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Perceptual categorization is grouping objects based on similar physical features. Otters may use categoriza-
tion to classify predators, prey, and conspecifics. This study was the first to examine whether North
American river otters (Lontra canadensis) are capable of perceptual categorization. Previously, otters at
the Seneca Park Zoo were trained to discriminate between a circle and an equilateral triangle in a two-alter-
native forced-choice task. In the present study, these otters were presented with novel geometric shapes (e.g.,
an oval and a right triangle) in Experiment 1 and novel drawings of real-world objects (e.g., a tomato and a
tent) in Experiment 2 that could be classified into the circle or triangle category. Two otters performed sig-
nificantly better than chance during Experiment 1 on subsets of the novel test stimuli. In Experiment 2, one
otter was able to categorize drawings of real-world objects into two shape categories of circles and triangles,
but only when the triangle-like stimuli were composed of straight lines, not when stimuli were composed of
curved lines. The results from both experiments suggest that line type (straight vs. curved) and symmetry
may have been salient features for the otters. It appears that otters have the ability to perceptually categorize
two-dimensional shapes and line drawings, though further research with additional subjects and different
stimuli is needed. Better understanding this ability in otters can expand our knowledge of categorization
behavior in a variety of nonhuman animals.
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Object categorization is a process where different objects are
mentally grouped together into classes. Categorization is an essen-
tial ability in humans that allows us to reduce the complexity of the
environment, identify and relate objects to each other, limits the

need for constant learning, and helps to determine appropriate
behaviors to objects (Reed, 2000). Visual object categorization is
seen in human infants as young as 4 months old (Spriet et al.,
2022). Categorization can also be used by nonhuman animals to
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serve similar purposes as in humans. Categorization may increase
an animal’s fitness by aiding in identifying predators, prey, conspe-
cifics, and determining if a novel object is dangerous (Schluessel &
Duengen, 2015). To date, there has not been any research pub-
lished investigating object categorization in North American
river otters.
Pusch et al. (2023) provided different definitions of categories and

concepts that are helpful for understanding the underlying cognitive
processes. A perceptual category is formed when stimuli are grouped
together based on similar physical features (Pusch et al., 2023).
Concepts are formed when stimuli are grouped together even
when they lack similar physical features. Grouped stimuli that signal
the same consequence are called equivalence classes. Grouping
stimuli into concepts demands more abstract cognitive processing
than perceptual categorization and would require different mental
representations of the stimuli.
In categorization research different types of categories can be

studied. One type is a natural category, which forms through experi-
ence with the world. The specific categories can have variable defi-
nitions based on the individual’s experiences that lead to the creation
of the natural category (e.g., furniture). There are also artificial
categories, which are defined by a specific set of rules, property,
or criteria. Artificial categories are defined by humans and have
clear definitions that are agreed upon by everyone (e.g., geometric
shapes such as a triangle, which is a three-sided polygon that consists
of three edges and three vertices). In the current study, we tested per-
ceptual categorization using stimuli from artificial categories (geo-
metric shapes). This was the first study to examine any form of
categorization in North American river otters, and therefore we
wanted to start with a perceptual categorization task using
basic-level artificial categories that was less cognitively complex
than a concept learning task and would include stimuli that have fea-
tures that are easy to systematically manipulate (e.g., changing the
lines from straight to curved).
While there has been no research investigating categorization in

river otters, there have been many studies that found other nonhuman
animals in both terrestrial and aquatic habitats are capable of some
type of categorization. A wide variety of mammals have been inves-
tigated relating to their categorization abilities, including dogs (e.g.,
Autier-Dérian et al., 2013; Fugazza & Miklósi, 2020; Range et al.,
2008), rats (e.g., Brooks et al., 2013; Vinken et al., 2014;
Wasserman et al., 2012), goats (e.g., Meyer et al., 2012), baboons
(e.g., Bovet & Vauclair, 1998, 2001; Medam et al., 2016), orangutans
(e.g., Marsh & MacDonald, 2008), and monkeys (e.g., Fabre-Thorpe
et al., 1998; Girard et al., 2008; Kawaguchi et al., 2019; Macé et al.,
2010; Murai et al., 2004; Roberts & Mazmanian, 1988; Sigala et al.,
2002; Smith et al., 2012; Spinozzi et al., 2004; Vogels, 1999). Birds
have also been found to be able to categorize stimuli, with copious
research on pigeons (e.g., Aust & Huber, 2010; Castro et al., 2020,
2021; Cook et al., 2013; Diaz et al., 2021; Güntürkün et al., 2018;
Herbranson et al.,1999; Lazareva, 2021; Lazareva et al., 2004;
Pusch et al., 2023; Roberts & Mazmanian, 1988; Soto &
Wasserman, 2012) and a study on shrike (Němec et al., 2021). Fish
have been found to categorize stimuli in two studies, namely, gray
bamboo sharks (Schluessel & Duengen, 2015) and cichlids
(Schluessel et al., 2012). Recently, insects such as bees have also
been found to have categorization abilities (e.g., Howard et al.,
2022; Xu & Plowright, 2022). These studies show that categorization
abilities arewidespread in different animal taxa, but categorization has

not yet been investigated in any type of mustelid (e.g., otters, mink,
ferrets, badgers, and weasels).

River otters are a good candidate for a test of perceptual catego-
rization abilities because they use their visual perception to help
them identify prey and prey locations (Carss, 1995). River otters
have a varied diet that primarily includes fish, but also includes
crustaceans and insects (Kruuk, 2006). Additionally, river otters
may consume birds, smaller mammals, reptiles, and amphibians
opportunistically, though not as a main staple of their diet. River
otters preferentially choose prey based on prey size and speed
that result in the greatest metabolic payoff (Crimmins et al.,
2009). Thompson and Stelle (2014) found that captive river otters
had a preference for brown trout, which the otters may have used
their vision to identify. Although it is believed that river otters fre-
quently use olfaction and touch to identify aspects in their environ-
ment such as prey, vision likely provides important complementary
information. Green (1977) found that it can take European river
otters (Lutra lutra) up to 4 times as long to find prey in turbid
waters compared to clear waters, suggesting that river otters use
their vision while foraging and supplement with tactile perception
when necessary.

It is likely that vision is essential to many otter species both above
and below water, especially when foraging. Otters may rely on more
tactile perception while underwater than they do in the air because of
poorer visual acuity when they are underwater (Kruuk, 2006). There
has been very little research on visual perception in North American
river otters, but there have been some studies done on visual acuity
and color vision in other otter species. The visual acuity of sea otters
is similar to that of some pinnipeds (e.g., California sea lion; 5.5 min
of arc in air and underwater), while the visual acuity of Asian small-
clawed otters is more similar to that of the mink when tested in the air
(mink; 15 min of arc; Sinclair et al., 1974). Previous research has
indicated that other species of otters such as sea otters (Enhydra lut-
ris) and European river otters (Lutra lutra) possess dichromatic color
vision (Levenson et al., 2006; Peichl et al., 2001). Sea otters
(Enhydra lutris) and European river otters (Lutra lutra) possess
two types of cones, S cones (green to red sensitive) and M/L
cones (blue to ultraviolet sensitive; Levenson et al., 2006; Peichl
et al., 2001). Svoke et al. (2014) found that one Asian small-clawed
otter (A. cineria) was able to discriminate between gray and white,
green, blue, and red (but not green vs. red). These studies suggest
that North American river otters likely have dichromatic color vision
and visual acuity between 6 and 15 min of arc if they are similar to
other otter species.

There have been only two published studies investigating visual
perception in North American river otters (DeLong et al., 2019;
Slack, 1966). One behavioral study examined shape discrimination
in two river otters (Slack, 1966). The otters were presented with two-
dimensional (2D) stimuli, including black and white simple and com-
plex shapes, symbols, and letters (e.g., circle, square, triangle, arrows,
the letters E, S, V, F), in a two-alternative forced choice task. One otter
was able to discriminate between different pairs of stimuli, but the
other otter could only successfully discriminate between two pairs
(Slack, 1966). This study did not look at the specific features used
by the otters to make their decisions. A more recent study looked at
two North American river otters’ ability to discriminate between 2D
stimuli using multiple visual features (DeLong et al., 2019). One
otter was trained with a red circle as the rewarded positive stimuli
(S+), and the other otter was trained with a blue triangle as the S+.
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The otters were tested on their ability to discriminate between objects
when one of two key features was eliminated (color or shape). During
testing sessions, the otters were presentedwith novel shapes (e.g., blue
hexagon vs. red hexagon), colors, (e.g., black circle vs. black triangle)
or shape-color combinations (e.g., blue circle vs. blue triangle). Both
otters could discriminate between stimuli varying both shape and
color, and one of the otters could discriminate between novel test stim-
uli when either shape or color were removed as salient features.
DeLong et al.’s (2019) study suggests that river otters can use shape
as a feature to discriminate between different objects, so they could
potentially categorize objects based on shape.
The current study investigated perceptual categorization in North

American river otters using 2D stimuli that can be classified into two
artificial categories: circle and triangle. A circle is defined as a closed
two-dimensional figure in which the set of all the points in the plane
is equidistant from a given point called the center. A triangle is
defined as a three-sided polygon that consists of three edges and
three vertices. Many categorization studies have used 2D stimuli
(e.g., Marsh & MacDonald, 2008; Medam et al., 2016; Meyer
et al., 2012; Schluessel & Duengen, 2015; Vogels, 1999). We
used 2D stimuli because our otters were familiar with circle and tri-
angle stimuli from our previous research (DeLong et al., 2019), and
because the features of circles and triangles were easy to systemati-
cally manipulate. The test stimuli in both experiments were designed
with the presence or absence of specific physical features that are
shared with circles and triangles such as symmetry and line type
(curved lines vs. straight lines). Presentation or removal of isolated
category features is one approach to determining which features con-
trol categorical behavior (Lazareva, 2021).
The current study consisted of two experiments. Experiment 1

included novel geometric shapes (e.g., a right triangle and an
oval) with some shared physical features as the equilateral triangle
and circle used in training. We predicted that the otters would be
able to correctly generalize their learning of the circle and triangle
stimuli in our previous study (DeLong et al., 2019) to the novel stim-
uli in the current study, showing preliminary evidence of perceptual
categorization. Experiment 2 included line drawings of real-world
objects in which their overall shape matched a circle or triangle
(e.g., a baseball and a watermelon slice). We chose these stimuli
because they had some of the same physical features as the stimuli
from Experiment 1 that would be easy to systematically manipulate,
but they would add some visual complexity. We predicted otter per-
formance would be lower in Experiment 2 relative to Experiment 1
because of the unfamiliar nature of the stimuli, but that the otters
would still be able to perceptually categorize the stimuli.

Experiment 1

Method

Subjects

The subjects were three unrelated North American river otters, two
females (Heather andAshkii) and one male (Sailor), that resided at the
Seneca Park Zoo in Rochester, NewYork, United States. Heather was
16 years of age and Sailor was 12 years of age at the start of this study
in April 2019. Ashkii was 4 years old when she began the study in
September 2020. Heather and Sailor were trained to perform the
two-alternative forced choice task in a past study (DeLong et al.,
2019). A veterinary exam in early 2019 revealed that Heather was

developing cataracts, which had not been found during the previous
study where she succeeded in discriminating among stimuli that var-
ied in shape and color (DeLong et al., 2019). Heather’s condition was
monitored throughout the training phase in the study. It did not seem
that Heather was having significant visual difficulties during the train-
ing phase given her behavior and performance, thus she advanced to
the test phase once she reached the training criterion. Unfortunately,
Heather died in August 2019 because of age-related health issues
but successfully completed part of the test phase in Experiment 1
(seven out of 12 sessions). Veterinary exams did not reveal any evi-
dence of eye disease in Sailor or Ashkii, so it was assumed they
both had normal vision. Sailor completed both the training and test
phase. Ashkii had never participated in a two-alternative forced choice
task prior to this study. Ashkii participated in the training phase but
did not progress to the test phase because of time constraints.

The otter habitat at the Seneca Park Zoo included two separate hab-
itats, the on-exhibit habitat, which was viewable for guests, and a sec-
ond off-exhibit habitat for zoo personnel only. The on-exhibit habitat
(33.5 m× 18.5 m) was a naturalistic habitat composed of a large
upper pool (9.1 m× 2.4 m× 1.8 m), a lower pool (9.1 m×
4.6 m× 1.5 m), and a waterfall connecting the two. The habitat con-
tained dirt banks containing flowers, grass, shrubbery, felled conifer
trees, and solid as well as hollowed out logs. Enrichment devices
were also spread throughout this habitat including hollow plastic tub-
ing, plastic rafts, buoys, hammocks, and beds filled with straw.
Enrichments devices in the upper pool were removed from the central
area prior to a session. The on-exhibit habitat also contained a large
observation glass window that was split into three panes (central win-
dow= 3.5 m in length, side windows= 1.7 m in length), which pro-
vided an indoor space for guests to view both the underwater and
above water portions of the habitat.

The off-exhibit habitat included two separate areas with a cement
foundation and surrounded completely by chain-linked fencing with
a metal roof covering the entire habitat. The areas were divided into
separate stalls connected by gates that could be opened by the animal
care staff to move the animals between stalls. Each pen contained
dens (plastic dog houses filled with straw) and enrichment devices
such as hammocks, blankets, hollow plastic tubing, buoys, plastic
slides, and small plastic pools. Heather and Sailor were housed
together, up until Heather’s death, after which Sailor was housed
with Ashkii. The otters had access to three adjacent stalls (each
pen was approximately 2 m× 1.5 m). The Seneca Park Zoo was
home to another otter in 2019, Sara, who was kept separated from
Heather and Sailor. Sara had a separate pen off to the side of
Heather and Sailor’s adjacent stalls. She also was able to access
the on-exhibit area, but not when Heather and Sailor were on the
exhibit. Sara did not participate in the current study because of health
issues.

The typical daily diet for the otters was determined by the animal
care staff at the Seneca Park Zoo. It consisted of approximately 230 g
of fish—capelin (Mallotus villosus), herring (Clupea harengus),
and/or mackerel (Scomber scombrus)—in the morning, as well as
one cup of dog chow mixed with 280 g of horse meat in the after-
noon. During testing and training sessions, the otters were fed
75%–100% of their morning diet of fish or the same amount of
their afternoon diet of meat as was done in a previous study with
these otters (DeLong et al., 2019). Food was utilized as their primary
form of reinforcement. The otters were always fed their entire daily
diet regardless of their performance during training and test sessions.
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This project was approved by the Seneca Park Zoo Institutional
Care and Use Committee (Protocol 03302019), and the Rochester
Institute of Technology Animal Care and Use Committee
(Protocol 04162018 and Protocol 2020-2). This project was con-
ducted according to Ethical Standards of the United States.

Stimuli

All stimuli were printed in the center of a black square outline
(27 cm× 27 cm) on heavy matte paper squares (27.5× 27.5 cm).
A 5-cm loop of clear monofilament line was attached onto the
back of the stimuli with heavy-duty tape. Zip ties were fastened in
a 1-cm loop to the monofilament so the stimuli could be hung in
the correct position. A 6-cm metal carabiner was attached to the
monofilament of Sailor’s stimuli so they could be hung on the
wall of his habitat. Two flat square metal weights (4 cm× 4 cm)
were placed on the back of Sailor’s stimuli 1.25 cm from the bottom
edges so that they were not visible from the front. Theseweights kept
the stimuli from moving while they were being viewed. Sailor and
Ashkii’s stimuli were laminated to prevent deterioration since they
were able to directly contact the stimuli (see the Procedure section).
Heather and Sailor’s training and test stimuli were all black out-

lines of shapes with nearly equal surface areas (a maximum differ-
ence of 10 cm2 among stimuli, see Table 1). An equilateral
triangle and a circle were the training stimuli for Heather and
Sailor (Figure 1A). Heather’s S+ was the circle while Sailor’s S+
was the triangle. This is consistent with their reinforced stimuli in
a past experiment, although in the current study the stimuli were
black outlines instead of a solid blue triangle and a solid red circle
(DeLong et al., 2019, see Figure 1). Heather and Sailor had two
sets of training stimuli. Training Set 1 (black outlines of a circle
and equilateral triangle), used for the first 10 sessions and 17 ses-
sions for Heather and Sailor, respectively, was of the same surface
area of the circle and triangle used in a previous study (DeLong
et al., 2019). At sessions 11 and 18 for Heather and Sailor, respec-
tively, Training Set 2 (black outlines of a circle and equilateral trian-
gle with equal surface areas) was introduced that approximately
matched the areas of the test stimuli in the present study (see
Table 1).
Ashkii had three sets of training stimuli because she had never

participated in a two-alternative forced choice task. She proceeded
through similar training sets as Heather and Sailor did in the previous
study (DeLong et al., 2019). Training Set 1 included three-
dimensional (3D) objects made of painted metal, a yellow square

as the S+ and a blue triangle as the S−. The 3D stimuli had the
same length and width as the 2D stimuli in Training Set 2 but
were 0.3 cm thick and included 11.4 cm by 2.5 cm handles on the
back. Training Set 2 included a 2D yellow square (S+) and blue tri-
angle (S−) printed on paper (with the same approximate surface
areas). Training Set 3 included 2D black outlines of a square (S+)
and triangle (S−) to match Heather and Sailor’s training stimuli.

Only Heather and Sailor viewed test stimuli since Ashkii did not
progress to the test phase. The test stimuli contained six stimuli to be
categorized as circles and six stimuli to be categorized as triangles
(see Figure 1B). The test stimuli were created by modifying different
defining features of the training triangle and circle. The training tri-
angle’s defining features were sides with straight lines, equal length
sides, three equivalent angles, and vertical symmetry (symmetry
across the y axis). The training circle’s defining features were hori-
zontal symmetry (symmetry across the x axis), vertical symmetry,
and curved lines. The features of symmetry and line type were
altered for the novel test probes. For the triangle test probes, two
stimuli retained both symmetry and straight lines (vertical and hori-
zontal triangle), two stimuli eliminated straight lines or corners but
retained symmetry (round side triangle and round corner triangle),
two stimuli eliminated symmetry but retained straight lines (left
and right triangle). For the circle test probes, two stimuli retained

Table 1
Stimulus Dimensions for Experiment 1

Triangle category stimuli Area (cm2) Circle category stimuli Area (cm2)

Training triangle 189.90 Training circle 181.46
Vertical triangle 188.40 Vertical oval 182.45
Horizontal triangle 186.20 Horizontal oval 183.15
Right triangle 188.16 Right tilt oval 183.78
Left triangle 188.16 Left tilt oval 183.78
Round side trianglea 185.85 Hexagon 187.70
Round corner trianglea 180.42 Octagon 185.60

Note. All stimuli were within 180–190 cm2. The training stimuli are shown
in bold.
a Approximate area.

Figure 1
Stimuli Used for Training and Test Sessions in Experiment 1

Note. Refer to Table 1 for stimulus dimensions. Each square outline
surrounding the shape was 27× 27 cm. (A) Training stimuli that were
used during the training phase as well as in the test sessions. Heather’s
S+ was the circle, and Sailor’s S+ was the triangle. (B) Test probe stimuli
along with their names. The names of the stimuli were not included on the
stimuli that were presented to the otters.
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symmetry and curved lines (vertical oval and horizontal oval), two
stimuli eliminated vertical and horizontal symmetry but retained
curved lines (right tilt oval and left tilt oval), and two stimuli elim-
inated curved lines but retained symmetry (hexagon and octagon).

Experimental Setup

Two different experimental setups were used at the Seneca Park
Zoo, one for Heather and one for Sailor and Ashkii (because of a pro-
tected contact protocol for Sailor and Ashkii). Both otters had to
remain in their enclosure when interacting with zoo staff, rather
than zoo staff having the ability to be in the habitat like in
Heather’s case. The same animal care staff served as the animal
trainer for the entire study. Multiple research assistants served as
the experimenter or recorder for each session.
Heather was trained and tested in the “Creatures from the River’s

Edge” building that houses the otter exhibit at the Seneca Park Zoo.
Figure 2 shows the general experimental setup used in this building.
Two 5-cm plastic suction cups with hooks were placed 30 cm apart
on the glass window. The stimuli were hung from the hooks during
training and testing sessions. A stimulus board made of 0.64 cm
thick plywood and painted white (138 cm× 122 cm) was positioned
against thewindow to shield the experimenter’s body from the view of
the otter, shield the stimuli from the otter when they were repositioned
between trials, and provide a uniform background for the otter when
she was viewing the stimuli (see the online supplemental materials).
There was a narrow opening (5.7 cm× 59.4 cm) at the top of the
board where the experimenter was able to look through and view

Heather’s choice. Two-way portable radios (Midland GXT 1000
series, Midland Radio Corporation) were used so the experimenter
could communicate with the trainer when the otter made a choice,
as well as to indicate when to start and end a trial and the session.

Sailor and Ashkii’ sessions were conducted behind the Creatures
From the River’s Edge building inside the enclosure where they
resided when they were in the off-exhibit area. Figure 3 shows the
general experimental setup that was used in this area. Two 6 cm
metal carabiners were hung on the mesh wall 76 cm apart and
40 cm from the top of the cement floor. The stimuli had a 3-cmmono-
filament loop to which 5.5 cm carabiners were attached. These small
carabiners were then able to be connected to the larger carabiners, so
the stimuli were able to hang against the mesh wall. The mesh wall
consisted of wires creating a diamond shape with openings that
were 3.8× 3.8 cm. Since the experimenter was able to stand out of
view of the otters with this setup a stimulus board was not used.
The experimenter and recorder both stood about 3.5 m away from

Figure 2
Heather’s Experimental Setup

Note. The blue (dark gray) triangle and red (light gray) circle pictured in
the figure were used in a previous study (DeLong et al., 2019) and represent
the placement of stimuli in the current study (although not used in the current
study). The experimenter stood inside the building behind the stimulus board
and hung the stimuli from suction cups on the glass window while the otter
was on shore. The experimenter used a two-way radio to inform the trainer
the trial could begin. The trainer then cued Heather to jump into the water,
swim up to the stimulus board, and make her choice by touching her nose to
the glass. The otter was positively reinforced with food for correct choices
and called back to shore during the ITI. ITI= intertrial interval. The recorder
stood inside the building out of view of the otter. See the online article for the
color version of this figure.

Figure 3
Sailor and Ashkii’s Experimental Setup

Note. The blue (dark gray) triangle and red (light gray) circle, pictured in
the figure, were not used in this study but represent the placement of stimuli
in the current study. The otter began each trial in the ITI position, which is
separated from the experimental area with a wall and a gate. The recorder
began the session after the experimenter hung the stimuli from the mesh
wall on the enclosure and was out of the otter’s view. Sailor was then
cued to enter the experimental area through the gate and make his choice
by standing on his hind-paws and touching his nose to a stimulus. The
recorder announced to the trainer if the otter was correct or wrong. The
trainer positively reinforced the otter with food for correct choices in the
ITI position. ITI= intertrial interval. See the online article for the color
version of this figure.
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the enclosure and positioned behind the otter to stay out of view dur-
ing their choice. Two-way radios were not used since the trainer was
within hearing range of the experimenter and recorder in this setup.

Procedure

The procedure followed the one previously used in a similar study
conducted with these otters (DeLong et al., 2019). Training and test-
ing for Heather and Sailor occurred 3 days per week at the zoo start-
ing at 8:45 a.m. for morning sessions or at 4:00 p.m. for afternoon
sessions from April 2019 through November 2019. Ashkii was
always trained in the mornings starting at 8:45 a.m. from
September 2020 through November 2020, and March 2021 through
July 2021. During morning and afternoon sessions efforts were
made to minimize distractions from zoo guests. Morning sessions
took place before the zoo was open to guests and afternoon sessions
took place right before the zoo closed for the day (when the building
was empty or nearly empty). The otters were trained and tested in dry
as well as light rain conditions, so long as they were willing to par-
ticipate. If an otter left the testing area during a session and did not
return after 15 min of attempting to regain their participation, the
session ended. If the otter did not make contact with any stimulus
during a trial, it was considered no choice. In this case, the trial
was repeated until the otter made a clear choice. The otters were
not trained or tested during strong winds, heavy rains, or heavy
snow. A modified pseudorandom Gellerman series was used to
determine the side the S+ was placed on for each trial in both train-
ing and testing sessions (Gellermann, 1933). The S+ was never
shown on the same side more than twice in a row to prevent potential
side biases, as these otters were prone to side biases in previous
research (DeLong et al., 2019).

Training Phase

All otters used only the training stimuli during this phase
(Figure 1a shows Heather’s and Sailor’s stimuli). At the start of a
session for Heather, all otters were removed from the upper and
lower pools in the exhibit by the trainer while two research assistants
began the setup for the session. The suction cups were placed in the
correct positions on the glass and the stimulus board was placed
against the glass wall (see Figure 2 for a schematic of Heather’s
experimental setup). The experimenter radioed the trainer to begin
trial one once all the materials were setup. The trainer opened the
gate for the otter to enter the testing area and then cued the otter to
move to the start position on a tree stump at the edge of the pool.
The stimuli were hung from the hooks on the suction cups in their
correct position, at which time the experimenter called “ready”
over the radio to the trainer. The trainer then cued the otter to
approach the stimuli by pointing at the glass window and saying “tar-
get.” The trainer faced away from the stimuli to not inadvertently cue
the otter to a certain side. Heather dove into the water and swam
towards the stimuli, making her choice by pressing her nose against
the glass in front of a stimulus. The experimenter viewed Heather’s
choice and radioed the trainer to report if shewas correct or wrong. If
the otter made a correct choice, the trainer bridged the otter with a
clicker and threw a piece of the food reward into the pool directly
next to Heather for her to eat. The trainer then cued the otter (by
pointing and saying “land”) to return to the start position for the
next trial. If the otter made a wrong choice the trainer only cued

the otter back to the start position for the next trial without giving
a click or a food reward. When the otter made any choice, the exper-
imenter immediately removed the stimuli from the hooks and placed
them behind the board. The start and end time, date, weather, and
any potential distractions were recorded for each session, as well
as the otter’s choice for each trial, and any other notable behaviors
or conditions that occurred during each trial.

Before beginning Sailor and Ashkii’s sessions, the trainer removed
all enrichment items from the experimental area and also sprayed
down the floor to remove any odor cues or physical distractions.
The otters were kept in a different area of the enclosure away from
the experimental area while the two research assistants prepared for
the start of a trial. The experimenter would hang the first pair of stimuli
from the carabiners and move out of view of the otter. The recorder
called “ready” to begin the first trial and the trainer then opened the
gate to let the otter into the experimental area. The trainer cued the
otter to approach the stimuli by pointing, and to make a choice by say-
ing “target.”This process occurredwhile the trainer looked away from
the two choice stimuli to not inadvertently cue the otter. The otters
indicated their choice by standing up on their hind paws and placing
their nose near the stimulus. The recorder viewed the otter’s choice
and said correct or wrong for the benefit of the trainer. If the otter
made the correct choice, the trainer bridged the otter with a clicker
and gave the food reward back in the intertrial interval (ITI) position.
If the otter made the wrong choice, the trainer cued the otter back to
the ITI position and would not give any food reward or use the clicker.
The experimenter immediately removed the stimuli and set up for the
next trial while the otter was still in the ITI position. The recorder
noted which stimulus was selected and wrote down any behavioral
comments for each trial, along with the start and end time, date,
weather, and potential distractions were recorded for each session.

The training phase for Heather and Sailor occurred from April 2019
through June 2019. Both otters typically completed 20 trials per session
but ranged from 15–25 trials per session (depending on the otters’moti-
vation levels and/or the animal care staff’s time constraints). The train-
ing criterionwas set at an accuracy of 80% or greater for two sessions in
a row, after completing aminimum of eight sessions using Training Set
2. Heather completed 10 total sessions with Training Set 1 (186 trials;
M= 85.2%, SE= 4.4%) and met the training criterion after the mini-
mum of eight sessions with Training Set 2 (145 trials; M= 79.8%,
SE= 3.7%). Sailor completed 17 total sessions with Training Set 1
(349 trials;M= 83.7%, SE= 3.0%) and met the criterion after 10 ses-
sions with Training Set 2 (M= 76.2%, SE= 4.1%). During the training
phase, both Heather and Sailor’s performance was better than chance
both when the S+ was on the right (summed binomial, p, .001)
and when the S+ was on the left (summed binomial, p, .001).
Sailor did not exhibit a side bias; he showed no significant difference
in performance when the S+ was on the right (M= 83.4%, SE=
3.4%) versus when the S+ was on the left (M= 78.3%, SE= 4.5%,
Z= 0.9, p= .182). However, Heather was significantly more accurate
when the S+was on the right (M= 96.6%, SE= 1.7%) than when the
S+ was on the left (M= 69.9%, SE= 5.6%, Z= 4.5, p, .001).

The training phase for Ashkii occurred from September 2020
through November 2020 (limited sessions because of the pandemic),
and the end of March 2021 through July 2021 (there was a break in
training for the winter months because of the animal care staff’s
availability). Ashkii completed six sessions with Training Set 1
(202 trials, M= 69.1%, SE= 8.6%), 25 sessions with Training Set
2 (739 trials, M= 80.0%, SE= 2.0%), and then 42 sessions with
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Training Set 3 (1,023 trials,M= 71.9%, SE= 2.0%). Ashkii did not
meet the training criterion, and she did not show a side bias (accuracy
when S+ on right: M= 71.2%, SE= 3.1%, accuracy when S+ on
left: M= 72.5%, SE= 3.4%, Z=−0.6, p= .287).

Test Phase

The procedure for the test phase was the same as the procedure for
the training phase. Test sessions contained both training stimuli and
the novel test probes. There were 14 trials in each test session: Eight
were training stimuli trials and six were test probe trials. The first
two trials always contained the training stimuli (one with the S+ on
the left and onewith the S+ on the right, with an equal number of left-
start and right-start sessions), and the last 12 trials contained six train-
ing stimuli trials and six test probe trials presented in a random order.
Test sessions for Heather occurred in July 2019 during which she

was only able to complete seven of 12 test sessions (see Subject sec-
tion above). Heather was having motivational issues during sessions
six and seven for which she only completed part of a session each
day and finished the remaining trials on the following day. Two
training trials (one on the right and one on the left) were always pre-
sented prior to resuming these partially completed test sessions. Test
sessions for Sailor occurred from July 2019–August 2019 during
which he completed all 12 sessions (each of his sessions was com-
pleted in a single day).

Transparency and Openness

We report how we determined our sample size, all manipulations,
and all measures in the study, and we follow APA Style Journal
Article Reporting Standards (Kazak, 2018). All data and analysis
code are available at https://osf.io/9rycf/ (Wilcox et al., 2025).
Data were analyzed using the emmeans R package (Lenth, 2024).
This study’s design and its analysis were not preregistered.

Data Analysis

Otter performance in the test phase as measured by a correct (chose
the S+) or incorrect (chose the S−) choice in each trial was modeled
using logistic regression. Logistic regressionmodels the probability of
a correct choice (i.e., performance ranging from 0% to 100%) and
allowed us to test for differences in performance of each otter
among target shape categories and S+ locations while controlling
for potential change over time. Differences between the two otters
weremodeled as a main effect while otter-specific performance differ-
ences among target shape categories were modeled as nested factors
(within otters). Based on the experimental design, a target shape cat-
egory by otter interaction was estimated, but a target shape category
main effect was not, allowing for the assessment of overall differences
between otters and differences among the otter-specific target shape
categories. Change in performance over time for each otter was mod-
eled by including linear effects of change across sessions and change
across trials as well as their interactionwith otter. Finally, we tested for
potential differences between S+ locations (left, right) by including a
S+ location main effect and a S+ location by otter interaction. Post
hoc contrasts of marginal means (EMM) and risk ratios (RR)—the
probability of a correct choice divided by the probability of an incor-
rect choice—were computed using the emmeans R package (Lenth,
2024). Tukey’s (1949) honestly significantly different procedure
was used to correct for multiple pairwise comparisons.

Results

Overall performance for both otters was significantly better than
chance during the test phase (50%), EMM= 78.2%, 95% confi-
dence interval (CI)= [69.5%, 85.0%]. There were statistically sig-
nificant differences in performance between otters, χ2(1)= 4.78,
p= .029, but none of the other main effects and interactions were
significant, all p. .150. These nonsignificant effects include S+
side, χ2(1)= 0.09, p= .76; session, χ2(1)= 0.08, p= .77; trial,
χ2(1)= 0.78, p= .38; S+ side× otter, χ2(1)= 1.93, p= .17; target
shape (otter), χ2(6)= 2.84, p= 2.84, p= .83; session (otter),
χ2(1)= .26, p= .61; and trial (otter), χ2(1)= 0.45, p= .50. While
both otters performed significantly better than chance, Heather
(EMM= 85.7%, 95% CI= [72.6%, 93.1%]) performed signifi-
cantly better than Sailor (EMM= 68.4%, 95% CI= [58.8%,
76.6%]), RR= 1.25 (SE= 0.11), 95% CI= [1.05, 1.49], Z=
2.52, p= .012.

Although there were no statistically significant differences in per-
formance among target stimuli for either otter, χ2(6)= 2.84, p= .83,
average performance for each otter and target shape category is
shown in Figure 4. Both otters performed statistically significantly
better than chance on their respective training target shapes, both
p, .001. In addition, Heather performed statistically significantly
better than chance when the target shape was curved with symmetric
lines (vertical oval, horizontal oval), EMM= 90.1%, 95%
CI= [65.5%, 97.8%], p= .006, or was composed of straight lines
(hexagon, octagon), EMM= 90.7%, 95% CI= [54.3%, 98.8%],
p= .034. Sailor performed statistically significantly better than
chance when the target shape was composed of straight nonsymmet-
ric lines (left triangle, right triangle), EMM= 74.1%, 95%
CI= [52.6%, 88.0%], p= .029.

Discussion

Two of three otters successfully learned to discriminate between
black outlines of two geometric shapes. Both otters were able to gen-
eralize that discrimination to novel geometric shapes into two per-
ceptual categories in the test phase. However, each otter was
successful on a subset of the novel test stimuli, indicating that certain
stimulus features may have been more salient than others. Heather
performed significantly better than chance when the novel stimuli
had symmetry and were composed of either straight or curved
lines but she did not succeed when the stimuli lacked symmetry.
These results suggest that for Heather, a stimulus could belong to
the circle category if both horizontal and vertical symmetry were pre-
sent, but it did not matter if the stimuli were composed of curved or
straight lines. Sailor performed significantly better than chance on
test stimuli only when the novel stimuli had straight lines but lacked
symmetry, but Sailor failed when the stimuli had a rounded aspect
(round sides or corners) or both straight lines and symmetry.
Perhaps symmetry was less salient for Sailor than for Heather in cre-
ating a perceptual category representation. However, these results
should be interpreted with caution as they also could be influenced
by a lack of statistical power and their performance could have
improved with further trials (see Experiment 2).

There were individual differences between the otters. Heather per-
formed significantly better than Sailor overall and on more novel test
stimuli. Prior to the current study, both otters participated in research
involving a two-alternative forced-choice task (DeLong et al., 2019).
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Heather had additional experience with research including 3 years of
experience training for a match-to-sample task (but she did not meet
the training criterion). Heather’s red circle was used as her target in
demonstrations where her targeting behaviors were displayed for zoo
guests during summer programming (e.g., a guest would hold up the
red circle against the exhibit glass and Heather would swim to it from
the other side of the glass). The red circle had been her target for at
least 8 years prior to the current study. This extensive history of train-
ing on two types of tasks and targeting behavior to the red circle may
explain why Heather performed better than Sailor.
Other individual differences between Heather and Sailor may

have also played a role. It is possible that Heather may have per-
formed better than Sailor because of her age or sex, but the small
sample size makes this impossible to ascertain. Additionally,
Heather was found to have cataracts prior to this study and had
other age-related ailments which did not seem to have a negative
impact on her results, but this may mean we have a conservative esti-
mate of her performance. She may have performed even better if we
had tested her a few years prior. Zoo policy dictated that we test
Heather and Sailor using different experimental setups, which may
have influenced their visual perspective of the stimuli—but both
otters were accustomed to their experimental setups from a previous
study (DeLong et al., 2019). Heather viewed the stimuli underwater
and through glass, (which may have had a glare at times) which
could have impacted her ability to see the stimuli depending on
weather or her approach. In contrast, Sailor viewed the stimuli
through chain-link fencing which may have partially obscured
small parts of the stimuli. Heather also swam straight towards the
stimuli, and Sailor walked to the stimuli from the right side of his

enclosure and climbed through a gate to reach them. This means
that Heather approached both stimuli straight on while Sailor
encountered the stimulus placed on the right first, and also first
observed the stimuli from an angle. An experimental setup in
which the animal approaches one stimulus before the other can
have an impact on results (DeLong, et al., 2020). The benefit of
using these two different experimental setups is that we determined
that the otters were able to categorize geometric shape stimuli when
observing stimuli in the water (Heather) as well as in the air (Sailor).

This experiment was the first to show that North American river
otters were able to perceptually categorize novel geometric shapes
into two artificial categories (triangles and circles) and suggests that
otters could be using features such as symmetry and line type (straight
vs. curved) to form those categories. The focus of Experiment 2 was
on investigating whether otters are capable of categorizing drawings
of real-world objects into circle and triangle categories (e.g., a tomato
in the circle category and a tent in the triangle category). These types
of stimuli were completely novel for the otters and allowed us to con-
tinue to investigate which stimulus features may be controlling cate-
gory membership.

Experiment 2

Method

Subject

The male otter, Sailor, participated in Experiment 2. Sailor was
the only otter at the zoo available to participate who had success-
fully met the training criterion. Sailor was 12 years old at the

Figure 4
Experiment 1 Otter Performance Across Target Shape Categories

Note. Model-estimated marginal means and 95% CIs are shown. Note that performance was not signifi-
cantly different from chance (50%) for target shape categories where CIs include 50%. CurSymL= curved
symmetric lines (vertical oval, horizontal oval); CurNSymL= curved nonsymmetric lines (left tilt oval,
right tilt oval); StrL= straight lines (hexagon, octagon); Rou= rounded (round side triangle, round corner
triangle); StrSymL= straight symmetric lines (vertical triangle, horizontal triangle); StrNSymL= straight
nonsymmetric lines (left triangle, right triangle); CI= confidence interval.
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start of this experiment. Training and test sessions were only run in
the morning. Sailor was fed 75%–100% of his morning fish diet as
his primary reinforcement. He received his entire daily diet regard-
less of his performance during training and test sessions. Sailor was
housed in the same enclosure at the Seneca Park Zoo described in
Experiment 1.

Stimuli

All stimuli used were black and white drawings of everyday
objects (see Table 2 and Figure 5), and the printing and attachment
methods for these stimuli were the same as in Experiment 1.We used
the exact same training stimuli from Training Set 2 presented to
Sailor in Experiment 1 (circle and triangle). Additional training stim-
uli were added after the first phase of testing, and included black and
white drawings of everyday objects (Figure 6). Sailor had never seen
the drawings of objects depicted in the novel test stimuli set or addi-
tional training stimuli set prior to this study.
Different stimulus featureswere varied within the novel test set. The

triangle category included drawings of an ice cream cone, flag, tent,
sandwich, watermelon slice, and a hat. The circle category included
drawings of a baseball, cloud, orange, apple, beach ball, and a tomato.
Within each category, stimuli could include curved or straight lines.
For example, in the triangle category the watermelon, hat, ice cream
cone included a curved line on the top or bottom whereas the tent,
sandwich, and flag had straight lines. Within each category, there
were two stimuli with more lines, dots, or other details in the center
of the stimulus (seeds in the watermelon, a door in the tent, stitches
in the baseball, and lines on the beach ball). The additional training
stimuli all included details in the center of the stimulus, since this
was one of the key differences between Experiment 1 stimuli and
Experiment 2 stimuli and we wanted to give Sailor more exposure
to these types of objects (Figure 6).

Experimental Setup

Sailor was tested using the same setup as in Experiment 1.

Procedure

Training Phase 1

This training phase began 3 days after the completion of the test
phase of Experiment 1. Sailor completed two training sessions, then
after Heather’s death, a 3-week break was taken to allow Sailor time

to adjust to his new housing situation before training sessions resumed
(he had been housed with Heather). Due to Sailor’s lack of motivation
and slower trial times over the next few weeks, we instituted a correc-
tion trial procedure in which Sailor repeated trials he got wrong. In the
first correction trial, the two choice stimuli were presented exactly the
same as in the original trial. If Sailor chose incorrectly again, the S−
was taken away and the S+ remained on the same side as it had been
presented on in the previous trial (only the correct choice remained).
Sailor continued in the training phase until he reached the same train-
ing criterion as in Experiment 1 (two sessions in a row with accuracy
of 80% or better, which was only assessed for noncorrection trials)
and completed his session within 10–12 min (his typical speed in
Experiment 1). Sailor reached the training criterion after 23 sessions
(426 trials, M= 74.7%, SE= 2.0%), where his last six sessions
showed typical session times. Sailor did show a side bias overall dur-
ing this training phase, where hewas significantly more accuratewhen
the S+ was on the right, M= 80.6%, SE= 3.6%, than on the left,
M= 68.8%, SE= 3.8%, Z= 2.2, p= .015.

Test Phase 1

The procedure for the test phase was the same as described in
Experiment 1. Like Experiment 1, test sessions contained both train-
ing stimuli and the novel test probes. There were 14 trials in each test
session: Eight were training trials and six were test probe trials. The
first two trials always contained the training stimuli (onewith the S+
on the left and one with the S+ on the right), and the last 12 trials

Figure 5
Stimuli Used for Test Sessions in Experiment 2

Note. Refer to Table 2 for stimulus dimensions. Each square outline sur-
rounding the shape was 27× 27 cm. The stimuli were all black and white
line drawings, shown here with their assigned names. These names were
not included on the stimuli that were presented to the otters. During
Experiment 2 Training Phase 1, the same training stimuli were used from
Experiment 1 and are shown in Figure 1A. During Experiment 2 Training
Phase 2, additional training stimuli were added and are shown in Figure 6.
All the circle stimuli are on the left, and all the triangle stimuli are on the
right.

Table 2
Stimulus Dimensions for Experiment 2 Test

Shape Area (cm2) Shape Area (cm2)

Flag 154.13 Apple 155.55
Watermelon 155.00 Cloud 157.08
Ice cream 155.95 Baseball 159.49
Hat 159.85 Tomato 163.20
Sandwich 160.13 Orange 164.00
Tent 163.63 Beach ball 164.00

Note. All stimuli have approximate areas because of there not being a specific
area formula for these exact shapes. All stimuli were within 154–164 cm2.
Training stimuli used were the same as used in Experiment 1. See Table 1
for areas of training stimuli.
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contained six training trials and six test trials presented in a random
order. Correction trials were not used during the test phase. Testing
began 1 day after the Training Phase 1 was completed. All 12 ses-
sions were completed in the morning with one session per day.

Training Phase 2

Because Sailor’s performance on novel test stimuli in Test Phase 1
was at chance (M= 50%), we conducted an additional training
phasewith new training stimuli added (Figure 6). These new training
stimuli allowed Sailor more experience with drawings of real-world
objects like those in the test phase. In fall of 2020 we had limited
access because of the pandemic, but we were able to conduct 15 ses-
sions using Training Set 2 from Experiment 1 (black outlines of a
circle and equilateral triangle, M= 78.1% SE= 2.1%) and 10 ses-
sions with the new training stimuli (M= 69.7%, SE= 3.9%).
Training resumed in March 2021 and lasted 2 months. Sailor com-
pleted his first five sessions using Training Set 2 from Experiment
1 (M= 83.5%, SE= 5.6%). Sailor then completed 18 sessions
with both Training Set 2 from Experiment 1 and the new training
stimuli (six trials of Training Set 2, 10 trials of the new stimuli
(one triangle category stimulus and one circle category stimulus),
then 10 trials of Training Set 2. Sailor saw all pairs of the six new
training stimuli an equal number of times. His overall performance
on the new training stimuli (M= 81.1%, SE= 2.7%) was similar
to his overall performance on Training Set 2 (M= 78.5%, SE=
3.2%). Sailor did not show a side bias with either the new training
stimuli (right, M= 81.1%, SE= 4.2% left, M= 81.1%, SE=
3.9%, Z=−0.5, p= .29) or Training Set 2 (right M= 76.4%,
SE= 4.0%, left,M= 80.6%, SE= 3.3%, Z=−0.7, p= .24) during
this set of training.

Test Phase 2

Testing was completed in the same manner as in Test Phase 1 in
Experiment 2. Sailor began this test phase 7 days after the comple-
tion of Training Phase 2. and completed two blocks of 12-trial ses-
sions (with 1 day in between the two sets).

Data Analysis

As in Experiment 1, otter performance across trials was modeled
using logistic regression. Only Sailor participated in Experiment 2,
so differences among otters were not included in the model:
Performance differences among target shape categories were mod-
eled as a main effect. Change in performance over timewas modeled
by including linear effects of change across sessions and change
across trials. We tested for potential differences between S+ loca-
tions (left, right) by including a S+ location main effect. Finally,
test block-specific differences in performance among target shape
categories were assessed by including the interaction between test
block and target shape category. Similarly, test block-specific differ-
ences in S+ location effects were modeled by including the interac-
tion between test block and S+ location.

Results

Sailor’s overall performance across all three test blocks was
significantly better than chance (50%), EMM= 73.7%, 95%
CI= [69.2%, 77.8%]. There were statistically significant differences
in performance among target shape categories, χ2(2)= 62.82,
p, .001. Average performance for Sailor on each target shape cat-
egory is shown in Figure 7. Performance was statistically signifi-
cantly better than chance on the training stimuli, EMM= 83.0%,
95% CI= [78.0%, 87.1%]. In addition, Sailor performed statisti-
cally significantly better than chancewhen the test stimuli were com-
posed of straight lines (tent, sandwich, flag), EMM= 70.8%, 95%
CI= [60.8%, 79.1%], but not significantly different from chance
when the test stimuli were composed of curved lines (watermelon,
hat, ice cream cone), EMM= 51.6%, 95% CI= [41.6%, 61.6%].
Of the three target shape categories, performance was significantly
worse on curved line test stimuli compared to training stimuli,
RR= 0.62 (SE= 0.06), 95% CI= [0.49, 0.79], Z=−4.57,
p, .001, and compared to straight line test stimuli, RR= 0.73
(SE= 0.09), 95% CI= [0.55, 0.97], Z=−2.62, p= .024. There
was no statistically significant difference in performance between
training and straight-line test stimuli, RR= 1.17 (SE= 0.08), 95%
CI= [0.99, 1.38], Z= 2.25, p= .063.

Comparison of performance between S+ locations (left, right)
indicated that Sailor performed significantly better when the S+
was on the right, EMM= 84.5%, 95% CI= [79.2%, 88.7%], than
on the left, EMM= 59.0%, 95% CI= [52.3%, 65.4%], RR= 1.43
(SE= 0.09), χ2(1)= 32.32, p, .001, but this did not vary across
test blocks, χ2(2)= 3.15, p= .21. None of the other main effects
were significant, including session, χ2(1)= 0.12, p= .73, and
trial, χ2(1)= 0.02, p= .88.

Comparing performance on test trials only across the three test
blocks (Test Phase 1 included Test Block 1, and Test Phase 2
included Test Blocks 2 and 3), there were no statistically significant
differences in performance among Test Blocks 1 (46.4%), 2
(63.7%), and 3 (73.2%), χ2(2)= 2.07, p= .35. When Test Blocks
2 and 3 were pooled together, performance was not significantly

Figure 6
Stimuli Used in Experiment 2 Training Phase 2

Note. Each square outline surrounding the shape was 27× 27 cm. The
stimuli were all black and white complex line drawings, shown here with
their assigned names. These names were not included on the stimuli that
were presented to the otters. These were all novel stimuli and not included
in any test phase. The two original training shapes (circle and triangle)
that are shown in Figure 1a were also used with this training set. The top
three stimuli should be classified as circles, and the bottom three stimuli
should be classified as triangles.
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different on novel test trials in Test Block 1 (46.4%) than in the com-
bined Test Blocks 2 and 3 (68.6%), Z=−1.44, p= .15. When trials
with training stimuli were also included along with test trials in each
test block, therewere no statistically significant differences in perfor-
mance among the three test blocks, χ2(2)= 1.01, p= .60. This sug-
gests that although the target shape interaction was statistically
significant, χ2(2)= 10.30, p= .006, this interaction did not reflect
differences across test blocks on test trials only or on average
when considering both training and test trials.

Discussion

Sailor was able to generalize his discrimination of circle versus tri-
angle to novel drawings of real-world objects, but only when the
triangle-like stimuli were composed of straight lines (tent, sandwich,
and flag), not when the triangle-like stimuli were composed of curved
lines (watermelon, hat, and ice cream cone). This suggests that line
type (straight vs. curved) was a salient feature of the triangle category.
Line type seems to have been more important than symmetry because
the tent, flag, hat, and ice cream cone were all symmetrical, but he did

not performwell on the hat (M= 50%) or ice cream cone (M= 58%).
It is likely that multiple features contribute to perceptual category
membership for otters, as has been found for pigeons (Lazareva,
2021). These results showing successful perceptual categorization
are in agreement with some other studies that have found animals to
be capable of categorizing 2D line drawings of real objects including
sharks (Schluessel & Duengen, 2015) and cichlids (Schluessel et al.,
2012). Schluessel and Duengen’s (2015) study as well as Schluessel
et al.’s (2012) study both used drawings of fish and snails, which the
sharks and cichlids were able to categorize. Other animals have also
been found to categorize 2D pictures of real-world objects such as
baboons (Bovet & Vauclair, 1998). The baboons were trained with
3D objects that were food (such as an apple) and nonfood (such as
a key). The baboons were then able to categorize an array of 2D pic-
tures of the objects into these trained categories. However, when the
picture had a background, only one of two baboons could categorize
the stimuli. Specific features of the stimuli such as symmetry or line
type were not explored.

Sailor’s performance on the test stimuli did increase with each
block of testing—Test Blocks 1 (M= 46.4%), 2 (M= 63.7%), and
3 (M= 73.2%)—though not significantly. Some studies showed
that nonhuman animal subjects required additional training trials
beyond the planned training phase (Bovet & Vauclair, 1998; Cook
& Smith, 2006; Roberts & Mazmanian, 1988; Smith et al., 2012)
while other nonhuman animal subjects were able to succeed with
the initial training provided (24–156 trials in Autier-Dérian et al.,
2013; an average of 198 trials in Spinozzi et al., 2004; less than
100 trials in Schluessel & Duengen, 2015). Due to Sailor’s poor per-
formance in Test Block 1, training trials with additional novel stimuli
were conducted to provide him with more experience with these new
stimuli (line drawings of objects). However, it appears that Sailor’s
performance did not significantly increase because of such addi-
tional training. It is possible that additional training could have led
to better overall performance in a fourth test block.

During testing, Sailor also showed a pervasive right-side bias.
Sailor likely defaulted to a side bias for the curved line test stimuli
since he was not able to categorize them and may have been unsure
which stimulus to choose. This side bias may have been due in part
because of limitations imposed by the experimental setup. Sailor
viewed the stimulus placed on the right first because of the location
of the door where he entered the experimental area. He showed a
right-side bias in the test phase of a previous study, although he
showed a left side bias in the training phase (DeLong et al., 2019).
Interestingly, he did not show a side bias during training or testing
in Experiment 1, so a side bias is not inevitable in this setup.
Another factor for Sailor’s setup was that he viewed the stimuli
through mesh wire. This mesh wire did not seem to impact his per-
formance in Experiment 1 nor in previous studies when he viewed
geometric shapes (DeLong et al., 2019). However, in Experiment
2 the stimuli contained finer details (e.g., leaves, stems, seeds,
stitches; see Figure 5) perhaps more occluded by the mesh, but
those details were not necessary for perceptual categorization. The
overall outlines of the objects should have been visually accessible
and likely provided the basis for perceptual categorization of the
stimuli. A major limitation of this experiment was that we had a sin-
gle otter subject. Thus, the results showing successful perceptual cat-
egorization with these particular stimuli should be interpreted with
caution. Sailor’s personality (e.g., curiosity, boldness, sociability;
Skinner & Miller, 2020), age, and sex may have played a role in

Figure 7
Experiment 2 Otter Performance Across Target Shape Categories

Note. Model-estimated marginal means and 95% CIs are shown. Note that
performance was not significantly different from chance (50%) for target
shape categories where CIs include 50%. CurL= curved lines (watermelon,
hat, ice cream cone); StrL= straight lines (tent, sandwich, flag); CI= confi-
dence interval.
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his performance here and in other studies (DeLong et al., 2019;
Wegman & DeLong, 2023). Clearly, this study should be repeated
with more otters and using a variety of stimuli to better pinpoint
the salient features that permit categorization in otters.

General Discussion

In Experiment 1 two otters were able to successfully generalize
their discrimination of a circle and triangle to novel stimuli, showing
preliminary evidence of perceptual categorization. In Experiment 2,
one otter was able to perceptually categorize novel drawings of real-
world objects into two categories. In both experiments, the otters
succeeded with a subset of stimuli that suggest potentially important
physical stimulus features such as line type (straight vs. curved) and
symmetry were driving perceptual categorization performance.
These results are broadly consistent with previous literature that
has shown animals including baboons (Bovet & Vauclair, 1998),
goats (Meyer et al., 2012), and bamboo sharks (Schluessel &
Duengen, 2015) were all able to form perceptual categories or con-
cepts for trained stimuli and then use that knowledge to categorize
novel stimuli. The baboons in Bovet and Vauclair’s (1998) study
were able to categorize 2D pictures of real objects after being trained
with 3D objects from the same categories (food vs. nonfood objects
such as an apple vs. a key). Meyer et al. (2012) used similar stimuli
as presented in the current study in that they were black and white,
2D, and artificial objects. Instead of categorizing based on shape,
as conducted in the present study, the goats had to create a category
for either an open-centered object or a completely filled object.
Schluessel and Duengen (2015) used similar methods as in the pre-
sent study, first presenting sharks with 2D training stimuli in which
they had to make single-pair discriminations with three pairs (fish
vs. snails). The sharks were then presented with an array of stimuli
that belonged to the same categories (fish and snail) from training,
but there were differences such as the addition of color in the real
images, as well as outlined cartoon images. The results from the pre-
sent study build on findings of categorization abilities in other types
of nonhuman animals, adding that river otters display perceptual cat-
egorization abilities.
The results of the study were influenced by the stimuli we used:

2D circles and triangles, other geometric shapes, and simple line
drawings. All the stimuli in the current study were not ecologically
valid, novel (except for the training circle and triangle), and
unlikely to be important for survival to the otters. They were devel-
oped based on Heather’s and Sailor’s recent experience with the
circle and triangle (DeLong et al., 2019). The stimuli themselves
also had limitations considering that there was slight variation in
the areas (a maximum difference of 10 cm2). The otters could
have used small size differences instead of shape differences to
make their decisions, but it is unlikely. The chief advantage of
these stimuli was that they had physical features that could be sys-
tematically manipulated, and we were able to learn something
about which features were salient to the otters (e.g., symmetry,
line type). Future studies could further manipulate physical fea-
tures to better understand what the otters learned about these
type of stimuli. For example, would three detached vertices in a tri-
angular configuration or three lines without vertices be classified as
triangles? This could help us better understand how exactly the
otters were representing the stimuli—as a collection of low-level
visual features or a coherent whole object.

Future categorization studies could utilize different stimuli such as
pictures containing color, surface features, and shading (as opposed
to black and white line drawings), or photos of real-world objects
that are ecologically valid for otters. There is evidence that animals
perform better on tests of object recognition or object constancy
when stimuli have color and/or shading and surface features (e.g.,
DeLong et al., 2025; Peissig et al., 2005; Wood & Wood, 2024).
If testing otters’ ability to categorize real-world objects, photographs
could be used; however, it is important to keep in mind that
picture-object recognition has not yet been tested in otters. Thus,
we do not know if they recognize the correspondence between a pic-
ture/photo of an object and the actual object.

The current study investigated perceptual categorization and not
concept learning, which would require grouping objects that do not
share physical features. Research with pigeons (Lazareva et al.,
2004) investigated categorization at the basic-level and at the superor-
dinate level using natural stimuli. The stimuli within each basic-level
category (cars, chairs, flowers, and people) shared physical features
but the stimuli within superordinate categories (natural: flowers and
people vs. artificial: cars and chairs) did not. The pigeons were able
to successfully classify the objects at both levels. Sea lions were
able to categorize objects into equivalence classes with zero physical
similarities, showing true concept learning (Schusterman & Kastak,
1993). The pigeons and sea lions in the above studies were using
more complex cognitive processing than what we have shown in
the current study. Future studies could explore concept learning in
otters using ecologically relevant stimuli that could be classified
into basic-level categories like fish versus birds (both river otter
prey items) and superordinate categories like predators (alligators,
bobcats, coyotes, mountain lions, and wolves) versus prey items
(fish, insects, crayfish, frogs, and birds). If otters can classify items
into superordinate categories where the stimuli within the category
share few or no physical features (e.g., a bird and a fish in the prey cat-
egory), then it would show concept learning.

A constraint in interpreting the results of the present study is that
we did not establish whether the subjects could discriminate among
the stimuli within the categories (e.g., discriminate between an equi-
lateral triangle and a horizontal triangle). A strong demonstration of
perceptual categorization would entail showing that the subjects
viewed each stimulus as a distinctive entity, a unique exemplar
that can be placed within a perceptual category (Lazareva, 2021).
It is possible that the subjects did not notice the differences between
some stimuli within a category, so they were placed in the same cat-
egory because of failures of visual perception or a failure to attend to
stimulus properties.

The limitation of low sample size in the present study is a common
one when working with otters housed at zoos. Otters need a large
amount of space to thrive in their environment because of their size
and behaviors and need for both land and water habitats. These
large spaces produce high costs to build, maintain, and staff, so
even when there are zoos that house a greater number of otters, they
are not always easily available for research purposes as zoos have
other important priorities. These costly requirements for quality care
of otters may be why there are many published otter studies with a
low number of subjects, usually ranging from one to three individuals
(Balliet & Schusterman, 1971; DeLong et al., 2019; Gentry &
Peterson, 1967; Ghoul & Reichmuth, 2014; Slack, 1966; Svoke
et al., 2014; Wegman & DeLong, 2023) or at most five to 12 individ-
uals (Frick et al., 2016; Ladds et al., 2017; Perdue et al., 2013;
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Saliveros et al., 2020; Schmelz et al., 2017). Away to try and increase
the number of subjects when researching otters is to replicate the same
study across several facilities, which is the big team science approach
that has been successful with other nonhuman animal research
(ManyBirds—Lambert et al., 2022; ManyDogs—Alberghina et al.,
2023; ManyPrimates—Aguenounon et al., 2020). This collaborative
approach is now being applied to otter research (ManyOtters et al.,
2024). An advantage of this method is that a large number of diverse
individuals of different species, ages, sexes, behavioral traits, and
research experience levels can participate. The otters Heather and
Sailor in the current study were both considered old, and we do not
yet know the effects of old age on perceptual and cognitive abilities
in North American river otters.
There are a few applications for categorization research (and inves-

tigations of other cognitive abilities) in any species of otters. This
research helps to enrich the environment of individuals residing
under human care and contributes to conservation efforts for otters.
Enrichment of captive animals is typically a priority for zoos and
aquariums, so it is directly beneficial to the individuals participating
in our studies, as well as other animals in different facilities.
Knowingmore about an animal’s visual perception can help us to cre-
ate better enrichment items or habitats that are more stimulating for the
specific animal species. It is important to study visual perception in
otters because it will add to the limited knowledge we have about
them, and lead to improved conservation efforts for these species. If
we are more aware of how otters view the world, we can figure out
what specific issues they face and how we can help to solve those
in the most effective way. North American river otters reside in a vari-
ety of habitats such as rivers, lakes, marshes, swamps, and estuaries
(Yoxon & Yoxon, 2014). These otters live throughout Canada as
well as the United States, particularly along the Atlantic and Pacific
coasts. River otters were once extinct in some areas of the country
and had very low numbers in others because of over hunting, loss
of habitat, and water pollution up through the 1950s. Through reintro-
duction programs and improved water quality, river otters have
increased in number once again and are now present in 48 out of 50
states in the United States (Yoxon & Yoxon, 2014).
In conclusion, this was the first study to investigate perceptual

categorization abilities in North American river otters. Two otters
were able to successfully generalize their discrimination of a circle
and triangle to novel geometric shape stimuli, showing preliminary
evidence of perceptual categorization. One otter was able to perceptu-
ally categorize novel drawings of real-world objects into two catego-
ries. The otters’ performances suggested that certain physical features
such as symmetry and the presence of straight or curved lines may
have been salient. Future research should continue to investigate
otters’ abilities to form categories and concepts so that we are able
to better understand the visual and cognitive abilities of these animals.

References

Aguenounon, G. S., Ballesta, S., Beaud, A., Bustamante, L., Canteloup, C.,
Joly, M., Loyant, L., Meunier, H., Roig, A., Troisi, C. A., &
Zablocki-Thomas, P. (2020). Manyprimates: An infrastructure for interna-
tional collaboration in research in primate cognition. Revue de
Primatologie, 11, https://doi.org/10.4000/primatologie.8808

Alberghina, D., Bray, E. E., Buchsbaum, D., Byosiere, S. E., Espinosa, J.,
Gnanadesikan, G. E., Alexandrina Guran, C.-N., Hare, E., Horschler, D.
J., Huber, L., Kuhlmeier, V. A., MacLean, E. L., Pelgrim, M. H., Perez,
B., Ravid-Schurr, D., Rothkoff, L., Sexton, C. L., Silver, Z. A., &

Stevens, J. R. (2023). Manydogs Project: A big team science approach
to investigating canine behavior and cognition. Comparative Cognition
& Behavior Reviews, 18, 59–77. https://doi.org/10.3819/CCBR.2023
.180004

Aust, U., &Huber, L. (2010). The role of skin-related information in pigeons’
categorization and recognition of humans in pictures. Vision Research,
50(19), 1941–1948. https://doi.org/10.1016/j.visres.2010.07.012

Autier-Dérian, D., Deputte, B. L., Chalvet-Monfray, K., Coulon, M., &
Mounier, L. (2013). Visual discrimination of species in dogs (Canis famil-
iaris).Animal Cognition, 16(4), 637–651. https://doi.org/10.1007/s10071-
013-0600-8

Balliet, R. F., & Schusterman, R. J. (1971). Underwater and aerial visual acu-
ity in the Asian “cawless” otter (Amblonyx cineria cineria). Nature,
234(5327), 305–306. https://doi.org/10.1038/234305a0

Bovet, D., & Vauclair, J. (1998). Functional categorization of objects and of
their pictures in baboons (Papio anubis). Learning and Motivation, 29(3),
309–322. https://doi.org/10.1006/lmot.1998.1009

Bovet, D., & Vauclair, J. (2001). Judgment of conceptual identity in mon-
keys. Psychonomic Bulletin & Review, 8(3), 470–475. https://doi.org/10
.3758/BF03196181

Brooks, D. I., Ng, K. H., Buss, E. W., Marshall, A. T., Freeman, J. H., &
Wasserman, E. A. (2013). Categorization of photographic images by
rats using shape-based image dimensions. Journal of Experimental
Psychology: Animal Behavior Processes, 39(1), 85–92. https://doi.org/10
.1037/a0030404

Carss, D. (1995). Foraging behaviour and feeding ecology of the otter Lutra
lutra: A selective review.Hystrix, the Italian Journal of Mammalogy, 7(1–
2), 179–194. https://doi.org/10.4404/hystrix-7.1-2-4069

Castro, L., Remund Wiger, E., & Wasserman, E. (2021). Focusing and shift-
ing attention in pigeon category learning. Journal of Experimental
Psychology: Animal Learning and Cognition, 47(3), 371–383. https://
doi.org/10.1037/xan0000302

Castro, L., Savic, O., Navarro, V., Sloutsky, V. M., & Wasserman, E. A.
(2020). Selective and distributed attention in human and pigeon category
learning. Cognition, 204, Article 104350. https://doi.org/10.1016/j
.cognition.2020.104350

Cook, R. G., & Smith, J. D. (2006). Stages of abstraction and exemplar mem-
orization in pigeon category learning. Psychological Science, 17(12),
1059–1067. https://doi.org/10.1111/j.1467-9280.2006.01833.x

Cook, R. G., Wright, A. A., & Drachman, E. E. (2013). Categorization of
birds, mammals, and chimeras by pigeons. Behavioural Processes, 93,
98–110. https://doi.org/10.1016/j.beproc.2012.11.006

Crimmins, S. M., Roberts, N. M., & Hamilton, D. A. (2009). Effects of prey
size on scat analysis to determine river otter Lontra canadensis diet.
Wildlife Biology, 15(4), 449–453. https://doi.org/10.2981/08-067

DeLong, C.M., Fellner,W.,Wilcox, K. T., Odell, K., &Harley, H. E. (2020).
Visual perception in a bottlenose dolphin (Tursiops truncatus): Successful
recognition of 2D objects rotated in the picture and depth planes. Journal
of Comparative Psychology, 134(2), 180–196. https://doi.org/10.1037/
com0000207

DeLong, C. M., Gardner, K., Wegman, J. J., & Wilcox, K. T. (2025). Visual
discrimination of rotated 3D chromatic and achromatic stimuli in goldfish
(Carassius auratus) [Manuscript submitted for publication]. Department
of Psychology, Rochester Institute of Technology.

DeLong, C. M., Wright, C., Fobe, I., Wilcox, K. T., & Morrison, E. (2019).
North American river otters (Lontra canadensis) discriminate between 2D
objects varying in shape and color. Learning & Behavior, 47(1), 91–104.
https://doi.org/10.3758/s13420-018-0346-x

ManyOtters, DeLong, C. M., Yeater, D. B., & Manitzas Hill, H. M. (2024,
April 11). ManyOtters1: A pilot study on long-term memory in otters
using puzzle feeders [Conference presentation]. The 31st Annual
International Conference on Comparative Cognition, Albuquerque, NM,
United States. https://comparativecognition.org/conference.php

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.

A
ll
ri
gh
ts
,i
nc
lu
di
ng

fo
r
te
xt

an
d
da
ta
m
in
in
g,

A
I
tr
ai
ni
ng
,a
nd

si
m
ila
r
te
ch
no
lo
gi
es
,a
re

re
se
rv
ed
.

WEGMAN, WRIGHT, WILCOX, AND DELONG220

https://doi.org/10.4000/primatologie.8808
https://doi.org/10.4000/primatologie.8808
https://doi.org/10.4000/primatologie.8808
https://doi.org/10.3819/CCBR.2023.180004
https://doi.org/10.3819/CCBR.2023.180004
https://doi.org/10.3819/CCBR.2023.180004
https://doi.org/10.3819/CCBR.2023.180004
https://doi.org/10.1016/j.visres.2010.07.012
https://doi.org/10.1016/j.visres.2010.07.012
https://doi.org/10.1016/j.visres.2010.07.012
https://doi.org/10.1016/j.visres.2010.07.012
https://doi.org/10.1016/j.visres.2010.07.012
https://doi.org/10.1016/j.visres.2010.07.012
https://doi.org/10.1007/s10071-013-0600-8
https://doi.org/10.1007/s10071-013-0600-8
https://doi.org/10.1007/s10071-013-0600-8
https://doi.org/10.1038/234305a0
https://doi.org/10.1038/234305a0
https://doi.org/10.1006/lmot.1998.1009
https://doi.org/10.1006/lmot.1998.1009
https://doi.org/10.1006/lmot.1998.1009
https://doi.org/10.1006/lmot.1998.1009
https://doi.org/10.3758/BF03196181
https://doi.org/10.3758/BF03196181
https://doi.org/10.1037/a0030404
https://doi.org/10.1037/a0030404
https://doi.org/10.4404/hystrix-7.1-2-4069
https://doi.org/10.4404/hystrix-7.1-2-4069
https://doi.org/10.4404/hystrix-7.1-2-4069
https://doi.org/10.1037/xan0000302
https://doi.org/10.1037/xan0000302
https://doi.org/10.1037/xan0000302
https://doi.org/10.1016/j.cognition.2020.104350
https://doi.org/10.1016/j.cognition.2020.104350
https://doi.org/10.1016/j.cognition.2020.104350
https://doi.org/10.1016/j.cognition.2020.104350
https://doi.org/10.1016/j.cognition.2020.104350
https://doi.org/10.1111/j.1467-9280.2006.01833.x
https://doi.org/10.1111/j.1467-9280.2006.01833.x
https://doi.org/10.1111/j.1467-9280.2006.01833.x
https://doi.org/10.1111/j.1467-9280.2006.01833.x
https://doi.org/10.1111/j.1467-9280.2006.01833.x
https://doi.org/10.1111/j.1467-9280.2006.01833.x
https://doi.org/10.1016/j.beproc.2012.11.006
https://doi.org/10.1016/j.beproc.2012.11.006
https://doi.org/10.1016/j.beproc.2012.11.006
https://doi.org/10.1016/j.beproc.2012.11.006
https://doi.org/10.1016/j.beproc.2012.11.006
https://doi.org/10.1016/j.beproc.2012.11.006
https://doi.org/10.2981/08-067
https://doi.org/10.2981/08-067
https://doi.org/10.1037/com0000207
https://doi.org/10.1037/com0000207
https://doi.org/10.1037/com0000207
https://doi.org/10.3758/s13420-018-0346-x
https://doi.org/10.3758/s13420-018-0346-x
https://comparativecognition.org/conference.php
https://comparativecognition.org/conference.php
https://comparativecognition.org/conference.php
https://comparativecognition.org/conference.php


Diaz, F., O’Donoghue, E. M., & Wasserman, E. A. (2021). Two-item condi-
tional same–different categorization in pigeons: Finding differences.
Journal of Experimental Psychology: Animal Learning and Cognition,
47(4), 455–463. https://doi.org/10.1037/xan0000297

Fabre-Thorpe, M., Richard, G., & Thorpe, S. J. (1998). On the speed of nat-
ural scene categorisation in human and non-human primates. Current
Psychology of Cognition, 17(4–5), 791–806. https://psycnet.apa.org/
record/1998-12221-009

Frick, E. E., Friedman, L., Peranteau, J., Beacham, K., & Kuczaj, S. A., II.
(2016). Flexibility and use of a novel tool in Asian small-clawed otters
(Aonyx cinerea). International Journal of Comparative Psychology, 29,
Article 32068. https://doi.org/10.46867/ijcp.2016.29.00.13

Fugazza, C., &Miklósi, Á. (2020). Depths and limits of spontaneous catego-
rization in a family dog. Scientific Reports, 10(1), Article 3082. https://
doi.org/10.1038/s41598-020-59965-6

Gellermann, L. W. (1933). Chance orders of alternating stimuli in visual dis-
crimination experiments. The Pedagogical Seminary and Journal of
Genetic Psychology, 42(1), 206–208. https://doi.org/10.1080/08856559
.1933.10534237

Gentry, R. L., & Peterson, R. S. (1967). Underwater vision of the sea otter.
Nature, 216(5114), 435–436. https://doi.org/10.1038/216435a0

Ghoul, A., & Reichmuth, C. (2014). Hearing in the sea otter (Enhydra lutris):
Auditory profiles for an amphibious marine carnivore. Journal of
Comparative Physiology A, 200(11), 967–981. https://doi.org/10.1007/
s00359-014-0943-x

Girard, P., Jouffrais, C., & Kirchner, C. H. (2008). Ultra-rapid categorisation
in non-human primates. Animal Cognition, 11(3), 485–493. https://
doi.org/10.1007/s10071-008-0139-2

Green, J. (1977). Sensory perception in hunting otters, Lutra lutra L. Otters:
Journal of the Otter Trust, 13–16. https://scholar.google.com/scholar_
lookup?title=Sensory+perception+in+hunting+otters,+Lutra+lutra+L
.&author=Green,+J.&publication_year=1977&journal=Otters+J.+Otter+
Trust.&pages=13%E2%80%9316

Güntürkün, O., Koenen, C., Iovine, F., Garland, A., & Pusch, R. (2018). The
neuroscience of perceptual categorization in pigeons: A mechanistic
hypothesis. Learning & Behavior, 46(3), 229–241. https://doi.org/10
.3758/s13420-018-0321-6

Herbranson,W. T., Fremouw, T.,& Shimp, C. P. (1999). The randomization pro-
cedure in the study of categorization of multidimensional stimuli by pigeons.
Journal of Experimental Psychology: Animal Behavior Processes, 25(1),
113–134. https://doi.org/10.1037/0097-7403.25.1.113

Howard, S. R., Greentree, J., Avarguès-Weber, A., Garcia, J. E., Greentree,
A. D., & Dyer, A. G. (2022). Numerosity categorization by parity in an
insect and simple neural network. Frontiers in Ecology and Evolution,
10, Article 805385. https://doi.org/10.3389/fevo.2022.805385

Kawaguchi, Y., Kuroshima, H., & Fujita, K. (2019). Age categorization of
conspecific and heterospecific faces in capuchin monkeys (Sapajus
apella). Journal of Comparative Psychology, 133(4), 502–511. https://
doi.org/10.1037/com0000185

Kazak, A. E. (2018). Journal article reporting standards. American
Psychologist, 73(1), 1–2. https://doi.org/10.1037/amp0000263

Kruuk, H. (2006). Otters: Ecology, behavior, and conservation. Oxford
University Press.

Ladds, Z., Hoppitt, W., & Boogert, N. J. (2017). Social learning in otters.
Royal Society Open Science, 4(8), Article 170489. https://doi.org/10
.1098/rsos.170489

Lambert, M. L., Farrar, B. G., Garcia-Pelegrin, E., Reber, S., & Miller, R.
(2022). Manybirds: A multi-site collaborative Open Science approach to
avian cognition and behavior research. Animal Behavior and Cognition,
9(1), 133–152. https://doi.org/10.26451/abc.09.01.11.2022

Lazareva, O. F. (2021). Perceptual categorization in pigeons. In A.
B. Kaufman, J. Call, & J. C. Kaufman (Eds.), The Cambridge handbook
of animal cognition (pp. 621–635). Cambridge University Press. https://
doi.org/10.1017/9781108564113.033

Lazareva, O. F., Freiburger, K. L., &Wasserman, E. A. (2004). Pigeons con-
currently categorize photographs at both basic and superordinate levels.
Psychonomic Bulletin & Review, 11(6), 1111–1117. https://doi.org/10
.3758/BF03196745

Lenth, R. V. (2024). emmeans: Estimated marginal means, aka least-squares
means (Version 1.10.1) [Computer software]. https://CRAN.R-project
.org/package=emmeans

Levenson, D. H., Ponganis, P. J., Crognale, M. A., Deegan, J. F., Dizon, A.,
& Jacobs, G. H. (2006). Visual pigments of marine carnivores: Pinnipeds,
polar bear, and sea otter. Journal of Comparative Physiology A, 192(8),
833–843. https://doi.org/10.1007/s00359-006-0121-x

Macé, M. J. M., Delorme, A., Richard, G., & Fabre-Thorpe, M. (2010).
Spotting animals in natural scenes: Efficiency of humans and monkeys
at very low contrasts. Animal Cognition, 13(3), 405–418. https://doi.org/
10.1007/s10071-009-0290-4

Marsh, H. L., & MacDonald, S. E. (2008). The use of perceptual features in
categorization by orangutans (Pongo abelli). Animal Cognition, 11(4),
569–585. https://doi.org/10.1007/s10071-008-0148-1

Medam, T., Marzouki, Y., Montant, M., & Fagot, J. (2016). Categorization
does not promote symmetry in Guinea baboons (Papio papio). Animal
Cognition, 19(5), 987–998. https://doi.org/10.1007/s10071-016-1003-4

Meyer, S., Nürnberg, G., Puppe, B., & Langbein, J. (2012). The cognitive
capabilities of farm animals: Categorisation learning in dwarf goats
(Capra hircus). Animal Cognition, 15(4), 567–576. https://doi.org/10
.1007/s10071-012-0485-y

Murai, C., Tomonaga, M., Kamegai, K., Terazawa, N., & Yamaguchi, M. K.
(2004). Do infant Japanese macaques (Macaca fuscata) categorize objects
without specific training? Primates, 45(1), 1–6. https://doi.org/10.1007/
s10329-003-0053-9
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