 4.1 � 0.4 a 1.1 � 0.4 (86.6%)b 1.4 � 0.4 (94.3%) 1.8 � 0.2 (85.9%) H(3,148) � 28.51; P � 0.01

Larvae
Control 68.8 � 32.5 a 197.4 � 40.1 b 137.1 � 26.9 a,b 143.6 � 21.8 b H(3,70) � 8.92; P � 0.03
Treatment 124.3 � 34.2 a 33.6 � 10.1 b (90.6%) 63.6 � 12.5 a,b (74.3%) 28.5 � 5.9 b (89.0%) H(3,170) � 13.96; P � 0.01

Adults
Control 6.0 � 1.1 7.9 � 1.7 5.7 � 0.8 H(3,60) � 0.34; P � 0.95
Treatment 3.0 � 0.5 a 0.5 � 0.2 (87.3%) 0.3 � 0.2 (89.5%) H(3,70) � 27.02; P � 0.01

aMeans in the same row followed by the same letter are not signiÞcantly different.
b Represents percent control (modiÞed HendersonÕs equation).
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However, in the Þrst year after withdrawal of the
bait boxes, and despite the continued deployment of
4-Posters in fall 2005 and spring 2006, we observed
increased larval burdens on small mammals and in-
creased numbers of host-seeking larvae in the treat-
ment area. Numbers of host-seeking adults continued
to be suppressed in the treatment area between 2005
and 2006. By spring 2007, we observed increased
nymphal burdens on small mammals, but continued to
see signiÞcantcontrol (85.9%)ofhost-seekingnymphs
in the treatment site. After the fall 2006 and spring
2007 deployments of 4-Posters, we observed no
change in larval burdens on small mammals but an
increase in the apparent level of control of host-seek-
ing larvae (89.0%) during summer 2007.

This disparity between small mammal tick burdens
and numbers of host-seeking ticks makes it difÞcult to
draw any Þrm conclusion regarding the ability of the
4-Posters used alone to sustain the high levels of con-
trol achieved through the combined use of bait boxes
and 4-Posters (Schulze et al. 2007). Although an ear-
lier New Jersey study involving a 5-yr deployment of
4-Posters (Schulze and Jordan 2006) yielded 82.7, 77.3,
and 94.2% control of host-seeking I. scapularis larvae,
nymphs, and adults, respectively, that were similar to
the results found in this study, no corresponding data
on small mammal tick burdens were collected. How-
ever, Solberg et al. (2003) reported 70Ð95% reductions
of subadult tick burdens on mice during a 3-yr de-
ployment of 4-Posters in Maryland. The inconsistency
that we observed between numbers of host-seeking
nymphs and nymphal burdens on small mammals
might be explained by activity of immature I. scapu-
laris within the nests of some small mammal hosts.
Previous research suggests that larvae acquired by
rodents outside the nest may feed to repletion, detach,
molt to nymphs, and reacquire a host, all without ever
leaving the host nest (Mather and Spielman 1986,
Matuschka et al. 1991). Although deployment of the
Maxforce TMS apparently interrupts this nest-associ-
ated cycle (Schulze et al. 2007), tick burdens might be
expected to rebound quickly after withdrawal of the
bait boxes, as subadult ticks again become concen-
trated within rodent nests. If true, this intranest cycle
may effectively amplify tick burdens, resulting in the
observed discrepancy between nymphal burdens and
the apparent numbers of questing nymphs as esti-
mated by drag sampling and walking surveys. Never-
theless, because reductions in populations of host-
seeking ticks may be a more important metric for
evaluating the risk of human-tick encounters and,
thus, disease transmission, these data suggest that the
4-Posters were able to sustain suppression of I. scapu-
larispopulations, although not at the level achieved by
the combined use of both 4-Posters and bait boxes.

Results of this and a previous study (Schulze et al.
2007) showed that host-targeted approaches to tick
control, particularly when used in concert, offer the
promise of effectively reducing local tick populations
while substantially reducing the amount of acaricides
introduced into the environment by traditional hab-
itat-targeted methods. However, we caution that our

result, while promising, should be interpreted within
its context and that the effective suppression of tick
populations we observed in a single residential com-
munity, in a particular forest type, must be duplicated
by more comprehensive, replicated studies conducted
in different habitats to conÞrm the efÞcacy of host-
targeted tick management. Nevertheless, our conclu-
sions suggest that a host-targeted approach to tick
control offers an alternative for health ofÞcials, man-
agers of public lands, and the pest control community
in response to the mounting threat of tick-borne dis-
eases.
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