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Abstract

Pinnipeds are aquatic predators feeding on a vast range of prey, and their social behaviour differs greatly between species
(from extreme polygyny in some sea lions to monogamy in some true seals). It has been hypothesised that the foraging and
social complexity of their lifestyle should drive the evolution of their cognitive abilities. To investigate how aware pinnipeds
are of their own behaviour, a grey seal (Halichoerus grypus), two harbour seals (Phoca vitulina) and four South American
sea lions (Otaria flavescens) were trained to repeat their own behaviour on command. Three already trained behaviours
were used, and the animal was asked to repeat the behaviour twice to ensure that the animal recalled its own behaviour and
not the command given for the previous behaviour. All three species could recall their own behaviour significantly better
than by chance. The duration for which the animals could recall their behaviour was tested using a staircase paradigm. A
delay was implemented between the completion of the behaviour and the command to repeat it. The delay was increased
after correct responses and decreased after incorrect responses. The performance of all species fell towards chance level
after 1218 s, with no significant difference between species. These results indicate that sea lions and true seals are aware
of their own behaviour and that true seals have similar short-term memory abilities. It also shows that pinnipeds have less
developed short-term memory abilities compared to other aquatic predators, such as the bottlenose dolphin. The complexity
of pinniped foraging and social behaviour does not seem to have driven the evolution of short-term memory abilities in these
animals but might have contributed to their ability to recall their own behaviour.
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Introduction 2003; Paukner et al. 2007). This question leads to another

one, whether mammals possess consciousness, a very intui-

The question if mammals are aware of their own behaviours,
and what the importance of such awareness is, has been of
interest in several studies (Mercado et al. 1998, 1999; Cowan
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tively appealing term but difficult to define. Many differ-
ent definitions of consciousness have been proposed. In an
attempt to create some consensus across definitions, Morin
(2006) described consciousness not as a clearly defined
property, but merely a graded scale of already existing defi-
nitions, with the main levels being unawareness (uncon-
sciousness), awareness of the surroundings (consciousness),
awareness of inner processes (self-awareness) and aware of
being aware of inner processes (meta-self-awareness). On
this scale, self-awareness is what most considered to be con-
sciousness. It includes not only perceiving stimuli from the
surroundings and responding to them, but also reflections of
oneself, both of inner states and of behaviour (Morin 2006).

One method for determining the level of consciousness
in an animal is to study its ability to recall its own behav-
iour. Memory is the requisite for many cognitive abilities.
According to Shettleworth (2010), cognition is the ability
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to receive information, process it, remember it and use it to
make decisions. Short-term memory (also including work-
ing memory) is used to store information that is processed
here and now. Long-term memory is used to store informa-
tion over a longer period (Baddeley et al. 2010). Previous
research has focused on cetaceans, which are believed to
have evolved cognitive abilities of the same complexity as
primates, in response to the challenging marine environ-
ment (Marino 1998, 2002; Boddy et al. 2012). Mercado
et al. (1998) showed that two bottlenose dolphins (Tursiops
truncatus) could repeat their last shown behaviour after a
given hand signal (command). The dolphins were capable
of repeating four behaviours for which they received train-
ing with the repeat command and 32 behaviours for which
they were not trained. To make sure that the dolphins were
recalling their own behaviour and not the trainer’s command,
one dolphin was also tested with a double-repeat paradigm,
in which she was asked to repeat the just repeated behaviour
(sequence being: do a certain behaviour, repeat it, and then
repeat it again). The dolphin did this without error. Cowan
(2003) continued Mercado’s work and showed that the dol-
phin could remember its own behaviour for 120 s. The only
other animal to have been tested in a similar manner is a
primate, the macaque (Macaca nemestrina), which could
remember its own behaviour for delays up to 30 s (Paukner
et al. 2007).

Pinnipeds are a large group of marine mammals, which
have reinvaded the marine environment. Just like dolphins,
pinnipeds are extremely diverse with respect to foraging
and social behaviour (Jouventin and Cornet 1980; Bowen
et al. 2009). In cetaceans, the complexity of these two fac-
tors is positively correlated with brain size (Fox et al. 2017),
another often used proxy for cognitive abilities. One may,
therefore, wonder if pinnipeds are also able to recall their
own behaviour and retain this memory over time.

To investigate this, the short-term memory abilities of
several species of pinnipeds were tested with similar exper-
iments to the ones by Mercado et al. (1998) and Cowan
(2003). Both sea lions and true seals were tested to investi-
gate if their cognitive abilities were reflecting differences in
their social and foraging behaviour.

Materials and methods
Animals

The sea lions (SL1-4 hereafter) were kept in Dolphin
Adventure in Mexico. They were 13—18 years old and wild-
born; SL1-3 were females, SL4 was male. SL.3 was in the
process of becoming blind and. To avoid the animal being
confused by visual cues, this animal was blind-folded for all
trials. The grey seal (GS hereafter) was kept at the Marine
Biological Research Centre, University of Southern Den-
mark. GS was 7 years old and born in captivity. The harbour
seals (HS1-2 hereafter) were kept in Fjord&Bzlt in Den-
mark. They were 19 and 18 years old and born in captiv-
ity; HS1 was male and HS2 female. All animals had been
trained for multiple years, but no animal had any previous
experience with memory training. They all received their
full diet during all training sessions, independent of their
performance in the experiments.

Repeat paradigm

All animals were trained using operant conditioning with
positive reinforcement (Pryor et al. 1984). The SLs were
trained with a variable-ratio reinforcement schedule, mean-
ing that not all correct responses were primarily reinforced
with fish (Kazdin 2012). The seals were trained with a fixed-
ratio reinforcement schedule, where all correct behaviours
were primarily reinforced with fish (Kazdin 2012). Com-
mands consisted of hand gestures for GS and the HSs, and
both hand gestures and verbal commands for each behaviour
for the SLs both during training and testing.

The behaviours tested were kept as similar as possible,
across species and individuals. There were some differences,
as not all animals were trained for the same behaviours
(Table 1).

Baseline
To establish baseline performance for the original behav-

iours (not the repeat), each animal was given a baseline test.
During testing, the assistant would indicate to the trainer

Table 1 Behaviours used for the

. Behaviour Description Animals
repeat paradigms

Wave Waving left flipper All
Snort Snorting through nose HS2, GS
Shy Holding left flipper over eyes GS, HS1
Chin Resting chin on deck HS2
Sing Growling SL1, SL2, SL3, SL4, HS1
Spin Turning around, making a full circle SL1, SL2, SL3, SL4
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what behaviour to ask for by giving the hand gesture, while
out of visual range from the animal (an iPad was used for
the sea lions, on which the assistant showed the behaviour
to be performed). The behaviours were provided from a
semi-randomised list, in which each behaviour appeared five
times, but never more than twice in a row. The responses of
the animal were recorded by the assistant and later checked
using video analysis. For an overview of the set-up, see
Fig. 1. Whether an animal was ready for the double-repeat
paradigm or not did not depend on the performance during
the baseline test. This test only served to establish a baseline
performance used for comparison with the performance dur-
ing repeat testing.

Repeat training

The repeat command consisted of a hand gesture for the
GS and HSs, and a hand gesture and verbal command for
the SLs. For SL3 only verbal commands were used, since
she was trained and tested while blindfolded. The SLs were
trained for 3—4 months in 2016. Around 60-80 sessions were
used to train the animals to correctly repeat ten behaviours
(of which only three were used in the current study). The GS
and HSs were trained in the six months before and during
testing, and received a total of 100—150 training sessions.

For GS and the HSs, training was divided into four
phases, with some overlap between phases. There was a
weekly follow-up to keep training as homogeneous as pos-
sible across species.

In the first phase, the animal was introduced to the repeat
command. The repeat command was a hand signal given
with the left hand, whereas the other three behaviour com-
mands were given with the right hand. The repeat com-
mand was introduced after the animal had performed one of
the three behaviours a couple of times and paired with the
behaviour command, given at the same time or just after the
repeat command. The repeat command was trained for all
three of the original behaviours at the same time to prevent

Fig. 1 Line-drawing of the camera view of the set-up during testing
of HS1. Trainer left, assistant right, animal in the middle. The set-ups
for data collection with other animals were similar

the animal from associating the repeat command with a cer-
tain behaviour. In the second phase, the repeat command
was given after the repeat behaviour was performed 2-5
times. No original command was presented during or after
the repeat command. In the third phase, the three different
behaviours were used, intermixed with repeat commands.
Each behaviour was only asked for once, after which the
repeat command was given. In this phase, the animal was
also trained to wait for the next command. The animal was
expected to return to the same position after each behaviour
and wait for the next command. In the fourth phase, eve-
rything was performed as during testing (see below). For
training, one out of four training lists with commands was
chosen randomly for each session. Four testing lists were
used for the four testing sessions.

Single repeat

Only GS was tested with a single-repeat paradigm. This
was done to establish that he understood the meaning of the
repeat command. All other animals were tested with a dou-
ble-repeat paradigm, which also included single-repeat tri-
als. The other animals were not tested with the single-repeat
paradigm, since it was clear during training that they had
understood the repeat command. The single repeats within
the double-repeat paradigm gave enough data to conclude if
an animal could correctly repeat the behaviours once.

During testing of the single-repeat paradigm, the same
set-up was used as for the baseline testing. The trainer was
not aware of the next command on the list and did, therefore,
not know if a trial was a repeat or a baseline trial. This was
the case in all sessions and all paradigms. The list for the
single-repeat trials consisted of 15 trials of two commands.
The first command was always one of the three behaviours
trained for the repeat paradigm (original behaviours). The
second command was a repeat in 50% of the trials (repeat
trial) and one of the three original behaviours for the remain-
ing 50% of trials (baseline trial). This was done to prevent
the animal from repeating the first command every time
regardless of the trial (repeat or baseline). The list was
semi-randomised with no behaviour being asked for more
than three times in a row (including repeats) and no more
than two repeat trials in a row. A total of four sessions were
run with a new list each session. In this way, a behaviour
was potentially tested ten times with a repeat. However, if
the animal responded incorrectly to the first behaviour and
the second behaviour was a repeat, this repeat was omitted.
If the animal responded incorrectly, no reinforcement was
given, and the trainer moved on to the next trial.

Two out of four sessions were made double-blind to dem-
onstrate that the animal was not using accidental cueing by
the trainer (e.g. observing the trainer leaning forward when
the animal moved towards the correct response). During the
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double-blind session, the trainer wore black glasses (trainer
was unable to see the animal’s response) while he/she gave
the command and the animal responded. A second assis-
tant behind the trainer blew a whistle indicating a correct
response or gave a verbal “wrong” if the response was incor-
rect, since the trainer could not see the animal. The trainer
then lifted the glasses to be able to reinforce the animal and
see what the next command was, indicated by the first assis-
tant, which stood behind the animal.

Double repeat

To establish that the animal was remembering its own
behaviour and not the last given command, a double-repeat
paradigm was used. Here, the animal was asked to repeat
an original behaviour twice (a double-repeat trial being:
behaviour 1-repeat-repeat). The double-repeat paradigm
also contained single-repeat trials (behavior 1-repeat—other
behaviour) to establish the performance of single repeats.
Additional data for single repeat performance were acquired
from the first repeat of a double-repeat trial. There was no
specific training for the double-repeat paradigm, since dou-
ble repeats were already given during the original training.
Some sessions were done with lists for training sessions
(never the lists used during testing to ensure the animal
could not learn the test-sequences) to determine if the ani-
mal was performing well.

For the double repeat, the same set-up as for the single
repeats (see above) was used. Four sessions were completed
with a new list each time. For GS and the HSs, two ses-
sions were double-blind, whereas for the SLs, all sessions
were double-blind. The lists consisted of 12 trials with three
commands each. 50% of the trials were double repeats. 25%
were single repeats (only the second command was a repeat).
25% were non-repeats (all three commands were original
behaviours). If the animal responded incorrectly to the first
repeat of a double-repeat trial, the second repeat command
was not given. The performance of the second repeat was
then excluded from the analysis, since it was not asked
for, whereas the performance for the first repeat was still
included in the analysis.

Delay

To test the length of time the animals could remember their
own behaviour, delays were introduced between the original
behaviour and the repeat command. This was done using a
staircase paradigm, where the delay increased with 3 s after
a correct repeat and decreased with 3 s after an incorrect
repeat. The set-up was the same as for the single repeat, with
the exception that the list was imported into an R-script (in
the statistical programme RStudio, version 1.1.383). This
script displayed the to-be-given command for the assistant

@ Springer

after a delay and then asked if the response was correct or
not. Based on the answer typed in by the assistant (c for
correct, n for not correct), the delay for the next trial was
updated and the new command was displayed. Delays were
only present before the second command of a trial (both
repeats and non-repeats).

Video analysis

To measure if the animal used certain body postures or
behaviours (hereafter called body postures only) to remem-
ber how to respond to a repeat command, all sessions were
videotaped (each session lasting 3—7 min). A list of all body
postures was made. The videos were then checked to deter-
mine if a body posture was used for each behaviour through-
out a session. Body postures were only recorded between
the delivery of reinforcement and the next command, after
correct behaviours and not during reinforcement.

For the single-repeat trials, the animal should not expect
a repeat command after having repeated the behaviour once.
Therefore, the intervals after the repeat commands were not
checked for body postures. For the double repeat, only the
interval after the first repeat was included in the analysis.

Statistical analysis

All analyses were done in the statistical programme RStudio
(version 1.1.383).

Single repeat

Repeat performance was the count of correct responses
divided by the total number of repeats. Performance was
analysed for each behaviour and for the total of all behav-
iours. To see if performance was above chance, a one-sided
binomial test was used (Mercado et al. 1998). The number of
correct responses and the total number of repeats were com-
pared to chance performance. Chance performance was set
at 1/3 correct, assuming the animal responded with one of
the three behaviours tested. The animal could also respond
with another behaviour, but this would only decrease the
chance performance, which makes 1/3 a conservative esti-
mation. The lower bound of the 95% confidence interval was
also calculated.

A generalised linear model with correct and incorrect
responses as success/failure and double-blind trials as an
explanatory variable was used to compare double-blind ses-
sions with normal sessions.

Double repeat

For the double-repeat paradigm, performance was ana-
lysed for single repeats (including the first repeat of a
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double-repeat trial), double repeats and for all repeats
grouped together.

To compare species, a generalised linear model with
logistic regression was used. Correct and incorrect responses
per session were the dependent variable and species was the
explanatory variable.

Delay

To test how long the animal could remember its own behav-
iour, a staircase paradigm was used with delays between the
original behaviour and the repeat command. The set-up was
the same as in the single repeat, with 15 trials, nine with
delays and six without. The behaviours were read from a
computer by the assistant to the trainer. An R-script dis-
played the behaviour after the correct delay and asked if the
response was correct or not. The delay was adjusted, depend-
ing on the answer given by the assistant. Delays were present
before behaviour two of each trial, regardless of it being a
repeat or not. The staircase started with no delay, increased
3 s after a correct response and decreased 3 s after an incor-
rect response. Because of the time necessary to reinforce the
animal, record the response and communicate the next trial,
the actual delay experienced by the animal was longer than
the delay in the script. The actual length of the delay was
measured from the video recordings. The delay started when
the trainer blew the whistle indicating a correct response
after the first behaviour and ended when the trainer gave the
command for the repeat.

No training was done prior to introducing delays between
the original behaviour and the repeat command. All phocids
showed some form of frustration. GS became agitated dur-
ing the first delay session. To prevent frustration, the number
of delay trials (normally all trials had a delay) was build
up throughout many sessions, starting with one delay trial
for every two non-delay trials. HS1 and HS2 were given
delays on all trials for all sessions. HS1 did, however, show
poor performance on training sessions without delays, the
day after a session with delays. HS2 showed frustration dur-
ing data collecting (jaw-clapping) and began to anticipate
repeat commands during the delay. She would, e.g. offer the
behaviour wave during the delay. Trials where she antici-
pated were removed from analysis.

Video analysis

To analyse if body postures had a positive influence on
performance, a list was made with the count of how many
times each body posture was observed after each behaviour.
For the double repeat, the first repeat was considered as the
behaviour that should be repeated. For each body posture,
the behaviour after which it was used most often was found.
If it was used equally often after more than one behaviour, it

was not considered statistically, since it would not be help-
ful as a memory tactic. When a behaviour was found, the
performance was analysed on the repeat trials following
this behaviour with and without the body posture during
inter-trial periods. These two groups were compared using
a one-sided binomial test, where correct responses and total
number of trials with the body posture were compared to
performance without the body posture as hypothesised prob-
ability of success.

For the delay paradigm, only the delay interval was
analysed.

Results
Single repeat

The single-repeat paradigm was only completed with GS
(see Table 2). Due to time constraints, no single-repeat para-
digm was done with HSs and SLs; however, they received
single repeats during the double-repeat paradigm. GS per-
formed above chance (one-sided binomial test, p < 0.05) for
snort, wave and the total of all behaviours. The difference in
performance between non-blind and double-blind trials was
not significant (one-sided binomial test, p>0.1).

Double repeat

For double repeats, all animals showed overall performance
above chance level (33% correct, see Table 3). SL1 per-
formed around chance for the spin and did wave instead of
repeating the spin. GS performed below chance on wave
(23% correct). The other animals performed above chance
for all behaviours when looking at the total number of dou-
ble repeats.

All animals but SL2 and SL3 scored best on the double
repeats (see Fig. 2). The HSs had the best overall perfor-
mance, followed by the SLs. The poorer performance by

Table 2 Performance (measured as the amount of correct out of the
total amount of trials) for GS during repeat trials

Behavior Performance Incorrect responses

Shy Snort Wave
Shy 5/9 (0.25) 0 2 1
Snort 8/10* (0.49) 1 0 0
Wave 7/10%* (0.39) 2 1 0
Total 20/29% (0.52) 3 3 1

An asterix indicates performance significant above chance (one-sided
binomial test, p < 0.05). Lower bound of 95% confidence interval is
given in parentheses. Last three columns show number of each incor-
rect baseline behaviour during the repeat trials. Incorrect responses
other than the three baseline behaviours are not shown
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Table 3 Performance (measured as the amount of correct out of the repeat trial) and the total (the combination of the two) of the repeat
total amount of trials) for single (from single-repeat trials and the first trials for all animals
repeat of a double-repeat trial), double (the second repeat of a double-

SL1 Incorrect responses

Behaviour Single Double Total Sing Spin Wave
Sing 12/12* (0.78) 7/8* (0.53) 19/20* (0.78) 1
Spin 4/11 (0.14) 2/3(0.14) 6/14 (0.19) 8
Wave 12/12%* (0.78) 7/7* (0.65) 19/19* (0.85)

Total 28/35* (0.66) 16/18%* (0.72) 44/53* (0.72) 9
SL2 Incorrect responses

Behaviour Single Double Total Sing Spin Wave
Sing 11/12* (0.66) 8/8* (0.69) 19/20* (0.78) 1
Spin 12/12%* (0.78) 5/8 (0.29) 17/20* (0.66) 1
Wave 12/12%* (0.78) 6/8% (0.40) 18/20% (0.72) 1

Total 35/36%* (0.87) 19/24%* (0.61) 54/60%* (0.81) 1 2
SL3 Incorrect responses

Behaviour Single Double Total Sing Spin Wave
Sing 12/12* (0.78) 8/8* (0.69) 20/20* (0.86)

Spin 11/12* (0.66) 7/8* (0.53) 18/20* (0.72) 2
Wave 10/12* (0.56) 6/7% (0.48) 16/19% (0.64) 1 1

Total 33/36%* (0.8) 21/23%* (0.75) 54/59%* (0.83) 1 1 2
SL4 Incorrect responses

Behaviour Single Double Total Sing Spin Wave
Sing 9/12% (0.47) 5/6% (0.42) 14/18* (0.56) 3
Spin 6/11 (0.27) 3/4 (0.25) 9/15% (0.36) 5 1
Wave 5/12(0.18) 4/4* (0.47) 9/16* (0.33) 5 1

Total 20/35% (0.42) 12/14* (0.61) 32/49* (0.53) 10 1 4

GS Incorrect responses

Behaviour Single Double Total Snort Shy Wave
Snort 8/11* (0.44) 5/5%(0.55) 13/16* (0.58) 3

Shy 6/11 (0.27) 4/5% (0.34) 10/16* (0.39) 5

Wave 3/11 (0.08) 0/2 (0) 3/13 (0.07) 3 5

Total 17/33* (0.36) 9/12% (0.47) 26/45* (0.38) 8 8

HS1 Incorrect responses

Behaviour Single Double Total Sing Shy Wave
Sing 9/12% (0.47) 6/6* (0.61) 15/18* (0.62) 3
Shy 10/11* (0.64) 5/6% (0.42) 15/17* (0.67) 1 1
Wave 12/12%* (0.78) 8/8* (0.69) 20/20* (0.86)

Total 31/35% (0.76) 19/20* (0.78) 50/55* (0.82) 1 4
HS2 Incorrect responses

Behaviour Single Double Total Snort Chin Wave
Snort 7/12 (0.32) 4/5% (0.34) 11/17* (0.42) 1 4
Chin 11/12* (0.66) 7/7* (0.65) 18/19* (0.77) 1

Wave 9/12% (0.47) 7/7* (0.65) 16/19* (0.64) 2

Total 27/36* (0.60) 18/19* (0.77) 45/55% (0.71) 1 3 4

An asterix indicates performance significant above chance (one-sided binomial test, p <0.05). Lower bound of 95% confidence interval in paren-
theses. Last three columns show incorrect behaviour during the repeat trials. Incorrect responses other than the three baseline behaviours are not
shown
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Fig.2 Boxplots of performance (measured as the amount of correct
out of the total amount of trials) per session for all animals for single
(filled boxes) and double (not filled boxes) repeats

GS compared to the HSs and SLs is significant (general-
ised linear model with logistic regression, p < 0.01). The
difference between HSs and SLs is not significant (gen-
eralised linear model with logistic regression, p >0.1).

For the seals, there was no difference between non-
double-blind and double-blind sessions (generalised lin-
ear model with logistic regression, p >0.1). For sea lions,
all sessions were double-blind.

Delays
The HSs together with SL4 scored best with performance

significant above chance level (one-sided binomial test,
p <0.05) for delays up to nine seconds (see Table 4). GS

together with SL1 and SL3 performed significant above
chance level for delays up to 6 s. SL2 only performed just
above chance level for delays of 3 s.

When correct and incorrect responses are modelled with
a generalised linear model with logistic regression, SL2 and
SL3 clearly show lower performance than the other ani-
mals (Fig. 3). The modelled performance crossed chance-
level performance between 4 and 7 s for SL2 and SL3, and
between 12 and 18 s for SL1, SL4, GS and HS1. For HS2,
not enough data points were available to model the perfor-
mance until it crossed chance level.

Video analysis

No body posture had positive influence on performance dur-
ing the double-repeat paradigm (one-sided binomial test,
p>0.05).

During the delay paradigm, only for GS did a body pos-
ture have positive influence on performance. GS shifted
his weight to the left, often rolling his left flipper under
his body, after snorts. This had a positive influence on his
performance (one-sided binomial test, p <0.05). On trials
where he shifted his weight, he got all the 14 repeat trials
correct. Without the weight shift, he got four out of eight
repeat trials correct.

Discussion

The results clearly show that all three species of tested
pinnipeds can recall their own behaviour.

Table 4 Performance (measured as the amount of correct out of the total amount of trials) per delay (rounded to the nearest multiple of three) for
all animals

Delay (s) SLI SL2 SL3 SL4
3 17/21% (0.62) 20/42% (0.34) 11/13* (0.59) 7/10% (0.39)
8/13% (0.35) 5/15 (0.14) 16/28* (0.40) 13/14% (0.70)
10/19 (0.32) 0/6 (0.14) 4/14 (0.10) 11/17% (0.42)
12 4/12 (0.12) 4/10 (0.15)
15 2/6 (0.06) 4/10 (0.15)
18 0/2 (0.15)
Delay (s) GS HSI HS2
3 10/19 (0.32) 16/17% (0.75) 5/5% (0.55)
24/32% (0.59) 9/19 (0.27) 8/11% (0.44)
9 2/5 (0.08) 6/9% (0.34) 6/8% (0.40)
12 1/3 (0.02) 3/7 (0.13) 3/4 (0.25)
15 3/4 (0.25) 1/1 (0.05) 3/4 (0.25)
18 072 (0) 0/1 (0) 0/1 (0)

An asterix indicates performance significant above chance (one-sided binomial test, p <0.05). Lower bound of 95% confidence interval in paren-

theses
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Only two animals had average performance below 80%
during double-repeat trials (see Fig. 2). SL4 performed
very well on the first two sessions but performed poorly
on the last two sessions. There are two reasons for this
decreased performance. SL4 was under eye treatment and
was tested in a confined space in the last two sessions,
where he refused to do spins on multiple trials. For GS,
multiple factors contributed to poor performance. In gen-
eral, his performance was much more variable, which is
also visible in his baseline performance. Nevertheless,
his overall performance is still well above chance level,
thereby fully supporting our conclusions. Here, GS did

85% of its behaviours correct, where all other animals did
above 95% of their behaviours correct. Compared to the
other animals, GS was younger and had only 4 years of
training experience. Both the GS and the HSs were trained
with a larger reinforcement after correct performance on
repeat trials, compared to original behaviours. For GS, this
difference was largest (three/four pieces of herring vs one
sprat). Double-repeat trials were, therefore, very reinforc-
ing for one behaviour (one sprat/capelin for the original
behaviour, three pieces of herring for the first repeat and
four pieces of herring for the second repeat), which might
explain why GS often stuck to performing the behaviour

Fig.3 Performance (0 is incor- — @O0 [e)e) [@0) — @G0
. . SL1 SL2
rect, 1 is correct) of all trials
during delay paradigm (empty N
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from the first double repeat he encountered on the follow-
ing few trials. This difference could also explain why his
performance on the single repeat fell drastically during
the double-repeat paradigm (69% repeat trials correct dur-
ing the single-repeat paradigm; 51% single-repeat trials
correct during the double-repeat paradigm). One concern
could be that GS relied on reference memory rather than
episodic-like memory during the double-repeat paradigm.
In other words, he could get set on a certain behaviour
after a double repeat and remember that performing this
behaviour gave reinforcement after a repeat command. To
test if this was the case, his actual responses were com-
pared to modelled responses where either episodic-like
memory was used (always repeating the last performed
behaviour in a repeat trial) or reference memory was used
(always repeating the behaviour from the last double-
repeat trial). The episodic-like memory model predicted
the actual response best (52% matching vs 45% matching
for reference memory model). This makes it highly likely
that, even though GS might have been confused due to the
high reinforcement value of a double-repeat trial, he was
still using episodic-like memory to solve the paradigm.

Mercado et al. (1998) found similar results for two bot-
tlenose dolphins with respect to the single repeat of four
behaviours (87% and 62% correct). Additionally, animals
were tested for 32 behaviours that were not previously
trained with the repeat paradigm. Here, animals scored
similarly (90% and 57%). For the double-repeat paradigm,
only the best scoring animal was tested for the four trained
behaviours. This animal scored 100% on this paradigm.
Performance of the bottlenose dolphins is hard to com-
pare with that of the pinnipeds, because no training effort
was reported. However, the performance of the pinnipeds
matches that of the bottlenose dolphins very well, with the
total performance of GS at 58% as the lowest and that of
HS1 at 91% as the highest (see Table 3).

During the delay trials, GS tended to shift his weight to
the left (supporting his upper body on his left flipper, leav-
ing the right flipper free to wave or do shy) after snorts.
He performed better on trials where he shifted his weight
than on trials where he did not. Whether he did this con-
sciously to remember he should snort on the next trial, or
just because he did not expect a wave or shy (for which
he had to use his left flipper), or found the position to be
more comfortable, is not clear. To make results significant
for GS, the delay paradigm will have to be repeated and
he should be trained to stay in the same position during
the delay. Cowan (2003) had similar issues during longer
delays with bottlenose dolphins. To try to remove the pos-
sibility to use body posture as a clue, he did a second
experiment, with a 30-s delay, where the dolphin was
asked to press a paddle at either three or 14 s after the
first behaviour was completed. The performance was still

above chance, but degraded quite a bit (29% correct, vs
93% correct without paddle pressing with the same delay).

Due to time constraints, only a limited number of delay
paradigm sessions were made. The modelled perfor-
mance showed at which delay the animals were expected
to perform at chance level. Due to the few trials, the 95%
confidence intervals were very broad at longer delays for
the phocids, which makes the estimation of maximum
delays difficult (see Fig. 2). The fact that the lower bound
of the 95% confidence interval shows up to a 10-s dif-
ference where it crosses chance level is caused by too
few replicates. Still, our results show that performance
declines towards chance-level performance after 15-18 s,
which matches the performance of another harbour seal
tested with delayed-matching-to-sample (DMTS) (Mauck
and Dehnhardt 2007). When tested in a regular DMTS
paradigm, where the animal had to match one out of two
comparison stimuli to a sample stimulus after a delay, the
performance declined towards chance-level performance
after 12 s. This decline was not apparent when also spatial
information was available (where the stimulus was placed
in the enclosure). These results indicate that harbour seals
have a much better developed spatial memory, than general
memory. They may need this well-developed memory to
navigate over long distances and find, e.g. the exact beach
where they left their young.

The SLs performance was more varied. SL2 was being
trained for another paradigm at the time the delay para-
digm was tested. Since she also had low performance on
the short delays, it is likely that she did not remember the
repeat paradigm very well. SL3 was tested while blind-
folded, since she was in the process of becoming blind.
This provides an even stronger proof that she was not
using accidental cueing but may also have impaired her
performance during the delay paradigm, since she had to
rely on her hearing and touch senses to know what was
happening around her. This likely consumed more atten-
tion and therefore impaired performance. The other two
sea lions performed as well as the harbour seals. The 95%
confidence interval is much narrower for the sea lions than
for the HSs and GS and shows that the 12-18 s interval is
very likely the retention time for own behaviour with the
current set-up.

The performance half-time of sea lions using the DMTS
paradigm is well above 30 s (Pack et al. 1991). DMTS per-
formance is often compared using zero-delay performance
and performance half-time. For the data of this study, per-
formance half-time is very close to chance performance for
GS, but much higher for the HSs. This is due to the HSs
modelled zero-delay performance being around 90%. The
memory of GS (measured as performance half-time) is bet-
ter than that of the HSs, but motivation and concentration
resulted in lower overall performance. However, the large
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difference between the performance of HS1 and HS2 sug-
gests that more data is required to draw solid conclusions on
this matter. A reason for the much higher performance half-
time for the sea lions than the phocids could be the use of an
inter-trial interval in the sea lion testing. Pack et al. (1991)
waited 30 s between trials. Such long inter-trial intervals
have been shown to increase performance, by decreasing
interference from memory from previous trials (Zentall and
Smith 2016).

The only other studies investigating short-term memory
by recall of own behaviour after a delay found that bot-
tlenose dolphins performed above chance level even after
2 mins (Cowan 2003), and macaques after 30 s (Paukner
et al. 2007). Apart from the fact that dolphins and primates
have been shown to have well-developed cognitive abilities
(Marino 2002), and therefore might have better memory of
their own behaviour, there are two factors that could account
for the much longer retention time by these species. The
bottlenose dolphins had been trained for much longer on the
repeat paradigm and multiple tests had been done before the
delay paradigm was tested. A second factor is the inter-trial
interval. The dolphin had to wait at least 30 s (the macaques
20 s) between trials and 2 mins between every four trials.
This has a positive influence on retention time (Zentall and
Smith 2016) and might very well explain the difference in
performance.

The second aim was to compare otariids with phocids and
two closely related phocids with each other. Otariids nor-
mally breed on islands and have harems between five and 15
females. The mothers stay with the pup for up to a year. For
some species, cooperation during hunting has been recorded.
Phocids breed on different substrates and show a large vari-
ety of breeding strategies. Weaning of the pup occurs within
a few of weeks for most species (Jouventin and Cornet
1980). No cooperation during hunting has been reported.
This general trend is well represented by the species in the
current study (all three studied species have life-histories
similar to the general life-history of the family). Large South
American sea lion males defend multiple females during
breeding. Smaller individuals may develop alternative strate-
gies to be able to breed. Females lactate for up to 10 months,
sometimes staying with their young after lactation ceases
(Cappozzo and Perrin 2009). Hunting in groups has been
observed (Septlveda et al. 2007). The phocid species used
in this study are either polygamous (most grey seal popula-
tions) or solitary (Baltic grey seals and harbour seals). They
lactate their young for only a few weeks, then leaving them
to forage for themselves. No hunting in groups has been
observed (Burns 2009; Hall and Thompson 2009). These dif-
ferences in ecology would make it likely for otariids to have
evolved better cognitive abilities, since social complexity
and especially pair-bonding have been reported by Dunbar

@ Springer

and Shultz (2007) as a driver for larger brains (a proxy used
as a measure of cognitive abilities).

There is no clear difference between the otariids and
phocids, neither in the double repeat nor the delay paradigm.
Another otariid, the Californian sea lion (Zalophus califor-
nianus) has a short-term memory duration well beyond 30 s
(Pack et al. 1991), which is much higher than what is found
the in the harbour seal (Mauck and Dehnhardt 2007). It is
likely that phocids do not have the same short-term memory
duration as otariids, since the latter might have developed
a better general short-term memory, due to the challenges
posed by their foraging and social behaviour. It could, e.g.
be that females would benefit from increased short-term
memory in developing a strategy to handle their offspring or
that otariids hunting together would benefit from being able
to remember which moves they made. Our study showed
no difference in short-term memory for own behaviour is
in contrast with these previous findings. It might be that the
difference is caused by differences in training between the
otariids and phocids. However, this is unlikely since most
animals did very well on the short delays, making it likely
that they were all trained very well for the repeat paradigm.
Our study is using exactly the same methodology for both
otaraiids and phocids, which was not the case in previous
studies. Therefore, the more likely explanation is that the dif-
ference in retention in previous studies with DMTS is caused
by differences in the methods of those studies; and that the
short-term memory of otariids and phocids is actually very
similar. The more complex mating system of otariids does
not seem to have led to improved memory capabilities.
Instead, the main reason for developing short-term memory
abilities may be found in the foraging behaviour of seals,
which may be quite similar across otariids and phocids.

As for the phocids, one would expect the grey seal to
have a better developed memory for own behaviour than
harbour seals. In spite of being closely related, they are quite
different with respect to social life and foraging strategies
(Jouventin and Cornet 1980; Higdon et al. 2007). Harbour
seals are more conservative in their foraging, mainly going
after few fish species and cephalopods (Hall et al. 1998;
Berg et al. 2002). Grey seals also eat mainly fish and cepha-
lopods (Mikkelsen et al. 2002; Lundstrom et al. 2007), but
especially males are keen on raiding salmon traps (Lehtonen
and Suuronen 2010; Konigson et al. 2013) and have been
observed to take harbour seals (Bishop et al. 2016; Brown-
low et al. 2016), harbour porpoises (Haelters et al. 2012;
Leopold et al. 2015; Heers et al. 2018) and even young
grey seals (van Neer et al. 2015). Socially, grey seals are
much more diverse than harbour seals. They can both be
seemingly monogamous (in the Baltic Sea) and polyga-
mous (in the Atlantic). How the females are defended by
the males depends on the substrate (Jouventin and Cornet
1980). To attract females, harbour seals mainly produce
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roars and otherwise use their flippers to produce sounds.
Grey seals produce at least seven distinct vocalisations and
appear much more flexible in their vocalisations (Asselin
et al. 1993). Both species are capable of vocal mimicry, even
though there is only evidence from one harbour seal (Ralls
et al. 1985; Stansbury 2015). Although they are only present
in the North-Atlantic, North Sea and Baltic Sea, grey seals
appear to be the more opportunistic species. Therefore, they
would benefit most with increased cognitive abilities. This
adaptive life-style would benefit greatly from good memory
for own behaviour. In another study comparing performance
on the mirror test (Martin 2016), greys seals showed more
self-directed behaviour in front of a mirror, also indicating
more self-awareness. In the current study, one harbour seal
(HS2) seemed to remember her behaviour better than HS1
and the GS (see Fig. 2). This is not what was expected, given
the expected higher cognitive skills of grey seals compared
to harbour seals, from their social and foraging behaviour.
The reason for this may be that GSs would be better off
than HSs in other cognitive abilities than the ones measured
here. Also, cognitive tests may be affected by the animal’s
ability to be patient and voluntarily participating in many
trials, and there may be innate differences between the two
species in this respect, as well as differences in their training
and husbandry history that may affect the results, besides
differences in their cognitive abilities. Also, as only one GS
was tested, there is also the possibility that this individual
is not representative in cognitive and memory abilities with
grey seals in general.

There is clear evidence that the increased cognitive abili-
ties and brain size of cetaceans, at least partly, are due to
evolutionary pressure caused by their complex social struc-
tures (Fox et al. 2017). Their cognitive abilities may also
have led to more diverse foraging strategies. Marino (2002)
argues that increased social complexity could have been a
response to predation during development of the young. Pin-
nipeds can prevent predation from the marine environment
by pupping on land, even though this leaves them with some
terrestrial predators. However, the offspring need to return
to the marine environment at some point. This overlap in
ecology with cetaceans would make it likely for pinnipeds to
evolve more complex social structures and therefore develop
complex cognitive abilities. Pinnipeds face the same chal-
lenges as cetaceans to find prey in a three-dimensional space.
Besides cetaceans, this has presumably also led to increased
brain size in chiropterans and primates (Eisenberg and Wil-
son 1978; Clutton-Brock and Harvey 1980). If the evolu-
tionary pressure has been the same for pinnipeds as it was
for cetaceans since their return to the marine environment,
there ought to be some sign of this. The ability to recall
own behaviour has not been tested for other animals than
primates and cetaceans, even though some similar studies
have been done with rats and pigeons (Beninger et al. 1974;

Shimp 1982). Without more data from other mammals, it
is difficult to understand the significance and evolutionary
driving forces of this ability. This ability does, however,
require some form of self-awareness, since the response is
based on the animal’s own behaviour.

Conclusion

All pinniped species tested could recall their own behaviour.
This indicates self-awareness with respect to own behav-
iour in both otariids and phocids. In the current set-up, the
retention time for own behaviour of the pinnipeds tested was
12-18 s (with the exception of SL2 and SL3). There was
no difference between otariids and phocids, which stands
in contrast with findings of previous studies using DMTS.
Since our study was conducted with very similar methods
for all species, it is likely that there is no difference in short-
term memory between otariids and phocids; and that previ-
ous differences are caused by differences in the methods of
those studies. The retention of 12—18 s is much shorter than
what is found in macaques and bottlenose dolphins, probably
due to methodological differences, such as longer training
before testing and longer inter-trial intervals. The complex-
ity of pinniped foraging and social behaviour does not seem
to have driven the development of short-term memory abili-
ties in these animals.
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