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Reference: The Linguistic Essential

Abstract. Three chimpanzees learned to label three edibles as ‘‘foods”’ and three
inedibles as ‘‘tools.”” Two chimpanzees could then similarly categorize numerous
objects during blind trial 1 tests when shown only objects’ names. The language-like
skills of the chimpanzee who failed (Lana) illustrates that apes can use symbols in
ways that emulate human usage without comprehending their representational func-

tion.

When chimpanzees use signs or lexi-
grams which they have been taught by
human trainers, the question arises as to
whether they know what these symbols
represent or whether they simply learn
contextually appropriate usages, as we
have already suggested (/). We report
on our effort to determine whether or not
the abstract symbols used by our chim-
panzee subjects were functioning at a
representational level. We trained the
subjects to label the names of three ined-
ibles (stick, key, and money) as tools,
and the names of three edibles (bean-
cake, orange, and bread) as foods. We
then presented these chimpanzees with
the names of 17 other foods and tools
and asked them to categorize these addi-
tional names as foods or tools. In order
for the chimpanzees to make a cate-
gorical judgment of this sort on the first
trial, it was necessary for them to recall
some representation of the actual object,
since the specific names of these foods
and tools had never been paired with cat-
egorical labels.

Before this study was begun, each of
the three chimpanzee subjects—Lana (8
years), Sherman (5 years), and Austin (4
years)—had extensive experience with
the Yerkes computer-based language
training system (2). The original training
of these items was similar for Sherman
and Austin, but differed for Lana (Table
1). Lana’s initial training emphasized
symbol sequencing and object naming,
while Sherman’s and Austin’s training

emphasized the pragmatic and semantic
functions of symbols, and communica-
tion between chimpanzees (2, 3). In or-
der to provide Lana with a vocabulary
and experience more comparable to that
of Sherman and Austin, we introduced to
her the eight tools used by Sherman and
Austin.

It was necessary for Sherman and
Austin to learn to ask for tools which
they needed to use before they were able
to label these tools divorced from the
context of usage (2). Lana, by contrast,
readily learned to label all the tools long
before she could accurately request them

as needed. Such disjoint abilities suggest.

that the chimpanzee’s capacity to pro-
duce a symbol when an object is desired
(for example, to say ‘‘key’’ when akey is
needed to open a padlock) may not nec-
essarily be related to the ability to pro-
duce the same symbol when asked to
name a visible object (for example, to
say ‘‘key’’ when the experimenter holds
up a key). In the case of Sherman and
Austin, the demonstration of an object’s
function helped them to recall its name.
If, for example, they could not recall the
name for ‘‘key’’ when it was held up, us-
ing a key to unlock a padlock would en-
able them to recall its name. This was
not true of Lana. It seemed that Sherman’s
and Austin’s training led them to link the
use of an object and the label of an object
together. For Lana, the two skills ap-
peared to remain separate. Before insti-
tuting training the categorical classifica-
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tions of ‘“‘food”’ and tool,”” we con-
ducted blind tests of the abilities of all
three animals to use the 11 specific food
and tool names which would be the focus
of our study. All three chimpanzees
scored 100 percent during blind tests of
request skills, labeling skills, and recep-
tive skills.

Sorting objects. Categorical sorting of
foods and tools was begun by requiring
the animals to sort three foods (orange,
bread, and beancake) into one bin, and
three tools (key, money, and stick) into
another. None of the foods or tools re-
sembled each other physically, thereby
precluding a match-to-sample response.
The dimension for sorting was function-
al; the foods could be eaten and the tools
could not. Training was facilitated in all
three cases by emphasis on the function-
al distinction, which suggested that the
animals might be classifying these items
along the edible-inedible dimension (Fig.
1).

Labeling objects. When the animals
reached a sorting criterion of 90 percent
or better across 60 trials, we introduced
the lexigrams for food and tool. The
chimpanzees’ task was to sort a food or a
tool into the proper bin and then to select
the lexigram representing either food or
tool. Once the chimpanzees reliably se-
lected a lexigram after sorting each ob-
ject, the bins were removed and the task
then was to label each of the six training
objects as they were held up by the ex-
perimenter.

Training in this phase continued until
the animals met all of the following cri-
teria: (i) ability to label all training items
correctly without eating the food or us-
ing the tool; (ii) ability to label all training
items correctly on trial 1, after food and
tool lexigrams were relocated on the
keyboard; and (iii) ability to label all
training items correctly under the con-
ditions listed above for two consecutive
sessions of more than 25 trials at 90 per-
cent (or greater) correct.

It would be possible for the animals to
learn the above tasks in either of two
ways: (i) by forming a specific associa-
tion between each item and the appropri-
ate bin or lexigram for that item; or (ii)
by formulating a classification rule,
““This bin is for items that I eat and the
other bin is for items that I do not eat.”’
If such a concept or rule had emerged,
then we would expect that the chim-
panzees could use these generic symbols
to categorize other items with no addi-
tional training. We tested the general-
izability of this skill by presenting five
additional foods and five additional
tools. (The chimpanzees knew the spe-
cific lexigrams of each of these ten
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items.) These items were presented once
each, in a random order, interspersed
with trials of training items. Prior to the
presentation of the first novel item, the
animals had to respond correctly to the
training items for 20 consecutive trials.
During the entire test, the experimenter
remained outside the room. The chim-
panzee approached the door, looked at
the object displayed by the experiment-
er, then reentered the room and labeled
the item on the keyboard. The experi-
menter could see neither the keyboard
nor the chimpanzee once the chim-
panzee left the doorway. The specific
lexigram names of the ten novel ex-
emplars were deactivated during the
test, but the other 50 keys remained on.
Austin correctly categorized each of the
ten novel items on trial 1. Sherman cor-
rectly categorized each of the ten novel
items except sponge, the tool which he
occasionally eats portions of as he uses
it. Lana correctly identified only three
items. It appeared that Sherman and

Austin had acquired a concept of ‘‘food”’
and ‘‘tool’’ that was functionally based,
generalizable, and symbolically en-
coded. Lana had not; she had learned
only the specific paired-associative re-
sponses required by her training. To be
sure, we retested Lana with the novel
items to determine whether or not the
first test might have been in error. On
this second blind test, Lana correctly
identified only one novel item. We then
returned to the initial sorting procedure.
Following the same pretest criterion (20
correct consecutive trials), we began to

" intersperse randomly the ten novel items

“used in the two tests described above.
This test was also given blind. Lana sort-
ed all ten novel items correctly on trial 1,
thereby indicating that her failure on the
earlier tests had not been due to an in-
ability to conceptualize the functional re-
lation between the foods and the tools.
Rather, it had been due to an inability to
encode symbolically this perceived rela-
tionship.

To determine whether or not previous
training experiences with these particu-
lar foods and tools could account for
Sherman’s and Austin’s categorical abili-
ties, we presented them with 28 items (14
foods and 14 tools) with which they were
generally familiar, but which had not
been used in any specific training para-
digm and were, therefore, not associated
with lexigrams. Sherman correctly cate-
gorized 24 of these 28 items and Austin
correctly categorized 25 of 28 items. All
but one of the errors resulted from
classifying tools used to prepare food
(for example, knife and cutting board,
which they often lick) as foods (¢).

Labeling photographs. During this
phase of training, we used the same train-
ing foods and tools that were used earlier.
We began by taping photographs of
these objects to the objects themselves.
We then held up the training object and
its photograph and asked the chimpan-
zees to label it. Once the animals were
responding confidently, we removed the

Train Test
Sorting objects
Total Trials Total Errors
@ oo to Criterion During Training Cg Correct/Incorrect
01 ®
Lana 160 19 Lana 10/10
Sherman 11156 200 Sherman Not given
Austin 1210 252 Austin Not given
Labeling objects
@ Total Trials Total Errors Test  Retest
' Lana 1493 199
Q Q o Lana 3/10  1/10
\ / \l/ Sherman 852 68 Sherman 9/10
\ Austin 3239 429 Austin 10/10
(food) (tool) (tool)
Labeling photographs
Total Trials Total Errors o) Test Retest
[#]3]
Sherman 460 30 l// Sherman 9/9
Austin 1425 129 Austin 5/9 ° 9/9
(food) (tool) (tool) ("ood)
Labeling lexigrams
‘ O-vange Q -m,' ~ Total Trials Total Errors ﬂ\ s!p n Qm v a Test
ane onge w’e et
a.anca\s‘ s’sad' g Strey ‘”\ n/ nch o Mam
\ / \ / Sherman 474 32 L | B @\ Bﬂ Sherman  15/16
cot® anan,
) »
Austin 898 54 Austin 17/17
PN k A
(food) (tool) (tool) (food)

Fig. 1. The animals learned the items on the left and were tested, in a blind setting, with the items on the right. The numbers of trials and total
errors are given for training and the number of correct trial 1 selections is given for testing. In the final labeling test, 17 different lexigrams,
controlled for physical similarity relative to the categorical lexigrams, were used.
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Table 1. Symbol training before the present study began.

Skill Chim-
panzee
1. Use multiple symbols and sequence all symbol productions Lt
2. Use symbol strings to activate movies and slides and to cause people to L
move about in space
3. Request specific foods L,S, A
4. Label foods while eating other foods L,S, A
5. Respond to information about hidden foods provided by the symbolically S, A
encoded statements of others
6. Give foods in response to the symbolically encoded requests of others S, A
7. Cooperatively divide and share food with another chimpanzee by means of S, A
symbols
8. Symbolically request specific tools and use them to procure food# S, A
9. Label objects without using them L,S A
10. Label colors of objects L
11. Give either color or name of object as requested L
12. Give tools in response to symbolically encoded request of others S, A
13. Cooperatively request of and give tools to another chimpanzee by means S, A

of symbols

*L, Lana; S, Sherman; and A, Austin.

tLana was taught skills 6, 8, and 12 at the beginning of the study so

that her vocabulary and basic request, labeling, and receptive capacities would be similar to those of Sherman
and Austin. However, her previous training, which had stressed associative skills, led her to use different

learning strategies than had been observed in Sherman and Austin.

fAlthough tool lexigrams, as a con-

ceptual class, were initially taught after a number of food lexigrams had already been acquired, many addi-
tional specific food and tool names were also acquired during coincident time spans, thereby precluding a
possible early and recently acquired distinction between foods and tools.

real objects and continued training, pre-
senting only the photographs. When they
again reached the training criterion de-
scribed earlier, we presented them with
novel photographs, under the same test
conditions described above (5).
Sherman correctly labeled all nine
novel photographs (100 percent), while
Austin labeled only five novel photo-
graphs correctly (55 percent) (Fig. 1).
This suggested either that Austin had
simply learned specific responses to spe-
~cific photographs, or that when present-
ed with novel photographs, he had, for
some reason, not treated these photo-
graphs as representations of real objects.
We readministered the blind novel
photographs test, believing that it was
possible that Austin had treated all the
novel photographs simply as pieces of
plastic (each photograph is encased in
1/4-inch transparent plastic) and had
guessed on these trials instead of looking
closely at the object depicted in the
photograph in order to make a correct
categorical response. The plastic casing
surrounding the photographs frequently
reflected back enough light to render the
enclosed picture invisible at certain
angles. Sherman accommodated for this
by moving his head to change his line
of regard. Austin did not. As Austin
came to the door of the room, we en-
couraged him to look carefully and slow-
ly at each picture and we rotated the
angle of the photograph. Under these
conditions, Austin correctly identified
nine of the nine novel photographs.
Labeling lexigrams. The final phase of
the study is the most critical of all, for it
alone is unequivocably a test of the ref-
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erential value of the symbols. This test
included the following critical con-
straints: (i) it required a completely nov-
el response, one never before given by
the chimpanzee or by the experimenter
when working with the chimpanzee; (ii)
it was administered under blind condi-
tions; and (iii) it required that the chim-
panzee use one symbol to classify anoth-
er, thereby forcing him to refer cognitive-
ly to the specific referent of one symbol
and, based on the recalled character-
istics of that referent, assign it to a class
of functionally related items. He then
had to recall the symbol that has been
used to reference that functional rela-
tionship in the past and employ it.

Training in this phase began as it had
in the previous ones. We returned to the
original group of training foods and
tools. Initially, the lexigrams for these
items were taped to photographs of the
items, again to provide a bridge between
the levels of stimuli presented. The pho-
tographs were then removed and the
chimpanzees were shown only the print-
ed lexigrams.

Once the chimpanzees had again
reached the training criterion, they were
presented with test lexigrams. This test
was also administered with the experi-
menter out of the room, and again novel
items were interspersed randomly with
training items. It is to be emphasized that
prior to this test, these chimpanzees had
never been asked to make a categorical
assessment of these symbols. In most
cases, they had not even been requested
to make a categorical assessment of the
real objects which these symbols repre-
sented. Sherman categorized the novel

lexigrams correctly on 15 of 16 trial 1
presentations, and Austin categorized
them correctly on 17 of 17 trial 1 presen-
tations (Fig. 1) (6). The dimension of
lexigram physical similarity was con-
trolled so that if Sherman and Austin
chose on that basis they would have
been correct only half the time. Between
them, only a single error was made on
the entire test and that error (sponge was
called a food by Sherman) was one
which would not have been predicted on
the basis of physical similarity (7, 8).

Conclusion. The ability to organize
sensory input along a dimension of func-
tional similarity does not necessarily
give rise to a corresponding ability to or-
ganize this information similarly at a
symbolic level, as Lana’s inability to
transfer the food and tool labels to novel
exemplars indicates. We suggest that
Sherman and Austin were able to treat
“food”” and ‘‘tool’”’ as representational
labels, and to expand the use of these la-
bels to novel exemplars because of train-
ing which encouraged the appearance of
functional symbolic communication be-
tween chimpanzees.

Our study offers a paradigm which
makes possible, for the first time, an un-
equivocal determination of the presence
or absence of representational symbolic
function. We seriously question whether
or not any other apes have reached the
level of symbolic functioning achieved
by Sherman and Austin. Clearly, train-
ing of other apes (for example, Nim,
Washoe, and Sarah) has emphasized
only the skills of associative labeling
and combining, and these skills alone do
not require either semantic comprehen-
sion or representational symbolic ability
©).
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Nutmeg Dispersal by Tropical Birds

Abstract. Frugivorous birds preferentially remove fruits from Panamanian Virola
trees where the ratio of edible aril to indigestible seed is high. A negative correlation
between the proportion of the crop removed and mean seed size explains 59 percent
of the variance in removal, suggesting that birds minimize ingestion of useless bulk.

Many tropical trees bear fruits that
attract animals (/), and many tropical
vertebrates consume fruit and either
disperse or destroy seeds (2). Relation-
ships between frugivores and plants are
of general interest in tropical ecology be-
cause the mortality of seeds and seed-
lings under parent trees is density-depen-
dent (3) and because dispersal by ani-
mals results in a more even distribution
of adult trees than passive dissemination
by gravity or wind @). Factors promot-
ing efficient seed removal by animals are
poorly understood. Synthetic treatments
have had to rely upon anecdotal ac-
counts of animal visitation at plant spe-
cies that vary widely in fruit structure,
nutritional reward, and crop size 2, 3, 5-
7). No one has shown that differences in
fruit quality within a population influ-
ence seed removal. Here we report dra-
matic differences in the proportions of
seeds removed from individual Virola
surinamensis (Rol.) Warb. (Myristi-
caceae) trees that vary in mean aril
(pulp) and seed weights. Frugivores pref-
erentially remove fruits from trees pro-
ducing small seeds; small seed size is
generally associated with a high ratio of
edible aril to indigestible seed. Partial
correlation analysis uniquely distinguish-
es two attributes of fruits: dispersibility
and seed size likely to influence seedling
survival.

Virola surinamensis is a canopy tree of
the mature wet forest of Barro Colorado
Island, Panama (8). Between 20 May and
7 September 1979, 17 trees produced 214
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to 10,412 mature fruits (median 2,082) (9).
Golf ball-sized capsules opened in early
morning and midmorning to expose the
unit of dispersal, a single seed 2 cm long
surrounded by a brilliant red aril (Fig. 1).
The hard seed tastes bitter; 15 percent
of its 2.0 = 0.4 g (dry weight) consists
of tannins, which inhibit protein activity
when ingested by animals (10, 11). In
contrast, less than 3 percent of the
0.9 = 0.1 g (dry weight) of the aril con-
sists of tannins. The arils are among the
most nutritious known (/2); edible com-
ponents include 9.2 * 1.5 percent usable
carbohydrate, 63.1 = 14.0 percent fat,
and 2.5 *= 0.7 percent proteins, leading
to an overall energetic reward of 6.5 * 0.9
kcal per aril (/0). Six birds swallow the

Fig. 1. A Virola surinamensis
fruit as presented to birds. The
unit of dispersal is a single in-
edible seed surrounded by an
edible aril of brilliant red col-
oration. Seeds average 20 mm
in length by 16 mm in width;
arils are 1 mm thick.
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aril and seed and regurgitate the seed in
viable condition; one monkey passes in-
tact seeds through the digestive tract

‘(Table 1) (13). With the exception of the

tityra, a fruit thief that eats arils without
ingesting seeds, all birds attempt to swal-
low all arillate seeds encountered. Selec-
tion by birds is of trees, not of fruits
within trees. Monkeys actively smell and
reject fruits within a tree crown, indi-
cating that their choice is based on a
chemical cue (14).

Unless fruit thieves intervene (I5),
specialized frugivores should consistent-
ly remove fruits with highly nutritious re-
wards 2, 5, 16). The predominance of a
small set of highly frugivorous birds
meets the first expectation, and the mean
level of seed removal of 62 percent (+ 19
percent) meets the prediction of efficient
dispersal of nutritious fruits. However,
proportions of seeds removed from indi-
vidual trees range from 13 to 91 percent
(9). Such variation could occur (i) be-
cause the quantity of fruit produced in-
fluences removal success (5, 16), (ii) be-
cause nutritional quality of the arils var-
ies from tree to tree, or (iii) because
plants offer different expectations of
edible reward and indigestible bulk to
birds that must swallow fruits (17).
Large-seeded fruits burden birds with
excess weight, and reduce feeding effi-
ciency by filling the crops of the birds
with useless bulk (18).

The first hypothesis was tested by re-
gressing the proportion of the seeds re-
moved against crop size. Neither linear
nor second-order polynomial fits were
significant (P > .25). Rewards are appar-
ently sufficient to ensure that birds visit
small trees and deplete fruits at large
ones; variance in crop depletion must be
attributable to factors other than crop
size.

The second hypothesis presumes that
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