All observations to date are con-
sistent with the view that the ureilite
diamonds were formed by shock during
the breakup of the meteorite parent
body (10). A detailed discussion of this
point will be given elsewhere (8).

MicHAEL E. LIPSCHUTZ
Goddard Space Flight Center,
National Aeronautics and Space
Administration, Greenbelt, Maryland
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Hypersexual Activity Induced in
Females of the Cockroach
Nauphoeta cinerea

Abstract. Corpora allata control mating
in females principally by inducing feeding
on the tergum of a displaying male.
Mating induces an inhibitory nervous
mechanism, the seat of which is posterior
to the last abdominal ganglion, causing an
immediate loss of receptivity by sup-
pressing feeding behavior. After parturition,
females may again be receptive. Transec-
tion of the nerve cord before or just after
mating causes excessive sexual behavior.

The basic features of precopulatory
behavior of Nauphoeta cinerea (Olivier)
are raising of the wings by the male
and feeding by the female on the ex-
posed tergites of the male (I, 2).

Females less than 3 days old do not

mate, although they are courted by
males. Eight percent (N = 50) will mate
on the third day, 46 percent (N = 50)
on the fourth, 66 percent (N = 50) on
the fifth, and 96 percent (N = 50) on
the sixth. More than 95 percent
(N = 600) of virgin females older than
6 days remain receptive until they
oviposit (24 to 35 days or more) (3).

After females mate they become unre-

ceptive during preoviposition and preg-
nancy periods. After parturition about
70 percent (N = 106) mate again (4).

Engelmann suggested that the corpus-

allatum hormone conditions females of
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Leucophaea maderae (Fabricius) to re-
spond to the male (5) but he did not
observe the behavior of males toward
allatectomized females (in 6). Barth
(6) stated that the corpora allata regulate
mating behavior of Byrsotria fumigata
(Guérin) by controlling female sex
pheromone production. Male display by
Nauphoeta is evoked readily, even by
females that are unreceptive. The sex
pheromone, if it exists, appears to be
a nonvolatile substance on the surface
of the female and the male apparently
recognizes her by contact chemorecep-
tion (2), a mechanism similar to that
in Blattella germanica (Linnaeus) (7).

Receptivity of females of Nauphoeta
can be correlated with activity of the
corpora allata. In females less than one
day after emergence, the odcytes are
0.86 = 0.03 mm long (N = 5) and
do not contain yolk. O6cytes of females
that mated when they were 3, 4, and 5
days old were 1.02 = 0.04 mm
(N =4),1.03 = 0.0l mm (N = 23), and
1.16 = 0.02 mm (N = 15) long, respec-
tively. O6cytes 1 mm long usually con-
tain yolk. Although yolk in the odcytes
may not be apparent in some of the
youngest females that mate, the occur-
rence of colleterial gland secretion
indicates activity of the corpora allata;
this secretion is a more sensi-
tive indicator of the presence of corpus
allatum hormone than is yolk in the
odcytes (8). Females become receptive
when there is a very low concentration
of hormone and remain receptive, un-
less mated, until the o6cytes mature and
are oviposited (9).

After a female oviposits, the basal
odcytes are about 0.51 mm long. These
increase in length until parturition,
when they are usually from 0.75 to

0.92 mm long. The corpora allata be-.

come inactive at-oviposition and usually
remain inhibited during pregnancy (10)
probably because of a nervous stimulus
resulting from the stretched uterus.
Removal of the odtheca from the uterus
results in premature resumption of ac-
tivity of the corpora allata, The time
required to reactivate the corpora allata
varies with the age of the odtheca at
the time it is removed. The younger the
odtheca, the longer it takes for the
corpora allata to become active again
(11, 12). If the receptivity of the

female is controlled by the corpora

allata, then females in different stages
of pregnancy whose odthecae have been
removed should subsequently become
receptive at different times, depending
upon when their corpora allata are
reactivated.

Table 1. Multiple matings resulting from nerve
cord transection in 15 females of Nauphoeta.
The ten controls were with males for 88 hours.

Spérmatophores No. and site of insertion
recovered of spermatophores
Bursa and Body
Total Per © vestibule cavity Uterus
Nerve cord cut (15 Q)
93 3to 1l 38* 45 10

Unoperated controls (10 Q)
10 1 101 0 0

* Only one large spermatophore can normally
be inserted in the bursa at one time. However,
sometimes two may be forced into the - bursa;
others may be stuck to the spermatophore that
was inserted first or they may be deposited in the
vestibule. One spermatophore in the bursa of
each female represents the first normal mating
prior to nerve cord transection. i In bursa
only.

To test this hypothesis pregnant
females were taken from cultures and
their oOthecae were removed. The
females were divided into two groups
on the basis of the size of their eggs
(13). Those females whose eggs in the
odtheca were 4.5 to 5.3 mm long were
considered to be in “late” stages of
gestation and females whose eggs were
3.5 to 4.0 mm long were considered
to be in “early” stages of gestation. A
third group of females with intact
odthecae were used for controls. All
females were exposed to an equal num-
ber of males for 1 hour daily for 23
days. Females that mated were removed
and their odcytes were measured, or the
colleterial glands examined for secre-
tion.

The results are shown in Fig. 1.
Females that were in late pregnancy
when their odthecae were removed be-
gan to mate earlier than females that

Table 2. Effect of nerve cord transection at two
places, on receptivity of females of Nauphoeta;
the ratio of female to male was 3:1, the time
allowed was 20 to 22 hours.

Ratio of No. of
No. mating  spermatophores
Treatment more than recovered
once <o per @
No. used (Mean = S.E.)*

- Anterior to last abdominal ganglion
Virgins 13/19 (68%) 3.5 = 0.5
Mated 16 /20 (80%) 4.5 = 0.4t

All nerves arising from last abdominal ganglio

Virgins 9/11 (82%) 4.8 = 0.5
Mated 20/28 (71%) 4.1 = 0.47
Controls (mated)
Unoperated 0/10
Sham op-
erated} 0/10

* Based only on females that mated more than
once. T One of the spermatophores in each
of these females represents the first mating before
nerve cord transection. % Incisions made be-
tween third and fourth sternites and some fat or
tracheal tissue removed.
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were in the earlier stages of pregnancy.
All odcytes were about the same length
when the females mated. They averaged
0.96 = 0.04 mm for the early preg-
nancy group and 1.03 == 0.05 for the
late pregnancy group. The females
mated again when their odcytes had re-
sumed growth and contained yolk, or
if no yolk was noticeable when secretion
was present in the colleterial glands.
The odcytes of 56 females that mated
within a few hours to 5 days after
parturition averaged 1.07 = 0.02 mm
long.

Since copulation is principally initi-
ated by the feeding of females on
tergites of displaying males, it is ap-
parent that a very low titer of corpus
allatum hormone controls mating by
inducing this receptive feeding behavior.

The following experiments were done
to determine the time of suppression of
female receptivity. Mating of 40 females
was manually interrupted by pulling
pairs apart after 5 to 14 minutes of

copulation, but prior to transfer of
spermatophore. In subsequent mating
trials, 35 females mated during the first
trial, and three others during a second
trial (/4). Mating of 18 females was
interrupted after the spermatophore was
transferred but before the female was
released by the male. The sperma-
tophore was then easily removed be-
cause it was not cemented in the bursa.
Fourteen females mated in four trials.
Thirty-three females were allowed to
complete copulation and their sperma-
tophores were removed within 1 to 2
minutes after the pairs had separated
but before any sperm had entered the
spermathecae. Only two females mated
in seven trials. When mating was com-
pleted, the spermatophore was cemented
tightly in the bursa. Loss of receptivity
occurred just before the male released
the female, when the spermatophore
was firmly inserted or cemented into the
bursa. Females that were separated
prior to this time remained receptive.
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DAYS AFTER REMOVING OOTHECA FROM UTERUS

Fig. 1. Relationship between age of odtheca when removed from the uterus, recovery of
receptivity, and size of odcytes of Nuuphoeta when mated. Circles: Females in “late”
pregnancy; uterine eggs 4.5 to 5.3 mm. Triangles: Females in “early” pregnancy; uterine
eggs 3.5 to 4.0 mm. Squares: Females with oStheca left in uterus. The percentage mating
is expressed as accumulative data. Numbers in parentheses represent the number of

insects used.
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Some females in copula fed on the
tergites of other males that courted
them. Unlike Drosophila (15), the re-
ceptivity of Nauphoeta females appar-
ently is uninfluenced by sperm in the
spermathecae. ‘

The rapid loss of receptiveness after
mating suggested that a nervous
mechanism was involved. The nerve
cords of 35 females were transected less
than 4 hours after mating and they
were tested for 2-hour periods on 3 days
following the operations; pairs that
mated were removed from the con-
tainer. Five females did not mate again,
15 mated twice, 6 mated three times,
and 9 mated four times (Z/6). Females
with transected nerve cords had diffi-
culty in mating and copulation was
often unsuccessful. A female would
feed on the tergites of the male but
the male could not grasp her properly
and they would stay joined for only a
few seconds. Nineteen unoperated mated
females did not mate again. ,

The nerve cords of 15 mated females
were transected within one hour after
mating. These females were exposed,
together with ten mated controls, to 50
males. Groups of five operated females
were sacrificed and examined for sper-
matophores after being with males for
42, 65, and 88 hours, respectively;
some of the males were replaced dur-
ing the experiment. The results are
shown in Table 1. All of the operated
females mated more than once (x =
6.2 *= 0.6 matings). Most supernumer-
ary spermatophores were inserted in the
body cavity among the odcytes of the
right ovary (I7). Transection of the
nerve cord in receptive virgins also re-
sulted in excessive copulations (Table
2).

Insertion of the spermatophore into
the bursa during mating prior to
the release of the female, resulted in an
inhibitory input in the female which
suppressed sexual receptivity by inhibit-
ing female feeding behavior on the
tergites of the courting male. This in-
hibitory effect originates in an area
posterior to the last abdominal ganglion,
because transecting the cord above this
ganglion, or cutting all nerves arising
from the ganglion induces excessive
sexual behavior (Table 2) (18).

Note added in proof. Transecting
the nerve cords of females of Leuco-
phaea maderae before and just after
mating also results in multiple matings.

Louis M. RoTH*
Division of Engineering and Applied
Physics, Harvard University,
Cambridge, Massachusetts
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Aversive Training:
Long-Term Effects

Abstract. Three years ago a tone end-
ing in unavoidable electric shock was pe-
riodically presented to pigeons while they
pecked a key for food. When pecking was
disrupted by tone, shock was disconnected
and the training tone and tones of different
frequencies were presented. At first all
tones caused a reduction in the rate of
pecking, but as testing proceeded the gradi-
ent narrowed. In our study, testing was re-
sumed after a 2V2-year interruption.
Despite the interruption the tones still sup-
press behavior.

The study reported here was con-
cerned with the retention of a con-
ditioned emotional response. Such a
response results from a training his-
tory in which a neutral stimulus has
typically preceded an unavoidable nox-
ious event. It can be detected by de-
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termining whether subsequent presenta-
tions of the stimulus cause a reduction
in the rate of ongoing hunger-motivated
responses (I).

In earlier work (2) we investigated
the degree to which this reduction
(conditioned suppression) was medi-
ated by stimuli which were like, but
not identical to, the stimulus that was
used in the original training. This phe-
nomenon, the stimulus generalization
of conditioned suppression, commanded
special attention because it represents
one of the mechanisms by which aver-
sive training can affect large segments
of an organism’s behavior (3). In order
to examine it, a 48-second tone accom-
panied for the last 8 seconds by un-
avoidable electric shock was period-
ically presented to pigeons (maintained
at 80 percent of their normal body
weight) while they pecked a key for
food. When pecking was completely
disrupted by the 40 seconds of pre-
shock tone, the use of shock was dis-
continued and tests for stimulus gen-
eralization were begun. In these test
sessions, the tone used in training
(1000 cy/sec) and tones of different
frequencies (300, 450, 670, 1500, 2250,
and 3400 cy/sec) were presented
sequentially and in random order, with-
out shock, at intervals of approximately
10 minutes. Each tone lasted 40 sec-
onds, and all tones were equated for
intensity (80 db sound pressure level
relative to 2 X 10 dyne/cm®). The
entire series of seven tones was pre-
sented once per session, and sessions
occurred every day.

Initially, the gradient of generaliza-
tion was broad: all tones caused some
degree of conditioned suppression. As
testing proceeded, however, the gradient
systematically narrowed until only the
tone used in training produced substan-
tial reductions in the rate of pecking.
These results were of particular inter-
est for a least two reasons. (i) They
appeared to reflect the development of
a discrimination without either previous
or concurrent differential reinforce-
ment. (ii) The extinction of conditioned
suppression appeared to proceed at a
very slow pace (3). In our study we
sought to examine these effects further.
In particular, we wished to determine
how the gradient changes with the pas-
sage of time.

We used two of the surviving birds
(Nos. 21 and 9) from the earlier ex-
periments. In that work testing had
been discontinued when the birds ex-
hibited a fairly strong tendency to sup-
press pecking in response to the tone

that had previously been paired with
shock and a reduced tendency to sup-
press pecking in response to the other
test tones. At the termination of the
tests the birds were returned to their
home loft, where they were kept for
approximately 2% years. Then, with
no further aversive training, testing was
continued—that is, the seven tones
were presented sequentially and in ran-
dom order (without shock) while the
birds pecked a key for food. The
experimental situation in these tests was
identical with that in the previous
work with these birds. ,
Figure 1 shows the results of these
recent tests (solid lines) as well as the
results of the tests that had been
conducted more than 2 years earlier
(dashed lines). Each gradient represents
data averaged across four successive
sessions. The top gradient for bird No.
9 represents the first block of sessions
for that bird. The top gradient for bird
No. 21 represents the second block of
sessions for that bird (4). The remaining
gradients, for both birds, represent suc-
cessive blocks of sessions, in descend-
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Fig. 1. Generalization gradients for birds
Nos. 21 and 9. The suppression ratio
equals (pre-tone R’s — tone R’s) / (pre-
tone R’s). The solid lines show the results
of the sequence of tests reported here,
whereas the dashed lines show results ob-
tained more than 2 years previously. Each
gradient represents data averaged across
four successive sessions. The top gradient
for bird No. 9 represents the first block of
sessions for that bird. The top gradient for
bird No. 21 represents the second block of
sessions for that bird. The remaining gradi-
ents, for both birds, represent successive
blocks of session, in descending order.
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