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Conserving pinnipeds in Pacifi c Ocean parks 
in response to climate change

CLIMATE CHANGE WILL LIKELY
have a profound impact on resources 
in Pacifi c Ocean national parks. 

Changes are predicted to occur in sea-
level rise, food webs, community structure 
of marine organisms, and oceanographic 
processes. Nevertheless, predicting the 
nature or extent of these changes and their 
impacts is highly uncertain (Stephenson et 
al. 2010). For example, sea temperature, sa-
linity, and ocean circulation are expected 
to change, but because they are inter-
related and vary spatially and seasonally, 
scientists expect “unexpected” responses 
by organisms (NRC 2002). Most scientists, 
though, agree that ocean and coastal con-
ditions, including those in Pacifi c Ocean 
parks, will be altered over the coming 
decades as a result of climate change (Lar-
gier et al. 2011; Learmonth et al. 2006; see 
http://www.nature.nps.gov/climatechange/
eff ects.cfm). Ocean parks of the National 
Park System have common oceanographic 
and biological settings and related vulner-
abilities to changes in climate, and staff s 

are seeking ways to coordinate response 
strategies. Here we consider the potential 
impacts of climate change on pinnipeds 
(seals and sea lions) that occur in some 18 

national parks around the Pacifi c Ocean 
from Hawaii to Alaska, and the role that 
the National Park Service can play in con-
serving this group of marine mammals.

RESILIENCE

Abstract
The evolutionary record from previous climate perturbations indicates that marine mammals 
are highly vulnerable but also remarkably adaptable to climatic change in coastal ecosystems. 
Consequently, national parks in the Pacifi c, from Alaska to Hawaii, are faced with potentially
dramatic changes in their marine mammal fauna, especially pinnipeds (seals and sea lions).
Impacts of climate change on pinnipeds may be manifest in changes in sea temperature, 
sea level, incidence of storm surge, ocean acidifi cation, loss of glacial ice, and alterations in 
oceanic processes such as the frequency of El Niño events. These potential changes portend
challenges to park management in responding to loss of habitat, mass strandings of sick or
dead pinnipeds, alterations in prey availability, or range shifts with species expanding into 
or contracting out of national parks. The National Park Service could benefi t from a regional 
approach to guide parks with a suite of actions to help conserve pinniped populations in
response to climate change: (1) increased information and modeling to forecast pinniped 
habitat at risk, (2) increased protection via designation of marine protected areas, (3)
restoration of degraded habitat, and (4) communication with the public. Since parks are 
islands in a larger seascape, coordination with other agencies and groups that also manage
for pinniped conservation is essential.
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Figure 1. Harbor seals rest on an iceberg calved from a glacier (inset) in Glacier Bay 
National Park, Alaska.
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Pinnipeds occur throughout the Pacifi c 
Ocean and range from critically endangered 
monk seals (Monachus schauinslandi) that 
use select sites in several Hawaiian Island 
parks to the more cosmopolitan harbor 
seals (Phoca vitulina) that use a diversity of 
habitats in parks from Alaska to California 
(table 1; fi gs. 1 and 2). This group of marine 
mammals faces unusual challenges because 
they rest and pup (“haul out”) on land and 
ice but forage at sea, sometimes in close 
proximity to haul-outs, but often travel-
ing great distances to feed. Although the 
National Park Service manages only a frac-
tion of the total area needed for eff ective 
conservation of these species, it manages 
some key habitats for pinnipeds, which 
aff ords them extra protection for reproduc-
tion and survival. To this end, a specifi c 

management strategy for pinnipeds within 
parks in collaboration with other manage-
ment agencies is needed. We fi rst describe 
linkages between climate change and pinni-
ped abundance and distribution in national 
parks, and then highlight four specifi c roles 
that parks can play that will aid in conserv-
ing these animals and their habitats.

Climate change eff ects on 
pinnipeds

Pinnipeds are unique marine mammals 
because they spend much of their life at sea 
but require land or ice to give birth. Con-
sequently, climate change may aff ect their 
distribution and abundance through direct 
pathways, such as loss or gain of terrestrial 

and ice habitat needed for resting and birth-
ing, or indirect pathways, such as changes in 
prey availability or incidence of disease via 
altered ocean conditions (Learmonth et al. 
2006). Projected changes on pinniped distri-
bution may have both positive and negative 
eff ects, a glimmer of which is now noticeable 
(Simmonds and Isaac 2007).

Recent research demonstrates how climate 
change is already infl uencing habitat avail-
ability for pinnipeds in Pacifi c Ocean parks. 
The Muir Glacier, for example, an actively 
calving glacier in Glacier Bay National 
Park, Alaska, has receded from saltwater 
and “grounded” in the past few decades 
(Hall et al. 1995). Prior to this grounding, 
investigators counted more than 1,300 seals 
in upper Muir Inlet (Streveler 1979), but 
because of loss of icebergs, that number 
is now zero (Mathews 1995; Womble et al. 
2010). Although the relationship between 
calving glaciers and climate is complex 
(Post et al. 2011), ice sheets that feed glaciers 
in Glacier Bay have undergone rapid loss of 
ice and retreat over the last 200 years (Hall 
et al. 1995; Larsen et al. 2007) . If loss of ice-
associated habitat continues as predicted 
(Larsen et al. 2007), seals in  Glacier Bay, 
which still use ice calved from the Johns 
Hopkins Glacier, will be forced to use ter-
restrial substrate for breeding or move out 
of the park to fi nd glacial ice in other areas. 
Factors such as increased exposure to 
land-based predators and reduced breed-
ing success, as has been demonstrated for 
other pinnipeds (e.g., Jüssi et al. 2008), may 
result if available ice is reduced. Changes in 

Table 1. Pinnipeds that occur in national parks of the Pacific Ocean*

Common Name Scientific Name Parks Breeding

Monk seal Monachus schauinslandi  Hawaii Volcanoes NP**
 Kalaupapa NHP
 Kaloko-Honoköhau NHP
 Pu‘uhonua o Hōnaunau NHP

X

Northern elephant seal Mirounga angustirostris  Point Reyes NS
 Golden Gate NRA
 Channel Islands NP

X

X

Harbor seal Phoca vitulina  Aniakchak NPres
Glacier Bay NP
 Katmai NP
 Kenai Fjords NP
Klondike Goldrush NHP
Lake Clark NP
 Wrangell–St. Elias NP
 Olympic NP
 Lewis and Clark NHP
 Redwood NP
Point Reyes NS
Golden Gate NRA
Channel Islands NP
 Cabrillo NM

X
X
X
X

X
X
X

X
X
X
X

Steller sea lion Eumetopias jubatus Aniakchak NPres
Glacier Bay NP
Katmai NP
Kenai Fjords NP
Klondike Goldrush NHP
Lake Clark NP
Wrangell–St. Elias NP
Olympic NP
Redwood NP
Point Reyes NS***
Channel Islands NP***

X

X

X

California sea lion Zalophus californianus Glacier Bay NP
Olympic NP
Lewis and Clark NHP
Redwood NP
Point Reyes NS
Golden Gate NRA
 Santa Monica Mountains NRA
Channel Islands NP X

Northern fur seal Callorhinus ursinus Channel Islands NP X

Guadalupe fur seal Arctocephalus townsendi Channel Islands NP X

*Parks in the Pacific Ocean where pinnipeds do not occur or sightings are accidental include National Park of American Samoa, 

War in the Pacific NHP, USS Arizona Memorial, Haleakalä NP, and Pu’ukoholä Heiau NHS.

**NHP = national historical park, NM = national monument, NP = national park, NPres = national preserve, NRA = national rec-

reation area, NS = national seashore.

***Sea lions occurred here and gave birth within the past 40 years.
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Figure 2. A pinniped colony enjoys a remote 
beach at  Channel Islands National Park.
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seal numbers and distribution within the 
park may not necessarily aff ect the overall 
regional population of seals. For the least 
adaptable pinnipeds such as ice-dependent 
species, scientists expect negative eff ects 
from changes in climate; on the other hand, 
climate change could aff ect pinnipeds posi-
tively if it opens suitable habitat for species 
with expanding ranges (Harington 2008; 
Simmonds and Isaac 2007). Similarly, in-
undation of low-lying areas might provide 
access to previously inaccessible inshore 
areas or nearshore islands.

Changes in ocean conditions also have 
aff ected the suitability of some substrates 
for pinnipeds in  Channel Islands National 
Park and  Point Reyes National Seashore. 
Sea-level rise of 20 cm (8 in) over the past 
century in California (Largier et al. 2011), 
coupled with storm surge, has altered some 
habitats by inundating low-lying areas and 
eroding shorelines used by pinnipeds (fi gs. 
3 and 4). Similar exposure to sea-level rise 
is expected for monk seals in the Hawaiian 
Islands (Baker et al. 2006).

El Niño events in the Pacifi c off er a glimpse 
at the complex eff ects of globally warmer 
sea temperatures on pinnipeds and presage 
likely scenarios for these animals. During 
past El Niño events in 1982 and 1998, pin-
niped productivity and survival declined 
signifi cantly at Channel Islands and Point 
Reyes because of reduced prey availability 
or storm-driven tidal inundation, which 
drowned pups (Trillmich and Ono 1991; 
Sydeman and Allen 1999) (see fi g. 4). With 
ocean warming, El Niño events are project-

ed to increase in frequency and intensity 
(Trenberth and Hurrell 1994; Bakun 1990). 
Additionally, harmful algal blooms during 
the 1998 El Niño event resulted in spikes 
in the number of sick and dead sea lions 
that became stranded on park beaches in 
California (Gulland et al. 2002). Such harm-
ful algal blooms, likely linked to climate 
change and warmer sea temperatures, have 
increased over the past three decades (Van 
Dolah 2000).

Conservation strategies

The evolutionary record from previous 
climate perturbations indicates that marine 
mammals are both highly vulnerable and 
remarkably adaptable to changes in coastal 
ecosystems (e.g., Harington 2008). Gen-
eralist and cosmopolitan species such as 
harbor seals are greatly adaptable and 
may simply move elsewhere or use newly 
formed habitat when other areas become 
degraded. In contrast, obligate species such 
as ice breeders, or those with reduced num-
bers, including endangered species, may be 
less resilient to changes in the environment. 
Whether managing for pinniped generalists 
or obligates, park staff s will be challenged 
to preserve and protect species and their 
habitats in a rapidly changing climate.

In concert with conservation strategies 
of other agencies and organizations, we 
propose four key strategies for the National 
Park Service that will assist in assessing the 
magnitude of climate change impacts on 
pinnipeds and contribute to their conserva-

tion both in parks and across their range: (1) 
adaptively monitor pinniped populations 
and linkages to environmental conditions; 
(2) reduce anthropogenic stressors such as 
physical disturbance and fi sheries interac-
tions; (3) restore pinniped habitats; and (4) 
communicate with and engage the public 
about these strategies.

First, the National Park Service needs to 
expand its eff orts to collect data on popula-
tion dynamics, pup production, disease 
status, and habitat condition of pinnipeds 
in the National Park System (Burek et al. 
2008). This would contribute to better 
estimates of species abundance and also 
better forecasting of impacts from climate 
scenario modeling. A long history of moni-
toring pinniped population trends by other 
agencies and by the National Park Service 
in several national parks (Brown et al. 2011; 
Womble et al. 2010; Sydeman and Allen 
1999) already provides critical baseline 
information for interpreting the infl uence 
of climate change on these species. Most 
coastal parks, though, lack pinniped studies 
that link population data with current and 
future environmental conditions. Glacier 
Bay National Park recently partnered with 
the National Marine Mammal Laboratory 
to develop and implement an aerial pho-
tography monitoring program that records 
not just the abundance and spatial distri-
bution of seals but also ice conditions and 
substrate availability for pupping. Similar 
studies that link pinnipeds with environ-
mental conditions, including changes in 
oceanography and shoreline, could be 
augmented or initiated at other parks.

Figure 3. A large landslide in 2006–2007 (left) at an elephant seal colony at  Point Reyes 
created habitat (right) for seals breeding in 2008 and 2009.

Figure 4. An elephant seal colony is 
inundated at Point Reyes during the 1998 
El Niño, drowning pups.
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Second, establishment of marine protected 
areas (MPAs) and special area closures for 
pinnipeds are management options that 
can reduce tangential threats, such as direct 
interactions with humans and disturbance 
from coastal development and fi sheries, 
and have been successfully implemented in 
a few ocean parks. For example, in Johns 
Hopkins Inlet in  Glacier Bay National Park, 
the National Park Service restricted all 
vessel traffi  c during the pupping season to 
protect harbor seals during this critical pe-
riod. At  Point Reyes, kayaks were similarly 
prohibited in Drakes Estero during the har-
bor seal pupping season. The Park Service 
can also work to evaluate the benefi ts to 
pinnipeds of reducing or eliminating com-
mercial fi shing in or adjacent to national 
parks. Commercial fi shing can result in lo-
calized depletion of pinniped prey, even if 
the fi sheries are sustainable at a larger scale 
(NRC 2006; Womble et al. 2009).

Unfortunately, indirect benefi ts of marine 
protected areas to pinnipeds, such as prey 
availability, are diffi  cult to measure and 
relationships are complicated. For example, 
monk seals appear to suff er from competi-
tion with large predatory fi sh in a marine 
reserve in the northwestern Hawaiian 
Islands whereas they benefi t from com-
mercial extraction of large fi sh in the main 
Hawaiian Islands (Parrish et al. 2008). 
This seal species has also benefi ted from 
restricted access to specifi c breeding sites 
such, as  Kalaupapa National Historical Park 
(Brown et al. 2011). Similarly, at  Golden 
Gate National Recreation Area, California, 
the rate of disturbance has decreased as 

seal numbers have increased where human 
traffi  c was restricted in 2007 at a harbor seal 
colony (Flynn et al. 2009). Clearly, research 
on the eff ects of marine protected areas in 
specifi cally conserving pinnipeds needs 
close scrutiny and further study on a case-
by-case basis.

The creation of a global network of marine 
protected areas may be more broadly ef-
fective in the protection of mobile marine 
mammals (Hoyt 2011), and one study 
showed that setting aside a small fraction 
of the oceans could result in conservation 
of more than 80% of the world’s marine 
mammals (Pompa et al. 2011). The National 
Park Service has been engaged in establish-
ing networks of marine protected areas 
with other agencies so that national parks 
can serve as refuges in the larger seascape. 
One such example is the International 
Committee for Marine Mammal Protected 
Areas, an international body working 
toward creating, maintaining, and under-
standing the eff ectiveness of protected 
areas for marine mammals. The State of 
California, in collaboration with Chan-
nel Islands National Park and  Point Reyes 
National Seashore, has established net-
works of MPAs coincident with pinniped 
colonies. A network of protected areas that 
involves national parks around the Pacifi c 
Rim could enhance the resilience and 
perpetuation of ecologically intact coastal 
ecosystems. Although national parks man-
age only a fraction of the total range of 
any given pinniped species, these spatially 
dispersed refuges enhance a fundamental 
MPA goal: to preserve ecological integrity. 
Similarly they are consistent with pinniped 
conservation given that these marine mam-
mals, as apex predators, are often indica-
tors of healthy marine ecosystems (NOAA 
2008).

Third, the National Park Service can 
actively restore degraded habitats. Resto-
ration of coastal habitats and removal of 
nonnative species enhance suitable places 
for pinnipeds to congregate onshore, and 

surprisingly, there are a number of areas 
in national parks that would benefi t from 
active restoration. At  Kalaupapa National 
Historical Park, for example, the removal of 
cattle, coupled with fencing of beaches to 
restrict feral ungulates, has coincided with 
the emergence of a productive pupping 
area for monk seals (Brown et al. 2011; fi g. 
5). Large-scale restoration projects such 
as the Elwha Dam removal at  Olympic 
National Park, Washington, will extend 
benefi ts to regional coastal ecosystems and 
species, including seals and sea lions. Pin-
nipeds attracted to restored park habitats 
would further benefi t from the added 
protection aff orded by the National Park 
System.

Finally, key to any adaptive management 
approach is to ensure that risks, strategies, 
and potential outcomes are explored and 
developed with involvement of interested 
communities and other management 
groups and then communicated with the 
public. In Pacifi c Ocean parks, a group 
of interpreters (Pacifi c Ocean Educa-
tion Team, POET) was organized in 2008 
to identify issues important for ocean 
stewardship and to serve as a voice for 
park managers to advance strategies for 
conservation of marine mammals. Pinni-
peds specifi cally, and marine mammals in 
general, are a highly sought-after viewing 
experience for visitors to Pacifi c Ocean 
parks, and the connection they make with 
marine mammals is an eff ective opportu-
nity to convey facts regarding climate 
change impacts on national park resources. 
Communicating this message and coor-
dinating actions with other organizations 
will ensure a consistent message for public 
understanding.

Conclusion

Historically, national parks were managed 
in isolation with the idea that local anthro-
pogenic infl uences on their resources could 
be tempered. However, climate change, 

Figure 5. Two monk seal mothers and their 
pups haul out along a narrow stretch of 
beach at  Kalaupapa National Historical Park.
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pollution from distant sources, large-scale 
changes in land use patterns, and other envi-
ronmental factors have altered this percep-
tion, and recent publications have highlight-
ed the need not just to accept that change is 
forthcoming but also to develop proactive 
coping strategies (Aplet and Cole 2010). We 
hope to build on these strategies for con-
serving pinnipeds in Pacifi c Ocean parks, 
recognizing that the National Park Service 
plays an important role in the conservation 
of these marine mammals and their coastal 
habitats with a changing climate.
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National Park (Maine) over the past 100 
years. Projects are being conducted in 16 
units of the National Park System, from 
Acadia to  American Samoa, and in six NPS 
regions. A full list of projects is available at 
http://www.nature.nps.gov/climatechange/
internshipsresearch.cfm.
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