tioned reinforcers, this result is contrary
to all theories of conditioned reinforcers.

Other studies ¢, 9) have shown that
stimuli associated with food strengthen
performance during extinction. In this
experiment, however, these stimuli
eased the animal’s transfer to another
food site. The main difference in proce-
dure is that an alternative key was pres-
ent in the box. It may be that signals has-
tened the bird’s transfer because the oth-
er key was available. Alternatively, the
whir of the motors and associated stimuli
may not, in fact, be conditioned rein-
forcers. To investigate these possibilities
I repeated the experiment with only one
key available during each session.

There were six daily pairs of sessions;
the order of the sessions with and with-
out conditioned reinforcers and the key
to be used were decided randomly. Ses-
sions began with 25 food deliveries on
the VR10 schedule, after which the key
no longer produced food. Sessions ended
when 60 seconds had elapsed without a
single response, a criterion chosen be-
cause it never occurred in a normal non-
extinction session but was judged to be
not so severe as to extinguish responses
at the start of the next session.

If only one key was available, the bird
generally took longer to reach the crite-
rion of extinction when its pecks pro-
duced stimuli that had been associated
with food than when they produced
nothing (Fig. 1).

If an alternative feeding site is avail-
able, signals for food allow the dove to
abandon the no-longer-profitable site
more quickly. When no alternative site is
present, the same signals keep the dove
working on the only available site, de-
spite its unprofitability. This being the
case, how may one account for the more
rapid switch seen in the presence of sig-
nals for food when an alternative key is
available?

Foraging consists of a chain of re-
sponses, each leading to the next until
the final act of consuming the food (10).
Responses early in the chain are per-
formed more often than responses late in
the chain and are rewarded correspond-
ingly less often. Estimates of the profit-
ability of a patch are updated largely
with the outcome of responses very late
in the chain, rather than with every act in
the chain. When no food is obtained be-
cause only early elements in the chain
are completed, the profitability estimate
drifts slowly down until the patch no
longer fulfills the animal’s expectations
and is abandoned (//). But when the
whole chain save the consumatory act is
completed, the estimate of profitability is
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revised every time the consumatory act
is reached but not performed. If the dove
averages profitability over a short period
of feeding, under the latter conditions its
estimate of patch profitability will de-
cline sharply.

Krebs et al. 8) have shown that the
great tit (Parus major) efficiently gathers
information about resource profitability.
This report extends their findings to en-
compass a change in profitability during
the feeding session. The signals that ac-
company food provide usable informa-
tion (2) more rapidly than the nonarrival
of both signals and food. They also in-
terrupt the repeated pecking of the key
and so provide both the information
and opportunities needed for the bird
to transfer its attention to the other key.
In this way, signals for food during ex-
tinction allow the doves to obtain more
food than simple extinction without sig-
nals (12). )

Much recent work on foraging has
stressed the qualitatively good fit be-
tween observed behavior and models of
optimal behavior (7, 13). Deviations
from predicted results are usually seen in
terms of the deficiencies of simple forag-
ing models (8, 14), rather than as reflec-
tions of the mathematical complexities of
even simple models. Real psychological
mechanisms must underlie real foraging
behavior, but in very few cases (/5) has
understanding gone beyond the simple
fact of near-optimal foraging to the
mechanisms that govern the acquisition
and use of information. I have demon-
strated that one psychological mecha-
nism, that of the conditioned reinforcer,
may be used by the animal to aid its deci-
sion-making in a way that is counter-
intuitive; almost obtaining food is as im-
portant as actually obtaining it because
both provide more information than does
obtaining nothing at all.

JEREMY JON CHERFAS*
Department of Psychology,
University of Toronto,
Toronto, Ontario, Canada M5S 1Al

Protein Secretion by the Pancreas

Isenman and Rothman report that liga-
tion of the exocrine duct does not in-
crease the concentration of amylase in
pancreatic juice (/). In spite of studies
demonstrating increased permeability of
the entire network of exocrine ducts af-
ter the main duct is obstructed, they pro-
pose that their finding supports the view
that diffusion (as opposed to exocytosis)
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is the chief mechanism directing secre-
tion of protein into pancreatic juice.
However, the entire exocrine duct sys-
tem is permeable to large molecules even
at low pressures (2), and excess fluid
containing large amounts of pancreatic
enzyme activity begins to leak from the
confines of this system and, within 10 to
30 minutes of ligation of the main duct,

1553



to accumulate in interstitial fluid and in
lymph 3, 4). The finding reported by Isen-
man and Rothman was therefore, to a de-
gree, predictable.

That the rate of protein secretion is de-
termined by the rate at which secretion
granules fuse with plasma membrane
seems likely. Electron microscopic evi-
dence indicates that ligation of the pan-
creatic duct has a direct and rapid effect
on the secretory process itself (5). Thus
the rough endoplasmic reticulum of al-
most all pancreatic acinar cells under-
goes swelling and vesiculation within 1
hour of duct ligation. Some of these cells
develop swelling of zymogen granules,
and various mitochondrial abnormalities
can also be observed.

In a note added in proof, Isenman and
Rothman state that the concentration of
amylase in stimulated pancreatic juice
remains unchanged after ouabain-in-
duced or hyponatremia-induced reduction
in volume of pancreatic juice. This obser-
vation is in direct contrast to the results
of an earlier study in which Diamox (2
acetylamino-1,3,4-thiadiazole-5-sulfona-
mide), an inhibitor of carbonic anhy-
drase, was used to reduce flow. Under
these circumstances, the volume of pan-
creatic juice fell to half of control values
while the concentration of amylase in
this fluid increased almost 70 percent (6).

Isenman and Rothman’s suggestion
that a ‘‘diffusion-like process,”’ rather
than exocytosis, accounts for the secre-
tion of enzyme molecules into pancreatic
juice implies the presence of information
which is, in fact, still lacking.

ALLAN E. DUMONT
Department of Surgery,
New York University School of
Medicine, New York 10016
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The purpose of our discussion (/) was
to propose a diffusion-based hypothesis
as the simplest explanation for the move-
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ment of molecules across thin biologi-
cal membranes; it is a hypothesis that
is independent of popular, but not well-
documented, beliefs about such pro-
cesses.

We think that Dumont’s statement
that ‘‘the entire exocrine duct sys-
tem is permeable to large molecules even
at low pressures’’ is not justified by the
evidence he offers in its support, which
is that (i) the forced retrograde injection
of two dyes resulted in the appearance of
some dye in interstitial space (2, refer-
ence 2), and (ii) ‘*duct ligation” led to an
increase in the concentration of digestive
enzyme in lymph and to some apparent
tissue edema (2, references 3 and 4). In
the cited articles, experiments are not
described that directly measure the per-
meability of the duct system to digestive
enzyme. They also do not contain evi-
dence for the existence of paracellular
shunts through which digestive enzymes
can pass freely, and which reversibly
open and close in response to small
changes in transductal pressure. Al-
though stated as fact, Dumont’s asser-
tions.are hypotheses put forth to explain
the cited observations, which, however,
may be due to other causes. If he be-
lieves that enzyme found in lymph must
come from duct contents because there
is no other possible source, then we
would point out that the basolateral
membrane of the acinar cell is permeable
to digestive enzyme (3). In the case of
duct blockage, assuming continued pro-
tein synthesis, the equilibrium hypothe-
sis predicts the increased enzyme con-
centration in interstitial fluid that he re-
ports. Thus, the question is not whether
duct ligation produces such an increase,
but whether the increase is due to the
movement of enzyme across the duct or
out of the acinar cell itself.

We did consider the possibility that
Dumont raises. If pressure caused re-
duced enzyme output, then enzyme out-
put should remain unchanged when flow
is decreased in ways that do not increase
intraductal pressure. As we pointed out
in our report, when fluid flow was re-
duced in two ways that do not increase
intraductal pressure, our results were es-
sentially the same; that is, enzyme out-
put was inhibited to approximately the
same quantitative extent [see @) for a

discussion of these and other similar ex-
periments]. Thus, flow appears to be the
independent variable that leads to a de-
pendent reduction in enzyme output
(presumably via a concentration-sensi-
tive mechanism for digestive enzyme se-
cretion) as we had proposed. This view
is in fact reinforced by the experiments
that Dumont cites (2, reference 6) in
which another metabolic method used to
reduce flow also led to a reduction in en-
zyme output—the increased concentra-
tion of enzyme that Dumont points to
notwithstanding. This increase in con-
centration would also be expected if en-
zyme were not distributed across the se-
cretory membrane at its equilibrium or
maximum steady-state value prior to
flow restriction.

As for pathological changes with duct
ligation in situ, Dumont does not use the
term in its usual sense [preventing out-
flow of fluid from the intestinal end of the
main collecting duct or ducts], but rather
to describe the passage of a ligature
“‘around the entire pancreas ... tied
tightly midway long (sic) the pancreatic
tail,”” apparently encircling blood ves-
sels, nerves, ducts, and even acinar tis-
sue in its noose (2, reference 5). In our in
vitro studies the functional character-
istics of the biological preparation were
unaltered by 90 minutes of true duct
blockage.

Dumont further says that it ‘‘seems
likely’> that secretion occurs by exo-
cytosis, although he cites no experimen-
tal evidence. Given the broad accept-
ance of this hypothesis, there is little pri-
mary experimental evidence that exo-
cytosis occurs at all in the pancreas, or
accounts for the secretion of digestive
enzyme under normal circumstances.

STEPHEN S. ROTHMAN

Lois D. ISENMAN

JEnny J. L. Ho

Department of Physiology, University of
California, San Francisco,

‘e

. San Francisco 94143
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