effort to optimize their inclusive fit-
nesses. Workers do not lay while the
original queen is on the nest, so they
should be strongly selected to bias their
parental investment in favor of females.
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Frequency Discrimination Following the Selective

Destruction of Cochlear Inner and Quter Hair Cells

Abstract. Frequency discrimination was measured behaviorally before and after
drug-induced lesions of cochlear hair cells in the cat. Discrimination was unaffected
by complete loss of outer hair cells provided that at least 50 percent of inner hair cells
were intact. Thus, inner hair cells are important for frequency discrimination, and
they can function normally in this regard without the influence of outer hair cells.

The role of the inner and outer hair
cells of the cochlea in frequency discrim-
ination is not clearly understood. There
is evidence, however, for a difference in
their roles in auditory behavioral thresh-
old determination (/) and in cochlear fre-
quency selectivity (2). As frequency dis-
crimination or the detection of frequen-
cies separated in time is a different task
from frequency selectivity or the ability
to separate the individual components of
a complex signal, it is of interest to deter-

mine the relative roles of the inner and
outer hair cells in frequency discrimina-
tion.

Our behavioral study was carried out
on three monauralized cats trained to
respond by a conditioned suppression
technique (3), as this retains the advan-
tages of classical reward-and-avoidance
conditioning without the disadvantag-
es. With this technique a steady base-
line of responding (lick rate) was first es-
tablished. A test stimulus, which termi-

Table 1. Behavioral thresholds, outer and inner hair-cell loss, and frequency discrimination

after kanamycin administration.

Hair-cell loss (%) Behavioral Frequency
Fn("l?:g)lcy Cat _—_— threshold discrimination
Inner Outer changes (dB) changes (F)
1 6 0 0 -8 4.04*
8 0 0 -5 0.96
10 0 0 7 0.80
4 6 0 0 0 0.79
8 35 0 0 0.60
10 25 0 -2 0.48
8 6 65 0 23 1.46
8 100 0 22 0.65
10 95 0 21 1.73
10 6 100 0 28 1.22
8 100 5 26 0.86
10 100 15 36 1.06
12 6 100 75 40 6.47*
8 100 50 51 4.30*
10 100 <100 49 2.57*

*For F (9, 24) > 2.36, P < .05.
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nated in a brief unavoidable shock, was
then presented. This led to a reduction in
the lick rate from which the suppression
ratio could be calculated. Behavioral
auditory thresholds were determined by
plotting suppression ratios for frequen-
cies of 1, 4, 8, 10, 12, and 16 kHz. This
procedure was carried out in a specially
designed conditioning box (¢) placed in a
sound-attenuated room; the acoustic
field in the conditioning box was mea-
sured for the test frequencies at 60 dB
(with reference to 0.0002 dyne/cm?).
Frequency discrimination was also de-
termined by plotting suppression ratios
for various changes in frequency (Af/f) at
1,4,8, 10, 12, and 16 kHz, at an intensity
of 60 dB.

In presenting the stimuli, the intensity
was randomized by the computer over
a 10-dB range to prevent the intensity
maxima and minima in the auditory
field being used as false clues. The cats
were then given a series of intramus-
cular injections of kanamycin (200 mg
per kilogram of body weight per day)
for 10 days to selectively destroy the out-
er hair cells, and behavioral thresholds
were determined shortly afterward to as-
sess the extent of the hearing loss. Fre-
quency discrimination at 60 dB was then
measured, at least 14 days after the ces-
sation of the ototoxic drug, at all the pre-
vious frequencies except 16 kHz, where
the auditory behavioral threshold was
too high. Behavioral thresholds were
again determined to ensure that no pro-
gressive deterioration in thresholds had
occurred. Immediately afterward, the
animals were anesthetized, first with
pentobarbital sodium (40 mg/kg, injected
intraperitoneally) and then with supple-
mentary injections to maintain a satisfac-
tory anesthetic level. The animals were
perfused, the cochleas were prepared for
surface-preparation histology (5), and
the inner and outer hair célls were photo-
graphed and counted along the length of
the cochleas through the use of a dif-
ferential interference phase contrast mi-
croscope. As a result, cochleograms
showing the inner and outer hair-cell
losses for different frequencies were con-
structed on the basis of the frequency-to-
distance relationship determined from
the studies of Schuknecht (6) and Kiang
et al. (7).

Table 1 shows the changes in hearmg
thresholds in decibels following the ad-
ministration of kanamycin and the per-
centage of inner and outer hair-cell loss-
es for the test frequencies. Changes in
frequency discrimination were evaluated
with a two-way analysis of variance. The
interaction of the AfJf effect and the pre-
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drug and postdrug effect was considered
appropriate for assessing changes in fre-
quency discrimination, and their F val-
ues are shown (Table 1). The hearing
thresholds were increased by from 21 to
51 dB at 8, 10, and 12 kHz. Examination
of the surfacz preparations showed the
outer hair-cell loss was complete at the
cochlear locations corresponding to 10
and 12 kHz, complete in one animal and
partial for two at 8 kHz, and partial for
two animals at 4 kHz. On the other hand,
inner hair-cell loss was considerably
less. Furthermore, at frequencies of 8
and 10 kHz where there was a marked
loss of outer but not inner hair cells,
there was no significant difference be-
tween the frequency discrimination re-
sult before and after the ototoxic antibi-
otic. A significant difference occurred
only with the loss of inner hair cells in
excess of 50 percent, at a frequency of 12
kHz. The significant result for cat 6 at 1
kHz can be explained from the raw data,
which showed an improvement in fre-
quency discrimination after the drug
rather than a decrease; this was thought
to be a practice effect.

The evidence indicates that frequency
discrimination is not affected by the loss

of outer hair cells. It is, however, re-
duced when the loss of inner hair cells is
greater than 50 percent. Thus, the inner
hair cells are important for frequency
discrimination, and they can function
normally without needing intact outer
hair cells.
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Dieldrin-Induced Mortality in an Endangered Species,

the Gray Bat (Myotis grisescens)

Abstract. Brains of juvenile gray bats, Myotis grisescens, found dead beneath ma-
ternity roosts in two Missouri caves contained lethal concentrations of dieldrin. One
colony appeared to be abnormally small, and more dead bats were found a year after
the juvenile bats had been collected. This is the first report to link the field mortality
of bats directly to insecticide residues acquired through the food chain.

Insecticides have long been blamed for
the decline of bat populations (/), but
compelling data were lacking. Recently,
strong, although indirect, data showed
that DDE in the food chain probably has
been an important cause of the decline of
free-tailed bats (Tadarida brasiliensis) at
Carlsbad Caverns, New Mexico 2). Our
study documents mortality and probable
population decline in the gray bat (Myo-
tis grisescens) resulting from routine in-
secticide usage.

In August 1973 the U.S. Army Corps
of Engineers completed its Environmen-
tal Impact Statement for the proposed
Meramec Park Lake (MPL), Missouri.
Because this statement predicted that
the lake would have adverse effects on
the habitat of the endangered Indiana bat
(Myotis sodalis), a survey of all Myotis
species in the park area was undertaken,
sponsored jointly by the Corps of Engi-
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neers, the U.S. Fish and Wildlife Service
(USFWS), and the Missouri Department

-of Conservation. This 18-month study

began in July 1975. The gray bat, which
is abundant in the MPL area, was added
to the USFWS’s list of endangered spe-
cies in 1976. Dead gray bats found in
three caves during the survey were sent
to the Patuxent Wildlife Research Center
(PWRQC) in an effort to determine wheth-
er organochlorine pollutants were the
cause of death (3).

The precise locations of the caves are
confidential; therefore, we will refer to
them by numbers assigned by the
USFWS. Two of the three caves, caves
048 and 054, are in Franklin County; the
third, cave 036, is in Dent County ().
These three caves contain the known
maternity roosts of the gray bat in the
MPL area. All bats found dead were ju-
veniles. Data from another population
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