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end of the spermatheca. If so, the dis-
placed sperm would remain a threat to
the current male. Cyclical copulation
may function 10 repeatedly displace pre-
viously stored sperm to the distal end of
the spermatheca, thus neutralizing the
recurrent threat. The actual mechanism
of sperm precedence has been discov-
ered for only one species of insect ({4).
Whether this problem can be resolved
for A. herberti (I3) remains to be deter-
mined.

In Scatophaga stercoraria (L), the
vellow dungfly, the lasi male to mate was
responsible for 80 percent of the off-
spring subsequently produced until an-
other mating occurred. Parker {/6) deter-
mined that males of §. stercoraria could
prabably displace fully all previous
sperm by increasing the duration of cop-
ulation with each female, but for some
reason, dungfly males do not do this.
Parker developed a model which re-
vealed that the amount of displacement
in S. stercorarie should stabilize at the
aptimum, yielding the maximum overall
fertilization rate for males, but not the
maximum possible egg gain to a male
from a given mating (§, 46).

Abedus herberti males, in constrast,
invest in matings and appear to have vir-
tual cértainty of paternity. This turns
Parker's question around. Why should
the water bug paternity assurance sys-
tem be so nearly perfect? Male water
bugs lack the opportunity to optimize
their overall fertilization rate because
egg-covered males are rejected as mates
by females (6). Because of this limita-
tion on the absolute number of eggs a
male water bug is allowed to fertilize,
individual males have apparently been
under intense selection to maximize egg
gain from each mating. Even the smallest
fault in paternity assurance by male
brooders would provide an opportunity
for cheaters (males that mate repeatedly,
but deline to brood eggs); and the fre-
quency of cheaters would probably
quickly increase to equilibrium, with the
level of opportunity provided by care-
less brooders.

This reasoning suggests that the frst
brooder in a population of predomi-
nantly nonbrooders must have been
adapted for a high level of paternity
assurance. Members of the subfamily
Lethocerinae ({7) (nonbrooding giant
water bugs) are believed to have a com-
mon ancestry with the Belostomatinae.
Modern Lethocerus males repeatedly
mate an individual female and may guard
her between bouts of copulation (/8).
Multiple mating and guarding of an ap-
propriated female by male insects appar-
ently is an adaptation to prevent sperm
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displacement from subsequent matings
by another male {8, /9}. [t is not difficult
to envision a pattern of alternating bouts
of copulation and oviposition evolving
from the lethocerine system, and under
suitable ecological conditions (such as
absence of, or limited, emergent vegeta-
tion, intense predation, and egg para-
sitism), it might have been advantageous
for females to begin depositing their eggs
on their mates’ backs, and for males (o
begin brooding them.

RoBERT L. SMITH
Department of Entomology,
University of Arizona, Tucson 83721
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Dr. Guthrie and Felis domesticus Or: Tripping over the Cat

Abstract. The principal reactions described in Guthrie and Horton's classic learn-
ing monograph appear to hiave been caused by the mere presence of the experiment-
ers. Neither escape nov food reinforcement is necessary for the establishment of
such responses. They are species-typical *'greeting'’ reactions, veadily elicited by the

sight of human observers.

For almost half a century, most re-
search in insirumental (operant) condi-
tioning has been conducted without re-
gard for the natural behaviar of the ani-
mals used as subjects (f, 2}, A recurrent
cansequence of this tradition has heen
the failure to recognize species-typical
reactions that are critical in certain learn-
ing situations. The pigeon's “aperant’
key-pecking response, for example, was
not identified as a simple grain-pecking
reaction, and a generation of investiga-
tors therefore believed that they had
taught tens of thousands of pigeans, indi-
vidually, how to peck. The implications
of this error have been only partially ex-
plored (7). '

Failure to recognize the common
avian peck was not an isclated aber-
ration (4). We report here the discovery
of anather such aversight, this time from
one of the twa classic studies of learning
in domestic cats (3, 6).

In the puzzle-box experiments of
Guthrie and Horton (5), cats were phato-

0036-8075/79/0907- 103 1500.50/0  Copyright © [979 AAAS

graphed and observed as they learned to
escape from a small, glass-fronted cham-

‘ber. A conspicuous escape dooer in the

front of the chamber could be apened by
jostling a slender, vertical rod about 1
foot away. The ability of cats 1o master
50 simple a task was not in question, but
great impartance was attached to the
manner in which their “‘learning'’ was
expressed. The animals’ responses were
described as highly stereotyped, with
long series of movements repeated "“in
remarkable detail’”” from trial to trial.
Several different reactions were record-
ed, but the commonest was that shown
in Fig. 1. The stereotypy of this behavior
was interpreted as evidence for a process
of learning by stimulus-response con-
tiguity (3, 7}, and the tracings shown in
Fig. 1 were widely reprinted in support
of that conclusion. Elsewhere, the same
stereatyped reactions were cited as evi-
dence of *‘superstitious’” operant condi-
tioning (&).
Neither interpretation is warranted.
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Fig. 2. Species-typical greeting reactions {kopfchengeben) elicited by the mere presence of a

human observer. Compare with Fig. L.

Fig. . Fraom Guthrie
and Hortan (3). The
sterentypy of these re-
actions was taken as
evidence. first of con-
tiguity learning {5, 7),
and later of ‘'supet-
stitious'' gperant con-
ditioning ¢§). [Figure
courtesy of Peter Smith]
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The reaction shown in Fig. | did not
originate in the puzzle box. It is species-
typical in many of the Felidae | including
lions, tigers, jaguars, ocelots, and do-
mestic cats (9, /). Known as flank rub-
bing, head rubbing or kepfchengeben
({2}, it occurs in courtship and in *"greet-
ing'" rituals (9-17). Typically, the target
animal is brushed with head, arched
back, and raised tail as the cat maves
sinuously past. Alternatively, the behav-
ior may be performed without contact,
ar redirected to nearby inanimate ob-
jects. Redirection is especially likely
when the animal to be “—greeted’ is dis-
tant or inaccessible. Past failures to rec-
agnize this response (5, 7, 8) are surpris-
ing, since domestic cats often treat hu-
mans as conspecifics, either rubbing
their shins persistently or redirecting the
response to nearby doorposts, appli-
ances, or furniture.

We recently observed such redirected
rubbing in apparatus similar to that used
by Guthrie and Horton ({2). The re-
spanse was first performed spantaneous-
ly by two experimental animals. When
we watched unobtrusively ({3}, the reac-
tion did not occur; but when we were
visible, the animals rubbed heads,
flanks, or tails against the (convenient)
vertical rod. To document this, we ar-
ranged for an observer to enter and leave
the room systematicaliy during each of
four experimental sessions. Each daily
session lasted for 50 minutes, with an aob-
server present during minutes 10 to 20
and 30 to 40. The effects of human pres-
ence are evident in Figs. 2, A and B, and
3, A and B.

Although never rewarded for rubbing,
the animals had received food in the ex-
perimental chamber. This proved entire-
Iy irrelevant. Figures 2C and 3C show
the results of retesting the second animal
in a well-learned, food-free condition. To
avoid uncertainty, we then repeated the
study with “‘naive’ animals, never fed
as part of any experiment (/4). Each
naive cat was simply placed inside the
experimental chamber. When an observ-
er entered the room, the animal ap-
proached and rubbed the accessible ver-
tical rod, as shown in Figs. 2, D to F, and
3, Do F ({3}

When Guthrie and Hortan set out to
study the stereotypy of learned behav-
ior, they chase to observe at clase range
the reactions of individual animals ({6}
while rewarding them for contact with
the vertical sensor rod. [n retrospect,
their methods were self defeating. (i)

Fig. 3. Frequency of contact with the vertical sensar rod as a function of the presence ar ab-
sence af a human observer, The peak respanse rates arise from greeting reactians as ilfustrated
in corresponding panels of Fig. 2. The few responses recarded with the observer absent were
due primarily to pawing or tai chasing.

They failed to consider the animals' spe-
cles-typical repertaires. (ii) Both experi-
menters and as many as eight guests sat
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in front of the glass-fronted chamber, un-
concealed by any blind ({7). (ili) Each
trial began with the animal's reintroduc-
tion into this setting, making " greetings'’
especially probable. (iv) The vertical
rod, intended as a neutral response sen-
sor, provided an almost ideal target for
redirected rubbing. Thus, efficiently if in-
advertently, the experimenters arranged
to evoke the species-typical reactions
which they, and many others, failed to
recognize and which were construed as
evidence for particular learning mecha-
nisms ({&).

Bruce R. MooRrg

SusaN STUTTARD
Department of Psychology,
Dathousie University,
Halifax, Nova Scotia BIH 471, Canada
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Specific Nonopiate Receptors for S8-Endorphin

Abstract. fodinated Ay-[2-D-alaninelendorphin exhibits specific binding to cul-
tured human lymphocytes. The binding is inhibited by low concentrations of B-endor-
phin and its D-alanine® devivative, but is not affected by opiate agonists and antag-
anists, ar by enkephalin analogs, B-lipotropin, adrenocorticotrophic harmone, or
a-melanocyte-stimulating hormone; this suggests the existence of a specific, non-
apiate binding site (receptor) for A-endorphin. The carboxy-terminal region of Ben-
dorphin is essential for this binding activity, since o-endorphin is not active. B-En-
dorphin may be a circulating hormane with peripheral physiological effects that are
nor primarily mediated through interactions with opiate or enkephalin receptors.

B-Endorphin, which corresponds to
the sequence of residues 61 to 91 of 8-
lipotropin, exhibits a wide range of phar-
macological activities in addition to its
central analgesic effects (/). The typical
morphinomimetic effects and some other
behavioral effects are blocked by specif-
ic opiate antagonists such as naloxone

o

(102 count/min}

specitic gy-[1251)[D-Ata2] Endorphin binding

8,,-[125][0-A122] Endorphin (oM}

Fig. |. Saturation binding curve for fy-
[]][D-Ala*lendorphin to cultured Jympho-
cytes {107 cells per milliliter). The curve ex-
hikits a biphasic function in which binding to
low-affinity site is linear up ta 150 nAf (data
not shown). Binding was assayed as described
far Table 1. Values are the means of three in-
cubations. Very similar data showing such
biphasic curves have been abtained in several
experiments.
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and naltrexone. Among these behavijoral
effects are excessive graoming behaviar
{2), catatonic states and wet shakes (3),
and prafound sedation and catalepsia (4).
Some other behavioral effects of 3-en-
dorphin, such as the delay in extinction
of pole-jumping avoidance (3), are not
blocked by opiate antagonists and thus
would appear to be mediated by actions
independent of opiate receptor sites in
the brain.

A-Endorphin-like material is present
in the serum of rats and its level is in-
creased by acute stress (9). Significant
levels of B-endorphin are not detectable
in normal human serum, although it is
present in the plasma of patients with
certain endocrine disorders (7). In genet-
ically obese mice the pituitary and
plasma contents are two ta three times
greater than in control animals &). The
possible nature of the relation between
B-endorphin and stress remains highly
speculative. Variations in the secretion
of B-endorphin by the pituitary or in its
circulating plasma levels are not corre-
lated with changes in the cerebral con-
centration of the peptide (). The stress-
induced release of 3-endorphin from the
pituitary may thus have a physiological
role totally distinct from the theoretically
possible central analgesic effects of the
peptide. Moreover, perfusion of S-en-
dorphin into the pancreas reduces the re-
lease of somatostatin and increases the
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