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DISCUSSION

Research Findings and Importance

The present study investigated the effect of familiarity on partner preference in juvenile
lemon sharks. We found that juvenile N. brevirostris showed significant dyadic preferences
for familiar individuals during the introduction to unfamiliars. Individuals in trials were
matched according to size (mean size difference between all individuals in trial: 5.8 cm, +/-
4.0 cm), but beyond this control, size had no significant impact on partner preference.
Guttridge et al. (2009b, 2011) showed lemon sharks preferred sized-matched individuals, and
group leaders often led smaller conspecifics; these results were from both semi-captive and
wild studies. While we could not exactly size match individuals, the observed preference for
familiars provides evidence that familiarity overrides small ranges in size assortment. We
would expect size to make a significant difference if it was not controlled for in trials.
Interestingly, the preference for familiars was highest during the first 20 minutes of the trial
and showed decreases throughout the following 40 minutes. For the entire hour, significant
preferences for familiars were still observed. This study provides a framework for future
investigation in shark behaviour and demonstrates the importance of controlling for
familiarity. Otherwise, the results could be skewed with underlying preferences and initial
biases. In the wild, these results can be used to understand social structure within natural
aggregation. For example, lemon sharks aggregate off the coast of Jupiter, FI throughout the
late fall and early winter. The findings provided by this study suggest that animals that were
familiar before the aggregations would show a significance preference towards each other

during the group event.
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Explanation of Familiar Preference

While behavioural investigations on partner preference in sharks are relatively limited, there
have been numerous studies examining the effect of familiarity on dyadic preferences in
other fishes (Centrarchidae: Brown & Colgan 1986,;Poecillidae: Magurran et al. 1994;
Griffiths & Magurran 1999; Cyprinidae: Brown & Smith 1994; Osphronemidae: Miklosi et
al. 1992; Gasterosteidae: Van Havre & Fitzgerald 1988). Partner preference with familiars
can further the benefits of group living compared to the social interaction of two unfamiliar
individuals. Therefore, the persistence of familiar interactions could occur in order to build
relationships that facilitate high levels of direct fitness (Griffiths 2003; Ward & Hart 2003).
In the current study, the familiar interactions did not persist, and in fact, they deteriorated
within the hour. If familiars are not being preferred in order to bolster the benefits of group

living, what becomes the motivation behind this initial preference?

The ‘Dear Enemy’ effect, originally introduced by Fisher (1954), is a likely mechanism
behind the observed behaviour. Fisher demonstrated the lack of agonistic interactions
between neighboring birds. The basis of this relationship is a mutual understanding of
complacency between neighbors in order to avoid agonistic interactions, but when an
unfamiliar is introduced, the interactions are altered due to the uncertainty of future events.
While agonistic interactions are rare between juvenile lemon sharks, it seems as though
individuals prefer familiar conspecifics to ensure the lack of potentially harmful interactions
with unfamiliars. This hypothesis is bolstered as the unfamiliar individuals interact more as
the trials progress, and eventually, the preference for familiars declines because the initial

uncertainty of unfamiliars is replaced with the same mutual understanding that originally
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existed between familiars. However, repeated partnership of lemon sharks has been observed
in wild studies where the preference of familiars is the likely mechanism facilitating this
(Guttridge et al. 2011). In reality, the reason for preferring familiars does not have to fall
within one category completely. We suspect our sharks had a high preference for familiars at
first in order to avoid potentially agonistic interactions. After the uncertainty of unfamiliars
was erased, the interactions between unfamiliars increased in frequency. Our model system,
which provides a framework for natural interactions, is likely different than the wild system
(Further explanation in Experiment Limitations and Management). In the wild, we suggest
that preference for familiars is not facilitated by either the ‘Dear Enemy’ effect or the desire
to bolster the benefits of group living. Rather, we believe the two advantages are closely
linked as the ‘Dear Enemy’ effect results in spatial isolation that results in strengthened

bonds that ultimately bolster the effects of group living between familiar individuals.

This is the first instance of dyadic preference for familiar individuals in chondrichthyes.
Jacoby et al. (2012) showed familiar individuals formed larger and more frequent groups
than would occur randomly; these results did not occur within unfamiliar groups.
Furthermore, observed interactions were higher in familiar groups than unfamiliar, but no
overall effect of familiarity was observed on partner preference (Jacoby et al. 2012). Why
was there a significant effect of familiarity on assortative associations in lemon sharks and
not the small-spotted catshark? The purpose behind preferring familiars can be presumed to
differ between the species. Also, the young age of the sharks used and the fact that they were

bred in captivity could potentially impact experimental results.
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Experiment Limitations and Management

An unavoidable flaw of this experiment was taking individuals from a population with
overlapping home ranges. The development of familiarity in the wild occurs via overlapping
home ranges, and these initial conditions will be criticized as an inherent flaw. Instead, they
should be used to further understand the ecological principles because no significant
correlation between individuals from the same area of capture and interactions was observed.
This suggests original home range, or original familiarity, did not carry over to the
experiment. The density of individuals in holding pens was much higher than that
experienced in nature. This most likely increased the predilection towards familiar to such an
extent that any previous assortative preferences were erased. As this experiment is a model
for the natural world, we must realize that the preference for familiars in a normal ecological
setting would most likely be a preference for individuals with overlapping home ranges. In
the case of our study, overlapping home ranges were represented by co-inhabitation of a
holding pen. The lack of significant correlation between capture location and interactions
shows the previous levels of familiarity were erased, and unfamiliar individuals were indeed,

unfamiliar.

As mentioned, this studied pooled sharks from one nursery. Results could differ if sharks
were taken from different nurseries in Bimini, which previous research has shown has no
exchange rate (Franks 2007), thereby ensuring no previous interactions or underlying
familiarity. However, initial home range showed no significant effect on number of
interactions between individuals. Therefore, we expect results would be unaltered even if

unfamiliar sharks were taken from different nursery grounds.
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The size of the social network pen had two consequences 1) it altered swimming dynamics
and 2) it restricted animals from leaving study sight. Initially, the pen was designed to ensure
a high number of interactions between animals. The small area required situations for the
sharks to turn, thereby avoiding contact with the pen, more often than they would in nature.
However, when sharks were forced to make a decision on which direction they turned, they
often had to choose between individuals to interact with. In this case, sharks were forced to
make a choice between familiar and unfamiliar partners. With this high level of interaction,
we were able to observe underlying preferences of these animals. This great benefit is also
one of the studies’ biggest disadvantages. In the wild, it is likely unfamiliar partners would
not have this much time to interact. A pair of familiar sharks could encounter an unfamiliar,
and simply swim away as they are in an open system. The familiar partners would then stay
together because 1) the uncertainty of unfamiliars would persist and 2) the desire to bolster
the benefits of group living. Bolstering the benefits of group living by repeated exposure
could be a positive feedback system, where two familiar sharks avoid unfamiliars and
strengthen their relationship, thereby increasing the benefits put forth by group living. After
this process is completed, the sharks would be more familiar and less likely to interact with
unfamiliars than before. This behaviour would allow for the continuance of familiar
relationships and the increased social separation between unfamiliars. The significant,
positive correlation of familiar interactions with time in captivity (unfamiliar interaction did
not show the same significant correlation) supports the argument that the preference for

familiars increases with time spent as partners.
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Within the first 20 minutes of our trial, the preference of familiars was likely due to the ‘Dear
Enemy’ effect because uncertainty of unfamiliars was high. However, interactions were
forced with unfamiliars, and the initial uncertainty was erased; therefore, interactions began
to occur with a higher frequency between unfamiliars. We suggest that this would not happen
in the wild. The initial reason for avoidance of unfamiliars is due to the ‘Dear Enemy’ effect,
and the isolation between unfamiliars that results from that behaviour would cause prolonged
persistent relationships between familiars, which would bolster the benefits of group living.
This explanation could likely explain the reason why Guttridge et al. (2011) observed
persistent partnerships over different sampling periods. The animals in the wild, whose
repeated partnerships were unable to be explained by size, could likely be familiars that

rarely interact with unfamiliars, thereby reinforcing their original preference.

Lastly, our tracking model identified behaviours when they met certain qualifications, such
as mirrored trajectories and proximity within 2.5 body lengths. Every behaviour that satisfied
these requirements was given a score of 1. Due to the size constrains of the pen, it is likely
that animals were forced to be in groups and while satisfying the aforementioned
requirements, did not actually desire to interact. This theory is validated by looking at the
difference in analysis via gambit of the group v. nearest neighbor. The former identified
many more interactions and showed no preference for familiar individuals. Therefore, when
we look at all animals that meet the requirements of our tracking model, some interactions
included were most likely involuntary. Using the nearest neighbour technique was much
more accurate in identifying partner preference. This validates the theory that physical

proximity is a good metric for behavioural interest in a partner. If the gambit of the group
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technique were used, we would not have observed a preference for familiars. When working
in a closed system where grouping is not voluntary, using nearest neighbor analysis is critical,
as physical proximity is a better metric for social interactions than group participation.
Gambit of the group is most useful for fission-fusion groups where social participation is

voluntary.

Implications for Previous Work

Since influence of familiarity on partner preference has not manifested significance prior to
this study, the perception of results in certain behavioural trials could be misinterpreted. In
most of the social experiments using captive animals, there is a set of methods in place to
control familiarity (see ‘Methods’ in Guttridge et al. 2009b for example). However, in wild
trials the effect of familiarity could be the mechanism influencing social dynamics. Wild
investigations are usually unable to determine the level of familiarity between individuals
outside of the study site or outside of the time slot for observation. Future work must ensure
that all animals are equally familiar with each other so dyadic preference is not inherently
biased. As with Guttridge et al. 2011, we do not seek to call previous investigations into
question, instead, we hope to provide a framework for elucidating patterns that have no

quantifiable explanation.

Future Research
Future research must identify if lemon sharks recognize familiar conspecifics via individual
recognition or categorical discrimination. While some researchers postulate the recognition

of familiars can occur via individual recognition, we can be certain only that lemon sharks
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can discriminate between familiar and unfamiliar sharks (Ward et al. 2009). If the sharks are
not recognizing individuals, then they are only discriminating amongst a subset of a
population. This would be similar to a young child only being able to distinguish between
children and adults based on their associated size and not by individual identity. Currently,
there have been no investigations looking into individual recognition in sharks. For our study,
we hypothesize that visual recognition is used for social behaviours. The sharks in these trials
were housed in a similar environmental setting within 20 meters of each other. We argue that
recognition via olfactory cues, on an environmental basis and not an individualistic basis, do
not contribute to identification or discrimination between familiars and unfamiliars. The
mode of recognition is likely to be extremely variable with life history characteristics.
Animals that show close associations while resting in close proximity could develop
recognition abilities based on olfaction. The evolution of hunting and social behaviours could
occur hand in hand, thereby allowing animals that predominantly use visual cues for prey
capture to develop the same cues for social recognition. There is a need to determine if the
animals can discriminate between individuals without categorical cues like size, sex, or

familiarity. These findings will likely vary with the life history of the animal.

Future work must use analysis of microsatellites to determine if these animals show any
preference for kin. No experiment has been able to document this behaviour while
controlling for familiarity. It is of critical importance to separate kinship and familiarity

while analyzing these preferences as the two often directly correlate.
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Conclusion

We showed that juvenile lemon sharks display a preference for familiar individuals and that
this preference declined over the one-hour trial. The decline in preference suggests the
mechanism behind the behaviour is the ‘Dear Enemy’ effect and the sharks are initially
avoiding unfamiliars in order to avoid agonistic interactions. In nature, the ‘Dear Enemy’
effect would likely result in isolation between unfamiliar sharks, which would further the
familiarity between partners and increase the benefits of group living. We suggest that
preference for familiars is not facilitated by either the ‘Dear Enemy’ effect or the desire to
bolster the benefits of group living. Rather, we believe the two advantages are closely linked
as the ‘Dear Enemy’ effect results in spatial isolation, which ultimately strengthens bonds
that bolster the advantages of group living between familiar individuals. These results further
our understanding on what mechanisms are important for the formation of groups in lemon
sharks, a model species for large coastal marine vertebrates. The information gathered here,
in addition to expanding scientific insight, can also be useful in fisheries management for
determining how to best protect aggregate groups, which are of the utmost importance
because they represent keystone species from numerous habitats. If these animals were
harvested in full, there would be a limited number of predators to return to the original

environment and regulate the ecosystem.
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Figure 1. An illustration of the holding pen array used for behavioural trials. Sharks were housed in holding
pens and relocated to the social network pen during the 1-hour trials and the exploration periods the day before

trials. See ‘Behavioural Experiment’ for further details.
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Figure 2
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Figure 2. A distribution of familiar interactions that would occur if no preference existed (generated via

weighted edge permutation). The vertical line represents number of observed familiar interactions (3438).
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Table 1

Mean Length (cm) SD (cm)
Pen 1 56.26 5.23
Pen 2 54.98 5.84
Pen 3 55.82 6.08
Pen 4 55.56 6.64

Table 1. The mean length and standard deviation of individuals per holding pen.
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Behavioural States

Definitions

Considered for this study

Justification of rationale

for inclusion in study

Following An individual mimics Yes The animals mimic
trajectory and velocity of movements and speed
leader while within 2.5 while maintaining
body length proximity, thus exhibiting

active preference

Paralleling Two individuals, with Yes The animals mimic
their heads aligned in movements and speed
front of their partner’s while maintaining
pectoral fin, mimicing proximity, thus exhibiting
trajectories and velocities active preference
of their partner while
within 2.5 body lengths

Milling Individuals swimming in | No The animals do not
a non-coordinated display maintained speed
manner within 2.5 body or trajectory with respect
lengths to adjacent shark

Circling Individuals swimming in | Yes This interaction is
circular pattern while deemed ‘following’ for
following another this study.

Leading Being in the front of a No The leader shark does not

group of sharks, while

within 2.5 body lengths

display an active
preference for the sharks’

it leads

Table 2. An ethogram of behaviours observed by Myrberg & Gruber 1974, some of which are considered for

this study.




Keller

Table 3

11

40

27

28

37

28

28

25

32

26

11

29

24

28

M.Sc. Thesis 40

Table 3. A weighted matrix denoting the number of nearest neighbour interactions, both paralleling and

following, for the 120 sampling periods. The IDs serve as the column and row headers. The IDs of the familiar

sharks are identifiable due to their proximity to each other. In addition, the familiar interactions are highlighted.
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Table 4
Gambit of Nearest
Group Neighbor
Z-score P-Value Z-score P-Value Difference in
(sample size) (sample size) significance
between
models?
0-60 min 1.51(5358) | 0.131043 3.48 (3438) | 0.000501 Yes
0-20 min 1.16 (1976) | 0.246049 3.38(1258) | 0.000725 Yes
20-40 min 7314 (1752) | 0.464535 1.84 (1162) | 0.065768 No
40-60 min 1.08 (1630) | 0.281042 1.27 (1064) | 0.204085 No

Table 4. Time periods throughout experiment with associated Z-score and P-value for gambit of the group and

nearest neighbor analysis. Z score was calculated with (number of observed familiar interactions-mean value of

null familiar model)/standard deviation of null familiar model. The final column denotes discrepancies in

finding significance between the gambit of the group and nearest neighbor technique.




