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Many researchers have suggested that most daily prob-
lems marine mammals have to face in the wild, such as 
navigation on the high seas, predator avoidance, recog-
nition of mating partners, and selecting, locating, and 
hunting palatable prey, might be solved more efficiently 
using concepts (see, e.g., Kastak & Schusterman, 1992). 
Concepts are mental representations of classes that help 
organisms navigate through the maze of ever-changing 
stimuli in the world (Domjan, 1998) by promoting cogni-
tive economy (Rosch, 1978). On the basis of abstraction 
and generalization, animals may form absolute or abstract 
concepts about their specific environment (Rensch, 1973) 
that may facilitate and hasten necessary decisions, and 
thus help them survive. The effects of information pro-
cessing and decision making on survival, and thus on 
animal fitness, are a central issue of cognitive ecology, 
an approach that brings cognitive science and behavioral 
ecology together (Dukas, 1998; Healy & Braithwaite, 
2000; Real, 1993). Cognitive ecology both addresses ul-
timate questions about the optimal design of, constraints 
on, and function of cognitive traits, and generates hypoth-
eses on related factors, such as the mechanisms underly-
ing acquisition and manipulation of information. Viewed 
from the cognitive ecology perspective, the numerous 
studies on marine mammal cognition in general and on 
their capabilities to form concepts in particular (for re-

views, see Mobley & Helweg, 1990; Renouf, 1991; Roit-
blat, 1987; Schusterman, 1981; Schusterman & Kastak, 
2002; Schusterman, Reichmuth Kastak, & Kastak, 2002; 
Schusterman, Thomas, & Wood, 1986) may provide valu-
able results indicating which psychological processes 
and mental representations marine mammals have devel-
oped to survive in their aquatic environment. However, 
although some of the concepts found up to now in marine 
mammals (such as equivalence; Schusterman, Reichmuth, 
& Kastak, 2000) have been explained in terms of probable 
increases in fitness within the marine environment, others 
(such as symmetry; von Fersen, Manos, Goldowsky, & 
Roitblat, 1992) have been considered to have no obvious 
evolutionary advantage.

Although the marine environment seems rather unstruc-
tured, at least with respect to visual cues, and concrete ap-
plication scenarios in the wild seem difficult to conceive, 
the ability to discriminate “same” versus “different” has 
been mentioned, along with other abstract concepts, as 
being potentially helpful for marine mammals (Kastak & 
Schusterman, 1992). In fact, the capability to form the 
corresponding concepts “identity” and “oddity” is proba-
bly the most tested conceptualization in marine mammals. 
These concepts are considered abstract because an animal 
has to discriminate objects on the basis of their relations to 
one another rather than on the basis of the presence or ab-
sence of some particular feature in the individual object. 
In the experimental context, the term identity concept thus 
refers to the animal’s ability to match like with like in an 
appropriate experimental paradigm.

The formation of a concept of sameness (or of oddity) 
has often been tested using the matching-to-sample pro-
cedure (a special variant of the conditional discrimination 
task; Schusterman & Kastak, 2002), which is also the basic 
experimental paradigm for many other cognitive tasks 
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Identity concept formation was tested in a harbor seal using a visual multiple-choice matching-to-
sample task. The seal was first trained on a two-alternative matching task. After criterion (�80% cor-
rect choices in two successive sessions) was reached with two sets of two stimuli (Figure 3, Blocks A 
and B), stimulus sets were enlarged to six objects (Blocks C–G). After the seal reached criterion imme-
diately with two successive sets (Blocks F and G), multiple-choice matching was introduced, first using 
stimulus sets of four familiar objects (Blocks H–M). After the seal reached the criterion immediately 
with two successive sets (Blocks L and M), completely new objects were used in two further stimulus 
sets (Blocks N and O). The seal immediately applied the matching rule in all four sessions (�80% cor-
rect choices). In two further sessions with problems composed of all 38 familiar stimuli, the seal again 
reached the criterion (Block P). In the final, transfer session, 20 new problems were composed of 80 
unknown stimuli (Block Q). The seal immediately applied the matching rule in these one-trial tests, 
showing that harbor seals can conceptualize complex visual information.
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(see, e.g., Mauck & Dehnhardt, 1997; Stich, Dehnhardt, 
& Mauck, 2003). In this task, the animal’s choice be-
tween two or more comparison stimuli is contingent on 
a sample stimulus presented either simultaneously with 
or before the comparison stimuli. In marine mammals, 
the matching procedure has been used both in auditory/
echolocation tasks (Harley, Roitblat, & Nachtigall, 1996; 
Herman, Pack, & Hoffmann-Kuhnt, 1998; Pack & Her-
man, 1995) and in visual tasks with bottlenose dolphins 
(Herman, Hovancik, Gory, & Bradshaw, 1989; Mercado, 
Killebrew, Pack, Mácha, & Herman, 2000) or California 
sea lions (Kastak & Schusterman, 1994; Pack, Herman, 
& Roitblat, 1991). However, although evidence for this 
kind of concept formation has been a matter of some con-
troversy even for these two well-studied species (Kastak 
& Schusterman, 1992; Schusterman & Kastak, 1995), the 
few studies performed with other marine mammals up to 
now have failed to show reliable performance in either 
a conditional discrimination or matching procedure, and 
consequently have not presented evidence of concept for-
mation. By training two harbor seals on spatial and visual 
matching-to-sample tasks, Renouf and Gaborko (1988, 
1989) could not establish performance significantly dif-
ferent from chance level in the visual tasks. This dissocia-
tion in seals’ ability to form spatial and visual concepts 
has been mainly attributed to ecological reasons, in that 
spatial information may be unusually important for this 
species, and the visual matching-to-sample paradigm 
might not be an appropriate vehicle for the demonstration 
of a sameness concept.

However, since harbor seals inhabit the same marine 
environment as sea lions and dolphins, it seems difficult to 
conceive why ecological reasons should be responsible for 
this species not being capable of visual concept formation 
(see also Hanggi & Schusterman, 1995). Furthermore, 
although the practical benefits of a visual identity con-
cept in the wild are not really compelling, the capability 
of detecting equality or inequality relations among events 
of diverse natures is generally considered an essential pre-
requisite for several forms of reasoning (Delius, 1994). 
Thus, an identity concept formation capability might in 
fact simply be indicative of a highly developed informa-
tion processing system, and it might only be a question 
of choosing appropriate methods for showing identity 
concept formation. In fact, Hanggi and Schusterman con-
cluded from their results that the standard methods used in 
teaching conditional discrimination, which are successful 
with sea lions, are not appropriate for harbor seals. In-
terestingly, these authors supposed that their harbor seal 
might have performed better if it had been given more 
than two choices in the matching task. Sidman (1987) had 
already suggested that two choices are not enough, be-
cause a subject’s high performance (75% correct choices 
or higher) could be attained not by choosing correctly on 
the basis of an appropriate stimulus but by exclusion, or 
even by biasing to one key position. On the other hand, 
using three or more comparison stimuli—one correct and 

two or more incorrect—fosters selection by choice, not 
by exclusion. Exclusion would require the subject to learn 
two or more relations, whereas choosing on the basis of 
the correct stimulus would require only one.

By using more appropriate methods, such as a multiple-
choice matching task, we might expect to show the ca-
pability of identity concept formation in some animal 
species that have been assumed to be incapable of this 
conceptualization. Therefore, we tested whether a harbor 
seal could perform a visual multiple-choice matching task 
at a level indicative of identity concept formation.

METHOD

Test Animal
The study was conducted with a 4-year-old male harbor seal 

(Phoca vitulina vitulina) named Malte at our Marine Mammal Re-
search Lab at Cologne Zoo, Germany. Malte had been a subject in 
a study on hydrodynamic trail following but was experimentally 
naive concerning visual tasks. The seal was born in captivity and was 
housed with 8 other harbor seals in a spacious enclosure consisting 
of two interconnected pools with a total volume of about 1,000 m3 of 
fresh water and adjacent land parts. Malte was fed 2–5 kg of freshly 
thawed cut herring supplemented with vitamins; about half of the 
seal’s daily diet was fed during the experiments. Experiments were 
typically conducted 5 days per week, and the seal experienced rou-
tine food deprivation of 12–18 h between the last feeding in the late 
afternoon and the next day’s experiments. During experimental ses-
sions, Malte was separated from the other seals.

Apparatus and Procedure
The test apparatus was designed for the presentation of three-

dimensional stimuli (toys and junk objects; see Figures 1A and 1B) 
in a matching-to-sample procedure. These objects were diverse with 
respect to such parameters as size, shape, color, material, surface 
texture, and orientation. The 20 objects used as correct stimuli in the 
one-trial transfer tests of Block Q (marked by asterisks in Figure 1B) 
did not share any systematic parameter (e.g., a common brightness, 
size, or other quality) that would allow the application of simple 
stimulus generalization rules. The apparatus was installed at the 
edge of a pool, and the seal could easily approach it by swimming in 
the shallow water in front of the apparatus (Figure 2). The upper part 
of the apparatus consisted of a slightly inclined metal frame holding 
an opaque PVC plate (2 � 2.5 m) that allowed the experimenter 
to hide from the seal’s sight in order to avoid giving any uninten-
tional cues. During trials, the seal could be observed in a mirror 
installed behind it on the wall next to the apparatus. In the lower part 
of the apparatus, a box was installed with three windows covered 
by metal shutters running side by side. The shutters could be raised 
and lowered manually by the experimenter using a pulley system 
fixed to the upper frame. The central shutter could be moved inde-
pendently of the side shutters. Behind the shutters, stimuli mounted 
on thin rods could be placed equally distant from each other in short 
metal tubes. In the two-alternative matching-to-sample task, one 
comparison stimulus was placed on each side of the sample, which 
was presented at the central position. For multiple-choice matching, 
two comparison stimuli were presented on each side of the sample. 
In front of the apparatus, a hoop station for the seal was installed in 
order to ensure that the seal would keep a constant distance of 1 m 
from the apparatus when stimuli were presented.

At the beginning of a trial, the stimuli were mounted behind the 
three windows of the apparatus, starting always from the left side, 
and the experimenter stood behind the apparatus in order to avoid 
giving the animal any cues. The seal was allowed to move freely in 
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the pool between trials. Stepping beside the apparatus, the experi-
menter then gestured the seal to position its head in the stationing 
hoop facing the apparatus. As soon as the animal reached its position 
in the stationing hoop, the experimenter hid again behind the appara-
tus; from now on, the seal was observed using the observation mir-
ror. A trial was started by the experimenter raising the central shutter, 
whereupon the sample became visible in the middle of the apparatus. 
After the sample had been shown for 5 sec, the experimenter raised 
both side shutters, thereby presenting the comparison stimuli (two 
comparison stimuli in two-alternative matching, four in multiple-
choice matching). Only one of the comparison stimuli was identical 
to the sample object. The appearance of the comparison stimuli was 
the signal for the seal to choose. After leaving the hoop, the animal 
had to approach the apparatus (see Figure 2) and press its snout first 
against the sample and then against one of the comparison objects. 
The seal was rewarded for responding to the stimulus matching the 
sample. Correct choices were rewarded with pieces of cut herring; 
there was no punishment for incorrect choices.

Stages of the Study
Since the animal was experimentally naive concerning visual 

tasks, it had to get acquainted both with the experimental procedure 
and with the matching task. For this reason, the study was subdi-
vided into three stages—namely, two-alternative matching, multiple-
choice matching, and final transfer testing in a session composed of 
problems with stimuli that appeared for one trial only (see Table 1).

Throughout the experiment, the position of the correct comparison 
stimulus (S�) and the number of trials in which each of the objects 
was used as the correct and as an incorrect (S�) comparison stimu-
lus were balanced over a session. The objects used as S� and S� 
were also balanced over a session, and the sequence in which objects 
appeared as S� and S� followed a pseudorandom schedule (Gel-
lerman, 1933). The learning criterion was defined as �80% correct 
choices in two successive sessions (χ2 test, p � .001, for all numbers 
of trials per session), but to further establish the seal’s performance 
during acquisition or to increase the seal’s motivation, more sessions 
were allowed after the animal had reached the criterion.

During the first experimental stage, a two-alternative matching 
task was trained (Figure 3, Blocks A–G, and Table 1). In the first two 
blocks of sessions (A and B), the seal had to perform the matching 
task with only two objects in each block. The first five sessions of 
Block A consisted of 50 trials, but because of the seal’s poor motiva-

tion, especially at the end of a session, this was reduced to 40 trials 
for the remaining sessions of Block A and for Block B.

During the next five blocks of sessions (C–G), the seal had to master 
the two-alternative matching procedure with stimulus sets of six new 
objects (except for Block D, where—because of poor motivation—
only two new objects were presented, together with four familiar ob-
jects). Objects were presented in 60 trials per session. These trials 
covered all possible combinations of sample and comparison stimuli 
and of the respective positions of S� and S� (left vs. right).

During the second experimental stage, multiple-choice matching 
with four objects was introduced (Figure 3, H–P; also used in final 
transfer test Q). In a four-alternative matching procedure, the sub-
ject’s probability to choose correctly by chance is only .25. Although 
this also reduced the statistic criterion for performance significantly 
different from chance (39.58% correct choices for 96 trials in Blocks 
H–O, 53.33% for 30 trials in Block P, and 60% for 20 trials in Block 
Q; significance level of p � .001, χ2 test), we nevertheless decided 
to maintain the learning criterion of �80% correct choices in two 
successive sessions. In Blocks H–M, problems in each block were 
composed using stimulus sets of four objects already known to the 
seal from the two-alternative matching. Objects were presented in 96 
trials for each session. Again, these trials covered all possible combi-
nations of sample stimulus and the positions of the four comparison 
stimuli (one S� and three S�).

In Blocks N and O, two sets of four new objects were introduced. 
Composition of the sessions, number of trials, and sequence of the 
problems were as described for Blocks H–M.

Block P consisted of two sessions meant as a preparation for the 
final transfer test, which would involve a large set of new stimuli. 
Thus, to get the seal used to a large pool of stimuli, all 38 familiar 
objects were used in Block P. However, to avoid presenting these 
already familiar stimuli too often, only 30 trials were performed 
per session. From the pool of all possible combinations of objects 
as S� and S� and all positions of the four comparison stimuli (one 
S� and three S�), problems were chosen following a pseudoran-
dom pattern.

In the final transfer test (Block Q), 80 new objects were introduced 
in a session of 20 problems. Each problem consisted of two identical 
objects (the sample stimulus and correct comparison stimulus S�) 
and three other objects that neither resembled the sample nor each 
other (incorrect comparison stimuli S�). All objects were unfamil-
iar to the seal and were used only once (one-trial problems).

Figure 1A. Stimuli used in Blocks A–P of the study (not to scale).
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RESULTS

Since the seal was used to basic conditioning tech-
niques, it learned the basic experimental procedure (sta-
tioning in the hoop, approaching the apparatus, and touch-
ing the objects with its snout) with little difficulty.

Trials were mostly completed within about 30 sec, dur-
ing which the seal approached the apparatus, touched the 
sample with its snout, and chose one of the comparison 
stimuli shortly after. Sometimes the seal showed vicari-

ous trial-and-error behavior by looking to and fro between 
the comparison stimuli and only then making a choice by 
touching one of the stimuli with its snout. The seal was 
never observed turning around to look in the mirror to de-
tect cues unintentionally given by the experimenter; rather, 
the seal ignored the existence of the mirror. Between tri-
als, the seal normally swam around in the pool, only ap-
proaching the experimental setup when it was called.

During the first experimental stage (two-alternative 
matching; Figure 3, Blocks A–G), the seal reached the cri-

Figure 1B. The 80 new stimuli used in Block Q (transfer test with one-trial prob-
lems; not to scale). Objects used as the sample stimuli are marked with asterisks; the 
three objects to the right of each sample were its noncorrect comparison stimuli. Note 
that some of the bright objects are photographed against a dark background, which 
was not part of the stimulus.
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terion with the first two objects within 10 sessions (Block 
A), but it needed 21 sessions to reach the criterion when 
two new objects were introduced (Block B).

In the following five blocks of sessions (C–G), the seal 
had to master the two-alternative matching procedure with 
stimulus sets of six objects. In the fourth and fifth of these 
blocks (F and G), the seal reached �80% correct choices 

with sets of completely new stimuli in the first session and 
maintained this performance in the second session.

In the second experimental stage (Figure 3, Blocks H–P), 
the task was changed to multiple-choice matching with 
four objects. In Blocks H–M, problems were composed 
using stimulus sets of four familiar objects in each block. 
The seal reached �80% correct choices in the very first 

Figure 2. Schematic drawing of the experimental setup. Here, the multiple-choice match-
ing setup is shown (two comparison stimuli on each side of the sample stimulus). For the 
two-alternative matching task, only one comparison stimulus was mounted on each side of 
the sample stimulus.

Observation mirror installed
at the wall next to the apparatus

Pulley system

Front panel

Movable shutters

Stationing
hoop

Sample stimulus

Comparison stimuli

Seal

Table 1
Experimental Stages of the Study

Block
Number

of Choices
Number

of Stimuli
Number

of Sessions
Number of 

Trials/Session
% of Correct Choices for 
Significant Performance*

Learning
Criterion (%)

A 2 2 new 11 50 or 40 77.50 80
B 2 2 new 22 40 77.50 80
C 2 6 new 10 60 71.67 80
D 2 6 partly new 4 60 71.67 80
E 2 6 new 3 60 71.67 80
F 2 6 new 3 60 71.67 80
G 2 6 new 2 60 71.67 80
H 4 4 familiar 17 96 39.58 80
I 4 4 familiar 7 96 39.58 80
J 4 4 familiar 5 96 39.58 80
K 4 4 familiar 3 96 39.58 80
L 4 4 familiar 2 96 39.58 80
M 4 4 familiar 2 96 39.58 80
N 4 4 new 2 96 39.58 80
O 4 4 new 2 96 39.58 80
P 4 38 familiar 2 30 53.33 80
Q  4  80 new  1  20  60.00  80

*According to chi-square test (p � .001).
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session in Blocks L and M and maintained this perfor-
mance in each second session.

With sets of four new objects in Blocks N and O, the 
seal reached �80% correct choices in each first session 
and maintained this performance in the second session.

In Block P (38 familiar objects), the seal also showed 
performance of �80% correct choices in both sessions.

In the final transfer test (Block Q), the seal immediately 
applied the matching rule to the 80 new stimuli (80% cor-
rect choices, χ2 test; χ2 � 32.3, p � .001).

DISCUSSION

The Seal’s Performance During the Study
Although experimentally naive concerning visual tasks 

and cognitive test paradigms, our seal learned the match-
ing procedure with little difficulty. It steadily increased 
its performance in the first block with two objects and 
mastered the discrimination within 10 sessions (450 tri-
als). Performance with these first two objects already in-
dicated that our harbor seal would learn visual discrimina-
tion tasks on an efficiency level similar to the one known 
from studies with California sea lions. In a study on men-
tal rotation using an identity matching procedure, it took 
our sea lion 10 sessions to learn the initial discrimina-
tions between two stimuli (240 trials to criterion; Mauck 
& Dehnhardt, 1997). In a study by Pack et al. (1991), the 
performance of a California sea lion with the first three 
stimuli used during the acquisition stage of a matching 
experiment increased within the first 24 sessions (503 tri-
als), but the sea lion only reached the defined criterion 
after the third stimulus was eliminated from the object 

pool in an additional 269 trials. In contrast, most harbor 
seals tested in visual cognitive tasks up to now have per-
formed clearly more poorly. Both harbor seals used in Re-
nouf and Gaborko’s (1988) study did not reach the second 
training stage after 24 and 23 sessions, respectively (i.e., 
totals of 1,800 and 1,725 trials). On the best 30 trials, the 
performance of these seals was 57.4% and 56.9% cor-
rect choices, respectively, and neither seal showed any 
evidence of improvement. However, some harbor seals 
do finally succeed in basic discrimination tasks, although 
with obvious difficulties. In a follow-up study by Renouf 
and Gaborko (1989), one harbor seal seemed unable to 
learn a black/white discrimination in a matching task, but 
the other seal needed 19, 15, 20, 4, and 7 sessions (50 tri-
als each) to reach the criterion of 90% correct choices in 
the best 30 trials for the five successive tasks (i.e., 950, 
750, 1,000, 200, and 350 trials, respectively). The harbor 
seal tested by Hanggi and Schusterman (1995) in a condi-
tional discrimination paradigm reached the criterion with 
the first two sample/comparisons only after 2,720 trials 
(68 sessions, 40 trials each).

In the second block of sessions of the present study 
(Block B), our harbor seal needed 21 sessions (840 trials) 
to reliably perform the matching procedure with two new 
objects, which is in the same order of magnitude as the 
learning progress of our sea lion during the application 
of the matching-to-sample procedure to the first mirror-
image discriminations (Mauck & Dehnhardt, 1997). Dur-
ing the initial blocks (A and B) of the present study, our 
harbor seal certainly used absolute stimulus parameters 
for discriminating the objects rather than identity relations 
between sample and comparison stimuli. During the fol-

Figure 3. Learning curves of our harbor seal. (Blocks A–G) Performance in experiments with two-
alternative matching. (Blocks H–Q) Performance in experiments with multiple-choice matching. Stimulus 
numbers used in each block are given in the insert and refer to the stimuli shown in Figures 1A and 1B. 
Open symbols represent sessions with completely new stimuli, and filled symbols represent sessions with 
stimuli at least partly familiar to the seal.
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lowing blocks of sessions (C–G), we presented our harbor 
seal with stimulus sets of six new objects (except in Block 
D, which included the stimuli already used in Blocks A 
and B). Here, the seal might have started to apply some 
kind of identity rule instead of using another strategy to 
solve the matching task, such as merely learning absolute 
stimulus parameters or perhaps forming simple if . . . then 
rules, because performance increased from block to block 
insofar as the number of sessions to criterion decreased 
(10, 4, 3, 3, and 2 sessions, respectively). This could be 
explained with Harlow’s (1949) sense of the term learn-
ing set as “learning to learn,” used to indicate that animals 
not only learn how to respond appropriately to individual 
problems but also can learn about the more general na-
ture of problems and how to solve them efficiently (cf. 
Schusterman et al., 2002). Although a level of more than 
80% correct choices was reached immediately in the first 
session of Block G, and although the comparatively large 
number of stimuli introduced in this experimental stage 
(26 new objects) could have facilitated concept formation 
by this point, we nevertheless cannot exclude the possibil-
ity that the seal learned from the first few errors in a ses-
sion (60 trials were conducted per session) and succeeded 
in the following trials on the basis of either exclusion or 
absolute stimulus parameters (for discussions of exclu-
sion, see Kastak & Schusterman, 1994; Schusterman, 
Gisiner, Grimm, & Hanggi, 1993).

The change in experimental design to multiple-choice 
matching in Blocks H–Q clearly had a negative effect 
on the seal’s performance, since the learning criterion in 
Block H was reached only after 17 sessions, in spite of the 
use of objects already familiar to the seal from the two-
alternative matching. However, as it did during Blocks 
C–G, our seal mastered the new kind of matching proce-
dure in a rather quick learning process, indicated by the 
steadily decreasing numbers of sessions necessary for 
reaching the criterion during Blocks I–M (7, 5, 3, 2, and 
2 sessions, respectively). The seal’s final performance, 
reaching the criterion immediately in the first two ses-
sions of Blocks L and M, was in no way impaired when 
completely new objects were introduced in Blocks N and 
O. Although the seal might have already been applying 
a concept-like rule during these blocks, we conducted a 
final transfer test with one-trial problems to exclude any 
other explanation than the formation of a sameness con-
cept. In fact, it has been repeatedly stated that to prove a 
generalized matching concept, a sufficiently large sample 
size of first-trial data is necessary (Kastak & Schusterman, 
1992; Oden, Thompson, & Premack, 1988; Schusterman 
& Kastak, 1993; Thomas & Noble, 1988). In preparation 
for this final transfer test, we conducted two sessions with 
problems composed of all 38 familiar objects. The seal’s 
performance of �80% correct choices in both sessions 
was considered a good basis for the final transfer test.

The seal’s performance of 80% correct choices in this 
transfer test of 20 problems composed of 80 unfamiliar 
objects demonstrates formation of a sameness concept. 
It would be difficult to conceive that any solution to the 

matching task other than a sameness concept could ex-
plain both the highly significant performance of our seal 
(80% correct choices) as well as the remaining 20% of 
errors. The 80 test objects were sufficiently diverse across 
physical parameters such as size, shape, color, surface tex-
ture, and orientation to exclude stimulus-specific cuing. 
The 20 objects used as correct stimuli in the one-trial tests 
did not share any systematic parameter (e.g., a common 
brightness, size, or other quality) that could have been 
used as a cue. Such a cue would have to have been present 
in the 16 objects correctly chosen by our seal (or at least in 
a sufficiently large number of them to make the remaining 
correct choices possible by chance) but absent in the com-
parison objects. In addition, given that the stimuli were 
completely new, such a cue would have to have been easily 
detectable within a few trials of trial and error in order to 
make the task still solvable while maintaining 80% correct 
choices in the test session. These restrictions seem rather 
implausible.

Thus, our results show that harbor seals are capable of 
processing complex visual information on a conceptual 
level, adding the harbor seal to the list of species that have 
shown concept learning (for reviews, see, e.g., Roitblat 
& von Fersen, 1992; Thompson, 1995; Wright, Santiago, 
Urcuioli, & Sands, 1983).

Some Implications of the Results for Concept 
Formation in Marine Mammals

The difficulties of showing visual concept formation in 
harbor seals, as found by Renouf and Gaborko (1988, 1989), 
have been assigned to either the seals’ failure to grasp the 
concept of sameness or the idea that the matching-to-sample 
paradigm might not be an appropriate vehicle for the dem-
onstration of such a conceptualization. Similarly, Hanggi 
and Schusterman (1995) concluded that the standard 
methods of training conditional discriminations, which 
are successful with sea lions, might not be appropriate for 
harbor seals. These authors suggested that methods should 
instead be used that address the behavioral and ecologi-
cal characteristics of this species. This kind of ecological 
argumentation, which classifies harbor seals as spatially 
adapted cognitive multimodalists capable of concept for-
mation primarily if more than one sensory channel is in-
volved, resembles some interpretations of early dolphin 
cognition studies. Because of the remarkable development 
of their hearing and sound-production systems and be-
cause the underwater world favors sound as an informa-
tion or communication channel, dolphins were classified 
as acoustic specialists, and many early cognitive studies 
were done with respect primarily to the auditory sense 
(for a review, see Schusterman et al., 1986). However, 
Herman (1990) reported that dolphins are capable of rea-
sonably good performance in visual cognitive tasks, thus 
correcting his earlier classification that the visual system 
of these marine mammals is constrained to serve environ-
mental—rather than cognitive—function (Herman, 1980). 
In fact, more recent studies have shown that dolphins are 
also capable of some visual and cross-modal concept for-
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mation (see, e.g., Harley, Putman, & Roitblat, 2003; Har-
ley et al., 1996; Harley, Xitco, & Roitblat, 1995; Herman 
et al., 1989; Mercado et al., 2000).

It has been stated that poor performance of test animals 
during acquisition of discrimination tasks can be due to 
obvious conflicts between the experimental paradigm and 
the animal’s natural behavior (Harrison, 1992). Similarly, 
and as in studies that sought to demonstrate identity con-
cept formation in sea lions (Kastak & Schusterman, 1994; 
Pack et al., 1991), our harbor seal did not spontaneously 
apply an identity concept, but showed concept formation 
only after extensive training and repeated introduction of 
new stimulus sets. Nevertheless, our present results show 
that no conflict exists between visual identity matching 
and the sensory and cognitive adaptations of harbor seals to 
their aquatic environment. Moreover, our use of a multiple-
choice matching task certainly fostered the seal’s choos-
ing based on the appropriate stimulus and not on exclu-
sion or some other strategy that hindered the formation of 
a generalized identity concept (cf. Sidman, 1987).

However, although the conditions required for experi-
mental evidence of identity concept formation (i.e., the 
conditionality and similar history of stimuli and a suf-
ficiently large sample size of first-trial data; see, e.g., 
Kastak & Schusterman, 1992; Schusterman & Kastak, 
1995) were met in the present examination, these condi-
tions are in fact not very likely to occur in the wild. This 
lack of a natural application for concepts in an animal’s 
environment might also lead to the difficulties that have 
been encountered during some experiments. It has been 
suggested that the most appropriate methods for study-
ing animal cognition are those derived from the natural 
context, where the cognitive competence of interest is 
most likely to yield a fitness advantage for a particular 
species (Delius, 1994). It is therefore interesting to specu-
late about the adaptive value of an identity concept in the 
marine environment.

Assuming that a phylogenetically more primitive—and 
more ancient—familiar–novel discrimination is the natu-
ral antecedent of same–different conceptualization, Delius 
(1994) also mentioned some evolutionary selection pres-
sures that might take the competence of identity–oddity 
recognition to a more advanced stage. For example, a 
predator’s foraging success hunting gregarious prey could 
be enhanced by detecting slightly aberrant (i.e., ill or other-
wise weak) individuals; this detection could be performed 
on the basis of a same–different discrimination. However, 
harbor seals, like many other marine mammal species, 
are known to be prey generalists, feeding on a variety of 
both pelagic and benthic prey. Thus, the strategy described 
above could be advantageous for only a portion of their 
prey spectrum. To our knowledge, the foraging strategies 
of harbor seals hunting swarm fish such as herring have 
not been described in detail (for reviews of marine mam-
mal feeding ecology, see Bowen, Read, & Estes, 2002). 
However, it does not seem very likely that separating and 
hunting down individual aberrant fish from the swarm 
would be an efficient strategy for seals, primarily for two 
reasons. First, in contrast to the body size relationship 

between some cooperatively hunting terrestrial predators 
and their comparatively large prey species, most potential 
prey fish are of rather small size, resulting in the need to 
capture many prey fish, not only single weak individuals. 
Second, the three-dimensional environment underwater 
allows all degrees of freedom for prey fish to escape when 
separated from the swarm, which would rather limit the 
chances of a predator to be successful. Indeed, it has been 
observed that marine mammals try to concentrate whole 
schools of fish near the water surface, where escape is 
more difficult, or to chase fish onto mud banks to capture 
them. Thus, there seems to be no obvious adaptive value 
for foraging seals in applying an identity–oddity concept 
to the detection of aberrant individuals.

Of course, it should be expected that other ecological 
applications of an identity–oddity concept could result in 
a fitness increase for marine mammals, but another inter-
pretation should at least be taken into consideration. An-
other psychological twin phenomenon has been thought to 
be of adaptive value with respect to this particular visual 
environment—mental rotation and rotational invariance. 
Although this matter still seems unresolved as well, there 
is some evidence that the special demands of the marine 
environment may have only slightly modified, rather than 
completely changed or even eradicated, the ancient way of 
visual information processing that had probably already 
evolved in the terrestrial ancestors of marine mammals 
(Mauck & Dehnhardt, 1997; Stich et al., 2003). Likewise, 
as a nearby psychological descendent of the phylogeneti-
cally ancient capability to conceptualize familiarity and 
novelty, the capability to form an abstract concept of 
sameness might simply be indicative of a highly devel-
oped information processing system, and the generally 
resulting cognitive economy in decision processes could 
be adaptive per se. Using an appropriate method such as a 
multiple-choice matching, the capability to conceptualize 
identity or oddity could be experimentally demonstrable 
both in other marine mammal species—simply because 
there was no need to select against this trait in the marine 
environment—as well as in other animals that have been 
assumed incapable of this conceptualization.
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