Seaweeds: Giant Kelp and Bull Kelp
Macrocystis pyrifera; Nereocystis luetkeana

British Columbia
Harvest by hand
July 2017
Alasdair Lindop, Ocean Wise Research Analyst

Disclaimer: Ocean Wise® strives to have all assessments reviewed for accuracy and completeness by external
scientists with expertise in ecology, fisheries science and aquaculture. Scientific review, however, does not
constitute an endorsement of the Ocean Wise seafood program or its recommendations on the part of the
reviewing scientists. Ocean Wise is solely responsible for the conclusions reached in this report.

Seafood Watch Standard used in this assessment: Standard for Fisheries vF3.2

About Ocean Wise Seafood and Recommendation Policy
The Ocean Wise® seafood program evaluates the ecological sustainability of wild-caught and farmed
seafood commonly found in the Canadian marketplace. Ocean Wise defines sustainable seafood as
originating from sources, whether wild-caught or farmed, which can maintain or increase production in
the long-term without jeopardizing the structure or function of affected ecosystems. Ocean Wise
makes its science-based recommendations available to the public in the form of reports that are
available to view on our mobile app and download from www.ocean.org/seafood. Ocean Wise also
works directly with restaurants, markets, and seafood suppliers to ensure they have the most up to date
scientific information regarding sustainable seafood. The options are highlighted on their menus and
display cases with the Ocean Wise symbol, making it easier for consumers to make informed seafood
choices.
Sustainability recommendations are supported by assessments that synthesise and analyse the most
current ecological, fisheries and ecosystem science on a species, then evaluate this information against
the programs conservation ethic to arrive at a recommendation. In producing the assessments, Ocean
Wise seeks out research published in academic, peer-reviewed journals whenever possible. Other
sources of information include government technical publications, fishery management plans and
supporting documents, and other scientific reviews of ecological sustainability. Ocean Wise Research
Analysts also communicate regularly with ecologists, fisheries and aquaculture scientists, and members
of industry and conservation organizations when evaluating fisheries and aquaculture practices.
Capture fisheries and aquaculture practices are highly dynamic; as the scientific information on each
species changes, Ocean Wise’ sustainability recommendations and the underlying assessments will be
updated to reflect these changes.
Ocean Wise recommendations are generated from assessments using the Monterey Bay Aquarium’s
Seafood Watch (SFW) program methodology. Following the Seafood Watch Standard for Fisheries, each
assessment synthesizes and analyzes the most current ecological, fisheries and ecosystem science on a
species, then evaluates this information against the program’s conservation ethic and four criteria:
1.
2.
3.
4.

Impacts of the fishery on the stock in question
Impacts of the fishery on other species
Effectiveness of management
Impacts on habitat and ecosystem

Unlike the Seafood Watch three-tiered traffic light system of Red, Yellow, Green, Ocean Wise Seafood’s
classification system is based on two categories: sustainable (Ocean Wise Recommended) or
unsustainable (Not Recommended).
Full Ocean Wise Recommendation Policy can be found here. http://seafood.ocean.org/seafoodguide/how-we-grade/
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In producing the assessments, Ocean Wise seeks out research published in academic, peer-reviewed
journals whenever possible. Other sources of information include government technical publications,
fishery management plans and supporting documents, and other scientific reviews of ecological
sustainability. Ocean Wise Research Analysts also communicate regularly with ecologists, fisheries and
aquaculture scientists, and members of industry and conservation organizations when evaluating
fisheries and aquaculture practices. Capture fisheries and aquaculture practices are highly dynamic; as
the scientific information on each species changes, Seafood Watch’s sustainability recommendations
and the underlying assessments will be updated to reflect these changes.
Parties interested in capture fisheries, aquaculture practices and the sustainability of ocean ecosystems
are welcome to use Ocean Wise assessments in any way they find useful.
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Final Seafood Recommendations

Stock

Fishery

Impacts
on the
Stock

Impacts on
other Species

Management

Habitat
and
Ecosystem

Rank
(Score)

Lowest scoring
species
Rating, Score

Rating
Score

Rank
Score

Overall
Score

Macrocystis
(Giant kelp)

Kelp

Green
3.41

No other main
species caught
Green, 5,5

Red
2

Green
3.87

3.389

Nereocystis
(Bull Kelp)

Kelp

Green
3.41

No other main
species caught
Green, 5,5

Red
2

Green
3.87

3.389

Ocean Wise
Recommendation

Using the Seafood Watch Standard for wild capture fisheries, Ocean Wise requires that fisheries score ≥
to 2.8 (out of 5) and no more than 1 criterion scoring ≤2.2 to be recommended.
A comparison between the Seafood Watch and Ocean Wise scoring is depicted in the figure below.
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Summary
This report assesses the sustainability of the giant kelp (Macrocystis pyrifera) and bull kelp
(Nereocystis leutkeana) fisheries in British Columbia, Canada. Harvesting occurs along the entire
coast and is by hand, using a cutting tool to trim fronds and blades.
Both species of kelp form expansive beds with floating canopies along the coastline, known as
kelp forests, which are among the most productive ecosystems in the world. Macrocystis is the
largest marine plant in the world, capable of growing 30 cm/day in peak season. In British
Columbia it is found in depths of up to 10 m. Nereocystis is found as deep as 20 m and extends
a single stipe towards the surface ending in a float, from which 30-60 blades can grow, reaching
up to 4 m. Both species are affected by the dynamic environment of the BC coast; Macrocystis,
which lives 4-8 years in other parts of the world, rarely lives beyond 1-2 years, while Nereocystis
has an effectively annual life cycle, with most of its population decimated each winter by
storms.
Harvesting of kelp in BC has been attempted since the mid-20th century; however, repeated
industrial attempts have failed and all harvesting is now small-scale. Management of the fishery
is the responsibility of the provincial government’s Ministry of Forestry, Lands and Natural
Resource Operations (MFLNRO), which issues individual annual licenses to harvest kelp in one
or more of Fisheries and Oceans Canada’s (DFO) Pacific Fisheries Management Area (PFMA)
sub-areas. Applicants request a harvest quota for one or both of the species, which is assessed
by the Ministry on a case-by-case basis, based on historical inventories. There were 32 license
applications in 2017, requesting a total of 900 t. Most of the kelp harvested is Macrocystis that
is used in the herring spawn-on-kelp (SOK) fishery, while other products of both species include
dried edibles, fertiliser and cosmetics.
The effects of harvesting on Macrocystis communities has been well documented. Nereocystis
harvesting, on the other hand, has only received limited study and there are concerns that it is
more vulnerable due to an inability to re-grow after damage to its stipe and the possible
reduction of reproductive potential when blades are removed.
Abundance in BC is a moderate concern; although inventories conducted by the provincial
government identified large potential yields for both Macrocystis and Nereocystis, they were
conducted many years ago, between 1967 and 2007, with no updated information available so
current stock status is unknown. Mortality is a low concern as license conditions do not allow
cutting that would result in death of the plant. Fronds or blades must only be trimmed, and
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harvest is limited to targeting only 20% of the kelp plants in the bed. Although there may be
some mortality from recreational harvesting, the impact is likely to be negligible due to the high
natural mortality that already occurs in the dynamic environment.
Management is precautionary, assessing license applications individually and employing license
conditions that restrict harvesters to a conservative harvest rate and a harvest method that
limits impacts to the plant. Inventories have not been updated for 20 years and, although there
are proposals to conduct new stock assessments in collaboration with First Nations in coming
years, there is no post-harvest analysis of fishery impacts. Stakeholder consultation is limited to
proactive engagement with First Nations when a harvesting application may impact territorial
rights. This engagement is likely to increase to increase as management begins to utilize the
Marine Plan Partnership of the North Pacific Coast (MaPP), including its collaborative data sets.
Currently, though, there is no direct engagement with harvesters.
No ecosystem assessments have been conducted, nor is there any spatial management
currently employed with specific regard for either species. Although both Macrocystis and
Nereocystis are foundational species in kelp forest ecosystems, important as food and shelter,
studies have shown that small-scale harvesting of the kelp canopy has a minimal impact on
other kelp forest species compared to natural dynamics. Therefore, it is unlikely negative
ecosystem effects will occur for either species as a result of the fishery.
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Introduction
Scope of the analysis and ensuing recommendation
This report assesses the sustainability of harvesting two kelp species, giant kelp (Macrocystis
pyrifera spp.) and bull kelp (Nereocystis luetkeana), along the entire coast of British Columbia,
Canada.
The recommendation covers harvesting by hand, using a cutting implement to trim fronds and
blades.
Overview of the species
The two largest marine plants, Macrocystis and Nereocystis are brown algae in the order
Laminariales. These species are often known as “floating”, or “canopy” kelps because, although
they anchor to rock or gravel on the seafloor through their holdfast, much of their stipe and
blades float at the surface, forming a dense canopy (Wheeler 1990; Steneck et al. 2002). Both
species tend to grow in expansive kelp beds or forests along the coastline, often together in
mixed assemblages, forming one of the most productive ecosystems in the (Wheeler 1990;
Lucas et al. 2007). In British Columbia kelp forests are extremely dynamic ecosystems heavily
impacted by environmental conditions; they are extirpated by annual winter storms and
regenerate each summer (Wheeler 1990). Nereocystis is an annual plant that dies each fall,
while Macrocystis, which can typically live 4-8 years (North 1987), generally only survives 1-2
years on the BC coast (Druehl and Wheeler 1986).
Both Macrocystis and Nereocystis are vulnerable to grazing by variety of herbivores, including
sea urchins, fish, crustaceans and molluscs. Sea urchin grazing is a particularly powerful driver;
when urchin predators such as sea otters are absent they have the ability to clear-cut whole
kelp forests leaving “barrens” in their place (North 1987; Tegner and Dayton 2000; Steneck et
al. 2002). A 23-year study along the west coast of Vancouver Island found a highly predictable
relationship between sea otters and the rocky reef community phase state. When sea otters
are present, algae dominate and urchins are rare, with the opposite true if otters are
continuously absent (Watson and Estes 2011).
Macrocystis
Macrocystis has a broad geographic range with a high degree of variability in physiology and life
history, depending on its local environment (Graham et al. 2007). In the northern hemisphere,
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it is distributed along the Pacific coast of North America and, in the southern hemisphere, it is
found around every continent except Antarctica (North 1987; Guiry 2017). Though maximum
depth can be as much as 55 m in southern Argentina, Macrocystis in British Columbia occurs
only in depths up to 10 m and in areas with low seasonal variations in temperature or salinity
(Druehl 1978; Graham et al. 2007). Fronds grow out of the holdfast and are buoyed by gas-filled
pneumatocysts that join blades to the frond, allowing a canopy to form when they reach the
surface, with the largest plants having 40-60 fronds (North 1987; Graham et al. 2007). Growth
occurs through the apical meristem at the frond tip which is removed if cut, preventing regrowth (Figure 1); however, the plant can recover through the growth of new fronds from the
holdfast to form a new surface canopy (North 1987). Production is high, with growth shown to
reach 30cm/day during the peak growing season (Krumhansl et al. 2017). Although considered
a perennial plant that usually lives 4-8 years (Druehl and Wheeler 1986; Guiry 2017), the
dynamic coastal environment of BC means that few plants live more than two years (Druehl and
Wheeler 1986).
Adult Macrocystis plants (known as sporophytes) mature between 6 and 12 months old,
growing reproductive blades (sporophylls) near the base of the frond just above the holdfast
(Figure 2) (Wheeler 1990). Sporophylls can number more than 100 on an individual plant and
are extremely fecund, producing spores year-round (North 1987; Wheeler 1990; Graham et al.
2007). The zoospores contain a single set of chromosomes, which disperse and form
microscopic male and female plants if they successfully settle. Provided they settle close
enough together, the male plants will fertilise the female and a new sporophyte will grow from
the female plant (Wheeler 1990). Fertilisation requires the settled zoospores to be within a few
millimetres of each other, so dispersal is typically spatially limited to within a few hundred
meters from the kelp bed (North 1987). Nonetheless, detached sporophytes can remain
reproductively viable for over 125 days as they drift, which aids long-distance colonisation
(Graham et al. 2007). Recruitment in BC kelp forests is continuous, with recruits making up 2080% of the population (Druehl and Wheeler 1986).
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Figure 1. Macrocystis growth (North 1987)

Figure 2. The morphology and life history of kelp, using Macrocystis as an example (Foster and
Schiel 1985).
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Nereocystis is distributed from Unmak Island, Alaska, to Point Conception, California and is
found in rocky habitat 3 to 20 m deep, in areas of high water movement (Vadas 1972; Wheeler
1990; Carney et al. 2005; Springer et al. 2010). The sporophyte grows a bladeless stipe from the
holdfast, ending in a surface float from which tens of blades ultimately grow (Figure 3)
(Wheeler 1990). It is effectively an annual plant, with young plants appearing on the ocean floor
in the spring which grow rapidly, up to 10 cm/day at peak growth (O. Pontier, pers. comm.
2017). However, by October and November, most of the adult plants are lost as the stipe
breaks under the force of winter storms, resulting in the eventual destruction of the bed
(Foreman 1984; Wheeler 1990; Springer et al. 2010).

Figure 3. Nereocystis. Close up of pneumatocyst (left) and whole plant (right) (Smith 1944).
Unlike Macrocystis, the Nereocystis plant has a single pneumatocyst attached to the end of a
long slim stipe, which holds several blades near the surface of the water (Springer et al. 2007).
An adult sporophyte may hold 30-60 blades, which grow up to 4 m long (Springer et al. 2010).
Reproduction occurs through the broadcasting of spores (Figure 2), which are produced in
visible dark patches on the blades, called sori, peaking in September and early October
(Foreman 1984). Nereocystis is one of the most reproductively productive species in the world,
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producing approximately 3.7 x 1012 spores per plant in a single season (Scagel 1961; Joska and
Bolton 1987).
Kelp in BC
Between 1967 and 2007, the BC provincial government conducted a series of inventories of
kelp beds (specifically for Macrocystis and Nereocystis) in British Columbia with potential for
commercial harvest (Figure 4). These were created using a method known as KIM-I (Kelp
Inventory Method-I) developed by Foreman (1975) that uses aerial infra-red photographs to
determine surface cover combined with ground-truthed data from surveys (Wheeler 1990).

Figure 4. Map of kelp bed inventories in British Columbia, 1976-1996. The legend indicates
survey year. A 2007 inventory is not shown, but took place in the same area as the ‘j’ survey
(Sutherland et al. 2008).
Resource limitations restricted the number of surveys, with only thirteen taking place over
thirty years (Figure 4) and most places only surveyed once (Lucas et al. 2007). However,
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wherever repeat surveys have given the opportunity to observe changes over time, differences
in both species composition and stock biomass have been noted (Field and Clark 1978;
Sutherland 1990, 1998, 1999; Sutherland et al. 2008). The provincial government intends to
update their data and, through the Marine Plan Partnership for the North Pacific Coast (MaPP),
has included kelp inventory of the North Coast in the proposed budget for 2017 (N. Prichard,
MFLNRO, pers. comm., 2017).
Several local-scale monitoring programs of kelp beds have also been conducted by other
institutions around the coast, which have also tracked changes in abundance over time,
including in the Georgia Strait, which has noted a loss of Nereocystis in the central Strait region
(Lamb et al. 2011), the west coast of Vancouver Island (Watson and Estes 2011), and the central
coast (K. Krumhansl. pers. comm. 2017).
Specific reasons for the changes over time are largely unknown, although environmental factors
in dynamic systems can have a significant effect (Sutherland et al. 2008). A strong link between
the presence of sea otters and an algae dominated community have been demonstrated on the
west coast of Vancouver Island, as otters prey on urchin (Watson and Estes 2011). Sea
temperature changes, as well as El Nino, have been suggested as possible reasons for changes
in Nereocystis extent (Sutherland 1990; Lucas et al. 2007; Heath et al. 2015). Preliminary
genetic studies have suggested that Nereocystis along the Pacific coast belong to 4 “clusters”.
Nereocystis in the Georgia Strait and Puget Sound, where kelp bed declines have also been
observed (Mumford 2007), are part of the same “cluster” which have fewer alleles. Potentially,
this cluster is less adaptive to environmental changes, such as temperature or pollution, than
populations in other clusters like those in the Juan de Fuca Strait, where kelp canopy area has
increased over time (Berry et al. 2005) Lily Gierke, University of Wisconsin, pers. comm. 2017).

History of the fishery and its management
Historically, kelps have been harvested primarily for their alginates, components that have a
variety of industrial uses, including food processing, fertilizer, and construction (Scagel 1961;
Lewis 1985; Wheeler 1990). While a significant industry developed in some parts of the world,
for example California for Macrocystis, several attempts to harvest on an industrial scale in
British Columbia have failed. The first project was initiated in 1946 and activities peaked in the
late 1960s and early 1970s with 44 harvesting licenses held by 6 companies for the BC coast
(Wheeler 1990; Malloch 2000). However, these occasions, as well as initiatives in the 1980s,
either failed to launch completely or only operated briefly due to a combination of financial and
political complications (Malloch 2000). Since then, harvesting has been confined to small-scale
operations that mostly yield less than 100 mt annually (Malloch 2000).
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A large portion of the kelp harvested in BC is Macrocystis, and much of it is gathered specifically
by the herring spawn on kelp (SOK) fishery. This fishery involves either attaching kelp fronds to
ropes and introducing them to herring that have been captured and contained in a pond, or
depositing the fronds in wild spawning areas. The fish lay eggs on the fronds and those in ponds
are then released unharmed, with the herring roe gathered together with the kelp and brined
before being shipped to market (Malloch 2000). Other small-scale operations harvest both
Macrocystis and Nereocystis and dry them for consumption or process them into cosmetics and
fertilizers.
Until 2017, management of the kelp fishery in British Columbia has been the remit of the
Ministry of Agriculture. However, after a provincial strategic review in light of the Fish and
Seafood Act (2015), it was determined that management of aquatic plants better fit the
mandate of the Ministry of Forests, Lands and Natural Resource Operations (MFLNRO) and
responsibility was transferred. There is currently no specific management plan for kelp
harvesting, though a draft document created by the Ministry of Agriculture is to be reviewed by
MFLNRO with a view to enacting a formal policy (N. Prichard, pers. comm., 2017).
Kelp harvesting licenses are awarded by the MFLNRO every January for particular areas of the
coast based on applications received the previous year. Harvest areas are defined by the subareas within Fisheries and Oceans Canada (DFO) Pacific Fishery Management Areas (PFMAs).
There are 555 sub-areas that contain shoreline and possible kelp habitat (DFO 2007), although
many of these areas may be without kelp, such as those in the Georgia Strait (DFO 2013).
Harvesters request quotas for one or more sub-areas and the applications are assessed on a
case-by-case basis by the Ministry. In 2017, there were a total 32 applications for Macrocystis
and Nereocystis harvesting (Table 1).
Table 1. Applications in 2017 for Macrocystis and Nereocystis harvest. Note: 700mt of the
Macrocystis quota requested was from a single application (MFLNRO unpublished data)

Species

Nereocystis
luetkeana
Macrocystis
integrifolia
Both species
Total

Quota
Number of
Requested
Applications
(MT)

6

45

20

836

6
32

22.5
903.5
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Harvesters who use Macrocystis for the SOK fishery also need a separate fishing license, issued
by Fisheries and Oceans Canada (DFO), known as a J-License. Macrocystis and Nereocystis
license conditions require that all kelp harvesting be done by hand with a cutting tool.
Additionally, the kelps must only be trimmed; removal of the holdfast is prohibited.
Recreational fishing of kelp is unlicensed and the extent is unknown. Both Macrocystis and
Nereocystis are reported to be popular as fertilizers in coastal communities and demand may
increase as the popularity of kelp as food grows. However, as both species are subtidal (Lucas
et al. 2007), they are hard to access without boats and, given that kelps near to large centers
should be avoided due to pollutants (L. Druehl, pers. comm., 2017), opportunistic harvesters
may be disincentivized. Therefore, recreational harvests are likely to be highly localized and a
minor component of the fishery
Production statistics
Production increased 43% between 2014 and 2016, from 281 mt to 400 mt, respectively (Table
2). The 2016 harvest represents almost double the production from the early 2000s, which
totaled approximately 200 mt per year (Figure 4). Actual harvest did not meet the quota
requested in any year between 2014 and 2016.
Table 2. Combined Macrocystis and Nereocystis harvest in British Columbia. Source: MFLNRO
(unpublished data).

Approved
quota (mt)

Year

Actual
harvest
(mt)

2016

676

402.75

2015

649

329

2014

887

281
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Figure 4. Kelp harvest (mt) in British Columbia 1992-2001 (Lucas et al. 2007).
Importance to the US/Canadian market
No data is available for small-scale kelp harvesting operations in terms of trade; their product is
largely sold directly online or in local markets.
Macrocystis used in the SOK fishery is almost entirely exported to Japan with virtually all
processing done on arrival; only about 2% is consumed in North American Japanese restaurants
(Anonymous 2001a). The addition of herring spawn to kelp increases the value of both the roe
and the kelp significantly (Malloch 2000; Anonymous 2001a); however, weak demand in Japan
has seen both landings and the landed value decline in recent years (Nelson 2014), dropping
from $29-44/kg in 2013 to $15-26/kg in 2016. SOK landings in 2016 were around 185 mt (S.
Groves, DFO, pers. comm. 2017)

Common and market names
Until recently, the Macrocystis genus was thought to contain four species due to their
morphological differences; however, molecular analysis suggests that the genus should only
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contain one: M. pyrifera (Demes et al. 2009; Macaya and Zuccarello 2010). Although most
historical literature refers to giant kelp in BC in its M. integrifolia form, this report follows the
current scientific consensus and recognises M. pyrifera (formerly integrifolia) as the giant kelp
species in BC, referring to the algae as Macrocystis throughout.
Likewise, as the only species in the genus, N. luetkeana is referred to as Nereocystis.
Other common names:
Macrocystis integrifolia:
Giant kelp (Scagel 1961), bladder kelp (NZMPI 2017); flat kelp (K.
Krumhansl, pers. comm. 2017)
Nereocystis luetkeana:

Bull kelp, ribbon kelp, bull whip kelp, sea whip, bladder kelp

(Guiry 2017)

Primary product forms
Kelps are harvested globally on an industrial scale for a variety of uses, particularly for their
alginate components, but also for human consumption, as fertilizers and as feed in mariculture
(Valdez et al. 2003; Springer et al. 2007). However, most of the BC harvest is Macrocystis that is
used in the SOK fishery. Kelp fronds are processed with herring spawn attached and brined
before export as food (Malloch 2000). Other product forms of both Macrocystis and Nereocystis
include dried edibles for human consumption or as a component of upscale pet food,
ingredients in cosmetics, and as a fertilizer.
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Analysis
This section assesses the sustainability of the fishery(s) relative to the Seafood Watch Standard
for Fisheries, available at www.seafoodwatch.org.

Criterion 1: Impact on the Species Under Assessment
This criterion evaluates the impact of fishing mortality on the species, given its current
abundance. When abundance is unknown, abundance is scored based on the species’ inherent
vulnerability, which is calculated using a Productivity-Susceptibility Analysis. The final Criterion 1
score is determined by taking the geometric mean of the abundance and fishing mortality
scores. The Criterion 1 rating is determined as follows:
•
•
•

Score >3.2=Green or Low Concern
Score >2.2 and <=3.2=Yellow or Moderate Concern
Score <=2.2=Red or High Concern

Guiding principles



Ensure all affected stocks are healthy and abundant.
Fish all affected stocks at sustainable level.

Criterion 1 Summary

Stock

Fishery

Abundance

Fishing Mortality Criterion 1

Category (Score)

Category (Score)

Rating
Score

Macrocystis
(Giant kelp)

Seaweed

Moderate (2.33)

Low (5)

Green
3.41

Nereocystis
(Bull Kelp)

Seaweed

Moderate (2.33)

Low (5)

Green
3.41

Criterion 1 Assessment
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British Columbia:
Macrocystis by hand
Nereocystis by hand
Factor 1.1 Abundance
Goal: Stock abundance and size structure of native species is maintained at a level that does
not impair recruitment or productivity
Scoring Guidelines:
• 5 (Very Low Concern) — Strong evidence exists that the population is above an appropriate
target abundance level (given the species’ ecological role), or near virgin biomass.
• 3.67 (Low Concern) — Population may be below target abundance level, but is at least 75%
of the target level, OR data-limited assessments suggest population is healthy and species is
not highly vulnerable.
• 2.33 (Moderate Concern) — Population is not overfished but may be below 75% of the
target abundance level, OR abundance is unknown and the species is not highly vulnerable.
• 1 (High Concern) — Population is considered overfished/depleted, a species of concern,
threatened or endangered, OR abundance is unknown and species is highly vulnerable.

Key relevant information:
Stock assessments for kelp have been undertaken by the provincial government intermittently
across British Columbia since 1967; however, most beds have only been surveyed once (Lucas
et al. 2007). The most recent survey was in 2007. Other monitoring studies have indicated that
kelp beds exhibit high variation in abundance over time (Berry et al. 2005; Watson and Estes
2011) and that Nereocystis has diminished from the Strait of Georgia and Puget Sound over the
last two decades (Mumford 2007; Lamb et al. 2011).
The product-susceptibility analysis (PSA) determined both Macrocystis and Nereocystis to be of
low vulnerability. This, combined with the fact that actual abundance for both species is
unknown due to stock assessments being more than 10 years old, and that there are no
reference points, abundance scores a moderate concern.
Detailed rationale:
Although kelp assemblages are dynamic populations, the inventories conducted between 1976
and 1989 (Figure 3) indicated that more than 650,000 mt kelp of both species is available from
127 km2 combined bed area along the whole BC coast (Table 3). Lucas et al. (2007) suggested
that an annual total yield of 63,000 mt was possible, based on a harvest rate of 30% and
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excluding protected areas. The most recent inventory measured more than 7,000 mt
Nereocystis and almost 28,000 mt Macrocystis, plus 2,500 mt mixed biomass across 10 km2
along the Central Coast of BC (Sutherland et al. 2008). These inventories are likely an underrepresentation, as they only included areas suitable for commercial harvest. Smaller standing
stocks remain unaccounted for.
Although no reference points have been set, provided contemporary stocks are similar and
spread across the province, the current total combined harvest of 400 mt (Table 2) is only a
fraction of the perceived total available yield. As such, it is unlikely that the stock is currently
overexploited or unhealthy.
Table 3. Estimated annual yield of BC kelp (Nereocystis and Macrocystis) biomass (mt) in
surveyed areas (Lucas et al. 2007)
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Productivity-Susceptibility Analysis:
Scoring Guidelines:
1) Productivity score (P) = average of the productivity attribute scores (p1, p2, p3, p4 (finfish
only), p5 (finfish only), p6, p7, and p8 (invertebrates only))
2) Susceptibility score (S) = product of the susceptibility attribute scores (s1, s2, s3, s4), rescaled
as follows: 𝑆 = [(𝑠1 ∗ 𝑠2 ∗ 𝑠3 ∗ 𝑠4) – 1/ 40 ] + 1 .
3) Vulnerability score (V) = the Euclidean distance of P and S using the following formula: 𝑉 =
√(P2 + S)2
Giant Kelp Macrocystis pyrifera
Productivity Attribute

Relevant Information

Average age at
maturity
Average maximum age

Zoospore production beings at 6-12 months old (North
1987).
Approximately 2 years. Macrocystis is a perennial plant,
but the high dynamics of the BC coast mean that it rarely
lives beyond 2 years (Druehl and Wheeler 1986; Wheeler
1990).
Extremely high fecundity, estimated at 10,000
sporangia/cm2 (North 1987), or 3.15 x 1012 spores per
plant (Joska and Bolton 1987).
Broadcast spawner (Wheeler 1990)
1. Kelps are a foundational species, photosynthesizing to
produce energy at the base of food webs.

Fecundity

Reproductive strategy
Trophic level

Score (1 = low
risk, 2 =
medium risk,
3 = high risk)
1
1

1

1
1
1

Productivity score:

Susceptibility
Attribute

Relevant Information

Areal overlap
(Considers all
fisheries)

Plant harvest is limited to 20% of the available biomass
(Ministry of Agriculture 2017). However, harvest
intensity along the coast is so low on an entire-coast
scale, that the vast majority (>90%) of the species
concentration is unharvested. Other harvesting in the
habitat, such as urchin fishing, is unlikely to have direct
impact on the kelp bed or individual plant.
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Score (1 = low
risk, 2 =
medium risk,
3 = high risk)
1

Vertical overlap
(Considers all
fisheries)

Selectivity of fishery
(Specific to fishery
under assessment)
Post-capture
mortality
(Specific to fishery
under assessment)

Only 25% of the plant is taken (Ministry of Agriculture
2017), so harvest overlap represents >66% of the plant
unfished. Other fisheries in the same space, such as
diver-caught urchin, are unlikely to have direct impact on
the plant.
Fishery is highly selective, targeting Macrocystis
individually.

1

Properly harvested, blades are trimmed so that mortality
does not occur (Ministry of Agriculture 2017).

1

Susceptibility score

1

1

Inherent Vulnerability: 1.41 – LOW VULNERABILITY
Bull kelp Nereocystis luetkeana
Productivity Attribute

Relevant Information

Score (1 = low
risk, 2 =
medium risk,
3 = high risk)

Average age at
maturity
Average maximum
age
Fecundity

One year. Nereocystis is an annual plant (Wheeler 1990).

1

1. As an annual, Nereocystis dies at the end of each
season.
The most fecund kelp species. Produces 3.7 x 1012 spores
per plant, three orders of magnitude larger than other
kelps, except Macrocystis (Scagel 1961; Joska and Bolton
1987).
Broadcast spawner (Wheeler 1990).

1

1. Kelps are a foundational species, photosynthesizing to
produce energy at the base of food webs.

1

Reproductive
strategy
Trophic level
Productivity score

1

1

1

Susceptibility
Attribute

Relevant Information

Areal overlap
(Considers all
fisheries)

Plant harvest is limited to 20% of the available biomass
(Ministry of Agriculture 2017). However, harvest
intensity along the coast is so low on an entire-coast
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Score (1 =
low risk, 2 =
medium risk,
3 = high risk)
1

Vertical overlap
(Considers all
fisheries)

Selectivity of fishery
(Specific to fishery
under assessment)
Post-capture
mortality
(Specific to fishery
under assessment)

scale, that the vast majority (>90%) of the species. Other
harvesting in the habitat, such as urchin fishing, is
unlikely to have direct impact on the kelp bed or
individual plant.
Although harvesting only targets the part of the plant at
the surface, representing a small part of the depth range,
this is where the primary productivity and reproductive
areas are (Springer et al. 2010) and therefore is highly
susceptible.
Fishery is highly selective, targeting Nereocystis
individually.
Properly harvested, blades are trimmed so that mortality
does not occur (Ministry of Agriculture 2017).

Susceptibility score

3

1

1

1.05

Inherent Vulnerability: 1.45 – LOW VULNERABILITY
Factor 1.2 Fishing mortality
Goal: Fishing mortality is appropriate for current state of the stock.
Scoring Guidelines:
• 5 (Low Concern) — Probable (>50%) that fishing mortality from all sources is at or below a
sustainable level, given the species ecological role, OR fishery does not target species and
fishing mortality is low enough to not adversely affect its population.
• 3 (Moderate Concern) — Fishing mortality is fluctuating around sustainable levels, OR
fishing mortality relative to a sustainable level is uncertain.
• 1 (High Concern) — Probable that fishing mortality from all source is above a sustainable
level.

Key relevant information:
Neither Macrocystis nor Nereocystis suffer mortality when harvested according to BC license
regulations. Instead, harvesters cut the blades or stipe at limited lengths or depths, allowing for
regrowth across the season (Wheeler 1990; Ministry of Agriculture 2017). Although the extent
of recreational fishing is unknown and may involve mortality due to incorrect harvesting
techniques, the impact is likely to be negligible relative to the high natural mortality in a
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dynamic environment. Therefore, it is highly likely that mortality from all sources is at a
sustainable level and this criterion scores a low concern for both species.
Detailed rationale:
Kelp harvesting performed in accordance with the license conditions does not result in
mortality of the algae. Instead, in the case of Macrocystis, only 25% of fronds from are removed
or, for Nereocystis, blades are trimmed (Ministry of Agriculture 2017). In both cases, regrowth
occurs. As kelp plants are continually growing and losing material during the summer, the
allowed harvest of 20% of the standing stock represents only approximately 5-10% of the total
seasonal production (Wheeler 1990). In a study of small-scale Macrocystis harvesting, canopies
fully recovered in most cases within four weeks of harvest (Krumhansl et al. 2017)
There are some concerns over the impacts of harvesting on kelp populations, particularly
Nereocystis, however these generally focus on methods involving mortality (e.g., harvesting the
whole plant) (Springer et al. 2010). Even if Nereocystis mortality were to occur, studies suggest
that the kelp community is relatively robust, with Foreman (Foreman 1984) reporting that 100
m strips could be clear cut in Nereocystis assemblages without risk to the resource. Similarly,
regular harvesting by hand of Macrocystis in California 1.2m below the waterline had no impact
on local stocks (Dayton et al. 1998), nor did similar harvesting in Alaska (van Tamelen and
Woodby 2001).
Province-wide, harvesting pressure is very small, with the 2016 harvest representing less than
0.1% of the estimated standing stock (MFLNRO unpublished data). License applications for 2017
included one quota request for 700 mt of Macrocystis (N. Prichard, pers. comm. 2017),
representing 84% of the total quota requested for the year (Table 1), suggesting that harvest
impacts could be highly localized; however, the harvest limitation to 20% of plants in any bed
should spread effort enough to minimize such impacts. Some kelp mortality may occur through
recreational harvesting due to a lack of regulation and education, though it is likely to be
concentrated around coastal communities where kelp beds are accessible. However, both
Macrocystis and Nereocystis have short life cycles and high recruitment, with highly dynamic
populations as a result of susceptibility to natural disturbances (Tegner and Dayton 2000). As
there is no evidence to suggest that harvesting greatly contributes to mortality, it is likely that
mortality from unlicensed commercial methods or small recreational harvests will have a
negligible effect.
It is also important to consider the scale of harvest. A particular Macrocystis bed in California is
estimated to produce 33,000 mt/year of drift kelp (i.e. broken fronds and plants that drift on
the current). Hand harvesting from the same bed produces 600 mt/yr., which represents an
equivalent of only around 2% of the biomass lost as drift kelp (Donnellan and Foster 1999).
Given that the total kelp gathered in BC is less than 500 mt (MFLNRO, unpublished data),
harvest impacts on mortality in are likely to be small in comparison to natural environmental
drivers.
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Criterion 2: Impacts on Other Species
All main retained and bycatch species in the fishery are evaluated under Criterion 2. Seafood
Watch defines bycatch as all fisheries-related mortality or injury to species other than the
retained catch. Examples include discards, endangered or threatened species catch, and ghost
fishing. Species are evaluated using the same guidelines as in Criterion 1. When information on
other species caught in the fishery is unavailable, the fishery’s potential impacts on other
species is scored according to the Unknown Bycatch Matrices, which are based on a synthesis of
peer-reviewed literature and expert opinion on the bycatch impacts of each gear type. The fishery is
also scored for the amount of non-retained catch (discards) and bait use relative to the retained
catch. To determine the final Criterion 2 score, the score for the lowest scoring retained/bycatch
species is multiplied by the discard/bait score. The Criterion 2 rating is determined as follows:
Score >3.2=Green or Low Concern
• Score >2.2 and <=3.2=Yellow or Moderate Concern
• Score <=2.2=Red or High Concern
•

Guiding principles




Ensure all affected stocks are healthy and abundant.
Fish all affected stocks at sustainable level.
Minimize bycatch.

Criterion 2 Summary
Bycatch of the kelp fishery is limited to animals and epiphytic algae that are attached to the
plant at the time of harvesting and are directly removed with the kelp. Several species of
invertebrates, fish and algae colonise the kelp fronds, with the greatest diversity found near the
holdfast (Graham et al. 2007).
There are no studies investigating the bycatch of small-scale kelp harvesting and, although
some fishers will visually inspect and generally shake off any attached animals, it is not a license
requirement and it is likely that virtually all epifauna is removed with the kelp (L. Druehl,
commercial harvester, pers. comm. 2017; A. Swinimer, commercial harvester, pers. comm.
2017; K. Krumhansl, pers. Comm. 2017). However, harvest conditions for Macrocystis only
allow removal of 25% of fronds on any plant and Nereocystis harvesters must only trim the
blades at the surface, while holdfast removal is explicitly prohibited for both kelps (Ministry of
Agriculture 2017), so species utilising the base of the plants are not affected.
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As there are no significant impacts on any other species, either as a main component of the
catch, or as a known primary source of mortality for a particularly species, criterion 2 requires
no further assessment for Macrocystis or Nereocystis.
Criterion 2 Assessment
N/A
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Criterion 3: Management Effectiveness
Five factors are evaluated in Criterion 3: Management Strategy and Implementation, Bycatch
Strategy, Scientific Research/Monitoring, Enforcement of Regulations, and Inclusion of
Stakeholders. Each is scored as either ‘highly effective’, ‘moderately effective’, ‘ineffective,’ or
‘critical’. The final Criterion 3 score is determined as follows:








5 (Very Low Concern) — Meets the standards of ‘highly effective’ for all five factors considered.
4 (Low Concern) — Meets the standards of ‘highly effective’ for ‘management strategy and
implementation‘ and at least ‘moderately effective’ for all other factors.
3 (Moderate Concern) — Meets the standards for at least ‘moderately effective’ for all five factors.
2 (High Concern) — At a minimum, meets standards for ‘moderately effective’ for Management
Strategy and Implementation and Bycatch Strategy, but at least one other factor is rated
‘ineffective.’
1 (Very High Concern) — Management Strategy and Implementation and/or Bycatch Management
are ‘ineffective.’
0 (Critical) — Management Strategy and Implementation is ‘critical’.

The Criterion 3 rating is determined as follows:
• Score >3.2=Green or Low Concern
• Score >2.2 and <=3.2=Yellow or Moderate Concern
• Score <=2.2 = Red or High Concern
Rating is Critical if Management Strategy and Implementation is Critical.
Guiding principle
The fishery is managed to sustain the long-term productivity of all impacted species.
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Criterion 3 Summary
Fishery

Kelp

3.1 Mgmt
strategy and
implement.

Moderately
Effective

3.2 Bycatch
Strategy

3.3 Scientific 3.4
3.5
Management
research and Enforcement Stakeholder Effectiveness
monitoring
Inclusion
Category
(Score)
Moderately
Effective

Highly Effective Ineffective

Ineffective

High (2)

C3 Rating

Red

Criterion 3 Assessment
Factor 3.1 Management Strategy and Implementation
Considerations: What type of management measures are in place? Are there appropriate
management goals, and is there evidence that management goals are being met? Do manages
follow scientific advice? To achieve a highly effective rating, there must be appropriately defined
management goals, precautionary policies that are based on scientific advice, and evidence that
the measures in place have been successful at maintaining/rebuilding species.
British Columbia: kelp fishery, by hand
Key relevant information:
Management measures include a conservative harvest rate and restrictions on harvest method
that protect the plant (Ministry of Agriculture 2017). Each harvest area has a limit of one licence
per species and harvesters are granted a maximum harvest quota with their licence. The lack of
any stock monitoring means that the effectiveness of management measures is unknown, but
their precautionary nature and the small scale of the fishery indicates that harvesting is unlikely
to have significant negative impacts on either the Macrocystis or Nereocystis populations.
Measures do not meet all the standards of “highly effective” management but still exceed
those for “ineffective” or “critical”. Therefore, this criterion earns a score of moderately
effective.
Detailed rationale:
There is no comprehensive management plan for the harvesting of aquatic plants; however, the
provincial government manage the kelp fishery with a strategy similar to DFO’s precautionary
harvest approach for data-limited fisheries, allowing only small harvests relative to the
estimated biomasses (Anonymous 2001b). A draft policy created by the Ministry of Agriculture
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is planned to be reviewed by the MFLNRO with a view to creating a formal management plan
(N. Prichard, pers. comm. 2017).
Harvest areas are defined by DFO’s 48 Pacific Fishery Management Areas (PFMAs), which cover
the entire BC coast and are divided into a variable number of sub-areas (DFO 2017).
Applications are submitted prior to October to harvest either kelp in one or several sub-areas
the following year and are coupled with a quota request. Each application is assessed on a caseby-case basis by the MFLNRO against the historical biomass estimates as well as MaPP data, if
applicable (N. Prichard, pers. comm. 2017). If approved, licenses grant the holder exclusive use
of a harvest area and a non-transferable quota for a specific species over a calendar year (J.
Russell, pers. comm. 2017). Harvesting takes place year-round, although Macrocystis harvesting
for the SOK fishery will occur between mid-February and the end of May, during the fishery
openings (DFO 2013). In recent years, there have been around 30 harvesters and between 250
mt and 400 mt total kelp taken (MFLNRO, unpublished data).
License conditions place specific restrictions on the harvest method, designed to protect the
individual plants from mortality as well as limit harvest impacts on the kelp bed. The harvest
rate for both Macrocystis and Nereocystis is limited to 20% of the plants in the bed, though
repeat harvesting of individual plants is permitted, and must not include harvest from
protected areas or leased land. Macrocystis harvesting must be done using a sharp cutting tool
and only fronds may be cut, with no more than 25% of the fronds on a single plant taken.
Nereocystis license conditions require that only blades are cut and are cut no closer than 20 cm
from the bulb (Ministry of Agriculture 2017).
Factor 3.2 Bycatch Strategy
Considerations: What type of management strategy/measures are in place to reduce the
impacts of the fishery on bycatch species and when applicable, to minimize ghost fishing? How
successful are these management measures? To achieve a Highly Effective rating, the fishery
must have no or low bycatch, or if there are bycatch or ghost fishing concerns, there must be
effective measures in place to minimize impacts.

British Columbia: kelp fishery, by hand
Key relevant information:
N/A
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Factor 3.3 Scientific Research and Monitoring
Considerations: How much and what types of data are collected to evaluate the fishery’s impact
on the species? Is there adequate monitoring of bycatch? To achieve a Highly Effective rating,
regular, robust population assessments must be conducted for target or retained species, and
an adequate bycatch data collection program must be in place to ensure bycatch management
goals are met.
British Columbia: kelp fishery, by hand
Key relevant information:
There are no active research or monitoring programs conducted to evaluate the fishery’s
impact for either kelp species. The quantity of kelp harvested by each license holder is
monitored annually through a royalty program, where harvesters pay a fee depending on the
quantity of kelp they gather; however, no analysis of the data is performed. The MFLNRO
intends to update the kelp bed inventories in 2017, however, the budget has not yet been
approved (N. Prichard, pers. comm. 2017).
Therefore, as only minimal data is collected and appropriate data-limited assessment and
management methods are not used, this criterion scores ineffective.
Detailed rationale:
Monitoring of the kelp fishery is limited to the requirement for harvesters to pay royalties on
their yield. As harvesters are responsible for recording how much they remove, this functions
similarly to a fisher’s log book and is used by managers to determine how much kelp has been
harvested in each area. Management does not have the resources for more detailed
monitoring (J. Russell, pers. comm. 2017) and although there are several other local monitoring
programs along the coast, they do not relate to harvest and are not used to inform
management (K. Krumhansl, pers. comm. 2017; L. Druehl, pers. comm. 2017). Given the scale of
the fishery along the entire provincial coast and the relatively small harvest of only a few
hundred tons, this may be an appropriate strategy, but the lack of direct oversight may lead to
under-reporting.
The MFLNROF has expressed intent to conduct further monitoring and begin updating the kelp
bed inventories through the Marine Plan Partnership (MaPP). This partnership works in close
collaboration with First Nation stakeholders along the central and north coasts, as well as the
north of Vancouver Island, and has included kelp bed inventory as part of a proposed budget
for 2017. If approved, monitoring will begin by the end of the year (N. Prichard, pers. comm.
2017).
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Factor 3.4 Enforcement of Management Regulations
Considerations: Do fishermen comply with regulations, and how is this monitored? To achieve a
Highly Effective rating, there must be regular enforcement of regulations and verification of
compliance.
British Columbia: kelp fishery, by hand
Key relevant information:
The Ministry of Agriculture has three full time enforcement officers for aquatic plants, including
the kelp fisheries. Although this is appropriate given the scale of the fishery, with relatively few
license holders, it is unclear how regularly monitoring of harvesters occurs. Compliance is
considered to be good, therefore this criterion scores a moderate score.
Detailed rationale:
Three full-time enforcement officers from the Ministry of Agriculture monitor compliance of
aquatic plant harvesting in BC. On occasion, they perform joint patrols with DFO enforcement
officers responsible for monitoring the SOK fishery and inspect the activities of J-license holders
(J. Russell. Pers. comm. 2017).
There is no official reporting of enforcement/monitoring activity, so it is unclear how regularly
harvesters are inspected. One license holder reports that their harvesting activity is occasionally
inspected by officers (L. Druehl., pers. comm. 2017), although another claim that they have
never been checked (A. Swinimer, pers. comm. 2017). Overall, there are no significant
compliance issues (J. Russell, pers. comm. 2017).

Factor 3.5 Stakeholder Inclusion
Considerations: Are stakeholders involved/included in the decision-making process?
Stakeholders are individuals/groups/organizations that have an interest in the fishery or that
may be affected by the management of the fishery (e.g., fishermen, conservation groups, etc.).
A Highly Effective rating is given if the management process is transparent, if high participation
by all stakeholders is encouraged, and if there a mechanism to effectively address user conflicts.
British Columbia: kelp fishery, by hand
Key relevant information:
Stakeholder engagement is limited to consultation with First Nations when harvesting
applications are made within aboriginal territory. Though user conflicts are effectively
addressed through this mechanism, there is an absence of engagement with other
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stakeholders, including kelp harvesters. There is also a lack of clarity regarding decision-making.
Therefore, this criterion scores ineffective.
Detailed rationale:
When applications are made to harvest kelp in First Nations territory, management will
proactively engage with First Nations leaders and collaborate to make an appropriate decision,
determining whether traditional rights might be impeded and provide assurances that
appropriate management techniques are employed (J. Russell, pers. comm. 2017; N. Prichard,
pers. comm. 2017). Managers have also recently begun to engage with First Nations through
the Marine Plan Partnership (MaPP), which assembles marine knowledge from stakeholders
around the BC coast to aid decision making. Engagement between managers and harvesters,
however, is limited to license applications and royalty payment; there are no direct
consultations with individuals, nor a harvester’s association to interact with. There is no clear
mechanism for communicating management decisions.
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Criterion 4: Impacts on the Habitat and Ecosystem
This Criterion assesses the impact of the fishery on seafloor habitats, and increases that base
score if there are measures in place to mitigate any impacts. The fishery’s overall impact on the
ecosystem and food web and the use of ecosystem-based fisheries management (EBFM)
principles is also evaluated. Ecosystem Based Fisheries Management aims to consider the
interconnections among species and all natural and human stressors on the environment.
The final score is the geometric mean of the impact of fishing gear on habitat score (factor 4.1 +
factor 4.2) and the Ecosystem Based Fishery Management score. The Criterion 4 rating is
determined as follows:
• Score >3.2=Green or Low Concern
• Score >2.2 and <=3.2=Yellow or Moderate Concern
• Score <=2.2=Red or High Concern
Guiding principles






Avoid negative impacts on the structure, function or associated biota of marine habitats
where fishing occurs.
Maintain the trophic role of all aquatic life.
Do not result in harmful ecological changes such as reduction of dependent predator
populations, trophic cascades, or phase shifts.
Ensure that any enhancement activities and fishing activities on enhanced stocks do not
negatively affect the diversity, abundance, productivity, or genetic integrity of wild stocks.
Follow the principles of ecosystem-based fisheries management.

Criterion 4 Summary
Fishery

Kelp

4.1a Gear type and
substrate

4.1b Mitigation of gear 4.2 EBFM
impacts

Score

Score

Category (Score)

5

0 Moderate (3)
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Criterion 4
Rating
Score
Green
3.87

Criterion 4 Assessment
Factor 4.1a Physical Impact of Fishing Gear on the Habitat/Substrate
Goal: The fishery does not adversely impact the physical structure of the ocean habitat, seafloor
or associated biological communities.
Scoring Guidelines:
• 5 —Fishing gear does not contact the bottom
• 4 —Vertical line gear
• 3 —Gears that contacts the bottom, but is not dragged along the bottom (e.g. gillnet,
bottom longline, trap) and is not fished on sensitive habitats. Or bottom seine on resilient
mud/sand habitats. Or midwater trawl that is known to contact bottom occasionally. Or
purse seine known to commonly contact the bottom.
• 2 —Bottom dragging gears (dredge, trawl) fished on resilient mud/sand habitats. Or gillnet,
trap, or bottom longline fished on sensitive boulder or coral reef habitat. Or bottom seine
except on mud/sand. Or there is known trampling of coral reef habitat.
• 1 —Hydraulic clam dredge. Or dredge or trawl gear fished on moderately sensitive habitats
(e.g., cobble or boulder)
• 0 —Dredge or trawl fished on biogenic habitat, (e.g., deep-sea corals, eelgrass and maerl)
Note: When multiple habitat types are commonly encountered, and/or the habitat classification
is uncertain, the score will be based on the most sensitive, plausible habitat type.

British Columbia: kelp fishery, by hand
Key relevant information:
Harvesting is by hand and limited to cutting blades far from the holdfast, so there is no physical
impact of the gear on the kelp habitat or substrate. Thus, this criterion scores 5.

Factor 4.2b Modifying factor: Mitigation of gear impacts
Goal: Damage to the seafloor is mitigated through protection of sensitive or vulnerable seafloor
habitats, and limits on the spatial footprint of fishing on fishing effort.
Scoring Guidelines:
• +1 —>50% of the habitat is protected from fishing with the gear type. Or fishing intensity is
very low/limited and for trawled fisheries, expansion of fishery’s footprint is prohibited. Or
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gear is specifically modified to reduce damage to seafloor and modifications have been
shown to be effective at reducing damage. Or there is an effective combination of
‘moderate’ mitigation measures.
• +0.5 —At least 20% of all representative habitats are protected from fishing with the gear
type and for trawl fisheries, expansion of the fishery’s footprint is prohibited. Or gear
modification measures or other measures are in place to limit fishing effort, fishing intensity,
and spatial footprint of damage caused from fishing that are expected to be effective.
• 0 —No effective measures are in place to limit gear impacts on habitats or not applicable
because gear used is benign and received a score of 5 in factor 4.1.
Key relevant information:
N/A

Factor 4.2 Ecosystem-based Fisheries Management
Goal: All stocks are maintained at levels that allow them to fulfill their ecological role and to
maintain a functioning ecosystem and food web. Fishing activities should not seriously reduce
ecosystem services provided by any retained species or result in harmful changes such as trophic
cascades, phase shifts or reduction of genetic diversity. Even non-native species should be
considered with respect to ecosystem impacts. If a fishery is managed in order to eradicate a
non-native, the potential impacts of that strategy on native species in the ecosystem should be
considered and rated below.
Scoring Guidelines:
5 (Very Low Concern)—Policies that have been shown to be effective are in place to protect
species’ ecological roles and ecosystem functioning (e.g. catch limits that ensure species’
abundance is maintained at sufficient levels to provide food to predators) and effective
spatial management is used to protect spawning and foraging areas, and prevent localized
depletion. Or it has been scientifically demonstrated that fishing practices do not have
negative ecological effects.
• 4 (Low Concern)—Policies are in place to protect species’ ecological roles and ecosystem
functioning but have not proven to be effective and at least some spatial management is
used.
• 3 (Moderate Concern)— Policies are not in place to protect species’ ecological roles and
ecosystem functioning but detrimental food web impacts are not likely or policies in place
may not be sufficient to protect species’ ecological roles and ecosystem functioning.
• 2 (High Concern) — Policies are not in place to protect species’ ecological roles and
ecosystem functioning and the likelihood of detrimental food impacts are likely (e.g. trophic
•
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•

cascades, alternate stable states, etc.), but conclusive scientific evidence is not available for
this fishery.
1 (Very High Concern) — Scientifically demonstrated trophic cascades, alternate stable
states or other detrimental food web impact are resulting from this fishery.

British Columbia: kelp fishery, by hand
Key relevant information:
Kelp beds are important to the ecosystem both as a structural foundation species, providing the
structure for a whole ecosystem, and at the base of food webs, putting energy into the system.
There are no ecosystem assessments for either species and no spatial management is
employed. However, studies on Macrocystis fisheries show that small-scale harvesting has
minimal impact on the kelp forest ecosystem. Investigations into Nereocystis harvesting
indicate that the impact on canopy coverage is dependent on the time of harvest, but the
limited harvest rate is likely to minimize impacts.
Given the small scale of harvesting relative to the geographic scale of the fishery, and that
harvesting does not cause mortality, it is unlikely that significant negative ecosystem effects will
occur. Therefore, this criterion scores a moderate concern.
Detailed rationale:
Kelp provide important ecosystem functions as a foundation species in the kelp forest habitat,
and, by providing structure, shelter and a food source can enhance species diversity and
productivity locally and across broad spatial scales (Krumhansl et al. 2017). As a food source,
kelps provide the initial source of the carbon through which almost all the kelp forest species
depend, while also providing a physical structure and shelter to protect juvenile fishes and
invertebrates (Graham et al. 2007; Springer et al. 2010). Kelp forests are also important
nutrient recyclers and stores of atmospheric carbon (Springer et al. 2010; Krumhansl et al.
2017).
Kelp harvesting has been shown to affect Macrocystis ecology and, by extension, could
potentially have some effect on population dynamics in the wider ecosystem. Some studies
have suggested that partial canopy harvesting increases kelp recruitment, due to an increased
availability of limiting resources, such as light and space (Kimura 1980; Kimura and Foster 1984;
Reed 1987). Conversely, a study of harvesting at higher rates observed a decline in the density
of juvenile Macrocystis, which are likely to have been out-competed by understory kelp species
benefiting from the canopy reduction (Krumhansl et al. 2017). Harvesting may also impact
reproductive potential. At high rates of canopy removal, where more than 75% of the canopy is
removed, drastic decreases in both reproductive blade growth and sporophyll production have
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been recorded (Reed 1987; Geange 2014), although declines in reproductive potential have not
been observed when harvesting is conducted at smaller scales, such as those required in BC
(Krumhansl et al. 2017).
Studies suggest that the direct impacts on the ecosystem from small-scale kelp harvesting are
minimal. Canopy removal has little effect on understory algae species other than increasing
growth, as the kelp is still taking up most of the substrate space unless mortality occurs
(Wheeler 1990). Kelp canopy invertebrate populations appear to be unaffected (Wheeler
1990)and the only recorded impact on benthic grazers is poorer nutrition of urchin populations
where harvesting has been severe (Druehl and Breen 1986).
Studies in California and Chile have shown that fish move out of areas where Macrocystis
canopy is removed, but return when the bed re-grows (Miller and Geibel 1973; Moreno and
Jara 1984), with the overall impact on fish from Macrocystis harvesting much less than that of
commercial targeting of invertebrates such as lobster, abalone and sea urchin (Wheeler 1990).
Similarly, investigation into small-scale harvesting in BC indicates that there is minimal effect on
associated fish assemblages and that climate may be a stronger driver (Krumhansl et al. 2017).
Overall, Tegner and Dayton (Tegner and Dayton 2000) suggest that given the high susceptibility
of kelp forests to natural disturbances, well-managed kelp harvesting is a relatively benign
disturbance.
Macrocystis harvest for the SOK has, by extension, a potential impact on herring populations as
the fish are captured in a seine net and placed in ponds in order to lay eggs on the kelp fronds.
However, the SOK fishery is managed to minimise impacts on the fish and the fish are released
alive after spawning (DFO 2013). There is no evidence that any fluctuations in herring biomass
are caused or accentuated by the SOK fishery.
There are no investigations specifically targeting the impact of Nereocystis harvest on kelp
communities. Still, Roland (Roland 1985) found that partially removed blades do not grow back
to their full extent, as well as the proportion bearing reproductive sori. Harvesting therefore
could impact the amount of canopy biomass available for habitat, as well as food availability as
detritus (Springer et al. 2010). It could also influence the number of reproductive propagules
contributing to recruitment, and it was recommended that, instead of harvesting a whole bed
at once, to stagger harvest across different plants throughout the year (Roland 1985). The
restriction in the BC fishery that limits harvesting to only 20% of the plants ensures that the
whole bed is never taken.
There is no specific spatial management in this fishery, however, fishing is prohibited from
protected areas and leased land, which will act as a refuge. This, alongside the precautionary
harvest conditions (Ministry of Agriculture 2017), means that any overall ecosystem and food
web impacts directly from harvesting are likely to be minimal.
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Appendix A: Review Schedule


Stock inventories are proposed to be updated, beginning end of 2017.
o Contact Nichole Prichard, MFLNRO: Nichole.Prichard@gov.bc.ca
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