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Abstract: (200 words)

Play is considered to be an essential part of development that supports learning, memory,
and the development of flexible behavioral strategies. An increasing amount of non-mammalian
species have been discovered to engage in play behavior, but there has been little research into
play behavior in cephalopods specifically. Here we studied play behavior of wild-caught,
laboratory-housed California Two-Spot Octopuses, Octopus bimaculoides. The behavior
observed in these animals is consistent with established criteria of play behavior in animals. The
evidence of play in O. bimaculoides provides further insight into the evolutionary development of
play behavior as a whole, the characteristics of play in an under-studied species, and also has
the potential to be used as a factor in determining the welfare state of octopuses to improve their
management in captivity.

Background:

Play is considered to be an essential part of development, as it is known to engage
neurobiology mechanisms supporting learning, memory and the development of flexible
behavioral strategies. Play is also important in adulthood, and human and animal research
suggests that playful behavior and internal motivation is linked to mental health (1).

When play behavior first started growing in popularity as an important field of scientific
study, the only non-human animals thought to be capable of play were other mammals and
possibly birds (2, 3); evidence of play behavior in other species such as reptiles or fish was often
discredited quickly and without sufficient evidence to disprove it. One example of this is when the
naturalist Charles Holder described needlefishes that would jump over logs as being a potential
play behavior (4-6), which was promptly dismissed by ethologist Frank A. Beach (3) as a method
of parasite removal despite having no evidence to support this counterargument (7). Over the
past few decades there has been growing appreciation of the importance of play in development,
socialization and communication, as well as an increasing amount of evidence showing that play
behavior is also found in reptiles (8, 9), fish (9-11), and even insects (12).

Octopods are soft-bodied marine mollusks of over 300 known species within the class
Cephalopoda, containing two major groups: the finless incirrate octopuses and the finned cirrate
octopuses. Within the category of incirrate octopuses is the family Octopodidae, which contains
the majority of octopods at over 200 species. Octopodidae are benthic creatures and are
characterized by their eight arms, each possessing one to two rows of suckers (13). The majority
of an octopus’ neurons are located within the arms (14, 15), giving it a decentralized nervous
system where the arms are capable of making semi-autonomous decisions and can engage in
grasping and foraging behaviors even after being completely severed from the rest of the body
(16, 17). They are also capable of changing the color and texture of their skin, which they
commonly use as a method of camouflage or startle display (18).

With their large brains, unique nervous system, and wide behavioral repertoire, octopuses
are ideal models in a broad variety of fields and subjects, including aquaculture, neurobiology,
climate change, and more (19). In particular, they are becoming increasingly common as a model
in biomedical and neuroscience fields, as well as in robotics (17, 20-26).
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The discussion of play in octopuses is not a new occurrence. Play or play-like behaviors
have been observed and recorded in a few species —the common octopus, Octopus vulgaris (27),
the Giant Pacific Octopuses, Octopus dofleini (28) — and it has been anecdotally described in
regards to the Caribbean Reef Octopus, Octopus briareus (29) and more recently in the California
Two-Spot Octopus, Octopus bimaculoides (30). O. bimaculoides (Pickford and McConnaughey,
1949) is a species endemic to the coasts of California and Mexico’s Baja Peninsula. It is becoming
popular in biomedical research due to several biological and husbandry reasons (26). First, it is
found off the coast of southern California and is readily available through suppliers. Second, unlike
another studied octopus, O. vulgaris, O. bimaculoides was determined to be one of the least likely
octopus species to attempt to escape in captivity (31). It is a large-egged species that is tolerant
of crowding, with benthic hatchlings that display adult-like behaviors almost immediately, making
it an ideal candidate for culture within the laboratory (32, 33). A third reason for the growing
interest in using O. bimaculoides in the laboratory is the publication of its genome (34). Therefore,
it would be important to characterize the behavior of this specific species.

The presence of play behavior in octopuses also provides valuable insight into the origins
of play behavior itself. The majority of evidence for play behavior originates from placental
mammals, a group which at approximately 4300 species makes up only a small fraction of the
roughly one to two million species of animals currently present on earth (35). The existence of
play in octopuses, such an evolutionarily distinct species from eutherian mammals, provides
evidence against the notion that play is evolutionarily homologous. As described by Burghardt, if
the play behavior thus far seen in octopuses does constitute valid play, then the development of
the biological ability to evolve and perform playful acts dates back to over a billion years (10).

Burghardt's (10) five criteria were used to determine whether observed behaviors
constituted as play. Briefly, these criteria are as follows: 1) there is no immediate function to the
behavior in the context in which it is performed; 2) the behavior is voluntary, spontaneous, or
autotelic (done for its own sake); 3) there is a structural or temporal difference from other typical
behavior; 4) the behavior is repeated but not stereotyped; and 5) the animal is healthy and free
of stress and competition.

In addition to the importance of understanding octopus play in regards to the evolutionary
development of play behavior as a whole, it may also be valuable in terms of assessing an
animal’s welfare state. It is well-understood that an animal’s welfare state affects the quality of
scientific research. An animal’s body is affected by its state of mind (36). Inadequate welfare can
cause abnormal behavior, physiology, and immunology (37). It has been concluded that the most
important measure for ensuring the protection of cephalopod welfare in both laboratory and field
settings is the refinement of methods of maintenance, care, and culture (38, 39). According to
Sykes & Gestal (40), “The practice of good (positive) or bad (negative) welfare in [cephalopod]
research, maintenance, rearing or culture conditions will determine the existence of pathologies.”

There is existing research that shows that stress negatively affects O. bimaculoides
physiology and behavior (41, 42) and may be related to stereotypic behaviors such as autophagy
(43). For captive cephalopods, enrichment is an important management tool that can be used to
overcome the inherent stress of being held in captivity (44). Ahloy-Dallaire et. al. (45) suggested
that there is a consistent relationship between animal welfare and most types of play. Evidence
suggests that positive affect increases play and negative affect can significantly suppress many
types of play, both in animals and humans. The term ‘affect,” according to Mendl and Michael (46)
is used to describe valent (positive or negative) states including emotions, moods, and other
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valanced components of sensation. Since there have been very few deliberate records and
measurements of octopus play behavior, the association between play and welfare in the
Octopodidae family remains to be determined. Nevertheless, it is likely that an octopus with a
negative affective state would display reduced play behavior, or an absence of it altogether.

Methods:

All procedures were approved by the Institutional Animal Care and Use Committee at
Michigan State University. Adult O. bimaculoides were obtained off the coast of southern
California. Tank and environment set-up and protocols were described in detail by VanBuren et.
al. (26). Octopuses were housed separately in the lab for up to 5 months. Octopus welfare was
regularly assessed using a version of the Giant Pacific Octopus health and welfare assessment
tool developed by Holst and Miller-Morgan (47) that was modified in order to be appropriate for
O. bimaculoides.

To monitor the octopuses, Wyze Cam V2 and V3 cameras were set up facing the front of
each tank containing an octopus. Cameras were set either to record continuously, or to record
only motion activities. The cameras automatically saved all motion events to micro-SD cards, and
in addition, the Wyze phone app allowed for a live view of the cameras and the ability to manually
record this live video to the phone using a start/stop recording function. Videos taken with portable
video cameras were also analyzed.

Octopuses were fed crabs twice a day and shrimps approximately twice a week. Initially
when shrimp was fed, it was simply placed into the tank with the octopus using a pair of forceps.
If the octopus did not show immediate interest, the shrimp would be moved around the tank with
the forceps to simulate the motion of live prey. Putting the shrimp in a closed test tube was
introduced in an effort to increase mental stimulation and increase the duration of a mimicry of
the octopus’ natural foraging and hunting behavior.

In order to train the octopuses to open the test tube by unscrewing the cap, a step-by-step
process was used where the first exposure to the test tube containing the shrimp was without the
lid on. If the octopuses removed the shrimp from the uncapped test tube successfully, then for
the next shrimp feeding the cap would be screwed on loosely so that it could be opened in about
a quarter turn. As the octopuses succeeded in opening the loosely capped tube to access the
shrimp, the cap would be gradually tightened in subsequent feedings to increase the difficulty of
opening it. This process of increasing tightness continued with each feeding until the octopuses
could remove a cap that was fully screwed on.

Results:

Three octopuses engaged in object play with the plastic test tube cap. Two of the
octopuses were only observed playing after they had unscrewed the cap and consumed the
shrimp within, while the third octopus engaged in object play almost immediately after it had
grasped the shrimp in its arms and brought it to its beak. Notably, none of the octopuses chose
to play with the test tube itself despite its similar floating properties. For all three octopuses, play
consisted of the octopus releasing the cap from its grasp so that it floated upwards into the water
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current of the tank. As it began to float past, the octopus would reach out to grab it again, pull it
in closer to its body, then release it again. This cycle of grabbing and releasing would be repeated
several times, with the duration of the cycles varying in length. The number of cycles that were
repeated before the octopus stopped engaging with the cap was also variable. A video capturing
octopus’s play can be found in Supplementary Data (Video 1).

During play, the octopuses showed a variety of skin coloring and patterns. One octopus
(Figure 1) typically had an “acute mottle” pattern, characterized by bright blue or flashing ocelli,
yellow-orange spots, integumental trellis, and a rounded mantle (18, 33). Another octopus played
while in a uniform pale brown phase, although it did at times display a flashing ocelli pattern similar
to that of the octopus in Figure 1. This flashing ocelli pattern was typically otherwise seen when
the octopuses were hunting or consuming food. These octopuses did not show any major stress
behaviors (such as stereotypies, reclusiveness, or inking or defecation provoked by the presence
of a caretaker) either during play or outside of it.

The location within the tank that the octopus would play also varied. The octopus that
played the most times typically would bring the shrimp with it back into its den, made up of a
hollow ceramic “rock” with one opening. It would then orient itself so that it was facing outwards
at the opening of the den and remain within the den for the duration of play unless the cap floated
out of reach, in which case it would either stop playing or leave the den to grab it again. The other
two octopuses both played outside of their dens, in the same general area of the tank where they
had unscrewed the cap of the test tube.

The arms used to grasp and release the test tube cap were primarily the first two arms on
either side (R1, L1, R2, L2). In some cases, such as when an octopus was using those arms to
hold onto the test tube still, other arms were used (R3 and R4). In all octopuses, at least two of
the rear arms were used as an anchoring point to a surface in the tank during play, most often
the gravel bottom but sometimes to live rock or the inside of an artificial rock den.

Octopus ID | Sex Number of Times Arms Used
Observed Playing

A M 1 L1, L2, R1, R2

B M 7 L1, L2, L3, R1, R2, R3

C M 2 L1, R1, R2, R3, R4

Table 1. Characteristics of Play Behavior in Individual Octopuses
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Figure 1. Octopus playing with a plastic cap. An O. bimaculoides grabs a test tube cap with
its arms (@), pulls the cap towards itself (b), then releases it into the tank current (c) and reaches
to grab it again as it moves away (d, e). The blue cap is indicated by a green arrow in pictures a-
d, and is not visible in picture e, after being pushed away by the tank current. This sequence was
typically repeated upwards of 5 times and was observed in this individual octopus on several
different occasions throughout the four months it was housed in the lab.

Discussion

Notably, the discovery of play behavior of the animals reported here was incidental since
these animals were being used for biomedical research purposes. However, all of the octopuses
within the lab were approximately the same age and were all housed under the same
environmental conditions. This did provide some measure of a controllable and reproducible setup
and conditions. Burghardt (10) also provides justifications for using anecdotal evidence in
ethology, and notes that the benefit of anecdotal evidence particularly applies to species that are
lacking in-depth ethological study — such as O. bimaculoides. In addition, quantitative analysis of
collections of anecdotal evidence of play in non-human animals indicates that it is possible to
document phylogenetic trends and differences across species by use of informal observations of
scientists (Whiten and Byrne, 1988).

While there were eight octopuses in total housed in the laboratory during this time period,
only three of them were observed displaying play behavior. This does not necessarily mean that
none of the other five octopuses engaged in play, as most of the animals were not constantly
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recorded. In addition, instances in which the octopuses moved slowly or were towards the rear of
the tank were not consistently captured and recorded by the Wyze camera motion sensors. There
are many factors that may have also contributed to the occurrence of play in individual octopuses,
such as life stage (particularly regarding senescence), sex, or even personality. Although most
octopuses did not learn to completely unscrew a test tube cap, which was necessary in order for
them to have access to the free-floating cap, all octopuses were presented with other objects in
attempts at enrichment, such as Legos, plastic aquarium plants, seashells, and a plastic “foot toy”
designed for parrots.

Mather and Anderson (48) determined that octopuses (Octopus rubescens) have
individual personalities, characterized by three factors: activity, reactivity, and avoidance. These
personality traits may influence the likelihood of an octopus to engage in play activity. The
octopuses that displayed play behavior were often active during daytime hours and sought to
engage handlers during daily tank maintenance. Comparatively, the octopuses that frequently
withdrew from handlers and remained in their dens did not show any signs of play behavior. There
is a possibility that the difference in personality between the octopuses housed in the lab could
have influenced the likelihood of an individual octopus both to learn how to open the test tube,
and to engage in object play with the plastic cap.

In order to determine whether a behavior was play, Burghardt’s criteria for play (10, 49)
were used and are addressed. First, the behavior does not have an immediate function in the
context in which it is performed, and second, it is voluntary, spontaneous, or autotelic; In our
report, although the opening of the test tube by removing the cap was a behavior that was
intentionally taught to the octopuses, any form of interaction with the test tube cap beyond that
was self-motivated. Octopuses were rewarded for opening the test tube immediately upon
successful removal of the cap by being able to access the piece of shrimp. If an hour had passed
and the octopus had not opened the tube, a caretaker would then remove the cap and return the
opened test tube, without the cap, to the octopus. This meant that the only behavior the octopus
was given a reward for was the opening of the test tube itself — any continued engagement with
either the test tube or the cap was motivated internally, without the expectation of further reward.
Thus, it is unlikely that the behavior was food-motivated.

If the behavior was not done to achieve a food reward, another possible motivation could have
been to gain the attention of the caretaker. There were several times in which the behavior
occurred while the caretaker was in the vicinity. However, the behavior also occurred on multiple
occasions when the caretaker was no longer present. Had the goal of the behavior been to receive
some form of engagement from the handler, it would not have been performed in their absence.
Both of these factors suggest that the behavior was autotelic, as it provided no benefit to the
octopus other than whatever pleasure it may have received through playing with the object.

Third, there is a structural or temporal difference from other typical behavior; In our study, the
motion of the arm made when the octopus reached out to grab the test tube and pull it towards
itself was also seen on other occasions — typically at any other instance where the octopus
attempted to grab something that was not in its immediate reach, such as when reaching for any
food source that was not moving on its own (when catching live fiddler crabs, octopuses typically
engaged in the hunting tactics used to catch crabs that were described by Bidel et. al. (50)).
However, the repetition and the time spent engaging with the test tube cap made this behavior
markedly different from other behaviors with clear motivational causes.
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Fourth, the behavior is repeated but not stereotyped; Two of the three octopuses in this study
displayed this behavior on more than one occasion. Stereotypic behavior is characterized by its
rigidity and repetition (51). The octopuses only engaged in this behavior intermittently, not every
single time they were presented with the shrimp in a test tube. If this behavior were stereotypical,
it would have been expected to be much more consistent in terms of duration and physicality.
However, the octopuses that each performed this behavior multiple times showed variation in the
duration of play, which arms they played with, where in the tank they played, and how many cycles
of play they completed. This suggests a level of flexibility to the play behavior, which is counter-
indicative of stereotyped behavior. In addition, play only occurred after the octopuses had been
familiarized with the test tube and cap. This is consistent with the suggestion that play is preceded
by exploration (52).

Finally, the animal is healthy and free from stress and competition; The octopuses housed in
our laboratory were regularly assessed using a modified welfare assessment scheme as
described in the methods section. The octopuses that engaged in play or play-like behavior had
been concluded to be in positive welfare states during the time period that play occurred. Play
behavior did not occur until after the octopus had acclimated to the laboratory environment and
its caretakers.

In conclusion, the behavior of the O. bimaculoides reported here was consistent with
previously established criteria for play and provides increased evidence for the existence of play
in octopuses, which have a nervous system and evolutionary history that is quite separate from
that of mammals. This supports the theory that play behavior evolved in multiple separate
instances in history, as opposed to having developed at one singular point in time, and that play
is a conserved behavior across species that may play a crucial role in development, but may also
be important to an animal’s well-being in adulthood.
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