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It was found that the mean number of plague bacilli
per infected flea at this time was 54 300. One-half
of the remaining fleas were held in test-tubes for
one day after feeding, and the other half were held
for five days. Bacterial counts on 12 fleas from each
of these two sets showed that 42% had cast off the
infection by the first day after feeding and 83% had
no detectable organisms by the fifth day. The
remaining fleas in both sets were frozen for two
weeks with dry-ice in a thermo-insulated flask. The
results of this test showed that there were no harmful
effects on the plague organisms during this storage
period (Table 1).

In another trial, the actual number of organisms
per flea was followed closely. When 78 Nosopsyllus
fasciatus (a common rat flea) were tested in the man-

TABLE 1

FLEAS WITH DETECTABLE PLAGUE BACILLI
BEFORE AND AFTER 14 DAYS' STORAGE WITH

DRY-ICE

Holding period Fleas found positive
before storage Before storage After storage

I day 7/12 (58 %) 15/27 (56 %)

5 days 2/12 (17 %) 3/28 (11 %)

TABLE 2
NUMBER OF PLAGUE BACILLI FOUND IN FLEAS

BEFORE AND AFTER 14 DAYS' STORAGE WITH DRY-ICE

Holding period Number of bacilli per positive flea
before storage Before storage | After storage

1 day 1448 1851

6 days 1260 1562

ner described above, similar results were obtained
except that there was no significant loss of plague
organisms in these fleas between the first and the
sixth days of the holding period. It was found that
the mean number of organisms in the positive fleas
was not adversely affected by 14 days' storage with
dry-ice (Table 2).

Suspensions of fleas stored for two weeks killed
albino mice when tested by subcutaneous inocula-
tion, so the virulence of the organisms was appa-
rently not affected by the exposure to dry-ice.

It has therefore been concluded, as it was in the
companion studies performed earlier,a that solid
carbon dioxide (as dry-ice) has no harmful effects
on plague organisms in fleas, and that dry-ice is a
useful and effective means of preserving specimens
during shipment.

An Efficient Water Cooler for Transport of Heat-sensitive Arthropods

by SHERWIN F. WOOD, Professor ofBiology, Life Sciences Department, Los Angeles City College,
Los Angeles, Calif., USA, and FAE D. WOOD, Assistant Research Zoologist, Department of Medicine,
University of California, Los Angeles, Calif., USA

At the Symposium on Culture Procedures for
Arthropod Vectors and their Biological Control
Agents, held at Gainesville, Fla., USA, in 1963 with
the support of WHO, a marked interest was mani-
fested in a cooling device described previously a
for the transport of heat-sensitive Triatoma (Hemip-
tera, Reduviidae) through zones of lethal tempera-
ture in the south-western USA.b The transfer of

a Wood, S. F. & Wood, F. D. (1952) Bull. Sth. Calif.
Acad. Sci., 51, 108-1 1 1.

b Bull. Wid Hlth Org., 1964, 31, 615-616.

these arthropods from their cool microhabitats to
the laboratory at seasons of high environmental
temperatures is sometimes a problem for field
research specialists. The greater the distance from
the laboratory, the more critical the need for pro-
tection of the insects from long exposure to lethal
temperatures. Often, the only time of appearance
for mass capture of desired species is warm nights
accompanied by hot days. Lethal daytime tempera-
tures and desiccation must be circumvented. The
transport cooler recently used by the writers is made
of easily obtainable materials and depends upon
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evaporative cooling of water for continuous pro-
tection of the animals.

Early difficulties in transport of live insects and
rodents for long distances in summer through
Nevada, Utah, New Mexico, Arizona, and Cali-
fornia emphasized the need for an efficient cooling
device. Canvas-covered, hardware-cloth cages ex-
posed to air and sunlight during hot periods of the
day resulted in heavy losses of native small mammals.
Using wet cloths draped over glass jars and card-
board cartons, 19% of 355 bugs collected in 1936 c
and 18% of 560 collected in 1939 d succumbed to
excessive heat. Since the first cooler was assembled
in 1949, altogether 1471 live haematophagous insects
(1199 Triatoma, 52 Paratriatoma, and 220 Cimex)
have been transported successfully through areas
with daytime temperatures of 81°F to 115°F (27°C
to 460C).e A living Reduvius senilus was also carried
in California through the San Joaquin Valley in
mid-summer; f and a male and female Triatoma
protracta navajoensis (formerly T. p. protracta) were
taken to Gran Quivira National Monument in
central New Mexico from Chaco Canyon in the
summer of 1956.9

Live Triatoma in evaporative coolers have been
protected from lethal temperatures even when
exposed to sunlight in the field, inside overheated
cars, inside hot house-trailers, and during periods
of high nocturnal temperatures with very low humi-
dities. The longest distance traversed at one time
with live Triatoma in the cooler on the rear floor
of an automobile was 958 miles (1542 km) from
central New Mexico to Los Angeles; there were
276 Triatoma in the cooler. Only six first-instar
nymphs were lost, by drowning in the water of
condensation inside two plastic boxes which had
inadequate absorbent paper-towel liners.h Ninety-
one Triatoma were carried without loss from Roose-
velt, Arizona, to Los Angeles in the spring of 1963;
and 229 bugs used in xenodiagnosis were maintained
in the cooler inside a house-trailer in Chaco Canyon
during the summer of 1963.
Specimen containers have varied from small glass

jars with perforated metal lids to heavy cardboard

c Wood, F. D. & Wood, S. F. (1938) Amer. J. trop. Med.,
18, 207-212.

d Wood, S. F. (1941) Amer. J. Hyg., 34, 1-13.
e Wood, S. F. (1952) Pan-Pacific Ent., 28, 147-153.
f Wood, S. F. (1954) Bull. Sth. Calif. Acad. Sci., 53,

174-176.
g Wood, S. F. (1957) Bull. Sth. Calif. Acad. Sci., 56, 98-99.
h Wood, S. F. & Wood, F. D. (1961) Amer. J. trop. Med.

Hyg., 10, 155-165.

mailing tubes,' plastic boxes, and recently, screw-
capped plastic vials. Small plastic jars J with plastic
lids, perforated by punching with a dissecting needle,
are very satisfactory when lined with pieces of
absorbent paper towels folded in accordion pleats
vertically and reaching from the bottom of the jar
to 20 mm below the lid. The absorbent paper lining
soaks up excess moisture and prevents the smaller
instars from drowning. The jars permit transport of
haematophagous bugs into the field for xenodiag-
nosis of captured mammals at the site, thus elimi-
nating the need for carrying the latter back to the
laboratory. This procedure ensures more efficient
use of larger numbers of field-trapped vertebrates
which may then be sacrificed or released after
marking for future identification. Bugs removed
from the cool containers tend to feed immediately
on exposure to warm air (see Fig. 3 and 4 in Wood
& Woodh).
The cooler is essentially a covered, oblong, burlap-

surfaced box resting inside a rectangular plastic pan.
The plastic pan, with outward sloping sides, measures
inside at the top 30 cm x 26 cm and 27.2 cm x
22.4 cm at the bottom. It is 10 cm deep. An alumi-
nium baking-pan, with sloping sides, 27.5 cm x
18 cm x 3.8 cm deep is pierced on the bottom with
15 6-mm holes approximately equidistant from each
other. Under the rolled rim on each of the two long
sides of the pan are three 2-mm holes, one in the
centre and two 3 cm from each end. The inverted
pan is attached through these by heavy thread to
the bottom of the 7-mm wire-mesh (hardware-
cloth) frame which forms the sides of the cooling
compartment.

This frame, 28 cm x 18 cm x 24 cm high, fits
snugly, when covered with burlap, over the bottom
of the aluminium pan. A 7-mm-mesh hardware
cloth is used in a double layer, covered inside and
outside with two layers of burlap, which is folded
over the top for 3 cm on the outside and sewed
firmly to the frame with heavy carpet thread. The
outside layer of burlap is cut longer than the walls
to allow for a 3-cm skirt at the bottom. The lid
frame, 33 cm x 24 cm x 3 cm deep, consists of two
layers of 7-mm-mesh hardware cloth covered with
two layers of burlap with a filler of absorbent
cotton-wool between them. This is sewed in place
to give a final thickness of 1.5 cm.

Wood, S. F. (1941) Bull. Brooklyn ent. Soc., 36,137-139.
I Available from Celluplastics Inc., New York 22,

N.Y., USA.
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CROSS-SECTION OF EVAPORATIVE COOLER
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When assembled for use, a thick pad of absorbent
cotton-wool covers the bottom of the plastic pan
over which is placed the inverted aluminium pan
flled with as much absorbent cotton-wool as it will
hold. The skirt of the hardware-cloth frame attached
to the aluminium pan then spreads over the ab-
sorbent cotton-wool in the plastic pan to act as a
wick. Absorbent cotton-wool is used to fill the
space between the base of the hardware-cloth frame

and the sloping sides of the plastic pan. This serves
to pin down the skirt and firmly wedge in the burlap-
covered frame. Considerable amounts of water are
necessary to soak all layers thoroughly, including
the lid, but no water should be standing on the
surface of the aluminium pan inside the cooler,
where the plastic bottles and boxes rest. In 100lF
(37.7°C) desert temperatures, the outside of the lid
and walls are wetted down every three hours without
removing the lid. Efficient maintenance of cooling
is dependent upon frequent checking of the wetness
of the exterior. A thermometer is kept inside the
container. The temperature inside the cooler is
usually 10F to 15°F (5°C to 8°C) below the outside
temperature.
To avoid shaking the cooler apart in rough terrain,

strong twine or straps may be placed around it to
prevent separation from the plastic pan. Plastic
boxes containing two to six bugs each, as used in
field xenodiagnosis of Chagas' disease, are firmly tied
in small groups with rubber bands or twine to guard
against escape due to the lids shaking off the boxes.
The dustier the environment, the dirtier the burlap

becomes and the faster it deteriorates. In arid south-
western states of the USA, containers have been
used intermittently for five summers before the
burlap has had to be replaced.
Although originally designed for insects, this

cooler has proved useful in the transport of live frogs
(Rana, Hyla), toads (Bufo, Scaphiopus), salamanders,
(Taricha, Ambystoma, Batrachoseps, Aneides), lizards
(Callisaurus, Cnemidophorus, Dipsosaurus, Eumeces,
Phrynosoma, Sceloporus, Uta), snakes (Crotalus,
Diadophis, Hypsiglena, Leptotyphlops, Lichanura,
Masticophis, Pituophis), bats (Eptesicus, Myotis,
Tadarida), mice (Mus, Perognathus, Peromyscus),
and rats (Dipodomys, Neotoma).

A Floating Cage for Exposing Laboratory Animals to
Schistosome Infection in the Field
by B. C. DAZO, Ph.D., WHO Malacologist, Bilharziasis Control Pilot Project and Training Centre
(Egypt-49), Alexandria, Egypt, UAR

The problem of exposing mammals to schistosome
infection in natural water in connexion with bil-
harziasis transmission studies has been met in several
ways. Pesigan and associates used regular mouse

a Pesigan, T. P. et al.' 1958) Bull. Wld Hlth Org., 18,
481-578.

cages, 9 inches x 15 inches x 9 inches (23 cm x
38 cm x 23 cm) in order to immerse animals for
Schistosoma japonicum infection in the Philippines.
The wire-screen cages were placed in the shallow
portion of a stream in such a manner that only a
small part of the bottom was allowed to come into
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