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OVERVIEW
Climate change is impacting marine species, causing shifts in occurrence, distribution,
and phenology, which can ultimately effect ecosystem structure and functioning (Parmesan &
Yohe 2003; Burrows et al. 2011). The study of the timing of recurring biological events
throughout an organism’s life is known as phenology (Parmesan & Yohe 2003). The way
organisms respond to climate change through altered timing offers insight into their sensitivity
and adaptability (Parmesan & Yohe 2003).
To gain an understanding of pinniped vulnerability to climate change, specifically
through changes in phenology, a comprehensive literature search was conducted using several
online databases (e.g., Web of Science, Google Scholar and PubMed). Combinations of
relevant terms were searched in order to find studies pertaining to the life history of two
regionally important pinniped species: the gray seal (Halichoerus grypus) and the harbor seal
(Phoca vitulina). Although special attention was given to studies conducted in the Northwestern
Atlantic region, publications giving information on populations in other parts of the world
provided important proxy information. Keyword searches were conducted in Web of Science
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and Google Scholar and represent the published literature through 2017 (Table 1). The
remainder of the publications found were cited in the literature returned from the two searches.
This document provides an annotated bibliography organized by species (gray and
harbor seals) and region, with topical sections for important attributes (e.g. foraging). The focus
of this search was for the Gulf of Maine region, but other relevant information yielded by the
literature search is presented in order of approximate distance from the focal area.
Table 1. Literature search key words and results.

Keywords Searched

Papers Yielded

North Atlantic marine mammals AND
climate change

Thompson et al. (1989)
Boehme et al. (2012)
Lesage & Hammill (2001)

Breeding*North Atlantic AND harbor seal*

Van Parijs et al. (1996)
(Baechler et al. 2002)

Pinniped AND Massachusetts

Bogomolni et al. (2010)
Schneider & Payne (1983)

Harbor seals* AND temperature

Hamilton et al. (2014)
Paterson et al. (2012)
Hind & Gurney (1998)
Hansen & Lavigne (1997a)
Grellier et al. (1996)

Gray seals* AND temperature

Twiss et al. (2002)
Hansen & Lavigne (1997b)
Boily & Lavigne (1996)

Gray seals AND Gulf of Maine

Harris et al. (2003)
Gilbert et al. (2005)
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Bowen et al. (2007)
Gray seal AND New England

Waring et al. (2006)

Gray seal AND Duck Island

Amos et al. (1995)

Gray seals AND climate

Karlsson et al. (2005)

HALICHOERUS GRYPUS (Gray seals)
Population Numbers
Sable Island
•

From 1962 to 1997 there was an exponential increase in the pup production at
the Sable Island colony but since that time the rate of increase has declined.
Between 1997 and 2004 (when this study was conducted) the estimates of
demersal fish populations on the Scotian Shelf were unusually low. Because
there was no shortage of haul-out/pupping habitat, food sources were determined
to be a likely regulator of gray seal numbers (Bowen et al. 2007).

Eastern Canada
•

Gray seals were found to be abundant and increasing in Eastern Canadian
waters, whereas there were relatively less gray seals in U.S waters (Gilbert &
Guldager 1998).

Foraging
Gulf of Maine
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•

After the winter breeding season (February-April), seals feed in pelagic habitats.
Seals haul-out for molting in May – June before dispersing and feeding prior to
the next pupping season (Lesage and Hammill, 2001; Kenney & Vigness-Raposa
2010).

•

Flounder, silver hake, sand lance, skates, and gadids were found in scat samples
from Muskeget Island, Massachusetts (Kenney & Vigness-Raposa 2010 and
references therein).

•

There were no observed difference in prey preferences of adults vs. juveniles
(Kenney & Vigness-Raposa 2010).

Sable Island
•

Gray seals forage intensely during the summer and winter months, but the
foraging trips are usually shorter in the summer due to higher predictability of
prey at nearby areas, such as Middle Bank. In winter their prey is spread out
along the whole continental shelf, and thus is less consistent and reliable as a
food source (Breed et al. 2009).

Gulf of St. Lawrence, Canada
•

The summer diet (August – September) at Anticosti consisted primarily of cod
(Gadus morhua), herring (Clupea haengus harengus) and mackerel (Scomber
scombrus) (Goulet et al. 2001 and references therein).

•

In the southern part of the gulf, flatfish and other groundfish were important
autumn prey. During January - March on the Scotian Shelf, grey seal diets were
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focused on sand lance (Ammodytes dubius) (Goulet et al. 2001 and references
therein).
•

Females are present in the southern part of the gulf and on the Scotian Shelf
from November - March. During this period females dove near or on the sea
floor indicating feeding on groundfish and other demersal prey (Goulet et al.
2001).

Scotian Shelf
•

The preferred diving depths (70-100 m) of two tagged gray seals strongly
overlapped with regional sand lance habitat of 73-90 m (Scott 1982; Goulet et al.
2001).

Moray Firth, Scotland
•

This area is considered to be preferred summer foraging habitat for gray seals in
the northeastern Atlantic (Thompson et al. 1996), which is believed to be a
larger foraging area than harbor seals typically use.

Range/Movement and Site Fidelity
Maine Coast
•

In aerial surveys conducted during 1998, gray seals were only seen between
Pemaquid Point and Schoodic Peninsula, Maine during the summer, and were
not present in the southern region (including the Isles of Shoals), nor the
northern region (including at the US/Canadian border) (Gilbert & Guldager
1998).
5

•

It is likely that gray seals found in Maine waters in the summer come from
Canadian populations (Gilbert & Guldager 1998).

Gulf of St. Lawrence
•

The Gulf of St. Lawrence is believed to represent the northernmost limit of the
gray seal’s range in the western Atlantic due to the inefficient thermoregulatory
ability of pups (Lesage & Hammill 2001).

•

Tagging data shows starting in mid-October through the end of November, seals
begin leaving the Anticosti Island area and slowly move into the southern Gulf
of St. Lawrence and to Sable Island. Timing of departure varied among
individuals over the course of a 6 weeks period, but actual southward migration
was completed in 6-10 days (Goulet et al. 2001). This southward movement
happens in tandem with changes in the distribution of important prey species.

•

Similar to other regions, seals in the Gulf of St. Lawrence exhibited site fidelity
to particular haul-out sites. In the northern Gulf, seals used a greater diversity of
haul-out sites than in the Baltic Sea (Goulet et al. 2001 and references therein).

•

Satellite telemetry indicated grey seals largely use coastal habitats in the Gulf
during summer even when they are not pupping or molting (Hammill,
unpublished data; Lesage et al. 1995).

Isle of May, Scotland
•

The topography at this location is variable which could account for the higher
levels of site fidelity observed here compared to Sable Island. Seals appear to
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prefer certain ledges likely because they provide the most ideal pupping haul-out
topography (Pomeroy et al. 2000).
Amrum, Southeastern North Sea
•

Unknown individual gray seals appeared in this area around mid-May, indicating
an end of spring immigration to the area (Abt et al. 2002).

•

Juvenile immigration from a colony in the UK to this Dutch colony was
responsible for a rapid increase in numbers at the haul-out, demonstrating the
Dutch North Sea population is not a closed population (Abt et al. 2002).

•

At least 2/3 of identified individuals from the Amrum colony used mixed haulout sites during spring and summer (Abt et al. 2002); an overall decrease in
numbers was observed over the course of the summer.

•

Records of individuals show a resident Amrum breeding stock as well as a
significant number of temporary residents/seasonal immigrants (Abt et al. 2002)

•

It is common for gray seals to travel long distances outside of the breeding
season, usually to known haul-out sites (Abt et al. 2002).

Baltic Sea
•

Grey seals are capable of embarking on movements one to multi-day trips across
vast areas in search of prey or between haul-out sites (McConnell et al. 1992;
Sjoberg and Ball 2000; Thompson et al. 1991), and most seals generally returned
to their original haul-out between consecutive trips (McConnell et al. 1992;
Sjoberg and Ball 2000). Satellite tracking showed seals (N=11) spent ≥70% of
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their time within 50 km of a specific haul-out (Sjoberg and Ball 2000; Karlsson
et al. 2005).
•

Re-sightings of gray seals from pelage patterns (i.e., photo-identification) were
found to exhibit strong site fidelity during the summer (Karlsson et al. 2005).

•

Re-sightings of gray seals show they return to a particular summer haul-out site
for at least several years. The majority of re-sights were made within 80 km of
the original identification site (Karlsson et al. 2005).

Seasonal Changes
Northern New England coastline
•

Survey sightings decreased between May-June (N=100) and August (N=45) in
the area (Gilbert & Guldager 1998).

Sable Island, Canada
•

Seasonal changes in gray seal body mass occur when hauling-out occurs for
extended periods due to fasting, which can last approximately a month for
pupping and molting periods (Beck et al. 2000).

Moray Firth, Scotland
•

Gray seals are absent from this area in winter and spring. Changes in abundance
changes may be due to movements between breeding and foraging areas
throughout the UK, indicating gray seals may have wider-scale movements than
harbor seals (Thompson et al. 1996).

•

Haul-out numbers peak in late summer (Thompson et al. 1996).
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Amrum, Southeastern North Sea
•

Gray seal numbers show a distinct peak in late March - early April, which is
approximately three times higher than the period between June - January (Abt et
al. 2002).

•

The phenology of gray seals at Amrum reflects seasonal behavior changes that
are related to the seals’ biological cycle (Abt et al. 2002)

Sex-Specific Differences
New England
•

Females reach sexual maturity between 4 - 5 years of age. Males are considered
sexually mature at 6 years, but don’t start breeding until 8 years of age and most
breeding bulls are between 12 - 18 years of age (Kenney & Vigness-Raposa
2010).

Sable Island, Canada
•

Males travel longer distances compared to females when foraging (Breed et al.
2009).

Southeast North Sea
•

Sex-specific differences were not detected in occurrences of photographically
identified individual gray seals (Abt et al. 2002).

Molene Archipelago, France
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•

56% of males at this colony displayed seasonal site fidelity during all seasons,
and had a seasonal immigration/emigration rate of 44% (Gerondeau et al. 2007).

•

Males demonstrated a regular use pattern of the archipelago. 50% of individuals
were present during two consecutive seasons, demonstrating high fidelity to the
area (Gerondeau et al. 2007).

•

Detection rates of males was 92% (Gerondeau et al. 2007).

•

Females showed varying degrees of site fidelity (40%-75%) between seasons
from 1998-2000 (Gerondeau et al. 2007).

•

Females were detected at a rate of 100% in the archipelago area (Gerondeau et
al. 2007).

•

Females used the archipelago preferentially in the summer, but many breed in
other areas (Gerondeau et al. 2007).

•

Females show high inter-annual natal site fidelity, which could explain dispersal
patterns from the archipelago prior to the breeding season (Gerondeau et al.
2007).

•

60% of females that stayed in the archipelago to breed, which was the minority
of all individuals, also stayed in the same area to molt (Gerondeau et al. 2007).

•

Immigration was highest between the molting season and summer, and lowest
between summer and the breeding season (Gerondeau et al. 2007).

Pupping/ Breeding
Northwest Atlantic
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•

Gray seals primarily pup at four established colonies in U.S. waters: Muskeget
and Monomoy islands in Massachusetts, and Green and Seal islands in Maine
(Hayes et al. 2016, p 146-153).

•

Female gray seals pup during winter, specifically from late December - January
(Beck et al. 2000).

Sable Island, Canada
•

Females tend to be more land-based during the pupping and weaning period
compared to other times of the year (Beck et al. 2000).

Eastern Canada
•

In eastern Canada there are three breeding aggregations: Sable Island, Gulf of St.
Lawrence and along the coast of Nova Scotia. Animals overlap during nonbreeding times from different colonies (Harvey et al. 2008; Breed et al. 2006,
2009) and are considered a single genetic population (Hayes et al. 2016).

Gulf of St. Lawrence, Canada
•

Seals aggregate on two main breeding colonies from December - February on
Sable Island off the east coast of Nova Scotia, and in the southern Gulf of St.
Lawrence (Goulet et al. 2001 and references therein).

Western Atlantic and Baltic Sea
•

Female gray seals give birth during the coldest months of the year. Peak pupping
occurs in mid-January for seals in the Western Atlantic and in early March for
the Baltic Sea population (Hansen & Lavigne 1997b)
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Scotland
•

Gray seal breeding behavior shows two modes: they may be polygynous, with
males showing high dominance behaviors; however, many gray seals prefer to
mate with a previous partner (Amos et al. 1995).

Isle of May, Scotland
•

Breeding colony haul-out sites are densely occupied in central locations
(Pomeroy et al. 2000).

•

Re-sighting probabilities for females at this breeding site between 1990 and
1994 was 70% (Pomeroy et al. 2000).

•

Re-sightings of tagged seals occurred within at least one year after their original
sighting (Pomeroy et al. 2000).

•

97% of marked females returned to Isle of May in at least one subsequent year,
while two females moved to another breeding site 90 km away (Pomeroy et al.
2000).

Global
•

Females are highly concentrated resulting in polygyny, and males showing
dominance by defending harems or compete for a position within breeding
grounds (Twiss et al. 1994; Van Parijs et al. 1996 and references therein).

Molting
Sable Island, Canada:
•

Gray seals return to this area in April to molt (Lesage & Hammill 2001).
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Temperature Thresholds/Preferences
Gulf of St. Lawrence, Canada
•

At 7 months of age, gray seals are better at adapting to temperatures between 7°C and 20°C (Lesage & Hammill 2001)

Canada
•

During the post-weaning fast, pups have a zone of thermoneutrality in air
(Mount 1979) that extends from -7°C to 23°C. Metabolic rates of adult seals do
not increase until air temperatures reach a threshold of approximately -10°C.
Responses to high air temperatures are unknown (Boily & Lavigne 1996 and
references therein).

Island of North Rona, Scotland
•

Adult female gray seals occurred in the water more than on land when air
temperatures were ≥10.8°C (Twiss et al. 2002).

Global
•

Global distribution is limited to surface water temperatures <20°C. It is unlikely
that animals limit their distribution due to thermoregulation capabilities. Phocids
are generally homeothermic up to SSTs of 30°C (Boily & Lavigne 1996 and
references therein).

Captivity
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•

Resting metabolic rates (RMRs) showed no significant changes between –18 and
35°C; hyperthermia occurred at air temperatures >30°C. During the breeding
season, air temperatures are usually within this range at -7.5 and 20°C (Boily &
Lavigne 1996).

Sea Surface Temperature
Global
•

Sea surface temperature and water depth appear to affect grey seal distribution
(Boehme et al. 2012).

Wind Speed/Direction
Scroby Sands, UK
•

Numbers of gray seals was positively correlated with wind speed, with higher
counts when winds were from the north (Skeate et al. 2012).

Human Interaction
Massachusetts
•

>45% of all grey seal mortality was attributed to human interactions, primarily
due to entanglements in Nantucket Sound and the southern outer Cape region
near one of the largest seal haul-out sites on the northeastern coast, Monomoy
National Wildlife Refuge (Bogomolni et al. 2010).
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PHOCA VITULINA (Harbor seals)
Population
Northwest Atlantic
•

The NWA population, which includes the eastern US and Canada is considered a
single population (Temte et al. 1991). Genetic studies are still needed to resolve
whether there is high philopatry or local sub-structure in the region (Andersen &
Olsen 2010).

Foraging
Gulf of Maine
•

Harbor seals feed primarily on relatively abundant small to medium sized fishes,
squid and octopus, as well as crabs and shrimp (Kenney & Vigness-Raposa 2010).

•

Sand lance is a primary prey off Cape Cod, Massachusetts
o 87% of the diet at Race Point (tip of Cape Cod)
o 85% at Monomoy Island (at the “elbow”)
o 50% at Jeremy Point (on the west side in the middle of the “forearm”)

•

Followed by squid (22%), gadids, herring, flounders and to a lesser extent
mackerel and skate.

•

At the Isles of Shoals off southern Maine gadids and rockfishes were equally
important (22%), followed by flounders and herring (>10%), as well as cunner,
sand lance, and skate (Kenney & Vigness-Raposa 2010).

Eastern Canada
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•

In 602 harbor seal stomachs, herring dominated the diet, followed by squid (IIlex
illecebrosus and unidentified individuals), flounders (mainly Pseudopleuronectes
americanus), alewife, and hake (Boulva & McLaren 1979).

•

Prey sizes were as large as 30 cm long (herring), and approximately 3-4% of the
total body weight (Boulva & McLaren 1979).

•

Squid was more important in the lower Bay of Fundy (15% of diet) than at Sable
Island and southeastern Cape Breton Island (7%). In the lower Bay of Fundy,
flounder were common (28%), but only comprised 2% of the stomach contents
from Sable Island and Cape Breton Island (Boulva & McLaren 1979).

Gulf of St. Lawrence, Canada
•

Foraging was close to shore (<6.11-11.0 km) during ice free periods. Seasonal
migrations to overwintering sites were as far as 266 km (range 65-520 km)
(Sharples et al. 2012).

Inshore Scotland
•

Foraging duration varied by region but not by sex (Sharples et al. 2012).

•

Region and time of year predicted foraging behavior better than ize, sex or body
condition (Sharples et al. 2012).

Moray Firth, Scotland
•

January abundance and winter diet were believed to be related to clupeid
abundance (Thompson et al. 1996).

Range/Movement and Site Fidelity
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Gulf of Maine
•

Harbor seals use southern New England as winter habitat and some move into
Maine coastal waters right before pupping in late spring/early summer (Waring
et al. 2006).

•

Radio tags recorded long-range movements made by harbor seals, and found that
the furthest distance a tagged seal traveled was 60 km (Waring et al. 2006).

•

Harbor seals exhibit site fidelity by bay subunits in Maine coastal waters,
however they may move between haul-out sites (Pauli and Terhune 1987;
Waring et al. 2006).

•

A general southward movement from the Bay of Fundy to southern New
England waters occurs in autumn and early winter. A northward movement
occurs prior to the pupping season from southern New England to Maine to
eastern Canada during mid-May through June along the Maine Coast (Waring et
al. 2006 and references therein; Hayes et al. 2016).

•

Harbor seals are observed year-round in coastal Maine and Canadian waters,
while they have a seasonal occurrence from September to late April-early May
in southern New England (Kenney & Vigness-Raposa 2010 and refernces
therein).

North Atlantic
•

Tagged harbor seals were found to be relatively sedentary with movements
associated with foraging and some juvenile mediated long-range dispersal events
(Thompson et al. 1989; Andersen & Olsen 2010 and references therein).
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Britain
•

Most harbor seals used the same haul-out site (or sites close by) repeatedly, but a
few traveled between regions of Britain and elsewhere in Europe (Sharples et al.
2012).

Moray Firth, Scotland
•

Local movement by harbor seals (< 75 km) occurs year round (Thompson et al.
1996).

•

Population is considered to be comprised of year round residents due to the
presence of local foraging sites (Thompson et al. 1996).

Orkney, Scotland
•

Individuals returned to a haul-out site located at the core of their home range
instead of hauling-out at sites adjacent to foraging areas (Thompson et al. 1989).

Grand Island & Bristol Bay, Alaska
•

Migration rates and haul out behavior vary with sex and age, consequently haulout sites varied in demography, particularly during the mating season. Adult
females return to natal sites while juveniles and adult males disperse (Thompson
et al. 1989; Simpkins et al. 2003).

Seasonal Changes
Casco Bay, Maine
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•

Harbor seals were present on 97% of days that counts were conducted in August,
but only on 20-30.8% of days in January (Harris et al. 2003).

•

The mean number of harbor seals hauled-out was greatest in August and lowest
in January-February (Harris et al. 2003).

Gulf of Maine/New England
•

Harbor seals move between US and Canadian waters seasonally (Waring et al.
2006).

•

The overall preference for ice-free waters (Baechler et al. 2002) drives harbor
seals to move into southern New England waters during the winter and spring
(Raposa & Dapp 2009).

•

Along the Maine coast, fewer ledges had seals seen on them in August compared
to earlier in the summer (Gilbert & Guldager 1998).

Sable Island, Canada
•

Fewer seals were present on this haul-out from July-August during the harbor
seal molting period (Boulva & McLaren 1979).

Moray Firth, Scotland
•

Harbor abundance was at its highest during June, July and August compared to
the rest of the year (Thompson et al. 1996).

•

Individual harbor seals spend more time ashore during breeding and molting,
which could explain this summer-time abundance peak (Grellier et al. 1996,
Thompson et al. 1996).
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•

Inter-annual differences in haul-out behavior exist regionally (Thompson et al.
1996).

Southwest Ireland
•

Constant numbers of harbor seals onshore were observed from April to July
(Cronin et al. 2009).

•

The maximum amount of time seals spent onshore occurred in October; the least
amount of time ashore occurred in February (Cronin et al. 2009).

Svalbard
•

Seals spent more time in the water foraging during fall than on land (Hamilton et
al. 2014).

Time of Day
Gulf of Maine
•

Factors influencing haul-out behavior included wind speed and direction,
temperature, tidal stage, precipitation as well as time of day. The most seals
hauled-out when low tide was in the afternoon on calm, sunny days (Kenney &
Vigness-Raposa 2010).

Sable Island, Canada
•

Diurnal haul out was observed with no seals on land at night (Boulva &
McLaren 1979).

Scotland
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•

From May to August (encompassing both pupping and molting periods), 80% of
seals were seen hauled-out midday (Cunningham et al. 2009).

Southwest Ireland
•

Harbor seals demonstrated a diurnal haul-out pattern and spent more time spent
on land during early to mid-afternoon (Cronin et al. 2009).

Svalbard
•

The probability of seals haul-out was highest at midday (Hamilton et al. 2014).

San Miguel Island, CA
•

Peak haul-out numbers occurred between 1pm and 4 pm, with numbers
increasing in the morning and decreasing as sunset approached (Stewart 1984).

Age/Sex-Specific Differences
Gulf of Maine
•

Females reach sexually maturity at 2-5 years of age, most at age 3 or 4, and
physical maturity is attained at age 6 or 7. Males take about a year longer
(Kenney & Vigness-Raposa 2010 and references therein).

Scotland
•

Haul-out behavior varies by age and sex, and seals show age and sex segregation
at haul-out sites (Cunningham et al. 2009).

Orkney, Scotland
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•

Males hauled-out most days from May to July but were observed to make short
trips (< 24 hours) outside the study area, or exhibit diurnal haul-out behavior or
left the study area for longer periods of time (several days) with common
nighttime haul-outs. At the end of July right before the molt all males hauled-out
every day diurnally (Thompson et al. 1989).

•

Females hauled-out most frequently in the afternoon. During pupping females
hauled-out every day and spent most of their time in the study area. There was
no difference in female behavior during the pupping and molting period
(Thompson et al. 1989).

Moray Firth, Scotland
•

Males dispersed widely with weekly ranges of 65 to 480 km2 in June. In early
July, males markedly decreased their ranges to around 4-70 km2 and was
unrelated to time hauled out (see Thompson et al. 1994; Van Parijs et al. 1996).

•

Males make wide movements during the early pupping period, but then decrease
their range when females start foraging in the late lactation period (Van Parijs et
al. 1996) and engaged in stereotypic diving and acoustic displays that suggest
they were defending preferred areas from other males and/or attracting females
(Hanggi & Schusterman 1994; Van Parijs et al. 1996).

Svalbard
•

Likely due to sexual dimorphism in this population, which is uncommon
elsewhere, both age and sex influenced haul-out behavior (Hamilton et al. 2014).

Breeding
22

Northwestern Atlantic
•

Mean age of maturity was between 3 and 4 years (Boulva & McLaren 1979).

•

Females mature earlier than males, and may be polygynous (see Annual Cycle
and General Behavior; Boulva & McLaren 1979).

Sable Island, Canada
•

Mating on Sable Island occurs between early April and late July (see Annual
Cycle and General Behavior; Boulva and McLaren 1979).

•

“Reproduction represents a significant energetic burden to breeding seals
(Bowen et al. 1992; Walker and Bowen 1993). During gestation and lactation,
the mother must meet not only her own energetic costs but also those of her pup.
Lactation, which lasts for about 24 days following parturition and is
energetically costly, constrains foraging by females and utilizes fat reserves (i.e.,
the blubber layer) (Bowen et al. 1992; Muelbert and Bowen 1993; Hind &
Gurney 1998).

Molting and Pupping
Gulf of Maine
•

Pupping seals stayed in the mid-coastal region from May through August,
encompassing both the molt period as well as the pupping period (Waring et al.
2006).
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•

After pupping, annual molt occurs over 2-3 months from mid-summer through
early fall (Bigg, 1981; Burns, 2002). Haul-out frequency increases during the
molting period (Kenney & Vigness-Raposa 2010).

Casco Bay, Maine
•

Seal abundance decreased between May and June, likely because this area is
used as a molting site but not a pupping site (Harris et al. 2003).

Moray Firth, Scotland
•

Presence on haul-out sites is highest during pupping and molting seasons
(Grellier et al. 1996).

•

There is a mid-summer peak in harbor seal haul-out presence, which
corresponds to the pupping season (Grellier et al. 1996).

Alaska
•

Males haul-out for extended periods of time only during molting, while females
have two extended haul-out periods: during molting and pupping (Gilbert et al.
2005).

•

Molting times vary by sex and timing varies annually (Gilbert et al. 2005).

Captivity
•

The amount of time spent hauled-out peaks after pupping and during molting
(Paterson et al. 2012).

•

Relative humidity and air temperature were considered significant positive
influences on haul-out time (Paterson et al. 2012).
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Temperature Thresholds/Preferences
Southeastern Massachusetts
•

Numbers of hauled-out harbor seals had a negative relation to air temperature,
with a peak in haul-out abundance during the coldest months of the year
(Schneider & Payne 1983).

Narragasset Bay, Rhode Island
•

Harbor seals do not appear to decrease their haul-out occurrence even when air
temperatures drop to -12°C (Raposa & Dapp 2009).

Gulf of Maine
•

Haul-out decreases with temperatures (Kenney & Vigness-Raposa 2010).

Sable Island
•

Harbor seals spend more time in water than on land when air temperature
approaches -15°C (Boulva & McLaren 1979).

•

Seals use more offshore waters when temperatures are extremely cold (Boulva &
McLaren 1979).

New Brunswick, Canada
•

Hauled out seals at Saint Croix Island appeared to be related to warmer air
temperatures (e.g. solar radiation) and air-water temperature differences (Pauli &
Terhune 1987).

Svalbard
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•

The probability that all age-classes of seal would haul-out decreases as
temperature increased (Hamilton et al. 2014).

Eastern Pacific
•

The 2006 decline in pup numbers in the San Francisco Bay area was
hypothesized to be related to an unusual upwelling event, which caused warmer
waters (Manna et al. 2006).

Captivity
•

Metabolic rates increased in seals hauled-out in air temperatures ≥12.9°C
(Hansen & Lavigne 1997a).

•

The upper critical temperature limit of harbor seals is between 28.6 and 35 °C
(Hansen & Lavigne 1997a).

•

Between 23°C and 30°C, metabolic rates increased three-fold, and respiration
rates also increased (Hansen & Lavigne 1997a).

•

The upper critical temperature was 25.1°C, and high ambient temperatures
effected internal temperatures of hauled-out seals. Seals exposed to ambient
temperatures of 30°C had an average internal body temperature of 37.5°C, and
when the ambient temperature was increased to 35°C, the seal's body
temperature increased to an average of 39.3°C (Hansen & Lavigne 1997a).

•

During peak molting, body surface temperatures reached 25-30°C (Paterson et
al. 2012).

•

Weaned seals exhibit a thermal neutral (or optimal) zone of -7.1° C +/- 0.7 and
23.0 +/- 0.4°C (Hansen & Lavigne 1997a).
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Tidal stage/height
Maine coast
•

Harbor haul-out behavior reflects the tidal cycle, and seals begin to return to
ledges at falling tides (Gilbert & Guldager 1998).

Southeastern Massachusetts
•

Seals hauled out less before and after low tide and increasing wave intensity
(Schneider & Payne 1983).

Sable Island, Canada
•

Harbor haul-out behavior was not dependent on tides, but seals did haul-out
more when there was high wave intensity (Boulva & McLaren 1979).

Nova Scotia, Canada
•

In this region, more seals hauled-out at low tides compared to high tides. This
contrast to Sable Island haul-out behavior indicates a potential regional pattern
in haul-out behavior (Boulva & McLaren 1979).

New Brunswick, Canada
•

Tide height was negatively related to haul-out numbers and found to be the most
important variable affecting haul-out behavior (Pauli & Terhune 1987).

Orkney, Scotland
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•

Harbor haul-out behavior was positively correlated with tidal cycle (Thompson
et al. 1989).

Southwest Ireland
•

Tidal level had a significant effect on harbor haul-out behavior (Cronin et al.
2009).

Svalbard
•

During the months harbor seals in this region haul-out on land instead of ice, the
probability of haul-out increased near low tide, decreasing thereafter (Hamilton
et al. 2014).

San Miguel Island, California
•

A greater number of harbor seals hauled-out during afternoon low tides
compared to afternoon high tides (Stewart 1984).

•

Tide height influenced the number of seals observed during peak afternoon haulout times during autumn (Yochem et al. 1987).

Wind Speed/Direction
Narragasset Bay, Rhode Island
•

Wind speed was negatively associated with the number of seals hauled-out,
especially when wind speeds were >9 mph (Raposa & Dapp 2009).

Scroby Sands, UK
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•

Haul-out numbers were significantly influenced by both wind speed and
direction (Skeate et al. 2012).

•

Higher numbers of seals hauled-out when wind came from the SE, followed by
the N and then NW (Skeate et al. 2012).

•

Numbers were positively influenced by wind speed (Skeate et al. 2012).

Captivity
•

Wind speed and water temperature were found to have a significant impact on
variation in seal body surface temperature (Paterson et al. 2012).

Precipitation
Rhode Island
•

The number of harbor seals on land was lower on days with precipitation
(Raposa & Dapp 2009), indicating they may avoid hauling-out in stormy
conditions.

Human Interaction
Northwest Atlantic
•

Fishery-related mortality and injury is ≥10% (Hayes et al. 2016, p 137-145).
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