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ABSTRACT The body of pesticide research on spiders is sparse with most studies using topical or
residual applications to assess efÞcacy. Data on the effects of fumigation on spider survivorship are
scarce in the scientiÞc literature. In this study, we exposed adult male and female brown recluse
spiders,Loxosceles reclusaGertsch&Mulaik, and femalebrownwidowspiders,Latrodectus geometricus
C. L. Koch, to a commercial fumigation event using sulfuryl ßuoride directed at termite control.
General consensus from the pest control industry is that fumigation is not always effective for control
of spiders for a variety of reasons, including insufÞcient fumigant dosage, particularly, for contents of
egg sacs that require a higher fumigant dosage for control. We demonstrated that a sulfuryl ßuoride
fumigationwith an accumulated dosage of 162 oz-h per 1,000 ft3 at 21�Cover 25 h (�1.7� the drywood
termite dosage) directed at termites was sufÞcient to kill adult brown recluse and brown widow
spiders. The effectiveness of commercial fumigation practices to control spiders, and particularly their
egg sacs, warrants further study.
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In comparison to the amount of pesticide research on
insects, the complementary body of literature on spi-
ders is minor. Most published research has been con-
ducted on spiders of medical importance (widow spi-
ders, Latrodectus, and recluse spiders, Loxosceles).

Of the published toxicological research involving
Loxosceles spiders, the greatest amount has been per-
formedwith topical or residual applications (e.g.,Nor-
ment and Pate 1968; Gladney and Dawkins 1972; Ster-
ling et al. 1972; Price et al. 1988, 1989) with most
studies involving pesticides that have been banned
since these tests were completed (e.g., lindane, diel-
drin, and DDT). More recent research showed mi-
croencapsulated �-cyhalothrin to be an efÞcacious
pesticide in bioassays for killing Loxosceles intermedia
Mello-Leitão in South America (Navarro-Silva et al.
2010). Less is known regarding the effects of com-
mercial fumigation practices on spider survival with
little being published in the open scientiÞc literature.
The general anecdotal consensus from conversations
with members of the pest control industry is that
fumigation for adequate termite control cannot guar-
antee to simultaneously eliminate brown recluse spi-
der populations. From experimental laboratory expo-
sures, Thoms and Scheffrahn (1994) provided a
wealth of information on the lethal accumulation dos-
age (LAD99)on39 insect species, one tick species, and
two spider species. The LAD99 is determined by “the

target pest, its life stage, and temperature at the site of
the target pest” (Thoms and Scheffrahn 1994). One
spider thatwas tested, the brown recluse spider,Loxo-
sceles reclusa Gertsch & Mulaik, has an LAD99 of 77
oz-h per 1,000 ft3 at 27�C which converts to 1.6� the
drywood termite rate. In comparison, the LAD99

mean � SD for 11 species of termites (discounting one
outlier) was 40.8 � 8.6 oz-h per 1,000 ft3 (range �
20Ð51; note: the conversion factor from oz-h per 1,000
ft3 to g-h per m3 is 1.0014 so for practical purposes, the
numeric value is almost equivalent, i.e., 77 oz-h per
1,000 ft3 equals 77.11 g-h per m3).

Widow spiders (Latrodectus spp.) are known for
beingdifÞcult tocontrolwithpesticides.These spiders
are a recurring problem for the grape industry in
regard to consumer concerns when black widows are
found in grape bunches or for inspectors vetting ex-
ported cargo (Cavanaugh 1992, Reed and Newland
2002). Cavanaugh (1992) details the effective control
of the western black widow spider, Latrodectus hes-
perus Chamberlin & Ivie, in grapes in CaliforniaÕs
Central Valley where SO2 fumigation was not overly
effectiveuntil coupledwithCO2.Theproposedmech-
anism for this synergism was that CO2 is a respiration
stimulant (inmammals), and thereforemight increase
respiration in spiders causing lethal intoxication by
fumigants (Cavanaugh1992).TheLAD99with sulfuryl
ßuoride for thewesternblackwidowspider and its egg
sacs was 82 and 300 oz-h per 1,000 ft3 at 27�C, respec-
tively (Thoms and Scheffrahn 1994). This is 1.7� and
6.2� the drywood termite dosage for black widows
and their egg sacs, respectively. Invasivebrownwidow
spiders, Latrodectus geometricus C. L. Koch, have re-
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cently reached high densities in urban southern Cal-
ifornia (Vetter et al. 2012) and are a concern to home-
owners who frequently request advice for chemical
control options.

In March 2014, a nonresidential building in River-
side, CA, to which we had access for our research, was
tarped and treated for drywood termites, Incisitermes
minor (Hagen), by a nationally recognized commer-
cial fumigation company. We were unaware of any
published study that exposed brown recluse or brown
widow spiders in a commercial fumigation episode of
a large building, although Thoms (2004) reported on
the successful fumigation of the Chilean recluse spi-
der,Loxosceles laeta (Nicolet) in a structure using 10�
thedrywood termite dosage. Therefore,we attempted
to generate potentially useful information for the pest
control industry on the efÞcacy of fumigation for spi-
der suppression. The paucity of information regarding
the efÞcacy of commercially applied fumigants and
spider control is understandable. Homeowners would
be very hesitant to participate in an experiment that
purposefully deployed sentinel pest species (e.g.,
brown recluse spiders) in a home in case the spiders
escaped and survived the fumigation treatment.
Homeowners have occasionally contacted one of us
(R.S.V.) requesting information on whether fumiga-
tion will rid a house of brown recluse spiders; how-
ever, no published data in the readily accessible, open
scientiÞc literature were known to us regarding actual
Þeld testing upon which to base recommendations for
this particular spider species (some information does
exist on fumigation of brown recluse spiders in the
private sector but it is typically unpublished data and,
therefore, not easily accessed). With this study, we
provide data on the effectiveness of whole-building
fumigation with sulfuryl ßuoride on the survivorship
rates of adults of two common pest spider species.

Materials and Methods

Spiders. The original stock of brown recluse spi-
ders used in this study was collected from Lenexa, KS,
Russellville,AR, andpossiblyColumbia,MO, although
the exact heritage of this colony has not been consis-
tently recorded. Spiderlings fromegg sacswere reared
communally in a 4-liter plastic jar in the University
CaliforniaÐRiverside (UCR) Insectary and Quaran-
tine facility, and were fed mostly western subterra-
nean termites, Reticulitermes hesperus Banks, Þrst-in-
star German cockroaches, Blattella germanica (L.)
(both prey species are kept in culture at UCR), and,
from a compost bin, wild-caught ßies, possibly Dro-
sophila spp.Recluse spiderlings arenot cannibalistic as
long as they arewell fed (Vetter andRust 2008).Once
spiderlings reached �50% adult size, spiders were
transferred to individual vials and fed mostly German
cockroaches. Other incidentally captured arthropods
were randomly offered to spiders as they became
available. Brown recluse spiders used in this study
were last offered food �1 mo before the fumigation
event. The spiders had been mature �1 yr at the time
of testing and all females were virgins; brown recluses

can live for several years in captivity (Hite et al. 1966,
Horner and Stewart 1967).

Female brown widow spiders were collected the
previous summer from multiple southern California
locations, were in captivity from 6 to 9 mo, and were
used as suppliers of egg sacs in other studies. Female
spiders were fed mealworms, Tenebrio molitor L., ev-
ery 10Ð24 d and fed twice in a 3-d period, 2 wk before
the fumigation. Although the brown widow is almost
exclusively a peridomestic invader and rarely found
inside homes, we included them in this study because
they have been observed to infest garages, exterior
storage cabinets, porch furnishings, and other items
that would be included in a tarped, fumigated resi-
dence.

Fumigation Cages. Brown recluse spiders were
placed individually inside40-dramplastic vials (48mm
internal diameter by 86 mm length) with a 45-mm-
diameter hole in the bottom of the vial and a 33-mm-
diameter hole in the plastic lid. Each holewas covered
with household aluminum window screening with
spacing of 6 by 6.7 openings per centimeter, afÞxed
with hot glue. A piece of screening, 75 by 50 mm, was
placed inside the vial, to give the spider a textured
surface to walk on, leaving �5 mm of free space on
each end to prevent accidental trapping of spiders
inside vials. Vials were placed inside 5.7-liter plastic
shoeboxes with snap handle locks on two ends of the
lid. A 280 by 127 mm rectangle was cut from the box
lid where the open space represented �65% of the
total area of the top opening of the box. The hole in
the lidwascoveredwith the samealuminumscreening
used on the vials. A small layer of petroleum jelly was
smeared on the inside wall of the box near the lid to
act as an additional barrier and the lid was securely
afÞxed to the container with duct tape.

Brown widows were tested in 163-ml plastic food
cups containing a Y-shaped piece of cardboard (2.5
mmwidthwith twoarmsof 35-mm length andone arm
of 52-mm length) used as a support structure to which
they attached silk. A 45-mm-diameter hole was cut in
the lid and a piece of aluminum screening similar to
above was hot glued over the hole.

In addition, 10 drywood termites were placed in
each of two 20-ml scintillation vials with a piece of
balsa wood and a 14-mm hole in the lid covered with
screen.

Fumigation. The fumigation occurred in a stucco-
facedbuilding, originally constructed in 1931 and con-
sists of two levels with �956 m2 (5,140 square feet) of
total area and �3,800 m3 (134,000 cubic feet) of total
volume for the two ßoors.

Four vials individually containing brown recluse
spiders (two males and two females) were placed on
their sides in each box, with the orientation of the lid
alternating inoppositedirections incase the sizeof the
opening and directional ßow of fumigant was affected
by vial orientation. A set of four boxes was placed in
each of the three rooms, one with south-facing and
west-facing windows, one with south-facing windows,
and the last with north-facing windows. Fumigation
boxes were placed at three heights: low, near the ßoor
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inside a cupboard or under a desk (�0.33 m above the
ßoor); medium, on a shelf 1Ð1.5 m off the ßoor; and
high, on top of a bookshelf 2.5Ð3.5 m off the ßoor.
Brown recluse spiders were deployed at different
heights to verify unpublished studies that sulfuryl
ßuoride, after reaching equilibrium, does not stratify
within a room. A fourth fumigation test box of four
brown recluses was set up in each room as a control,
placed inside a Nylofume bag (Dow AgroSciences
LLC, Indianapolis, IN) thatwas securedwith a rubber
band at the top, and then placed inside a second
Nylofume bag also secured with a rubber band at the
top, as per the instructions from the fumigation com-
pany for any item not to be excluded from the fumi-
gated air space. We monitored temperature and rel-
ative humidity during fumigation with Hobo data
loggers (Onset Computer Corporation, Bourne, MA)
in each of the three rooms, and in one room, a data
logger was also placed inside a Nylofume bag. An
additional set of 12 brown recluse spiders, six of each
sex, was kept in their usual maintenance vials in the
UCRinsectary to functionasanotheruntreatedcohort
to measure naturally occurring mortality. In total, 36
brown recluse spiders were exposed to fumigation
with 24 additional recluses serving as controls.

A set of Þve female brown widows was deployed
next to the brown recluse spiders at each of the three
heights and within the protective Nylofume bagged
controls in the room with north-facing windows. An
additional set of Þve female brown widows was kept
in the insectary as an untreated control. In total, 15
brown widow spiders were exposed to fumigant with
10brownwidows serving as controls. A vial of termites
wasdeployedat the lowest levelwith the spiders in the
same room and a second termite vial was used as a
control in the insectary.

All arthropods were placed in position on 25 March
2014.Tarpingof thebuildingwas initiatedon27March
2014, chloropicrin was introduced, and fumigation
with Vikane gas fumigant (99.8% sulfuryl ßuoride,
Dow AgroSciences LLC, Indianapolis, IN) com-
menced at 1539 hours. The fumigant exposure period
was �25 h, and fumigant aeration was initiated at 1700

hours on 28 March 2014. The initial target fumigant
dose for building treatment for drywood termites was
9.8 oz per 1,000 ft3. The target accumulated dosage of
117 oz-h per 1,000 ft3 based on a soil temperature of
18.3�C, representing the coldest temperature in wood
which could be infested with drywood termites. An
RDA Fumiscope (Key Chemical and Equipment Co.,
Clearwater, FL) with air sampling locations placed on
theÞrst ßoor and in the attic of thebuildingmonitored
the progression of the procedure. In a normal exper-
imental fumigation, air samples would have been
taken at each location with the spiders; however, we
wanted to run the assay without the pest control com-
panyÕs knowledge to ensure that they proceed with
their normal treatment. Hence, monitors were only in
two locations as determined by the fumigation com-
pany.Followingaerationusing theCaliforniaAeration
Plan, the tarps were removed from the building on 29
March 2014. Spiders were Þrst assessed for survival on
30 March 2014. To determine survivorship, spiders
werecheckedeveryday for5duntil the last spiderwas
dead.

Results

The progression of the fumigation is presented for
hourly (Fig. 1) and cumulative (Fig. 2) readings. A
second introduction of fumigant was apparently ap-
plied on the second day as can be seen by the increase
in Fig. 1. The reported accumulated oz-h per 1,000 ft3

dosages for the Þrst ßoor of the building and the attic
were 166 and 162, respectively. The ambient air tem-
perature was 21.7�C where the spiders were posi-
tioned. The drywood termite target dosage for 21.7�C
is 94.5 oz-h per 1,000 ft3, so spiders in bioassays were
exposed to 1.8� (Þrst ßoor) and 1.7� (attic) the
drywood termite dosage. Temperature and humidity
are displayed in Fig. 3 with temperature means, SEs,
minimums, and maximums listed in Table 1.

Spider survival data for the three heights were
pooled as there were no obvious differences among
them, verifying no stratiÞcation of fumigant impacting
efÞcacy occurred. The Þrst check for spider mortality

Fig. 1. Progression of fumigation in oz per 1,000 ft3 from monitors placed on the Þrst ßoor and in the attic of the
building.
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occurred �30 h after the building was cleared for
reentry. All brown recluse males exposed to the fu-
migant were dead, whereas 72% (13 of 18) of brown
recluse females were dead with the remaining Þve
beingmoribund (i.e., immobile butweakly responsive
to gentle probing). All brown recluse females were
dead 1 wk after fumigation. All 15 brown widow spi-
ders and 10 termites exposed to fumigation were dead
upon the Þrst posttreatment check. All spiders inside
the Nylofume bags survived, as did all untreated spi-
ders kept in the insectary.No spiders escaped fromthe
fumigation vials.

Discussion

When we initiated this study in early March 2014,
publications regarding control of brown recluse spi-
ders in buildings did not mention fumigation as a
potential control method (Sandidge and Hopwood
2005, Sandidge 2009, Hedges and Vetter 2012; al-
though see comments below). Brown recluses have
been known to survive fumigation events (S. Hedges,
personal communication). Target pests survive fumi-
gation events because an insufÞcient dosage was at-

tained based on the temperature and pest species and
life stages to be controlled. The dosage of sulfuryl
ßuoride required for control of the brown recluse
adults, but not the egg stage, has been reported
(Thoms and Scheffrahn 1994). Therefore, fumigators
may be selecting a dosage that is less than that needed
for control of the brown recluse egg stage. The accu-
mulated fumigant dosage was �163 oz-h per 1,000 ft3

at 21.7�C (Fig. 2), which is consistent with the labo-
ratory data for fumigant dosage to control brown re-
cluse and black widow spiders (1.6� and 1.7� dry-
wood termite dosage, respectively) as reported by
Thoms and Scheffrahn (1994) at 27�C.

Although we exposed female brown widow spiders
to the fumigation, this was more of an academic than
an applied exercise because these spiders would not
be likely candidates for a long-term effective fumiga-
tion. Brown widows are not often found in homes,
although they do make webs in house eaves and on
patios (Vetter et al. 2012),which areplaces thatwould
be covered by tarpaulins and exposed to fumigants.
The elimination of their populations would only be
temporary because 1) fumigation offers no residual
control and 2) young spiderlings would continuously

Fig. 2. Cumulative progression of fumigation in oz-h per 1,000 ft3 from monitors placed on the Þrst ßoor and in the attic
of the building.

Fig. 3. Temperature and humidity during the fumigation event from Hobo data loggers placed in the three rooms with
the spiders.
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balloon in fromadjacent areas afterward to start a new
infestation.

The results of this study provide potentially impor-
tant information for pest control professionals and
indicate that fumigation shouldbe assessedmore thor-
oughly for brown recluse spider control. Fumigation
at 10� the drywood termite rate has been shown to be
effective for control of brown recluse spiders in two
American infestations (E. T., unpublished data) and,
as this manuscript was being written, an online nar-
rative article was published describing the successful
use of fumigation to control brown recluse spiders in
homes (Richardson2014), althoughwithout thequan-
titative data as we document here. Given the paucity
of fumigation data on live spiders in the readily re-
trievable, open scientiÞc literature, in addition to the
pest control industry, other professions such as the
real estate industrymaybeneÞtwhereabrownrecluse
spider infestation can be a severe obstacle in the sell-
ing of properties. If fumigation has to be undertaken,
the target pest life stage, in addition to spiders, is the
hard-to-Þnd egg sac contents that require a higher
fumigant dosage for control (Thoms and Scheffrahn
1994). This study validated a Þeld-applied dosage of
sulfuryl ßuoride for control of adult brown widow and
brown recluse spiders, but additional research is
needed to determine the dosage of sulfuryl ßuoride
required to control brown recluse spider eggs.
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Table 1. The mean, SE, minimum, and maximum tempera-
tures (°C) from monitors positioned in the four rooms containing
spiders

Temp
Room 1

(inside bags)
Room 1 Room 2 Room 3

Mean 22.56 21.70 21.47 21.49
SE 0.06 0.06 0.05 0.10
Min. 21.94 21.03 20.87 20.48
Max 23.18 22.25 22.03 22.82
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