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Biologging reveals rapid
movements of harbour
seals between freshwater and
marine habitats in the subarctic
Katie R.N. Florko1*, David J. Yurkowski1,2, C-Jae C. Breiter1,3,
Steven H. Ferguson1,2, Holly E.L. Gamblin2, Adam Grottoli3,
Andrea Nace4, Courtney R. Shuert3 and Stephen D. Petersen3

1Freshwater Institute, Fisheries and Oceans Canada, Winnipeg, MB, Canada, 2Department of Biological
Sciences, University of Manitoba, Winnipeg, MB, Canada, 3Conservation and Research Department,
Assiniboine Park Zoo, Winnipeg, MB, Canada, 4Animal Health and Nutrition Department, Assiniboine
Park Zoo, Winnipeg, MB, Canada
Biologging tools can provide invaluable information on the movement and

behaviour of animals, facilitating the elucidation of ecological dynamics,

especially for wide-ranging species, and supporting conservation and

management efforts. Harbour seals (Phoca vitulina) exhibit extensive habitat

plasticity in their vast range across the northern hemisphere, with likely recent

increases in abundance at northern latitudes, yet details of their movement

behaviour in subarctic areas remain largely unknown. We used satellite-

telemetry data, including nearly 5,000 locations and over 12,000 dives,

obtained from six harbour seals tagged in western Hudson Bay from 2021 to

2023, to address the knowledge gap on their movement behaviour between

marine and freshwater habitats in subarctic regions. We document the

behavioural patterns, transit speeds, and diverse aquatic system usage,

including detailed records of a harbour seal track traversing over 170 km

upriver on three separate trips along the Seal River, Canada. Notably, we

observed a rapid downstream transit from the Seal River to Hudson Bay,

covering 214 km within a single day. Additionally, we highlight the prevalence

of short dive durations in the Seal and Churchill Rivers, in contrast to longer dive

durations in Hudson Bay. These insights complement existing evidence of

harbour seal occurrences and river use at northern latitudes, as well as

enhance our understanding of harbour seal movement ecology within Hudson

Bay which can be used to better inform conservation andmanagement strategies

between connected freshwater and marine environments in the Arctic.
KEYWORDS

animal tracking, Arctic, habitat use, harbour seal (Phoca vitulina), long-distance
movement, Hudson bay, movement ecology, subarctic
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1 Introduction

Animals travel extensively for various reasons, including

thermoregulatory benefits, foraging opportunities, and predator

avoidance (e.g., Nathan et al., 2008; Hebblewhite and Merrill,

2009; Avgar et al., 2013). Additionally, many species exhibit

versatility in habitat use, transitioning between disparate

environments that can vary in resource productivity (e.g., Steller

sea lions Eumetopias jubatus move between marine and freshwater

habitats for seasonal prey resources, Wright et al., 2010). Biologging

tools can provide extensive insights into animal movement and

behaviour patterns, particularly for wide-ranging species, providing
Frontiers in Marine Science 02
a better understanding of ecological mechanisms that govern

animal spatial ecology (Nathan et al., 2008; Hussey et al., 2015).

These data are also critical for planning protected areas and

mitigating the impacts of environmental changes (Block

et al., 2011).

Harbour seals (Phoca vitulina) demonstrate extensive habitat

flexibility in aquatic ecosystems across the northern hemisphere

(e.g., Mansfield, 1967; Merkel et al., 2013; Lubinsky-Jinich et al.,

2017). Over their range, they occupy diverse habitats that can

include marine coastal waters as well as rivers and lakes (e.g.,

Beck et al., 1970; Lesage et al., 2004; van Neer et al., 2023). Harbour

seal freshwater-habitat use in Hudson Bay may be influenced by
FIGURE 1

(A) Study area, (B) movement track of one male harbour seal, coloured by move persistence, (C) movement track of one male harbour seal (black)
who traveled up the Seal River three times, and five additional harbour seals who stayed in Hudson Bay and the Churchill River.
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foraging opportunities, similar to harbour seals in the Pacific

Northwest (Wright et al., 2007) and bearded seals (Erignathus

barbatus) and spotted seals (Phoca largha Pallas) in Alaska

(Gryba et al., 2021).

The historical and current presence of harbour seals in

freshwater habitats in Hudson Bay underscores the need for

detailed research on their movement patterns, behaviour, and

habitat use to inform effective management strategies. In

Hudson Bay, European place names like Seal River (Manitoba)

and Ranger Seal Bay (Nunavut), and Inuit place names like

Qasigiaqsit (Nunavut) and Qasigialik (Nunavut) indicate that

harbour seals have a longstanding presence in freshwater

habitats in the region (see Inuit Heritage Trust Place Names

Program; Mansfield, 1967). Limited tagging efforts in western

Hudson Bay have provided insights into harbour seal use of

Hudson Bay and nearby watersheds, including observations 30

km upriver in the Seal River (Bajzak et al., 2013). The likely

increase in harbour seal abundance in the Churchill River in

relation to diminishing sea ice (Florko et al., 2018) underscores

the importance of quantifying their movement patterns,

behaviour, and habitat use between inter-connected marine

and freshwater environments to inform management efforts.

To address the knowledge gap regarding harbour seal

movements, behaviours, and habitat usage in nearby rivers, we

used biologging data from six harbour seals to describe and

compare their move-persistence and dive duration between

freshwater and marine habitats. We also discuss in detail one

harbour seal’s relatively high-speed movements between

disparate environments and highl ight the important

connections between marine and freshwater habitats.
2 Methods

2.1 Transmitter deployment

We captured and tagged six harbour seals in August 2021 and

May of 2022 and 2023 near Churchill, Manitoba, Canada

(Figure 1A; Table 1). In August 2021, we captured one harbour
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seal using a hoop net near the Churchill River weir, similar to Bajzak

et al. (2013). In May of 2022 and 2023, we captured five harbour

seals using monofilament mesh nets that were set perpendicular to

the floe edge near the mouth of the Churchill River estuary. All seals

were weighed and equipped with an Argos satellite telemetry

SPLASH10-297 tag (MK10, tagwear version 1.26w, Wildlife

Computers Ltd, Redmond, Washington, USA) attached to the fur

mid-dorsally with quick-setting epoxy glue. These tags were

programmed to transmit data on the seal’s movement and dive

patterns at a 10 second interval in both marine and freshwater until

the moult in June-July (subadults) or August-September (adults;

Daniel et al., 2003).
2.2 Data preparation

To mitigate the inherent error and irregular sampling associated

with Argos locations (Costa et al., 2010), we fit a state-space model

to predict more accurate locations (Auger-Méthé et al., 2021). We

fit a continuous-time correlated random walk state-space model to

the Argos tag data using the fit_ssm() function in the aniMotum R

package (Jonsen et al., 2023). This model generated predicted

location data at a 2-hour interval. Prior to model fitting, we

partitioned tracks into smaller segments when transmission

ceased for over 12 hours and removed segments with <100

locations to overcome convergence issues. The state-space model

applied to this dataset (4,796 raw locations) yielded 2,123 predicted

locations over a total of 202 seal days from 16 Aug 2021 to 12 Aug

2023 (range = 2-86 days per seal), where the adult male seal traveled

up the Seal River three times contributed to 2,136 of the raw

locations and 1,027 of the predicted locations over 18 May 2023

to 12 Aug 2023 (86 days, Table 1).

Creating a path between seal locations to measure trip distance

led to land crossings due to the two-hour interval between predicted

locations. To ensure the seal’s trajectory remained exclusively

within the water, we used the route_path() function in the

pathroutr R package (London, 2020).

Our tags also recorded time-depth dive data (n = 12,298 dives).

For the dives to have an associated location, for each seal, we
TABLE 1 Summary of harbour seal movement and dive data.

Tag ID Weight (kg) Age Sex First date Last date Locations (n) Dives (n) Duration
(days)

201332 28 YOY F 2021-09-16 2021-12-03 1,594 3,563 78.2

212752 65 S M 2022-05-28 2022-05-31 133 596 2.6

212751 61 S M 2023-05-12 2023-05-27 405 249 15.2

201331 60 S M 2023-05-13 2023-05-27 404 2,689 14.2

212750 116 A M 2023-05-18 2023-08-12 2,136 4,510 86.3

168961 61 A* F 2023-05-21 2023-05-27 124 691 5.5

Total 4,796 12,298 202.0
*This animal may not yet be sexually mature, but was considered an adult based on weight (Markussen et al., 1989).
Note that the location data represents the raw data from the tags, after data gaps were removed, that was used for the aniMotum state-space model that regularized (and therefore reduced) the
sampling of continuous locations (2-hour time-step). Age included young of the year (YOY), subadult (S), or adult (A).
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matched their dive data to the nearest (in time) predicted

movement location.
2.3 Statistical analyses

We fitted a move-persistence model on predicted harbour

seal locations using the fit_mpm() function in the aniMotum
Frontiers in Marine Science 04
R package. The model provides an estimate of directional

persistence along the path of movement and is presented as a

continuous value between zero and one. Lower values indicated low

directional persistence, typically associated with behaviours like

area-restricted search (e.g., residency behaviours such as foraging

and resting), while higher values indicated high directional

persistence, typically associated with traveling. We were limited

to fitting a move-persistence model solely to the seal that traveled
FIGURE 2

Movement and diving data through time from the one adult male harbour seal who traveled up the Seal River three times during one summer:
(A) proportion of locations in the Churchill River, Hudson Bay, and the Seal River, with the daily distance traveled (white circle) overlaid;
(B) move-persistence estimates; (C) hourly mean dive depth; (D) hourly mean dive duration. The three trips up the Seal River are highlighted in
gray, and circles in B-D are coloured by the y-axis variable.
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upriver (tag ID: 212750, see Figure 1), as attempts to fit models to

other seal tracks failed to converge.

To assess differences in dive duration and move-persistence

between the different regions (Seal River, Churchill River, and

Hudson Bay), we used linear mixed-effects models (LMM) using the

glmmTMB() function in the glmmTMB R package. The dive duration

models included data from all six seals, whereas the move-persistence

models included data from just one adult male seal (see above). Each

model included seal identification number as a random effect, and a first

order (AR1) autocorrelation term to account for the time-series nature

of biologging data. We also included bathymetry as a model term to

account for regional differences in water depth. We extracted the

bathymetry (m, 0.01 ° resolution) associated with each predicted seal

location from the National Oceanic and Atmospheric Administration

(NOAA) Environmental Research Division Data Access Program

(ERDDAP) data servers from the etopo180 dataset (Amante and

Eakins, 2009) using the rerddapXtracto R package (Mendelssohn, 2019).
3 Results

Harbour seals primarily used Hudson Bay near the tagging site,

with some individuals using the Churchill River and Seal River

(Figure 1). Our tags revealed one of the six tagged seals, an adult

male harbour seal, demonstrated substantial use of the Seal River,

embarking on three trips upriver (Movie S1). The first trip

commenced on 11 June 2023. By 14 June 2023, the seal reached a

location approximately 173 km upriver (Figure 1). The seal

departed 15 June 2023, and returned to Hudson Bay on 18 June

2023, resulting in a total trip duration of 7 days (Figure 2). The

second trip commenced on 23 June 2023. By 28 June 2023, the seal

reached a location approximately 182 km upriver, approximately 9

km farther upriver than the previous trip. The seal departed 24 July

2023, and returned to Hudson Bay on 25 July 2023, resulting in a

total trip duration of 32 days. Notably, the seal traveled

approximately 214 kms on 25 July 2023 (average speed = 8.91

km/hr) including the outbound trip from the Seal River (Figure 2).

The third trip commenced on 8 August 2023. By 12 August 2023,
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the seal reached a location approximately 173 km upriver, near the

distal location of the first trip. The tag stopped transmitting new

data on 12 August 2023, suggesting that it had detached from

the seal.

We found patterns in harbour seal dive and move-persistence

behaviour between the three regions in our study area, Seal River,

Churchill River, and Hudson Bay (Figure 3). Dives were shorter in

Seal River (mean = 1.4 min, range = 0.5-5.5 min) than in Churchill

River (mean = 2.1 min, range = 0.5-8.9 min; est. = 0.496, SE = 0.164,

p = 0.003) and Hudson Bay (mean = 2.5 min, range = 0.5-11.0 min;

est = 0.812, SE = 0.149, p < 0.001). Dive duration was also affected

by bathymetry, where after accounting for area, dives were longer in

shallower waters (est = 0.006, SE = 0.002, p = 0.007).

The move-persistence of the adult male was not statistically

different between Seal River and Churchill River (est. = -0.075, SE =

0.052, p = 0.148) or Hudson Bay (est = -0.089, SE = 0.052, p =

0.089). Variation in move-persistence was best explained by

bathymetry, where move-persistence was lower in shallower

waters (est. = -0.002, SE = 0.001, p < 0.001). However, move-

persistence in Seal River appeared to consist of mostly low and high

move-persistence, whereas in Churchill River move-persistence

consisted of mostly low and moderate move-persistence, and in

Hudson Bay was well distributed with relatively more values of

moderate-high move-persistence (Figure 3B).
4 Discussion

The use of rivers by harbour seals in Hudson Bay has long been

noted. Our tracking study provides novel details of the behavioural

patterns, transit speed, and the multifaceted use of interconnected

marine and freshwater systems. We observed harbour seals’ use of

the Churchill River Estuary and Hudson Bay near the tagging site,

as well as the movement and dive behaviour exhibited by an adult

male harbour seal undertaking three excursions up the Seal River

(Figure 1). While previous studies have recorded harbour seals

typically making short trips (average 5 ± 4 days; Bajzak et al., 2013)

from haul-out locations to forage in Hudson Bay, we recorded a
FIGURE 3

Distribution of (A) dive duration data from all six harbour seals and (B) move persistence data from the one male harbour seal that embarked on
three trips up the Seal River. Note that we were limited to fitting a move-persistence model solely to the seal that traveled upriver (tag ID: 212750,
see Figure 1), as attempts to fit models to other seal tracks failed to converge.
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month-long stay far inland suggesting potential foraging in

freshwater habitats. This was followed by a particularly rapid and

sustained outbound movement of this seal covering approximately

214 km in one day, which to our knowledge is both the longest and

fastest daily movement distance and rate of a harbour seal to date

(equating to 8.9 km/hr). In other geographic areas, harbour seals

have been observed making many repeated trips from marine

waters to upriver waters, albeit to shorter distances overall

(maximum movement was approximately 72 km over the course

of one day, equating to 3 km/hr; van Neer et al., 2023).

We speculate that favourable outflow conditions from the river,

combined with moderate wind and relatively high water discharge,

may have facilitated this rapid movement despite the absence of

extraordinary weather events. Specifically, the weather on this day

was characterized by average conditions, with a mean temperature

of 11.4°C, no precipitation, maximum gust speeds of 42 km/hr, and

a wind direction of 350° (i.e., North wind; Churchill Weather

Station, www.climate.weather.gc.ca). However, the water

discharge during this outbound trip was higher (673 m2/s) than

during the initial outbound trip (634 m2/s), which took three days

to complete (Supplementary Figure S1, Seal River Below Great

Island Station 06GD001, https://wateroffice.ec.gc.ca/report/

historical_e.html?stn=06GD001). Additionally, the long duration

of this seal’s tag transmissions (86 days) facilitated our

documentation of these trips upriver (see Table 1).

Our results reveal regional patterns in harbour seal movement

and diving duration related to water depth. We observed shorter

dives observed in Seal River, in contrast with longer dives in

Churchill River and Hudson Bay (Figure 3). The moderate dive

durations recorded in the Churchill River likely occur within the

deeper estuary (included in our “Churchill River” region). However,

after accounting for region, our findings suggest that harbour seals

dove longer and had lower move-persistence in shallow areas.

While low move-persistence likely reflects a composite of

residency-related behaviours (e.g., hauling out, resting, foraging;

Breed et al., 2012), the additional evidence of longer dives may

suggest indications of resting dives or area-restricted search in

shallow waters (although see Florko et al., 2023).

Harbour seals use freshwater environments for a variety of reasons

including prey availability, predator avoidance, thermoregulation, and

reproduction (Smith et al., 1996). While harbour seal diet information

and relative prey abundance in our study area is unknown, harbour

seals likely forage on freshwater species, as local river estuaries also

attract dense aggregations of seabirds and beluga whales

(Delphinapterus leucas) due to their productivity (Stewart and

Lockhart, 2005; Stewart and Barber, 2010). Within these freshwater

systems, harbour seals may forage particularly in shallow waters as

suggested by our observations of longer dives and lower move-

persistence in these waters. Additional benefits of using freshwater

habitats in western Hudson Bay could be to avoid marine predators

such as killer whales (Orcinus orca) or polar bears (Ursus maritiumus,

Ferguson et al., 2012; Westdal et al., 2016; Florko et al., 2018). Further,

harbour seals could benefit from warmer water and rocks in river

systems to facilitate molting (Paterson et al., 2012) and avoid predators

while pupping, which likely occurs in June as observed in the Churchill

River (Florko et al., 2018).
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While our findings of river use supplement our understanding of

the speed, frequency of visits, and diving behaviour in rivers, our

documentation of harbour seal occurrence in the Seal River aligns

with previous research by Bajzak et al. (2013), who reported similar

riverine explorations (albeit 30 km upriver) by seals tagged in the

Churchill River estuary in 2001 and 2002. Additionally, Beck et al.

(1970), and Bajzak et al. (2013) document the occurrence of harbour

seals in Thlewiaza River, Nunavut (approx. 875 km north of Seal

River), which includes Sealhole Lake and Ranger Seal Lake.

Our detailed movement data of harbour seals in this area aligns

with local knowledge of harbour seal occurrence in these systems

and adds to the growing knowledge of how marine and terrestrial

ecosystems are connected. The repeated movements over 170 km

upriver show that these links can occur at various trophic levels (St.

George et al., 2023) and must be factored into conservation

planning and wildlife management. There are current proposals

to create an Indigenous Protected and Conserved Area

encompassing the Seal River Watershed (see feasibility

assessment, https://parks.canada.ca/pn-np/cnpn-cnnp/riviere-seal-

river) and additional discussions to evaluate a western Hudson Bay

marine protected area. The movement of this harbour seal

emphasizes the importance of protected areas planning that

combines interconnected ecosystems.
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