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About Seafood Watch

Monterey Bay Aquarium’s Seafood Watch program evaluates the ecological sustainability of wild-caught and farmed
seafood commonly found in the United States marketplace. Seafood Watch 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. Seafood Watch makes its science-based
recommendations available to the public in the form of regional pocket guides that can be downloaded from
www.seafoodwatch.org. The program’s goals are to raise awareness of important ocean conservation issues and
empower seafood consumers and businesses to make choices for healthy oceans.

Each sustainability recommendation on the regional pocket guides is supported by a Seafood Watch Assessment.
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 to arrive at a recommendation of
“Best Choices,” “Good Alternatives” or “Avoid.” This ethic is operationalized in the Seafood Watch standards,
available on our website here. In producing the assessments, Seafood Watch 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. Seafood Watch 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 Seafood Watch assessments in any way they find useful.
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Guiding Principles

Seafood Watch defines sustainable seafood as originating from sources, whether fished1 or farmed that can
maintain or increase production in the long-term without jeopardizing the structure or function of affected
ecosystems.

The following guiding principles illustrate the qualities that fisheries must possess to be considered
sustainable by the Seafood Watch program (these are explained further in the Seafood Watch Standard for
Fisheries):

Follow the principles of ecosystem-based fisheries management.
Ensure all affected stocks are healthy and abundant.
Fish all affected stocks at sustainable levels.
Minimize bycatch.
Have no more than a negligible impact on any threatened, endangered or protected species.
Managed to sustain the long-term productivity of all affected species.
Avoid negative impacts on the structure, function or associated biota of aquatic 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.

These guiding principles are operationalized in the four criteria in this standard. Each criterion includes:

Factors to evaluate and score
Guidelines for integrating these factors to produce a numerical score and rating

Once a rating has been assigned to each criterion, we develop an overall recommendation. Criteria ratings and
the overall recommendation are color coded to correspond to the categories on the Seafood Watch pocket
guide and online guide:

Best Choice/Green: Buy first; they're well managed and caught or farmed responsibly.

Good Alternative/Yellow: Buy, but be aware there are concerns with how they're caught, farmed or
managed.

Avoid/Red: Take a pass on these for now; they're overfished, lack strong management or are caught or
farmed in ways that harm other marine life or the environment.

1 “Fish” is used throughout this document to refer to finfish, shellfish and other invertebrates
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Summary
Pacific krill are fished whole for food used in aquaculture and aquariums, and in reduction fisheries for meal and oil in
Japan and British Columbia (BC). The term "Pacific krill" refers to several species, 20 of which occur in BC waters. In this
report, we use the name "Pacific krill" to refer to Euphausia pacifica, which is the most common species in the Strait of
Georgia, BC. This report covers Pacific krill caught in Canadian waters, including the Strait of Georgia and several inlets.
All the boats involved in the fishery are Canadian.
 
As of 2017, Pacific krill in BC are currently increasing in biomass, and have been above long-term averages for the last
10 years. Yet, biomass surveys are patchy and do not occur every year. Catch limits for the fishery have been set
conservatively in order to account for predator needs, and the quota is spatially distributed to attempt to minimize
localized depletion by the fishery. The krill fishery is small, consisting mostly of small vessels that target salmon during
other parts of the year. Because the fishery is small in scale, the catches are usually not sold in large volumes to
reduction fisheries, but sold for aquarium feed instead. The cost of fishing is not always made up for by the profits from
this small market, so the BC krill fishery is limited and the quota is often not fully caught.
 
Pacific krill are managed by Canada’s Department of Fisheries and Oceans (DFO), in cooperation with the Krill Trawlers
Association (KTA), a group of harvesters who assist with scientific programs, provide input for management, and pay for
observers who record landings and other effort data when vessels return to shore. Although the quota has not changed
in the last several years, it was originally set to protect krill predators, and spatial and temporal closures are designed to
minimize bycatch. There are key data gaps in this fishery, especially with respect to predator needs on a local scale and
the potential response of krill populations to changes in predator needs and climate variability, and although these
concerns have been highlighted by DFO, they have not been mechanistically included in management decisions so far.
The impact of the fishery on the mortality of other, non-target species is very low because of the timing of the fishery (it
occurs at night, during the winter) and the slow speed of the trawls.
 
Like the Antarctic krill fishery, the Pacific krill fishery's key uncertainties in BC are related to predator needs and the
sensitivity of krill to climate change. Although there is some spatial management, it is unclear whether localized depletion
could still affect predators in some areas. Also, Pacific krill biomass is correlated with climate indices like the North Pacific
Gyre Oscillation (NPGO), and future changes in climate could make the stock sensitive to fishing mortality even at harvest
levels that were once conservative. 
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Final Seafood Recommendations

SPECIES | FISHERY
CRITERION 1

TARGET
SPECIES

CRITERION 2
OTHER
SPECIES

CRITERION 3
MANAGEMENT

CRITERION 4
HABITAT

OVERALL
RECOMMENDATION

Isada krill | Strait of Georgia |
Pacific, Northeast | Midwater
trawls | Canada | British Columbia

2.644 4.284 3.000 3.873
Good Alternative 
(3.387)

Summary

Pacific krill (Euphausia pacifica) is a small crustacean species found through the world. Pacific krill is one of the five
dominant euphausiid species in British Columbia, generally composing 70-100% of the euphausiid biomass in the Strait
of Georgia where the fishery occurs. This report covers Pacific krill caught in midwater trawls in the Strait of Georgia. The
Good Alternative rank for Pacific krill  is driven by two factors: 1) uncertainty about total spawning biomass, and thus
fishing mortality, and 2) the possibility of local depletion, in which case the fishery might have localized impacts on
predators. 
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Scoring Guide

Scores range from zero to five where zero indicates very poor performance and five indicates the fishing operations have
no significant impact.

Final Score = geometric mean of the four Scores (Criterion 1, Criterion 2, Criterion 3, Criterion 4).

Best Choice/Green = Final Score >3.2, and no Red Criteria, and no Critical scores

Good Alternative/Yellow = Final score >2.2-3.2, and neither Harvest Strategy (Factor 3.1) nor Bycatch Management
Strategy (Factor 3.2) are Very High Concern2, and no more than one Red Criterion, and no Critical scores

Avoid/Red = Final Score ≤2.2, or either Harvest Strategy (Factor 3.1) or Bycatch Management Strategy (Factor 3.2) is
Very High Concern or two or more Red Criteria, or one or more Critical scores.

2 Because effect ive management is an essent ial component of sustainable fisheries, Seafood Watch issues an Avoid recommendation for any fishery
scored as a Very High Concern for either factor under Management (Criterion 3).
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Introduction

Scope of the analysis and ensuing recommendation

This report covers Pacific krill (Euphausia pacifica) caught with midwater trawls in the Strait of Georgia and inland in
British Columbia, Canada, under the management of Canada’s Department of Fisheries and Oceans.  A ll the vessels in the
fishery are Canadian vessels.

Species Overview

Pacific krill (Euphausia pacifica) are small crustaceans distributed throughout the North Pacific Ocean, from Japan to
southern California. Efforts are currently underway to determine whether there are genetic subpopulations around the
northern Pacific, using mitochondrial loci (PICES 2013). There are ~20 species of krill in BC, and the biomass is
dominated by five species (E. pacifica, Thysanoessa spinifera, T. inspinata, T. longipes, and T. rashii). In the Strait of
Georgia, E. pacifica composes 70 to 100% of the euphausiid biomass (Jamieson et al. 1990). Pacific krill in the Strait of
Georgia spawns from May to July, with a second, less intense spawning event in August through September (DFO 2016)
(Heath 1977). They release eggs into the water, where they develop independently. Juveniles and adults are often
spatially segregated from one another, possibly due to differences in Ekman transport between shallow and deep water
layers (PICES 2013). Pacific krill are estimated to live 19 to 22 months, with slow or no growth during autumn and
winter months when water temperature is low and phytoplankton is less available (DFO 2016). Like other euphausiid
species, Pacific krill tend to aggregate in dense patches, where it is targeted by the fishery. 

Fishing effort is largely limited by low potential profits from the fishery; shore-based vessels lose profits when traveling
to the more remote fishing areas because the cost of fishing is higher and boats without freezer space need to be able to
return their catches within the day. Because it is cost-effective for krill-processing companies to buy large amounts of krill
at a time, the fishery usually does not produce enough krill to sell a substantial amount to processors, and much of the
catch is sold as whole bodies for pet food, for use in zoos and aquariums, or for human consumption.

Production Statistics

E. pacifica is commercially harvested off the coast of Japan (Odate 1979) (Odate 1991) and off the coast of British
Columbia, Canada. An experimental fishery for Pacific krill began in BC in the early 1970’s, when it was confined to the
Strait of Georgia and the east coast of Vancouver Island {Nicol and Endo 1999}. Harvest quotas were introduced in
1976, and set at 500 t, with the recognition that E. pacifica was an important diet source for Pacific salmon (Haig-Brown
1994). These quotas are split between management areas (Table 1).
 
Before 1987, annual landings were <200 t, and fishing was concentrated in Saanich Inlet, Howe Sound, and later Jervis
Inlet {Nicol and Endo 1999}. Currently, most of the catch comes from the Strait of Georgia and Jervis Inlet. Fishery
occurs in Jervis Inlet, Homfray-Lewis-Price Channels, Malaspina Strait, and Tova Inlet in BC. The quota for the entire BC
fishery is 500 tons (t), which is usually not fully caught by the fishery. Recent catches (since 2005) have been less than
300 t. The landed value of the euphausiid fishery as reported in fish slips has varied between $23,107 in 2008 and

peaking at $541,000 in 2002. The landed price has varied between $0.23 and $1.54 kg-1 (DFO 2016). 

 
Table 1: DFO Quota Management Areas and Annual Quotas for BC

krill (modified from DFO 2016).
Quota management area Location Quota (MT)
12A Knight Inlet 75
13A Bute Inlet 55
13B Loughborough Inlet 0
15A Homfray-Lewis-Pryce Channels 40
15B Toba Inlet 20
16A Jervis Inlet 85
28A Howe Sound 0
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16B Other areas; Strait of Georgia 215
16C Scientific License Access 10
 Total Annual Allowable Catch 500

Importance to the US/North American market.

Globally, krill products are sold either as boiled and frozen krill for human consumption, krill oil for human consumption,
fresh frozen krill for animal feed, or krill meal. The main krill product (by volume) imported to the U.S. is for animal feed
(although some is also imported for human consumption) and the main exporters to the US are South Korea, Japan,
China, and Canada. All NMFS import data for krill is for Antarctic krill, which composes most of the krill sold in the U.S.
Krill meal is used in the US for pet food and krill oil is sold as a dietary supplement.

Common and market names.

Krill is the only FDA-accepted name for E. pacifica.

Primary product forms

Krill is sold as whole bodies for animal feed. It is also reduced to krill oil or meal – the oil is sold as a nutritional
supplement for humans and meal is often sold as an additive to animal feed. Most of the Pacific krill catch entering North
America from the BC fishery is frozen or freeze-dried whole off the boat, then processed for fish or pet food. As of 1997,
50% of the catch of E. pacifica from BC was used as aquarium food {Nicol and Endo 1997}. A small amount is processed
into krill oil and sold as nutritional supplements. 
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Assessment
This section assesses the sustainability of the fishery(s) relative to the Seafood Watch Standard for Fisheries, available at
www.seafoodwatch.org. The specific standard used is referenced on the title page of all Seafood Watch assessments.

Criterion 1: Impacts 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

Rating is Critical if Factor 1.3 (Fishing Mortality) is Critical.

Guiding Principles

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

Criterion 1 Summary

ISADA KRILL

REGION / METHOD ABUNDANCE
FISHING
MORTALITY SCORE

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada
| British Columbia

2.330: Moderate
Concern

3.000: Moderate
Concern

Yellow
(2.644)

Criterion 1 Assessments
SCORING GUIDELINES

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.

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.

Factor 1.2 - Fishing Mortality

Goal: Fishing mortality is appropriate for current state of the stock.

5 (Low Concern) — Probable (>50%) that fishing mortality from all sources is at or below a sustainable level,
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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.
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Isada krill

Factor 1.1 - Abundance

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

Moderate Concern
The assessment for Pacific krill in BC consists of biomass surveys, but no quantitative stock assessment. Biomass
surveys for E. pacifica have occurred throughout the Northern and Central Strait of Georgia in the past 50 years
{Irvine and Crawford 2012} (Mackas et al. 2013). These include acoustic mapping with verification tows by DFO
(1994 to 1996), monthly surveys in 1994 to 2005, and acoustic surveys in 1998 and 1999 to 2000 {Harbo and
Wylie 2006}. 

According to the most recent Integrated Fisheries Management Plan (IFMP) on euphausiids in BC, significant
additional biological data (e.g., age, growth, recruitment, and migration) are needed before krill abundance can be
assessed. Euphausiid biomass in the Strait of Georgia is known to be highly variable and is correlated with large-
scale climate drivers like the NPGO (Mackas et al. 2013). There is no estimate of unfished biomass (B0); instead,

annual biomass is calculated by adjusting the long-term geometric mean biomass by the annual (log-scale)
anomaly relative to average seasonal cycle (to correct for seasonality). Because of year-to-year differences in
sampling dates, this was considered to be more stable than the annual average of samples. 

Multiple biomass estimates suggest that the BC krill stock is currently above this reference point (DFO 2016); see
detailed explanation below); however, it is ranked "moderate" concern because target and limit reference points
have not been determined for the stock, but the stock is currently above the long-term mean biomass. 
Justification: 
A review by Mackas et al. (2013) in the Strait of Georgia found that E. pacifica biomass declined from 1990 to
1995, increased to a maximum ~1999 to 2002, declining to a minimum in 2005 to 2007, and then recovered to
near-average levels by 2010 (Figure 1; Figure 2). This climatological baseline is based on how much zooplankton
biomass fluctuates seasonally within a year, so that the seasonal signal does not confound interannual changes in
biomass (pers. comm., M. Galbraith 2017). For the Strait of Georgia, biomass anomalies are calculated as
differences from the geometric mean biomass over the survey period, adjusted for seasonal fluctuations within a
year (pers. comm., L. Convey 2017). The harvest control rule is intended to ensure that the fishery has little to no
impact on the stock, and that fluctuations in biomass are primarily due to environmental fluctuations. 

Annual estimates of E. pacifica biomass in the Strait of Georgia exist, but many are currently unpublished and are
not consistently collected in the same location as the fishery (Figure 2; Galbraith and Perry 2017, unpublished
data). Mackas et al. (2013) contains the most comprehensive published review of biomass estimates to date. It is
possible that other survey data exist but are not published. The most recent krill assessment mentions that there
was a hydroacoustic survey by DFO in two fishery areas (Malaspina Strait and Jervis Inlet) in 1998, and that the
survey indicated that biomass was 10 to 15% lower than the estimates derived from surveys in 1997. 
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Annual biomass anomalies (log10-scale) for E. pacifica in Southern Vancouver Island (SVI) and Northern
Vancouver Island (NVI), corrected for day/night tows. (Modified from Figure 15-2 from Chandler 2016. Anomalies
in the krill survey are based on differences from the mean biomass during the survey period.
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Figure 1: Age-specific Pacific krill density in the North and Central Strait of Georgia, based on unpublished data
collected by DFO (courtesy of I. Perry and M. Galbraith; accessed 4/24/17). The densities are averaged within
each year, regardless of time of day of sampling.

Factor 1.2 - Fishing Mortality

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

Moderate Concern
The current quota for Pacific krill (500 t total across all management areas) is considered conservative by DFO;
landings have stayed at less than half of the quota since 2003, and within the quota since 1996 (Figure 3) (Mackas
et al. 2013) (Romaine et al. 1996). Fishing mortality is unknown because fishery-independent biomass estimates
are not available for all fishing areas. The fishery’s contribution to krill mortality is expected to be low. Yet, because
of the uncertainty about stock biomass, fishing mortality is unknown, and the fishery is more conservatively scored
as "moderate" concern. 
Justification: 
It is important to note that the influence of exploitation on the resilience of the BC population is unknown,
especially in years when there is poor survival because of climate or predator effects (DFO 2016). If the full quota is
caught in a year with poor environmental conditions or increased predator demand, there is a chance that fishing
mortality could be above sustainable levels in certain areas. This issue of local depletion is identified in Section 2.5
of the krill IFMP as a potential stock scenario. The harvest area commercial TACs are considered conservative and
sustainable by Harbo and Wylie (2006, p. 279). An unpublished report from DFO in 2012 indicated that the annual
euphausiid catch was more than 1% of the estimated annual average biomass in the Strait of Georgia in one year
only (2005; DFO 2012 unpubl.), but has otherwise been less than 1% of annual average biomass.
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Landings are kept low by the fact that the market for krill is mostly a high-volume one, and there is not much
demand for the small amounts landed by the BC fishery. Selling krill from the BC fishery to larger reduction
fisheries is impossible because the volumes caught by the fishery are too small. Therefore, sales from the BC
fishery are limited to frozen krill for aquariums, aquaculture feed, and some human consumption. Since demand for
these items is relatively low, harvesters limit their effort accordingly, refraining from trips unless there is a market
for their catch (pers. comm., G. Budden 2017). 

Figure 2: Annual Euphausiid landings (mt) and quota. Source: Euphausiid 2013-2017 IFMP (DFO 2016).
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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

Rating is Critical if Factor 2.3 (Fishing Mortality) is Crtitical

Guiding Principles

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

Criterion 2 Summary
Criterion 2 score(s) overview

This table(s) provides an overview of the Criterion 2 subscore, discards+bait modifier, and final Criterion 2 score for each
fishery. A separate table is provided for each species/stock that we want an overall rating for.

ISADA KRILL

REGION / METHOD SUB SCORE
DISCARD
RATE/LANDINGS SCORE

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada |
British Columbia 4.284 1.000: < 100%

Green
(4.284)

Criterion 2 main assessed species/stocks table(s)

This table(s) provides a list of all species/stocks included in this assessment for each ‘fishery’ (as defined by a
region/method combination). The text following this table(s) provides an explanation of the reasons the listed species
were selected for inclusion in the assessment.

STRAIT OF GEORGIA | PACIFIC, NORTHEAST | MIDWATER TRAWLS | CANADA | BRITISH COLUMBIA

SUB SCORE: 4.284 DISCARD RATE: 1.000 SCORE: 4.284

SPECIES ABUNDANCE FISHING MORTALITY SCORE

Isada krill
2.330: Moderate

Concern
3.000: Moderate Concern Yellow (2.644)

Harbor seal 3.670: Low Concern 5.000: Low Concern Green (4.284)

There is no information available on bycatch in the BC krill fishery. Anecdotally, species occasionally caught in krill trawls
include needlefish (family Belonidae; 3-4 fish per 50 t of krill), harbor seals (Phoca vitulina; 1 seal in 10-15 years of
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fishing) and salmon (pers. comm, G. Budden 2017). Hake, herring, and dogfish are occasionally caught, and juvenile
rockfish are rare because they are more demersal than the depth of the trawls {Harbo & Wylie 2006} (DFO 2016).  The
BC krill season is during the winter, so that salmonids (which spawn in spring and summer) are not often caught in the
fishery {Harbo & Wylie 2006} (DFO 2016). Additionally, because trawling occurs at night, many surface-feeding visual
predators do not occur as bycatch (pers. comm, G. Budden 2017). 

None of these species compose more than 5% of each tow, and none are caught frequently. However, P. vitulina is
included as a main species in the fishery, because it is federally protected and thus counts as a "species of concern"
(Seafood Watch Criteria; 2016). It is worth noting that P. vitulina is not regularly caught in the BC krill fishery, and it is
not particularly vulnerable in terms of abundance or fishing mortality. It is included as a main species as a precautionary
measure.

Criterion 2 Assessment
SCORING GUIDELINES

Factor 2.1 - Abundance
(same as Factor 1.1 above)

Factor 2.2 - Fishing Mortality
(same as Factor 1.2 above)

Factor 2.3 - Modifying Factor: Discards and Bait Use
Goal: Fishery optimizes the utilization of marine and freshwater resources by minimizing post-harvest loss. For fisheries
that use bait, bait is used efficiently.

Scoring Guidelines: The discard rate is the sum of all dead discards (i.e. non-retained catch) plus bait use divided by the
total retained catch.

Ratio of bait + discards/landings Factor 2.3 score
<100% 1
>=100 0.75
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Harbor seal

Factor 2.1 - Abundance

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

Low Concern
Harbour seals (Phoca vitulina) in British Columbia represent about 29% of the total population in the NE Pacific.
They are concentrated in the Strait of Georgia, which contains only 11% of the shoreline but 37% of the total seal
population (DFO 2010). As of their most recent assessment in 2010, they have been increasing exponentially and
have stabilized  at 105,000 individuals along the coast of British Columbia. Although the baseline unexploited
population size is unknown because exploitation was heavy before the start of surveys (nearly 0.5 million seals
between 1879-1968; DFO surveys started in 1970), the 2010 population assessment indicates that the population
reached its maximum population growth rate of 11.5% per year in the 1970s and 1980s, and are currently at or
near their carrying capacity (DFO 2010). Harbor seals are included here as a main species because they are
protected, but because there is no evidence that population status is a concern, harbor seals are ranked Low
Concern.

Factor 2.2 - Fishing Mortality

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

Low Concern
Harbor seals are not harvested at all in the Strait of Georgia, and have limited interactions with the krill fishery.
Harbor seals forage at night, when the krill fishery occurs, so there is temporal overlap with the fishery. However,
encounters are very rare (1 seal in ~10-15 years of the fishery; pers. comm, G. Budden 2017), likely because of the
slow towing speed of krill trawls and the targeting of centers of krill swarms by the fishery. Because of the low rate
of encounters by the krill fishery, harbor seals are considered Low Concern for fishing mortality. 

Factor 2.3 - Discard Rate/Landings

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

< 100%
There are very few discards in the Pacific krill fishery. Although there are not bycatch data included in the IFMP, no
krill are discarded and bycatch rates are low (<5%; pers. comm, G. Budden 2017).
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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.

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:

Criterion 3 Summary

FISHERY
MANAGEMENT

STRATEGY
BYCATCH
STRATEGY

RESEARCH
AND

MONITORING
ENFORCEMENT INCLUSION SCORE

Strait of Georgia | Pacific,
Northeast | Midwater trawls |
Canada | British Columbia

Moderately
Effective

Highly
effective

Moderately
Effective

Highly effective
Highly
effective

Yellow
(3.000)

Annual harvest schedules are developed with harvesters and processors. The Krill Trawlers Association (KTA) was
established in 1990, and is composed of krill harvesters. The KTA has since contributed significantly to management and
research programs for the krill fishery. The KTA also funds the catch validation program, in which harvesters pay
contractors directly to monitor landings during the season (DFO 2016). Therefore, fishers are directly involved in
monitoring and management decisions.

First Nations fishers are not known to harvest krill for food, social, and ceremonial purposes, but one of the 19
commercial licenses is designated for First Nations use. According to the most recent krill IFMP, euphausiids may be
allocated under treaty, but they were unallocated under the Maa-nulth, Tsawwassen and Nisga’a Treaties. There has been
limited interest in the designated First Nations commercial license (DFO 2016).

Because management provides a framework for stakeholders to be directly involved in decision-making, the BC krill
fishery is considered "Highly Effective" for stakeholder inclusion.
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Criterion 3 Assessment

SCORING GUIDELINES

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.

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.

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.

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.

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.
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Factor 3.1 - Management Strategy And Implementation

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

Moderately Effective
The 500 t quota for Pacific krill in BC was first established in 1976. It increased in 1989, but then was reestablished
in 1990 because of concerns about local overfishing. The quota is based on estimates of predator consumption of
euphausiids (500 t represents 3% of the estimated biomass consumed by predators). The commercial fishery is
managed through limited entry licensing, spatial management (the quota is divided among separate quota
management areas), harvest quotas based on a small fraction of the estimated biomass (DFO 2016), and a “hail in”
(where operators call in their landings and location to fishery managers) and dockside program, which is industry-
funded {Harbo and Wylie 2006}. There are 19 commercial licenses available for Pacific krill, one of which is
designated for First Nations use, although there has been limited interest in this license according to the most
recent integrated fishery management plan (DFO 2016).

Reference points are not set for the fishery, and trends in biomass are based instead on historical biomass levels.
Because all landings are accounted for through independent dockside monitoring, total landings are well-
documented and can respond quickly when the TAC is met. The quota is based on scientific advice and
management and is intended to be highly precautionary. There are checks to confirm that the total catch stays
within the TAC, and that catch within each area stays within the area limit. Few vessels have participated in the
fishery in recent years and landings have been well below the 500 t TAC (116.1 MT in 2016, 127.9 MT in 2015,
and 33 MT in 2014; all 6.6 to 25% of the TAC). An unpublished review by DFO in 2012 indicated that the annual
Euphausiid catch exceeded 1% of the estimated annual average of Strait of Georgia Euphausiid biomass in one year
only, 2005. Because there is no fishery reference point, but the fishery is managed with a highly conservative
quota, the BC krill fishery is precautionarily considered "moderately effective."
Justification: 
Before 1997, harvesters called in their total landings, and the fishery would be stopped once the quota was
reached. Compliance with this rule was variable {Harbo and Wylie 2006}, and data of catch slips and sales slips
were not always consistent {Harbo and Wylie 2006}. The management plan was changed in 1997 to reduce quota
overages in certain areas. Currently, fishers report their fishing start and end times to data collectors, and other
fishery monitors inspect landings at the dock, weighing and documenting all the landings. This is currently done by
a private company called D&D Pacific, which is contracted by DFO and the Krill Trawlers Association. This current
program has been successful in preventing catches from going over the quota, and generally improving catch data
{Harbo and Wylie 2006}.

The E. pacifica FMP follows the management goals and objectives revised by DFO in 1997, which include managing
stocks in a “risk averse and precautionary manner” (DFO 2016). Quotas for the Pacific krill fishery in BC were
established in 1976, after concerns arose that the fishery might locally remove an important food source for
salmonids {Nicol and Endo 1999}. Euphausiid species have been fished under limited “Z-F” licenses since 1983
{Harbo and Wylie 2006}, and licenses in the fishery have been limited to less than 30. E. pacifica is a “data-poor”
fishery, so metrics of success are not frequently updated based on scientific information, but quotas are designed to
be highly precautionary.
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Factor 3.2 - Bycatch Strategy

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

Highly effective
There is no system for at-sea bycatch monitoring in the BC krill fishery; however, based on anecdotal information,
there is very low (<5%) bycatch, and none of these are species of concern. The fishing season (November to
March) is intended to minimize bycatch of larval and juvenile fish, and minimizes bycatch of salmon {Nicol and
Endo 1999}. The fishery is also highly selective for euphausiids and other invertebrates: the small mesh size
requires a slow towing speed, which allows larger predators to escape while trapping E. pacifica. Trawls take place
at the surface on dark nights when krill come to the surface {Nicol and Endo 1999}. Although harbor seals are a
main species in the fishery, they are not a species of concern and the fishery is not a main contributor to their
mortality (DFO 2010). For this reason, Pacific krill in BC are ranked "highly effective" for Bycatch Strategy.

Factor 3.3 - Scientific Research And Monitoring

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

Moderately Effective
E. pacifica in BC is considered "data-limited" by DFO (2016). Abundance, distribution, and productivity are key
scientific requirements for the development of a precautionary management strategy for data-limited fisheries in BC
(DFO 2016). Both fishery dependent and fishery independent data are collected for the fishery, and monitoring
occurs regularly (DFO 2016), although there is no bycatch data collection as part of the management plan. There is
also no monitoring of non-native species or lost gear monitoring linked to the fishery, although neither of these are
stated concerns in the fishery management plan. Lost gear is not likely a major issue for the fishery because of the
small number of vessels participating.

The allowable harvest for the fishery was maintained in 2012 after a review of the fishery, provided that
management is able to track area quotas and collect accurate catch and effort data (DFO 2016). The catch has
stayed well within the TAC, with the fishery catching 6 to 25% of the TAC each year from 2014 to 2016. Although
this quota is conservative, it is not sensitive to changes in total biomass from year to year {Harbo and Wylie 2006}.
Because data quality is high and monitoring covers all landings, but the relationship between landings and stock
status remains unknown and the stock is considered data-poor, scientific research and monitoring for Pacific krill in
BC is ranked "moderately effective."
Justification: 
Acoustic mapping surveys and verification tows were carried out in 1994, 1995, and 1996 in Jervis Inlet and
Malaspina Strait, in October and November (before fishing) and again in January and February (after fishing).
Between June 1994 and 1995, there were monthly surveys by DFO and industry. Another hydroacoustic
assessment was carried out in 1998, in February, March, July, and October in Malaspina Strait and Lower Jervis
Inlet. Annual estimates of euphausiid biomass have been provided to the Canadian Science Advisory Secretariat
(CSAS) Fisheries Working Group, and these survey data are available upon request {Harbo and Wylie 2006}.
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Factor 3.4 - Enforcement Of Management Regulations

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

Highly effective
In the past, managers have inferred compliance by comparing sales slips to landings slips. Now, all landings, days
fished, buyer/storage facility destinations, and management areas fished are directly measured by third-party
contractors at designated locations (DFO 2016). Also, harvest logs kept aboard each vessel are subject to review by
fishery officers or dockside observers (DFO 2016). Since the change from the “hail-in” to a dock monitoring system
for catches, compliance has improved. Because of the small spatial scale of the fishery, changes in compliance will
likely be detectable, and capacity to control the fishery are appropriate to the scale. For these reasons, enforcement
is considered "highly effective" for BC krill.
Justification: 
Transshipment is carefully monitored through the service providers that monitor landings, and vessels without
licenses are not allowed to bring krill back to shore to sell.

Factor 3.5 - Stakeholder Inclusion

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

Highly effective
Annual harvest schedules are developed with harvesters and processors. The Krill Trawlers Association (KTA) was
established in 1990, and is composed of krill harvesters. The KTA has since contributed significantly to
management and research programs for the krill fishery. The KTA also funds the catch validation program, in which
harvesters pay contractors directly to monitor landings during the season (DFO 2016). Therefore, fishermen are
directly involved in monitoring and management decisions. 

First Nations fishers are not known to harvest krill for food, social, and ceremonial purposes, but one of the 19
commercial licenses is designated for First Nations use. According to the most recent krill IFMP, euphausiids may be
allocated under treaty, but they were unallocated under the Maa-nulth, Tsawwassen and Nisga’a Treaties. There has
been limited interest in the designated First Nations commercial license (DFO 2016). 

Because management provides a framework for stakeholders to be directly involved in decision-making, the BC krill
fishery is considered "highly effective" for stakeholder inclusion.
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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.

Rating cannot be Critical for Criterion 4.

Criterion 4 Summary

FISHERY
FISHING GEAR ON
THE SUBSTRATE

MITIGATION OF
GEAR IMPACTS

ECOSYSTEM-BASED
FISHERIES MGMT

SCORE

Strait of Georgia | Pacific, Northeast |
Midwater trawls | Canada | British Columbia 5 0 Moderate Concern

Green
(3.873)

Criterion 4 Assessment

SCORING GUIDELINES

Factor 4.1 - 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.

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.

Factor 4.2 - Modifying Factor: Mitigation of Gear Impacts
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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.

+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 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

Factor 4.3 - 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.

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

Factor 4.1 - Impact of Fishing Gear on the Habitat/Substrate

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

5
The midwater trawls used to catch krill do not have contact with the seafloor, so they have a score of 5 for this
criterion.
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Factor 4.2 - Modifying Factor: Mitigation of Gear Impacts

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

0

Factor 4.3 - Ecosystem-based Fisheries Management

Strait of Georgia | Pacific, Northeast | Midwater trawls | Canada | British Columbia

Moderate Concern
Euphausiids, including Pacific krill, are an important diet source for several predators along the BC coast including
Pacific hake, Pacific herring, dogfish, sablefish, Pacific halibut, and chinook and coho salmon {Nicol and Endo
1999}, as well as Cassins auklets and ancient murrelets (DFO 1999). The 500 t quota for krill is based on an
estimate of predator consumption in the Strait of Georgia; 500 t represents 3% of estimated annual consumption
by predators in the Strait of Georgia {Nicol and Endo 1999}. Competition with humpback whales is mitigated by
spatially separating the fishery (which occurs in mainland inlets) from whale foraging areas (which mostly take
place offshore; (DFO 2016) (Gregr et al. 2006)). Sei whales and blue whales, which are known to feed on krill
offshore, have not been seen in the Strait of Georgia, and therefore are unlikely to feed on the same krill population
that the fishery is exploiting (although population structure is poorly understood; (DFO 2016) (Gregr et al. 2006)).

Pacific krill population size is highly variable in space and time, with interannual variability in biomass reaching up
to a factor of 100 between years, within a 20-year period (Mackas et al. 2013). Strong interannual variability has
caused some concern that although the quota is very low relative to the total biomass (even within a management
area), it might be a larger fraction of the biomass in certain years and locations. The patchiness of Pacific krill
populations raises the issue that the fishery could cause localized depletion. Localized effects of the fishery on krill
predators have not been quantified and are not explicitly included in the management plan. There is also no
estimate of unfished biomass for krill, which would be important for determining whether the ecological role was
preserved.

Because harvesting policies (both spatial and temporal closures, as well as harvest limits) are explicitly designed to
minimize impacts of the fishery on krill predators and the nearshore food web, but localized depletion is a potential
issue for the fishery, BC krill is considered a "moderate" concern.
Justification: 
Pacific krill is governed by the Policy on New Fisheries for Forage Species (Section 1.6). Under this Policy, fisheries
that have an established record of sustainability are allowed to maintain their existing management approaches
(DFO 2016). Changes to the gear type, exploitation rates, seasons, or other attributes that might threaten the target
forage species or its predators must be reviewed against Policy prerequisites before going into effect (DFO 2016).
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Appendix
Appendix A

 : 
This report was reviewed for any significant stock status and management updates to the fishery on January 28, 2021.
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None were found that would indicate the final rating is no longer accurate.
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