preserved. No ova or parasites were
seen.

No traces of histologic structure were
seen in the other tissues examined, in-
cluding the heart and spleen of the rab-
bit, skin and muscle of the mammoth and
lynx, and the horse marrow. No patho-
logic changes were recognized. The rehy-
dration of the lemming (or vole) was only
partially effective and did not aid in its
identification.

Our study demonstrates the pre-
servative effect of freezing and sub-
sequent mummification to last much
longer than previously suspected. Such
results are very encouraging to the paleo-
pathologist, interested in much more re-
cent human remains, and to the paleon-
tologist, for whom this technique may
prove useful in studying evolutionary
change at the microscopic level. It has
been suggested that most human infec-
tions originated as zoonoses (/3). The
preservation of normal histologic struc-
tures in these ancient animal remains
raises the possibility that the demonstra-
tion of disease organisms could yield evi-
dence on this thesis.

On the other hand, the type and degree
of destruction of tissue indicate that suf-
ficient time elapsed between death of
these animals and their entombment in
the permafrost zone to allow consid-
erable decay. This finding, plus the rarity
of complete mummies of the larger spe-
cies, demonstrates that after death these
mammal remains were usually dis-
membered and partly decomposed be-
fore their entombment by the normal
depositional processes of a periglacial en-
vironment. These conclusions directly
counter the popular notion that the mum-
mified remains indicate rapid freezing un-
der conditions of catastrophic climatic
change (/4).
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Anthropology, University of
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Bat Mortality: Pesticide Poisoning and Migratory Stress

Abstract. Organochlorine residues in the fat of young Mexican free-tailed bats,
Tadarida brasiliensis, reached the brain and caused symptoms of poisoning after the
fat mobilization that takes place during migratory flight was simulated. These chem-
ical body burdens were obtained naturally under free-living conditions at the mater-
nity roost. The data obtained support the hypothesis that pesticides have contributed
to recent declines in populations of this bat.

The Mexican free-tailed bat, Tadarida
brasiliensis, is a migratory, colonial spe-
cies. Each spring millions of individuals
migrate north from wintering areas in
Mexico to maternity roosts in the south-
western United States (/). In the late
1950’s and early 1960’s, about 150 mil-
lion free-tailed bats were estimated to be
living in 20 maternity colonies (2). It is es-
timated that, before the southward migra-
tion in October, such a bat population
would consume more than 18,000 metric
tons of insects (3). Recent observations,
however, indicate that there have been
drastic declines in populations of T. bra-
siliensis. For example, the size of the sum-
mer populations at Carlsbad Caverns,
New Mexico, declined from an estimated
8.7 million in 1936 ¢) to 200,000 in 1973 (5),
and the population at Eagle Creek Cave,
Arizona, dropped from about 25 million
in 1964 (1) to 600,000 in 1970 (6). Pesti-
cides and direct human disturbances
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Fig. 1. Relationship between the concentra-
tion of DDE in the brains and the amount of
fat in the carcasses of Tadarida brasiliensis
from the reference (squares), unexercised (tri-
angles), and exercised (circles) groups. Open
symbols represent younger animals, and
closed symbols represent older animals.

have been suspected as possible causa-
tive agents in these declines (7). A recent
study of pesticide residues in T. brasili-
ensis, however, showed no cause-and-
effect relationship (8).

Free-tailed bats are born in early sum-
mer and reach adult size before leaving
on their southward migration. Deposi-
tion of fat and a concomitant buildup of
pesticide residues in nursing young con-
tinue until they begin to fly (8, 9). Since
organochlorine pesticides are fat-soluble
and are readily stored in fat, individuals
may not exhibit toxic effects unless fat re-
serves are used (/0). However, rapid mo-
bilization of pesticide-loaded fat can re-
sult in significant increases in the
amounts of pesticide residues in the
brain and can cause death (11, 12). Be-
cause the maximum storage of fat and
pesticides in T. brasiliensis occurs to-
ward the end of nursing, we hypothe-
sized, as others have (8), that the critical
stage in the life cycle of these bats may
be during the initial migratory flight,
when the rapid mobilization of fat re-
leases toxic residues that may reach the
brain in lethal or detrimental amounts.
By simulating in the laboratory the fat
mobilization that occurs during migrato-
ry flight, we have demonstrated that sig-
nificant increases in the organochlorine
residues can occur in the brains of
young, flying T. brasiliensis.

On 28 August 1974, 20 young T. brasili-
ensis were selected from bats netted dur-
ing the evening exit flight from Carlsbad
Caverns. Each bat was marked, the sex
and body weight were recorded, and the
relative age was determined from the
amount of cartilage around the finger
joints (I3). The next morning these bats
were transported to the University of
New Mexico, Albuquerque, where they
were housed in Wahmann slant cages (38
by 23 by 18 ¢cm) and kept in an environ-
mental chamber under a photoperiod of
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14 hours of light in 24 hours (lights on at
0600; off at 2000). The mean chamber
temperature was 29.5°C (range, 28.9° to
30.0°C), and the mean water vapor pres-
sure was 16.4 mm-Hg (range, 14.6 to 18.1
mm-Hg). The bats were not fed but were
individually given water from a syringe
twice a day, thus reducing weight loss
through dehydration. Beginning on their
first day in captivity, the bats were in-
duced to fly for 30 minutes each day in a
flight chamber (17.1 by 4.9 by 2.7 m). For
bats that would not or could not fly, oth-
er exercises such as crawling and right-
ing were employed. Ten bats that re-
fused to drink during the first few days
were eliminated from this experimental
group. The ten remaining animals were
used to complete the experiment. At
death, each bat was weighed, wrapped in
aluminum foil, frozen, and stored at
—20°C for later pesticide and fat analysis
4).

Another experimental group of ten
young T. brasiliensis was obtained at
Carlsbad Caverns on 7 September 1974.
These bats were treated in the same way
as the earlier group except that their
cages were kept in a vivarium with a
mean room temperature of 21.1°C
(range, 20.6° to 21.7°C) and a mean water
vapor pressure of 8.5 mm-Hg (range, 7.1
to 10.9 mm-Hg). These bats were never
allowed to fly nor were they fed, but they
were given water twice a day; non-
drinkers, as before, were eliminated.
The eight individuals that drank were fro-
zen for analysis (/14) when they died or
when killed at the end of the experiment.

A reference group of 13 young T. bra-
siliensis, netted at Carlsbad Caverns on
19 August 1974 and frozen for analysis

(14) immediately after their sex and rela-
tive age had been recorded (/3), pro-
vided an estimate of the pesticide resi-
dues and amounts of fat in the population
before migration.

The carcasses of older, flying young
from the reference group contained sig-
nificantly less fat than those of younger
individuals (P < .01, Fig. 1) (I5). A re-
duction in the amount of all chemical res-
idues in the carcass accompanied this de-
crease in carcass fat (the reductions in
DDE and DDT were significantly lower,
P < .01, Table 1) (I5). Apparently, as
the flying young mature in the maternity
roost, the mobilization and excretion of
pesticides occur concurrently with the
mobilization and depletion of body fat.
The fat content (P > .5) and the amounts
of chemical residues (P > .1, Table 1) in
the brain, however, remain constant dur-
ing this period.

Exercised young died between day 6
and day 9 after capture. Although the old-
er bats had less body fat than the young-
er ones at the beginning of the experi-
ment (as shown by the reference group)
and survived for a slightly shorter period
(means, 7.2 and 8.0 days, respectively),
the amount of carcass fat at death was es-
sentially the same in both groups (0.08
and 0.09 g, Fig. 1).

Two of the unexercised young died on
day 6 and two on day 8; the remaining
four (two each from the younger and old-
er groups) were alive at the end of the ex-
periment on day 9. Bats in the unexer-
cised group survived longer and lost sig-
nificantly less carcass fat than those in
the exercised group (P < .01, Fig. 1).
The difference in the fat content was
clearly aresult of the fact that the unexer-

cised animals remained in a torpid condi-
tion during the day. Their mean daytime
body temperature was 21.9°C, whereas
that of the exercised group was 30.5°C
(I6). At night, however, animals of both
groups were active in their cages.

As expected, the amount of body fat in
carcasses was much lower in experimen-
tal groups than in the reference group
(P < .001, Fig. 1). The amount of fat in
the brain, however, did not decrease sig-
nificantly (P > .05). Rapid use of the car-
cass fat in the experimental animals was
accompanied by pronounced increases
in the amounts of all chemical residues in
the brain (for DDE and DDT, P < .002)
(Table 1). On the basis of the median con-
centration of DDE in the brains before
fat utilization [determined from the ani-
mals in the reference group—3.7 parts
per million (ppm) for the younger and 1.3
ppm for the older bats], DDE in the
brains of the unexercised bats increased
by a factor of 12.7 in the younger individ-
uals and by a factor of 53.8 in the older
ones (Fig. 1). In the exercised group,
DDE increased by a factor of 43.2 in the
younger individuals and by a factor of
123.1 in the older ones (Fig. 1). The con-
centrations of the other chemicals also in-
creased but never exceeded 1.0 ppm
(Table 1). Inasmuch as DDE was the on-
ly chemical found in high concentrations
in the carcass fat before the experiments,
it was not surprising that only DDE oc-
curred in high concentrations in the
brain. Although younger and older indi-
viduals had different chemical body bur-
dens at the start of the experiments,
there was no difference in the amounts of
residues in the brain at death (P > .2,
Table 1). Thus, relatively lower amounts

Table 1. Concentrations of organochlorine residues in the brains and carcasses of Tadarida brasiliensis from the reference, unexercised, and
exercised groups (24); ND, not detected. Residues, reported as ND, were entered into the computation as zero.

Residues (ppm, fresh weight basis)

Value Brain Carcass
DDE DDD DDT Dieldrin DDE DDD DDT Dieldrin
Reference group, younger animals (N = 8)

Median 3.7 < 0.02 < 0.02 0.0; 92 0.21 0.45 0.19
Range 1.5-17.0 ND-0.03 ND-0.03 ND-0.03 50-300 0.12-0.36 0.27-0.91 0.13-0.41
Reference group, older animals (N = 5)

Median 1.3 < 0.02 < 0.02 0.02 22 0.13 0.24 0.12
Range 1.1-11.0 ND-0.04 ND-0.03 ND-0.04 13-66 0.10-0.27 0.19-0.29 0.08-0.23
Unexercised group, younger animals (N = 2)

Median 47 0.07 0.20 0.04 75 0.33 0.21 0.06
Range 18-76 ND-0.13 0.11-0.29 ND-0.07 39-110 0.26-0.39 0.17-0.24 ND-0.11
Unexercised group, older animals (N = 6)

Median 70 0.12 0.23 0.02 115 0.29 0.25 0.02
Range 10-95 0.06-0.27 0.14-0.55 ND-0.36 16-260 0.18-0.54 0.18-0.53 ND-0.45
. Exercised group, younger animals (N = 5)

Median 160 0.18 0.41 0.14 130 0.38 0.35 0.14
Range 66-330 ND-0.73 0.21-0.72 ND-0.73 69-270 0.22-1.0 0.14-0.74 ND-0.81
Exercised group, older animals (N = 5)

Median 160 0.12 0.38 0.20 150 0.33 0.25 0.21
Range 37-260 ND-0.16 0.28-0.41 ND-0.56 45-460 0.32-0.59 0.17-0.50 ND-0.73
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of residues in the carcass (that is, in old-
er animals of the reference group) could
present a potential hazard.

Concentrations of DDE and DDT in
the brain were significantly higher in the
exercised group than in the unexercised
group (P < .05, Fig. 1 and Table 1).
Since the exercised group also lost a sig-
nificantly greater amount of fat, the
amount of pesticide reaching the brain
seems to depend on the amount of fat
used; however, the experimental design
did not indicate whether the stress of
exercising per se was influential.

The experimental animals also exhib-
ited a marked increase in the weight of
DDT and its metabolites in their brains.
However, the weights of DDT in their
carcasses decreased although the weights
of DDD and DDE increased. This result
presumably reflects the chemical break-
down of DDT and the mobilization and
redistribution of residues to the brain
12).

We witnessed the deaths of two bats in
the exercised group; both exhibited the
characteristic symptoms of pesticide poi-
soning (I7). One, later found to have 260
ppm of DDE in its brain (/8), was ob-
served on its back with its chest muscles
undergoing violent contractions. The sec-
ond, later found to have 330 ppm of DDE
in its brain (/8), became hyperactive and
had intermittent audiogenic seizures that
began 3 days before death. These values
represent lethal concentrations of DDE
in the brain of T. brasiliensis and, to our
knowledge, constitute the first diagnostic
measurements of this toxicant in the
brain of a mammal. Residues of DDE in
brains of birds killed by this toxicant
range from 250 to 660 ppm (wet weight)
(19). The determination of sublethal and
lethal concentrations of DDE is impor-
tant for interpreting the extent of field
contamination because DDE is the chem-
ical usually found in highest concentra-
tion in birds and mammals collected in
the wild.

Studies with mammals (//) and birds
(12) have shown that clinical illnesses ap-
pear when DDT and its metabolites accu-
mulate in the brain from stored body fat
during partial or complete food reduc-
tion. Our study with young, flying T.
brasiliensis also demonstrated that signif-
icant amounts of organochlorine resi-
dues (enough to cause clinical signs of
poisoning) reach the brain when carcass
fat is depleted under manipulated labora-
tory conditions. The chemical body bur-
dens in these young were established nat-
urally while the bats were at the mater-
nity roost before their first migratory
flight. Although the body burdens in
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these young are among the highest found
in a natural population, higher loads
have been reported (20).

The chemical body burden and the
quantity of body fat used during these
flights determine the quantities of pesti-
cides that reach the brain. The amount of
fat used by bats during migration is un-
known; however, if bats use as much fat
as migratory birds (27), most of the
stored fat is depleted. Banding records
indicate that T. brasiliensis from Carls-
bad Caverns have flown more than 1300
km in 69 days on their southward migra-
tion (22) and that these bats are capable
of flying more than 64 km per night (/).

We believe that the stored organochlo-
rine residues in the fat of young T. brasi-
liensis present a serious threat to these
bats during their initial migratory flight.
Even if the laboratory stress was more
severe than the stress of normal migra-
tion and lethal concentrations of organ-
ochlorine residues are seldom attained
during migration, the sublethal potential
of these chemicals in the brain, although
unknown in bats, could significantly re-
duce survival (23). Further evidence, in-
cluding the determination of sublethal ef-
fects of DDE and the amount of fat used
during migration, may confirm the rela-
tionship between pesticides and declines
in populations of T. brasiliensis.
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