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Resting is an important behavioral and metabolic
function for all animals. Relaxed immobility is
typically reserved for recovery and thermoregula-
tion, and the resting metabolic rate (RMR) com-
prises the largest daily activity budget for humans.
However, an individual’s RMR is variably influ-
enced by the type and duration of physical exer-
tion (Speakman & Selman, 2003). Daily energetic
demands, such as foraging (Williams et al., 2004),
locomotion (Williams et al., 2000), migration
(Villegas-Amtmann et al., 2015), and thermoregu-
lation (Rosen et al.,2007), are costly and, therefore,
extensive periods of rest are necessary to restore/
balance physical and metabolic functioning (Seibel
& Drazen, 2007). These extensive periods of rest
constitute a significant portion of an individual’s
circadian cycle and serve as both a necessary
behavioral and physiological activity. However,
the extensive period for rest creates a window for
vulnerability to environmental threats.

For marine mammals like pinnipeds that haul
out on land in communal aggregations for rest
(Schneider & Payne, 1983; Calambokidis et al.,
1987; Cunningham et al., 2009; London et al.,
2012), a typical and constant threat is predation
(Glass et al., 2021). For example, Nordstrom
(2002) found that Pacific harbor seals (Phoca
vitulina richardii) collectively select isolated
haul-out sites to reduce exposure to potential ter-
restrial predators. In another antipredator strategy,
Kingsley & Stirling (1991) found that hauled out
ringed seals (Phoca hispida) are often oriented
downwind and toward their breathing holes for

a hastier escape from terrestrial predators such as
polar bears (Ursus maritimus). Subsequently, in the
same study, bearded seals (Erignathus barbatus)
were found to haul out on the edges of large ice
holes, floating ice edges, and near ice flows, where
they were similarly positioned downwind and ori-
ented toward the water (Kingsley & Stirling, 1991).
Thus, the behavior of bearded seals here indicated
that the safety of the individual is compromised
during on-land resting periods where they are
exposed to external stimuli that pose threats during
their recovery.

Directional orientation in a social aggregation
may also alert conspecifics to potential threats
and reduce risk. This is especially true for ani-
mals in a metabolically needed resting state (e.g.,
pinnipeds) as they must survey proximal habitat
and distal landscapes for indicators of increased
danger (Schakner & Blumstein, 2013) while also
using as little energy as possible since the behav-
ioral goal is restorative in nature. Often, the trade-
off in a group is between collective or individual
vigilance and population density (Roberts, 1996).
Da Silva & Terhune (1988) found that larger aggre-
gations of harbor seals (Phoca vitulina) increased
safety as group vigilance increases with popula-
tion size. Similarly, at the Anholt seal reserve in
Denmark, Andersen et al. (2012) found similar
anti-predator responses (e.g., alert distance, flight
initiation distance, flee distance, flight duration)
in harbor seals to staged anthropogenic threats and
also noted that general group alertness increased
with population size.
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As species that typically haul out for signifi-
cant periods, both harbor and gray (Halichoerus
grypus) seals commonly aggregate in social
groups at overlapping global locations (Stanley
et al., 1996; Klimova et al., 2014). During these
haul-out periods, the local population density may
fluctuate because of the tides (Pauli & Terhune,
1987b), access (Payne & Selzer, 1989), and other
environmental conditions such as temperature,
precipitation, and cloud cover (Pauli & Terhune,
1987a). However, while hauled out, individuals
continue to remain observant of their surround-
ings. Terhune (1985) observed a haul-out location
near Saint John, New Brunswick, and found that
harbor seals were readily vigilant; however, they
decreased time spent on scanning the surround-
ings as their population size increased.

Pinnipeds routinely haul out at locations across
the tri-state area of New York, New Jersey, and
Connecticut between mid-autumn and mid-spring,
which constitutes a general field season for observa-
tions between October and April (Payne & Selzer,
1989). Around New York City (NYC), sightings
of harbor and gray seals are often accidental as
they utilize the rivers and channels between urban
landmasses and often haul out at random locations
either individually or in very small groups. While
these sightings are often by chance, there are select
known locations within NYC that are reliable haul-
out locations for seals, and the seasonal populations
of harbor and gray seals are found within these
urban waterways for nearly 7 mo of the year (Woo
& Biolsi, 2018). Notably, NYC has an environment
full of stimuli that are both threatening (relevant)
and nonthreatening (irrelevant), thus providing
opportunities to observe vigilance behaviors in
these pinniped species. These populations are espe-
cially important to study as they are small in their
overall seasonal numbers relative to other haul-out
locations (e.g., eastern Long Island), yet they are
exposed to large amounts of dynamic natural and
anthropogenic stimuli from the immediate envi-
ronment; therefore, one would expect a very high
vigilance level at these NYC haul-out locations.
While the effects of anthropogenic factors are not
fully understood for these populations, observed
directional orientation when they are hauled out
may serve as a measure of vigilance that may be
correlated to other environmental factors of these
urban resting areas.

We documented the directional orientation of
harbor and gray seals that were hauled out on
Swinburne Island in NYC. Herein, we examine
whether seals collectively favored orienting in
the same direction or in other compass directions.
We then considered whether group size and direc-
tional orientation were positively or negatively
correlated or simply unrelated.

We conducted our boat-based observations
at Hoffman and Swinburne Islands (40° 33'
56.9232" N, 74° 3' 0.0468" W), two artificially
constructed islands in close proximity that are
located in the lower Hudson River delta between
the NYC boroughs of Staten Island and Brooklyn.
Both islands were constructed of dredged sand
from the NYC harbor and encircled with large
irregularly shaped boulders. Hoffman Island,
which is the larger and northern island, typically
is not a haul-out location for seals, though they
may be readily seen in the water surrounding the
island. By contrast, Swinburne Island to the south
of Hoffman Island is a reliable haul-out location
for seals as they are typically found along the east-
ern side and within the small bay on the north side
of the island (see Figure 1).

At Swinburne Island, we conducted our observa-
tions with no interaction or introduction of experi-
mental treatments. Our observation period lasted
for 1 h, which constituted % h before and % h after
peak low tide. Our vessel was a 10.6-m Duffy
Express Cruiser (built in the year 2000 by the
Atlantic Boat Company, Brooklin, ME, USA) with
a Yanmar 6CXM ETE 420HP engine (Yanmar,
Osaka, Japan). While the underwater topography
was relatively shallow during peak low tide, we
were able to approach the island from the west
within 100 m. Most observations were conducted
at this distance as it also left the hauled-out popula-
tions relatively undisturbed.

During our initial observations of seals in the
field, we used a Nikon D5000 digital single lens
reflex camera (12.3 MP; Nikon USA, Melville,
NY, USA) with a Tamron SP AO11 150-600 mm
telephoto lens (Tamron USA, Inc., Commack, NY,
USA). With this apparatus, we were able to con-
duct our observations and capture various digi-
tal photographs (.jpg) at different distances from
Swinburne Island with combinations of optical and
digital zoom. These photographs were then down-
loaded onto an Apple Mac-Mini (3.0GHz dual-core
Intel Core i7 processor; Apple Inc., Cupertino, CA,
USA) and subsequently stored in the Dropbox™
(Dropbox, Inc., San Francisco, CA, USA) cloud.

From the 2014 to 2019 field seasons, we identi-
fied 58 potentially useful days with digital pho-
tographs that we could review for directional
orientation. However, we eventually used 34
panoramic photographs within our initial range
as these images provided the best resolution for
counting individuals and measuring their cardi-
nal direction. To avoid counting the same animal
more than once on a given observation, we only
used one image per day for analysis.

We measured the directional orientation as based
on the cardinal direction (e.g., N, E, W, S) that
each individual’s head was facing, irrespective of
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Figure 1. Three panels demonstrating observation site: location of Swinburne Island (left); overhead view of Swinburne
Island (center); and easterly view of Swinburne Island’s western shoreline with large freight in the background traveling
through the major shipping lane to New York City harbor (right).

the angular posture of its body and its general ori-
entation to water or land. Using the nearest neigh-
bor as a fixed point, we then measured whether
a specific seal was also facing the same compass
direction as the closest individual. Seals were also
identified by likely age (adult vs juvenile based on
relative size) and species (harbor vs gray seal). We
measured the cardinal direction of both adults and
juveniles, and whether both groups also faced the
same compass direction. Similarly, we measured
the cardinal direction of harbor and gray seals,
and whether they subsequently faced the same
cardinal direction.

The cardinal direction provided four defined
points for orientation direction. However, when
considering the direction for analysis, we recorded
whether the majority of seals in each frame were
facing the same or different direction. Therefore,
we identified four categorical measures for orien-
tation: (1) same direction forward, (2) 90° to the
left, (3) 90° to the right, and (4) opposite 180°. In
each photographic frame, we considered the same
direction forward where there were the greatest
numbers of seals that were oriented in the alike
positional bearing. For directional orientation of
all individuals and orientation compared to near-
est neighbor, we used a nonparametric chi-squared
goodness of fit test. For each identified group
(i.e., adult, juvenile, harbor, and gray), we also
used a nonparametric chi-squared goodness of
fit test. To compare orientation direction between
groups, we used a nonparametric chi-squared test
of independence for comparisons between adults
and juveniles, and between harbor and gray seals.
Lastly, we employed a two-tailed, nonparametric
Spearman’s rho correlation to examine any cor-
relations between population size and orientation
direction. We analyzed all data using IBM® SPSS”
Statistics, Version 22, for Mac OS X (Armonk,
NY, USA). In addition, we reported all signifi-
cance levels at p < 0.05.

The results showed a significant difference in
directional orientation (y*(3, N = 416) = 123.54;
p < 0.05) where all seals (N = 416) overwhelm-
ingly oriented themselves in the same direction (n
= 197; 47.36%; Figure 2). However, orientation to
90° left (n = 87; 20.91%) and 90° right (n = 86;
20.67%) were nearly identical, while they oriented
least often in the opposite 180° direction (n = 46;
11.06%). When compared to their nearest neighbor
(N = 316; Figure 3a), seals also significantly ori-
ented (y*(3, N =316) =30.46; p < 0.05) in the same
direction (n = 120; 37.97%). Orientation to 90° left
(n =72; 22.78%) and 90° right (n = 62; 21.84%)
was also fairly similar. Seals oriented in the oppo-
site direction the least often (n = 55; 17.41%).

Adult seals (N =393; Figure 3b) showed a simi-
lar trend where they significantly oriented (}*(3, N
=393)=109.01; p <0.05) to the same direction (n
= 184; 46.82%). Directional orientation in adults
reflects a similar trend from the overall popula-
tion of seals that were sampled as there was nearly
equal distribution between orientation to 90° left
(n=83;21.12%) and 90° right (n = 81; 20.61%).
Adult seals also oriented themselves in the
opposite direction least often (n = 45; 11.45%).
Juveniles (N = 23; Figure 3b) also showed a simi-
lar trend in directional orientation where they
significantly oriented (y*(3, N =23) =13.70; p <
0.05) in the same direction (n = 13; 56.52%). Like
adults, juveniles also oriented nearly evenly to 90°
left (n =4; 17.39%) and 90° right (n = 5; 21.74%),
and least often in the opposite direction (n = 1;
4.35%). Both adult and juvenile orientation trends
were fairly similar overall (y*(3, N =416) = 1.58;
p =0.66).

When examining orientation based on species,
harbor seals (N = 403; Figure 3c) showed a signifi-
cant difference for directional orientation (y*(3, N =
403) = 112.62; p < 0.05) and faced the same direc-
tion as other individuals (n = 183; 46.90%) most
often. Harbor seals showed equal probability for
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Figure 2. Individuals collectively and significantly oriented to the same forward direction most often. This was followed by
similar directional behavior to 90° left and 90° right. Seals oriented least often in the opposite 180° direction.

orientation in both the 90° left (n = 84; 20.84%)
and 90° right (n = 84; 20.84%) directions, and they
oriented least often in the opposite direction (n =
46; 11.41%). While there were dramatically fewer
gray seals (N = 13; Figure 3c), there was no signifi-
cance in orientation (y*(3,N=13)=4.77; p =0.92),
yet they seemed to orient mostly in the same direc-
tion (n = 8; 61.54%). The anomaly between sig-
nificance and percentage may likely be the result
of a low sample size for statistical analysis at these
haul-out sites. Gray seals showed similar orienta-
tion to 90° left (n = 3; 23.08%) and 90° right (n = 2;
15.38%), and no gray seals were found to orient
in the opposite directions. Both harbor and gray
seals revealed similar trends in their directional
orientation (y*(3, N =416) =2.27; p =0.52).

Lastly, no correlation between population size
and orientation direction was detected (0(414) =
0.044; p =0.371).

The seals at Swinburne Island clearly demon-
strated collective orientation in the same posi-
tional direction most often, indicating a poten-
tially deliberate preference for orienting in the
same direction as their conspecifics on any given
day. Orientation behavior to either the right or
left was similar, indicating no preference for
specific compass direction, while seals orient-
ing in the opposite direction as their conspecif-
ics was observed least often. This orientation
trend was also observed in comparisons between
adults and juveniles, and between harbor and
gray seals, which indicated collective orientation

among these pinniped species overall and that
this was not dependent on other individual-level
factors. However, there seemed to be no correla-
tion between population size and directional ori-
entation, further suggesting that group size does
not influence orientation directionality. Despite
Terhune (1985) observing a correlation between
population size and orientation, the division
of directional orientation in our NYC sample
appears to be maintained across all group sizes.

In haul-out aggregations, similar directional ori-
entation may also suggest that conspecifics may
initially attune to specific directional stimuli and
that others may orient to the same direction based
on the social facilitation of movement (Evans &
Marler, 1994) and not based on perceived environ-
mental context or the exchange information. While
we did not specifically identify the stimulus in the
most preferred direction, their willingness to posi-
tion their bodies and align their gaze accordingly
provides evidence that social facilitation during rest
is potentially quite powerful. In addition, the nearly
equal distribution to either the left or right orienta-
tion further suggests that peripheral stimuli is still
important but perhaps is on a lower tier of con-
sideration. Social facilitation of foraging has been
observed in cetaceans, such as humpback whales
(Megaptera novaeangliae; Wiley et al., 2011),
and in pinnipeds, such as the Antarctic fur seal
(Arctocephalus gazella; Hooker et al., 2015). This
is likely the first documentation of social facilitation
at rest for these populations of seals.
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Figure 3. (a) When compared to the closest neighbor,
individuals significantly oriented in the same forward
direction most often, followed by orientation to the 90° left
and 90° right directions, and least often in the opposite 180°
direction; (b) in comparison between adults to juveniles,
both groups followed a similar trend to orient in the same
forward direction, followed by directional orientation to
90° left and 90° right, and subsequently with individuals
oriented least often in the opposite 180° direction; and
(c) lastly, when harbor seals (Phoca vitulina) were
compared to gray seals (Halichoerus grypus), both species
also demonstrated the observed trend to orient in the same
forward direction most often, followed by orientation to the
90° left and 90° right directions, and least often in the 180°
direction.

We found no correlation between directional ori-
entation and population size, noting that vigilance in
this case appears to neither favor larger nor smaller
group sizes. With similar sample sizes, our results
are in contrast to Da Silva & Terhune (1988), who
found that harbor seals reduce vigilance for preda-
tors as group size increases. In this study, vigilance

may be important for detecting salient movements
in the environment or other visual information
that may also be potentially indicative of threat.
However, as shown by the observations of indi-
viduals that oriented in all compass directions,
increased group size is unlikely to be as impor-
tant for improved detection (Roberts, 1996). It is
often associated that while a larger population may
increase the probability of detection, smaller popu-
lation sizes may be actively engaged in vigilance
(Delm, 1990). However, irrespective of larger or
smaller population sizes, one likely explanation is
that to engage in active vigilance, it would be nec-
essary to trade off engagement in other behaviors
such as feeding (Lima & Bednekoff, 1999). Passive
vigilance may still be just as effective if individuals
favor other strategies like social facilitation.

To mitigate potential risks to safety, vigilance is
paramount; therefore, its presence or absence is a
critical behavior for the perception of and subse-
quent response to potential threat. In surveying the
immediate environment, gaze or directional orienta-
tion of the head may be a successful strategy as these
outward signals suggest that there may be a stimulus
of concern to warrant attention (Beauchamp, 2015).
These signals can be actively or passively observed
and reacted upon by conspecifics to increase the
likelihood of predator avoidance. Often, gaze-fol-
lowing is more easily measured in controlled labo-
ratory studies (Kaminski et al., 2005). In bottlenose
dolphins (Tursiops truncatus), individuals that were
tested in laboratory settings were able to recognize
and respond to human gaze (Tschudin et al., 2001;
Pack & Herman, 2004). Similarly, South African
fur seals (Arctocephalus pusillus) also used head
and eye gazes to follow experimenter-pointed cues
in a controlled laboratory environment (Scheumann
& Call, 2004). It is likely that eye gaze is a way for
individuals to communicate (actively or passively)
if they have determined a stimulus to be relevant
(i.e., a perceived threat which warrants behavioral
change; Stankowich & Blumstein, 2005) or irrele-
vant (no perceived threat and consequently unlikely
to disrupt their rest; Speakman et al., 2020). In this
way, gaze-following may offer implications of
social cognition and decision-making (Shepherd,
2010), which are important behaviors for commu-
nicating within social aggregations. Ideally, further
in situ and laboratory exploration may help eluci-
date any potential connection between orientation
and social communication during vigilance.

In an urban environment such as NYC, seals
must contend with both marine predators and
anthropogenic threats while hauled out. This is an
ecosystem where the interaction between collec-
tive vigilance, safety, and reliance on conspecifics
is paramount. For example, Speakman et al. (2020)
found that Australian fur seals (Arctocephalus
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pusillus doriferus) were more alert to vessels,
which included both recreational and commer-
cial boats, at high-traffic areas compared to base-
line levels of vigilance. Similarly, disturbances
by smaller crafts, such as smaller motor boats,
yachts, kayaks, and canoes, seemed to increase
alertness in harbor seals that were hauled out in
Métis Bay in the Saint Lawrence Estuary (Henry
& Hammill, 2001). Thus, in the urban environ-
ment, both harbor (Farrer & Acevedo-Gutiérrez,
2010) and gray (Strong & Morris, 2010) seals
remain vigilant to both natural and artificial
stressors (Wright et al., 2007) but must clearly
contend with the challenges derived from anthro-
pogenic activity. For seasonally returning individ-
uals, it is then important for them to learn about
the components of their environment and readily
adapt when circumstances change as they do fre-
quently in urban habitats. Therefore, future inves-
tigations on the impacts of anthropogenic activity
on the social behavior of urban populations would
provide baseline information on the interaction
between seals and their immediate environment.
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