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Abstract

Understanding juvenile survival is crucial for the population ecology of long-lived
species, where parental guidance can significantly influence survival rates of
completely naive juveniles. In southern elephant seals (Mirounga leonina), however,
offspring receive no knowledge from their parents, only fat reserves. This research
focuses on how dispersal direction on their maiden foraging trip and physical traits
influence the survival of naive southern elephant seal pups at Macquarie Island. We
tracked 44 pups with satellite tags during their post-weaning migration and compared
their movements to the post-moult winter migrations of 58 adult females. We found
that most pups (61.2%) travelled southeast, in line with the Antarctic Circumpolar
Current. Pups travelling with the predominant east-southeast current had a 1.5 times
higher survival rate for their first trip than those swimming westward against it. Those
that swam with the current and were heavier were more likely to survive their first
year. Adult females showed different dispersal patterns, where they travelled
southwards towards Antarctic waters, implying that learning from experience
influences their direction. Future investigations into the role of the primary eastward
current in the sub-Antarctic on circumpolar movement patterns of top marine

predators could expand our understanding of Southern Ocean ecology.

| ntroduction

Explaining why young animals die is crucial for both studying how populations
change over time and the survival of long-lived and slow-reproducing species [1,2].
One of the key factors influencing juvenile survival is their ability to forage effectively
[3,4] . Young animals, especially in their first year, face numerous challenges in
securing food, often due to their physical limitations and inexperience [5,6]. This
vulnerability is evident in the high mortality rates observed among both juvenile birds

[3,7] and mammals [6,8].

In numerous mammal species, survival often hinges on maternal guidance [9,10],
with a range in terms of transfer of knowledge from adult to offspring. On one end, in

species such as elephants [11], chimpanzees [12], and dolphins [13], social
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development and the transfer of knowledge from parents to offspring is particularly
important. Somewhere in the middle, in seal species such as harbor [14], bearded
[15] and Weddell seals [16], there is some maternal supervision of their offspring at-
sea where pups may indirectly benefit by observing foraging locations and preferable
prey. At the other extreme, juveniles may become independent without maternal
knowledge transfer, relying instead on inherited behavioural traits, or experienced

gained in early life.

In the case of southern elephant seals (Mirounga leonina), apart from maternal
investment through lactation (during which pups never enter the water), there is no
further guidance or knowledge transfer from the mothers. Once mothers leave their
pups at 24 days of age, their pups are completely naive concerning foraging
behaviour and areas and are left to fend for themselves [17]. Weaning mass is
therefore a crucial factor for first-year survival in southern elephant seals, influenced
significantly by the mother's foraging success during gestation [1,18,19]. Heavier
weaned pups tend to have higher survival rates [20], likely because they start off with
more stored energy from their fat reserves [21]. This extra energy acts like a safety
net, giving them more time to find their first meal and learn how to forage effectively
[22,23].

Adults and juvenile elephant seals tend to forage in different areas [24,25], raising
guestions about the developmental shifts in innate and learned behaviours over time.
However, the mechanisms that guide these inexperienced pups to their feeding
grounds are not well-understood. Current theories suggest a mix of innate
navigational capabilities and learned foraging behaviours [26,27]. This makes
elephant seal pups an excellent model for investigating the balance between innate
traits and learned skills in determining an individual's fitness, especially when there is

no direct transfer of informational knowledge from parent to offspring.

Southern elephant seals breed on sub-Antarctic islands and have a circumpolar
distribution [28]. They forage in a variety of regions within the Southern Ocean,

particularly in inter-frontal zones where their prey — mesopelagic fish, squid, and
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crustaceans like krill [29—-32] — tends to be sparsely and unevenly distributed [33].
These zones, made up of different water masses, are influenced by the Antarctic
Circumpolar Current (ACC), which is the dominant eastward-flowing current in the

Southern Ocean ecosystem [34,35].

Optimal foraging theory suggests that animals should adopt foraging strategies that
maximise their net energy intake — this means maximising energy gains and
minimising energy costs [36]. In the case of naive southern elephant seal pups,
without knowledge of where prey is located, we hypothesise that their movement
within currents might not be a deliberate strategy to conserve energy. Instead, due to
their random directional movement in a current, they end up being transported
further downstream. This passive transport may reduce the energetic cost of travel
during their vulnerable early weeks and potentially optimise foraging opportunities
[37-39]. Because seals forage in a patchy environment, they often need to travel
relatively long distances to find food [35]. Thus, whether intentional or not, being
carried by the currents can be beneficial, especially in the early stages of a juvenile’s

first trip to sea when they are losing body condition [23].

In this study, we used a unique dataset of individually marked weaned elephant seal
pups tracked during their first foraging trip and their subsequent survival to 1)
determine where the seals go on their first foraging trip and if they followed oceanic
currents, 2) compare where they go to adult females, and 3) relate their movement to
their first trip and first year survival. The first aim informs our understanding of how
innate abilities and environmental cues guide naive pups’ foraging patterns. The
second aim provides insights into the developmental process and influence of innate
versus learned behaviours. Finally, the third aim will correlate movement patterns
and survival outcomes, providing a comprehensive view of the challenges and

strategies in the early life stages.
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Methods

Data collection

Sixty-nine weaned pups at Macquarie Island (54°30' S, 158°57' E) were tagged with
ARGOS satellite relayed data loggers (SRDL, Sea Mammal Research Unit) during
their post-weaning fast in December 1995, 1996, 1999 and 2000. These SRDLs
provided locations and dive metrics. The pups were also flipper tagged (Jumbo
Rototag, Dalton Supplies, Henley-on-Thames, UK) and permanently marked by hot
iron branding for future identification as part of a long-term demographic study
[2,40,41]. Researchers made resights of marked animals every year at Macquarie
Island the resight dataset spanned from 23 November 1951 — 1 October 2014.
Details on how seals were captured, weighed, and handled can be found in Hindell
et al. [17].

It is important to note that the weaners in our dataset were not selected randomly.
Instead, the aim was get a range of weaner sizes [18]. This may lead to some bias in
our results, however given our relatively large sample size and the biological context

of this research, we believe that our results are robust.

We also obtained 67 adult female post-moult winter migration tracks from Macquarie
Island which were collected from February—October in 20002005 and 2010 [42].
Out of the 67 tracks, 30 were obtained by SRDLs and the remaining 37 by
geolocation light loggers (GLS; from time-depth recorders, Wildlife Computers,
Redmond, USA). GLS tags are accurate to ~70 km [43]. Some of these tracks did

not start at the colony and were removed from further analyses.

Processing tracks

Only seals that left the colony and provided > 10 days of ARGOS data were kept for
further analysis. Additionally, some seals had missing wean mass in the dataset (n =
3) — these were also removed from further analyses. The at-sea locations provided
by Argos were filtered using a correlated random walk state-space model with a 4 m
s max velocity threshold via the R package foieGras [44] and its successor

aniMotum [45]. We used a 12 h time step and to provide two location estimates per


https://doi.org/10.1101/2023.11.05.565668
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.11.05.565668; this version posted November 5, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

day to simplify the data set while still capturing the essential movement patterns of

each seal.

Identifying foraging trips

At-sea locations within 50 km of the colony were considered to be at the colony [21]
as seals may spend time in the water close to the colony to thermoregulate rather
than forage. Foraging trips were determined as trips that lasted > 1 day. Complete
foraging trips were determined as trips that started and ended at the colony. Only the

first long foraging trip (>30 days) of individuals were used for further analysis.

First foraging trip and first year surviva

A seal was considered to have survived its first foraging trip if there was either a
complete track of this trip or if the seal was seen again at the colony during the
resight period. The latter would indicate that the tag failed before it returned to the
colony during its first foraging trip. Additionally, seals were only considered to have
survived their first year of life if they were resighted at least once after 1 year of

being tagged until the end of the study in 2014.

Determining dispersal bearing

To determine the direction that the seals travelled when they left the colony, we
calculated the bearing between Macquarie Island Isthmus and the last location on
day 5 of their foraging trip. Day 5 was chosen as by this time seals would have

travelled sufficiently far away from the colony.

Particle trace

To investigate if weaners were following the flow of the current when they left the
colony, we simulated the path that a particle would take if it were dropped at the
starting location on the same day that each seal left for their first foraging trip. We
used the currently R package [46] to generate a particle trace (“track”) with a 12-h
timestep, for each weaner based on relevant parameters (starting location, duration,

departure date) of their first foraging trip.
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To ensure a robust and accurate comparison between seal and particle dispersal,
we used the patrticle's location closest to the corresponding seal's position on the fifth
day of its trip as the reference point for calculating the dispersal bearing from
Macquarie Island. This approach was chosen because a preliminary visual
inspection revealed that particle traces could diverge from their initial direction over
time, making the most distant point a less reliable metric for comparison (see
Supplementary Figure 1). The predominant flow of the ocean current was towards
the east-southeast. Hence, seals which dispersed in that direction were classified as

travelling with the current.

Statistical analysis

Angular/directional data were analysed using a circular statistics R package, circular

[47]. To test whether mean bearings differed between groups of seals, we used
Watson's two-sample test of homogeneity [48]. To test whether the seals’ bearings
were uniformly distributed, or whether a preferred direction of travel was evident

within a certain group, we used the Rayleigh test of uniformity.

Logistic regression models for binomial data were fitted to test the likelihood of first
trip and first year survival as response variables against year and the interaction
term between wean mass and if seals swam with the flow of the currents. We did not
include sex because it has little effect on first year survival [41] and including it would
have reduced the power of our dataset. Using the MuMIn R package [49], candidate
models were ranked by AICc, and those with delta AICc < 2 were averaged to
generate the final model. Model assumptions were checked by simulating residuals
of the global model 1000 times using the DHARMa R package [50]. All results are

reported as means + standard error unless otherwise stated.
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Results
Overview of tracking and survival data

We used data from 44 weaners and 58 adult females in the final analyses. The mean
birth date of weaners was 1 October + 1 d. Their mean weaning date was 1
November + 2 d (Table 1). The median departure days of the year for weaners and
adult females were December 18 + 11 d and February 10 £ 8 d, respectively. The
overall mean duration of the first foraging trip of weaners was 113 + 11.6 d (range =
6—340 d) and their mean maximum distance travelled from the colony was 1807 km
+ 134 (range = 231-3931 km). Twenty eight out of 44 (64%) weaners survived their
first trip. Most (80%) weaners travelled southeast from Macquarie Island during their
first foraging trip, while few (13%) travelled southwest (Figure 1). In comparison,

adult female tracks had a more even and broader southern distribution (Figure 1).

Weaners and adult females dispersal directions

The overall mean distance from the colony of the reference location (i.e. 5 days after
departure) used to calculate dispersal bearing for weaners, particle traces, and adult
females were 368 £ 19 km, 313 + 26, and 422 + 17 km, respectively (Supplementary
Table 1). Adult females and weaners dispersed from the colony in different directions
(Figure 1 and Figure 2; adult female bearing = 167.1 = 0.1°; weaner bearing = 126.5
+ 0.1°; Watson'’s two sample test: test statistic = 1.13, p < 0.001; Supplementary
Table 1). There was no difference between the mean weaner and particle trace
bearings (Figure 2; Supplementary Table 1; particle trace bearing = 116.8 + 0.1°;
Watson’s two sample test: test statistic = 0.07, p value > 0.10) and between adult
female and patrticle trace bearings (Watson'’s two sample test: test statistic = 1.31, p-
value < 0.001). Both adult females (Rayleigh test of uniformity: test statistic = 0.713,
p = 0) and weaners (Rayleigh test of uniformity: test statistic = 0.623, p = 0) had

preferred dispersal bearings i.e. the bearing was uniform among individuals in the

group.
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Table 1 Summary of the first foraging trip deployment and life history information of individual weaners.

Id Trip Max Dispersal Survived Survived Year last Birth date Wean date Birth mass Weaning
duration (d) | distance compass first first year? seen (kg) mass (kg)
from colony | direction foraging
(km) trip?
1 mql-17215-95 11 443 W-NW false false 1995 9/10/1995 30/10/1995 44 140
2 mql-17217-95 120.5 1694 E-SE true true 2005 8/10/1995 3/11/1995 36 78
3 mql-17219-95 32 1457 E-SE false false 1995 22/9/1995 12/10/1995 53 140
4 mq1-20916-95 10 727 E-SE true true 1997 29/9/1995 22/10/1995 51 151
5 mq1-20918-95 134.5 1636 E-SE true false 1996 24/9/1995 17/10/1995 29 92
6 mql-22483-95 120.5 1827 E-SE false false 1995 9/10/1995 30/10/1995 36 84
7 mql-22484-95 22 897 E-SE true false 2006 1/10/1995 22/10/1995 41 90
8 mql-22486-95 115 1221 W-NW true false 1996 1/10/1995 23/10/1995 36 81
9 mq1-22490-95 137.5 1091 SE-S false false 1995 2/10/1995 28/10/1995 31 93
10 mq1-22499-95 175 2159 NE-E true false 1996 12/10/1995 7/11/1995 41 84
11 mq1-22500-95 145 1845 E-SE true false 1995 26/9/1995 22/10/1995 29 88
12 mq1-22501-95 36.5 726 SW-w false false 1995 25/9/1995 21/10/1995 36 136
13 mql-26625-95 108 1540 SE-S false false 1995 23/9/1995 18/10/1995 25 91
14 mql-26627-95 63.5 1747 E-SE true true 2001 28/9/1995 22/10/1995 35 88
15 mql-26628-95 118 1471 NE-E true true 2000 6/10/1995 23/10/1995 34 88
16 mql-26629-95 10 633 E-SE false false 1995 28/9/1995 24/10/1995 48 142
17 mql-26633-95 9.5 794 E-SE true false 2000 3/10/1995 25/10/1995 35 95
18 mql-26635-95 143.5 1836 E-SE true true 1997 29/9/1995 25/10/1995 39 89
19 mq1-2849-95 129 1845 E-SE true false 1996 13/10/1995 8/11/1995 50 92
20 mq1-5811-95 345 947 S-SW false false 1995 22/9/1995 18/10/1995 45 145
21 mq1-5814-95 146.5 1942 E-SE true true 2001 26/9/1995 20/10/1995 39 144
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22 mq2-20916-96 10.5 727 E-SE true true 1999 28/9/1996 1/12/1996 30 56
23 mq2-22500-96 6 231 S-SW false false 1996 24/9/1996 3/12/1996 50 96
24 me2-26623-96 174 1429 SW-w false false 1996 26/9/1996 3/12/1996 41 119
25 mq2-28482-96 45 1801 SW-W true true 1998 25/9/1996 4/12/1996 53 120
26 mq3-17217-99 176 2346 E-SE true true 2009 4/10/1999 31/10/1999 40 162
27 mq3-20918-99 149.5 2973 E-SE true false 2000 3/10/1999 7/11/1999 31 85
28 mq3-22484-99 1555 3931 SE-S true false 1999 28/9/1999 4/11/1999 50 146
29 mq3-22488-99 241 1657 S-SW true false 1999 29/9/1999 18/11/1999 33 94
30 mq3-22498-99 46 2147 SE-S false false 1999 27/9/1999 23/10/1999 30 80
31 mq3-26627-99 177 1991 E-SE true false 2000 2/10/1999 6/11/1999 29 90
32 mQ3-26629-99 109 2951 E-SE false false 1999 6/10/1999 3/11/1999 34 108
33 mq3-2849-99 182.5 3214 E-SE true true 2009 4/10/1999 4/11/1999 49 164
34 mq3-28494-99 40.5 1548 E-SE true true 2001 3/10/1999 4/11/1999 40 145
35 mq3-28496-99 340 2452 E-SE true true 2001 1/10/1999 4/11/1999 48 169
36 mq3-28497-99 1355 1789 E-SE true true 2003 29/9/1999 5/11/1999 45 101
37 mq3-28500-99 9 697 SE-S false false 1999 15/10/1999 6/11/1999 38 102
38 mq3-28504-99 1745 1622 W-NW true true 2007 24/9/1999 6/11/1999 44 195
39 maq4-alice-00 204.5 3284 E-SE true false 2001 7/10/2000 30/10/2000 43 161
40 maq4-billie-00 200 2829 E-SE true true 2002 11/10/2000 6/11/2000 51 180
41 mg4-cleo-00 230.5 3337 E-SE false false 2000 27/9/2000 20/10/2000 47 197
42 maq4-ella-00 92.5 2467 SE-S true true 2001 3/10/2000 1/11/2000 44 175
43 maq4-firstone-00 67 2070 E-SE false false 2000 30/9/2000 26/10/2000 42 78
44 maq4-flora-00 175.5 3549 E-SE false false 2000 8/10/2000 1/11/2000 47 173
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Figure 1 Tracks of particles (blue), weaned elephant seals (red), and adult female elephant seals
(grey) from Macquarie Island (triangle). Also shown are the four major oceanic fronts in the region:

subtropical front, stf; sub-Antarctic front, saf; polar front, pf; southern Antarctic circumpolar current
front, saccf.

a weaners (n=4d) b adult females (n=58)

cournt

Figure 2 Circular histograms of the dispersal direction of (a) weaners in red and their corresponding
particle trace in black outline, and (b) adult females. Dashed (weaner and adult female) and solid
(particle trace) lines show the mean bearing which is labelled.


https://doi.org/10.1101/2023.11.05.565668
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.11.05.565668; this version posted November 5, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Effect of wean mass and dispersal direction on survival

Out of 44 weaners, 27 (61.2%) swam east-southeast (with the current), of which 20
survived (74.1% survival rate). Of the remaining 17 weaners that swam against the
current, only 8 survived (47.1% survival rate). Moreover, 12 weaners (44.4% survival
rate) that swam with the current in their first trip survived their first year, while only 4
weaners (23.5% survival rate) that did not swim with the current in their first trip

survived until their first year.

Weaners were more likely to survive their first foraging trip if they dispersed from the
colony with the flow of the predominant current (east-southeast direction) (Table 2;
Figure 3; Figure 4; Supplementary Table 2). Similarly, they were more likely to
survive their first year of life if they dispersed with the flow of the predominant current
during their first foraging trip and had a heavier weaning mass (Table 2;
Supplementary Table 3). For weaners that did not disperse with the flow of the
current, the effect of wean mass on first year survival was greater i.e. steeper slope
of model fit (Figure 5). Additionally, there was no difference in weaning mass
between seals that went with the flow versus those that did not (ANOVA test: F142=
0.08, p =0.7).

Table 2 Summary of the first trip survival and first year survival logistic generalised linear models.

Estimate SE Adjusted SE z-value p-value

1st trip survival

(Intercept) 0.13 0.54 0.55 0.24 0.81
is_ESE (true) 1.17 0.65 0.67 1.73 0.08
1st year survival

(Intercept) -2.35 1.95 1.98 1.19 0.23
weanmass 0.02 0.01 0.01 1.30 0.19
is_ESE (true) 1.72 2.07 2.11 0.81 0.42
weanmass:is_ESE (true) -0.02 0.02 0.02 1.06 0.29
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Figure 3 Predicted effects of whether southern elephant seal weaners dispersed in the east-southeast

sector direction on first trip survival. Solid circle = mean; error bars = SE.
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Figure 4 Circular histograms of dispersal direction for pups that survived vs died on their first foraging

trip. The dashed line and label is the mean bearing.
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Figure 5 Predicted effects of how travelling in the east-southeast direction and wean mass affects first
year survival of southern elephant seal weaners. Solid line = predicted fit; grey shaded band = SE.
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Discussion

Juvenile survival is a key determinant of population trajectory, particularly in long-
lived slowly reproducing species like elephant seals [1]. We investigated the foraging
movement of naive, newly weaned elephant seal pups and related this to ocean
currents and their subsequent survival. We found that travelling with the flow and
being heavier at weaning are important factors that improve first-year survival rates.
Additionally, dispersal direction from the colony was different between weaners and
adult females, suggesting that dispersal behaviours can change over time and with
experience. In other words, seals can manage their maiden trip with minimal
information that is either inherited or learned. This is because simply going with the

flow gets them to areas which improve their odds of survival.

Dispersal direction and survival of weaners

Weaners travelling within the predominant east-southeast current demonstrated a
1.5 times greater survival rate compared to those moving westward against the
current. This observation contrasts with findings on Kerguelen juveniles which
showed no difference in dispersal direction between survivors and non-survivors [6].
The disparity might stem from the broader directional range (southeast, 90-degree
range) used in that study’s analysis [6] relative to the range in this study (east-

southeast, 45-degree range).

Previous studies have shown that southern elephant seal pups from Macquarie
Island [21,51] and the Kerguelen Islands [6,23] generally disperse south-eastward
from their birthplaces, aligning with the dominant ocean currents in those areas. In
contrast, pups from King George Island (South Shetland Islands) predominantly
travel south-westward from their colonies [26]. Meanwhile, pups from Marion Island
exhibit no fixed dispersal directions [52]. These varied patterns could be attributed to
the distinct bathymetric and hydrological characteristics surrounding each colony.
For example, the region around King George Island is a lot closer to Antarctica and
is less open compared to the other colonies [26]. In contrast, Marion Island pups
may be more influenced by smaller scale currents and frontal structures than larger

ocean currents like the eastward flowing ACC [52].
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The seal tracks diverging from the particle trace during their foraging journey indicate
that they are not merely drifting with the current. Instead, it appears while weaners
swim without a set destination, they are influenced by the dominant ACC, steering
them primarily south-eastward. As they travel, young seals may make subtle
directional shifts [53] based on cues such as temperature gradients, currents,
topography and olfactory signals produced by dimethyl sulphide from phytoplankton
[54-57]. Nonetheless, the prevailing current ensures a consistent south-easterly
trajectory. Seals that deviate from this general behaviour might be influenced by
specific environmental or behavioural factors that counteract the current’s influence.
However, it is interesting to question why these factors would result in poorer

survival.

Oceanic currents as a passive transport mechanism

In the first weeks of life, southern elephant seal pups are least experienced and rely
heavily on the energy stores given to them by their mothers [58]. Swimming
consumes a lot of energy for mammals [59,60]. Therefore, swimming with the flow of
dominant ocean currents initially benefits the pups; it allows them to cover greater
distances without using more energy [61,62]. It is particularly advantageous for
bigger weaners, who can leverage their energy reserves, allowing them more time to
find food before their stores deplete. However, it is important to consider that
swimming downstream is a short-term advantage. To return to their colonies, the
pups eventually must swim against these currents, which could negate some of the

energy they initially saved.

Passive transportation downstream provides pups with two potential benefits. Firstly,
it helps them move quickly away from areas near their colonies where predators like
sharks and killer whales are likely to be found, thus reducing their risk of predation
[6,63,64]. Secondly, it facilitates opportunistic exploration across diverse oceanic
regions where they can discover and exploit prey patches (Field et al., 2005). The
natural flow of currents can inadvertently steer seals towards zones where
convergent surface currents result in the concentration of prey. For example, female

southern elephant seals from Kerguelen typically swim downstream, to the east of
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the island, where they come across a greater number of eddies [65]. These oceanic
features play a role in clustering prey into denser aggregations, vital for seals and
other apex marine predators during their foraging excursions [65—68]. In contrast,
juveniles that forage in areas with weak eddy activity face higher chances of
mortality [6]. Observations of dispersal patterns among different southern elephant
seal colonies suggest that the downstream-upstream (east-west) variation in prey

distribution could be a widespread feature surrounding Southern Ocean islands.

Differences in pups and adult females dispersa

Given their physiological and size constraints, younger seals do not travel as far as
older seals on their foraging trips [25,69]. However, with the assistance of
downstream currents, they can effectively navigate through the polar frontal zone to
eddy-rich areas [70,71]. Notably, a yearling managed to cover approximately 5200
km eastwards from Macquarie Island to Peter the First Island, likely aided by

downstream swimming [72].

Adult female seals display dispersal patterns that diverge significantly from those of
weaned pups. This distinction indicates that ocean currents may initially lead young
seals to adequate foraging areas, yet these areas may not be the most
advantageous. The choice of habitat is the result of a complex interplay between life
history strategies, environmental conditions, and predation risks, rather than just
body size or energy maximisation [73]. In the critical early stages of life, seal pups
develop essential diving and foraging skills [74] that are crucial for their long-term
survival [75]. As they learn from experience, their random movements become more
refined and directed, enabling them to reach more optimal foraging areas. This is
shown by the behaviour of experienced adult females, which tend to travel more
directly and further south towards Antarctic waters [25,42] that are more productive
[76]. As seals mature, they are likely to discover superior foraging grounds to which
they develop a strong fidelity [77—79].
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Body weight and dispersal effects on juvenile survival

Body weight at weaning is a key factor in the survival rates of juvenile seals.
However, this relationship is not linear but best described by a quadratic relation,
indicating a cost to being either too big or too small [80]. Generally, heavier weaners
are more likely to survive their first year [18,81]. But weight alone does not guarantee
survival. For example, some lighter seals that swam with the current also survived
their first year. To illustrate the unpredictable nature of survival, consider two
contrasting cases. One seal (mql1-17217-95), despite being the lightest, survived its
first year, while another (mg4-cleo-00), being the heaviest, died during its first
foraging trip, possibly due to predation. These varied outcomes, even under similar
conditions, suggest that survival is a complex interplay between predictable

(‘'deterministic’) and unpredictable (‘stochastic’) factors.

Conclusion

Our study underscores that beyond weaning mass, the act of swimming downstream
significantly affects the survival of newly independent southern elephant seal pups,
who lack prior knowledge of productive feeding grounds. Swimming with the
prevailing current offers a passive mode of travel that not only reduces the threat of
predators near their birth colony but also potentially carries them to regions abundant
with prey. As these juvenile seals become more seasoned, they begin to intentionally
navigate away from the current towards chosen foraging destinations. Investigating
the impact of the primary eastward current in the sub-Antarctic on the circumpolar
patterns of movement for southern elephant seals, and perhaps other marine

predators, could broaden our comprehension of Southern Ocean ecology.
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