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Abstract Object categorization is an important cognitive
adaptation, quickly providing an animal with relevant and
potentially life-saving information. It can be defined as the
process whereby objects that are not the same, are none-
theless grouped together according to some defining fea-
ture(s) and responded to as if they were the same. In this
way, knowledge about one object, behavior or situation can
be extrapolated onto another without much cost and effort.
Many vertebrates including humans, monkeys, birds and
teleosts have been shown to be able to categorize, with
abilities varying between species and tasks. This study
assessed object categorization skills in the gray bamboo
shark Chiloscyllium griseum. Sharks learned to distinguish
between the two categories, ‘fish’ versus ‘snail’ indepen-
dently of image features and image type, i.e., black and
white drawings, photographs, comics or negative images.
Transfer tests indicated that sharks predominantly focused
on and categorized the positive stimulus, while disregard-
ing the negative stimulus.

Keywords FElasmobranch - Behavior - Cognition -
Learning - Visual discrimination

Introduction

The ability to place objects or items into discrete mental

units which are treated equivalently is called categorization
(Mervis and Rosch 1981). In the process, similarities
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among various objects and items are recognized and cate-
gories constructed that symbolize shared features (Spinozzi
1996). To be able to categorize is an essential skill for
many invertebrate and vertebrate species when distin-
guishing between and identifying prey, predators, conspe-
cifics or heterospecifics and for behaviors such as
identifying new objects, solving problems and obtaining
environmental information (Spinozzi 1996; Smith 2014). It
is therefore one of the most basic ways to organize
knowledge (Smith and Medin 1981). Usually, there are
countless ways in which to categorize objects; for example,
a shark could be categorized as a predator, a fish or an
animal, as dangerous or scary or according to its scientific
family, to name just a few (Richler and Palmeri 2014). It is
obvious from this one example that categorization can
include several different abstraction levels, natural as well
as artificial ones.

A wide range of experiments has already been performed
on categorization abilities of humans, primates and birds (for
a review see Smith et al. 2012a, b; Smith and Minda 1998;
Berg et al. 2014). Birds were the first non-human animals to
be assessed in this respect (e.g., Lubow 1974; Aust and
Huber 2001; Cook and Smith 2006; Berankova et al. 2014,
Castro and Wasserman 2014). In one of the pioneering
experiment, pigeons (Columba livia) were trained to dis-
tinguish between the presence and absence of humans on
photographs and pecked for reinforcement only when pro-
vided with the former (Herrnstein and Loveland 1964).
More recently, different levels of categorization, such as
classifications based on basic (e.g., categories such as ‘cars’,
‘chairs’, ‘flowers’ or ‘humans’) and superordinate (e.g.,
categories such as ‘natural’ or ‘artificial’) levels (Lazareva
et al. 2004) as well as many others (e.g., Huber 2001) fol-
lowed. Studies on primates began in the 1980s, primarily on
Macaques (Macaca mulatta, Macaca fuscata) (Yoshikubo
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1985; Murai et al. 2004; Basile and Hampton 2013), squirrel
monkeys (Saimiri sciureus) (Philips 1996), capuchin mon-
keys (Cebus apella) (D’ Amato and Van Sant 1988; Spinozzi
et al. 2004; Smith et al. 2012a), baboons (Papio anubis)
(Bovet and Vauclair 1998) and chimpanzees (Jitsumori and
Matsuzawa 1991; Vonk and MacDonald 2002; Spinozzi
1995). Jitsumori and Matsuzawa (1991) showed that taxo-
nomic and intraspecific differences exist between monkeys
and birds when confronted with different views or silhou-
ettes of bodies and faces of humans and non-human species.
While pigeons seemed to base categorization on human
specific features, monkeys used more generalized traits. In
another study, both pigeons and monkeys learned to identify
concrete categories (e.g., choosing a picture of a specific
bird species over a non-bird picture) better than abstract
ones (e.g., choosing a bird picture over a non-bird animal
picture or choosing an animal picture over a non-animal
picture) (Roberts and Mazmanian 1988). In this study,
pigeons also learned faster than monkeys. In a review, Smith
et al. (2012b) also described fundamental differences in the
categorization abilities of humans, monkeys and pigeons,
with the former two learning one-dimensional rule-based
tasks more quickly than two-dimensional information-inte-
grated tasks, while pigeons learned both equally fast.
Humans were also faster and chose more accurately than
pigeons in categorization tasks that were facilitated by
selective attention (Berg et al. 2014).

There are several models or theories as to how catego-
rization may proceed; for example, categorization could be
based on logical rule learning (based on similar properties),
the construction of prototypes (where an unknown object is
compared with a specific, mentally stored prototype) or
exemplar learning (in which new information is catego-
rized according to a selection of already stored memories
within a category and how well it matches them) (Richler
and Palmeri 2014; Smith 2014). Additionally, there are
other more complex theories that combine several of these
elements, such as the ‘cluster formation’ theory or the ‘rule
plus exception’ model (Richler and Palmeri 2014).

Cichlids of the genus Pseudotropheus have previously
been to shown to be able to discriminate between two-
dimensional perceptual object categories (Schluessel et al.
2012). Individuals associated positive stimuli with being
correct and negative stimuli with being incorrect choices,
indicating that not only one but two categories were formed
in the process of training. Results were supported by
experiments showing that when a new stimulus unrelated
to either of the trained categories was presented in com-
bination with the negative or incorrect one, fish signifi-
cantly often refrained from making a choice altogether
(Schluessel et al. 2012). Follow-up studies showed that the
ability to categorize also applied to three-dimensional
objects (Schluessel et al. 2014a), but not to 2D symmetrical
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and asymmetrical symbols (Schluessel et al. 2014b). While
sharks (Chiloscyllium griseum) performed significantly
above chance level in categorization experiments on
symmetry perception, cichlids performed rather poorly,
with very few individuals learning, and then only on some
of the tasks (Schluessel et al. 2014b). Quite probably
though, this result was caused by an inability of the cichlids
to perceive symmetry rather than an inability to categorize
symmetrical and asymmetrical features, a notion that was
supported by the fact that cichlids also showed no spon-
taneous preference for symmetry, while sharks did.

The aim of this study was to test the ability of bamboo
sharks (C. griseum) to build and distinguish between two
basic mental categories of two-dimensional visual objects.
In recent years, more studies have begun to investigate
the cognitive abilities of elasmobranchs (for a review, see
Schluessel 2014), which, for a long time, were thought to
be less advanced than those of teleosts or other verte-
brates. Results of these studies indicate that bamboo
sharks can visually discriminate a range of symbols and
objects and orient visually according to landmarks (Fuss
et al. 2014a, b; Schluessel and Bleckmann 2012). Addi-
tionally, bamboo sharks can perceive optical illusions in
the same way as humans and discriminate and categorize
artificial stimuli such as symmetrical and asymmetrical
symbols (Fuss et al. 2014c; Schluessel et al. 2014a, b).
Juvenile sharks in general are often subject to predation
and usually feed on various benthic organisms and fish.
Juvenile lemon sharks can distinguish between conspe-
cifics and heterospecifics (Guttridge et al. 2009), and
juvenile bamboo sharks inhabit various habitats such as
mangroves, sea beds and coral reefs. Considering these
information, the ability to categorize would be advanta-
geous for sharks to have and expected to be present in
juvenile C. griseum, as well as other shark species. C.
griseum was chosen as the experimental animal due to its
previously shown learning ability and high motivation
levels. Apart from testing categorization abilities, the
present study also aimed to determine whether sharks just
learn the significance of the food-rewarded or ‘correct’
category as opposed to both categories (rewarded and
unrewarded).

Materials and methods
Subjects

Subjects were nine juvenile gray bamboo sharks obtained
from the Zoo ‘Haus des Meeres’ in Vienna. Individuals
were bred in captivity and ranged between 20 and 35 cm in
total length. Sharks were housed in pairs in interconnected
250- to 400-L aquaria (total volume approximately
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4,000 L) that were filled with aerated and filtered saltwater
(~50 pS) and kept at a temperature of ~25 °C. Food
(shrimp, fish and squid) was only provided during experi-
mental trials. Experiments were conducted during daylight
hours; there was a natural light: dark cycle. Three animals
died unexpectedly after finishing the second/third single-
pair discrimination, and one shark was excluded from the
last experiment (C2) as it ceased participation (Swimming
and feeding) for a long time but recovered again later on.
The data collected for these four sharks prior to leaving the
experiments were included in the analysis.

Apparatus

Experiments were performed using the same octagonal
experimental basin and setup as outlined in Fuss et al.
(2014a) (Fig. 1). Water depth was approximately 0.3 m. To
exclude uncontrolled cueing and potentially disturbing

external influences, the basin was surrounded by a white
canopy (3.0 m x 3.0 m x 2.5 m). Ceiling mounted fluo-
rescent tubes allowed an even illumination during the
experiments (above canopy roof; Osram L 18 W, Lumilux
Cool White, Germany).

Within the keyhole-shaped, gray PVC setup, a light gray
guillotine door confined a starting compartment
(0.43 m x 0.3 m x 0.35 m), in which sharks were placed
before each trial. The experimenter was always situated
behind the starting compartment and operated the guillo-
tine door manually and remotely using a cable pull. After
leaving the starting compartment, the sharks entered the
cone-shaped experimental arena, terminated by a frosted
screen on the opposite side of the starting compartment. A
0.33-m-long divider, attached to the frosted screen sepa-
rated a left from a right division (Fig. 1), thereby allowing
for an unambiguous decision making in response to the two
stimuli displayed on either side of the frosted screen via a
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Fig. 1 Overview of the experimental set-up (modified from Fuss et al. 2014a, c). OHL overhead lighting
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LED projector. As bamboo sharks usually swim close to
the ground, stimuli were projected at a height of 3 cm
above the basin floor. Feeders were installed just above the
two projected stimuli, allowing food to be dropped into the
setup remotely from either of the two feeders from the
position of the experimenter.

Experimental procedure

For a correct choice to be recorded, sharks had to press
their nose against the positive stimulus. Both feeders were
baited during all trials to exclude unintentional cueing.
Additionally, the water in the maze was stirred after each
trial to preclude the accumulation of any olfactory cues
on either side. Sessions were conducted once a day,
always at the same time. Each session consisted of ten
trials. For each session, the mean trial time and the per-
centage of correct choices was recorded. Trial time was
defined as the time it took the shark to swim through the
guillotine door and push against one of the two stimuli. It
was recorded using a stopwatch. Training ended for each
shark when the learning criterion was reached, which was
defined as choosing the positive stimulus at least on seven
out of ten trials (=70 % correct choices) in three con-
secutive sessions. For each trial, the position of the
positive stimulus was randomly determined prior to the
experiments (five times on the right and five times on the
left side); however, no single stimulus or stimulus cate-
gory was shown more than twice consecutively on the
same side. Intertrial time was 1 min. A trial was termi-
nated but repeated if the shark did not make a choice
within 2 min after raising the guillotine door. After three
unsuccessful trials, a session was terminated. To prepare
the sharks for subsequent transfer trials, which were
interspersed with regular trials but were unrewarded, food
was only provided in eight out of ten correct trials in the
sessions following successful training. Prior to each ses-
sion it was randomly determined which trials remained
unrewarded (regardless of the shark’s actual choice). Not
rewarding some of the regular trials was intended to
prevent the sharks from realizing that only transfer trials
were unrewarded and therefore not worth participating in.
After each choice, the shark either returned to the SC by
itself or was ushered back. Selected sessions were
videotaped.

Pretraining

Prior to training, sharks had to get used to the apparatus
and to feeding in the set up. Once sharks had learned to
swim through the guillotine door, approach the food
holders and associate them with food, training
commenced.
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Form discrimination
Training

In these two experiments, sharks (N = 9) had to learn to
discriminate between a positive and a negative stimulus.
Experiments served to test for the general motivation and
learning ability of individuals. Sharks were first shown the
stimulus combination ‘square’ versus ‘blank’. After
reaching the learning criterion, sharks were then presented
with the combination ‘square’ versus ‘circle’. The positive
stimulus was always the square. After successful training,
sharks commenced with the categorization training.

Object categorization

All stimuli shown during the object categorization experi-
ments were obtained from the internet and reformatted/
manipulated with the help of Microsoft Paint, Paint.net and
Gimp©.

Single-pair discriminations

Sharks (N = 9) first had to perform in three single-pair
discriminations, distinguishing between single images of
fish and snails as representative objects for two randomly
chosen basic mental categories, i.e., ‘fish’ and ‘snail’, to be
tested later on. For these single-pair discriminations, black
and white line drawings were used (Fig. 2). ‘Fish’ was
always used as the positive stimulus. Care was taken to
assure that picture pairs were similar in line thickness,
amount of coloring etc. in order to avoid or minimize
correct identification on the basis of any other character-
istics but ‘fish’ and ‘snail’ itself.

Object categorization

Two categorization experiments were run to test whether
sharks (N = 6) could discriminate between images of
objects within the two categories ‘fish’ and ‘snail’, inde-
pendent of single object features. Experiments only dif-
fered in regards to the pictures that were shown to the
sharks. In C1 categorization trials, pictures consisted of
black and white drawings, photographs, comics and nega-
tive images of snails and fish (Fig. 3). The two stimuli
shown on any particular trial were always of the same type
(Fig. 3), e.g., a black and white line drawing of a fish was
shown against a black and white drawing of a snail. New
stimulus pairs were shown on each trial. Within the two
categories ‘fish’ and ‘snail’, care was taken that all positive
(or all negative) objects shared no mutual features but
differed in body structure, line strength, coloring (black
and white components) and contrast, again to avoid correct
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Fig. 2 Stimuli shown in the three single-pair discrimination exper-
iments. Stimulus pair (a) was shown first (until the learning criterion
was reached) followed by (b) and then (c¢) ‘fish® was always the
positive stimulus

identification on the basis of any other characteristics but
‘fish” and ‘snail’ itself. In C2 categorization trials, only five
sharks participated. Pictures also consisted of black and
white drawings, photographs, comics and negative images
of snails and fish (Fig. 4). However, here, pictures shown
on any particular trial were randomly taken from any type,
e.g., a real photograph of a snail was shown against a black
and white drawing of a snail. Again, new stimulus pairs
were shown on each trial.

Transfer tests

Transfer tests were conducted to determine if the sharks
could discriminate between one of the known objects (fish
or snail) and an unknown object, i.e., in this case the
image of either a plant, a jellyfish or a crustacean. The
aim was to determine if sharks associated ‘fish’ with
‘being correct’ and/or ‘snail’ with ‘being wrong’. Also, in
one type of test, two unknown objects were presented.
Each session consisted of ten trials plus two transfer tri-
als, which were randomly interspersed with regular trials.
There were five types of transfer tests in total, i.e., ‘fish’
versus ‘plant’, ‘snail’ versus ‘plant’, ‘fish’ versus ‘jelly-
fish’, ‘snail’ versus ‘jellyfish® and ‘jellyfish’ versus
‘crustacean’. The first two types were presented to each
shark ten times each (whereby a different plant was
shown on each trial), the other three types were presented
only five times (there was only one picture of a jellyfish
and of a crustacean), totaling 35 transfer tests for each

Fig. 3 Exemplary stimulus pairs shown during the first categoriza-
tion experiment C1. A new stimulus pair was presented on each trial.
Stimulus pairs featured different image types (e.g., photo, cartoon);
however, stimuli within a pair were of the same type. ‘Fish’ was
always the positive stimulus

individual shark (N = 5). The two transfer tests shown
within a session were not necessarily of the same type
and combinations were randomly varied.

Data analysis

The learning criterion was established to be >70.0 %
correct choices on three consecutive sessions. The prob-
ability of achieving >70.0 % correct choices on three
consecutive sessions by accident within a maximum of 30
sessions is <0.05 % (according to exact probability cal-
culations; personal communication from R. Berthe). The
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Fig. 4 Exemplary stimulus pairs shown during the second categorization experiment C2. A new stimulus pair was presented on each trial.
Stimulus types varied within and between pairs. ‘Fish’ was always the positive stimulus

following statistical tests were used for each individual
fish (the criterion of statistical significance was p < 0.05):
Yates Chi-square tests (XZ) (including 95 % confidence
intervals) were performed in order to test whether indi-
vidual sharks chose the positive stimulus significantly
more often than the wrong one during the transfer trials.
A Wilcoxon signed-rank test was used to compare the
performance of individuals (number of sessions and time)
during the form discrimination and single-pair discrimi-
nation experiments, as well as object categorization
training.
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Results
Form discrimination

In the first form discrimination task, all sharks (N = 9)
learned to discriminate between a square and a ‘blank’.
Sharks needed between 4 and 25 sessions, with a mean of
17.9 &£ 5.9 sessions (median 19) to reach the learning
criterion. The mean trial time was 10.6 & 9.6 seconds (s).
In the second experiment, all sharks (N = 9) also learned
to discriminate between a square and a circle; individuals
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took between 3 and 13 sessions with a mean of 6.8 £ 3.6
sessions (median 5). Sharks needed significantly fewer
sessions in the second compared with the first task
(t = 3.83, df = 8, P = 0.005). The mean trial time was
9.1 £ 6.5 s. Accordingly, all sharks went on to participate
in the single discrimination experiments.

Single-pair discrimination

All but one shark reached the learning criterion in all three
tasks. In the first and second single-pair discrimination task
(Fig. 2), all sharks (N = 9) learned to discriminate between
a fish and snail. In the first task, sharks needed between 3
and 13 sessions, with a mean of 9.6 + 7.4 sessions (median
8) to reach the learning criterion. The mean trial time was
8.5 £ 59 s. In the second task (Fig. 2), sharks needed
between 4 and 14 sessions with a mean of 8.8 & 3.9 ses-
sions (median 7). The mean trial time was 7.6 & 4.1 s. Only
eight animals completed the third task; of these eight, only
seven reached the learning criterion. Sharks needed 4, 4, 4,
7, 9 and 39 sessions, with a mean of 11.1 + 11.3 sessions
(median 7). The mean trial time was 7.4 £ 3.8 s. Sharks
needed approximately the same amount of sessions in all
three tasks; there was no statistical difference between any
pair of tasks (r = —0.053 to 0.27, 0.80 < P < 0.96).

Object categorization 1 (C1)

Sharks were presented with a new and unknown pair of
fish/snail images on each trial (Fig. 3). Stimuli presented
within a pair were of the same image type. All sharks
(N = 6) reached the learning criterion. There was large
intraspecific variation; most sharks needed less than ten
sessions, i.e., 3, 6, 6, 7 and 9 sessions, while one shark
needed 26 sessions to reach criterion. The mean was
9.5 £ 7.7 sessions (median 6.5); the mean trial time was
6.6 £ 3.0 s.

Object categorization 2 (C2)

Sharks were presented with a new and unknown pair of
fish/snail images on each trial (Fig. 4). As opposed to Cl,
stimuli within a pair were not of the same image type. All
sharks (N = 5) reached the learning criterion within 18 or
fewer sessions. Again, there was large intraspecific varia-
tion, sharks needed 3, 3, 6, 12 and 18 sessions, respec-
tively. The mean number of sessions needed was 8.4 + 6.0
(median 6); the mean trial time was 6.6 & 3.0 s.

Different sharks performed poorly in C1 and C2, e.g.,
the shark that needed 26 sessions for C1 only needed three
sessions to complete C2, while the only shark that did not
learn the third single-pair discrimination, took only seven
sessions to learn C1 but 18 sessions for C2.

Transfer tests

Throughout the sessions, in which transfer tests were con-
ducted, sharks maintained a mean performance of
71.0 £ 2.2 % correct choices for all regular (non-transfer)
trials. The mean trial time ranged between 5.51 and 7.5 s for
the five individuals. The results of the transfer test trials are
shown in Fig. 4. When presented with the image of a fish
(previously ‘correct’ and rewarded) and the unknown object
‘plant’, sharks still chose the fish stimulus almost as often as
in training, in 67 % of trials, and this trend approached
significance (sum of all 12 =93, df=5; P=0.097).
When presented with the image of the snail (previously
‘incorrect’) though, sharks did not prefer either one and
chose according to chance (sum of all }(2 =21,df=5;
P = 0.84). Subsequently, sharks were presented with three
additional types of transfer tests which were presented in a
random order. Sharks chose according to chance between
the previously ‘negative’ stimulus and an unknown object
(snail/jellyfish; sum of all y* = 4.0, df = 5; P = 0.55) and
between two unknown objects (crustacean/jellyfish; (sum of
all Xz = 3.2, df =5; P = 0.67). Despite choosing the fish
image in 68 % (17 out of 25) over the jellyfish in the third
type of transfer test (previously ‘positive’ stimulus/
unknown object), results in this transfer test were also not
significant (sum of all xz =4.0, df =5; P=0.55). The
mean trial time in the transfer tests ranged from 5.7 to 8.2 s
per shark and was not significantly different from the mean
trial time during the regular trials, which ranged from 5.5 to
7.5 s(Z= —-2.92 E—103, P = 1.0). For individual results,
please refer Table 1.

It is worthwhile mentioning the performance of one
shark individually. It chose the formerly positive image of
the fish over the plant (negative) and the jellyfish
(unknown) image 100 % of the time (i.e., in 15 trials).
Furthermore, it chose according to chance when presented
with the snail/plant combination (50 %) but in subsequent
trials chose the jellyfish 100 % over the snail image (for-
merly negative).

Discussion

Like teleosts, sharks (C. griseum) can form and discrimi-
nate visually between two two-dimensional object catego-
ries as for example between images of the organisms ‘fish’
and ‘snail’. However, while cichlids learned both the sig-
nificance of the positive (rewarded) and the negative
(unrewarded) stimulus (Schluessel et al. 2012), thereby
forming two mental categories, sharks seemed to focus
primarily on the former.

Sharks needed a mean of 18 sessions for the first form
discrimination experiment, i.e., distinguishing between a
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0.37
0.37

0.8

0.07

32

0.75
0.34
0.34
0.75
0.75

0.1

0.07

32

5

0.004
0.75
0.75
0.34
0.75

8.1

10

Shark 1

0.8

0.9

0.1

Shark 2

0.37 0.9

0.8

0.1

Shark 3

0.37
0.37

0.8

0.1

0.9

Shark 4

0.37 0.8

0.8

0.1

0.1

Shark 5
Sum

10
40

15
60

14
56

11

44

23

28

17
68

17

34

45.1

54.9

32

333

66.7

Sum %
STD

+ 1.26

+ 1.33

+ 1.2

+ 1.02

+1.94

0.67

32

0.55

4.0

0.84

2.1

0.55

4.0

0.097

9.3

Sum all Xz

0.64 0.42

0.16 0.69

3.14 0.58

2.56 0.11

5.02 0.03

Yates 12 for the grou

Provided are also the cumulative Xz and P values (sum of all Xz) and the group-results for the Yates Xz test

square and a blank, but only seven sessions for the second,
i.e., distinguishing a square from a circle. These findings
confirmed results of previous studies on the visual dis-
crimination ability of this species (Fuss et al. 2014c;
Schluessel et al. 2014b), where sharks also needed signif-
icantly more sessions for the first discrimination task than
for subsequent ones (despite those being more challeng-
ing). The decrease in sessions per task following the first
task is usually related to the animals becoming familiar
with the procedure. However, depending on the types of
stimuli presented, other factors including memorization of
the positive stimulus (if it remains the same) and the
development of learning concepts can contribute to
decreasing session numbers and trial times. According to
these results, all animals proved suitable for subsequent
categorization testing.

In the single-pair discriminations that followed, sharks
needed approximately the same amount of sessions for the
successful discrimination of the first ‘fish—snail’ stimulus
pair (10 sessions) as for the second (9 sessions) or third (11
sessions). The numbers of sessions needed were similar to
the mean number of sessions needed by cichlids (11) to
distinguish between very similar line drawings of a fish and
a snail (Schluessel et al. 2012). While the number of ses-
sions the sharks needed to discriminate between three
symmetry—asymmetry pairs in a previous study was much
higher, i.e., 21, 23 and 25 sessions (Schluessel et al. 2014b)
than in the present study, there was little variation in the
relative number of sessions needed for the various tasks
(range of 21-25). Similar results were obtained in the
current study (range of 9-11). The results of the three
studies show that approximately double the amount of
sessions was needed by sharks and cichlids when two very
artificial stimuli had to be distinguished, i.e., symmetrical
and asymmetrical symbols, as opposed to differentiating
between more realistic objects, such as fish and snail
images.

Theoretically, the single-pair discriminations could have
been mastered by sharks using selected features or compo-
nents of the individual fish and snail images within a pair
(such as one object is rounder, has a tip, is darker on the top,
has a line on the left, etc.). However, this would not have
been possible in the subsequent categorization experiments.
Care was taken to assure that neither fish nor snail images
shared recurring mutual image features such as, for example,
the same line thickness or color, which would ‘give away’
the category (of course, object features such as fins on fish
were recurring but these were identifying features for that
category). As expected, all sharks reached the learning cri-
terion in both categorization experiments indicating that
discriminations were not just based on single image ele-
ments, but on category specific features or rules, identifying
fish and snails, respectively. Previous studies in cichlids and
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sharks have shown that categorization learning occurred
rapidly, proceeding at a much quicker pace than learning of
single-pair discriminations (Schluessel et al. 2012, 2014a, b).
With the exception of three instances, this was confirmed in
the present study; most sharks needed less than ten sessions,
and in several instances only three sessions (the minimum to
fulfill the learning criterion) to complete both categoriza-
tions. Why three sharks needed 12, 18 or even 26 sessions for
the completion of C1 or C2 could not be determined (this,
however, greatly increased the overall session mean). Pos-
sibly, these individuals had differentiated between the single
stimulus pairs based on image-specific features and had to
shift strategies once they were constantly presented with new
images, while the rest of the sharks had already started to do
so prior to the categorization experiments. Effects of feeding
as a cause for the variable performances can almost certainly
be excluded, as can be experimental fatigue. Satiation rarely
occurred before the end of a session and most animals would
even continue (successful) participation beyond satiation.
Trial times remained stable in the sharks that needed
increased amount of sessions and despite performing below
criterion, motivation levels (as indicated by swimming and
feeding) did not decrease. There is generally large intra-
specific variation regarding the performance of sharks and
the session numbers recorded in the current study fall within
previously observed ranges. At present, this seems like the
most reasonable explanation for the discrepancy in session
numbers, but there may have been other contributing factors.

It is unlikely that any of the sharks possessed an
unconditional attraction (or spontaneous preference) for the
symbol ‘fish’ as individual learning curves should have
been much steeper in such a case. However, even if sharks
had preferred ‘fish’ over ‘snail’ to begin with, the catego-
rization experiments would have still shown that all fish
images were consistently considered as ‘fish’ despite their
variability and therefore, would have still shown the ability
of sharks to categorize.

The results of the transfer tests were surprising, con-
sidering the performance of sharks during training and in
the regular trials thereafter. Only one of the sharks chose
the fish image over both unknown images (plant and jel-
lyfish) in 100 % of all trials. Most of the other sharks chose
the fish image in more than 50 % of the trials, but not
significantly often. None of the sharks significantly pre-
ferred either of the unknown objects to the snail image, as
had been expected due to results previously collected on
cichlids. Instead, sharks chose according to chance. This
suggests, that sharks must have recognized ‘fish’ as being
‘positive’ or ‘correct’, but that ‘snail’ was not necessarily
associated with being ‘wrong’ or ‘incorrect’. Despite the
fact that we attempted to prepare sharks for the transfer
tests by not rewarding selected regular trials, the possibility
remains that sharks eventually learned that transfer tests

were unrewarded and subsequently chose according to
chance or some other criterium irrespective of the learned
categories. However, considering the performance of Shark
1, which exclusively chose the fish image, and considering
a rather patchy distribution of correct and incorrect transfer
tests, this seems unlikely. Sharks are generally quite curi-
ous and may have simply approached the unknown or
novel stimuli out of interest as opposed to making an actual
choice (‘novelty effect’). There was also no perceivable
difference between showing different versions of an
unknown object (such as several different plant images) or
always showing the same image (as in case of jellyfish and
crustacean). Lastly, only six individuals were trained in all
tasks, and the number of transfer tests was therefore lim-
ited; it cannot be excluded that if more sharks had been
assessed results would have been different and more
straightforward to interpret.

The mean trial time decreased continuously throughout
the experiments, from 10.6 (square/nothing) to 9.1 s
(square/circle) to 8.4, 7.6 and 7.3 s in the three single-pair
discriminations and from 6.6 to 6.5 s during C1 and C2
trials to 5.6 s in the regular trials during the transfer tests.
The same decreasing trend applied to the standard devia-
tions, indicating that as sharks performed better and more
often, they also performed faster. The fact that trial time
during the transfer tests did not significantly differ from
regular trials, indicates that sharks were not disturbed or
confused by the presence of unknown objects. On the
contrary, cichlids, when presented with an unknown stim-
ulus in combination with a positive stimulus, significantly
often chose the positive one, but most often made no choice
at all when presented with the combination of a negative
and an unknown stimulus (Schluessel et al. 2012). This was
further emphasized by very high trial times (Schluessel
et al. 2012) and clearly indicated that cichlids had learned
both types of categories, positive as well as negative.

Unlike many other studies, the present experiment used
a two-alternative forced-choice procedure, in which the
two stimuli to be discriminated were presented simulta-
neously instead of being shown one after another. This
procedure may facilitate learning though the immediate
comparison between the two stimuli or stimulus categories.
Furthermore, in this study, a new stimulus pair was pre-
sented to the sharks on each trial of the categorization
experiments. Reaching the learning criterion at the end of
the training procedure was therefore already sufficient to
show that sharks had successfully learned to distinguish the
two basic categories. Accordingly, no additional general-
ization or transfer tests were necessary to confirm this
ability. Transfer tests were only used to elucidate which
strategy the sharks had applied in the process. At least
when working with sharks, rays and cichlids, it is advan-
tageous to limit the use of unrewarded transfer tests as
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animals often learn quickly that these kind of tests are
unrewarded. This obviously influences the decision-making
process and may therefore bias results.

The visual systems of vertebrates have developed along
different evolutionary pathways, despite facing many of the
same pressures. Like birds, fish (both teleosts and sharks)
have to be able to recognize objects from different angles,
at different distances or sizes, and as opposed to terrestrial
vertebrates not just from the front, the back and the sides
but also from above and below. Categorization offers a
means for animals to reduce the amount of information
they have to retain and respond to by learning to integrate
similar features into a class rule (Delius et al. 2000; Huber
2001). This way, animals can respond faster and more
appropriately to other organisms, such as predators, prey or
conspecifics, and to new situations. It is therefore an
essential ability to have for just about any organism living
and acting in a complex environment. The present study
showed that bamboo sharks discriminate 2D objects
according to categories; however, as opposed to cichlids,
they seemed to pay attention predominantly to the positive
or rewarded stimulus and to a lesser extent to the negative
one, as suggested by the transfer test results. In the future,
it would be interesting to investigate the types of mecha-
nisms that sharks applied in the process, while there are
several theories concerning visual category learning in
humans and birds (e.g., Richler and Palmeri 2014) little in
this respect has been investigated in fish.
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