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'l'he information presented in this chapter was obtained primarily from two com-
puterized literature searches conducted on the Dialog System (Dialog Informa-
tion Services, Inc.; Palo Alto, Calif.), which covers a wide variety of topics in-
cluding medicine, environmental sciences, agriculture, and biology. The key word
in the first search was the scientific name of the Brown Treesnake, Boiga irregu-
laris. The key words in the second search were repellent, fumigant, toxicant, or con-
trol (or any variations of these words) together with the word snake or snakes. In
contrast to the research and development of vertebrate pest control agents for
rodents and perhaps even birds, there has been no sustained systematic effort to
develop chemical control agents for snakes. This is probably because snakes
generally are not a chronic pest problem involving large numbers of animals.
When control is needed, shooting, clubbing (Spackman, 1972; Roselle, 1978), or
trapping (Thompson, 1975) of the individuals involved is usually all that is
necessary to resolve the problem. The most sustained effort to develop chemicals
to control snakes has been conducted by Japanese scientists attempting to control
the Habu, Trimeresurus flavoviridis (Mishima et al., this volume, Chap. 1; Toriba
et al., this volume, Chap. 33). This snake poses a human health hazard because
hundreds of people are bitten yearly.

Brown Treesnakes have become significant exotic pests in Guam, and there is
a need for chemicals to control them (Fritts, 1988; Rodda et al., this volume,
Chap. 2). The snakes were probably introduced on Guam via cargo from Papua
New Guinea after World War II. They were detected on Guam in the 1950s,
became conspicuous in the 1960s, and are presently distributed throughout the
island with population densities in some areas estimated to be several thousand
per square kilometer. The Brown Treesnake is considered to be the primary
factor responsible for the extirpation of much of the native bird fauna on Guam
(Savidge, 1987). Because Guam is a focal point of air and ship cargo traffic in the
Pacific, this species could be inadvertently introduced on snake-free islands in the
Pacific through shipments of cargo. Brown Treesnakes have been discovered in
other Pacific regions (Honolulu, Hawaii; Wake Island; Kwajalein Island; and
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Saipan), but apparently Guam has the only known reproducing population out-
side the native range (Fritts, 1987; Fritts et al., this volume, Chap. 14).

Most of the literature published during the 1950s and 1960s on snake toxicants
is based on anecdotal information; only in the 1970s did Japanese investigators
begin systematic evaluations of chemicals for snake control. The objective of
this review is to present information on chemicals that might be appropriate to
prevent the dispersal of Brown Treesnakes in cargo and reduce populations in
field situations. The ultimate goal is the registration of a chemical(s) for Brown
Treesnake control. Five categories of snake control chemicals are discussed below:
repellents, oral toxicants, dermal toxicants, fumigants, and commercial insecti-
cides containing pyrethrins.

REPELLENTS

In the 1950s and 1960s, several organochlorine chemicals—including DDT,
chlordane, aldrin, dieldrin, toxaphene, and heptachlor—were categorized as being
repellent to snakes (Uhler, 1951; Stickel, 1953; Cummings, 1961; Truman, 1961;
Brock and Howard, 1962a, 1962b). The lethal nature of these chemicals is
acknowledged (Fitzwater, 1974), and the “repellent” activity was probably a
manifestation of the toxicity of these chemicals to snakes. In support of this
belief, Hayashi et al. (1978) reported that chlordane had no repellent effect on
Habu. Story (1987) even stated that no chemicals are effective snake repellents.

Nonetheless, in 1990, Dr. T’s Snake-A-Way (U.S. EPA reg. no. 58630-1) was
registered as a snake repellent in the United States. The active ingredients in
Snake-A-Way are naphthalene (7%) and sulfur (28%). In trials conducted by
McCoid et al. (1993), the Brown Treesnake was not repelled by Snake-A-Way.
However, repellent activity was observed in two of five Plains Gartersnakes
(Thamnophis radix) tested with pyrethrum smoke generated from a commercial
fumigant under laboratory conditions (Secoy, 1979). '

ORAL TOXICANTS

Nicotine sulphate and strychnine are alkaloids that have been used as oral toxi-
cants to control snakes. Nicotine sulphate was first used under field conditions
in Manitoba, Canada, to control an “outbreak” of gartersnakes (Thamnophis
sirtalis parietalis) by adding it to water contained in metal trays (Flattery, 1949).
“Hundreds” of snakes died from the nicotine sulfate—poisoned water. A mixture
of 1 part 40% nicotine sulphate to about 250 parts water has been suggested as
being adequate for poisoning the water (Stickel, 1953). Drought conditions would
probably facilitate the use of poisoned water for snakes.

Strychnine has been implicated in an unintentional secondary poisoning of a
Prairie Rattlesnake (Crotalus v. viridis) that consumed rodents poisoned with
strychnine in the field (Campbell, 1952). Egg-eating snakes were killed under field
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conditions when they ate eggs poisoned with two or three medium-sized crystals -
of strychnine (Bogert, 1948; Uhler, 1951; Brock and Howard, 1962a, 1962b). In
laboratory tests, 5 of 12 Gopher Snakes (Pituophis melanoleucus catenifer) died
after eating dead or moribund mice that had consumed strychnine bait (Brock,
1965). Snakes also were killed in the laboratory when fed mice that had been heav-
ily dusted with DDT (Brock and Howard, 1962a, 1962b).

DERMAL TOXICANTS

The organochlorine chemicals discussed under “Repellents” were usually applied
on the ground or in structures in which the snakes lived. Consequently, dermal
toxicity may also have accounted for the effectiveness of these chemicals; however,
specific quantitative snake toxicity data are not available. Matrices known as
sponge sand and sticky tape, each containing 5% chlordane, were found to be
effective for killing Habu (Hayashi et al., 1978).

Oshima Lizards (Eumeces marginatus oshimensis) have been tested under lab-
oratory conditions as surrogates for Habu to evaluate several pesticides (Kihara
and Yamashita, 1978). This research found that 10% Diazinon (dimpylate, an
organophosphate) or 5% Lannate (methomyl, a carbamate) were effective lethal
agents for Habu when incorporated into an adhesive matrix (Kihara and
Yamashita, 1979). The dermal toxicity of bromophos (an organophosphate) was
accidently discovered when it was sprayed on snakes for ectoparasite control
(Lehmann, 1970).

FUMIGANTS

Calcium cyanide (which liberates the poisonous gas hydrocyanic acid), chlorine,
tetrachloroethane, carbon bisulfide, formaldehyde, and methyl bromide have
been listed as effective for fumigation of snakes in dens or burrows (Bogert, 1948;
Uhler, 1951; Stickel, 1953; Brock and Howard, 1962a, 1962b). The recommended
dose rate for calcium cyanide is 2 ounces for a space not exceeding 5 cubic feet
(57g/0.14m> = 0.4kg/m’ Uhler, 1951) or 2 ounces (57g) per burrow (Bogert,
1948). Dose rates for the other fumigants were not stated. Bond (1984) listed
calcium cyanide and aluminum or magnesium phosphide (which liberate the
poisonous gas phosphine) as effective for control of snakes but did not include
the species and dosages.

The effectiveness of methyl bromide as a fumigant for Brown Treesnakes was
evaluated on Guam during September and October 1991 (Savarie et al., in press).
Methyl bromide was selected because it is used worldwide as a fumigant for nu-
merous insect pests (Bond, 1984), and is registered by the U.S. Environmental Pro-
tection Agency (EPA reg. no. 5785-41). It is a gaseous fumigant used for soil,
commodity, horticultural, structural (buildings), and machinery fumigation
purposes. It is registered with the EPA at a rate of 4-502/1000ft’ (= 4-5g/m’) for
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12-18 hours to fumigate rats and mice. EPA-registered application rates of
1-51bs/1000f (= 16-80g/m?®) for 2-24 hours are common for pests such as
beetles, weevils, moths, and maggots (Anon., 1987). For the Brown Treesnake tests,
a simulated nonfood cargo was established, and 18 snakes were randomly posi-
tioned in secured cloth bags in a tarpaulin-covered cargo container for each of six
fumnigation treatments (T). Methyl bromide was applied at rates of 01b/1000 e/
2h (T1, control); 1.51b/1000ft*/2h (T2: 24g/m*/2h); 1.51b/1000ft’/1h (24 g/m’/
1h: T3 and T5); 0.751b/1000 £t*/1 h (T4: 12g/m*/1h); and 0.751b/1000ft*/2h (Té:
12g/m*/2h).

No control snakes were dead 11 days posttreatment. All snakes died within
about 18 hours after T2 and within about 2.5 days after T6. Thirty-two of 36
snakes were dead 3 days after T3 or T5, and all snakes were dead by 11 days post-
treatment. One snake died about 4.5 days after T4, and no other snakes died when
the trial ended 10 days posttreatment.

These data indicate that snakes can be controlled using currently registered
rates of methyl bromide. However, methyl bromide has been identified as
an ozone-depleting substance. If its use as a pest fumigant is phased out as
recommended (Anon., 1992), an alternate fumigant will have to be developed.
Fumigants such as sulfuryl fluoride, aluminum phosphide, and magnesium
phosphide (Sine, 1992), which are currently registered for insect pests by the EPA,
would be promising candidates for testing.

COMMERCIAL PYRETHRIN INSECTICIDES

Several commercial insecticides registered in the United States contain pyrethrin
chemicals. Pyrethrin chemicals are the active insecticidal constituents of
pyrethrum flowers, Chrysanthemum spp., and several potent synthetic pyrethroid
chemicals—including fenvalerate, phenothrin, and tetramethrin—have been de-
veloped (Budavari, 1989). Anecdotal reports indicate that some of these insecti-
cide products are toxic to snakes, but no published data are available. The route
of administration for these products most likely would be dermal, but oral
and inhalation routes may also be possible. The natural and synthetic pyrethroid
chemicals have good safety records and low mammalian toxicity, but the
synthetic pyrethroids are toxic to aquatic organisms (Coats ‘et al., 1989; Eisler,
1992). Commercial insecticides are socially and environmentally acceptable
and should be candidates for further testing as oral and dermal toxicants and as
fumigants.

Dermally delivered pyrethrin was effective when tested on Oshima Lizards as
surrogates for Habu (Kihara and Yamashita, 1978). More recently a Japanese com-
mercial aerosol product containing a synthetic pyrethrin was evaluated as a der-
mal toxicant for Habu. In general, this product killed snakes in about 3 hours.
More detailed information on the testing of this product is presented in Toriba et
al., this volume, Chapter 33.
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CONCLUSION

Data on several classes of chemicals, including organochlorines, organophos-
phates, carbamates, and alkaloids, used to control snakes were reviewed to help
determine those that might warrant further evaluation as cargo fumigants or as
general population reduction toxicants for Brown Treesnake control. Methyl
bromide was an effective fumigant overall, but its current use is being reviewed
because it is hazardous to the ozone layer of the atmosphere. Other candidate
chemicals that may prove to be useful fumigants include aluminum or magne-
sium phosphide, and pyrethrins. Pyrethrins may also have utility as bait toxicants,
but as with any toxicant, a delivery system for this type of application will have
to be developed.
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