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The successive discrimination reversal 
(SDR) performances of four gibbons were 
obtained on a spatial task and compared 
with performances of squi"el, owl, and 
capuchin monkeys previously obtained on 
the same task. The gibbon 's performance 
was notably inferior to that of the 
capuchin and rather more closely 
resembled that of the owls and squi"els. 
The value of interspecies SDR performance 
comparisons in establishing a behavior 
taxonomy is discussed. 

In the comparative analysis of primate 
learning, the most popular and extensively 
employed methodology has been that of 
learning set (LS). Comparisons of LS 
performances of a number of species of 
New World and Old World monkeys, as 
weil as the great apes, have given rise to the 
general conclusion that relative level of 
success, or efficiency, of problem solving is 
highly correlated with taxonomie and/or 
phyletic separation (Rumbaugh, 1968; 
Warren, 1965). However, due to the 
intrinsic difficulty of typieal LS problem 
sets, and in partieular the distinctive 
procedure that defines LS methodology, 
the sensitivity of LS to interspecies 
differences would appear to be sharply 
reduced among the inframammalian species 
and even among many mammalian species. 
Thus, to provide a more comprehensive 
analysis of vertebrate learning, across 
broader reaches of phyletic or taxonomic 
separation, an alternative strategy would 
appear desirable. 

One important alternative, sometimes 
viewed as a special instance of LS, is 
successive discrimination reversal (SDR) 
methodology. In this methodology, the 
stimulus sets constituting the successive 
problems remain constant, as contrasted 
with LS stimulus sets, with only a periodic 
change in the reinforcement contingencies. 
In aseries of preliminary investigations in 
this laboratory with a number of different 
avian and mammalian species, interspecies 
SDR performance differences have been 
isolated from intraclass comparisons that 
are consisten t with in terspecie s 
"taxonomie distance" (Gossette, Gossette, 
& Riddell, 1966; Gossette, 1966; Gossette 
& Slonim, 1968). The author has su~ested 
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elsewhere (Gossette, 1969a, b) that the 
major soure es of the sensitivity of SDR to 
interspecies differences arise from (1) a 
maximal opportunity for the oceurrence of 
negative transfer under conditions of 
(2) inconstancy of reinforcement. These 
two factors are typieally not controlled 
experimentally in LS methodology; nor are 
their effects isolated behaviorally in the 
usual LS analysis of interspecies 
performance differences. LS procedures, 
containing a randomized sequence of both 
complete and partial reversal problems, as 
weil as nonreversal problems, appear to be 
less efficient for the screening of 
interspeeies performance differences than 
SDR procedures. It would be of consider­
able interest to learn whether or not 
the previously reported interspecies 
differences in LS error scores were largely 
contributed by tho~e problems that 
constitute areversal, either partial or 
complete, of a preceding problem's 
reinforcement contingencies. However, one 
problem presented by SDR methodology 
as typically employed is that its sensitivity 
to interspecies differences may be limited, 
may re ach a ceiling, among "high er" 
primates by virtue of the simplicity of the 
task. SDR performance of capuchin 
monkeys, for example, quickly reaches a 
one-error solution on a spatial task 
(Gossette & Inman, 1966). 

As a further step in the exploration of 
the usefulness of SDR in the calibration of 
interspecies performance differences 
among primates, it would be of some 
interest to compare performances of one of 
the great apes with those of the 
phyletically inferior New World monkeys, 
for whom data alreadv exists. 

SUBJECTS 
Three female and one male adolescent 

white-handed gibbons (Hylobates lars) 
were employed in the present experiment. 
One male and one female were acquired at 
approximately 8 to 10 months of age and 
have been maintained in the laboratory for 
about 4 years. The other two fern ales were 
acquired approximately 1 to 1 ~ years aga 
and appear to be approximately at the 
same developmental level as the first two 
Ss. All Ss have been maintained in 
individual caging, with a diet of Purina 
Monkey Chow, abundantly supplemented 
with bananas, fresh fruits and vegetables, 
and vitamins. The original male and female 
in the colony have received extensive 
habituation to human handling over the 

course of 4 years. The two recently 
obtained females have received extensive 
handling in this laboratory for the past 
year. Their prior history is generally 
unknown. However, all four Ss were naive 
with respect to the kinds of apparatus 
employed in learning experiments. 

APPARATUS 
The apparatus employed in SDR training 

was a form board box previously used in 
the study of SDR performances of squirrel, 
owl, and capuchin monkeys (Gossette & 
Slonim, 1969). 

PROCEDURE 
Each S was habituated to confinement 

in the apparatus for about 3 weeks. During 
this period, each S was trained by 
successive approximation to dislodge 
stimulus blocks to obtain approximately 
one-quarter of a large Concord grape'from 
the underlying foodwells. When response 
to the two white round stimulus blocks 
was weil established, with equal training 
given to both block positions, a position 
habit was established, with reinforcement 
provided for responding to the 
nonpreferred position. A criterion 
procedure was employed, with daily 
sessions of 20 noncorrection trials, until 
two or fewer errors were recorded on a 
given day's session. At that point, the 
reinforcement contingencies were reversed 
and training proceeded as before. In this 
fashion, a total of 19 reversals was 
obtained. 

Previous work (Gossette & Feldman, 
1968; Gossette, 1969a, b) has established 
that motivation aI and incentive levels are 
important determinants of SDR 
performance among both birds and 
mammals. In these investigations, low drive 
levels, e.g., 5% to 10% loss of ad lib body 
weigh ts, ten ded to facilitate error 
reduction as contrasted with Ss trained at 
high drive levels, e.g., 25% to 30% loss. To 
facilitate comparison of gibbon 
performance with that of owl, squirreI, and 
capuchin monkeys, previously reported, a 
low-drive condition was assigned to the 
gibbons. However, due to aversiveness of 
weighting procedures to all four gibbons, 
and the absence of alternative procedures, 
it was decided to eliminate weight loss as a 
control for drive level. Instead, each S was 
tested each aftemoon immediately prior to 
its usual feeding period. The food given 
each day was the same in amount and 
variety that had been customary prior to 
experimentation. No restriction was placed 
upon the time permitted to eat the daily 
ration. Typically, all food had been 
eonsumed by the next morning. Thus it 
seems reasonable to helieve that drive level 
for all Ss was minimal. The choiee of 
incentive level was dictated largely by 
intuitive grounds. Since one-eighth of a 
grape had been emploved with the milch 

301 



50 

40 

Squirrel 

Owl 

'" 30 Gibbon .. 
o .. 
..... 
r.l 

Capuchin ------

h,-->/\ 
{\" \ '::.~, \\ , .... , './, ... "-'. ,,/\' ......... . 

\ ~" ',,' ,,' ",., oe A 

\ 
~ ....... "'.... ";;..-' --::-"'1,:.------..... --...... ;, " , 

- ............... '~- .... _.;................, .t' ...., /, 
~ ',- ,,," ....., / , 

',- ---~--~:::.~ .... --.~'> 
'-----,~~~~~---~~~~~-~ 

O~~------~------~~------~~------~ 5 10 15 20 

20 

10 

Problems 

smaller New World monkeys, it was percentage ofTrial 2 correct responses, was 
decided to double the size of the grape c1early inferior, as might be expected from 
reward given to the gibbons. A larger phyletic considerations, as weil as 
ceward was impossible due to the size of comparison of brain indices, to that of 
the foodwells. gorillas, chimpanzees, and orangutans over 

RESULTS ANO DISCUSSION a wide range of age levels. However, gibbon 
The principle SOR response selected for performance was also uniformly inferior to 

al1alysis was the mean total errors across all that of macaques and even that of squirrel 
ZO problems. Table 1 presents the range monkeys. While the age range of the 
and mean of total errors for a11 four macaques tested was appreciable, 2 to 9 
groups. Analysis of these means by years, the squirrel monkeys were at least 9 
K.uskal·Wallis test revealed that years or older, considerably older than 
interspecies performance differences were most squirrel monkeys employed in such 
significant (p < .05). Examination of research. 
individual scores indicates an appreciable While neither the variety nor the range 
overlap of performance of the owls and of taxonomie separation of primate species 
squirrel monkeys as previously reported. that have been sampled by LS 
These two groups also clearly produced the methodology have been equaled as yet 
largest error scores. The capuchins with SOR procedures, it would appear that 
produced the lowest errors, with no the latter is as promising as LS in 
overlap with any ofthe other groups. While generating interspecies performance 
the gibbon mean error score was the differences that are taxonomically 
second lowest, there was a slight overlap meaningfuL While both methodologies 
with owl·squirrel groups, with one gibbon yield the phenomenon commonly called 
producing an error score greater than the "leaming to leam," or a progressive 
lowest scorer among the owl·squirrel Ss. reduction in errors across problems, SOR 
Figure 1 presents mean errors across typically reveals an initial negative transfer, 
problems for all groups. absent most notably in the capuchin data 

The most striking feature of the present described above. Analysis of SOR 
comparisons is the relative inferiority of performances among birds has shown that 
the gibbons. Interestingly, a similar finding it is variation in magnitude of this negative 
has been reported by Rumbaugh (I 968) transfer that is the principle source of 
employing LS methodology. He found that performance differences among species 
gibbon performance on LS, as measured by differing in degree of taxonomie and/or 

Mean 
Range 

302 

Table .. 
Range and Mean of Total Errors Across 20 Spatial Reversal Problems 

.owl 

187.0 
120-:"4 

Squirrel 

221.1 
150-330 

Capuchin 

54.2 
30-75 

Gibbon 

136.3 
100-203 

Fig. 1. Mean error for gibbon and three 
species of New World monkeys aeross 20 
spatial SDR problems. 

phyletic separation (Gossette, in press). To 
some extent this is also true of the primate 
comparisons described above; both owl and 
squirrel monkeys displayed the greatest 
negative transfer. If further sampling of 
primate species with SOR procedures, 
paralleling that a1ready reported with LS, 
demonstrates that SOR generates 
interspecies performance differences as 
distinctive as those arising from LS 
analysis, SOR analysis would appear to 
possess at least two advantages in the 
analysis of vertebrate leaming. For one, 
SOR analysis can be extended over a far 
greater range of taxonomie separation, 
from mammals to fish, possibly extending 
to certain groups of invertebrates. Thus 
more general, comprehensive formulations 
of those dimensions that underlie 
interspecies variation in leaming may be 
feasible. Secondly, the relative simplicity 
of the stimulus controIs provided by SOR 
procedures, as contrasted with the highly 
heterogeneous and variable controls typical 
of LS methodology, would appear to 
greatly simplify the task of experimentally 
isolating these dimensions. At present three 
different attempts to identify these 
dimensions have been proposed: the 
retention decrement (Gonzalez et al, 
1967), the differential extinction 
(Gossette, 1968), and the attention 
(Machintosh, 1969) hypotheses. 

-The similarity of the owl and squirrel 
monkey data suggests a provocative 
question . The taxonomie distance 
hypothesis (Gossette, in press) that has 
emerged from aseries of SOR analyses 
conducted by the author with a variety of 
different mammalian and avian species 
states that similarity of SOR performance 
across species is a function of interspecies 
taxonomie distance. That is, c10sely related 
species will display more similar error 
functions than will more distantly related 
species. Traditional taxonomical practice 
has been to group the squirrel monkeys 
with the capuchins, in the subfamily 
Cebinae (Simpson, 1945). Yet other 
writers (Sanderson, 1957) have argued that 
many points of similarity between the owl 
and squirrel monkeys require the 
reassignment of the squirrel to reflect the 
similarity. To the extent that similarity of 
patterns of leamed behavior may be usefu] 
diagnostic eIues in taxonomy, the 
similarity of SOR performance lends 
support to such realignment. 
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Reciproeal and additive effeets of hyperoneotic 
and hypertonie treatments on feeding and 

drinking in ra ts I 

SIGMUND HSIAO, University cf Arizonq 
Tueson, Ariz. 85721 

Rats were given injeetions of a 
hyperoneotie eolloid andlor a hypertonie 
saline solution. Six hours after the oneotie 
load and 30 min after the osmotie load, 
food alone was presented for 1 h. Rats had 
been deprived of both food and water for 
24 h when food was presented. Six days 
later, the same Ss were given the same 
treatments and given water only for 1 h. 
Results showed that both treatments 
additively inhibited feeding and 
potentiated drin king. Feeding and drinking 
as injlueneed by the eolloid and the saline 
treatments are reciproeally related. 

Thirst and hunger are closely related. In 
ad lib fee ding conditions there is a precise 
temporal relation between fee ding and 
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drinking (Kissileff, 1969) and a positive 
correlation between the size of food and of 
water intake related to a meal (Fitzsimons 
& Le Magnen, 1969). Limiting food in take 
re duces drinking proportionally to the 
amount eaten (Hsiao & Pertsulakes2), and 
rationing water or deterring water intake 
by quinine reduees food in take 
proportionally to the amount drunk 
(Collier & Levitsky, 1967; Hsiao & Lloyd, 
1969). Water injeetion in thirsty rats 
reduces drinking but inereases fee ding 
proportionally to the amount injected 
(Hsiao & Trankina, 1969). Thus, thirst 
inhibits feeding, feeding induees drinking, 
an d , eonversely, reduetion in thirst 
potentiates fee ding in rats. 

Inerease in drinking can be indueed by 
injeetions of hypertonie saline (e.g., Corbit, 
1969), hyperoneotic eolloid (Stricker, 
1966), or by hemorrhage (Fitzsimons, 

1961). Thirsts indueed by hypertonie and 
hyperoneotic treatments or hemorrhage are 
additive to potentiate drinking (Corbit, 
1968; Fitzsimons & Oatley, 1968). 

Since (1) fee ding and drinking are 
reciproeally related, and (2) hypertonie 
and hyperoncotie treatments add to 
potentiate drinking, it is expected that 
these treatments also add to inhibit 
fee ding. This study investigated hypertonie 
saline and hyperoneotic colloid treatments 
on fee ding and drinking. 

SUBJECTS AND APPARATUS 
The Ss were 24 female Wistar rats, about 

180 days old, weighing from 210 to 291 g. 
They were housed individually in a 
eonstantly illuminated laboratory at a 
temperature of 22°.23°C; hurnidity varied 
from 38% to 42%. A IOD-mI graduated 
tube with metal tip was mounted on eaeh 
horne cage and used to measure water 
intake. Food intake was measured by use 
of a 250 ml glass beaker fastened at a 
corner of eaeh eage. Powdered Purina Lab 
Chow was introdueed into the beaker for 
fee ding. F ood spillage was minimal because 
rats ate with their heads inside the beakers. 
Food intake was read to the nearest 0.1 g 
and water intake to the nearest 1 ml. 

PROCEDURE 
The Ss were adapted to a schedule of 

I-day total deprivation and I-day 
feeding-drinking for 8 days. On 
feeding·drinking days, food alone was 
presented for 1 h followed by water only 
for 1 h before both food and water were 
given for 22 h. By the eighth day of the 
adaptation period, body weight, food 
intake, and water intake had beeome stable 
and the experiment was begun. Ss were 
divided into four groups of six Ss each, 
equated aceording to their loh food intake 
measures. 

Experiment 1 
All Ss were deprived of food and water 

for 24 hand were given food only for 1 h 
to measure intake. Six hours before the 
food presentation, eaeh S in Groups 1 and 
3 was given a subeutaneous (backskin 
behind the neck) injection of a 
hyperoncotic colloid which was 5 ml of 
10% (w/v) polyethylene glycol (PG) 
(molecular weight = 20,000) dissolved in 
iso tonic saline. Groups 2 and 4 were 
similarly injected with 5 rn1 of iso tonic 
saline vehicle. Ss were lightly etherized 
be fore these injeetions. Thirty rninutes 
before the food presentation, eaeh S in 
Groups 1 and 2 was given an 
intraperitoneal injeetion of 3 ml of 1 M 
NaCI solution. Groups 3 and 4 were given 
sham injeetion with needle puncture only. 
This was a 2 by 2 factorial design in whieh 
Group 1 received both hyperoneotic and 
hyperosmotie loads, Group 2 received 
hyperosmotic load only, Group 3 reeeived 
hyperoneotic load only, and Group 4 
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