
Kelp forests are one of the most productive 
ecosystems on earth, providing ecosystem goods 
and services that coastal communities rely on economi-
cally, socially and culturally. These ecosystems however, 
are changing rapidly due to the exploitation of  predators, 
habitat alteration and changing ocean climate. As a result, 
there is a pressing need to advance our understanding of  
how human disturbances alter the productivity, biodi-
versity and resilience of  kelp forests in order to inform 
policies that support resilient coastal communities. This 
research program focuses on the ecological effects of  
predator depletion and spatial planning in restoring kelp 
forest ecosystems. 

The historic extirpation of  
sea otters (Enhydra lutris) from 
BC’s coastline in the early 
1900s and their recent recov-
ery on the Central Coast and 
the west coast of  Vancouver 
Island offer an unprecedented 
opportunity to investigate the 
cascading effects of  preda-
tor recovery on kelp forest 
ecosystems and the socio-
economic ripple effects of  
sea otter range expansion. 
Additionally, ecosystem-based management tools such as 
marine reserves and zoning policies are increasingly being 
implemented with the goal of  restoring marine ecosys-
tem function (i.e. Hakai Luxvbalis Conservancy, Gwaii 

Haanas National Marine Conservation Area Reserve and 
Rockfish Conservation Areas). Consequently, we are well 
poised to inform conservation policies given the local 
marine planning initiatives currently occurring along BC’s 
Central Coast, North Coast and Haida Gwaii. This sum-
mer our research team and collaborators focused on four 
specific research questions.

1. How does sea otter range expansion al-
ter northern abalone recovery dynamics?
Shifting baselines can elicit vexing conservation 

challenges when society comes to value attributes of  an 
altered ecosystem state 
and perceives it as “nor-
mal”. Such is the case 
with northern abalone on 
temperate rocky reefs in 
BC where sea otters, im-
portant abalone predators, 
were extirpated by the 
industrial fur trade a cen-
tury ago. In the absence 
of  otters, the abundance 
and size of  their ben-
thic macroinvertebrate 
prey, including abalone, 

increased dramatically, facilitating development of  
shellfisheries. Poor fisheries management led to a precipi-
tous decline in abalone populations, listing of  northern 
abalone as a threatened species, and recent uplisting of  
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In areas occupied by sea otters, abalone are most often found living in small 
cracks and crevices on bedrock and between boulders. image: Lynn Lee
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its status to endangered. Re-introduction and range ex-
pansion of  sea otters in recent decades is again shifting 
the abundance and distribution of  macroinvertebrates 
and kelp. Setting conservation targets and management 
objectives for abalone and sea otters becomes complex 
given that both are listed as species at risk in Canada, and 
that the hyper-abundance of  abalone following sea otter 
extirpation currently informs reference points for recov-
ery. Improved understanding of  historical conditions and 
trajectories of  change will be important for informing 
conservation and management decisions, including rami-
fications for achieving recovery targets. 

This summer, Hakai Scholar Lynn Lee 
lead field crews on the Central Coast 
(Seaforth Channel to the south end of  
Calvert Island), Haida Gwaii (Louise 
Island to Houston-Stewart Channel), 
and the West Coast of  Vancouver 
Island ( Kyuquot, Tofino and Bamfield) 
to quantify the effects sea otters on 
benthic rocky community structure and 
northern abalone recovery. Along with 
collaborators Jane Watson (VIU), Stu 
Humchitt (Bella Bella), Joanne Les-
sard (DFO) and others, Lynn also conducted nearshore 
surveys to estimate predation rates on abalone by inter-
tidal foragers such as birds and river otters and a pilot 
experiment to understand abalone movement patterns 
and habitat preferences. This extensive subtidal field re-
search program is unprecedented in geographic scale and 
replication given that two sea otter re-establishment and 
control areas are captured by this research initiative.

2. Do sea otters trigger trophic cas-
cades in the rocky intertidal?
In the north eastern pacific, from Alaska to 

California, the extirpation of  sea otters  has triggered a 
cascade of  indirect effects, altering the structure, func-
tion, and productivity of  subtidal benthic communities. 
Their impacts however on intertidal communities remain 
less well known. By comparing sites at varying stages of  
sea otter occupation we hope to detect the direct and 
indirect effects that sea otters are having on rocky inter-
tidal community structure. The effects of  sea otter forag-
ing have major implications for the coastal communities 

that depend on this area’s marine 
resources. This summer, our goal 
was to follow up on the pilot study 
carried out in May 2010 lead by 
Hakai’s Coastal Marine Ecology 
and Conservation lab manager, 
Brooke Davis. Last year, Brooke’s 
team surveyed three intertidal sites 
at differing stages of  sea otter oc-
cupancy and found that sites that 
had been occupied for >20 yrs had 
2 x more kelp biomass compared 

to sites where sea otters have been extirpated since the 
early 1900s while sites in early stages of  sea otter occu-
pancy had intermediate kelp biomass. The site without 
sea otters had the highest density of  macroinvertebrate 
grazers, and the lowest kelp biomass. Additionally, at 
the unoccupied site and the short-term occupancy site 
we found no difference between the number of  cryptic 
(hiding) and exposed (open to predation) macroinver-

Black chitons are an important grazer in the inter-
tidal community of rocky shores. image: Lynn Lee
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tebrates, while the long-term occupancy site had more 
cryptic than exposed macroinvertebrates. This suggests 
that sea otters may not only reduce their prey in num-
bers, but may also alter prey behaviour and their grazing 
impacts simply due to the risk of  predation. This year we 
surveyed seven additional sites at varying stages of  sea 
otter recolonization. At each site we quantified inver-
tebrate densities size and behaviour, in addition to kelp 
stipes, kelp biomass and kelp percent cover.

3. How does the recovery of sea otters 
alter the trophic transfer of kelp-derived 
organic carbon?

This summer, Hakai collabora-
tors Dan Reed from UCSB and 
Hannah Stewart from DFO 
joined our research team to help 
determine if  sea otter recovery 
alters the extent to which kelp 
fuels the productivity of  rocky 
reef  food webs. Kelp carbon is 
known to enter food webs either 
directly via grazing or indirectly 
via particulate organic matter or 
dissolved organic matter. We col-
lected tissue samples of  primary 
producers (kelps and phytoplank-
ton) and dominant reef  consum-
ers to quantify variation in their isotopic signatures (del 
13C and del 15N). This will allow us to estimate the 
extent to which kelp-derived organic carbon is assimi-
lated by upper trophic level consumers. At 4 sites on the 

Central Coast and 9 sites on Haida Gwaii, we collected 
replicate samples of  rock scallop (Crassadoma gigantea), 
California mussel (Mytilus californianus), red sea urchin 
(Strongylocentrotus franciscanus),sunflower sea star (Pycnopodia 
helanthoides), red turban snail (Astraea gibberosa), lingcod 
(Ophiodon elongatus), copper rockfish (Sebastes caurinus), 
quillback rockfish (Sebastes maliger), black rockfish (Sebastes 
melanops), kelp greenling (Hexagrammos decagrammus), and a 
selection of  small benthic invertebrates. We will estimate 
the proportion of  secondary production derived from 
carbon fixed by kelp versus phytoplankton with a hierar-
chical Bayesian isotopic mixing-model (MixSir). 

4. What is the 
current popula-

tion status of sea otters 
on the Central Coast?
In June 2011, prospective 
Hakai Scholar Leah Honka 
(CPAWS), Hakai collabora-
tor Linda Nichol (DFO) and 
a team from the Pacific Bio-
logical Station, carried out sea 
otter population surveys on the 
Central Coast. They surveyed 
rocky islets from Seaforth 
Channel to the west coast of  

Calvert Island. This population assessment is repeated 
every few years to inform the distribution, abundance 
and range expansion of  the population. While hundreds 
of  well-established sea otters were counted near Bella 

Sea otters, a key predator in BC’s coastal ecosystems, were ex-
tirpated from the BC coast over a century ago. Their population 
has been growing and expanding along the Central Coast and 
West Coat of Vancouver Island since they were re-introduced to 
BC around 1970. image: Brian Gisborne
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Bella in the McMullin Group, it appears as though only 
a few individuals have made the journey south to Calvert 
Island. Sea otter foraging information was also collected 
using high-powered spotting scopes to identify sea ot-
ter prey, estimate prey size, and record how much food 
individual sea otters brought up per dive. Sea otters were 
observed foraging on a diverse array of  invertebrate prey 
including urchins, clams, snails, geoducks, sea cucum-
bers, tunicates and abalone. By studying the diet of  this 
predator as it expands its range, we can better predict the 
timing of  their direct and indirect effects and assess the 
serial depletion of  invertebrates hypothesis that has been 
reported elsewhere. This information will be particularly 
helpful for the four Central 
Coast First Nations’ Marine Use 
Plans that are currently being 
harmonized into a regional plan.

Partnerships
Key partners in this research 
include the Heiltsuk Integrated 
Resource Management Depart-
ment, Hakai Beach Institute, 
BC Parks, Gwaii Haanas Na-
tional Marine Conservation Area 
Reserve and Haida Heritage 
Site, Haida Gwaii Marine Stew-
ardship Group, Haida Fisheries, 
shellfish and sea otter researchers at the Pacific 
Biological Station of  Fisheries and Oceans Cana-
da, and Pacific Rim National Park Reserve.

Researchers and crew on the Central Coast in 2010. image: Mark Wunsch
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