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Executive Summary
This project was funded by the Pacific Salmon Forum. The main objective was the
development of a state of knowledge report summarizing the historic resource
inventory data available for specific aspects of the Broughton Archipelago region. The
primary directives were to collect data on salmon escapements, commercial salmon
harvests, climate and rainfall, river discharges, ocean currents, aquaculture production,
waste management and marine escapes, sea lice counts on wild and farmed salmon,
fishery closures, and watershed assessments, and to summarize emerging trends in the
information available. Existing data sets are identified, and the appropriate meta-data for
each is provided. Where available, data were gathered for the period 1950 to the
present day. This report is not intended as an exhaustive summary of all ecosystem
components in the Broughton or of all available data.
Data were obtained from numerous sources, including federal government (e.g. DFO,
Env. Canada), provincial government (e.g. MoE, MoFR), forestry companies (e.g.
Timberwest, Interfor, Western Forest Products), fish farm companies, non-profit
organizations (e.g. Nature Conservancy of Canada), consultants, and private individuals.
In-depth analyses were out of the scope of this project, but summaries of the key points
associated with each data set collected are provided, and some useful and critical future
analyses are suggested. Data sets were compiled either in PDF format, as MS Access
files, Excel files or ArcGIS shape files, and stored on CDs which accompany this report.
Far more data exists than is covered in this report: however, data were sometimes
difficult to obtain, because of proprietary issues or requirements for unattainable GIS
resources and technician time, for example. The author hopes that this report will lead
to the submission of further data sets. This report is accompanied by a bibliography of
published and unpublished literature for the Broughton Archipelago.
In 2002, pink salmon (Oncorhynchus gorbuscha) that migrate through the Broughton
Archipelago showed very poor returns. These poor returns followed unusually high
escapements in 2000. Since that time, there has been a great deal of concern with
regards to the status of wild salmon in the Broughton, as well as divergent opinions as
to the cause of the collapse noticed in 2002. Some believe that the low returns were
due to sea lice (Lepeophtheirus salmonis) infestation of the juvenile pink salmon as they
migrated out from the Broughton Archipelago in the spring of 2001. Others believe that
the high escapements of 2000 may have led to intense competition that resulted in poor
production in 2002. These, and other, divergent opinions as to the cause of the low
salmon runs in most systems in the Archipelago since 2002, have led to an intense and
heated public debate as to the effects of salmon farms on wild salmon stocks in this
region.
Impacts on salmon from aquaculture may include sea lice transmission from farmed fish
held in net-pens, benthic impacts from organic waste settling both near to and far from
net-pens, release of chemicals such as antibiotics into the marine environment, and the
impacts of marine escapes. Production trends and siting information for the fish farms of
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the Broughton Archipelago are examined. In addition, information on sea lice and the
main publicly-available sources of sea lice data are provided, together with monitoring
and treatment information on fish health, benthic studies and marine escape data. The
sea lice issue is a topic rife with conflicting opinions, but is currently a research area
under intense focus and high levels of collaboration. Details of research projects
currently underway, as well as the specific results and published interpretations of
research scientists examining the sea lice issue are provided in two reports done by Bill
Pennell and Paige Ackerman, and by Brian Harvey. Both of these reports have been
previously released by the Pacific Salmon Forum and are available on their website.
The information collected in this report may be used to examine some of the many
other possible impacts on pink salmon stocks in the Broughton region. Catch and
escapement trends are provided, and recent changes to pink salmon stocks are
summarized. Recent data collected on pink salmon escapements have shown that the
2007 combined pink escapement for the Area 12 Mainland Inlets showed a 20% increase
relative to the parental brood escapements which were monitored in 2005. However,
while some stocks show rebuilding, such as the Ahta, other stocks such as the Lull have
shown declines. Kingcome and Wakeman populations are still very low in the
Broughton, although they have shown some recent minor improvements. It is suggested
that these improvements may be related to higher water levels in 2007 which may have
allowed increased distribution in the river systems. Despite much poorer enumeration
coverage, summer chum stocks in the Broughton also appear to be showing recent
improvements.
It is apparent that there has been huge variability in escapement estimates over the past
50 years in all of the Broughton region mainland pink salmon systems. Additionally, very
similar trends are apparent among all Southern B.C. streams that are monitored by
DFO, where coherent periods of decline have been noted in 1960, 1984, and 2006.
Specifically, it has been suggested that the returns of 1960 and 1984 may be associated
with strong El Nino events that occurred in 1958 and 1982/83. It has also been
suggested that the returns in 2006 were likely associated with large scale ocean climate
effects in the North Pacific Ocean as indicated by the scale of effects through northern
B.C. and Alaska. Further analysis with regards to the coherence of the escapement
trends and climate trends are warranted.
Trends in catch and escapement for pink and chum in a number of other systems in B.C.
are also discussed, to allow for a comparison of pink and chum returns in the Broughton
region with pink and chum returns to systems where the salmon do not experience any
fish farms. Most focus was placed on systems from northern and central B.C. A
common feature of all the escapements series examined is a high level of temporal
variability. The most commonly suggested reasons for periods of declines in these other
regions of B.C. were overharvesting, variability in marine survival, as well as habitat
destruction as a result of logging and other human activities.
The oceanography of the marine environment in terms of salinity, sea surface
temperatures and current patterns will affect the distribution and abundance of many
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marine fish species such as Pacific salmon, as well as other marine organisms. Data and
information regarding local climate (precipitation, air temperatures), sea surface
temperatures and salinity, dissolved oxygen levels, hydrometric discharges from major
river systems, and circulation patterns are discussed in the first part of the document.
Some suggested impacts on pink salmon have included the possibility of superimposition
of spawning redds due to the large numbers of spawning fish in the fall of 2000, the
effects of low water levels in the spring of 2001, which may have resulted in emersion of
redds, as well as the possibility of low dissolved oxygen associated with freezing during
periods of low snow pack in the fall of 2000-2001. However, these suggestions are
unsubstantiated in the literature.
However, there does appear to be evidence for lower than average precipitation and
river discharges over the fall and spring of 2000-2001, as well as increases in sea surface
temperatures since 2000, which may support some of the suggestions above. Although
there is a general paucity of climate data for the Broughton Archipelago, the information
that is available may be further analyzed to determine whether correlations exist
between fish production and discharge levels, air temperatures, precipitation, salinity
and/or sea surface temperatures. A link between sea lice abundance levels and
environmental factors has also been suggested in the literature, particularly sea water
temperatures and salinity. For example, it has been suggested that higher lice abundance
levels in 2004 may be related to higher than normal levels of both sea surface
temperature and salinity experienced in the Broughton that year.
Fish production in the Broughton watersheds will naturally be affected by issues such as
the cold thermal regimes, high glacial silt loading and the short growing season of this
region. Many of the streams flow in very steep-sided and glaciated valleys, and these
systems show rapid responses to rainfall, snowmelt or floods. Fishery officers in this
region often related disastrous pink salmon returns to the occurrence of flash flood
events. Further work to examine the relationships between flood events and fish
production is warranted.
Many human activities will have impacts on marine fishes, and thus data associated with
forestry, fisheries and aquaculture also have been gathered for this state of knowledge.
Watershed level impacts are associated with the total amount of logging within a
drainage basin as well as the location and rate at which the timber is harvested.
Generally, the higher the proportion of the watershed area logged, the greater is the
likelihood of altering the natural hydrologic regime, and the greater potential for
negatively impacting fish and fish habitat. Some watersheds within the Broughton have
had more than 20% of their area harvested within the last two decades. Logging history
is summarized for the major watersheds of the Broughton, and the area and proportion
of several of the major pink salmon watersheds logged by decade is provided and
compared with fish returns. Maps provided by the forestry companies show both the
location and relative intensity of harvesting events. Information on possible watershed
impacts also have been collected in the form of log dump locations, CWAPS, watershed
assessments and terrain stability assessments done for forestry companies, stream
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assessments carried out by fish farm companies, steelhead watershed analyses, and
fishery officer reports from DFO.
These sources describe numerous impacts to various pink-salmon streams in the
Broughton in terms of landslide events, blockages, as well as other unusual conditions
such as storm events, unusually low or high water levels, flash flood events, and high
levels of grizzly bear predation. Fishery officers noted that pink salmon were generally
poorer than other salmon species at traversing stream blockages, while stream
assessments done by Marine Harvest noted that the majority of streams and creeks
examined showed evidence of logging impacts in the form of blockages, log jams,
erosion and reduced levels of pH. Landslides occur commonly in these valleys, and have
been greatly exacerbated by forestry activities, particularly road building. Information on
landslides is difficult to quantify, but is noted within many of the watershed assessments
for this region, as well as the fishery officer reports. These data would be most useful if
they could be collated in a temporal and spatial sense. A future analysis of air photos or
satellite imagery would also allow us to examine the prevalence of mass wasting events
and barriers on streams, and to examine this in the context of fish production.
Ecosystem data have been collected for different species ranging from kelp to grizzly
bears. Steelhead abundance has been declining on northeast Vancouver Island and in
many of the Mainland Coast Inlet watersheds, and this has been attributed to greatly
reduced ocean survivals, impaired habitat capability, and commercial and recreational
fisheries. Concomitant declines in steelhead were noted in 2001 in the same systems in
which pink declines salmon were noted. Deterioration of clam beds has also been
noted within the archipelago. Many of the clam beds are not located close by areas of
fish farms, so there may be other factors that are affecting very different components of
the ecosystem in this region. Reasons for this are currently not known, though
suggestions include toxins, pollutants or other land-use issues. Another example of data
collected includes information on the prevalence of harmful marine algae collected in
the vicinity of fish farms.
Because of the interrelationship between the ecosystem components, climate, and
anthropogenic activities which result in multicollinearity, it is difficult to establish
causative linkages between any single or small number of factors. For example, it is
generally understood that although climate may result in changes in distribution and
abundance of marine fishes, such correlations can be remarkably difficult to establish.
Similarly, it could be difficult to relate escapements to specific impacts such as forest
harvesting, landslides, debris flows, stream blockages, log-handling activities and changes
in pH. The current heated debate regarding the level of transmission of sea lice from
farmed fish to wild fish, and the impacts of infection on pink salmon stocks in the
Broughton, highlights the difficulty of proving cause and effect in these complicated
systems. Thus, understanding the patterns in fish escapements will involve detailed and
well thought-out analyses, utilizing the maximum amount of the best data that is
available.
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In summary, this report has highlighted the wealth of information available for the
Broughton Archipelago, and has discussed some of the range of possible impacts that
may limit fish production in this region. Known knowledge gaps are identified in the
final summary, and other possible data sources are identified. Potential further studies
to assist in understanding the ecosystem and the associated impacts are suggested.
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Contract Request
The B.C. Pacific Salmon Forum contracted my services to write a State of Knowledge
Report for the Broughton Archipelago.
The specific deliverables were:
1.
To provide a state of knowledge of the Broughton Archipelago of British
Columbia that will include:
 Assembly and summary of historic resource inventory data (published
and unpublished)
 New resource inventory data (published and unpublished)
 Survey of aquaculture industry and retrieval of aquaculture based
monitoring data
 Data should be obtained from 1952 to the present (where recorded)
 Data to be incorporated includes, but is not limited to: climate, rainfall,
ocean, current, aquaculture siting and production, wild salmon
escapement, wild salmon harvests, and preliminary watershed data.
2.
Publication of a bibliography for the Broughton Archipelago of peer reviewed
and non peer reviewed research (not simply on aquaculture or sea lice).
3.
Inclusion of a section on sea lice which would include data on lice monitoring
that takes place on the farms, any wild fish lice monitoring information that may be
available. Reference may be made to sea lice research; however, an in depth review of
sea lice research and/or impacts on lice population as a result of aquaculture is not part
of the scope of this project but is being undertaken through a stand-alone project by the
Forum.
4.
Inclusion of additional information on aquaculture which should include
incorporation of actual production data and addition of waste management regulations.
Other data that could be included: benthic studies and/or monitoring data, escape
incident data, fish health monitoring data, etc.
5.
Inclusion of data from stock assessments, fish escapement and catch data on all
pink and chum salmon in the Broughton Archipelago. Reasons for fishery closures may
also be beneficial if available.
6.
Inclusion of data from stock assessments, fish escapement and catch data on pink
and chum salmon in the Skeena and Fraser watersheds with a comparison of trends with
salmon in the Broughton Archipelago.
7.
Inclusion of enhancement hatchery data for the Broughton Archipelago.
This work was carried out during June 2007- August 2007 and November 2007February 2008 as two separate contracts. The aim of the project was the production of
a data report, listing the sources and locations of data available for the particular
categories listed above for the Broughton Archipelago. The aim of this project was not
to review or try to interpret all of the research available for those categories, nor to
attempt to analyze the data, which was from a huge number of sources, with variable
temporal and spatial coverage, and of inconsistent, and often uncertain, accuracy and
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precision. This report aims to provide an objective overview of the multitude of data
sources most readily available for the Broughton Archipelago, and the scope of this
report itself indicates the amount of information that is currently available. It is hoped
that this compilation of existing information and documentation could be used as a
resource for modelers and others working on further studies. It is quite likely that there
will be omissions. Some of these omissions are understood, and did not make up any
part of the deliverables for this contract: these omissions are highlighted in the
“Knowledge Gaps” section at the end of the report. However, the scope of this project
was so large, that despite my best efforts, it is highly possible that I may have missed
information in some of the sections. The author would appreciate any data additions
should they be offered for inclusion.
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Data Sources
This report is intended as a first summary of information that is available with regards to
work done within the Broughton Archipelago region. It is accompanied by a bibliography
of published and unpublished literature. The immediate aim of this report is to identify
the data sets that are available, and provide the appropriate meta-data for each. The
main focus was to examine the information available for climate trends, rainfall,
oceanography, currents and tides, aquaculture siting and production, wild salmon
escapement, wild salmon harvests, enhancement data, fishery closures, fish health data,
benthic data, fish escape data, sea lice data, and preliminary watershed data. The data
sets that were gathered are listed below. These data sets are compiled either as PDF
files, MS Access files, Excel files or ArcGIS shape files, and are stored on CDs which
accompany this report.
Environment

Climate
Climate data was obtained through Environment Canada weather stations.

Water properties
Information in currents, tides, dissolved oxygen from IOS (Dario Stucchi)
DO, salinity, temperature and Sigma T from Marine Harvest and Nicky Haigh
Salinity and sea surface temperature from BC Lighthouse Stations (some data
summarized by Mark Johannes)
Salinity, temperature and dissolved oxygen measures from Broughton fish farms
provided by the BCSFA (Norman Penton)
Water discharges from Environment Canada Hydrometric stations

Climate variations
Climate-ocean indices including LOD, ALPI, AFI, PDO from DFO (Jackie King) and
NOAA
Ecosystem Information

Fisheries
Invertebrate catches from DFO (Kevin Conley)
Herring catches from DFO (Jake Schweigert)
Groundfish catches from DFO (Catch Stats Unit-Laurie Biagini)
Salmon catches from DFO (Catch Stats Unit- Laurie Biagini, John Davidson)
Creel data from DFO (Pieter van Will)
Wild clam harvests from DFO (Randy Webb)
Fishways and spawning channels from DFO (Karl Wilson)
Area 8 chum information from DFO (Lyse Godbout)
Area 3-6 chum information from DFO (Brian Spilsted)
North coast pink and chum escapements from DFO (Matt Mortimer)
Pearsall Ecological Consulting
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Central coast pink and chum escapements from DFO (Barbara Spencer)
North and Central coast salmon catches from DFO (Mark Potyrala)
Pacific salmon escapement estimates from DFO (Pieter van Will) and NuSEDS (Eric
Grundmann)
Fraser River pink catches and escapements from the PSC (Bruce White)
and DFO (Pieter Van Will, Michael Folkes)
Fraser chum catch and escapements from DFO (Pieter Van Will, and Aleta Rushton)
Pink and chum salmon trends for Broughton Archipelago (Pieter Van Will)
Broughton hatchery enhancement data from DFO (Pieter Van Will and MAPSTER)
Fishery closure information from DFO (Glen Jamieson)
Shellfish closures from Env. Canada (Stewart Yee)
Rockfish conservation areas GIS files from DFO (Dwight McCullough)

Ecosystem components
Cetacean sightings from BC Cetacean Sightings Network, Vancouver Aquarium
(Bethany Lindsay).
Kelp beds from MOE (Barron Carswell)
Clam atlas from DFO (Kevin Conley)
Distributions of fish e.g. eulachon, herring spawn, Pacific salmon from DFO MAPSTER

Forestry
Watershed assessments from Interfor (Warren Warttig)
Watershed assessments and maps from BE Timber Sales (Colleen Wilmer)
Watershed assessments from Timberwest (Bruce Storry)
Watershed assessments and maps from Western Forest Products (Kerry McGourlick)
Log dump locations from Interfor
Log dump locations from Timberwest
Log dump locations from BCTS
Harvest data (area per decade) for various watersheds (Warren Warttig)
Condition class assessment from Nature Conservancy Canada (Sara Howard)
Aquaculture

Fish farms
Production data from BCMAL (summarized by Mark Johannes)
Actual production data by Company and License number from Oceans & Marine
Fisheries Branch, MOE (Carmen Matthews)
Stream assessments from Marine Harvest Canada
Harmful algae data from HAMP (Harmful Algae Monitoring Program) (Nicky Haigh)
Sea lice information from DFO (Brent Hargreaves, Simon Jones, Dick Beamish, Ruston
Sweeting,), CAHS (Sonja Saksida), SFU (Larry Dill, Paul Mages, Brendan Connors), UBC
(Amelia Grant, Colin Brauner, Tony Farrell), BCMAL and BCPSF
Fish health information from CAHS (Sonja Saksida)
Fish escape information from Atlantic Salmon Watch Program (Andy Thompson, DFO)
Benthic monitoring data from MoE (Bernie Taekema)
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Maps
Many maps were obtained from the DFO website, using MAPSTER v. 2.2
http://www-heb.pac.dfo-mpo.gc.ca/maps/maps-data_e.htm
Maps were also made from the Integrated Land Management Bureau’s Coastal Resource
Information management system (CRIMS)
http://ilmbwww.gov.bc.ca/cis/coastal/others/crimsindex.htm
Maps were obtained from the Living Oceans Society website:
http://www.livingoceans.org/maps/index.shtml
Many maps were also made from the Sensitive Habitat Inventory and Mapping (SHIM)
site: http://www.shim.bc.ca/shim/shim.htm
Several maps found within the Appendix of this document were found on the North
Island Straits website http://ilmbwww.gov.bc.ca/cis/coastal/planning/northisland.htm
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Introduction
This project was funded by the Pacific Salmon Forum. The objective of this project was
the development of a state of knowledge report of the historical data available for the
Broughton Archipelago region. The primary focus was to collect data on pink salmon
(Oncorhynchus gorbuscha) and chum salmon (Oncorhynchus keta) escapements,
commercial fish harvests, environmental changes and conditions in the region,
aquaculture production, benthic studies, waste management, fish escapes, hatchery
enhancement, sea lice, fishery closures, and logging. I also present pink and chum
salmon escapement trends for other areas in B.C. that have not been affected by fish
farms, to serve as a spatial comparison with the trends noted in the Broughton
Archipelago. This report is not intended as an exhaustive summary of all ecosystem
components in the Broughton. Known knowledge gaps are identified in the final
summary, and other possible data sources are identified.

Environment
Location And
And Topography
The Broughton Archipelago is situated to the south of Queen Charlotte Strait and
north of Johnstone Strait and is bounded to the east by about 550 km of British
Columbia mainland coastline (Figure 1). Topography of the Broughton Archipelago
varies from rugged to low relief landscapes (Terry et al., 2000). The Coast Ranges on
the mainland side provide very steep and high elevation topography. The archipelago
itself is coastal and made up of 2122 islands, islets and rocks, and many narrow passages.
The small islands produce a long shoreline of approximately 1700 km length, with a
variety of different types of habitat, including protected shores, highly exposed areas as
well as channels with high tidal current velocities. A satellite image of the region,
together with land use patterns is shown in Figure 2 (Ministry of Sustainable Resource
Management, 2002). The bathymetry of this region is shown in Figure 3. Within the
Broughton region are both coastal and shallow subtidal habitats, and the marine
environment is affected by a seasonal freshwater influence. Together, the high diversity
of habitats and strong tidal mixing result in a region of high biological productivity and
high biodiversity (Terry et al., 2000).
Associated with the archipelago are a number of fjords, including the Kingcome and
Knight Inlets, which are long, steep-sided channels that were originally formed by
glaciers. These fjords are supplied by rivers originating in ice fields of the Coast Ranges,
and run generally perpendicular to the coastline orientation (Booth, 1998). Fjords can
be classified by their depth (which may be greater than 500 m), height of sill, degree of
stratification, as well as extent of ice-coverage in the winter (Ardron et al., 2002; Booth,
1998). Most fjords display a stratified water column at certain times of year, and have an
estuarine circulation affected by freshwater input at the head of the inlet. Such inlets,
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for example Knight and Kingcome Inlets, are highly productive supporting salmon,
eulachon, waterfowl, bird and other wildlife (Ardron et al., 2002; Booth, 1998).
There are also a number of straits and channels around the Broughton area, including
Broughton Strait and Blackfish Sound, as well as banks and shoals within SE Queen
Charlotte Strait. Straits and channels are open-ended passageways that are affected
primarily by currents rather than waves, and where high mixing results in water that is
more marine than estuarine in nature, vertically homogenous, and highly oxygenated
(Thomson 1981; Ardron et al., 2002; Booth, 1998).
The area is sparsely populated. A large community lives in Port McNeill, on the
Vancouver Island side. There are also smaller communities, both permanent and
seasonal, in Sointula (Malcolm Island), Alert Bay (Cormorant Island), Hyde Creek,
Telegraph Cover and Echo Bay. There are a number of First Nations communities on
the islands in this region. On the mainland side, the largest community is found at the
river mouth of Kingcome Inlet. There are other larger First Nations communities on
reserves in Hopetown, and the mouth of Wakeman River (Figure 3) (Ministry of
Sustainable Resource Management, 2002).

Figure 1. Map of the Broughton Archipelago (From Williams et al. 2003).
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Figure 2. Satellite image of the area, showing the topography as well as land use patterns (as identified in
the NIS coastal plan).

Figure 3. Bathymetry of the Broughton Region (from Foreman et al. 2006).
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Oceanography
Marine regimes are characterized by changes in temperature, salinity, winds, waves,
tides, currents, and influxes of fresh water.
Thomson (1981) noted that there are strong tidal currents and mixing in Queen
Charlotte and Johnstone Straits. These currents affect the movement of water into and
out of the area, and thus result in variations in salinity, temperature, dissolved oxygen
and nutrient levels. These variations will have many direct impacts on the marine
ecosystem.
Dario Stucchi and Mike Foreman from DFO (Institute of Ocean Sciences) have carried
out some recent work to examine the physical and chemical attributes of the Broughton
area. This work has entailed some analysis of the long-term current meter
measurements that have been collected in the Broughton Region. Figure 4 shows the
location from which historical measurements of salinity and temperature have been
taken in the waters of this region at CTD stations that are monitored by IOS.
However, the lack of historical wind data has impeded the understanding of circulation
in the Broughton (Stucchi, pers. comm.).

Figure 4. Location of historical spring salinity and temperature observations within the study region.
(From Foreman et al. 2006).
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Circulation within the Broughton Archipelago is believed to be forced by a combination
of river and glacial runoff from rivers and streams, winds, and the strong tidal and
estuarine flows in Johnstone Strait and Queen Charlotte Strait (Thomson and Huggett,
1980; Foreman et al., 2006). Foreman et al. (2006) combined current meter
observations, conductivity-temperature-depth profiles and river discharges with two
numerical models to develop an understanding of the spring estuarine and tidal
circulation of the Broughton Archipelago. This work was done as part of a collaborative
project set up between Fisheries and Oceans Canada and Stolt Sea Farms in 2002 to try
to improve the impoverished state of oceanographic knowledge in the archipelago by
carrying out a numerical modeling exercise using historical oceanographic
measurements from the region.
Foreman et al. (2006) noted that although strong tidal currents exist in some parts of
the archipelago, the main means of transport is provided by estuarine flows resulting
from river and glacial run-off that bring low salinity waters over the higher salinity
waters. Mean seaward surface flows are driven by freshwater discharge: for example, a
strong estuarine surface flow is seen in Knight Inlet, and driven by discharge from the
Klinaklini River, the largest river in the region. Thus, the waters of the Broughton
Archipelago are strongly layered (stratified) with lighter freshwater at the surface and
denser saltwater at depth. This strong net seaward flow is often referred to as an
“estuarine circulation pattern”. Local winds are also believed to be important in forcing
of these circulation patterns.
However, detailed and long-term measurements of freshwater discharge into this region
are only available for the Klinaklini River. Thus, the model simulated the freshwater
input at the mouths of the smaller river systems by specifying discharges proportional to
the ratio of their watershed area relative to that of the Klinaklini. Additionally, wind
forcing could not be accurately specified for these models, since the only Environment
Canada weather stations are in Queen Charlotte or Johnstone Strait, and wind patterns
are expected to be strongly affected by the high, mountainous terrain of this region.
Stuccchi et al. (2005) note that the estuarine circulation in this region is thus modeled
using the average summer density field, which was derived from the climatology of the
temperature and salinity observations in the region. However, although there are many
observations of water properties in Knight Inlet and Queen Charlotte Strait (Figure 4),
there are very few from some of the major channels (e.g. Tribune Channel and Fife
Sound) of the archipelago and none at all for most of the minor passages and
embayments. Thus, their modeling of currents in these latter areas of the archipelago is
somewhat uncertain due to lack of specific data.
Figure 5 shows these modeled currents- there are strong tidal currents at the southern
end of Queen Charlotte Strait, the western end of Knight Inlet and Johnstone Strait, and
generally weaker currents in the shallower embayments and fjords of the archipelago
(Stucchi et al., 2005).
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Figure 5. Map of root-mean square (rms) vertically-averaged tidal currents in the Broughton Archipelago
and Queen Charlotte Strait and Johnstone Strait (from Stucchi et al. 2005)

One of the most important model findings showed that the main pathway for waterflow
through the archipelago appears to be through Fife Sound and Tribune Channel, rather
than directly up Knight Inlet, suggesting a strong role for Tribune Channel in linking the
circulations of Knight Inlet and QCS. This sub-surface movement of water from QCS
into Fife Sound and Tribune Channel likely plays an important role in the movement of
oxygen into aquaculture sites in the region. This model also suggested that the
estuarine surface flow splits into two different flows: one going down Tribune Channel
and Fife sound, and the other part going down Knight Inlet. This finding was consistent
with current meter observations in Fife Sound and Tribune Channel. It has been
suggested that this estuarine flow is important for both the migration of juvenile salmon
in their seaward journey, and the possible transport route for buoyant organisms, such
as sea lice, within the archipelago (Krkosek et al., 2005) and thus Foreman et al. (2006)
suggest that future work should aim to clarify the conditions under which this
bifurcation of flows strengthens or weakens. Foreman et al. (2006) note that these
surface flows could have important implications for the potential interactions such as
transfer of sea lice and viruses between farmed and wild salmon.
Stucchi et al. (2005) used particle tracking simulations based on numerical circulation
models to examine the potential role of water movement in moving pathogens (such as
viruses or sea lice from fish farms). This model showed that pathogens would be moved
seaward, but that distances traveled, the routes taken and dispersion of particles were
site specific, and varied with both tidal currents and mean surface flows. The distances
travelled during the two-day lifetime given for the viral particles varied between 3 and
33 km depending upon location of the release site. Brooks (2003) believed that pink
and chum entering the ocean at the head of Knight Inlet would not be strongly affected
by such particles if they were derived from salmon net pen sites 14-47 miles away.
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Again, model simplifications included the absence of wind-forced currents (which would
be expected to be high in magnitude and temporally variant as are tides and estuarine
flows) as well as the use of steady rather than variable estuarine flows and the lack of
behaviour (e.g. swimming) attributed to the particles (Brooks, 2003). However,
Krkosek et al. (2005) have developed a competing model that suggested that sea lice
would remain very close to fish farms in which they were being produced.
A search of the IOS database showed that there are data available for this region
(including salinity, temperature, chlorophyll, oxygen content etc), but these data are
better understood in the context of the modeling exercises carried out by Foreman and
Stucchi above, and thus do not make up part of the data collection for this report
(Stucchi, pers.comm.)

Meteorology
Wind and weather patterns along the west coast of Canada are controlled by the
intensity and location of two semi-permanent pressure cells: the Aleutian Low and the
North Pacific High (Ricker et al. 1989). The Aleutian Low increases in intensity from
August to December as the centre of the low moves southeast from the northern
Bering Sea to the Gulf of Alaska. It reaches maximum intensity in January, when its
centre shifts abruptly to the western Aleutian Islands. This system then begins to
weaken and has dissipated by July. The North Pacific High is present all year and
centered at approximately 30 to 40 degrees latitude off the California coast. This system
is most intense between June and August. These two systems together produce a
combined pressure system that results in characteristic wind patterns from late fall until
early spring. These winds move from southeast to southwest along the B.C. coast as the
air moves counterclockwise around the dominant Aleutian Low. Between May and
September, when the Aleutian Low is weak, and the North Pacific High is intense, there
is a clockwise movement of air and thus the winds are mainly from the northwest.
Winds that occur in directions other than those listed above, are the result of
temporary and transitional weather systems, such as the northeasterly winds that move
through the fjords during the winter due to the presence of continental high pressure
cells.
Wind And
A nd Waves / Exposure
Winds along the coast have an important influence on physical processes, by indirectly
controlling local wave climates. Southeasterly winds are dominant in the winter and
northwesterly winds in the summer (Figure 6). Environment Canada weather stations
are located only in Queen Charlotte Strait or Johnstone Strait, and thus it is difficult to
accurately determine wind forcing in the Broughton region. However, Davis Weather
stations have been installed since April 2007 at 9 different sites including two Marine
Harvest farm sites. The locations chosen for installation are on land, but were chosen
because they have high levels of exposure and thus they provide wind measurements
that are characteristic of open water areas. The data from these stations needs to be
downloaded very 6- weeks, and these data will be interpolated and extrapolated to the
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entire model domain so they can be used to drive a circulation model (Stucchi, in
Ackerman, 2008).
There are moderate to high waves and winds in Queen Charlotte Sound and the wind
fetch can vary between 300 to 1000 km. Conditions are more protected in Queen
Charlotte Strait, which has a more moderate exposure. In the Broughton Archipelago,
there are many bodies of land that reduce the wind effect, but at times, strong winds
may result from localized channeling of winds that occur when air masses become
constricted, for example, along channels between islands. The fjord inlets are generally
protected from cross winds but may experience strong outflow winds from the interior
of the province, particularly during the winter. In the summer, diurnal winds may be
created by the strong heating of air over adjacent land masses, even reaching gale force
levels on summer days, and later subsiding in the evenings (Ministry of Sustainable
Resource Management, 2002).

Figure 6. Wind Direction and Strength January (left) and July (right). (From Ministry of Sustainable
Resource Management, 2002).

River Discharge
Discharge
The main systems discharging from the Vancouver Island side are the Nimpkish,
Cluxewe and the Tsitika Rivers. These systems tend to flow throughout the year, with
peak flows normally occurring during the winter due to winter precipitation. On the
mainland side, the streams are largely fed by Coast Range ice caps and snow melt and
are subject to high spring flows in spring. As noted in the oceanography section, these
high discharges can result in layers of fresh water over saltwater in the marine
environment, particularly in constrained areas such as narrow inlets. Even in locations
that are not constrained by inlets, outflows from major rivers such as the Nimpkish can
have strong impacts on the salinity of the seawater near their estuaries (Ministry of
Sustainable Resource Management, 2002).
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The three major rivers of the Broughton region on the mainland side are the Klinaklini,
Kingcome and Wakeman Rivers. The Klinaklini River is the largest river in the region,
and is the only major river in the region that had been gauged by Environment Canada
for more than one year. This river, together with the Franklin River, drains into Knight
Inlet. Deep water properties of Knight Inlet have been studied by Dario Stucchi of IOS.
The Klinaklini drains an interior watershed (~ 5780km2) containing several permanent
ice fields (Stucchi, IOS web site). The total mean annual freshwater flow into Knight
3 -1
3 -1
Inlet is estimated at approximately 410m s of which 293 m s is from the Klinaklini
River (Trites, 1955; Stucchi, IOS web site). The discharge for the Klinaklini generally
peaks in July from snow and ice melt, and is the main source of freshwater responsible
for the low salinity surface waters of Knight Inlet and upper Tribune Channel. Klinaklini
discharge is lowest in the winter when most of the precipitation is stored as snow in the
higher elevations of the watershed. The discharges for this river in m3 per second
between 1997-2006 are given in Figure 7 below.
Mean, Maximum and Minimum discharges Klinaklini River
1977-2006
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Figure 7. Average river discharge in cubic metres per second (1977-2006), and maximum and minimum
discharges for the Klinaklini River. (Data from Environment Canada).

All of the other major rivers flowing into the region are ungauged except for the
Kingcome and Wakeman Rivers which were both gauged in 2006, thus data for these
systems have only been available since early 2007. However, Foreman et al. (2006)
suggested that the discharges from the Kingcome, Wakemen, Kakweikan and Ahta
Rivers may be assumed to follow the same patterns as shown for the Klinaklini River,
with values relative to their approximate watershed areas relative to the Klinaklini
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(given as 25%, 20%, 10% and 5%, respectively). However, differences in the amount of
glacial input could affect these estimates (Brooks, 2003).
A map showing the location of hydrometric stations in the Broughton region is given in
Figure 8 below. All of these stations, (except Kingcome, Wakeman, Klinaklini,
Thompson Creek and Kippan Creek) are currently inactive. Some of the stations were
only gauged for very short periods of time and little information is available for these.
For others that were gauged for longer, the information from the Environment Canada
website included mean monthly discharges, and the months of extreme flows (minimum
and maximum) for each year that data were available from these stations. Data for these
stations is provided on disk under “Hydrometric
Hydrometric Data”
Data and in Appendix 1
“Environment
Environment”.
Environment

Figure 8. Hydrometric stations within the Broughton Archipelago. Note that only station 08GE002
(Klinaklini River), 08GF006 (Thompson Creek at McAllister Sound) and 08GF006 (Kippan Creek Near the
Mouth) are active. All the other stations are inactive.

Average annual discharges are plotted below for the Klinaklini, Thompson Creek and
Kippan Creek (Figures 9-11). The discharges on the two creek systems are very minor
and will not be considered any further. Average annual discharge in the Klinaklini
appears to have increased between 2000 and 2005, with a drop in 2006 (Figure 9).
Spring discharges were compared for 2000-2006 in this system, and were lower in 2000
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and 2001 than the other years (Figure 12). Daily discharges for this system are also
provided on the CD under “Water
Water Properties/Hydrometric Data”.
Data ”.
The Klinaklini River provides the greatest freshwater influx in the Broughton. No online
information is yet available for the Kingcome or Wakemen (monitored since March
2006) but the Kingcome provide the 2nd main freshwater input (Stucchi, pers.comm.)
(Figure 13).
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Figure 9. Average annual discharge (cubic meters per second) for the Klinaklini River. Bars shown are the
standard errors. (Data from Environment Canada).
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Figure 10. Average annual discharge (cubic meters per second) for Thompson Creek. Bars shown are the
standard errors. (Data from Environment Canada).
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Average Annual Discharge Kippan Creek
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Figure 11. Average annual discharge (cubic meters per second) for Kippan Creek. Bars shown are the
standard errors. (Data from Environment Canada).
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Figure 12. Average monthly discharge data (cubic meters per second) for the Klinaklini River 2000-2006.
(Data from Environment Canada).
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Figure 13. Discharge measurements for the different rivers gauged in the Broughton Archipelago during
2006 (from Ackerman, 2008).

Discharge data is also available for the Vancouver Island streams, including the
Nimpkish, Salmon, and Tsitika. Figures 14-16 show the discharges from these systems.
Data for these streams is also provided on disk under “Water
Water Properties/Hydrometric
Properties Hydrometric
Data”.
Data
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Figure 14. Nimpkish River daily flow data (cubic meters per second). (Data from Environment Canada).
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Salmon River Riverflow Data
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Figure 15. Salmon River daily flow data (cubic meters per second). (Data from Environment Canada).
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Figure 16. Tsitika River daily flow data (cubic meters per second). (Data from Environment Canada).
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Water Properties:
P roperties: Temperature And
A nd Salinity
Salinity affects the types of organisms that can survive in a marine environment. This is
important for the choice of aquaculture developments, since low salinity (due to excess
freshwater runoff) can seriously affect the viability of an operation. Conversely, high
levels of freshwater runoff may be positive for a log handling site, since this will create a
less than optimal environment for sea worms and other wood borers (Ministry of
Sustainable Development, 2002).
In the northeast Pacific, the density of seawater is determined mainly by salinity rather
than temperature. However, water temperatures can vary both spatially and seasonally,
and particularly in protected waters. There are three distinct vertical salinity layers in
the NE Pacific: the upper zone, the permanent halocline and the lower layer. The upper
zone extends to about 100 m, at which point one finds the halocline, and the lower
layer continues down to about 200 m depth. However, this pattern is more variable in
coastal inlets and waterways. Within inlets, the salinity may approach zero when runoff
from the rivers is high, which can occur in the spring, and the dilute surface layer may be
up to 5 m thick. In Johnstone Strait and Queen Charlotte Strait, the waters are fairly
uniform due to current induced mechanical mixing. In these straits, the salinities may
vary by only about 0.2 ppt and temperatures by only 0.10C between the top and
bottom.
Near surface salinities and temperatures show spatial and temporal variability which can
be correlated with river discharge, mixing from winds and tides, and atmospheric
heating. In the spring, the surface salinities and temperatures generally increase as one
moves seaward from inlets. Salinity generally does not reach 30 ‰ (parts per thousand)
until one moves out from the mainland coast into Queen Charlotte and Johnstone
Straits. In the Broughton Archipelago and outer reaches of Knight Inlet, these higher
salinity waters are only found at higher depths (5 to 15 m) of the water column.
Average spring surface temperatures range from 12°C near the heads of inlets to less
than 9°C in Queen Charlotte Strait and are lower with increases in depth (Thomson,
1980, Ministry of Sustainable Development, 2002).
As mentioned previously, CTD stations exist within the archipelago, and these data are
collected and stored by IOS. Data have been collected between 1951 and the present in
the historical spring (April-June) CTD sites (Figure 4 above). As noted earlier, many
observations are taken in Queen Charlotte Strait and Knight Inlet, a few in some of the
major channels such as Tribune Channel and Fife Sound, but none from the smaller
passages and embayments. Salinity and sea surface temperature measurements are also
taken from a number of Pacific Coast lighthouse stations (Figure 17). There are no
lighthouse stations within the Broughton Archipelago. Given below are the trends in
temperature and salinity at Pine and Egg Island lighthouse stations (Figure 18-20). The
data for these stations is on the data CD under “Water
Water Properties/Lighthouse
Stations”.
Stations
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Pine Island lighthouse station is located closest to the Broughton Archipelago, but both
Pine Island and Egg Island stations are located in very different oceanographic regimes
than found in the archipelago itself. The patterns in salinity and temperature also appear
to vary between these two stations. Salinities appeared to be very low in the late 90’s at
Pine Island, and have increased since that time. Salinity appears to have declined since
2000 at Egg Island, but not at Pine Island. However, sea surface temperatures appeared
high at both locations in the late 1990s, dropping at around 1997 at both locations and
increasing again since 2001 at Egg Island, and 2003 at Pine Island. More useful and local
measures of salinity and temperature may be provided by the work done within the
archipelago by fish farm workers and forestry companies.
Foreman et al. (2006) removed any bad data (data more than 2 standard deviations from
the mean) from the CTD dataset for the Broughton Archipelago for 1951-2003, and
interpolated the observations to a 3D model grid using a Kriging method and final
smoothing of observations. The resultant surface salinity and temperature fields are
shown in Figure 21. Salinities are generally higher as one moves seaward (as to be
expected) but unfortunately, the patterns for temperature are less clear (due to lack of
observations and both short- (tidal) and long-term (interannual) variability).

Figure 17. Location of B.C. lighthouse stations (active and inactive). (From http://www.pac.dfompo.gc.ca/sci/OSAP/data/SearchTools/displaylight_e.htm)
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Figure 18. Mean sea-surface salinity measurements made at West Coast lighthouse stations. A. Egg Island,
and B. Pine Island. (Data from http://www.pac.dfompo.gc.ca/sci/OSAP/data/SearchTools/Searchlighthouse_e.htm#)
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A.

Egg Island Surface Water Temperature
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Figure 19. Mean sea-surface temperature measurements made at West Coast lighthouse stations. A. Egg
Island, and B. Pine Island. (Data from http://www.pac.dfompo.gc.ca/sci/OSAP/data/SearchTools/Searchlighthouse_e.htm#)
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A.

Egg Island - Spring (Mar, Apr, May)
and Fall (Aug, Sept, Oct) Temperatures
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Figure 20. Spring and Fall Sea Surface Temperatures as coincident with periods of juvenile migration and
adult spawning at A. Egg Island and B. Pine Island. (Data from http://www.pac.dfompo.gc.ca/sci/OSAP/data/SearchTools/Searchlighthouse_e.htm#)
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Figure 21. Smoothed, average surface spring a) temperatures (oC) and b) salinities (psu). From Foreman
et al. (2006).

What is the relationship between currents and salinity? As mentioned, Stucchi et al.
(2005) noted that surface currents and salinities in the Broughton Archipelago are
greatly affected by the large quantities of freshwater derived from the Klinaklini and
Franklin Rivers at the head of Knights Inlet (Work by Stucchi and Foreman, summarized
by Brooks, 2003). The amount of freshwater moving out through Knight’s Inlet is
increased greatly by rain in the late winter and spring and by glacial melt in mid to late
summer. A portion of this reduced salinity flow enters Tribune Channel at Viscount
Island and flows northward, and will eventually head west through Fife Sound at net
current speeds of 8 to 12 cm/sec (Brooks, 2003). This westward net surface flow is
balanced by a thick layer of inflowing water within 20 to 40 m of the bottom. Thus,
surface currents in the Broughton Archipelago (at least to about 40 m depth) are often
of low salinity and tend to flow east to west toward Johnson Strait, Blackfish Sound and
Queen Charlotte Strait. Table 3 provides net current vectors observed at 15 m water
depths for most Stolt Sea Farm tenures in the Broughton Archipelago (from Brooks,
2003). Most follow the general east to west patterns described by Stucchi et al. 2005
but the many islands and complicated coastlines act to create many small-scale effects
(Brooks, 2003).
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Table 1. Net surface (15 m deep) current vectors at 18 Stolt Sea Farm tenures in the Broughton
Archipelago. The vectors indicate the direction and speed that seston (including lice nauplii) would be
displaced from the farm. The date at which a typical water temperature was extracted from the data
provides an indication of the 30 day period in which the meter was deployed at the farm. (From Brooks,
2003 ).

Water Properties:
P roperties: Oxygen Profiles
Stucchi (2002) examined wide-area and near-field dissolved oxygen (DO) variations in
the Broughton Archipelago. He stated that there are not enough data for the
Broughton Archipelago and Kingcome Inlet to be able to develop a long-term
climatology of water property variations. In 2001 he collected individual profiles in this
region, and noted that DO profiles showed that the high level of mixing in Queen
Charlotte Strait resulted in similar mixing of water in the main channels such as Fife
Sound, outer Knight Inlet, Wells Passage and Tribune Channel (Figure 22). However, in
more inland locations, such as Kingcome Inlet, the profiles were more stratified as a
result of blocking sills. Most of the aquaculture operations are in locations that are
affected by the oceanography (and high levels of mixing) of QCS, but some are in the
stratified waters of Kingcome Inlet. Stucchi (2002) also compared seasonal variations of
DO in QCS by examined 500 historical (last 50 years) DO profiles. He noted that DO
profiles are lowest in the summer and highest in the winter, and that the former was a
cause for concern for the salmon aquaculture industry. Stratification of waters also
varies seasonally, with high levels of mixing, or at least low levels of stratification during
the winter, and conversely, low levels of mixing and high stratification during the
summer, when DO levels are particularly low near the bottom. In late summer/early
fall, these low DO waters are brought towards the continental shelf by the action of
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winds, and are drawn into the Broughton region by active estuarine flows in Johnstone
and Queen Charlotte Strait.

Figure 22. Dissolved oxygen levels in the Queen Charlotte Strait Region (mg/l). (From Stucchi, 2002).

Other Sources Of
Of Environmental Data
Sweeten (2004) reports on a study that was carried out on the Glendale River
This work was carried out in 1998, as part of a study to observe the effects of high
water temperature on the maturation of salmonid adults and egg development. Water
temperature loggers were used to determine the temperature regime in the Glendale
River system. Water temperatures were recorded every 15 minutes at the head of the
Glendale spawning channel and the outlet of Glendale Lake. Temperature data from
October 1998 to November 2003 were summarized for the Glendale spawning channel,
and from October 2000 to October 2003 for the outlet of Glendale Lake. The data are
presented in both daily and monthly mean, minimum and maximum formats (Figures 23
and 24). Sweeten (2004) did not carry out any analysis of these data, but the figures
show that maximum and minimum temperatures appeared to be increasing in these
systems over the course of the study.
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Figure 23. Temperature data October 2000 to October 2003 for the outlet of Glendale Lake. (From
Sweeten, 2001).

Figure 24. Temperature data for October 1998 to November 2003 for the Glendale spawning channel.
(From Sweeten, 2001).
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The B.C. Salmon Farmers Association (BCSFA) provided the Pacific Salmon Forum with
environmental data for the years 2004-2007. These data were provided to the BCSFA
by each fish farm within the Broughton Archipelago. These PDF files of monthly values
for water temperatures, dissolved oxygen (DO) and salinity measures taken at farms
between November 2004 and December 2007 can be found in Appendix 1. Examples of
the types of graphs that can be made by farm are shown below (Figures 25-39). Low
levels of summer salinity, high summer temperatures and reduced winter DO are a
common feature of these data records for many of the farms. In 2005, mean monthly
0
0
temperatures in farms varied between 5 and 16 C at 0-1 m depths, and 6-14 C at 5 m
depths. Dissolved oxygen varied between a low of 5 ppm and a peak of 14 ppm at both
0-1 and 5 m depths. Meanwhile salinity varied between 8 ppt and 33 ppt at 0-1 m depth,
and between 22 ppt and 34 ppt at 5 m depth. In 2006, mean monthly temperatures
varied between 6 and 160C at 0-1 m depths, and 6 and 130C at 5 m depths. Dissolved
oxygen varied between a low of 5 ppm and a peak of 12 ppm at 0-1 m depth, and
between 5 ppm and 11 ppm at 5 m depths. Meanwhile salinity varied between 10 ppt
and 34 ppt at 0-1 m depth, and between 11 ppt and 34 ppt at 5 m depth. Complete
data series were not available for the complete years for 2004 and 2007, so
comparisons were not made for those years.
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Figure 25. Water temperatures measured at 0-1m and 5m depths at Burdwood Farm in the Broughton
Archipelago from January –December 2005. (Data from BCSFA).
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Burdwood Dissolved Oxygen 2005
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Figure 26. Dissolved oxygen (ppm) measured at 0-1m and 5m depths at Burdwood Farm in the Broughton
Archipelago from January –December 2005. (Data from BCSFA).

Burdwood Salinity 2005
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Figure 27. Salinity measured at 0-1m and 5m depths at Burdwood Farm in the Broughton Archipelago
from January –December 2005. (Data from BCSFA).
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Cecil Temperatures 2005
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Figure 28. Water temperatures measured at 0-1m and 5m depths at Cecil Farm in the Broughton
Archipelago from January –December 2005. (Data from BCSFA).

Cecil Dissolved Oxygen 2005
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Figure 29. Dissolved oxygen measured at 0-1m and 5m depths at Cecil Farm in the Broughton
Archipelago from January –December 2005. (Data from BCSFA).
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Cecil Salinity 2005
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Figure 30. Salinity measured at 0-1m and 5m depths at Cecil Farm in the Broughton Archipelago from
January –December 2005. (Data from BCSFA).

Simmonds Temperatures 2005
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Figure 31. Water temperatures measured at 0-1m and 5m depths at Simmonds Farm in the Broughton
Archipelago from January –December 2005. (Data from BCSFA).
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Simmonds Dissolved Oxygen 2005
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Figure 32. Dissolved oxygen measured at 0-1m and 5m depths at Simmonds Farm in the Broughton
Archipelago from January –December 2005. (Data from BCSFA).
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Figure 33. Salinity measured at 0-1m and 5m depths at Simmonds Farm in the Broughton Archipelago
from January –December 2005. (Data from BCSFA).
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Humphrey Temperatures 2006
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Figure 34. Water temperatures measured at 0-1m and 5m depths at Humphrey Farm in the Broughton
Archipelago from January –December 2006. (Data from BCSFA).
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Figure 35. Dissolved oxygen measured at 0-1m and 5m depths at Humphrey Farm in the Broughton
Archipelago from January –December 2006. (Data from BCSFA).
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Humphrey Salinity 2006
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Figure 36. Salinity measured at 0-1m and 5m depths at Humphrey Farm in the Broughton Archipelago
from January –December 2006. (Data from BCSFA).

Sir Edmund Temperatures 2006
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Figure 37. Water temperatures measured at 0-1m and 5m depths at Sir Edmund Bay Farm in the
Broughton Archipelago from January –December 2006. (Data from BCSFA).
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Sir Edmund Dissolved Oxygen 2006
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Figure 38. Dissolved oxygen measured at 0-1m and 5m depths at Sir Edmund Bay Farm in the Broughton
Archipelago from January –December 2006. (Data from BCSFA).
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Figure 39. Salinity measured at 0-1m and 5m depths at Sir Edmund Bay Farm in the Broughton
Archipelago from January –December 2006. (Data from BCSFA).

Marine Harvest Canada posts online their information of environmental conditions at
the farms, namely temperature and salinity. On their website, they note that sea lice
benefit from warmer water temperatures and higher levels of salinity. At other times,
there may be conditions that result in plankton blooms (Marine Harvest Canada
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website: www.marineharvestcanada-westcoast.com/). They note that the appearance of
harmful species of algae can have serious negative impacts on fish farms.
The following graphs were available on the Marine Harvest website:
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Figure 40: Graphs of Temperature and Salinity at a variety of Stolt Sea Farms Monitoring sites: Glacier
Bay, Sargeaunt Pass, Midsummer Island and Viner Sound. (From Marine Harvest Canada website).

Measures of temperature and salinity have been used in some discussion of the effects
of these environmental factors on sea lice in the Broughton Archipelago. It is generally
accepted that salinity affects sea lice (Johnson and Albright, 1991). Brooks (2003)
showed salinity at depths of one and five meters at Stolt’s Humphrey Rocks salmon farm
during 2002 (Figure 41). He highlighted the salinity of 30o/oo on this figure, since
development and survival of the sea louse Lepeophtheirus salmonis copepodids has been
reported to be compromised below this level (Johnson and Albright, 1991; Brooks,
2003; Bricknell et al. 2003). However, this relationship has been disputed (Krkosek et al.
2005; Morton et al. 2005). Brooks noted that after May, copepodid development may
have been inhibited by the low salinities, which were less than 30 o/oo for most of the
remainder of the summer and early fall. These data also show the influence of
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freshwater flows on salinity levels during the spring and late summer in Tribune
Channel. However, Krkosek et al. (2005) have stated that their interpretation of the
literature suggests that salinities ranging from 25 to 30‰ are actually suitable for
copepodid development and survival.

Figure 41. Salinity at depths of one and five meters at Stolt’s Humphrey Rocks salmon farm during 2002
(From Brooks, 2003).

Jones (pers. comm., and in Ackerman, 2008) stated that salinity and temperature data
for 2003-2006 showed that there were particularly high temperatures and salinity during
2004 which could be related to high sea lice abundance and survival that year. High
levels of sea lice on juvenile fish in 2004 were noted during the DFO sea lice program,
especially in comparison to sea lice prevalence during the other years.
Haigh (1999, 2000, 2001, 2002, 2003) reports on the Harmful Algae Monitoring
Program (HAMP). This program was begun in 1999 and continues to the present.
Published data reports are only available for 1999-2003 however. Information and data
for harmful algae will be considered in the “Ecosystem” section. She also provides
details on some of the environmental monitoring data that fish farms within the
Broughton region provided to the HAMP program. This includes Temperature, Salinity,
Sigma-T and Dissolved Oxygen. Some studies also examined nutrient concentrations.
Any data available are provided below (Figures 42-47). The numbers of stations
providing her with data each year varied. Note that Sigma T is basically the density of
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seawater. The density of seawater at atmospheric pressure usually varies between 1025
and 1028 kilograms per cubic meter, and since the variability is so small, oceanographers
typically subtract of 1000 to get a value between 25 and 28.

Figure 42. 2000 HAMP program data for Simoom Sound nutrient concentrations.
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Figure 43. 2000 HAMP program data for Boughy Bay nutrient concentrations.
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Figure 44. 2001 HAMP program environmental data for Shelter Bay.
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Figure 45. 2001 HAMP program environmental data for Greenway Sound.
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Figure 46. 2001 HAMP program nutrient data for Boughy Bay.
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Figure 47. 2002 HAMP program environmental monitoring data for Viner Sound.
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Deep Inlet Studies In The
T he Broughton Archipelago
A huge number of studies have been carried out in Knight Inlet, on many aspects of
oceanography. Several studies have focused on the dynamics of the energetic stratified
flow over the sill of Knight Inlet (Farmer and Smith 1980, Stacey and Pond 1992) and the
implications that this has for mixing and estuarine circulation (Freeland and Farmer
1980). Dario Stucchi (IOS) has been working on examining long-term trends in water
properties of deep inlets. He has examined the water properties of Knight Inlet, which
is the huge inlet into which the Klinaklini River drains. The oceanography and
topography of this inlet has also been studied extensively by many scientists. Figure 48
shows the depth of the outer and inner basin of this inlet.

Figure 48. Location of Knight Inlet and depth of the outer and inner basin of this inlet. (From Stucchi web
pages http://www.pac.dfo-mpo.gc.ca/sci/osap/projects/bcinlets/default_e.htm on IOS website).

Runoff
There are two main rivers that discharge into Knight Inlet, the Klinaklini and Franklin,
and both enter at the head of the inlet. The Klinaklini, the largest river, drains a large
interior watershed (approximately ~ 5780 km2) which contains several permanent ice
fields. Trites (1955) estimated the total mean annual freshwater flow into the inlet to
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be approximately 410 m s of which 293 m s is from the Klinaklini River. The runoff
into Knight Inlet is highly seasonal, and peaks in July because of snow and ice melt from
the interior watershed (Figure 12 above). The lowest discharge occurs in the winter
months because most of the precipitation is stored as snow in the higher elevations of
the watershed.
Deep Water Renewal And Salinity And
A nd Temperature Trends
The deep water renewal cycle in both the inner and outer basins has been studied using
observations collected during an intensive sampling period between 1977 and 1979
(Stacey, 1985). In the larger and deeper inner basin, the renewal of the deepest waters
(300 m to the bottom) begins in early summer (May-June) and continues through to late
fall (October-November). The deep water dissolved oxygen levels are relatively high
(~3 ml/l), which indicate that there are frequent renewals which result in a large portion
of the deep waters being exchanged.
The time series of the deep water temperatures and salinities in this inlet do show
annual signals: ~ 0.4 °C for temperature and ~ 0.1 PSU for salinity, which complicate an
analysis of any possible trends (Pickard, 1975). However Stucchi notes that it is possible
that there is a temperature trend with possible warming, since the warmest deep water
temperatures ever were noticed in 1999. The coldest waters were observed in 1979,
and this was synchronous with other cold water events that were also apparent in Bute
and Jervis Inlets. No trends in either salinity or dissolved oxygen levels have been
noticed (Figures 49-51).

Figure 49. Deep water temperatures in Knight Inlet 1952-1999. (From Stucchi, IOS website)
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Figure 50. Deep water salinities in Knight Inlet 1952-1999. (From Stucchi, IOS website)

Figure 51. Deep water dissolved oxygen in Knight Inlet 1952-1999. (From Stucchi, IOS website)
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Climatology
Climatology
The climate of this region is temperate in nature, with cool summers and mild, wet
winters. Within the channels and inlets that are farther from the moderating influence of
the ocean, temperatures vary more widely, and this results in colder winters and
warmer summers than the more coastal locations.
Environment Canada has monitored a number of stations in the area, and some time
series records exist of temperature and precipitation. Many of these stations are no
longer in service, so the time series are sometimes quite short. The only station that is
still collecting information is at Port Hardy Airport, however, all of the time series
trends of air temperature, precipitation and snow will be provided here on the data CD
under “Climate
Climate”.
Climate
Figure 52 shows the location of active and inactive climate, hydrometric and water
quality stations in the Broughton area.

Figure 52. Active and Inactive Climate Stations. (From Environment Canada website
http://scitech.pyr.ec.gc.ca/climhydro/mainContent/station_search_simple_e.asp).

The climate stations listed from the Environment Canada website that were located
within 50 km of Broughton Island are shown in Table 2. This table shows the data
interval and the time when the data series ends for any particular station. The blank
boxes for Alert Bay and Port Hardy Airport signify that these are the only two active
climate stations within 50 km of the Broughton.
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Table 2. Climate stations located within 50 km of Broughton Island. (From Environment Canada website
http://scitech.pyr.ec.gc.ca/climhydro/mainContent/station_search_simple_e.asp).
Station

Prov

Data Interval

Day

Month

Year

Go
ALERT BAY

BC

Daily

21

Feb

EAST CRACROFT ISL

BC

Daily

30

Apr

1995

KINGCOME INLET

BC

Daily

31

Oct

1985

MINSTREL ISLAND

BC

Daily

31

Aug

1985

PORT HARDY A

BC

Daily

17

Jun

PORT MCNEILL

BC

Daily

31

Jul

1982

SHAWL BAY

BC

Daily

30

Jun

1978

SWANSON BAY

BC

Daily

30

Jun

1913

THOMPSON SOUND

BC

Daily

31

Dec

1976

Go

Go

Go

Go

Go

Go

Go

Go

Temperature and precipitation data for Port Hardy Airport are shown in Figures 53-54.
In addition, graphs comparing the precipitation data for 2000, 2001 and 2002 to long
term averages for Port Hardy are given (Figures 53-57). There has been some discussion
in the literature that low precipitation levels in the fall during 2000 and spring of 2001
may have led to lowered water levels in some Broughton watersheds that would have
led to losses of pink salmon alevins (Brooks, 2003). It has also been suggested that
reduced rainfall during the winter of 2000 -2001 may have led to reduced snow pack in
Broughton watersheds, with loss of insulating snow pack on surface waters resulting in
freezing and reduced dissolved oxygen in pore water. More information would be
required on snow pack conditions in this region to determine whether this was actually
Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

61

the case of not. However, DFO (2003) reported a suspension of freshwater salmon fry
collecting in the Klinaklini and Devereux Rivers due to the rivers being frozen between
March 2 and 8, 2003.
Port Hardy Airport Monthly Mean Temp °C

Temperature (Degrees Centigrade)

20

15

10

5

0
1
1
-1
-3
-3
-5
-5
-7
-9
-1
-1
-3
-5
-7
-7
-9
-1
-1
44
48
52
56
73
77
81
85
02
06
60
69
94
98
64
89
19
19
19
19
19
19
19
19
19
19
19
19
20
20
19
19

-5

Figure 53. Port Hardy A Monthly Mean Temperature 1944-2006. (Data from Environment Canada).
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Figure 54. Port Hardy A Monthly Total Precipitation 1944-2006. (Data from Environment Canada).
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Monthly Precipitation Port Hardy in 2000 compared to 63 year
Average (1944-2007)
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Figure 55. Monthly precipitation levels in Port Hardy A in 2000 as compared to the 63-year average
(1944-2007) for this region. Standard error bars are given for the 63 year series. (Data from Environment
Canada).

Monthly Precipitation Port Hardy in 2001 compared to 63 year
Average (1944-2007)
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Figure 56. Monthly precipitation levels in Port Hardy A in 2001 as compared to the 63-year average
(1944-2007) for this region. Standard error bars are given for the 63 year series. (Data from Environment
Canada).
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Monthly Precipitation Port Hardy in 2002 compared to 63 year
Average (1944-2007)
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Figure 57. Monthly precipitation levels in Port Hardy A in 2002 as compared to the 63-year average
(1944-2007) for this region. Standard error bars are given for the 63 year series. (Data from Environment
Canada).

Climate Change
Global climate change and climate oscillations can have major effects on Pacific salmon
populations. It has already been shown that the last decade has been the warmest in
over a thousand years. Additionally, the North Pacific Ocean is a complicated region,
both oceanographically and ecologically. A large number of climate indices have been
assembled by various scientists. Although these data are not specific to the Broughton, it
is important to include these climate trends and indicators. Gilkeson et al. (2006) note
that many projected and in some cases, already apparent, changes that will result from
climate change include:
•
•
•
•
•

increasing frequency and severity of extreme weather, such as heat waves,
drought, and high-intensity rainfall;
changes in the timing of river flow and water volume;
shrinking and loss of mountain glaciers and snow packs,
rising sea level, which has increased about 15–20 cm world-wide during the 20th
century;
alteration of ocean temperature, salinity, and density, which may in turn affect
ocean circulation and productivity.
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Climate is the main factor controlling the global pattern of ecosystems and distribution
of plants and animals. As physical processes change, there will undoubtedly be large
scale changes in ecosystems. Gilkeson et al. (2006) give the example that a shift in the
pattern of river flow would have effects on biological processes which are sensitive to
the timing and quantity of freshwater input, for example, fish migration and spawning.
They list the following proposed impacts of climate change on ecosystems. Changes
would include:
•
•
•
•

ecosystem structure, such as the predominant vegetation, species composition,
and distribution of age classes;
ecosystem function, including productivity, nutrient cycling, and water flows;
distribution of ecosystems within and across the landscape;
patterns of disturbance, such as fires, insect and disease infestations, and invasion
by alien species.

Several different regimes or environmental conditions have recently been identified.
They include the following:
• El Niño–Southern Oscillation (ENSO)
• Pacific Decadal Oscillation (PDO)
• North Pacific Gridded Optimally Interpolated Sea Surface Temperature (SST)
• Sea Level Pressure (SLP)
The El Niño Southern Oscillation (ENSO) phenomenon is related to shifts in tropical air
pressure that change temperature and precipitation patterns along the West Coast
every few years. In British Columbia an El Niño event is generally associated with a
warmer winter with below-average precipitation, whereas La Niña events are associated
with a cooler winter with above-average precipitation.
During ENSO events the southerly portions of the North Pacific warm up, resulting in
poor ocean survival for salmon. This occurred in 1957, 1983, and 1997, and appeared to
be related to very poor salmon returns. These events occur every 2-7 years and recent
models have allowed for prediction of ENSO events a year or more in advance.
Based on analyses of temperature, pressure, tree ring, and salmon catch records, several
researchers have hypothesized that other shifts in climate regime have occurred in the
North Pacific during the last century. These climate regime shifts have been termed the
Pacific Decadal Oscillation or “PDO.” The Pacific Decadal Oscillation is a poorly
understood natural cycling of warm and cool phases in the sea surface temperatures of
the Pacific Ocean. The PDO appears to affect the BC climate over a 50- to 60-year
cycle (Moore et al., 2002), spending roughly 20 to 30 years in each phase. In British
Columbia, the warm phase of the PDO is generally associated with above-average air
and ocean surface temperatures and below-average springtime snow pack (Gilkeson et
al., 2006). This index is shown in Figure 58.
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PDO regimes have been correlated with:
• above average salmon production from 1925–1946
• lower salmon production and disappearance of pilchards from the BC coast from
1947–1976
• a recovery in salmon populations from 1977–1988
• lower salmon returns to the Fraser River from 1989–1998.

Figure 58. PDO Index 1900-2008 (from http://jisao.washington.edu/pdo/).

Positive PDO values (coloured orange above) correspond to warm SST along the west
coast of the Americas, and cool SST in the central North Pacific, with low winter sea
level pressure (SLP) over the North Pacific producing strong counter-clockwise winds.
Meanwhile, negative PDO values (coloured blue above) correspond to the opposite
spatial patterns (Mantua and Hare, 2002). There were abrupt switches in the sign of the
PDO index around 1925, 1947, and 1976/1977 which indicated the occurrence of
regime shifts between periods of relatively stable climate.
Both the PDO and ENSO similarly influence sea surface temperatures, sea level
pressure, and surface winds. However, the most obvious difference between the two is
the time scale. ENSO events may persist over the course of a year, while the PDO
signature can last up to 30 years (Mantua, 2001). ENSO events generally affect lower
latitude climates, with secondary effects felt in the North Pacific, while the PDO mainly
affects the North Pacific, with secondary effects near the equator (Mantua, 2001). A
positive PDO results in climate and circulation patterns that are very similar to El Niño,
while a negative PDO results in climate and circulation patterns similar to La Niña
(Gershunov and Barnett, 1998). Many studies have examined the relationship between
these two indices. Gershunov and Barnett (1998) noted that the PDO has a generally
modulating effect on the climate patterns resulting from ENSO.
Studies have shown that these decadal-scale climate regime shifts result in taxonomic
reorganization of entire ecosystems (e.g. Anderson and Piatt, 1999; Beaugrand, 2004).
Although there is some ability to forecast annual-scale ENSO events (e.g. Mantua and
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Hare, 2002), there is no ability to forecast such decadal-scale variability. Not only is
there little understanding with regards to the mechanisms that drive such regime shifts,
but the links with biological systems is also poorly understood. However, Mantua et al.
(1997) linked a principal components analysis of Pacific Ocean surface temperatures
from November through March with the production of Pacific salmon along the west
coast of North America. Their Pacific Decadal Oscillation Index reflected the 1925,
1947, 1977 and 1989 climate regime shifts and they also showed synchronous shifts in
fish production. Other biological responses to PDO have been noted, including changes
to marine phytoplankton productivity, zooplankton productivity and fish productivity.
Linkages between these oceanic physical processes and salmon production are poorly
understood but probably occur early in the life stages of marine organisms as they move
from freshwater to nearshore marine systems. There was a weaker climate regime shift
in 1989 but this was not a reversal of the PDO signal, and did not appear to result in
such large-scale community reorganization (Litzow, 2006).
Other factors such as sea surface temperature (SST) and sea level pressure (SLP) also
act on large spatial scales and are likely to influence biological activity. Surface water
salinity has also been declining over vast areas of the North Pacific since the late 1990s,
which also has implications for marine phytoplankton production (Austin, 2006).
The Earth does not appear to be warming evenly, and northern regions have been
warming more quickly than equatorial regions. It is believed that there will regional
effects that may act to moderate or intensity global climate change, depending on the
rates at which atmosphere, oceans and land masses respond. For example, worldwide
sea surface temperature has been increasing about half as quickly as temperature over
land, and the deeper water of the ocean has been warming even more slowly (Kalnay
and Cai, 2003).
Climatic factors, such as air and water temperature, precipitation and wind patterns,
strongly influence fish health, productivity, and distribution. Most fish species have a
distinct set of environmental conditions under which they experience optimal growth,
reproduction, and survival, and thus an increase in global temperatures could have
significant impacts on fish populations. Potential impacts include shifts in species
distributions, reduced or enhanced growth, shifts in the frequency and distribution of
plankton blooms, increased competition from exotic species, greater susceptibility to
disease and/or parasites, and altered ecosystem function. Changes in ocean conditions
may result in salmonids showing changes in recruitment, spawning, and migration.
Although it is commonly believed that the greatest effects will be seen in the marine
environment, it is quite possible that effects may be even more severe in rivers and
estuaries. For example, higher than normal river temperatures in some systems have
already severely affected BC salmon stocks, as well as many freshwater fish species. For
example, Fraser River temperatures have increased by 1oC over the last 60 years, which
has had severe effects on sockeye salmon stocks.
With regards to the health of salmonids, both in the wild, and in aquaculture facilities,
this will be an increasing challenge under conditions of global climate change. Both
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pathogens and parasites are also expected to show major distributional shifts. There will
be increased pressure on land and water resources from other sectors, such as
agriculture, urban planning, and municipal wastes. Additionally, the impacts of disease
are likely to become greater as fish are stressed due to environmental changes such as
high water temperatures, low food availability, etc.
A number of climate indices that have been used in fisheries climatology are listed
under Dr. King’s DFO website http://www.pac.dfo-mpo.gc.ca/sci/samfpd/climate/climate.htm. These include the following:
Pacific Circulation Index (Winter) (PCI)
This index is the cumulative summation of negative northwesterly atmospheric
circulation frequency anomalies: Z (westerly), M1, (northwesterly), and M2
(southwesterly) for December through March. An increasing trend in PCI reflects
increased westerly and southwesterly atmospheric circulation off the west coast of
Canada (King et al., 1998).

Figure 59. Pacific Circulation Index (December-March). (From http://www.pac.dfo-mpo.gc.ca/sci/samfpd/climate/climate.htm).

Length Of
O f Day (LOD)
LOD is a measurement of the rotational speed of the solid earth. It is measured as the
annual mean difference (10-3 sec) between the astronomically and the atomically derived
lengths of day (Beamish et al., 1999).
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Figure 60. Length of Day trend (ms). (From http://www.pac.dfo-mpo.gc.ca/sci/samfpd/climate/climate.htm).

Aleutian Low Pressure Index (ALPI)
Beamish and Bouillon (1993) developed an Aleutian Low Pressure Index (ALPI) and
related trends in this index to trends in the production of Pacific salmon. This index
measures the relative intensity of the Aleutian Low pressure system of the north Pacific
(December through March). It is calculated as the mean area (in km2) with sea level
pressure <= 100.5 kPa and expressed as an anomaly from the 1950-1997 mean. A
positive index value reflects a relatively strong, or intense Aleutian Low (Beamish et al.
1997). Beamish et al. (1998) modified the ALPI and showed that changes in the ALPI also
corresponded well to the documented climate and ocean regime shifts of 1976 and
1989.

Figure 61. Aleutian Low Pressure Index. (From http://www.pac.dfo-mpo.gc.ca/sci/samfpd/climate/climate.htm).

Atmospheric Forcing Index (AFI)
Many scientists use a single index to describe decadal-scale changes in North Pacific
climate–ocean conditions (McFarlane et al. 2000). McFarlane et al. (2000) used principal
components analysis to develop a composite index based on three aspects of climate
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ocean conditions: the Aleutian Low Pressure Index, the Pacific Atmospheric Circulation
Index and the Pacific Interdecadal Oscillation Index. They noted that around 1989 there
was a change from intense Aleutian Lows (above average south-westerly and westerly
circulation patterns and warming of coastal sea surface temperatures) to average
Aleutian Lows (less frequent south-westerly and westerly circulation and slightly cooler
coastal sea surface temperatures in winter), and that these climate–ocean changes were
associated with changes in the abundance and ocean survival of salmon (Oncorhynchus
spp.), distribution and spawning behaviour of hake (Merluccius productus) and sardines
(Sardinops sagax) and in recruitment patterns of several groundfish species.
The AFI is shown in Figure 61. Positive values represent intense Aleutian lows, above
average frequency of westerly and southwesterly winds, cooling of sea surface
temperatures in the central North Pacific, and warming within North American coastal
waters (McFarlane et al. 2000).

Figure 62. Atmospheric Forcing Index (from http://www.pac.dfo-mpo.gc.ca/sci/samfpd/climate/climate.htm).

Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

70

Disposal At Sea Sites
Disposal at sea is the deliberate disposal of approved substances at designated disposal
sites in the sea. In the Pacific and Yukon Region, approved substances are primarily
dredged sediment from river or marine sources and native till from land based
excavations. Ships, aircraft, platforms and other structures may also be approved for
disposal at sea (Environment Canada
http://www.pyr.ec.gc.ca/disposal_at_sea/monitor_e.htm). The materials that can be
disposed at sea are listed under CEPA 1999, Schedule 5, and include:
•
•
•
•
•
•

Inert, inorganic geological material
Dredged Material
Fish waste
Uncontaminated organic material of natural origin
Inert, bulky items such as concrete, steel or other matter
Vessels, or other structures.

CEPA 1999 prohibits the ocean disposal of substances which may be harmful to the
marine environment and thus the disposal of hazardous wastes in Canadian marine
waters is prohibited.
Figure 63 shows the ocean disposal sites on the west coast of Canada. Table and gives
details on the site usage in recent years, and the volumes disposed of at sea between
1995 and 1999, and 2000 and 2004. No data are given for Kingcome Inlet and Malcolm
Island, but disposal has occurred in various parts of Johnstone Strait.

Figure 63. Location of Disposal at Sea Sites on the West Coast of Canada (From
http://www.pyr.ec.gc.ca/disposal_at_sea/monitor_e.htm).
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Table 3. Volume of material disposed of at designated disposal at sea sites in Southern British Columbia, 1995-1999.
In cubic metres.

Disposal Site

1995

1996

1997

1998

1999

Cape Mudge

7 200

0

0

8 000

1 920

Comox

0

4 000

4 000

11 800

13 716

Five Finger Island

3 900

3 900

10 300

3 209

4 965

Johnstone StraitStraitHanson Island

6 000

6 000

15 600

4 000

Johnstone StraitStraitHickey Point

8 400

3 600

6 000

0

Malaspina Strait

14 790

25 561

20 368

26 507

10 995

Point Grey

591 861

660 810

629 137

500 027

339 811

Porlier Pass

5 400

4 500

13 400

10 150

4 400

P ort Alberni

0

400

0

0

0

Sand Heads

740 191

23 300

889 457

61 839

432 445

Thormanby Island

350

0

0

0

3 400

Thornbrough Channel 0

8 000

4 000

3 000

9 500

Victoria

0

0

0

0

4 616

Watts Point

0

0

10 100

0

0

6 500
3 250

Table 4. Volume of material disposed of at designated disposal at sea sites in Southern British Columbia, 2000-2004.
(In cubic metres).

Disposal Site

2000

2001

2002

2003

2004

Cape Mudge

0

2 000

6 187

5 100

0

Comox

17 000

13 600

14 685

14 500

12 000

Five Finger Island

8 018

13 544

1 004

7 256

4 833

Johnstone StraitStraitHanson Island

6 237

1 000

0

6 160

2 600

Johnstone StraitStrait- Hickey 13 257
Point

7 000

0

8 295

8 300

Malaspina Strait

15 746

13 015

9 800

8 295

8 300

Point Grey

324 101 453 167 523 371

560 422

770 175

Porlier Pass

6 344

5 070

5 375

Sand Heads

295 982 787 706 1 128 669 520 291

1 028 650

Thormanby Island

4 000

0

0

0

0

Thornbrough Channel

10 500

6 000

8 000

0

6 000

Victoria

0

0

230

0

3 900

Watts Point

0

9 750

11 000

10 400

0
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Ecosystem Classification In
I n British Columbia
B.C.’s terrestrial and marine ecosystems are described by a multi-level classification
scheme. This provides a framework for evaluating natural resources and for planning
and managing the activities that take place in the environment. Some environmental
indicators use this ecosystem classification.
This classification scheme is known as the B.C. Ecoregion Classification, and is made up
of 5 levels:

1. Ecodomain - an area of broad climatic uniformity, defined at the global level.
2. Ecodivision - an area of broad climatic and physiographic uniformity, defined at the
continental level.
3. Ecoprovince - an area with consistent climatic processes and relief defined at the
subcontinental level.
4. Ecoregion - an area with major physiographic and minor macroclimatic variation
defined at the regional level.
5. Ecosection - an area with minor physiographic and macroclimatic variation, defined at
the sub-regional level.
The Ecoregion scheme was initiated by the Wildlife Branch in 1985 to be used as a
framework for recognizing small scale ecosystems in B.C. The first two levels are very
broad and simply place B.C. in a global context. The three lowest levels, ecoprovinces,
ecoregions and ecosections are the ones used most commonly for natural resource
planning. As one moves down this list, the schemes describe an increasingly greater level
of detail on areas of similar climate, physiography, oceanography, hydrology, vegetation
and wildlife potential. Within each terrestrial ecoregion, areas of similar communities of
plants, animals and aquatic systems develop because of the interaction of climate with
the type of land surface. These similar zones can be best described using the
Biogeoclimatic Ecosystem Classification System. It is particularly useful for managing
forested ecosystems.
The Broughton Archipelago falls within the Coast and Mountains Ecoprovince of BC
(Figure 64). This Ecoprovince extends from coastal Alaska to coastal Oregon. In British
Columbia it includes the windward side of the Coast Mountains and Vancouver Island,
all of the Queen Charlotte Islands, and the Continental Shelf including Dixon Entrance,
Hecate Strait, Queen Charlotte Strait, and the Vancouver Island Shelf. The specific
Ecosections for the Broughton include QCT (Queen Charlotte Strait), JOS (Johnstone
Strait), and OUF (Outer Fjordland) (Figure 65). The Broughton Archipelago is situated
in the Coastal Western Hemlock (CWH) biogeoclimatic Zone (Figure 66). This zone
has high rainfall and mild temperatures. The typical forest cover consists of western
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hemlock, amabilis fir and Sitka spruce as well as Western Red-cedar. Higher elevations
within the different watersheds are within the Mountain Hemlock biogeoclimatic zone
and have high winter snowpacks. The forest cover here has mountain hemlock, amabilis
fir and yellow cedar.

Figure 64. Ecoregions of B.C. (From
http://www.env.gov.bc.ca/soe/images/EP_Append1_Ecoprov_Ecoreg.pdf)
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Figure 65. Ecosections of B.C. (From
http://www.env.gov.bc.ca/soe/images/EP_Append2_Ecoprov_Ecosec.pdf)
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Figure 66. Biogeoclimatic Zones within the Broughton Archipelago Region. (From DFO Mapster
http://www.canbcdw.pac.dfo-mpo.gc.ca/ows/imf.jsp?site=mapster).

For marine ecosystems, the ecological zones are the result of temperature, salinity, seabed configuration and water depth. The B.C. Marine Ecological Classification System
(BCMEC) is a similar hierarchical system to that used in the terrestrial context, and
which delineates Provincial marine areas into Ecozones, Ecoprovinces, Ecoregions and
Ecosections, and which was developed for marine and coastal planning, resource
management and a Provincial protected areas strategy. A smaller level of classification
called “Ecounits” was also developed, and this uses currents, wave exposure, subsurface
relief and seabed substrate information to classify different areas.
The Broughton Archipelago is found within Pacific Shelf and Mountain Marine
Ecoprovince (Figure 67), the Inner Pacific Shelf Ecoregion (Figure 68) and the Queen
Charlotte Strait/Johnstone Strait Ecosections (Figure 69). The Queen Charlotte Strait
and Johnstone Strait ecosections demonstrate a high degree of variability and are
considered to represent transitional environments.
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Figure 67. Marine Ecoprovinces of B.C. http://ilmbwww.gov.bc.ca/cis/coastal/mris/ecoprov.htm
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Figure 68. Marine Ecoregions of B.C. http://ilmbwww.gov.bc.ca/cis/coastal/mris/ecoreg.htm
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Figure 69. Marine Ecosections of B.C. Above from
http://ilmbwww.gov.bc.ca/cis/coastal/mris/images/ecosec.gif
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Risks to Marine Fisheries
Potential Resource
Resour ce Conflicts
The oceanography of the marine environment in terms of salinity, sea surface
temperatures and current patterns will affect distribution and abundance of many
marine fish species, as well as other marine organisms. Changes in climate, discussed
above, can lead to changes in distribution and abundance of marine fishes, but such
correlations can be remarkably difficult to prove. Other human activities will also have
impacts on marine fishes and are listed below (information below is from Terry et al.,
2000). For the purposes of this report, we have gathered some of the data associated
with forestry, fisheries and aquaculture only.
Table 5 . Resource Conflicts for Marine Fisheries (Taken from Terry et al., 2000).
Industrial pollutants:
pollutants The main sources of industrial pollutants in the Broughton region will be forestry
waste and potential oil pollutants.
Oil spills:
spills The risk of a huge oil spill is fairly low and this could only result from tanker traffic moving
between Valdez Alaska to the Strait of Juan de Fuca. Smaller oil spills could result from oil barges that
transport fuel to local diesel generators supporting operations and communities on the coast. Localised
oil pollution could result from the release of bilge water though illegal flushing or unintentional sinking of
boats.
Forestry activities:
activities Forestry activities may result in the dumping of wood waste material e.g. bark, wood
debris, fibres or chips, into coastal marine waters. This wood waste is produced from sawmills as well as
log storage and sorting facilities. Impacts associated with log handling include smothering of benthos,
lowered dissolved oxygen and toxicity from leachates. Intertidal storage of logs has the additional
ecological effect of compacting sediments under grounded logs. This can result in reduced pore water
space, decreased interstitial densities, decreased water circulation and development of an anoxic layer of
sediment. Eelgrass beds may be severely reduced or eliminated in log storage areas with the consequent
loss of associated species (Waldichuk 1979).
Aquaculture operations:
operations Aquaculture operations in the Broughton archipelago involve the net cage
farming of Atlantic salmon. Such fish farms release a number of wastes into the surrounding marine
environment e.g. uneaten fish food, fish excretory products and organic matter from cleaning of the net
cages (Burd 1997). The major components of these wastes are various forms of carbon, nitrogen and
phosphorus. Other minor components of concern are anti-microbial drugs, pesticides and metals (e.g.
zinc). Increased nutrients can lead to higher levels of primary production water column in the local area
around the cages and the local meiofauna may be affected by anoxia resulting from the buildup of
sediments under and around the net cages (Mazzola et al. 1999). Both decreases in the meiofaunal density
and changes in the species assemblages have been reported (Mazzola et al. 1999). There has been some
concern expressed about the assimilation of anti-microbial drugs, pesticides and metals (e.g. zinc) by
benthic organisms, however, there have been no documented effects on wild fish populations from
chemicals currently in use in BC fish farms.
Sewage disposal: Domestic sewage and other non-point source pollution such as urban and agricultural
runoff may cause local eutrophication and a change in the community structure of fish and their prey.
Fishing:
Fishing Fishing itself has had the most significant influence on stock size, population structure and
distribution of commercially fished fish and invertebrate species. Some kinds of fishing may affect fish
populations indirectly by their impact on the environment (e.g. bottom trawling or hydraulic dredging).
Direct impacts include “ghost fishing” by lost nets and traps or incidental catch of life stages or which are
not intentionally targeted (bycatch and discards).
Mining activities and wastes:
wastes Subtidal mining can have impacts upon the local habitat and may cause local
sediment problems. Tailings from coastal land-based mining can cause siltation in coastal waters. The
disposal of land-based mine tailings into coastal inlets can result in problems of siltation under certain
conditions (Waldichuk 1978).
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Natural Resources & Resource Extraction
Fisheries
The waters of the Broughton Archipelago and adjoining fjords and watersheds of the
region support the production of most species of Pacific salmon (Oncorhynchus sp.).
In addition, the Broughton Archipelago is also noted as a major salmon farming area.
This region is located within DFO’s Statistical Area 12. Streams entering from
Vancouver Island and the Mainland are generally short, and only provide a limited
amount of spawning channel. However there are very significant runs in the Nimpkish
and Tsitika on the Vancouver Island side, as well as in the Kingcome, Ahta, and
Wakeman systems on the mainland side. The short stream length and limited watershed
area of the region’s smaller islands generally make them unsuited to salmon spawning. In
addition to salmon that spawn in local streams, other major Pacific salmon populations
migrate through local waters (Ministry of Sustainable Resource Management, 2002).
Commercial fishing areas in the study area extend along Queen Charlotte Strait from
the Raynor Group to Nowell Channel, Fife Sound, Kingcome Inlet, Raleigh Passage,
Tribune Channel, Thomson Sound, Nickoll Passage, Knight Inlet, south Swanson Island,
and Parson Bay/Parson Island. Some of the major steelhead producing systems within
the Broughton Archipelago region include the Nimpkish, Tsitika, Wakeman, Kingcome,
Glendale, Ahnuhati, Kakwiken, and Atwaykellesse Rivers. The primary systems
producing eulachon in this region are the Kingcome, and Klinaklini/Franklin Rivers
(Terry et al. 2000). Herring spawning areas are known for Wakeman Sound, Simoon
Sound, Knight Inlet, and the waters around Turnour Island and West Cracroft Island.
More information on marine fish other than Pacific Salmon, are given in the “Ecosystem”
section below.
Pacific Salmon In
I n Area 12
Vancouver Island Area 12
Sockeye runs on the upper East Coast Vancouver Island are found in the Nimpkish river
and lake system, located south of Port Hardy on northern Vancouver Island. Sockeye
approach via Goletas and Gordon channels, enter the lower part of Queen Charlotte
Strait, and then move through Broughton Strait and into the estuary of the Nimpkish.
There are two distinct runs: one is an early run made up of 5-year old lake spawners,
and returning in June and with the run ending in the first or second week of July. The
other run, which makes up the main Nimpkish sockeye run, returns later in June until
the end of July or early August, with a peak in the 2nd or 3rd week of July in the
Broughton Strait-Malcolm Island fishing area. This run is made up of 4 and 5-year old
fish, which are believed to be river spawners returning to the outlets of Woss and
Nimpkish Lakes.
Pink stocks in this region enter Johnstone Strait in the 2nd week of July and are present
there until the 2nd week of August, peaking in the last week of July. More northern
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stocks (Shushartie, Nahwitti, Tsulquate, Stranby and Songhees) approach their rivers by
moving up Goletas channel. More southerly stocks (Quatse, Keogh and Cluxewe)
migrate through both Goletas and Gordon channels.
There are two chum stocks, one entering the Quatse, and the other entering the
Cluxewe. There are also two chinook stocks, one entering the Nimpkish and the other
in the Quatse River. There are four coho stocks: the biggest producer is the Nimpkish,
followed by the Cluxewe and Quatse Rivers.
Mainland
Mainland Area 12
Pink salmon stocks returning to mainland inlets of Area 12 can be aggregated into the
Kingcome/Wakeman stocks and the Bond/Knight stocks. About 75% of the
Kingcome/Wakeman stocks migrate through the management units 12-13, 12-17, 12-41
and 12-39 from the 3rd week in June until the first week in August, peaking in the 2nd
week of July. There is limited exploitation of these stocks, since only 25% move through
the Johnstone Strait net fishery. The Bond/Knight pink stocks migrate through
management units 12-13, 12-7, 12-6, 12-39 and 12-26 from the 1st week of July through
to the 1st week in August, peaking in the 4th week of July. The Glendale stock, which
also makes up part of this group, runs approximately 2 weeks later than the other
stocks and is thought to enter the Johnstone Strait fishing area.
Other stocks moving through the area are the southern odd-year pink stocks of the
Toba and Jervis inlets, which return to the mainland inlets from both the north through
Johnstone Strait as well as from the south via Juan de Fuca Strait. These pink stocks
move through Johnstone Strait at the same time as other odd-year pinks and Fraser
River pinks and sockeye.
Sockeye move through Johnstone Strait during mid-June to late July and turn to Fulmore
Inlet within Area 12. Stocks coming back to small, mainland coastal systems in this
region tend to be low in productivity.
There are 38 chum stocks in the mainland inlet area, the major producers being
Southgate River (further sound of the study area) and Viner creek. The best and most
consistent data in the Broughton region are for the Ahnuhati, Viner and Ahta summer
run chum stocks.
There are 13 chinook stocks in this area, and most production is in the Homathko Inlet
(further south of the study area) and the Klinaklini River. The Kakweikan River is the
main coho producer in the mainland inlet area of Area 12. Key indicator streams for
chinook in the Broughton region include the Klinaklini, Kakweiken, Nimpkish, Wakeman
and Kingcome. These are termed the Upper Strait of Georgia stocks and these have a
fall spawning migration. Chinook stocks continue to decline in this region. Salmonid
enumeration work has been carried out on the lower Klinaklini watershed since 1949.
This system supports all five salmon species, as well as steelhead, Dolly Varden char, bull
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trout, mountain whitefish, cutthroat trout, prickly sculpin, longnose sucker and lamprey
ammocetes. There are apparently three chinook runs to the Klinaklini. In 1981 DFO
began a study to determine whether a salmonid enhancement facility at Mussel Creek
(which joins the Klinaklini) would be possible. Aquatic Resources Ltd. carried out
spawning studies and collected baseline information for pink, chum, sockeye, coho and
chinook from the Glendale River, Ahnuhati River, Klinaklini River and Tom Browne
Creek (Fielden and Slaney, 1982). This work was also continued in 1983 by E.V.S.
Consultants (Whelen and Morgan, 1984). These surveys also provided information on
water temperature, relative level and quality of water, and habitat biophysical
characteristics. Some juvenile salmonid habitat utilization studies were carried out on all
study waterways (Fielden et al., 1985). In 1997, DFO initiated a series of stock
assessments for chinook, focusing on juvenile assessments of both coho and chinook on
the Klinaklini, as well as collecting biological and environmental data (Diewart et al.,
2001, 2002a, 2002b). These studies contain information on water temperatures, seccchi
depths or clarity codes, flow rate, rotary screw trap RPM, river depth and weather
conditions.
Escapement data for all Pacific Salmon species was obtained from the NuSEDS Database,
maintained by Eric Grundmann of DFO. These data are on the data CD under “Pacific
Pacific
Salmon/Escapements”.
Salmon/Escapements He noted that NuSEDS has released (public) and unreleased
(not public) estimates. The current policy is to make only one annual estimate public per
population even though there may be others. Usually the others are based on different
analysis methods.
The reliability of escapement data is known to be very variable, depending on the
species, enumeration method, variations in stream conditions, river size and access.
Establishing escapement trends from historical escapement information is also
complicated by changes in enumeration methodology and changes in the amount of
effort made over time. The escapement data cannot be used as an indicator of total
stock size alone, since it only reflects the number of returning spawners. Catch data
needs to be incorporated to allow for correction for those fish that have been fished
out before returning to spawn. Catch data was gained from the Catch Statistics Unit at
DFO (Laurie Biagini) for commercial fisheries, and creel survey data were obtained from
the DFO website http://www-sci.pac.dfompo.gc.ca/sa/Recreational/Johnstone%20Strait%20Summaries_e.htm.
The catch data is provided on the data CD under “Pacific Salmon/Catch”. Escapement
information is available for all 5 salmon species but commercial catch data is available for
only commercially targeted stocks that include selected pink, chum, sockeye and
chinook runs.
Summer chum stocks (Ahnuhati, Viner and Ahta) have shown recent increases, but
reasons are unknown (Van Will, pers.comm.). Suggested reasons may be due to release
of competition from pink stocks, or due to reduction in fishing intensity (Van Will,
pers.comm.). Fall chum stocks enter the mainland streams after pink salmon have
already come into spawn. The escapement information for these stocks is poor and
they are not monitored strongly, probably due to the fact that they do not enter
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systems until late October, at which time rainfall is often high and visibility is low (Van
Will, pers.comm.). Few data in terms of stock assessment are available for sockeye
salmon in the Broughton region.
Biology and escapement trends for pink salmon, and escapement trends for chum stocks
will be discussed in more detail below.
Pink Salmon
Salmon Biology
Pink salmon life histories are well-described by Groot and Margolis (1991). Pink salmon
are the most abundant, fastest growing and smallest-sized species of Pacific salmon,
averaging 1.0 to 2.5 kilograms. They have the simple 2-year cycle and pink fry migrate to
sea after emergence. The juveniles grow rapidly, making extensive feeding migrations
and returning to their natal river after 18 months in the marine environment (Heard,
1991). Due to the fixed two-year life cycle, pink stocks in odd and even years are
genetically distinct and have no overlap (Neave, 1952, 1966).
The life history events of pink salmon include spawning, incubation, rearing, migration
of juveniles to sea, periods of feeding and growing in the ocean, return migration to the
home stream, upstream migration, and return to the ancestral breeding grounds
(Williams et al., 2003). Different stocks may show differences in timing, geographical
distribution, stream type selected for spawning, duration of residence in coastal areas
before migrating to sea, distribution and migratory routes in the ocean, and coastal
migrations. Ricker et al. (1978) noted that pink salmon tend to be larger in oddnumbered years than in even-numbered and these differences become more apparent as
one moves from Alaska southward to the Strait of Georgia. However, even-year pinks
in British Columbia show little or no regular geographical variation in size. Both oddyear and even-year pinks did show decreases in size from 1951 to the 1980’s, with evenyear fish decreasing about twice as fast as the odd-year fish (Ricker et al., 1978).
However this trend may have reversed, since the 2000 year pinks averaged 1.77 kg,
which was close to the long term average of 1.85 kg (Williams et al., 2003). Information
on general changes in fish sizes may be obtained from fishery officer reports for the
Broughton streams, since officers often remarked on the relative sizes of fish entering
rivers to spawn (see “Watershed Assessments” section below).
In the Fraser River, only the odd-year cycle of pink salmon is present, providing about
70% of the total catch of pinks in B.C. Meanwhile, Queen Charlotte Island streams have
even-year cycles, and areas in between, including the Broughton study area, exhibit both
cycles (Neave, 1952, 1966). Thus, in each pink salmon stream of the Broughton, two
different and unique stocks of pink salmon use the stream for breeding, one in the odd
years, and the other in even years (Williams et al., 2003).
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Pink Salmon Spawning Migration
In general, pink salmon tend to spawn closer to the sea, and are less able to traverse
waterfalls and other high-velocity barriers than other species of salmon. However, some
pink salmon do move quite far inland to spawn, including the upriver spawning grounds
of the Fraser river (Thompson River and Seton Creek) which are located 250 km
above the river mouth (Ward, 1959) , and those of the Skeena River above the Babine
Fence, at 480 km upstream (Godfrey et al., 1954).
Several factors appear to affect spawning migrations. Some authors have noted that
spawning migrations occur later in the season when the population sizes are particularly
large (Eniutina, 1972; Yefanov and Chupakhin, 1982). Wind and tides may affect the
water levels in rivers and have been shown to influence upstream migrations (Eniutina,
1972). Some authors have shown that fluctuations in stream temperatures during the
migration period do not affect the upstream movement of the salmon (e.g. Hunter,
1959), but others have shown that migrations are affected by rapid and large changes in
temperature. Pink salmon are seriously affected by rock slides, poor water quality,
drought, predators, disease and parasites. Lack of rainfall can cause pre-spawning
mortality as a result of poor water quality, including reduced dissolved oxygen levels and
elevated temperatures, and low stream flows. Typical temperatures for spawning have
been reported between 8 and 14oC in Hooknose Creek, with most spawning around
12oC (Hunter, 1959). Andrew and Geen (1960) found that peak spawning in the Fraser
River occurred at 10oC. Spawning apparently drops off rapidly if temperatures rise
o
above 16-17 C (Vernon, 1958).
All study area pink salmon migrate from the open Pacific, through Queen Charlotte
Strait and through the study area islands on their way to the spawning grounds. Salmon
generally show high fidelity to their natal streams, but pink salmon have been
noted for straying at higher rates than other species of Pacific salmon (NMFS 1996). The
reasons for this are not known. An example of this was seen in the Klinaklini River
where large returns in 1998 followed a period of two decades during which time pink
salmon were almost absent from this system.
Returning adult pink salmon are present in the Broughton Archipelago from
approximately the beginning of June until October. Brooks (2003) lists the dates of
return for the different salmon species to the Broughton Area.

Most adult fish enter rivers during the day and have been found between 0.5 to 53 km
upstream in the study area streams (Williams et al., 2003). They may not be able to
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circumnavigate falls and cascades, although in many of the study streams coho
(Oncorhynchus kisutch) and chinook (Oncorhynchus tshawytscha) were often noted
migrating past the types of features that were found to block pink migrations (DFO BC
16 reports, in Williams et al., 2003).
Pink Salmon Spawning Habitat
Spawning occurs in stream areas with riffles and appropriate gravel size. A female
chooses her nest site based on characteristics such water depth, velocity, upwelling,
accelerating flows, gravel composition, and whether or not the site is occupied by other
females (Heard. 1991; Groot, 1996).
The slope of a stream can be a predictor of spawning location. Many of the stream, and
fish habitat assessments collected and noted in the “Watershed Assessment” section
below, make note of the slope of stream sections and use this as a determinant of
whether an area provides suitable salmon spawning beds.
McNeil and Ahnell (1964) reported that the size of bottom materials used by spawning
pink salmon varied greatly, but that an inverse relationship between the potential of a
spawning bed to produce fry and the fraction of fine sediments (<1.19 mm) in pink
salmon streams was found. They noted that there was a lower fraction of fine sediments
in highly productive pink salmon streams (>100,000 spawners) than in less productive
streams (<100,000 spawners).
Williams et al. (2003) estimated the area of suitable spawning gravel for some of the
streams in the Broughton from 1:20,000 Terrain Resource Information Management
(TRIM) maps. They calculated the areas of suitable gravel (minus islands and sandbars)
for 500 m reaches within preferred slope categories. Their data are shown in Table 6.
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Table 6. Estimates of suitable spawning gravel for a number of pink salmon streams in the Broughton
Archipelago (From Williams et al., 2003)

Williams et al. (2003) noted that water levels of pink salmon spawning grounds in small
and medium rivers generally range between 30 and 100 cm depth and water velocities
range from 30 to 140 cm/s (average 60 to 80 cm/s). Spawning has been noted at depths
as low as 10 to 15 cm during dry years (Heard, 1991). Temperatures during spawning
range from 7 to 19 0C (Heard, 1991), with most spawning at 10 to 16 0C in the
Broughton streams (Williams et al., 2003).
Williams et al. (2003) examined a number of the DFO BC 16 and noted that spawning
locations appear to vary greatly among pink systems in the Broughton (Table 7). For
example, they noted that pinks spawned in intertidal regions of both Matsiu and Embley
creeks when river entry was blocked by low flows. Also, over-crowding in Glendale
Creek appeared to result in some pinks spawning in the river mouth-estuary.
As noted above, and within the fishery officer reports, pink salmon are often blocked by
falls and cascades within pink salmon streams. Spawning may also be restricted by low
water, as noted in Matsiu creek, where fish cannot enter the system in low water years
(Williams et al., 2003). Salmon enhancement programs have been carried out in this area
to increase access and expand spawning capacity. Williams et al. (2003) tabulated the
main enhancements (Table 7).
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Table 7. Spawning locations and enhancements at a number of Broughton pink spawning streams (From
Williams et al., 2003).

Mortality And Marine Survival Of
O f Pink
Pink Salmon
Mortality of eggs can occur prior to burial when unspawned adults become prey for
predators such as bears, gulls and eagles, cannot reach spawning grounds due to
barriers, or cannot spawn due to insufficient water. Losses may also occur when females
retain eggs, or eggs are not fertilized. Other eggs may be washed away when flooding
occurs, or they may also be predated upon if they are not fully buried. High densities of
females also lead to superimposition of redds and excavation of eggs (Neave, 1953).
Heard (1991) also noted that spawning efficiency can be negatively affected by loss of
eggs and embryos during periods of low water flows during incubation.
After burial, egg mortality is affected by critical environmental factors, including
dissolved oxygen levels, stability of spawning beds, and the occurrence of freezing
(McNeil, 1966). Adequate oxygen levels are most critical for periods later in the egg
development, and high mortality may result from low dissolved oxygen associated with
freezing during periods of low snow pack (Heard 1991). Survival of eggs and alevins are
also negatively affected by large amounts of silt in spawning beds.
Mortality of pink salmon in freshwater is high and ranges between 75% to over 99%
among systems (NMFS, 1996). Year to year variations in survival within any one system
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may also be large. Freshwater survival of pink salmon spawning in Fraser river seminatural channels was shown to vary between 21.7% and 85.5% (IPSFC, 1986). This
mortality is believed to be greatest during spawning, and decreases over the incubation,
emergence and fry migration periods. Fluctuations in stream flows are apparently the
most critical physical factor affecting freshwater survival of pink salmon fry (Neave and
Wickett, 1953; Wickett, 1958).
In 2000, unusually high returns were seen in many Broughton watersheds. Some of the
issues discussed above in Heard (1991) may have impacted salmon egg survival, such as
superimposition of redds (Brooks, 2003). Heard (1991) also discussed that rivers may
freeze during winters with lower than normal precipitation, low water levels and lack of
insulating snow pack. As well as the issues of reduced DO concentrations that result,
low water levels may lead to exposure of redds. Spring discharges were low during 2001
(see “Environment” section), and thus it is possible that there were been egg losses due
to emersion of redds at this time.
A number of studies of early marine growth and survival were carried out in B.C. during
the 1960s, including work by R.R. Parker and LeBrasseur in Central B.C., and Phillips,
Barraclough and Healey in the Strait of Georgia. Godfrey (1958) using an index of return
based on catches in consecutive years, showed that between 1927 and 1954, survival
rates of pink salmon stocks in B.C. fluctuated similarly over wide geographic areas. He
also suggested that the close agreement of some of these gross estimates of survival
with known ocean survival of certain pink populations suggested strongly that
population size can be affected strongly by marine conditions during the first few
months of sea life. Parker (1962a, 1962b, 1965,1968) performed the first spectacular
studies designed to assess natural mortality rates of pink salmon during early sea life.
Indeed, all present literature which cites that most marine mortality occurs during the
early stage of marine residence is based on the results of these experiments. No other
comparable study of early versus late marine mortality has been done in BC waters.
This work became a classic reference for evidence that brood year strength is
determined very early after entry into the ocean, and that there is a great deal of
interannual variability in mortality rates.
The conclusion of this work was that it was very difficult to forecast returns using
counts made in freshwater. Parker found average survivals of pink salmon at Hooknose
Creek, Central B.C. to be 1.8%, varying between 0.2 and 5.2% over the course of his
studies. The value for overall natural marine mortality of pink salmon in central B.C.
before the effect of inshore fishing, was estimated at 95.7% of the fry that entered the
estuary and went to sea two years prior.
More recent studies of marine survival for North American stocks have reported
survivals between 1.7% and 4.7% (Heard 1991). This range included values of survival
for Fraser pinks, based on both catch and escapement, which varied between 0.8% and
5.4%.
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Beamish et al. (2006) calculated marine survivals for 6 major systems in the Broughton,
and found marine survival rates varying between 0.1% and 34.2% between 1990 and
2004 in this region. Lowest marine survivals occurred during 2002 and highest in 2004.
Values given for the 6 systems for 2002 and 2004 were 0.19% and 5.68% in the
Wakeman, 0.02% and 14.01% in the Kakweikan River, 0.04% and 23.01% in the Ahnuhati
River, 0.04 and 48.46% in the Ahta River, and 0.06% and 87.13% in Glendale Creek.
Average marine survivals for the area as a whole are given in Figure 70 below.

Figure 70. Average marine survival percentages for the combined 6 reference populations of pink salmon
in the Broughton Archipelago. Solid bars denote even-year lines and open bars are odd-year lines. The
brood year is 2 years earlier than the return year shown. Data were not complete for 1999, thus marine
survival in 1999 and 2001 could not be estimated. (from Beamish et al. 2006.)

Pink Salmon Escapement Trends
The escapement data presented here will focus on pink salmon in the Broughton area.
Within the study area a total of 59 streams and rivers have been enumerated for pink
salmon at some time in the last 50 years. The escapement data for these streams are
mostly visual estimates made from rotary and fixed-wing aircraft. Some counts are from
fences and some inspections were made on the ground. In the odd case, several counts
were made on a system at different times, but in general, the estimates are peak counts.
Because pinks remain in spawning grounds for a long period (up to 20 days), the peak
counts are thought to at least provide a reasonable index of abundance. However, the
accuracy and precision of the counts is not known and likely to be poor. Additionally,
the escapement records for any of the systems surveyed have complete or nearly
complete time series.
In addition, counts of pink salmon spawning in the mainstems of the glacial streams, such
as the Klinaklini River, Kingcome River and Wakeman River, is impossible most years
due to limited visibility. For these systems, the escapement estimates are derived from
clear tributaries where the fish can be seen. However, it is understood that the pinks
can spawn in the glacial mainstems, and thus, estimates for glacial systems may be
unreliable.
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A number of different enhancement activities have taken place on some of the streams.
This varies from facilitating access to previously blocked sections of potentially
productive reaches, to constructing spawning channels and installing flow control
(Williams et al., 2003). For example, spawning channels were built on both the
Kakweikan and Glendale Rivers, in 1989 and 1988, respectively. These projects have
resulted in increases in pink salmon production at various times, but also mean that
examining and interpreting long term trends in escapement is difficult.
The primary pink systems are shown in Figure 71 below. The key indicator streams that
are used to assist in determining the relative abundance of this stock group include the
Glendale, Kakweiken, Ahnuhati, Kingcome (Atlazi and Clear tributaries) and Wakeman
Rivers (Atway and Wahpeeto tributaries).

Figure 71. Systems enumerated for pink salmon in Mainland Area 12. (Van Will, 2005)

Pink salmon that migrate through the Broughton Archipelago, had a very poor return in
2002, with fewer than 2 fish returning per 100 spawners counted in 2000 (Williams et
al. 2003). Since that time has been a great deal of concern with regards to the status of
wild salmon in the Broughton region, as well as confusion and very different opinions as
to the cause of that collapse. As noted earlier, pink escapements in the region were
exceedingly high in 2000. Some believe that these high escapements led to issues of
competition that resulted in poor production in 2002, whereas others believe it is due
to sea-lice infestations (Lepeophtheirus salmonis). This has stimulated a great deal of
research into the relative contributions of natural and farm fish as sources of sea lice,
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and an overview has been written by Pennell and Ackerman (2006). This issue is
discussed further in the “Sea Lice” section.
No formal stock assessment on any species of Pacific salmon has been carried out in the
Broughton area. Holtby (2003) put together a PSARC draft paper entitled “ Forecast of
mainland inlet pink salmon in 2003”, but this paper was never revised and was not
accepted, thus his findings cannot be cited.
Since January 2003, when the Pink Salmon Action Plan in the Broughton Archipelago
was implemented at DFO, there has been ongoing monitoring, catch and escapement
information for pink salmon stocks in the Broughton Archipelago posted on the DFO
website: http://www.pac.dfo-mpo.gc.ca/sci/aquaculture/sealice. The material listed below
is from this site, and describes the work that has been done as part of the Action Plan
between 2003-the present. This research study was begun the week of March 3rd 2003,
with field crews installing screw traps in the Klinaklini, Kakweiken and Glendale Rivers,
and a marine crew starting both deep water and beach seining in parts of the
Archipelago from the research vessel, Walker Rock. These studies were done to
examine the distribution and relative abundance of juvenile pink and chum salmon in the
Broughton Archipelago and Knight Inlet, to determine sea lice abundance (prevalence
times intensity) on these fish and to accurately assess the escapement trends of pink
salmon in this region (see the “Sea Lice” section for the DFO sea lice results). Work has
continued to the present.
Throughout the late summer and early fall of 2003-2007 adult pink salmon were
enumerated from the streams of the Kingcome/Wakeman Inlet, Bond Sound and Knight
Inlet areas, which are the Area 12 mainland inlets of interest (Figure 72). Work was
done on eleven streams and rivers by DFO, together with the fishery guardians of the
Kwakiutl Territory Fisheries Commission (KTFC), contract charter patrolmen, Stolt Sea
Farm Inc. and Heritage Salmon Limited.

Figure 72. Map showing the study area and the respective groupings. (From Pieter Van Will, DFO).
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Assessments involved weekly or bi-weekly aerial counts, fish wheel sampling program
(Klinaklini River), fence counts and visual observations made by walking some of the
smaller systems. The systems that were chosen for study in 2003 make up the majority
of the pink salmon escapement to the area 12 mainland inlets (>95% of the returns in
the historic data set from 1953-2003).
Note that for each year of study, that escapement estimates were derived through
visual (aerial and foot inspections) observations which typically resulted in a peak count
after several visits. Reliability of the estimates increases over the season, as fish begin to
move from holding pools out onto the spawning grounds. Figure 56 gives a comparison
between the overflight observations and final estimates for some of the key systems
studied.
Since 2001, there have been no commercial fisheries for directed Mainland Inlet pink
fisheries, but some bycatch of these stocks is known to occur in Fraser directed
sockeye fisheries. In those cases where catch is shown, the catches are apportioned to
each system based on the relative escapement estimates. In even years, or non-Fraser
years, escapements tend to be higher in northern streams. In these years, the catches
are derived from the salesslip database as well as past reports. In odd years, the
escapements are higher further south, and for these years catch information is obtained
from PSC GSI breakdown of Pink Stocks (Canada South Coast Stocks). The catch
estimates have the Fraser River and U.S. components removed prior to analysis.
The results below, and figures were provided by Pieter Van Will (DFO, pers.comm.)
and were obtained from the DFO Pink Salmon Action Plan website:
http://www.pac.dfo-mpo.gc.ca/sci/aquaculture/sealice.
2003 Results
R esults
The 2003 program estimated the total escapement of pink salmon to the eleven focus
streams at 190,000 spawning adults. DFO noted that most systems had smaller pink
salmon escapements in 2003 than in the brood year of 2001 (Table 8 & 9). 2003 was an
off year cycle for Mainland Inlet Pink stocks and thus the low returns seen in 2003 were
not unexpected. The Glendale River, however, had a significant escapement of 1.3
million in the 2001 brood year, but this system is enhanced with a spawning channel.
In 2003, the returns to the Broughton Archipelago systems were compared with the
odd year pink trends for all of Statistical Areas 12 through 29, and it was noted that the
trends found in the Broughton were also seen in these other systems (Figure 72 above,
and Figure 74). The pink systems studied between the northern tip of Vancouver Island
and Burrard Inlet all showed coherent reductions during 2003, except for Upper
Vancouver Island and Kingcome/Wakeman Inlet groups. In statistical areas 7-10, which
are located further north, pink escapement reductions were noted at 47%, 54%, 46% for
area 7, 8 and 9
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There was an average of an 88% reduction in escapement from the 2001 brood for the
Bond/Knight Inlet Group and a 36% improvement in escapement from the 2001 brood
for the Kingcome/Wakeman Group (Figure 73). The 2001 brood was the largest
escapement recorded for this cycle year, and approximately 13% higher than the
previous maximum escapement recorded (which occurred in 1983). For the odd year
stocks, the size of this fluctuation in escapement was nowhere near as large as the
declines that had been noted in 2002. DFO also noted that this fluctuation was normal
as compared to the historic variability seen for these stocks. DFO noted that they had
seen other similarly large reductions in escapements in 1977 and 1987 and also showed
that this high variability in pink salmon returns could be seen in both the escapement
trends and the trend in recruits per spawner (Figures 75 and 76).
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Figure 73. Area 12 Mainland Pink Salmon Escapement Observations (2001-2007) (From Pieter Van Will, DFO).
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Table 8. 1999-2007 Pink Escapement Estimates for the Broughton Archipelago region only. (From Pieter Van Will, DFO).
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respectively. There were not enough data for Area 10 to assess the escapement trends.
In the south, it was noted that escapement estimates for the Fraser River had improved
since 2001 (see “Fraser River” section below).
Table 9. 2003 Key Stream Pink Escapement Observations and Comparisons to the 2001 Brood Year.
(From Pieter Van Will, DFO).

Stat
Week
8/2
8/3
8/4
9/1
9/2
9/3
9/4
10/1
10/2
10/3
10/4
10/5
Total
Est.

Glendale
2003
2001

Kakweiken
2003
2001

8,000

4,200

92,200
132,100
133,944

5,500
198,000
655,000
1.2 mill

Ahunhati
2003 2001

13,500 450
22,000
750
6,700 46,500 3,100 750
8,667
1,760
10,333 79,000 1,706 2,800

144,842
108,000

9,590
2,111

30,957*

0*

96,000

521
0

Klinaklini
2003 2001

1,682
2,521
4,837
4,837
4,290
4,389
4,455
2,700 4,455
4,455
4,455

0
441
2,166
9,026
14,940
17,341
16,829
16,605
16,556

450,000
600
0
161,900 1.35 mil 13,900 96,000 4,300 2,800 4,500 16,500

Kwalate
2003 2001
0
100
0
150
42
0

50

0
1,200

Note: *Spawning Channel count only

Figure 74. Percent change in pink salmon escapements for 2003 compared to brood escapements in 2001
(Study Area groups and Areas 7-9). Note that this figure does not include catch. (From Pieter Van Will,
DFO).
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Figure 75. Historic Odd year Pink Escapement trend for the surrounding Broughton Archipelago systems
and the Study Area as a whole. (From Pieter Van Will, DFO).

Figure 76. Odd year pink recruit/spawner trend for the Bond/Knight group and the Study Area as a
whole. (From Pieter Van Will, DFO).

2004 Results
Results
Even year returns for this region are usually strong, with the Kakweiken and Glendale
systems contributing to the majority of the return. In 2004, the survival of pink salmon
that had originated from the 2002 brood was extremely high (Table 10 below). The
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escapement increased from between a 2 fold increase in the Wakeman index streams to
almost 37 fold increase in the Glendale system compared to the brood year (Table 10).
Table 10. 2004 Key Stream Pink Escapement Observations and Comparisons to the 2002 Brood Year.
(From Pieter Van Will, DFO).

2005 Results
Since 2005 is an odd year, which is an off year for the Mainland Inlet Pink stocks, it was
somewhat expected that escapement may be low. However, the brood year returns of
2003 were particularly low when compared to previous odd year returns. The
combined pink escapement for the Area 12 Mainland Inlets did show a slight
improvement over the parental brood return in 2003 but was still well below the
historic average escapement (see Figure 77 below). Table 11 shows that escapements in
2003 Bond-Knight Inlet portion of the area appeared to be relatively stable and possibly
increasing, but the escapements of the Kingcome/Wakeman area (the more northern
component of the Area 12 Mainland Inlets) still showed significant declines in relation to
past returns (Figure 78 below).
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Table 11. 2005 Key Stream Pink Escapement Observations and Comparisons to the 2003 Brood Year.
(From Pieter Van Will, DFO).

2006 Results
The combined pink escapement for the Area 12 Mainland Inlets showed a 2/3rds
reduction in abundance relative to the parental brood return in 2004 and well below the
historic average escapement (Table 12 and Figures 78 and 80 below). However, an
exception was seen in Embley Creek, where escapements improved from 2004 (Table
12 and Figure 80). This system did not show the same patterns in 2002 either. All the
other systems (except Embley and Kakweiken) showed a similar rate of decline from the
improvement that had been noted in 2004 (Figure 80 below).
The decline of 2006 differed from that of 2002, in that declines in 2002 were generally
local to the Area 12 mainland inlets, whereas those of 2005 were seen throughout the
region (Figure 81). This figure shows all streams and regions annually monitored by
DFO and highlights the estimated returns to the Broughton Archipelago, but the
Bond/Knight streams, and Kingcome/Wakeman Inlet streams are shown in bold for ease
of comparison.
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Table 12. 2006 Key Stream Pink Escapement Observations and Comparisons to the 2004 Brood Year.
(From Pieter Van Will, DFO).

2007 Results
The most recent escapement data have been added into Table 13 below, and were
made available in February 2008. Pieter Van Will (DFO) noted that the combined pink
escapement for the Area 12 Mainland Inlets showed a 20% increase relative to the
parental brood escapements which were monitored in 2005. He stated that while some
stocks showed significant rebuilding (e.g. Ahta), others such as the Lull showed a
reduction in escapements. When looking at the historic trend of escapement for the
monitored systems (Figure 79A) it is apparent that the Kingcome and Wakeman
populations were still very low but showing some minor improvements. The Glendale
run appeared to demonstrate the most improved trend with some stability from
Ahnuhati and Kakweiken (Figure 79B). He noted that the water levels in 2007 had been
higher than in earlier years throughout the pink migration time period and had allowed
for increased distribution within each system, particularly in the Glendale. He also stated
that returns to the Glendale spawning channel were much lower than recent years
(<10% of the return) with a majority of the escapement staying in the main stem of the
river.
In terms of future forecasts, he stated that there would likely be a significant response in
some systems to heavy rains that had occurred throughout the fall and winter of 2007 in
this region. There was also a mid November slide event in the upper valley of the Ahta
system which led to sediment deposited in most of the lower river. Van Will suggested
that both of these factors are likely to result in significant effects on 2009 returns.
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Table 13. 2007 Key Stream Pink Escapement Observations and Comparisons to the 2004 Brood Year.
(From Pieter Van Will, DFO).

Overview Of Pink Salmon Escapements In Area 12 And
A nd Study Areas Streams
Figures 77 and 78 show the historic trends in catch and escapements for the Area 12
mainland inlets for both odd and even year cycles. Table 8 above shows the escapement
data specific to the Broughton streams for 1999-2007. Note, however, that the data for
2007 are still preliminary. All the BC 16s for Area 12 have been provided from Patrick
Zetterburg, DFO, and are on a CD Data Disk “BC
BC 16:”
16
Specific trends for Broughton systems have been plotted on Figures 79-80. Figure 79
shows the odd year escapement trends, on a log scale, for the Kingcome, Wakeman,
Kakweikan, Glendale, Ahta and Lull Sites. Figure 80 shows the even year escapement
trends, again on a log scale, for Kingcome, Wakeman, Kakweikan, Glendale, Ahta, Lull,
Embley, and Ahnuhati systems.
Figure 81 highlights the fact that there have been very similar trends among all Southern
BC streams that are monitored by DFO. The ovals on this figure highlight very similar
periods of decline that occurred in all systems in 1960, 1984, and 2006. The returns of
1960 and 1984 were associated with strong El Nino events that occurred in 1958 and
1982/83. It is suggested (Van Will, http://www-sci.pac.dfompo.gc.ca/mehsd/sea_lice/2006/Bulletins/Bulletin7/area12_bulletin7_e.htm) that the
returns in 2006 were likely associated with large scale ocean climate effects in the
North Pacific Ocean as indicated by the scale of effects through northern BC and
Alaska. Further analysis with regards to the coherence of the escapement trends and
climate-trends are warranted. Additionally, an examination of the relationship between
harvesting history and the escapements would be interesting. The Ahta and Ahnuhati
valleys have had little in terms of logging history: indeed the Ahnuhati valley is a
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protected area so no logging can take place there. Meanwhile, Lull Creek is a location
where harvesting is believed to have had a strong impact in the 1980’s and 1990’s (Jim
Dunkley, MoF, pers.comm.).

Figure 77. Area 12 Mainland Inlet Pink Salmon Historic Catch and Escapements (Odd Year Cycle). (From
Pieter Van Will, DFO).
Figure 3. Area 12 Mainland Inlet Pink Salmon Historic Catch and Escapement (Even Year
Cycle)
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Figure 78.Area 12 Mainland Inlet Pink Salmon Historic Catch and Escapements (Even Year Cycle). (From
Pieter Van Will, DFO).
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Figure 79. Historic Trends in Odd Cycle Pink Escapements to Key Area 12 Mainland Inlet Systems. (From
Pieter Van Will, DFO).
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Figure 80. Historic Trends in Even Cycle Pink Escapements to Key Area 12 Mainland Inlet Systems. (From
Pieter Van Will, DFO).
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Figure 81. Trends in southern BC Pink Escapement by region and return year. (From Pieter Van Will,
DFO).

Figures 82- 88 below show the absolute escapement trends in the main rivers of the
Broughton. Figures for the Kakweikan, Glendale, Kingcome and Wakemen include the
recently-released escapement figures for 2007 (see above). The dotted lines on the
figure for the Kakweikan show the periods of construction of the fishways. The fishways
consisted of an aluminum steep pass built in 1964, and later, a concrete structures was
built in 1979 (Gould et al., 1988). The subsequent opening of the upper river to
spawning is believed to have led to the increase in pink production between the early
1970s to early 1980's. Due to high fluctuations in discharge in both the Glendale and
Kakweiken systems, spawning channels were constructed in 1988 (Glendale) and 1989
(Kakweiken). These channels were designed to provide ideal spawning conditions for
salmon, and increased returns have been apparent in the Glendale since the
construction of the spawning channel. Channel maintenance has occurred on the
Kakweikan Spawning channel during 1992 (Kakweikan gravel and settling basin), and in
1995, 1997 and 2002 on the settling basin only. The Glendale spawning channel has not
been maintained since it was constructed, although some partial cleaning was done in
2007 (Van Will, pers. comm.). The Glendale River has shown increased escapements
since construction of the spawning channel.
Escapement trends for the Broughton systems show a great deal of variability, both
temporally and spatially (Figure 82-88 below). For example, the Wakeman and
Kingcome Rivers show strong recent declines, while escapement trends for the
Klinaklini, Lull, Ahta and Embley have been generally more variable over time.
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Pink Returns in the Kakweikan River
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Figure. 82. Escapements to the Kakweikan River 1953-2007. (Data from Pieter Van Will, DFO).
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Figure. 83. Escapements to the Glendale River 1953-2007. (Data from Pieter Van Will, DFO).
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Pink Returns in the Kingcome River
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Figure. 84. Escapements to the Kingcome River 1953-2007. (Data from Pieter Van Will, DFO).

Pink Returns in the Wakeman River
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Figure. 85. Escapements to the Wakeman River 1953-2007. (Data from Pieter Van Will, DFO).
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Pink Returns in the Ahta River
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Figure. 86. Escapements to the Ahta River 1953-2005. (Data from Pieter Van Will, DFO).

Pink Returns in the Klinaklini River
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Figure. 87. Escapements to the Klinaklini River 1953-2003. (Data from Pieter Van Will, DFO).
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Pink Returns in Lull Creek
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Figure. 88. Escapements to Lull Creek 1953-2005. (Data from Pieter Van Will, DFO).

Pink Returns in Embley Creek
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Figure. 89. Escapements to Embley Creek 1953-2005. (Data from Pieter Van Will, DFO).
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Pmax Trends For
F or Pink Stocks
In addition to the streams of interest within the Broughton study area, Van Will (DFO)
analyzes escapements for a number of study streams within Areas 11-16 (Table 14).
Escapement and catch assessments for the study area streams shown in this table are
given in tables 15 and 16 below.
Table 14. Streams enumerated by Pieter Van Will and referred to as “Study Area Streams” in figures
below.
Upper Vancouver Island

Loughborough to Bute

Bond to Knight

T oba Inlet

CLUXEWE RIVER

APPLE RIVER

AHNUHATI RIVER

BREM RIVER

KEOGH RIVER

AHTA RIVER

KLITE RIVER

NAHWITTI RIVER

CAMELEON HARBOUR
CREEK
CUMSACK CREEK

AHTA VALLEY CREEK

QUATAM RIVER

QUATSE RIVER

EVA CREEK

GILFORD CREEK

TOBA RIVER

SHUSHARTIE RIVER

FANNY BAY CREEK

GLENDALE CREEK

Jervis

SONGHEES CREEK

FRAZER CREEK

HOEYA SOUND CREEK

BRITTAIN RIVER

STRANBY RIVER

FULMORE RIVER

KAKWEIKEN RIVER

DESERTED RIVER

TSULQUATE RIVER

GRANITE BAY CREEK

KAMANO BAY CREEK

LANG CREEK

Johnstone Strait

GRASSY CREEK

KLINAKLINI RIVER

SKWAWKA RIVER

ADAM RIVER

GRAY CREEK

KWALATE CREEK

TZOONIE RIVER

AMOR DE COSMOS CREEK

HEYDON CREEK

LULL CREEK

HYDE CREEK

HOMATHKO RIVER

NIGGER CREEK

VANCOUVER
RIVER
Howe Sound

KOKISH RIVER

HYACINTHE CREEK

VINER SOUND CREEK

Ashlu River

MENZIES CREEK

KANISH CREEK

Mid Vancouver Island

Cheakamus River

MILLS CREEK

ORFORD RIVER

CAMPBELL RIVER

Mamquam River

MOHUN CREEK

PHILLIPS RIVER

ENGLISHMAN RIVER

Squamish River

NIMPKISH RIVER

READ CREEK

OYSTER RIVER

Burrard Inlet

SALMON RIVER

STAFFORD RIVER

PUNTLEDGE RIVER

Indian River

TSITIKA RIVER

WORTLEY CREEK

QUINSAM RIVER
TSOLUM RIVER
Kingcome Inlet
CARRIDEN CREEK
EMBLEY CREEK
KINGCOME RIVER
WAKEMAN RIVER
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Table 15. Odd Year Study Area Pink Production (this includes all streams in UVI, LB, MVI, Bond/Knight, Kingcome/Wakeman.(From Van Will).
Odd Year Study Area Pink Production
Updated
Total
Brood
Year
JS Catch
Escapement
Stock
Exploitation
Escapement
R/S
1953
1955
1957
1959
1961
1963
1965
1967
1969
1971
1973
1975
1977
1979
1981
1983
1985
1987
1989
1991
1993
1995
1997
1999
2001
2003

1,508,726
1,818,443
1,992,112
425,989
746,782
118,103
663,871
1,019,992
689,791
487,877
424,300
885,400
1,236,000
1,026,100
477,000
1,178,000
389,766
718,747
155,659
202,304
1,400
384,190
258,908

774,700
810,000
1,134,900
966,900
1,093,500
1,703,100
618,800
346,100
214,100
925,900
1,167,300
1,553,500
271,000
285,700
1,101,700
1,578,100
942,300
470,600
448,800
419,900
668,400
309,700
436,900
827,900
2,167,800
503,300

774,700
810,000
1,134,900
2,475,626
2,911,943
3,695,212
1,044,789
1,092,882
332,203
1,589,771
2,187,292
2,243,291
758,877
710,000
1,987,100
2,814,100
1,968,400
947,600
1,626,800
809,666
1,387,147
465,359
639,204
829,300
2,551,990
762,208

0.0%
0.0%
0.0%
60.9%
62.4%
53.9%
40.8%
68.3%
35.6%
41.8%
46.6%
30.7%
64.3%
59.8%
44.6%
43.9%
52.1%
50.3%
72.4%
48.1%
51.8%
33.4%
31.6%
0.2%
15.1%
34.0%

774,700
810,000
1,134,900
966,900
1,093,500
1,703,100
618,800
346,100
214,100
925,900
1,167,300
1,553,500
271,000
285,700
1,101,700
1,578,100
942,300
470,600
448,800
419,900
668,400
309,700
436,900
827,900
2,167,800

1.05
1.40
2.18
3.01
3.38
0.61
1.77
0.96
7.43
2.36
1.92
0.49
2.62
6.96
2.55
1.25
1.01
3.46
1.80
3.30
0.70
2.06
1.90
3.08
0.35

2005

78,759

614,400

693,159

11.4%

503,300

1.38

AVERAGE

730,846

827,013

1,557,859

46.9%

854,474

1.82
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Table 16. Even Year Study Area Pink Production (this includes all streams in UVI, LB, MVI, Bond/Knight, Kingcome/Wakeman (From Van Will).
Updated
Brood
Year
JS Catch
Mainland Catch
Total catch
Total Stock
Exploitation
Escapement
Escapement
1952
1954
1956
1958
1960
1962
1964
1966
1968
1970
1972
1974
1976
1978
1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2002
2004

2,706,500
399,200
920,200
1,365,800
344,100
750,700
853,900
3,438,500
3,695,700
2,341,100
729,600
1,548,600
3,777,600
1,347,400
1,192,800
194,500
232,000
574,500
354,734
123,967
901,294
199,798
59,062
76,879
368,365
113,537
94,050

AVERAGE

1,063,125

Pearsall Ecological Consulting

291,266
3,742,736
211,700

1,083,674

1,332,344

R/S

2,706,500
399,200
920,200
1,365,800
344,100
750,700
853,900
3,438,500
3,695,700
2,341,100
729,600
1,548,600
3,777,600
1,347,400
1,192,800
194,500
232,000
574,500
646,000
3,866,703
1,112,994
199,798
59,062
76,879
1,452,039
113,537
94,050

1,036,900
568,600
585,600
754,600
227,000
684,400
619,800
1,322,600
1,476,900
1,149,700
713,200
1,122,400
1,677,700
1,089,500
1,405,700
545,800
358,600
1,358,700
1,874,000
3,465,200
2,375,800
1,263,700
2,476,000
2,193,400
5,021,400
891,300
1,466,200

3,743,400
967,800
1,505,800
2,120,400
571,100
1,435,100
1,473,700
4,761,100
5,172,600
3,490,800
1,442,800
2,671,000
5,455,300
2,436,900
2,598,500
740,300
590,600
1,933,200
2,520,000
7,331,903
3,488,794
1,463,498
2,535,062
2,270,279
6,473,439
1,004,837
1,560,250

72.3%
41.2%
61.1%
64.4%
60.3%
52.3%
57.9%
72.2%
71.4%
67.1%
50.6%
58.0%
69.2%
55.3%
45.9%
26.3%
39.3%
29.7%
25.6%
52.7%
31.9%
13.7%
2.3%
3.4%
22.4%
11.3%
6.0%

1,036,900
568,600
585,600
754,600
227,000
684,400
619,800
1,322,600
1,476,900
1,149,700
713,200
1,122,400
1,677,700
1,089,500
1,405,700
545,800
358,600
1,358,700
1,874,000
3,465,200
2,375,800
1,263,700
2,476,000
2,193,400
5,021,400
891,300

0.93
2.65
3.62
0.76
6.32
2.15
7.68
3.91
2.36
1.25
3.75
4.86
1.45
2.39
0.53
1.08
5.39
1.85
3.91
1.01
0.62
2.01
0.92
2.95
0.20
1.75

1,260,510

1,397,211

2,657,721

43.1%

1,394,558

2.55
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Van Will (pers.comm.) has put together a number of Pmax trends for these different
stocks (Figures 90-93 below). Note that Pmax is used to scale the escapements in the
streams. Each escapement value (E) is scaled in each stream (i) to the maximum
escapement noted in that stream across all years t :
Pi,t =

Ei,t
Max(Ei)

Then the Pi,t are averaged across all streams (i) for each year (t) to give a time series
(Pmax) for the whole area (Sawada et al, 2003). For these figures, catches are included in
the time series, so that the escapement estimates would be a more accurate portrayal
of the actual expected returns to streams.
The different trends are compared for both odd and even years for all the different
stocks (Note that UVI = Upper Vancouver Island, JS = Johnstone Strait, MVI = Middle
Vancouver Island, King/Wake = Kingcome-Wakeman, Bond/Knight = Bond-Knight, and
LB = Loughborough to Bute (Figures 94-95).
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Figure 90. Pmax trend for the Bond/Knight Area Pink salmon stocks, based on both catch and
escapement. (Data from Pieter Van Will, DFO).
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Index trend of Mid Vancouver Island Area Pink Salmon
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Figure 91. Pmax trend for the Mid Vancouver Island Area Pink salmon stocks, based on both catch and
escapement. (Data from Pieter Van Will, DFO).
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Figure 92. Pmax trend for the Johnstone Strait Area Pink salmon stocks, based on both catch and
escapement. (Data from Pieter Van Will, DFO).
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Index trend of Upper Vancouver Island Area Pink Salmon
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Figure 93. Pmax trend for the Upper Vancouver Island Area Pink salmon stocks, based on both catch and
escapement. (Data from Pieter Van Will, DFO).

Odd Year Trend in Study Area Pinks
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Figure 94. Odd Year Trend (Pmax) for Pink Stocks in the total study area (see Table above). (Data from
Pieter Van Will, DFO).
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Even Year Trend in Study Area Pinks
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Figure 95. Even Year Trend (Pmax) for Pink Stocks in the total study area (see Table14 above). (Data
from Pieter Van Will, DFO).

Broughton Chum Salmon
The last stock assessment for chum in the Broughton area was done in 1999. Ryall et al.
(1999) examined the aggregate Inner South Coast (ISC) chum stocks, which include the
Kingcome River chum stock and the Bond/Knight Inlets stocks.
They noted that there are 16 passively managed stocks in the Kingcome Inlet area, and
that escapement records suggested that these stocks declined from an average of 36,000
in the 1950s to 18,000 in the 1960s, 40,000 in the 1970s and 10,000 in the 1980s.
Escapements in the 1990s averaged 1,900, which was less than 0.01% of the target
escapement of 200,000.
There are another 24 chum stocks in the Bond/Knight inlets. Again, Ryall et al. (1999)
reported that average escapements for these stocks declined from 131,000 in the 1950s
to 47,000 in the 1980s. In the 1990s, Ryall et al (1999) reported that the Viner Sound
Creek supported both early and late fall runs of chum, and that this system accounted
for 65% of the total chum escapement in the area, averaging 25,000 to 50,000 spawners
between 1953 and 1989. During the 90s, average escapements fell to 10,000 for the
area as a whole, and 4,600 for Viner Sound.
Target escapement for the area as a whole was given as 346,000 chum. Thus, estimates
of escapement for both Kingcome River chum and Bond/Knight Inlet chum showed a
marked decline throughout the time series (Ryall et al. 1999).
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Pieter Van Will (DFO) provided the escapement data for Broughton chum (Figures 96101 and Table 17). The only Broughton runs currently monitored to any extent for
chum are the Ahnuhati and the Ahta Rivers (Pieter Van Will, pers. comm.). The Viner
River is also enumerated, but it is unknown what the impact and overall contribution of
enhanced chum is in this system. Viner River has a community hatchery in place on
Scott Cove. The releases of chum are reported on DFO Mapster (see “Enhancement
Hatchery” section following this section), but the portion of the returns that are
hatchery derived is unknown (Van Will, pers. comm.). Summer chum stocks on the
Ahnuhati, Viner and Ahta have shown recent increases, but the reasons for these
increases are unknown (Van Will, pers.comm.). Suggested reasons may be due to
release of competition from pink stocks, or due to reduction in fishing intensity (Van
Will, pers.comm.). For example, the Ahnuhati stock was intercepted by sockeye
fisheries in the past. The current catches of this stock are unknown - there have been
inconsistent fisheries, and a lack of standardization since the 1990s, but it is clear that
fishery interceptions of this stock are currently probably low.
Fall chum stocks enter the mainland streams after pink salmon have already come into
spawn. The escapement information for these stocks is poor and they are not
monitored strongly, probably due to the fact that they do not enter systems until late
October, at which time rainfall is often high and visibility is low (Van Will, pers.comm.).
Little is known about the overall status of these stocks in this region.
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Historic chum escapements to some Key Area 12 Mainland Inlet
systems
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Figure 96. Chum escapements to some key Broughton systems (data supplied by Pieter Van Will, DFO).
These data are absolute escapements.
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Figure 97. Chum escapements to some key Broughton systems – the Bond to Knight group and the
Kingcome Inlet group (data supplied by Pieter Van Will, DFO). Data plotted on log scale.
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Chum Trends in Some Key Area 12 Mainland Inlets
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Figure 98. Chum escapements and moving averages to the Ahnuhati River and Viner Sound Creek (data
supplied by Pieter Van Will, DFO).

Historic chum escapements to some Key Area 12 Mainland Inlet
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Figure 99. Chum escapements to the Ahnuhati and Ahta Rivers (data supplied by Pieter Van Will, DFO).
Escapements are plotted on a log scale.
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Historic chum escapements to some Key Area 12 Mainland Inlet
systems
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Figure 100. Chum escapements to Viner Sound Creek (data supplied by Pieter Van Will, DFO).
Escapements are plotted on a log scale.
Historic chum escapements to some Key Area 12 Mainland Inlet
systems
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Figure 101. Chum escapements to the Klinaklini and Kakweikan Rivers (data supplied by Pieter Van Will,
DFO). Escapements are plotted on a log scale. Spaces exist where NuSEDS data showed that the systems
were not inspected or that no fish were noted..
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Table 17. Chum Escapement Data for the Broughton Archipelago (data supplied by Pieter Van Will, DFO).

Area
Kingcome Inlet

System

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

KINGCOME RIVER

NO
NO
NO
NO
A.P.

8000
354
300 No BC16
NO
22
40
NO
2500 No BC16

7850
NI
NO
NO
1837

1021
NI
20
150
380

5000
NI
NO
200
7500

169
NI
AP
AP
1333

3094
NI
NO
470
699

230
NI
NI
38
113

9390
NI
NI
746
13614

MARION CREEK
NIMMO CREEK
MACKENZIE RIVER
WAKEMAN RIVER

0

10840

376

9687

1571

12700

1502

4263

381

23750

AHTA RIVER
GLENDALE CREEK
KAKWEIKEN RIVER
KLINAKLINI RIVER
KWALATE CREEK
LULL CREEK
SCOTT COVE CREEK
SHOAL HARBOUR CREEK
VINER SOUND CREEK

500
2080
200
369
1500
NO
15
6
NO
97

2000
5000
5000

1800
800
150
300

1200
10000
A.P.

93853
14739
1259
7550

2507
200
NO
2
50
1600

5818
2076
133
2945
5112
42
NO
NO
43
2241

16816
599
NO
118

NO
NO
12
19
1100

20600
9260
6670
380
2499
NO
NO
1
NO
1300

13383
1451
NO

9543
300
450
NO
NO
1500

10100
6500
UNK
150
348
155
AP
1
75
100

117
20
NO
AP
326

205
AP
AP
184
9506

89
27
366
199
5401

Area Total

4767

23793

4181

15559

17429

40710

18410

15297

27428

123483

Combined Total

4767

34633

4557

25246

19000

53410

19912

19560

27809 147233

Area Total

Bond to Knight

AHNUHATI RIVER
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Juvenile Migration Monitoring
Together with the work done under the Pink Salmon Action Plan in the Broughton
Archipelago to examine escapement trends, a research program was also conducted by
DFO to asses the spatial and temporal distribution of sea lice loads on juvenile pink and
chum salmon in the Broughton Archipelago. Details of the sea lice counts and juvenile
salmon counts are listed in the “Sea Lice” section of this document. Hargreaves et al.
(2003) wrote a PSARC document entitled “Abundance and distribution of juvenile
salmon and other fish caught in the Broughton Archipelago, Knight Inlet and Muchalat
Inlet, B.C. in 2003.” However, this document remains as a draft and thus cannot be
cited. However, some of the data and findings from this study can be found at:
http://www-sci.pac.dfo-mpo.gc.ca/mehsd/sea_lice/2006/Bulletins/bulletins_e.htm
Dr. Dick Beamish and co-workers (DFO), Alexandra Morton (Raincoast Research),
Martin Krkosek (U of A) and many others have been involved in sampling juvenile
salmon in the Broughton Archipelago as part of a general examination of the lice loads
on wild fish versus farmed fish, population dynamics of fish lice on juvenile and adult
salmon, potential transmission of sea lice from wild adult salmon and farmed salmon to
juveniles, and characterization of migration pathways of the juvenile salmon. This
research is ongoing, and much remains unpublished, but the most recent studies of sea
lice/juvenile salmon in the archipelago have been recently documented in an annotated
bibliography commissioned by the B.C. Pacific Salmon Forum (Harvey, 2008).
Enhancement
Enhancement Hatchery Information
Information In The
T he Broughton Archipelago
Information on enhancement activities within the Broughton Archipelago was derived
from DFO’s MAPSTER. Figure 102 below shows that there are two small scale
community hatchery/enhancement facilities in the Broughton: Warner Bay Creek
Hatchery and Scott Cove Creek. The data for each was taken using the data mining
tool for MAPSTER. Chinook, coho and pink salmon have been released from the
Warner Bay Creek Hatchery, but recently, only coho have been released. Chum and
coho salmon have been released from the Scott Cove Creek facility.
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Figure 102. Location of Warner Bay Creek Hatchery and Scott Cove Creek Hatchery in the Broughton
Archipelago. (From DFO MAPSTER).

Warner Bay Creek Hatchery has coordinate positions of 923359, 669525 (BC Albers),
51° 2' N, 127° 5' W (Geographic NAD83). This community hatchery is run as a
volunteer program. Chinook, coho and pink have been released from the hatchery, but
only coho have been released in recent years (Tables 18-20, Figure 103).
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Table 18. Total chinook Released from Warner Bay Cr Project

Release Year
1993
1992
1991
1990

Total Released
10000
35000
60000
70000

Table 19. Total Coho Released from Warner Bay Cr Project

Release Year
2006
2004
2003
2002
2001
2000
1998
1997
1996
1995
1994
1993
1992
1991
1988
1987

Total Released
30000
100000
35000
76000
122496
149489
31569
43323
10000
75000
10500
9800
22000
8000
9430
5000

Table 20. Total Pink Released from Warner Bay Cr Project

Release Year
1989
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Total Released
36045
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Coho and chinook releases from Warner Bay Creek
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Figure 103. Number of coho released by year from Warner Bay Creek hatchery

Scott Cove Creek Hatchery on Viner Creek has coordinate positions of 967702,
638926 (BC Albers), 50° 45' N, 126° 27' W (Geographic NAD83). This community
hatchery is run as a DFO volunteer program. Chum and coho have been released from
the hatchery, but only chum have been released in recent years (Tables 21-22, Figure
104).
Table 21. Total Coho Released from Scott Cove Creek Project

Release Year
1999
1996
1995
1994
1993
1992
1991
1990
1989
1988
1987
1986
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Total Released
181691
3500
100000
100000
104470
238716
174296
200799
249600
183730
170000
82000
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1984
1983
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81874
6300
24645

Table 22. Total Chum Released from Scott Cove Creek Project

Release Year
2006
2005
2004
2003

Total
Tota l Released
32063
3643
100000
199000

Coho and chum releases from Scott Cove Creek
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Figure 104. Number of coho and chum released by year from Scott Cove Creek hatchery

For each of the years in the tables above, further information can be gleaned from
MAPSTER. For example, for each of the years listed in table 22, further information on
the specific chum releases for each of those years is released (Tables 23-26 below):
Table 23. Specific details regarding 2006 releases of chum from Scott Cove Creek Hatchery

StockWaterbody Run
Run BroodYear ReleaseWaterbody StageName
Fed Fry Reared
Viner Sound Cr Fall 2005
Scott Cv Cr
in Saltwater
Fed Fry Reared
Viner Sound Cr Fall 2005
Viner Sound Cr
in Freshwater
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Table 24. Specific details regarding 2005 releases of chum from Scott Cove Creek Hatchery

TotalReleased
StockWaterbody Run BroodYear ReleaseWaterbody StageName
Fed Fry Reared
Viner Sound Cr Fall 2004
Fife Sd
3643
in Saltwater
Table 25. Specific details regarding 2005 releases of chum from Scott Cove Creek Hatchery

StockWaterbody Run BroodYear ReleaseWaterbody StageName
TotalReleased
Fed Fry Reared
Viner Sound Cr Fall 2003
Viner Sound Cr
100000
in Freshwater
Table 26. Specific details regarding 2005 releases of chum from Scott Cove Creek Hatchery

StockWaterbody
StockWaterbody Run BroodYear ReleaseWaterbody StageName TotalReleased
Viner Sound Cr
Fall 2002
Viner Sound Cr
Egg Plant
179000
Viner Sound Cr
Fall 2002
Viner Sound Cr
Unfed Fry 20000
Thus, using MAPSTER, one can determine the specific waterbody in which fish have
been released, and the stage in which they are released.

E nergy, Minerals And
And Aggregate Extraction
Oil and gas and other energy production activities have not taken place in this region,
since there was a moratorium created in 1972 which prevents any exploration or
development on the coast. There are a few small aggregate extraction facilities on
foreshore in the Broughton, in particular on the north side of Malcolm Island (Ministry
of Sustainable Resource Management, 2002). At this time there are no coal bed methane
permits/tenures on Vancouver Island. Vancouver Island is connected to the provincial
electricity grid via sub-sea transmission lines and Cormorant and Malcolm Islands are
also connected to Vancouver Island by submarine cable. The Broughton region is not
connected to the grid (Ministry of Sustainable Resource Management, 2002).
Location of historic mines and their production levels is shown for the Broughton
region (Figure 105). There has been little mining activity in this region. There are
presently no operating mines, advanced exploration activities, significant energy projects,
or existing metal mining in the area (Terry et al., 2000). The Ministry of Energy and
Mines (MEM) considers this area to be “underexplored” when compared with other
areas of BC, and this is due to the lack of access roads and steep terrain. Figure 106
shows the location of potential problem historical mines, and levels of associated risks.
Records of tailings and pH levels are shown in Figure 107.
The metadata associated with the mines is listed on the data CD under
”Impacts/Mines/Metadata”.
”Impacts/Mines/Metadata
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Figure 105. Location of historic mines and their production levels is shown for the Broughton region
(from B.C. Energy and Mines).

Figure 106. Location of potential problem historical mines in the Broughton region.

Pearsall Ecological Consulting

128

Broughton Archipelago State of Knowledge

129

Figure 107. Records of tailings and pH levels in watersheds of the Broughton.

Marine Transportation
Much of the land in the Broughton Archipelago is not accessible by road, and therefore
marine transportation is important. Johnstone and Queen Charlotte straits are part of
the inside passage, which is an important route linking coastal British Columbia, Alaska,
and Washington State. Log booms, barges, cruise ships, yachts, and fish boats regularly
move through this area. BC Ferries provides daily ferry service to Alert Bay, Sointula,
and Port McNeill (Terry et al. 2000).

Marine Fishery Closures And
And Marine Protected Areas
A comprehensive online document entitled “Marine Protected Areas and Fishery
Closures in British Columbia” explains the different ways that marine areas may be
protected in B.C at both the provincial and federal level (Jamieson and Lessard, 2000).
This book can be accessed online at http://www.pac.dfompo.gc.ca/Oceans/closure/contents_e.htm
This document details spatially persistent fishery closures, which have been established
for a variety of reasons, including conservation, improved navigation, human health
issues, and resource allocations to specific client sectors (commercial, recreational and
aboriginal). These conservation closures have been deemed essential to protect species
at critical points in their life cycles such as on spawning or nursery grounds, or when a
species is particularly vulnerable, or to reduce harvesting pressures on at-risk stocks.
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Fishery closures range from fairly simple restrictions to conserve a single species up to
comprehensive harvest restrictions that covers all fishing activities in a specific
geographical area. Jamieson and Lessard (2000) have provided a summary of available
information on marine protected areas and fishery closures in existence along the Pacific
Coast in 1997. In general, fishery closures restrict only fishing activity whereas marine
protected areas are able to limit a much greater variety of environment-impacting
human activities.
DFO is responsible for conservation and management of most of the renewable fishery
resources in British Columbia, while other federal and provincial agencies are
responsible for the conservation and management of other species, such as birds, and
habitats. Table 27 below, taken from this document, shows the different regulatory and
legislative authorities under which each of the different types of protected areas are or
can be established.
In addition to these spatially persistent closures, there are also a number of fishery
closures that are more ephemeral, and may vary from year to year. These can be found
on the DFO website.
Marine Protected Areas
There are 10 designation types for legislated marine protected areas at the provincial
and federal level in British Columbia. There are also municipal marine parks, but these
do not protect marine resources except where Fisheries and Oceans Canada has
established fishery closures which match the protected area boundaries. Jamieson and
Lessard (2000) provide summaries of each type of marine protected area (including
fishery closures), with explanations of its’ purpose, formation, designation, and any
relevant regulations.
As can be seen from Figure 108 below, the key protected areas within the Broughton
Archipelago region and its vicinity, include site numbers 0043, 0061, 0063, 0064, 0065,
0116 and 0118.
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Table 27. Federal and Provincial Statutory Powers for Protecting Marine Areas (from Jamieson & Lessard,
2000).
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Figure 108. Legislated marine protected area locations in the southern half of coastal British Columbia.
Each protected area is referenced by a site specific number. Protected areas within Johnstone and Queen
Charlotte Straits are coloured blue). (From Jamieson & Lessard, 2000).

One of these protected areas, site 0061, is an ecological reserve, namely the Robson
Bight (Michael Bigg) reserve. The dataild regarding this reserve, from Jamieson and
Lessard (2000) are shown below. Ecological reserves are under provincial jurisdiction,
and the purpose of the Ecological Reserve Act is to “reserve Crown land for ecological
purposes, including areas suitable for research and education, that are representative of
natural ecosystems in British Columbia, that are examples of modified environments
that can be studied for their recovery, and that are habitats of rare, endangered or
unique species.” Regulations under the Act state that no person shall:
1. prospect for minerals, cut timber, allow livestock grazing, build camps, roads,
or trails, trap, hunt, use motorised vehicles
or remove flora or fauna,
2. introduce plant or animal species without a permit,
3. deposit or discharge sewage, waste materials and contaminants in the reserve,
and
4. enter for research or educational use within an Ecological Reserve without a
permit.
These regulations are enforced by Peace officers such as the Royal Canadian Mounted
Police (RCMP) and Conservation and Park Officers.
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Site 61: Robson Bight (Michael Bigg) Ecological Reserve
Reserve
Name: Robson Bight (Michael Bigg)
Fisheries Statistical Area(s) - Subarea(s) 12 - 3
Type: Ecological Reserve
Primary Agency Responsible: Ministry of Environment, Lands & Parks
Other Regulating Agency: Fisheries and Oceans Canada
Year Established: 1982
Total Area: 1892.6 ha Land Area: 597.8 ha Marine Area: 1294.8 ha

Designation Regulations
Ecological reserves are managed by a permit system. Pursuant to the Ecological Reserve Act, all
disruptive activities within an ecological reserve are prohibited unless a permit is granted.

Fishing Regulation Closures
Site Specific Regulations
0742 All whale watching activities are prohibited. Voluntary closure of all recreational
and commercial vessels is also in effect.

General Overlapping Regulations
0309 Lingcod
0449 Rockfish - all trawling.
0306 Sablefish
0423 Wild trout
Not applicable

Site Specific Notes
Key Features:
~ representative undisturbed exposed estuary and forest within the Johnstone Strait Marine Ecosection
and
Coastal Western Hemlock Biogeoclimatic Zone
~ protects rubbing beaches, a special component of killer whale habitat, as well as the Tsitika River
estuary and
its ecosystems

Level of Development within the Site:
~ none

Threats to the Ecosystem/Land Use Conflicts:
~ commercial harvest of benthic marine species
~ tourism activities require ongoing management attention

There are three provincial parks within the Broughton Archipelago area: namely, site
0064 the Broughton Archipelago marine park, site 0063 the Cormorant Channel marine
park and site 0065 the Echo Bay marine park. Details about these three provincial parks,
are outlined in the boxes below (taken from Jamieson and Lessard, 2000). Maps of the
three parks are also reproduced from Jamieson and Lessard, 2000). The purpose of
provincial parks is “to set aside representative ecosystems, habitat and special
landscapes and features with the broadest diversity of provincially significant biophysical
resources. Other objectives are to serve various outdoor recreation functions including
enhancing tourism opportunities and ensuring enjoyment by all residents of the
province.” (Jamieson and Lessard, 2000).
A number of activities such as disturbance, entrance, camping, picnicking, fires, domestic
animals, recreation, vehicles, are prohibited or restricted in provincial parks. Permits
may be issued to allow for exceptions. Park Act regulations are enforced by park
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rangers, conservation officers, the RCMP, and other peace officers. Some of the
restrictions and prohibitions apply to the material listed in the box below (from
Jamieson and Lessard, 2000):
1. activities detrimental to natural resources, possession or removal thereof, including water for purposes
other than personal use, deposition of waste on land, water or air, research or collection activity, and
others,
2. feeding wildlife,
3. personal property and structures within park lands; these are allowed only for the duration of the
permit, beyond that the site must be restored to its natural condition,
4. guiding and trapping, and
5. possession of firearms or hunting devices.
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Site 64: Broughton Archipelago Marine Class A Provincial Park
Name: Broughton Archipelago Marine Fisheries Statistical
Area(s) - Subarea(s)
Type: Class A Provincial Park
12 - 6
Primary Agency 12 - 7
Responsible: Ministry of Environment, Lands & Parks 12 - 26
12 - 39
Other Regulating
Agency: Fisheries and Oceans Canada
Year Established: 1992
Total Area: 11642.4 ha Land Area: 2021.8 ha Marine Area: 9620.6 ha

Designation Regulations
Any industrial or commercial recreation activities are prohibited unless a park use permit is granted.
Pursuant to subsection 9(2) of the Park Act, a park use permit must not be issued unless, in the opinion
of the minister, it is necessary for the preservation or maintenance of the recreational values of the park
involved.

Fishing Regulation Closures
Site Specific Regulations
None

General Overlapping Regulations
0309 Lingcod
0310 Lingcod - all trawling from APR 1, 1997 to MAY 14, 1997 and NOV 15, 1997 to MAR
31, 1998.
0146 Intertidal clams
0145 Intertidal clams
0144 Intertidal clams
0424 Groundfish by bottom trawl.
0306 Sablefish
0814 Lingcod by hood and line from JAN 1 to JUN 14 and NOV 15 to DEC 31.
0423 Wild trout
0449 Rockfish - all trawling.

Site Specific Notes
Key Features:
~ extensive terrestrial and marine features representative of Johnstone Strait and Queen Charlotte
Strait Marine Ecosections and Coastal Western Hemlock Biogeoclimatic Zone
~ coastal wilderness recreation opportunities
~ significant cultural heritage features

Level of Development
Development within the Site:
~ water access only, wilderness

Threats to the Ecosystem/Land Use Conflicts:
~ exploitation of marine species within the park
~ increasing recreational activities
~ aquaculture
~ increasing faecal coliform contamination
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Site 63: Cormorant Channel Marine Class A Provincial Park
Name: Cormorant Channel Marine Fisheries Statistical
Area(s) - Subarea(s)
Type: Class A Provincial Park
12 - 18
Primary Agency 12 - 5
Responsible: Ministry of Environment, Lands & Parks
Other Regulating
Agency:
Agency: Fisheries and Oceans Canada
Year Established: 1992
Total Area: 691.7 ha Land Area: 240.4 ha Marine Area: 451.3 ha

Designation Regulations
Any industrial or commercial recreation activities are prohibited unless a park use permit is granted.
Pursuant to subsection 9(2) of the Park Act, a park use permit must not be issued unless, in the opinion
of the minister, it is necessary for the preservation or maintenance of the recreational values of the park
involved.

Fishing Regulation Closures
Regulations
Site Specific R
egulations
None

General Overlapping Regulations
0375 Green urchin
0717 Red urchin
0309 Lingcod
0449 Rockfish - all trawling.
0306 Sablefish
0423 Wild trout

Site Specific Notes
Key Features:
~ Minke whales, Dall porpoises, seals, sea lions and wintering birds
~ Stubbs Island; world renowned diving destination

Level of Development within the Site:
~ water access only
~ wilderness

Threats to the Ecosystem/Land Use Conflicts:
~ heavy exploitation of benthic marine species within the park
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Marine
Site 65: Echo Bay Mar
ine Class A Provincial Park
Name: Echo Bay Marine Fisheries Statistical
Area(s) - Subarea(s)
Type: Class A Provincial Park
12 - 39
Primary Agency
Responsible: Ministry of Environment, Lands & Parks
Other Regulating
Agency: Fisheries and Oceans Canada
Year Established: 1971
Total Area: 1.5 ha Land Area: 1.1 ha Marine Area: 0.4 ha

Designation Regulations
Any industrial or commercial recreation activities are prohibited unless a park use permit is granted.
Pursuant to subsection 9(2) of the Park Act, a park use permit must not be issued unless, in the opinion
of the minister, it is necessary for the preservation or maintenance of the recreational values of the park
involved.

Fishing Regulation Closures
Site Specific Regulations
None

Regulations
General Overlapping Regulati
ons
0309 Lingcod
0449 Rockfish - all trawling.
0306 Sablefish
0488 Bivalve molluscs
0423 Wild trout

Site Specific Notes
Key Features:
~ semi-protected bay habitat typical of Johnstone Strait

Level of Development within the Site:
~ water access only
~ deactivated Forest Service Station

Threats to the Ecosystem/Land Use Conflicts:
~ potential risk of fuel spill from an adjacent marine resort
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Three more of the protected areas within the vicinity of the Broughton Archipelago
include Designated Wildlife Reserv
Reserves
es , namely, site 0043 the Kokish Estuary wildlife
reserve, site 0116 the Cluxewe Estuary wildlife reserve and site 0118 the Kingcome
River Estuary wildlife reserve. The purpose of wildlife reserves is to protect sensitive
habitat or habitat important for the conservation and well-being of species, and such
areas may be protected for specific and varying time periods (e.g. 5-60 years). These
measures are often carried out until such areas can be established as full wildlife
management areas at a later date. The areas of importance to marine organisms includes
estuarine or foreshore habitat that gains protection in the form of wildlife reserves.

Site 118: Kingcome River Estuary Wildlife Reserve
Name: Kingcome River Estuary Fisheries Statistical
Area(s) - Subarea(s)
Type: Wildlife Reserve
12 - 46
Primary Agency
Responsible: Ministry of Environment, Lands & Parks
Other Regulating
Agency: Fisheries and Oceans Canada
Year Established: 1988
Total Area: 500.9 ha Land Area: 466.9 ha Marine Area: 34 ha

Designation Regulations
Various sections of the Land Act withdraw Crown lands from disposition. There are no specific
regulations associated with the Land Act with respect to the management of Wildlife Reserve areas.

Fishing Regulation Closures
Regulations
Site Specific Regulati
ons
None

General Overlapping Regulations
0223 All finfish.
0309 Lingcod
0423 Wild trout
0449 Rockfish - all trawling.

Site Specific Notes
Key Features:
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~ important grizzly bear, fish and waterfowl habitat

Level of Development within the Site:
~ seaplane dock in the estuary

Threats to the Ecosystem/Land Use Conflicts:
~ there is interest in building road access through part of the estuary for industrial and recreational
purposes

Fishery Closures
Short Term
T erm Fishery Closures
In addition to the protected areas discussed above, there are federal fishery closures
that are set up under the Fisheries Act. These closures specifically regulate human
fishing activities and may vary by time and area closures for selected species. The length
of time that a specific fishery may be closed may vary from a period as short as one
hour to a full year-round closure. Different close times are set by species for aboriginal,
recreational and commercial fishing and may also be specific with regards to gear type.
Because of the wide variety of closures, in terms of species affected, fishery type, length
of time or specific geographic area affected, as well as the reasons for closure, it is
apparently impossible to easily and concisely present a summary of closures in B.C. In
general, pelagic and highly mobile species such as salmon and herring are managed by
having all areas closed, with only occasional openings permitted. Meanwhile, spatially
persistent species that largely stay in the same geographic area as adults (e.g. benthic
invertebrates, lingcod, rockfish, etc.) are managed by having all areas open, with closures
established where necessary.
These openings are variable – recreational fishery notices can be accessed by year and
species at:
http://wwwops2.pac.dfompo.gc.ca/xnet/content/fns/index.cfm?pg=search_options&lang=en&id=recr
eational
Commercial fishery notices detailing specific short-term closures can be found at
http://www-ops2.pac.dfompo.gc.ca/xnet/content/fns/index.cfm?pg=search_options&lang=en&id=commercial
At the following site http://www.pac.dfo-mpo.gc.ca/recfish/default_e.htm, information on
all types of closures can be obtained by Stat Area. See Appendix 2 for the type of
information given for Area 12 (accessed January 27 2008).
Persistent Fishery Closures
Details regarding the types of reasons for spatially persistent fishery closures are given
in Table 28 below (derived from Jamieson and Lessard 2000).
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The spatially persistent closures in the Broughton Archipelago region are outlined in
Table 29 below. These have been in effect since 1997. The RID code in this table can be
used to determine the specific reason for the closure from Table 28. Figures 109,111
and 114 show the location of the fishery closures for fish, invertebrates and due to
contamination, respectively. Figures 110, 112, 113 and 115 show these areas at finer
resolution.
Table 28. Reasons for persistent fishery closures (given as RID codes) in B.C. waters. (From Jamieson and
Lessard 2000).
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Table 29 .Persistent fishery closures (since 1997) in Area 12 (both within and in the vicinity of the
Broughton Archipelago).
Site
Location
Closure
Reason
Start date Area of
Stat areaarea- sub
Number
for
closure
area
closure
RID code,
links to
Table
above

Species
affected

FISH
0218

Port McNeill
Bay

All finfish from
JUN 2 to SEP
15
All finfish
All finfish

110

1995

401

12-19

Fish

0219
0220

Knight Inlet
Thompson
Sound
Scott Cove
Creek
Kingcome
River

110
110

1993
1989

3337
1431

12-34
12-36

Fish
Fish

All finfish

110

1989

35

12-39

Fish

All finfish

110

1993

723

12-46

Fish

All finfish

110

1989

1028

12-48

Fish

All finfish

110

1989

448

12-19

Fish

110

1993

447

12-20

Fish

100

1993

5064

12-29

Fish

Georgia Strait

All finfish from
JUN 16 to
OCT 15
Groundfish by
midwater and
bottom trawl
from FEB 16 to
APR
30
Lingcod

124

1993

1247220

Areas 12
(except
Subareas
7,9,10,13,14)
to 19 & 28
&29;20-5,7

Fish

0339

Beaver Cove

All herring

100

1996

376

12-4

Fish

0424

Indian and
Village
Channels
427 Retreat
Pass

Groundfish by
bottom trawl

100

1993

1970

12-6

Fish

Groundfish by
bottom trawl

100

1993

1387

12-39

Fish

Drury Inlet

Groundfish by
bottom trawl

100

1993

3893

12-42

Fish

0221
0223

0224

0228

Wakeman
River/
Sound
Nimpkish
River
Parson Bay

0242

Knight Inlet

0225

0309

0427

0428
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Kingcome
River

0800

Parson Bay

0801

Parson Bay
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Groundfish by
midwater and
bottom
trawling from
FEB 16 to
APR 30
All herring

100

1991

723

12-46

Fish

100

1997

447

12-20

Fish

Groundfish by
midwater and
bottom trawl

100

1991

447

12-20

Fish

INVERTEBRATES
INV ERTEBRATES
139

Village Island

Intertidal clams

112

1995

54

12-6,26

Inverts

142
143
144

Burdwood
Health Bay
Fly and Insect
Islands
Monday
Anchorage
Blunden
Passage

Intertidal clams
Intertidal clams
Intertidal clams

112
112
112

1989
1989
1989

247
266
93

12-38
12-39
12-39

Inverts
Inverts
Inverts

Intertidal clams

112

1989

66

12-39

Inverts

Intertidal clams

112

1989

54

12-39

Inverts

147

Betty Cove

Intertidal clams

112

1989

17

12-39

Inverts

375

Stubbs/Plumpe
r
Neill Ledge
Port Neville

Green urchin

103

1996

285

12-5,18

Inverts

Green urchin
Sea cucumber,
green and red
Red urchin

103
101

1996
1995

282
1553

12-18,19
12-25

Inverts
Inverts

103

1996

2067

12-5,18,19

Inverts

All whale
watching
activities are
prohibited.
Voluntary
closure of all
recreational
and
commercial
vessels
is also in effect.

120

1998

1295

12-5

Fish and inverts

Bivalve
molluscs
Bivalve
molluscs
Bivalve
molluscs
Bivalve
molluscs

105

pre 1976

6

12-39

Contam.

105

pre 1990

260

12-25

Contam.

105

pre 1990

103

12-41

Contam.

105

1991

2

12-42

Contam.

145
146

376
343
717

Stubbs Island/
Pearse Reefs

742

Robson Bight

CONTAMINATION
488

Echo Bay

490

Port Neville

491

Hopetown
Passage
Unnamed
Bay/Drury

493
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494
496

Inlet
Shoal Harbour

498

Little Nimmo
Bay
SE Turnour
Island
Sutherland Bay

499

Maple Cove

500

Double Bay

501

Cutter Cove

497

Bivalve
molluscs
Bivalve
molluscs
Bivalve
molluscs
Bivalve
molluscs
Bivalve
molluscs
Bivalve
molluscs
Bivalve
molluscs from
MAY 31 to
SEPT 30

143

105

1992

98

12-39

Contam.

105

1994

19

12-41

Contam.

105

1994

1

12-26

Contam.

105

1994

24

12-42

Contam.

105

1994

18

12-26

Contam.

105

1994

3

12-5

Contam.

105

1994

121

12-26

Contam.

Figure 109. Locations of fishery closures in the vicinity of Broughton Island. (From http://www.pac.dfompo.gc.ca/Oceans/closure/contents_e.htm)
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Figure 110. Greater Detail of Fish closures in the Broughton (From http://www.pac.dfompo.gc.ca/Oceans/closure/contents_e.htm)

Figure 111. Locations of invertebrate fishery closures in the vicinity of Broughton Island. (From
http://www.pac.dfo-mpo.gc.ca/Oceans/closure/contents_e.htm)
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Figure 112. Greater Detail of Invertebrate closures in the Broughton no.1 (From http://www.pac.dfompo.gc.ca/Oceans/closure/contents_e.htm)

Figure 113. Greater Detail of Invertebrate closures in the Broughton no. 2 (From http://www.pac.dfompo.gc.ca/Oceans/closure/contents_e.htm)
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Figure 114. Locations of fishery closures due to contamination in the vicinity of Broughton Island. (From
http://www.pac.dfo-mpo.gc.ca/Oceans/closure/contents_e.htm)

Figure 115. Greater Detail of closures due to contamination in the Broughton (From http://www.pac.dfompo.gc.ca/Oceans/closure/contents_e.htm)
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Shellfish Closures
C losures In
In Area 12
Shellfish closures in Area 12 may be sanitary closures, or due to marine biotoxins/red
tides. The sanitary closure information is collated and housed with Environment Canada
(Stewart Yee, Env. Canada, pers. comm.). Sanitary closures may lead to permanent
closures in certain situations, listed below. Meanwhile, testing for PSP and ASP marine
biotoxins is done by DFO and may result in shorter term closures of specific
invertebrate fisheries.
Fishery Closures Due To
T o Sanitary Reasons
Specific areas are permanently closed to bivalve fishing and such fishing is prohibited at
all times. These include areas that are:
A. within 300 m of industrial, municipal and sewage treatment plant outfall
discharges;
B. within a minimum 125 m of marinas, wharves, finfish netpens, float homes or
other floating living accommodation facilities, including live aboard boats.
(However, beginning in 2005, some floating living accommodation associated
with shellfish aquaculture tenures with an approved zero discharge waste
management may have a reduced prohibited harvest zone)
The closure numbers listed below in Figure 116 show the location of these permanent
sanitary closures in Area 12.
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Figure 116. Sanitary closures in effect in Area 12. (From
http://www.pac.dfo-mpo.gc.ca/ops/fm/shellfish/biotoxins/closures/sanitary_e.htm)

The sanitary closure information is compiled and stored with the Marine Water Quality
Monitoring department of Environment Canada in Vancouver, B.C. This information
does not include the biotoxin/red tide closures. These data are in GIS format, but the
historical information is difficult to obtain, since this is documented in numerous
historical survey reports and in the minutes of the Pacific Region Inter-departmental
Shellfish Committee meetings, and not compiled in any one summary report. These
sanitary closures are usually implemented due to degraded water quality due to faecal
coliforms and/or potential sewage pollution sources (e.g. outhouses, boaters, marine
mammals). Other closures in urban or industrialized areas may be implemented due to
chemical concerns. Some of the causes of the sanitary closures in Area 12 are outlined
in Table 30 below.
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Table 30. Reasons for sanitary closures in Area 12 (provided by Stewart Yee, Environment Canada).

Key

Closure Location

Action

Cause

Annual closure
Annual closure
Annual closure

broken sewer pipe
boating anchorage
Hinterland
drainage
Hinterland
Drainage
Hinterland
Drainage
Hinterland
Drainage
Hinterland
Drainage

12aa
12a
1223

12.aa
12.A
12.23

1222

12.22

Beaver Harbour, south of
Cutter Cove
Helen Bay, Stuart
Narrows
Shushartie Bay

1221

12.21

Dixon Island

Annual closure

1220

12.20

Burly Bay

Annual closure

1219

12.19

Laura Bay

Annual closure

1218
1218

12.18
12.18

Claydon Bay
Claydon Bay

Revoked closure
Annual closure

1217
1216
1215

12.17
12.16
12.15

Clam Cove
North side, Comorant Is.
Alert Bay

Invoked closure
Annual closure
Annual closure

1214
1213

12.14
12.13

Annual closure
Revoked closure

1213

12.13

1212

12.12

1211

12.11

Double Bay, Hanson Is.
Maple Cove, Port
Elizabeth, Gilford Is
Maple Cove, Port
Elizabeth, Gilford Is
Sutherland Bay, Drury
Inlet
Southeast Turnour Is

1210
1209

12.10
12.09

Little Nimmo Bay
Cohoe Bay

1209

12.09

Cohoe Hbr

Annual closure
Revoked
closure
Annual closure

1208
1207
1206
1204
1202
1201

12.08
12.07
12.06
12.04
12.02
12.01

Shoal Hbr
Everard Inlet, bay west of
MacGowand Bay
Port Neville
Echo Bay, Gilford Island
Hardy Bay

Annual closure
Annual closure
Annual closure
Expanded closure
Annual closure
Reduced closure

Annual closure

Annual closure
Annual closure
Annual closure

Hinterland
Drainage
run-off
Sewage outfall
boating activity and
sewage discharge
Sewage outfall

Chronology

8-Feb-07
13-Jun-94
5-Apr-05
14-Sep-04
14-Sep-04
15-Oct-03
15-Oct-03
5-Apr-06
15-Oct-03
12-Oct-00
21-Sep-98
20-Nov-97
17-Jan-95
5-Apr-05

Hinterland
drainage
Hinterland
drainage
Hinterland
drainage
Sewage outfall

13-Jun-94

Hinterland
drainage
Multiple
Sewage outfall
Sewage outfall
Sewage outfall
Wharf

6-Jan-92

13-Jun-94
13-Jun-94
13-Jun-94
5-Apr-05

6-Jan-92
30-Sep-91
30-Sep-91
16-Oct-02
15-Oct-03
10-Apr-03

Maps of the areal extent of these closures can be found on the DFO website. Below is
shown the extent of Closure 12.16 for example.
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The intertidal foreshore and waters of Cormorant Island within a 300 metre radius of
the sewage discharge pipe starting at a point 50°36.05' north latitude and 126°56.25'
west longitude.
Closed January 1 to December 31
Figure 117. Areal extent of Closure 12.16 (From
http://www.pac.dfo-mpo.gc.ca/ops/fm/shellfish/biotoxins/closures/sanitary_e.htm)

Fishery Closures Due To
T o Biotoxins
Updates on Paralytic Shellfish Poisoning (PSP, red tide) and other marine toxin closures
for bivalve shellfish (oysters, clams, scallops, mussels, and geoducks) are provided on the
DFO website as fishery notices. (http://www-ops2.pac.dfompo.gc.ca/xnet/content/fns/index.cfm?pg=view_notice&lang=en&ID=recreational&ispsp=
1)
Such updates outline the various closures and the statistical areas/subareas in which they
are found. For example, on January 4 2008, the fishery update noted that for Area 12,
Subareas 12-1 to 12-26 and 12-35 to 12-42 were all closed to all bivalve shellfish except
butter clams; while the other subareas of Area 12 were closed to all bivalve shellfish.
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The Canadian Food Inspection Agency (CFIA) is responsible for analysing samples of
shellfish for paralytic shellfish poisoning toxin (PSP - saxitoxins) and amnesic shellfish
poisoning (ASP - domoic acid). These two toxins are described below.
Different species of shellfish accumulate and eliminate marine biotoxins from their
tissues at different rates. For example, mussels are generally indiscriminate feeders of
phytoplankton and thus they pick up biotoxins faster than most other shellfish species,
often displaying levels up to 10 times higher than found in oysters and manila or
littleneck clams growing in the same area. Thus, the CFIA may recommend harvest
restrictions (i.e. area closures) to DFO based on mussel analysis results even though the
species other than mussels, such as clams, oysters and scallops, may actually still be safe.
The mussels are also able to eliminate tissues of biotoxins faster than other species, and
thus the latter species are tested before any harvest restrictions are lifted.
Other sub-tidal species, such as scallops and geoduck clams may accumulate biotoxins at
different rates than intertidal bivalves in adjacent areas, due to differences in currents
and exposure. Like butter clams, scallops may also accumulate biotoxins to high levels
and retain them for some time.
Other non-filter feeding species such as crabs and predatory molluscs (eg. moon snails)
may become toxic after they feed on toxic bivalves. Harvest restrictions have been
implemented due to high levels of biotoxins in crabs, but no illnesses have been
reported from any species other than bivalves. There also do not appear to have been
any ASP illnesses from any species harvested from B. C. waters although the CFIA has
implemented harvest closures due to levels of domoic acid above the action level.
ASP Biotoxins
ASP marine biotoxins are made up of the chemical Domoic Acid (ASP). Fish species
most affected by these biotoxins include filter-feedings molluscan shellfish such as:
•
•
•
•

clams, hard and soft-shell
mussels, blue and red (horse)
scallop, not adductor muscle (meats); and
anchovies

These species filter organic matter from the sea water, and some of the phytoplankton
species filtered may contain toxins. The primary sources of domoic acid on the east
coast of Canada are the diatoms Pseudo-nitzschia multiseries and P. pseudodelicatissima.
Additional Pseudo-nitzschia species (including P. australis) are sources of domoic acid on
the Canadian west coast. Blooms of Pseudo-nitzschia are periodic, and do not occur
every year even though the diatoms are present in the water column. The toxins are
generally retained in the digestive glands of the various molluscs, but contamination may
spread to other tissues if it is particularly severe. Different species vary in their ability to
clear the toxin (which is water soluble). If a person eats contaminated shellfish, severe
nausea, vomiting and diarrhea within ½ to 6 hours will result, from which recovery is
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possible. However, in severe cases, temporary or permanent brain damage, or even
deaths may occur. ASP stands for “Amnesic Shellfish Poisoning”, a term denoting the
common memory loss that occurs as a result of poisoning.
Samples from susceptible species in suspect areas are routinely assayed using HPLC
(high performance liquid chromatography), and more precise methods are used when
high levels of toxins are found. Problems are most severe in the late summer and fall.
The Canadian action level for acceptance of product and closure of shellfish areas, is 20
ug domoic acid/g soft tissue. If a shellfish area can be identified as the source of
unacceptably contaminated shellfish then it is closed, and can only be opened if three
samples over a period of two weeks have had levels of the toxin less than 20 µg/g.
PSP Biotoxins
Paralytic Shellfish Poison (PSP) are another marine biotoxin, that affect clams, mussels,
whelks, moon-Shells, dogwinkles, oysters, scallops, crabs and lobster. PSP occurs when
shellfish have fed on toxic dinoflagellates during periodic blooms. The dominant species
of dinoflagellate associated with PSP in Canada are in the Alexandrium family, previously
called Gonyaulax. PSP is caused by a group of related toxins. The best known of these is
saxitoxin (SXT), and this is the dominant toxin in B.C. species.
Again, most of the toxin is normally concentrated in the digestive glands of the affected
shellfish. As with ASP, uptake and clearance rates of the toxins vary widely with species.
Among the bivalve species, butter clams and scallops retain PSP for long durations,
sometimes more than a year. The poison is likely to be concentrated in the siphon
(neck) and gills of the butter clam. For this reason, Fisheries and Oceans Canada, on the
recommendation of the CFIA, has placed a blanket harvest ban for this species. The first
symptom of poisoning is numbness or tingling of the lips and tongue, which spreads to
the fingers and toes. These symptoms are followed by a loss of muscular coordination.
In severe cases, paralysis of respiratory muscles may lead to respiratory arrest and
death within 2-12 hours after consumption. There is no known antidote for PSP.
Under the Canadian Shellfish Sanitation Program, molluscan bivalves in all harvest areas
are tested regularly for the presence of PSP. Routine analyses by bioassays are done to
determine levels of saxitoxin. Molluscan shellfish with a PSP content of less than 80
µg/100 g meat are permitted to be harvested, processed and sold. For ‘roe-on’ scallops,
PSP must be less than 80 µg/100 g roe. Harvesting of molluscan shellfish for canning
purposes is allowed in areas where scores are between 80 and 160 µg/100 g and the
canned packs are tested before release for sale. On the Pacific Coast, butter clam
canning has been permitted up to 300 to 500 µg/100g. Permits are required and the
neck must be removed and discarded.
Closures due to marine biotoxins or contamination can be accessed at:
http://www.pac.dfo-mpo.gc.ca/recfish/PSP&contamination_e.htm
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Rockfish Conservation Areas In
In Area 12
Other large-scale closures that are managed by DFO include Rockfish Conservation
Areas (Dwight McCullough, DFO, pers. comm.). These GIS shape files are also on the
data disk under Fishery Closures: RCAs.
RCAs . 37 species or rockfish are caught in BC
fisheries. Inshore rockfish species (including yelloweye, quillback, copper, china, and
tiger) are generally caught with hook and line gear in rocky reef habitats, and there have
been huge concerns over the past decade over the very low levels of abundance of
these long-lived and sedentary species. Since 2002, DFO has implemented catch
restrictions, fishery monitoring, and stock assessment programs. In addition, a number
of Rockfish Conservation Areas (RCAs) have been established throughout the B.C.
coast. In these areas, inshore rockfish are protected since most of the recreational and
commercial fisheries are prohibited. However, there are a few exceptions, shown in
Table 31 below.
Table 31. Permitted Fishing Within Rockfish Conservation Areas. (From DFO website)
Recreational
•
•
•
•

invertebrates by hand picking or dive
crab by trap
prawn by trap
smelt by gillnet

Commercial
•
•
•
•
•
•
•
•
•
•
•

invertebrates by hand picking or dive
crab by trap
prawn by trap
scallops by trawl
salmon by seine or gillnet
herring by gillnet, seine and spawn-on-kelp
sardine by gillnet, seine, and trap
smelt by gillnet
euphausiid (krill) by mid-water trawl
opal squid by seine
groundfish by mid-water trawl

Figures 118 and119 show the RCAs within the northern and southern areas of Area 12.
each of these specific RCAs can be clicked on (at http://www.pac.dfompo.gc.ca/recfish/Restricted_Areas/RCAs/default_e.htm) and more detail can be shown
of the specific areal extent of the RCA (e.g. Figure 120 below).
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Figure 118. RCAs within the northern region of Area 12 (From http://www.pac.dfompo.gc.ca/recfish/Restricted_Areas/RCAs/default_e.htm).
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Figure 119. RCAs within the southern region of Area 12. (From http://www.pac.dfompo.gc.ca/recfish/Restricted_Areas/RCAs/default_e.htm)
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Figure 120. Further detail of the RCA at Greenway Sound. (From http://www.pac.dfompo.gc.ca/recfish/Restricted_Areas/RCAs/default_e.htm)

Pearsall Ecological Consulting

156

Broughton Archipelago State of Knowledge

157

Trends In Pink And Chum Salmon In Other Areas Of
Of B.C.
The focus of this state of knowledge document was to examine and clarify various
information available specific to the Broughton Archipelago, and thus trends in pink and
chum salmon catch and escapements are presented for that specific region (see “Pacific
Salmon In Area 12” section above). However, it is apparent that focusing on those
trends alone, while allowing us a temporal perspective of trends for pink and chum in
the Broughton area, does not give us any spatial perspective. We might ask what has
been happening to pink and chum stocks in the rest of B.C? Thus, information on pink
and chum populations from several other areas in B.C. is provided here.
The Pacific Salmon Forum asked me to examine trends in the Fraser River and Skeena
River and to compare these with the Broughton area. The Skeena River is an area that
is under intense scrutiny at present, since there are many large salmon runs on this
system, as well as an important steelhead fishery, and at the same time, there are
discussions and applications underway to set up fish farms in this area. However, at this
time, this system is still fish-farm free. The Fraser River is also free of fish farms,
although it is quite clear from Figures 121 below, that many of the pink and chum
salmon returning back to the Fraser will pass through Johnstone Strait, and thus pass by
a large number of farms. Chum and pink trends in both the Skeena and Fraser River
systems are discussed, and a general discussion of other runs of chum from the “Inner
South Coast” aggregate of streams is also provided (see below for explanation).
I also chose to extend the number of other B.C. systems examined, and thus I look at
pink and chum trends by both Sub-Areas and within specific systems of Areas 3, 4 and 5
(Northern B.C.) and within Area 8 (Central B.C.) By examining Figure 121, as a guide
to the areas that may be located in areas free of fish farms, I chose areas that would be
least impacted by fish farms. The DFO Statistical Areas are shown in Figures 122 and
123. Thus, I did not examine Area 7 since this area does contain a fish farm. WCVI was
also omitted from examination due to the high numbers of fish farms off the west coast
of Vancouver Island. I used Riddell (2004) and personal communication with a number
of DFO biologists to determine the systems with most years of coverage and/or with
highest levels of confidence. Data for the Fraser River is discussed first, and then this
information is followed by an examination of the data for Central and (other systems in)
Northern B.C. Escapement information for the Skeena region is discussed along with
the information for Area 4 as a whole. Thus, in the following section, focus was placed
on populations that are not known to have been seriously impacted by environmental
issues or fisheries, and that are located in areas that have not been impacted by fish
farms.
For management purposes, both catch and spawning escapement data are generally used
as indicators of stock abundance.
Escapement data were provided by a number of DFO and Pacific Salmon Commision
biologists, namely: Barb Spencer (custodian of the North Coast escapement database,
housed in Prince Rupert), Matt Mortimer (custodian of the Central Coast escapement
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database, housed in Port Hardy), Brian Spilsted (Biologist, North Coast Stock
Assessment Division of DFO), Bruce White (Pacific Salmon Commission) and Pieter Van
Will (DFO Biologist, Port Hardy). Catch data were provided by Pieter Van Will, Mark
Potyrala (DFO Biologist), and Aleta Rushton (DFO Biologist, Port Hardy).
Escapement estimates are made using a variety of methods, including aerial counts,
ground counts, boat counts, swimming counts, counts at weirs, and mark and recapture
experiments. It is fully understood that data quality will vary with the specific
methodology used, and the specific environmental conditions e.g. visibility. Each
Statistical Area contains key streams where escapements are actively monitored using
visual counts, either by overhead aircraft or walking the stream system. There is
generally more confidence in the escapement estimates from these “index” systems.
Escapements monitored to other systems may have greater uncertainty, but the
estimates generally show the same patterns in terms of changes in abundance over time.
Overall, however, DFO’s salmon escapement data are the best data available for salmon
escapements, and are generally of higher quality and consistency than data sets for
steelhead, trout, and non-anadromous species. For all the systems examined in this
report, it is most prudent to interpret the data in terms of general trends and patterns,
rather than absolute values. Pieter Van Will (DFO), Pat Zetterburg (DFO), Bruce White
(PSC), Matt Mortimer (DFO), Brian Spilsted (DFO) and Barb Spencer (DFO) all note
that the escapement estimates must be used as an INDEX only. As noted in the table
below, changes in methodology can affect year to year changes in reliability of estimates,
and these changes are often not well documented. Comparison of estimates within and
between streams must be done carefully, although large changes in escapement
estimates (5* or more) are probably somewhat biologically meaningful. Users of any of
the escapement data are urged to “seek additional expert advice from appropriate Stock
Assessment Division personnel regarding the relative accuracy and consistency of a
given set of abundance estimates”.
Any escapement estimates provided by DFO come with an important disclaimer, shown
below:
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Table 32. DFO disclaimer associated with escapement estimates.
There has been a decrease in coverage and in systematic retrieval of observation (i.e. coded as UNK
meaning Unknown) from surveys for many streams in your area of interest in recent years. Further,
current efforts to retrieve additional observations from recent year surveys are likely to result in updates
so a portion of the data provided herein (especially post 1992) should be regarded as subject to future
revision.
Escapements of zero and blanks have historically been a problem because in some cases the meaning has
been lost. To address this problem the following escapement codes have been assigned:
N/O - Stream inspected, but species was not observed
UNK - Refers to indications that an inspected stream was frequented by fish, but information was not
adequate to estimate total escapement (i.e. too few inspections, poor counting conditions) so it is
recorded as UNK.
N/R - No record for this stream in a particular year.
N/I
- Stream was not inspected at all or not inspected for a particular species.
DNS - Species does not normally spawn in this system.
F/P - Fry present
A/P - Adult present
A zero may mean that a species was surveyed and none were seen, or during a stream visit the species
was simply not surveyed for, or no inspection was ever done, or possibly some other reason. Blanks may
mean that a species was never surveyed or that the data never made it to the database or that the species
is not known to spawn in the particular stream. Where supporting information has been lost or where
time has not permitted proper analysis, some questionable zeroes and blanks may still remain in the
database.
Note that many non-environmental events (e.g. changes in basic enumeration method or annual effort)
that can affect year to year changes in the reliability of escapement estimates have not been well
documented in the Annual Reports of Salmon Streams and Spawning Populations from which these
escapement data are derived. Thus, comparison of annual estimates "at face value" within and between
streams must be approached with caution, depending on the application under consideration. In general,
all numerical estimates are useful for determination of presence or absence of a subject species. Similarly,
comparison of mean abundance values by decade is certainly more reliable than comparison of pairs of
single year values.
In addition, the larger the difference between time series numeric values, the greater the likelihood that
they are biologically meaningful and require no further verification: i.e. large differences (changes of five
fold or greater) in time series estimates may be assumed to be generally useful as indicators of trends in
spawner abundance. Users wishing to attach biological significance to values that differ by less than this or
users wishing further information about the estimate are advised to seek additional expert advice from
appropriate Stock Assessment Division personnel regarding the relative accuracy and consistency of a
given set of abundance estimates.
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Figure 121. Map of BC showing distribution of marine fish farms. From
+http://www.al.gov.bc.ca/fisheries/aqua_report/2004-5/Appendix11.pdf
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NORTH COAST AREAS

Figure 122. DFO North Coast Statistical Areas (from the Salmon Market Database
http://www.bcsalmon.ca/dbase_local/notes.html)

SOUTH COAST AREAS

Figure 123. DFO South Coast Statistical Areas (from the Salmon Market Database
http://www.bcsalmon.ca/dbase_local/notes.html)
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Fraser River Pink And
A nd Chum Salmon
Fish are a major component of the Fraser River ecosystem. Important sockeye, chinook,
coho, pink, chum and steelhead stocks are all found in the Fraser River. There is
evidence that much of the freshwater habitat has been damaged in the Fraser River
basin by agriculture, flood management, forestry and agriculture and hydroelectric dams.
Fish health is affected by water quality (including temperature and salinity), volume and
timing of flows, and freshwater habitat. Fraser fish stocks are also influenced by the type
of fishing practices and harvest rates, as well as the level of habitat protection and
management of forestry, agriculture, urban development and other human activities.
Recent declines have been noted for sockeye salmon, coho and steelhead (Fraser Basin
Council, http://www.shim.bc.ca/atlases/fbc/ss3/Fish.html).
 For sockeye, run size, catch and harvest rates have generally declined after 25year highs in the early 1990s. Sockeye reached run sizes of 23.5 million in the
early 1990s, but are now as low as 8.5 million. Concerns range from high river
temperatures, high levels of pre-spawn mortality as well as the effects of
management measures that are designed to protect other depleted stocks (i.e.,
Cultus and Sakinaw sockeye, Interior coho and steelhead).


For coho, run size, catch and harvest rates have declined significantly between
1986 and 2004, for both Interior (mostly Thompson) and Lower Fraser Coho.
These declines have been attributed to high harvest rates and poor marine
survival in the early 1990s.



For steelhead, virtually all summer and winter run stocks are classified as of
"Extreme Conservation Concern." Fraser River white sturgeon has also shown
recent declines between 2003 and 2005, and have been designated as
"endangered" by COSEWIC in 2003.

I discuss the pink and chum salmon stocks of the Fraser system below.
Pink Salmon http://www.pac.dfo-mpo.gc.ca/species/salmon/default_e.htm
There are no even-year runs in the southern part of B.C., thus there is only an odd-year
pink run in the Fraser River. There is no commonly accepted explanation for the lack of
the even-year run. This is believed to be the largest single-spawning stock of any
species, in any watershed in B.C. The Fraser River system was one of the world's most
productive areas for both pink and sockeye salmon before 1913, at which time the rock
slide occurred at Hell's Gate Canyon, blocking river flow and preventing pinks and
sockeye from reaching spawning areas further upstream. Many stocks of pink salmon
drastically declined or even went extinct at that time, but improvements were noted
after fishways were installed in later years.

Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

163

Spawning is generally distributed widely in the lower Fraser and Thompson Rivers, but is
concentrated in the Fraser River and tributaries below Hope. There is an area of prime
and extensive gravel habitat in the Fraser River between the Sumas River up to Agassiz.
Most spawning takes place in the mainstream channel, but some of the particularly large
and free-flowing channels such the Minto Channel are also utilized.
Escapements in the Fraser often reach into the several millions (Figures 99-101). Prior
to 1991, DFO carried out tributary-specific escapement estimates, which was later
replaced by a mainstem tagging program (White, PSC, pers.comm.). Both these
programs allowed for relatively high levels of confidence in the escapement estimates.
Harvests of pink salmon were very low during 1999 -2003 as a result of conservation
programs which were set up to limit impacts on interior Fraser River coho salmon and
the late-run Fraser River sockeye salmon. Any fisheries targeting Fraser pinks would
have incidentally caught these coho and sockeye salmon that were of conservation
concern, and thus overall Fraser pink catch remained very low. In addition, there had
been concerns over low survival of Fraser pinks in the early 1990s, when they were
producing less than 2 adult returns per spawner. This had led to a decline in pink salmon
during the 1990s, and thus harvest rates had also been dropped to try to halt these
declines. Apart from 1997 and 1999, the drop in harvest rates did appear to
compensate for the poor survival and spawning goals were met.
The 2001 pink return was the second largest recorded for this stock, and was believed
to indicate changes in ocean production along the Pacific coast. This spawning
escapement was estimated at over 20 million, which was much higher than the preseason forecast of 7.4 million (PSARC Proc. Series 2001/030). There was also a high
rate of adult return per spawner (6.2:1).
Figure 124 shows escapement and total returns, while Figure 125 shows escapement
and catch for Fraser pinks. Figure 126 plots total run size and average weight per fish,
while Figure 127 shows the commercial and native exploitation rates.
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Fraser River Net Escapement and Total Returns
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Figure 124. Escapement and total returns (escapement plus catch) of Fraser River pinks (data from Pacific
Salmon Commission, supplied by Pieter Van Will & Michael Folkes, DFO).
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Figure 125. Total run sizes of Fraser River pinks (data from Pacific Salmon Commission, supplied by Pieter
Van Will & Michael Folkes, DFO).
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Fraser River Pink
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Figure 126. Fraser Pink run sizes and average weight of each fish (in kg) (data from Pacific Salmon
Commission, supplied by Pieter Van Will & Michael Folkes, DFO)
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Figure 127. Fraser River Exploitation Rates (commercial and native) (data from Pacific Salmon
Commission, supplied by Pieter Van Will & Michael Folkes, DFO)
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Recent estimates for the runs of Fraser River pinks as shown in Table 33 below. DFO
did not continue their escapement enumeration programs for Fraser pink salmon, and
thus, estimates of escapement and total run size for Fraser pinks have had very high
uncertainty since 2001 (Bruce White, PSC, pers. comm.). Now, DFO and the PSC rely
on in-season run size estimates, which have huge associated error bars. Estimates for
2003 were also very high, some estimated the returns to be as high as 26 million fish,
but the 90% confidence interval gives this as 26 million± 12 million. Thus, the error
around the estimate, and the consequent uncertainty, is huge. Bruce White notes that
despite the size of these returns, the uncertainty means that we do not have the
evidence to suggest that run sizes of pinks are actually increasing in this system. Overall,
White notes that there is a great deal of variability in escapements to this system, likely
due to the lack of good assessment data and high variability in marine survival.
Table 33. Current estimates of Fraser River pink salmon run sizes, catches and escapements from
2003 through 2007. (From Bruce White, PSC).

Fraser River Pink Salmon
Run Size , Catch, and Escapement Estimates*

Estimated Escapement

2003
2005
2007

Total Run Size Estimate
26,000,000
10,000,000
11,000,000

Total Catch
Estimate
2,069,000
1,060,000
869,000

(Run Size-Catch)
23,931,000
8,940,000
10,131,000

Estimates revised to January,
2008
*The estimates of total run size and escapement have very high variability associated with them since DFO has not
conducted escapement estimation programs on Fraser pinks since 2001. Consequently, the estimates of escapement
are simply the final in-season estimate of Fraser River pink salmon run size minus the estimated catch. The final inseason run size estimates are highly uncertain since there have been very limited commercial fisheries during this
period to conduct the run size assessments upon.

Fraser River Chum
(Information below from Beacham and Starr (1982), Fraser River Action Plan report
(Anon. 1996), DFO Stock Status report (1999).)
Fraser River chum are managed as part of the “Inner South coast” aggregate of stocks
(Ryall et al., 1999). In total, there are more than 400 populations of chum in Johnstone
Strait, Strait of Georgia and Fraser River watersheds (DFO, 1999a). Forty-five of these
make up 85% of the total production, with the Fraser River stocks being the largest
producers of all. For all three of these major watersheds, almost all of the chum
returning to spawn in their natal streams migrate at similar times through Johnstone
Strait, and thus it is most prudent to group these stocks together for stock assessment
purposes.
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This Inner South Coast aggregate can also be split into summer run and fall run chum
stocks. Summer chum migrate from June to August and spawn in September and early
October, whereas fall chum migrate from September to November, and spawn from
October to January. Only the fall stocks are actively managed in mixed stock fisheries.
The most important of the summer run stocks are the chum returning to Bute and
Knight Inlets, and these are managed in terminal areas only.
Chum became commercially important in B.C. at the time of the First World War.
Catches increased in 1917-1937 when sockeye catches were low because of the 1914
Hell’s Gate rock slide that blocked the passage of fish on the Fraser River. Chum
showed declines in the early 1940s, possibly earlier, but catches increased until the
1950s. They again hit low levels from the mid-1950s through the 1960s, which was
attributed to high exploitation rates. Escapements remained at low levels but were
stable during this period. Therefore, exploitation of chum stocks was severely reduced
in the 1960s, and the fishery was actually closed in 1965-66. In 1983, the "Clockwork"
management strategy was implemented. The aim of this program was to rebuild Inner
South Coast wild chum stocks over a period of 12 to 15 years to target escapement
levels of 2.5 million chum (which included 700,000 Fraser River chum) by controlling the
overall harvest rate. A second plan, the Fraser River Clockwork plan, was also
introduced in 1987 to provide management goals and fishing limits for the harvest of
Fraser River chum, independent of the Johnstone Strait fishery.
Chum salmon are generally distributed in the Fraser River below Hope, and there are a
total of 121 streams in which chum spawning has been reported (PSC Annual Report,
2002). Most of the Fraser chum production is limited to just 10 streams, including the
Harrison, Chehalis, Chilliwack, and Stave rivers. These rivers each have both large
natural spawning populations as well as major hatchery programs. Spawning is also
known to occur in the mainstem Fraser River, primarily between Chilliwack and Hope,
but there are no reliable estimates of those spawners due to the turbidity of the river.
Escapement records for Fraser chum salmon show that there has been a significant
increase in the numbers of chum spawners during the past two decades. There are
three main reasons that have been put forward to account for this. The first is that
there are a number of major hatchery programs in the Fraser River which were begun
in the early 1980s e.g. Chilliwack, Inch Creek, Stave and Chehalis hatcheries.
The second reason is that these improvements are a result of the two clockwork
management plans (Johnstone Strait Clockwork Management Strategy (Hilborn and
Luedke, 1987) and Fraser River Clockwork Plan (Gould et al., 1991)).
The third reason given is the use of quantitative escapement monitoring programs in the
major spawning systems. Most escapement monitoring programs for chum salmon have
been based on visual observations, as is the case for most Pacific salmon. However,
these methods tend to under-estimate the actual number of fish spawning, and are thus
used in general to indicate general escapement trends, rather than being used as
accurate estimates of the number of spawners. When quantitative programs are
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implemented, the numbers resulting are generally inconsistent with past observations
and this tends to lead to an immediate increase in reported escapements, even when
the numbers actually spawning did not change.
Fisheries for Fraser chum stocks can occur in Johnstone Strait and the Strait of Georgia,
as the fish migrate back to the river. The Johnstone Strait fishery occurs over a section
110 km long, and is made up seine, gill net and troll fisheries in Areas 12 and 13. There
is a terminal fall chum fishery at Qualicum Bay but this mainly harvests enhanced chum
stocks from the Big Qualicum, Little Qualicum and Puntledge River hatcheries. The
Fraser River fishery occurs in Area 29 and harvests mainly enhanced chum salmon from
the Harrison, Chehalis, Inch, Stave and Chilliwack/ Vedder systems. Canadian chum,
primarily of Fraser River origin, are also harvested in U.S. fishing areas.
Chum salmon migrate to the sea directly after emergence from the gravel and are
generally too small to tag. Therefore, allocation of catch to chum populations has usually
been conducted by fisheries catch reconstruction. This begins by using the estimated
spawning population size, working backwards to assume a set of adult migration
patterns and rates, and then estimating the catch of each component stock in a fishery
(defined both by location and time period). A number of stock ID methods have been
utilized: initially allozyme identification (using protein) and now DNA markers such as
use of microsatellites, have been employed to determine source of catches. Catches are
defined as Fraser and non-Fraser chums, and natural versus hatchery production. The
spreadsheet for both escapement estimates for Fraser River chum and catches (as
output from the Clockwork strategy for the four main categories listed above) were
provided by Aleta Rushton and Pieter Van Will of DFO, and are on the data disk in the
Chum Salmon/F
Salmon/F raser River/Clockwork folder.
folder
Inner South Coast chum stock assessments are thus based on catch data from test,
commercial and First Nations fisheries, biological samples for age composition and
genetic stock ID, mark-recovery programs, and escapement estimates from both wild
and enhanced systems. The last major assessment of Fraser chum stocks was prepared
by Ryall et al. (1999).
Total escapements of Fraser River stocks varied around 99,000 in the 1950s, increased
to 250,000 in the 1960s, to 339,000 in the 1970s, to 518,000 in the 1980s and to
1,003,000 in the 1990s (Ryall et al. 1999). The Harrison, Chilliwack and Stave Rivers
account for 56%, 18% and 9% of total escapement. Target escapements in 1999 were
set at 700,000, and these escapements are currently being surpassed. Escapements
appeared to increase significantly over the past 7 years, although variability has also
remained very high (Figure 128 & 129). Harvests of wild Fraser chum have been very
low in the past few years (Figure 128).
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Fraser Wild Chum Catch and Escapement
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Figure 128. Fraser river wild chum catch and escapement (output from Clockwork, by Aleta Rushton
DFO).
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Figure 129. Fraser River wild chum escapement and total stock size (output from Clockwork, by Aleta
Rushton DFO).
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Other Inner South Coast Chum Stocks
Ryall et al. (1999) examined the Inner South Coast (ISC) stocks as a whole, and noted
that chum escapements to all systems had shown huge fluctuations since 1953. Overall,
they noted a trend towards increased escapement levels for fall chum stocks, while
summer chum stocks tended to show declines in escapement after 1980.
The general variability in stock size appeared to depend on the geographic region within
the ISC. Ryall et al. (1999) noted that there had been strong declines in escapements to
upper Vancouver Island, Kingcome, Bond, Toba, and Knight Inlets, and he concluded
that these populations did not appear to be recovering, despite reductions in harvest.
They did find, however, that the populations returning to Johnstone Strait,
Loughborough and Bute Inlets were showing moderate levels of growth. They noted
that the declining stocks may have been responding to factors other than overharvest in
the past, for example, the systems from which these stocks are derived show high
variability in flow regimes, and some are highly turbid. In general, these systems tend to
have summer freshets when snow and ice in the high elevation headwaters melt, and
often have winter floods due to high winter precipitation in the form of snow and rain.
They also noted that forestry has been an important factor in most of these watersheds,
with extensive areas of clearcut that has exacerbated the natural fluctuations in river
flow, affected temperatures and increased instability in these systems (DFO, 1988).
Chum salmon generally spawn in lower reaches of systems, and it is in these locations
that the results of negative upstream impacts often accumulate (Scrivener, 1991).
Hartman et al. (1996) note that chum are negatively affected by high sediments loads
and temperatures and unstable river flows and turbidity, which are all common logging
impacts.
Godbout et al. (2004) describe the status of chum stocks in areas 7-18, 28 and part of
29. Spilsted (2003) describes chum stocks in the north coast. Some of their findings are
discussed below.
Note that escapement data were obtained for all of the Inner South Coast chum stocks
as well as for the pink stocks from this study area (Van Will, DFO, pers.comm.). As
shown in the “Pacific Salmon In Area 12” section above, pink salmon from other areas
within the Johnstone Strait “study area” have shown similar trends to the Broughton
Archipelago and these trends are discussed further below.
Johnstone Strait Study Area Pink Escapements
I also include data from DFO for the study area pinks which has been summarized by
DFO (Van Will, pers. comm.). Figure 72 in the “Pacific Salmon in Area 12” section
above, shows the study area. Van Will produces assessments of total stock for North
Vancouver Island, Mid Vancouver Island, Johnstone Strait, and Loughborough Inlet in
addition to his total stock estimates for Kingcome Inlet stocks and Bond/Knight stocks.
He collects escapement data for these different stock groupings, and apportions
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Johnstone Strait pink catches to these different groupings based on their relative
proportionate escapements. Figure 130-132 show escapements and catches
apportioned to each particular stock grouping pooled, and may be used to compare
with total stock sizes of pink salmon in the Broughton. The data for these figures
extends from 1954 to 2006, and is presented for even years only. Figure130 shows data
for all study area stocks, while Figures 131 and 132 show the Vancouver Island and
Mainland stocks separately. In general, patterns in total stock sizes tend to show very
similar patterns among the different stock groupings. Loughborough and Bute, and
Kingcome Inlet stocks appeared to have shown similar trends (Figure 132). Finally,
Figure 133 provides a summary of the historic even year catches, escapements, total
stock size and exploitation (in %) of the Study Area pink returns. This figure shows the
reduction in exploitation rate over time, and some of the large stock increases
(primarily due to increases in Bond/Knight stocks) in the early 1990s and 2000s.
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Figure 130. Total pink stock size (escapements plus estimated catches) of DFO Johnstone Strait Study
Area stocks 1954-2006 (Data from DFO).
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Figure 131. Total pink stock size (escapements plus estimated catches) of DFO Johnstone Strait Study
Area stocks from Vancouver Island side for 1954-2006 (Data from DFO).
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Figure 132. Total pink stock size (escapements plus estimated catches) of DFO Johnstone Strait Study
Area stocks from the Mainland side for 1954-2006 (Data from DFO).
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Figure 133. Summary figure of the historic even year catches, escapements, total stock size and
exploitation (in %) of the Study Area pink returns (Graph provided by Van Will).

Northern And
A nd Central B.C. Systems
Pink Salmon Systems
Systems
As noted earlier, pink salmon have a fixed 2-year life cycle, with no overlap between
years. Thus, odd and even year populations of pink salmon are entirely distinct. Pink
salmon in North and Central BC are known to spawn in about 520 different streams
during odd years, and in over 600 streams during even year cycles (Riddell 2004). The
central coast of B.C. (Statistical areas 7-10) has about 130 streams and rivers that have
populations of pink salmon. There are generally higher returns in even-years than in
odd years. The dominant runs in the Central coast are in the Bella Coola/Atnarko river
systems, which often accounts for over 50% of the central coast pink escapements. In
Northern B.C., there are few particularly large salmon populations, but dominant runs
do occur in the Lakelse River in the Skeena, and in the Yakoun in the Queen Charlottes
during even years. In other areas, pink salmon have generally always been at low
abundance, for example in the Smith and Seymour Inlets, the Nass River upstream of
the lower river and in the Queen Charlottes during odd years.
Area 8 of the Central coast contains more than 40 pink salmon streams, accounting for
over 75% of the region’s returns We can have relatively high confidence in the
escapement estimates for Area 8, since many streams in this Statistical area have been
monitored fairly intensely, particularly the spawning returns of the Bella Coola/Atnarko
systems. Thus, the catch and escapement to Area 8, the Bella Coola region, have
traditionally been used to indicate pink salmon status in the Central Coast.
Since 1971, visual counts of pink salmon have been made in the Atnarko River from an
overhead tower. Almost all of the pink and coho salmon spawning on this river have to
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swim past this tower, and accuracy of the estimates is further enhanced by markrecapture methods used for pink salmon. Pink salmon returns to other Area 8 streams
are monitored using over-flights (e.g major systems such as the Dean, Kwatna and
Koeye Rivers), and patrolmen counts during walking surveys (for smaller, well-canopied
streams). Thus, we used the Area 8 stream escapements summed up for each year as
an indicator of the general escapement trends over time in Area 8. We did not examine
escapement data from Areas 9 and 10 as it is not as reliable (Matt Mortimer, DFO,
pers.comm.).
In 1983, the fishery in the Central coast was moved northwards, with the aim of limiting
interceptions of Fraser River pink and sockeye. It thus became more of a terminal
fishery. The Area 8 catches are dominated by the Bella Coola/Atnarko River stock (but
also harvests some of the Koeye stock (DFO, 1999b). There is minor commercial
fishing in Area 7 and sometimes small, targeted fisheries are allowed in Areas 9 and 10,
when target escapement goals are met. Thus, we simply used the catches from Area 8
as an indication of total numbers of pinks removed from the returning populations to
Area 8. Given that we focus on the Bella Coola/Atnarko system, this is probably a good
index of catches for that system. However, for some of the early years, this will be an
underestimate, since at that time, many pinks were caught in outer coastal areas, and
this catch cannot be easily determined (Mark Potyrala, pers.comm).
In Northern B.C. there are no dominant runs such as the Bella Coola/Atnarko run.
However, there are several rivers that have provided relatively large (decadal average
escapements of 10,000 or more) and consistent returns, including the following for odd
year lines (Riddell, 2004):
 North Coast sub-area: largest producer is Kwinamass River in Portland Inlet,
followed by Iknouk River on the lower Nass River.
 Skeena River sub-area: The Skeena River (not including coastal area 4A) contains
several large pink systems such as the Babine River, Kispiox River, Kitwanga
River and Lakelse River. The latter is the largest odd-year pink salmon
producer. Some large escapements have been noted for some years at the
Morice River (upper Skeena) and in the lower Skeena.
For even year runs, some of the largest returns include:
 North Coast sub-area: same as for the odd-year returns, but with lower average
escapements, and also including 2 coastal systems in upper Grenville Channel:
Kumealon Creek and Moore Cove Creek.
 Skeena River sub-area: same systems as for odd-year returns, but with lower
average escapements.
Pink returns are also generally higher in even years than during odd years. Streams in
northern B.C. are monitored with high frequency, and this is stated to be a strength of
these datasets (Riddell, 2004). However, there have been declines in recent years in the
survey coverage in the Nass River sub-area, particularly in the Skeena, as well as other
sub-areas. Methods used for enumeration are primarily visual, and thus accuracy may
not be particularly high. However, because DFO does examine so many streams overall,
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it is generally felt that the escapement data can be used adequately to indicate trends in
relative population sizes between streams within a year, and within a stream between
years.
Given the information above, I focused examination of pink escapements on Area 8 as a
whole, and then at a higher resolution for the Bella Coola River. I also examined areas
3, 4 and 5 separately (all systems aggregated) and then looked at specific sub areas
within these areas, such as Lakelse. Finally, I focused at a higher resolution on specific
rivers within those sub-areas such as the Kwinamass, Nass, and Skeena Rivers.
There is a high diversity of pink salmon populations in Northern and Central B.C. and
thus it is generally close to impossible to try to associate the catches in these areas with
any specific population, since they are generally of mixed origin. Most of the North
Coast pink fisheries are mixed-stock interception fisheries. Thus, I show pooled catch
for Areas 3, 4 and 5 as a general indication of catches of pink salmon in Northern B.C.
However, this catch cannot be attributed to any of the escapements associated with
specific subareas or specific rivers in Areas 3 and 4. The Pacific Salmon Commission has
carried out tagging of fish to determine country of origin. Part of the B.C. Area 3 seine
catch is made up pink salmon that are of Alaskan origin, and these numbers are available
from the PSC for 1985 onwards. Thus for 1985 onwards, I removed the Alaskan fish
component from the Area 3 pink catch.
Pink escapement data were provided by Barb Spencer and Matt Mortimer for all sub
areas and river systems within Areas 3, 4, 5 and 8.
Chum Salmon Systems
S ystems
Chum salmon have been reported in 140 different streams in Central B.C. and 470
streams in Northern B.C. In general, Riddell (2004) reports that very few streams in
Northern and Central B.C. have more than 10,000 chum spawners. Comparisons over
time in terms of chum returns are complicated since there has been a great deal of
interannual variation in the number of systems surveyed. In the past few years, there
have been reductions in the number of streams that have been monitored for
escapements. North Coast chum stocks have been somewhat depleted due to overfishing and environmental impacts, and coverage of escapement surveys has not been as
thorough as for Central B.C. For example, no sampling occurred in the Nass River, and
little in the Skeena during the 1990s. Despite these issues, I have included chum
escapement trends for Areas 3, 4, 5 and 6. Brian Spilsted summarized annual Statistical
Area chum escapement as an index of abundance for the north coast (Spilsted, 2003, &
pers.comm.). His analysis of time trends in this region showed that not only is there
very high variability in escapements of northern chum, but there have also been
pronounced declines in some areas. Because of the variability among interannual stream
coverage, it is difficult to examine long-term trends in chum escapements in any single
systems. The most efficient way to examine trends is to examine comparisons at a
higher level of aggregation of complete Statistical Areas, as in the figures produced by
Spilsted (2003, pers.comm.).
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For Central B.C. I examined chum data for Area 8 only, since there is a fish farm located
in Area 7.
Chum escapement data were provided by Barb Spencer and Matt Mortimer for all sub
areas and river systems within Areas 3,4,5 and 8. Brian Spilsted provided a number of
chum summaries for areas 3-6 inclusive, as well as escapement data for pre-1950s for
Area 1, Areas 2E and 2W, 3, 4, 5 and 6. These data are provided on the DFO
Escapements data disk.
Firstly I discuss the Skeena River, and examine Area 4 systems. Next I examine the
other North Coast systems of interest for pink and chum. Finally I address pink and
chum trends in the Central Coast, by focusing on Area 8.
Skeena River Information
The Skeena River watershed, located in northwest British Columbia, has populations of
all six salmon species (including steelhead) and also populations of rainbow trout,
cutthroat and three char species (Dolly Varden, bull trout and lake trout) (Gottesfeld et
al., 2002). Pink and sockeye salmon are the most abundant species of salmon, followed
by coho, and chino, with chum salmon the least abundant (DFO, 1985; Riddell, 2004).
The Skeena is the second largest British Columbia waterway for commercial salmon
fishing, including sockeye, chinook, pink, coho and chum salmon, and salmon make up a
critical part of the economy. Historically, a commercial salmon gill net fishery is
permitted at the mouth of the Skeena during the peak steelhead run between mid-July
and mid-August. This gillnet fishery is apparently relatively unselective and results in bycatch of coho and steelhead.
This area is a source of scrutiny recently since there has been a great deal of concern
with regards to the provincial Government's plan to locate finfish farms near the mouth
of the Skeena River. Recently, 18 sites have been identified near the mouth of the
Skeena and three are actively in the permitting process. These proposed sites are
directly in the migratory path of wild Skeena salmon runs and thus there is concern
about potential sea lice issues. There have been also some studies carried out in the
Skeena River to examine base-levels (pre-farm) of sea lice in this region (Krkošek et al.,
2007). Details of this study are summarized in PSF’s recent sea lice annotated
bibliography done by Harvey (2008).
Escapement data for Area 4 were obtained from Barbara Spencer, DFO, who is the
custodian of the North Coast escapement database. These data are stored in both the
North Coast offices in Prince Rupert as well as in Nanaimo, under the guardianship of
Erik Grundmann who takes care of the NuSEDS database.
Gottesfeld et al. (2002) noted that these data are probably most reliable for the larger
and more consistent spawning salmon stocks, and that smaller and less utilized systems
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may be underrepresented. He noted that the number of stocks examined for
escapements increased between 1950 and 1990, and dropped again after 1992.
Pink Salmon In The
T he Skeena Watershed
(Information from Gottesfeld et al. 2002, Riddell, 2004, DFO, 1985)
Pink salmon has both odd and even year runs in the Skeena, but neither run is
particularly dominant. Adult (2 year old) pink salmon arrive between late July and early
September and spawn in gravel areas between late August and September, once they
have moved up the rivers. The major spawning populations are found in the coastal
portion of the watershed, though some move to the headwaters of rivers such as the
Kispiox, Kitwanga, Babine and Morice. Fry emerge in April and May and move into the
ocean after they hatch.
Gottesfield et al. (2002) noted that there is a great deal of variability in annual patterns
of stock recruitment, possibly due to high variation in fry survival during early ocean
residence.
The most important pink salmon producing rivers in the Skeena watershed include: the
Morice River, Babine River, Kispiox River, Kitwanga River, Lakelse River and Skeena
River West. The Lakelse River is the major producer, with pink escapements greater
than 1.5 million some years. The mid-season pink run in this system generally makes up
over 50% of the Area 4 production (DFO, 1985). The Lakelse pink salmon run enters
the Lakelse River in late August, peaks early to mid-September, and ends midSeptember to mid October. Odd-year pink salmon usually enter and spawn over a
longer time period than even-year pinks.
Riddell (2004) reports that there have been issues with declining coverage of systems in
the Skeena since the early 1990s. By 2001, only 12 stream records of pink salmon
spawners were reported from the whole Skeena river sub-area.
The figures below show the distribution of pink salmon and their main spawning
areas in the Skeena (Figures 134 & 135).
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Figure 134. Distribution of pink salmon and their main spawning areas in the Skeena. Map from
http://www.skeenafisheries.ca/maps_presence_and_spawning_pink.pdf

Figure 135. Distribution of pink salmon in the Skeena. Map from
http://www.skeenafisheries.ca/maps_presence_and_spawning_pink.pdf
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Pink Escapements In The
T he Skeena
No relevant PSARC papers could be found for the Skeena area pink salmon stocks.
Information on pink and chum salmon in the Skeena is provided by Gottesfeld et al.
(2002). I present pink salmon escapements for the whole of Area 4 aggregated, and
then by the separate sub-areas within Area 4: specifically, for the sub-areas Lower
Skeena, Middle Skeena, Lakelse, Kispiox, Kitsumkalum, Coastal, Bulkley/Morice and
Babine (Figures 136-151). Note that no escapement surveys have been carried out in
the Kitsumkalum sub-area since 1994, and none in the Kispiox sub-area since 2002.
Gottesfeld et al. (2002) note that the large peak in abundance of pink salmon in the late
1980s and early 1990s may be a result of their increasing their range into the Morice
River at this time. The Skeena River West escapement also apparently increased at that
time. However current pink escapements to Area 4 as a whole appear to be in decline
(Figure 136). Gottesfeld et al. (2002) notes that there are exceptionally high levels of
variability in pink stocks in the Skeena, and attributes those to variation in survival of fry
early in their ocean residence.
However, a significant problem with regards to displaying these aggregated escapements
is the reality that there are differing numbers of systems enumerated year by year. Thus,
I focus on the Lakelse River since this is the major pink salmon producer in the Skeena
watershed. Table shows the decadal variability in escapement during both even and odd
years to the Lakelse River systems (145 & 146). The Lakelse River clearly accounts for
most of the escapements within the Lakelse sub-area (Figures 138-139), and this system
has been enumerated consistently. Pink salmon escapements were comparatively high
from the early 1980’s through to the mid-1990’s in the Lakelse River. Recent declines
are apparent in this system for even years, though natural interannual and decadal
variability in escapements are high (Table 34).
Catches of pink salmon from Areas 3, 4 and 5 aggregated are presented in Figure 152.
These catches are from troll, seine and gillnet fisheries, and have had the Area 3 seine
catch of Alaskan pinks removed. These catches show a high level of variability over
time, and somewhat mirror the Lakelse escapements.
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Table 34. Odd and Even Year pink escapements by Decade to the Lakelse River, Area 3 from 1930 to 2005.

19301930- 1939

19401940- 1949

19501950- 1959

19601960- 1969

19701970- 1979

19801980- 1989

19901990- 1999

20002000- 2009*

Even years

15,000

67,000

345,000

695,000

405,000

538,000

538,200

225,000

Odd years

11,250

50,000

177,000

450,200

410,000

1,010,000

60,000

566,667

* data only available until 2005
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Area 4 Pink Escapement Summary
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Figure 136. Escapement values in thousands for Area 4 pink (data supplied from Barb Spencer DFO).

Pink Area 4 Even Year Escapement
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Figure 137. Escapement values in thousands for even-year Area 4 pink (data supplied from Barb Spencer
DFO).
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Pink Area 4 Odd Year Escapement
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Figure 138. Escapement values in thousands for odd-year Area 4 pink (data supplied from Barb Spencer
DFO).
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Figure 139. Escapement values in thousands for Area 4 pink by sub-Area (data supplied from Barb Spencer
DFO).
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Pink Escapements Area 4 SubArea Lower and Middle Skeena
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Figure 140. Escapement values in thousands for Area 4 pink in the Lower and Middle Skeena sub-Areas
(data supplied from Barb Spencer DFO).
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Figure 141. Escapements for Area 4 odd-year pinks in the Lower and Middle Skeena sub-Areas (data
supplied from Barb Spencer DFO).
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Lower & Middle Skeena Pink Even Year Escapement
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Figure 142. Escapements for Area 4 even-year pinks in the Lower and Middle Skeena sub-Areas (data
supplied from Barb Spencer DFO).
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Figure 143. Escapement values in thousands for Area 4 pink in the Lakelse sub-Area (data supplied from
Barb Spencer DFO).
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Pink Escapements Area 4 Lakelse River
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Figure 144. Escapement values in thousands for Area 4 pink in the Lakelse River (data supplied from Barb
Spencer DFO).
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Figure 145. Escapement values in thousands for even-year Area 4 pink in the Lakelse River (data supplied
from Barb Spencer DFO).
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Lakelse Pink Odd Year Escapement
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Figure 146. Escapement values in thousands for odd-year Area 4 pink in the Lakelse River (data supplied
from Barb Spencer DFO).
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Figure 147. Escapement values in thousands for Area 4 pink in the Kispiox sub-Area (data supplied from
Barb Spencer DFO).
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Pink Escapements Area 4 SubArea Kitsumkalum
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Figure 148. Escapement values in thousands for Area 4 pink in the Kitsumkalum sub-Area (data supplied
from Barb Spencer DFO).
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Figure 149. Escapement values in thousands for Area 4 pink in the Coastal sub-Area (data supplied from
Barb Spencer DFO).
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Pink Escapements Area 4 SubArea Bulkley/Morice
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Figure 150. Escapement values in thousands for Area 4 pink in the Bulkley/Morice sub-Area (data supplied
from Barb Spencer DFO).
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Figure 151. Escapement values in thousands for Area 4 pink in the Babine sub-Area (data supplied from
Barb Spencer DFO).
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Total Pink Catch in Areas 3,4 and 5
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Figure 152. Total pink catch (minus AK Area 3 seine catch) for Areas 3, 4, and 5 aggregated (no data prior
to 1960).

Chum Salmon In The
T he Skeena Watershed
(Information from Gottesfeld et al. 2002)
Chum salmon are the least abundant of the six Pacific salmon species in the Skeena
Watershed (Gottesfeld et al. 2002). Chum are far more abundant in southern BC and
in Southeast Alaska where hatchery production enhances some of the stocks. In the
Skeena, chum live between two and five years, and both three and four- year old fish
return to spawn, with the former more abundant (Halupka et al., 2000). They arrive in
rivers between late July and early September and are therefore present in systems at the
same time as the pink salmon.
Chum are most common in the coastal portion of the Skeena Watershed, and the most
important spawning area is the Ecstall River. Other spawning areas include areas near
the mouths of large tributary streams and back-channels along the Skeena River from
Terrace to Kispiox, as well as in the Kitwanga and Kispiox Rivers. Several other Skeena
River tributaries contain small stocks. They do not occur often in the Bulkley River and
in the Skeena River above the Kispiox River. There is only a small run into the Lakelse
River.
Escapements to the Skeena have been very variable, and hundred-fold variation has been
reported over between 1950 and 2000, apparently partly due to variation in marine
survival, as well as other factors (DFO, 2001). It is generally believed that the chum
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stocks were far more abundant early in the 20 century: the commercial catch in the
Skeena area between 1916 and 1928 was apparently over 200,000 per year, which has
led to suggestions that the escapements were about 10 times greater than have been
seen more recently (Argue et al. 1986).
Chum salmon escapements have been low for the last 50 years (Gottesfeld et al. 2002
and figures 155-161 below). Because this decline has been noted throughout the basin, it
is believed that marine survival is a likely factor. More evidence that the marine
environment is a key issue lies in the fact that similar declines have also been noted in
the midcoast of B.C. as well as in S.E. Alaska.
Skeena River chum salmon are taken as incidental catches in the sockeye and pink
salmon fisheries of Area 3, 4, and 5 and to a lesser extent in the Noyes Island and Cape
Fox fisheries in Alaska, as well as in small numbers from First Nations food fisheries.
High exploitation rates in the 1970s and 1980s may also have contributed to the
declines of Skeena chum (Charles and Henderson, 1985).
The figures below show the distribution of chum salmon and their main spawning
areas in the Skeena (Figures 153 & 154).

Figure 153. Distribution of chum salmon & their main spawning areas in the Skeena. Map from
http://www.skeenafisheries.ca/maps_presence_and_spawning_pink.pdf
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Figure 154. Distribution of chum salmon in the Skeena. Map from
http://www.skeenafisheries.ca/maps_presence_and_spawning_pink.pdf

Chum Escapements
Escapements In The
T he Skeena
There are 24 index streams in Area 4, and Spilsted (2003) found an annual average of 12
streams inspected. The data appear to be highly variable. Morrell (2000) reviewed
Skeena salmon and stated that at least 10 out of a total of 50 streams are apparently at
“risk of extinction”. Five of these streams are located in the coastal area (Denise Creek,
Johnston Creek, Khyex River, Kloiya River and Silver Creek), two in the lower Skeena
(Andesite Creek and Zymacord River) and one in the upper Skeena (Babine River).
Slaney et al. (1996) noted that 8 of 72 chum populations were at risk of extinction.
The average overall escapement to Area 4 in the 1990s was only between 10,000 and
14,000 chum. In the 1990s, 29 of the stocks examined had escapements below 200, and
26 of those stocks average escapements of below 100 (Gottesfeld et al. 2002).
Gottesfeld et al. (2002) stated that chum is in most danger of serious loss of spawning
stock size and genetic diversity in the Skeena system as compared to the other salmon
species. Apparently, there are now areas of the Skeena that were used by chum in the
past for spawning, which are no longer utilized. There were once large stocks in the
Lakelse and Kispiox and both of these have declined drastically (Gottesfeld et al. 2002).
I firstly present Brian Spilsted’s figures for chum for Area 4 aggregated (Figures 155 &
156). Spilsted (2003, pers. comm.) converted Statistical Area chum escapement values
into proportions to avoid bias of large escapements vs. small escapements when
examining trend data for stream aggregates. To do this, the yearly escapement estimate
for any particular stream is expressed as a proportion of the stream's average
escapement for the whole time series of data. Management escapement goals are also
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shown on the charts to help indicate the general status of chums in each Statistical Area.
In some cases, the escapement goal is expressed as a range of escapement values which
reflects sparse underlying data. These goals represent the 'best guess' of local experts in
these streams and do not have a scientific basis (Spilsted, DFO, pers.comm.). Next, I
show absolute escapement values for each year for Area 4 aggregated, followed by
figures showing absolute escapements to the most important sub-areas (Figures 157161).
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Figure 155. Escapement index for Area 4 chum (figure supplied from Brian Spilsted DFO).
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Figure 156. Escapement index for Area 4 chum with management escapement goals and interim
escapement goals (figure supplied from Brian Spilsted DFO).
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Area 4 Chum Escapement Summary
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Figure 157. Escapement values in thousands for Area 4 chum (data supplied from Barb Spencer DFO).
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Figure 158. Escapement values in thousands for Area 4 chum by sub-Area (data supplied from Barb
Spencer DFO).
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Chum Escapements Area 4 SubArea Coastal
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Figure 159. Escapement values in thousands for Area 4 chum in the Coastal sub-Area (data supplied from
Barb Spencer DFO).
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Figure 160. Escapement values in thousands for Area 4 chum in the Lower and Middle Skeena sub-Areas
(data supplied from Barb Spencer DFO).
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Chum Escapements Area 4 SubArea Kispiox
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Figure 161. Escapement values in thousands for Area 4 chum in the Kispiox sub-Area (data supplied from
Barb Spencer DFO).

North Coast Stocks
Pink Salmon
Salmon
No relevant PSARC papers could be found for North Coast pink salmon stocks,
although they are discussed in Riddell (2004) and in a stock status report (DFO, 1999b).
Northern pink escapements in even years have apparently been generally greater in
North Coast stocks than for odd years, although this has apparently evened out
somewhat in the recent decade (Riddell, 2004). Escapements to the entire Area 3 are
shown in Figure 162-164 below, and then by Sub-Area in Figures 165-170. There is an
understanding that production in Area 3 has increased recently, although there do
appear to be differences among odd and even year lines (Figures 163-164), which also
shows up when we examine specific systems (Figures 165-170). Overall for the whole
aggregate of Area 3, and for specific systems, namely the Nass, Kwinamass and
Khutzeymateen Rivers, there appear to be recent increases in pink salmon escapements
during odd years, and declines in even year lines. Table 35 on the next page shows the
average decadal escapement to the Kwinamass and Khutzeymateen Rivers from 1930 to
2005. The recent increases in the 2000s, in terms of decadal average escapements in
these consistently monitored systems, are quite apparent. Figures 171-173 show catches
in Areas 3,4, and 5 aggregated, as well as separated by odd and even-years, as an index
of catches from this area, given that there is no simple way to attribute pink catches to
any of the specific stocks, or even to this Area as a whole.
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Area 3 Pink Escapement Summary
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Figure 162. Escapement values in thousands for Area 3 pink (data supplied from Barb Spencer DFO).

Area 3 Pink Even Year Escapements
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Figure 163. Escapement values in thousands for Area 3 even year pink (data supplied from Barb Spencer
DFO).
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Table 35. Even and Odd Year pink escapements by Decade to the Kwinamass and Khutzeymateen Rivers from 1930 to 2005.

19301930- 1939

19401940- 1949

19501950- 1959

19601960- 1969

19701970- 1979

19801980- 1989

19901990- 1999

20002000- 2009*

16,300
12,300

11,800
14,400

53,200
70,000

27,200
92,000

43,000
114,000

38,000
68,000

122,500
115,000

Kwinamass
30,000
7,800
Khutzeymateen 2,583
21,300
* data only available until 2005

4,880
12,680

16,850
57,000

7,000
36,200

46,400
132,000

40,000
116,000

210,000
166,667

Even years
Kwinamass
38,333
Khutzeymateen 11,667
Odd years
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Area 3 Pink Odd Year Escapements
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Figure 164. Escapement values in thousands for Area 3 odd year pink (data supplied from Barb Spencer
DFO).
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Figure 165. Escapement values in thousands for Nass River even-year pink (data supplied from Barb
Spencer DFO).
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Nass River Pink Odd Escapements
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Figure 166. Escapement values in thousands for Nass River odd-year pink (data supplied from Barb
Spencer DFO).
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Figure 167. Escapement values in thousands for Kwinamass River odd-year pink (data supplied from Barb
Spencer DFO).
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Kwinamass River Pink Odd Escapements
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Figure 168. Escapement values in thousands for Kwinamass River even-year pink (data supplied from Barb
Spencer DFO).
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Figure 169. Escapement values in thousands for Khutzeymateen River even-year pink (data supplied from
Barb Spencer DFO).
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Khutzeymateen River Pink Odd Escapements
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Figure 170. Escapement values in thousands for Khutzeymateen River odd-year pink (data supplied from
Barb Spencer DFO).
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Figure 171. Even-year catches of pink salmon in Areas 3, 4 and 5 aggregated (less the seine catch in area 3
of Alaskan pink).
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Odd-Year Total Pink Catch in Areas 3,4 and 5
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Figure 172. Odd-year catches of pink salmon in Areas 3, 4 and 5 aggregated (less the seine catch in area 3
of Alaskan pink).
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Figure 173. Catches of pink salmon in Areas 3, 4 and 5 aggregated (less the seine catch in area 3 of
Alaskan pink). Data for all years.
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Chum Salmon
Salmon
Spilsted (2003, pers.comm.) examined trends of North Coast chum. We examined
Area 4 chum in an earlier section, so here will examine Areas 3, 5 and 6. He converted
Statistical Area chum escapement values into proportions to avoid bias of large
escapements vs. small escapements when examining trend data for stream aggregates.
To do this, the yearly escapement estimate for any particular stream is expressed as a
proportion of the stream's average escapement for the whole time series of data.
Management escapement goals are also shown on the charts to help indicate the general
status of chums in each Statistical Area. In some cases, the escapement goal is expressed
as a range of escapement values which reflects sparse underlying data. These goals
represent the 'best guess' of local experts in these streams and do not have a scientific
basis (Spilsted, DFO, pers.comm.). His overall findings were that North Coast chum
have been declining over the period 1950 to 2002. He stated that Area 3-6 stocks need
to be rebuilt. I include his figures for Areas 3, 5 and 6 below.
He noted that the 24 index systems examined in Area 3 show fairly wide confidence
intervals due to a low, and recently declining, number of stream inspections. The
average number of streams inspected per year in this Statistical Area is only 13. He
notes that the data suggest that escapements have been generally variable, and with a
declining trend. He noted that a large escapement in 1998 produced a poor return in
2002. Additionally, the data showed that escapements never reached the fishery
manager’s escapement goals (shown on his figure reproduced below as Figure 174). He
noted that the dominant 4-year age class brood for 2003 showed one of the lowest
index values ever recorded from the data.
Absolute escapements to Area 3 are shown in Figure 175. Figure 176 shows the
relatively low returns of chum to Statistical Area 3 when compared with pink returns to
Area 3 (discussed below).
Looking at specific sub-areas within Area 3, I examine the Nass River and Kwinamass
River, as well as Observatory Inlet and Work Channel (Figures 177-180). Enumerations
have not been done for chum in the Nass since 1990. However, data noted in Riddell
(2004) stated that average escapements in this system were declining in the last decade
of study (1981-1990).
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Figure 174. Escapement index for Area 3 chum (figure supplied from Brian Spilsted DFO).

Area 3 Chum Escapement Summary
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Figure 175. Escapement values in thousands for Area 3 chum (data supplied from Barb Spencer DFO).
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Area 3 Escapement Summary
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Figure 176. Escapement values in thousands for Area 3 chum and pink (data supplied from Barb Spencer
DFO).

Nass River Chum Escapements
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Figure 177. Escapement values in thousands for Nass River chum (data supplied from Barb Spencer DFO).
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Kwinamass River Chum escapements
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Figure 178. Escapement values in thousands for Kwinamass River chum (data supplied from Barb Spencer
DFO).

Observatory Inlet Chum Escapements
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Figure 179. Escapement values in thousands for Observatory Inlet chum (data supplied from Barb Spencer
DFO).
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Work Channel Chum Escapements
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Figure 180. Escapement values in thousands for Work Channel chum (data supplied from Barb Spencer
DFO).

Area 5
For Area 5, it is apparent that the number of streams surveyed has declined steadily
since the late 1960s (Figure 181). Spilsted (2003) noted that there appears to be a
decreasing trend between the 1950s and early 1970s. Numbers appeared to recover a
little in the mid-70s and have since declined again. Stock size appears to be currently
very low. Chum catches for Areas 3, 4 and 5 are shown in Figure 182.
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Figure 181. Escapement index for Area 5 chum with management escapement goal (figure supplied from
Brian Spilsted DFO).
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Figure 182. Total chum catch in Areas 3, 4, 5 between 1960-2004. (Data from DFO).

Area 6
Splisted (2004) notes that chum abundance in Area 6 (the Area with the most index
streams in the North Coast) was higher in the 1950s and 1960s than it has been at any
time since then (Figure 183). He also states that the data are indicative of a more recent
decline.
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Figure 183. Escapement index for Area 6 chum with management escapement goal (figure supplied from
Brian Spilsted DFO).

Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

209

Central Coast Stocks
Pink Salmon
Salmon
Returns to the Central coast have apparently been highly variable over the past 40
years, for both odd and even years. When we examine the catch and escapement
separately in Area 8 by odd and even year cycles, it is apparent that there have been
recent declines for even years run (Figures 184-192). Catches for odd and even years in
Area 8 are shown in Figure 184 and 186, respectively. Figures 185 and 172 show
catches in Area 8 during odd and even years, respectively. Figures 189 and 190 shown
catch and escapements pooled in Area 8. Figures 191 and 192 show the escapements in
the Bella Coola River. Both odd and even year escapements have shown declines since
the early 1990s- there was a very strong decline in the Bella Coola system in 1992.
Stocks have been very variable since that time.
Area 8 Pink Escapement- Odd Years
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Figure 184. Escapement values in thousands for Area 8 odd-year pink (data supplied from Barb Spencer
DFO).
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Area 8 Odd-Year Pink Catches
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Figure 185. Catches of pink salmon during odd years in Area 8

Area 8 Pink Escapement- Even Years
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Figure 186. Escapement values in thousands for Area 8 even-year pink (data supplied from Barb Spencer
DFO).
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Area 8 Even Year Pink Catches
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Figure 187. Catches of pink salmon during even years in Area 8
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Figure 188. Catches of pink salmon in Area 8 (all years)
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Pink escapement and catch (thousands)
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Figure 189. Catches and escapements of pink salmon during odd years in Area 8

Pink escapement and catch (thousands)
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Figure 190. Catches and escapements of pink salmon during even years in Area 8
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Bella Coola Pink Escapement- Even Years
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Figure 191. Catches of pink salmon during even years in the Bella Coola River

Bella Coola Pink Escapement- Odd Years
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Figure 192. Catches of pink salmon during odd years in the Bella Coola River
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Chum Salmon
Salmon
Godbout et al. (2004) examined status of some of the Central Coast stocks of chum for
1953-2002. In Area 8, waters in the glacial headwaters of the Bella Coola and Kimsquit
Rivers are very turbid, and thus escapement counts are difficult to make. Spawners are
therefore counted in clear side channels (Greenlee, 1985), and these counts are then
expanded for the entire area. There is also a strong enhanced contribution of chum in
this area, since there is a hatchery, the Snootli Hatchery, located on the Bella Coola
River. Godbout et al. (2004) notes however, that the marking of chum has been lower
in recent years than in the past, so it is more difficult to calculate the enhanced catch
and escapement.
Godbout et al. (2004) noted that chum salmon returning to areas 7-10 are sufficiently
spatially discrete that the stocks can be managed separately. In area 8, the important
and actively managed stock is the summer chum stock. There are three main stocks in
this group, the Bella Coola stock, Kimsquit, and Dean Closed fish. All of the stocks in
Areas 8 were generally in the “green zone” and there were no apparent management
issues with these stocks. Figures 193 and 194 show the Area 8 chum escapements as a
whole, and the Area 8 chum catches. The level of variability in escapements is very high
(Figure 193). Patterns of catches tend to mirror escapement trends (Figure 194).
Area 8
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Figure 193. Escapement values in thousands for Area 8 chum (data supplied from Barb Spencer DFO).
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Area 8 Chum Catches
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Figure 194. Catches of chum in Area 8 (data supplied from Mark Potyrala, DFO).

However, the data above are pooling all enhanced and wild escapements together for
Area 8 streams, and thus are unable to determine what specifically is happening with
wild stocks. Godbout et al. (2004) estimated the proportion of the catches and
escapements that were enhanced stocks in this area using the returns of fish that were
fin clipped as fry. Bailey et al. (1988, 1989) discusses the process of escapement and
commercial catch sampling, and the process for calculation of enhanced stock
proportions. They took catch estimates from post season review reports, regional
databases, and the clockwork database. The total catch using these sources was then
partitioned into its origin (ie Fraser, non Fraser and USA) using Genetic Stock
Identification methods, after which the non Fraser catch was partitioned between the 6
sub-areas contained with the ISC region relative to the escapements in those sub-areas.
In addition, because of issues of changes in escapement enumeration methods over time,
and temporal and spatial variability in time series, they calculated the “best data set”
available, by concentrating on data provided from indicator streams and other streams
that had been enumerated most consistently. They examined trends in escapement at
both the area and within area levels by fitting ordinary least squares regression. They
also examined trends in total run sizes, and in this case they used the entire data set (ie.
all the escapement values for all streams from the area). Their trend analysis was
designed to describe overall trends over time, rather than to explain any yearly
variations in escapements. They smoothed the time series by using 4-year running
averages, which is the dominant age class for chum in B.C. Their graphs showing the
subsequent trends in wild escapements and total run sizes are shown below (Figures
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195-196). Figure 195 shows trends in escapements, and Figure 196 shows trends in total
run sizes. Godbout (pers.comm.) provided the figures for each of Areas 7-11, so these
other areas are also discussed below, in addition to the Area 8 data. Godbout et al.
(2004) noted that chum stocks in areas 7 and 8 appeared to be healthy with no apparent
management considerations. They did have concerns for chum returning to Areas 9-11
however, and the escapements in these areas appeared to be in decline, although these
apparent declines might be a result, in part, of decreasing escapement monitoring in
some Areas.
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Figure 195. Time series of escapement estimates for wild chum based on “best data sets”. Points
represent annual estimates and solid curved lines represent 4-year moving averages. Linear trends in the
4-yr moving averages for the complete time series (longer line, solid) and for the last 3 generations (solid
shorter line) are shown for each stock (absence of a line means the linear trend was not significant). Long
term and last 3 generations escapement are shown with horizontal dotted lines.

Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

218

Area 7

Area 10
100

1000
50
500

20
200
10
100
1950

1960

1970

1980

1990

2000

1950

Area 8

1960

1970

1980

1990

2000

1970

1980

1990

2000

Area 11

Total Run Size ( 10³ )

1000
100
500
50

200
20
100

1950

1960

1970

1980

1990

2000

1970

1980

1990

2000

1950

1960

Area 9
200

100

50

20

10
1950

1960

Year

Figure 196. Times series of total run size estimates based on complete data sets. Dots represent annual
estimates and solid curved lines represent 1 generation (4-year) smoothed averages. Linear trends in the
4-yr moving averages for the complete time series (longer line, solid) and for the last 3 generations (solid
shorter line) are shown for each stock (absence of a line means the linear trend was not significant). Long
term and last 3 generations escapement are shown with horizontal dotted lines.
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Summary
A common feature of all the escapements series for both chum and pink to systems in
very different parts of B.C. is a high level of temporal variability. The most commonly
suggested reasons for declines are overharvesting, variability in marine survival, as well
as habitat destruction as a result of logging and other human activities.
Main findings have been as follows:
For chum, Fraser chum escapements appear to be improving. North Coast aggregate
chum stocks (for Areas 3, 4, 5 and 6) show declines in escapements and apparently need
to be rebuilt. Escapements to Area 3 (Kwinamass and Nass) appear to be lower than
returns during the 1950s and 1960s. Escapements to Area 4 have shown declines, while
in the Central Coast, returns to Area 8 seem to be stable, while chum in Area 9-11
appear to be showing declines. Inner South Coast (ISC) chum stocks have been very
variable. Upper Vancouver Island, Kingcome, Bond, Toba and Knight Inlet stocks have
shown huge fluctuations and declines in the late 1990s that did not appear to be
reduced in the face of harvest restrictions. It was mentioned that the systems in which
stocks showed declines show high variability in flow regimes, and some are highly turbid.
In general, these systems tend to have summer freshets when snow and ice in the high
elevation headwaters melt, and often have winter floods due to high winter precipitation
in the form of snow and rain. They also noted that forestry has been an important
factor in most of these watersheds, with extensive areas of clearcut that has
exacerbated the natural fluctuations in river flow, affected temperatures and increased
instability in these systems. However, some of the chum stocks returning to specific
systems in the Broughton Archipelago have been showing recent improvements.
Pink salmon stocks returning to the Fraser River appear to have increased in abundance
in the past few years, but the confidence limits on the recent estimates (2003 onwards)
are very high. Pink salmon in the study area (ie stocks that move through Johnstone
Strait) appear to be very variable, and showing recent declines, while pink salmon in the
Skeena (Lakelse River), Nass and the Central Coast (Area 8) also show high levels of
variability, and recent declines in even-year stocks, while odd-year stocks seem to be
improving.
The stocks examined are a minor portion of the complete set of B.C. stocks. Focus was
on systems that were under least impact from fish farms, thus the west coast of
Vancouver Island stocks was not examined. Some of the findings above were predicted
by DFO in their 2007 outlook:
2007 Salmon Outlook http://www-ops2.pac.dfompo.gc.ca/xnet/content/Salmon/webdocs/SalmonStockOutlook2007.htm
The DFO outlook for 2007 (last one posted online) stated the following for pink and
chum:
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Pink
Average to strong pink salmon returns are expected to most watersheds. The Fraser
River pink salmon forecast is approximately 19 million fish.
Chum
Moderate to good returns of chum salmon are expected, except in parts of the NassSkeena area where broad-based declines continue.
More detail from this 2007 outlook is provided in the table below:
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Pink

Fraser – Odd

4

Squamish - Odd
WCVI-odd

ND
ND

Area-11/13-even

2/3

Georgia Straitwest

2/3

Georgia Strait east

2

Area-7/10 Odd

3/4

North Coast
3/4
Areas-3/6 Odd
QCI- Odd

ND

The forecast return (20.3 million pink) is above the long term
average of 12 million. The abundance of outmigrating fry in the
brood year (615 million) was double the long term average of 370
million (1961-2005). The most recent spawning escapement
program occurred in 2001.
No qualitative assessment information is available.
No quantitative assessment information is available for this stock.
2006 returns appear lower than 2004. This reduced survival
appears more widespread and regionally-based than localized in the
Area 11/13. 2007 is typically the off cycle run and returns in 2005
were similar to brood levels in 2003. Historically, the mainland
inlets populations have been highly variable, with expectations of
low to near target abundance in 2007.
Low to near target returns expected. Good brood year
escapement (2005) to Puntledge 75,000 and Englishman 5,000. Few
systems surveyed.
Lang and Sliammon (enhanced systems) appear stable at low
abundances (<1,000), and Deserted Creek was 2,500.
Strong brood year escapements to Areas 7 and 8 are expected to
provide directed fisheries. Very large pink escapements to Rivers
Inlet in the brood year may provide a strong return to Rivers Inlet.
Area 10 brood year spawners were low. Note of caution that 2006
returns indicated very poor brood year survivals.
Good return expected from strong brood year escapement. Odd
year stocks have been abundant but variable over the last decade.
Note of caution that 2006 returns indicated poor brood year
survivals.
Off cycle year for QCI pink.

Chum

Fraser River

4

WCVI

3

Quantitative forecasts are not prepared for Fraser chums (catchby-stock and escapement info is extremely limited). The largest
contributing age class is age-4 (~80%). The 2003 brood year
escapement for assessed populations (1.3M chum; 92% in the
Harrison River) was below the recent average (post 2001 average:
1.7 M). Although extreme flooding occurred in 2003 (e.g. Harrison
& Chilliwack), the timing was largely before any significant spawning
occurred. Age-3 and -5 y brood year escapements are,
respectively, 1.5 x higher than average in 2004 (2.4 M) and similar
to average in 2002 (2.0 M).
Brood year (2003) escapements were average or above average in
most areas. Survivals appear average in most areas and above
average returns are expected to Nitinat, whereas at Nootka
returns are expected near the recent year average. Fishing
opportunities are expected.
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Johnstone Strait
area and
mainland inlets
(Area-11-13)

Georgia Strait

3/4

3

Coastal Areas 5/6

1/4

QCI

2/4

Skeena-Nass

1/3

Area-7-10

3/4

Yukon

3/4

Porcupine
(Yukon)

2

Taku

1

2006 returns appear average. Combining the average to above
average brood returns encountered in 2002, 2003 and 2004,
expectations are for average to above average returns. 2006
summer-run returns vary with poor returns to Bute Inlet (Area 13)
and good returns in Area 12 Mainland Inlets (Ahnuhati and Viner).
Brood year (2003) escapements were average. Survival rates
appear average, although preliminary 2006 returns appear low.
Forecasts are highly uncertain. Some fishing opportunities are
expected.
Low returns expected to areas other than Kitimat. Long term
widespread decline among small and medium wild stocks. Good
return of enhanced fish expected at Kitimat as well as ‘wild’ chum
from a strong brood year escapement
Variable brood year escapements may result in local surpluses.
Poor returns expected. Brood year escapements relatively poor.
Long term widespread decline among wild stocks.
An abundant return is expected from average to abundant brood
year escapements for areas 7 and 8. Area 9 and 10 brood year
escapements were abundant.
This stock group includes upper Yukon River populations
(excluding Porcupine drainage stocks). Spawning escapements have
exceeded targets since 2002; this has been attributed to reduced inriver exploitation and improved marine survival. Escapements in
2002 and 2003, the principle brood years contributing to the 2007
run, were well above the minimum goal established for a rebuilt
stock.
This stock group includes stocks with the Porcupine River drainage,
a major tributary of the Yukon River. The main indicator stock,
Fishing Branch River chum, had depressed runs from 1997 to 2003.
Although the 2004, 2005 and 2006 runs exceeded preseason
outlooks, the stock has not achieved the lower end of the
escapement goal range since 1996 except in 2005, when the upper
end of the target range was met. If the recent improving trend
continues, some fishing opportunities may occur.
The stock has been depressed since 1991, although little
information is available. Non-retention provisions are expected to
continue.
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Watershed Information And
And Assessments
Most of the freshwater drainage in the Broughton area comes from 11 main watersheds.
Within these 11 watersheds, most pink salmon spawning occurs in 17 main rivers and
their tributaries (Figure 197). The total stream length amounts to 623.6 km.

Figure 197. Main Streams within the Broughton region (from Williams et al., 2003).

The watersheds are generally grouped into categories. For pink salmon stock
assessment purposes, these systems, from the mainland and Vancouver Island side are
grouped as shown in Table 36 below.
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Table 36. Study Area Streams from the Mainland and Vancouver Island sides (From Van Will,
pers.comm.).

Johnstone Strait

Loughborough to Bute

Bond to Knight

Kingcome Inlet

ADAM RIVER

APPLE RIVER

AHNUHATI RIVER

CARRIDEN CREEK

AMOR DE COSMOS CREEK

CAMELEON HARBOUR CREEK

AHTA RIVER

EMBLEY CREEK

HYDE CREEK

CUMSACK CREEK

AHTA VALLEY CREEK

KINGCOME RIVER

KOKISH RIVER

EVA CREEK

GILFORD CREEK

WAKEMAN RIVER

MENZIES CREEK

FANNY BAY CREEK

GLENDALE CREEK

MILLS CREEK

FRAZER CREEK

HOEYA SOUND CREEK

MOHUN CREEK

FULMORE RIVER

KAKWEIKEN RIVER

NIMPKISH RIVER

GRANITE BAY CREEK

KAMANO BAY CREEK

SALMON RIVER

GRASSY CREEK

KLINAKLINI RIVER

TSITIKA RIVER

GRAY CREEK

KWALATE CREEK

HEYDON CREEK

LULL CREEK

HOMATHKO RIVER

NIGGER CREEK

HYACINTHE CREEK

VINER SOUND CREEK

KANISH CREEK
ORFORD RIVER
PHILLIPS RIVER
READ CREEK
STAFFORD RIVER
WORTLEY CREEK

The focus streams for the Broughton Archipelago are those in the Bond-Knight and
Kingcome Inlet groupings. There are standard stream classifications identified by the
Resource Information Standards Committee but another useful classification was done
by Williams et al. (2003) who separated the systems into 3 categories. Table 37 gives
information on the pink salmon streams (Williams et al., 2003).
1. Glacial Systems –e.g. Ahnuhati, Kingcome, Klinaklini and Wakeman Rivers.
All four of these rivers have steep valley walls, formed by glacial action. The Klinaklini,
Kingcome and Wakeman Rivers have large sections of braided and unstable river in the
valley bottoms, but the river system of the Ahnuhati, the smallest of the glacial streams,
appears more stable. The Klinaklini watershed is very large, with a magnitude of 819
(number of tributary streams), a mainstem length of 241 km and a stream order of 10.
Stream order is way of classifying stream segments based on the number of tributaries
upstream. A stream with no tributaries (headwater stream) is considered a first order
stream. A segment downstream of the confluence of two first order streams is a second
order stream. The Kingcome River is the second largest system, and has a magnitude of
301 and length of 75.5 km. This river has two main tributaries, the Clear and the Atlatzi
Rivers. These are clear water systems, and are used for escapement enumeration for
the Kingcome, where the glacial flour makes the water too cloudy. The Wakeman
River has a magnitude of 142 and a length of 66 km. It has two salmon-bearing clear
water tributaries: the Atwaykellesse River which joins the Wakeman approximately 10.7
Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

225

km from the mouth and Wahpeeto Creek which joins about 15.6 km upstream of the
mouth. Again, these two rivers are used for the escapement estimates. The Ahnuhati
River has a magnitude of 35 and a length of 27 km. In general, the rivers in this group
have lower water temperatures in the summer/fall and relatively higher discharge in
warm years than found in the non-glacial systems.
Table 37. A summary of the pink streams in the study area, including area, including
confluences water comes from, magnitude (number of tributaries) and length in km. (From Williams et al.
2003).

2. Non glacial watersheds with lakes- Ahta, Embley, Glendale and Kakweiken
Rivers.
The Kakweiken is the largest of the non-glacial watersheds with a magnitude of 151 and
a mainstem length of 31.7 km. One of its main tributaries is Elbow Creek. The Ahta
River mainstem is about 12 km, the Glendale 8.5 km, and Embley is the shortest overall,
at 4.8 km. These streams are associated with lakes, which act to stabilize discharge by
buffering flood effects. This results in reduced stream bank erosion and bedload
movement in these systems (Montgomery et al. 1996). It is expected that the spawning
habitat quality and egg-to-fry survival may be higher in systems that are moderated by
lakes, as compared to those systems with small, or no lakes (Chapman,1988; Northcote
and Larkin, 1989; Montgomery et al., 1996). Chapman (1988) showed that large lakes
have the additional benefit of trapping fine sediments that can negatively affect egg-to-fry
ratios. Williams et al. (2003) showed that the Embley and Glendale Rivers have the
highest ratio of lake surface area to stream length in this grouping (see Table 38 below).
3. Non glacial watersheds with little or no lake influence- Lull, Kwalate and Matsiu
Rivers.
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These systems have the fewest spawners of this study group. The mainstems of the
Kwalate and Matsiu Rivers are similar lengths at approximately 17.5 km, and the Lull
mainstem is shorter, at 8.2 km (Table 29). It is expected that these systems would
show a lot of variability in flows.
Table 38. Ratio of lake area to stream length for study area streams. (From Williams et al. 2003) Note,
the Devereux River is a salmon bearing tributary that joins the Klinaklini mainstem about 7 km upstream
of the mouth.

Every watershed of interest has been logged and fairly extensive road building has taken
place in most watersheds. Several slides have been associated with road building in this
area and logging continues in many of the watersheds.
Watershed assessments were obtained from Interfor, Stolt Sea Farms (now Marine
Harvest Canada, Western Forest Products and BC Timber Sales. All the watershed
assessments are available as paper copies only, except for the Kingcome River CWAP
(Interfor), Nimpkish River CWAP (WFP), Sensitivity Analysis for Gilford Island
(Interfor) and a Sediment Source Survey for Viner Creek (Interfor), which are all
available digitally. Most information was available for the Kingcome River (Interfor
CWAP).
Fishery officer reports were provided by Pieter Van Will for most of the pink systems
where escapement estimates are made. These reports are available in paper format
only and generally started in 1944 and ended in 1997. These reports list spawning
distribution, enhancement activities, and environmental impacts. For each major system,
the years with key comments made about water levels, flooding, sediment issues etc are
listed below. Some pink systems have been modified by the construction of spawning
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channels, which are most commonly used to enhance the off cycle (even-year runs) in
this region. Information on the location of fishways and channel structures in this region
were provided by Karl Wilson, DFO, and are on the data CD under
“ Fisheries/Fishways”. Hatchery information is discussed in the “Enhancement” section.
Additionally, a number of watershed assessments have been carried out by the Greater
Georgia Basin Steelhead Recovery Plan which can be accessed at
http://www.bccf.com/steelhead
Steelhead abundance has been declining on northeast Vancouver Island and in many
Mainland Coast Inlet watersheds and this has been attributed to greatly reduced ocean
survivals which have apparently been exacerbated by impaired habitat capability.
Freshwater survivals have been affected by forest harvesting, urbanization, hydro
development and water withdrawals, and nutrient depletion. Marine survival has varied
between 2.5 and 25% over the past two decades, and appears to be affected by changes
in the marine climate, decadal oscillations and other environmental trends. Another
source of mortality is from commercial and recreational fisheries. The Georgia Basin
Steelhead recovery plan has assessed a number of watersheds from the Broughton
region, and some of these details are provided here. On the mainland side, the systems
examined include the Atwaykellesse, Kakweikan, Glendale, Ahnuhati, and on the
Vancouver Island side, it includes the Cluxewe, Nimpkish and Tsitika Rivers (Table 39).
Trends in the catches and CPUE for steelhead are included in the “Steelhead” section
under “Ecosystem” below, and can be compared with the trends in pink salmon shown
above.
Table 39. Watershed information for steelhead-bearing streams in the mainland and Vancouver Island side
adjacent to the Broughton archipelago. (From Georgia Basin Steelhead Recovery Plan).
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Watershed information derived from this site is included where relevant below.
Mainland Systems
Kingcome Watershed
Interfor provided the Kingcome River Watershed Assessment (CWAP) done by
Madrone consultants in 2003. Fishery officer reports were provided by Pieter Van Will
(DFO).
The Kingcome River watershed is a glaciated, mountainous watershed of approximately
1300km2 areal expanse. The Biogeoclimatic units here are submontane very wet
maritime coastal western hemlock variant CWvm1, montane very wet maritime coastal
western hemlock variant CWHvm2, and montane wet submaritime coastal western
hemlock variant CWHws2. This watershed is located in one of the highest sections of
the Coast Mountains with elevations ranging up to 2000 metres. The watershed is
made up of the Kingcome mainstem and 11 major sub-basins. Together, these
boundaries make up the Kingcome Watershed Coastal Watershed Assessment
Procedure (CWAP) which was first conducted in 1995.
The Kingcome River valley is about 65 km long, and drains into the Kingcome Inlet,
which is about 30 km long. It is a rugged watershed, with steep to vertical valley sides,
and a broad and flat bottom. The mainstem headwaters, as well as some of the
tributaries, drain glaciated mountainous areas. The waters carry a heavy silt load and
tend to be a characteristic grey colour. The headwater streams can carry these high
sediment loads because they have fairly steep gradients.
In the Kingcome watershed, large amounts of sediment are carried in the glaciated
headwaters of Trudel Creek, McMyn Creek, Lahlah Creek, Charnaud Creek, Satsalla
River and Upper Kingcome River. The concentrations of sediment vary with the
temperatures and amount of glacial melt, and are thus highest in spring and summer, and
lower in the fall and winter. Other sources of sediment in the river are snow avalanches
and landslides, which occur frequently in the steep-sided valleys. Landslide tracks and
deposits can act as significant sources of sediments even for years after an event occurs,
until revegetation is extensive enough to stabilize the area. Landslides in the valley may
either be natural, or can be accelerated by logging activity and road construction.
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Assessment
sessmentss
As
sessment
Brayshaw and Weston (2003), based on examination of aerial photographs, noted that
forest harvesting activity had led to increased landslide activity between the late 1970’s
and early 1990’s. The reason for this temporal increase was due to the movement of
harvesting activity from the valley bottoms up to the steeper valley side slopes that
began in the late 1970’s. The decrease in landslide activity in the early 90’s may be
correlated with stricter adherence to forest practices and standards, in accord with the
1988 Fish Forestry Interaction Guidelines and later with the 1995 Forest Practices
Code. Since the late 1990’s, most of the landslides in the Kingcome Watershed were
natural landslides, occurring on unlogged areas. It is likely that for much of the
watershed, sediment sources that result from forest harvesting activities may be minimal
in comparison to the large, natural sources of sediment. However, for some of the subbasins e.g. Clear River, that lack glaciogenic and volcanic sediment sources, it is likely
that forest harvesting would have been an important source of sediments during the mid
70’s to mid 90’s.
A riparian assessment for the Kingcome River and its tributaries was carried out in 2003
(Poulin and Simmons, 2003). They found that there had been widespread riparian
harvesting in the Kingcome watershed during periods of railway logging (1920’s to 30’s)
and 1968-1995, with about 200 km of riparian area harvested. The results of this logging
included loss of bank stability, reduction of shading, and decrease in available woody
debris.
A channel assessment was done for this watershed by examining air photos from 1951
and the 1990s. The valley floor has undergone many river meander changes over time,
and thus likely never developed a continuous old-growth forest cover. However, the
valley walls and the tributary valleys did develop an old-growth canopy, and are more
patchily covered, with aldered areas indicative of avalanches as well as landslide deposits,
making up more than half of the total forested area.
A report on the Kingcome Watershed Sediment Source Survey done in 1997 noted that
there were 324 km of road development in this watershed, which has a total area of
approximately 1300 km2.

History of the area
Logging and agricultural settlement began in the 1900s in the Kingcome estuary. Dykes
were built on the estuary, and the marshes were used for cattle pasture and wild hay
production. Active logging has been carried out since 1912. The current period of
harvesting began in the 1960’s. The lower Kingcome River valley was railway logged
beginning in 1910. Farming is no longer practiced. Much of the intertidal area was
acquired for conservation purposes by private conservation organizations in the 1980s.
The current major landuse in the area is forestry. The Kingcome Indian Village is
located at 3km from the mouth of the river. The area is important for wildlife,
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particularly waterfowl during the migration and wintering period (September- April).
Eagles are present and apparently concentrate during the spring eulachon run. Black
and grizzly bears also make seasonal use of the estuary. This estuary is an important
rearing habitat for juvenile salmon, and all five species use this area. Salmon, especially
coho, are found in several of the clear water tributaries, but most fish spawn in two
tributaries, the Clear River and Atlatzi River. The lower reaches of the Clear River
make up the main spawning grounds for all species except for coho. The Kingcome
River and its tributaries also support summer and winter runs of steelhead trout as well
as cutthroat trout and Dolly Varden. Eulachon spawn in the spring in the lower reaches
of the Kingcome River. There was a small attempt at a hatchery on this river during
1987-1988. Side channel developments were done on Lak Lak and Tsuquilla in 1987
with SEP funding. There is also a fish ladder on the Atlatzi.

Fishery officer reports
The DFO fishery officer reports noted that fish estimates are made from Clear, Lahlah
and Ahlatzi tributaries only, since the glacial silt in the Kingcome prevents effective
monitoring. The box below shows the major findings by fishery officers for the years
that these reports were available.
1994, 1995 & 1997: high fall flood conditions
1992: 2 major floods, September and October
1988: fall storms, major fall flooding
1987: low summer water levels
1985: first year of operation of Kingcome River Hatchery on 3-mile tributary, very low summer water
flows.
1980: extremely heavy rains may have resulted in loss of spawn in the fall throughout Area 12
1975: severe flooding, poor pink escapement in 1977 as a result
1970: falls on Atlatzi received attention from R&D engineers and a small fishway was built in 1970. The
following years reported good escapements as a result
1960, 1965 & 1967: High water levels in Fall

Table 40 was provided in the fishery officer reports for the Kingcome Watershed and
notes the timing of arrival in the streams in this watershed and the duration of spawing
for Pacific salmon species.
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Table 40. Pacific salmon spawning periods in Kingcome Watershed (Clear and Ahlatzi Rivers).

Species

Arrival In
Stream

Duration of Spawning
Start
Month
July

Peak
Month
Aug

End
Month
Aug

Month
Sockeye 1
July
Sockeye 2
Coho 1
July
Aug
Oct
Dec
Coho 2
Nov
Novt
Oct
Jan
Pink (Even)
Aug
Sept
Pink (Odd)
Aug
Aug
Sept
Sept
Chum 1
Aug
Aug
Aug
Sept
Chum 2
Nov
Nov
Jan
Chinook 1
June
July
Aug
Sept
Chinook 2
Aug
Distribution of Spawners: Pink and Chum are found throughout the Clear and Atlatzi

Kakweikan River Watershed
Watershed Map Code: 900632100, 5th Order Stream. Statistical Area 12-36. A diagram
of the Kakweikan watershed is shown in Figure 198 below.

Figure 198. Kakweikan River Watershed (From http://www.bccf.com/steelhead/).
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The Kakweikan River drains in a southerly direction, flowing into Thompson Sound. This
Sound connects into Tribune Channel, which is connected with a number of passages to
Queen Charlotte Strait. It drains approximately 317 square kilometers, ranging from
sea level to 5000 feet. The precipitation is estimated at approximately 150 inches per
year, and this, together with high amounts of forestry activity, leads to high level flows
during the rainy periods of year. Mean annual discharge is estimated at 30.4 cubic
m/sec. All five species of Pacific Salmon use the Kakweikan for spawning and rearing.
Sockeye spawn in September and October, Chinook from August to October, Coho
from September to December, Pinks from August to October, and Chums in
September and October (Table 21). Here the steelhead stocks also are in decline and
possibly and extreme conservation concern. Suggestions for improvement in logging
activities are suggested.
Fishery reports were examined and main points listed in the box below.
1997: heavy flooding
1994, 1995: very high water levels in the fall
1993: low water levels in summer
1991: slide from road blasting into hanging valley at mouth of river, heavy rains leading to flood conditions
in early August
1985, 1986, 1987: low summer water levels
1982: reduced pink return, probably due to the flooding of 1980. This flooding and resultant high water
led to pink spawning on higher gravel beds, which may have dried out later on.
1980: heavy flooding may have affected fish spawn retention
1976: abnormally high water levels, high summer rains, very few pinks got through fishway to good
spawning grounds due to high water
1975; November flood washed out approximately 75% spawn below falls, and 50% above falls
1960-64: rocks impassable caused obstruction to pinks

Spawning timing from fishery officer reports are given in Table 41 below.
Table 41. Pacific salmon spawning periods in Kakweikan Watershed.
Species

Sockeye 1
Sockeye 2
Coho 1
Coho 2
Pink (Even)
Pink (Odd)
Chum 1
Chum 2
Chinook 1
Chinook 2

Arrival In
Stream
Month
July
July
Sept
July
July
Aug
Oct
Aug
July

Duration of Spawning
Start
Month
Sept

Peak
Month
Sept

End
Month

Aug
Sept
Aug
Aug
Sept
Oct
Aug

Sept
Oct
Aug
Sept
Sept
Oct
Sept

Sept
Nov
Aug
Oct
Oct
Nov
Sept

Distribution of Spawners: Sockeye are located 2-4 km above Kakweikan Lake, Coho in the upper reaches to about 10 km, and Pink/Chum to the Elbow.

Habitat restoration that has taken place on this system is shown in the box below:
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An extensive semi-natural side channel is located downstream of the Elbow Creek confluence on the
rivers west bank. This unmanned spawning channel annually produces several hundred thousand pink
salmon but has produced as many as 800,000 pink salmon in recent years.
The Twin Falls barrier (natural falls) was bypassed successfully in 1979 with a concrete fishway increasing
anadromous length from 2.7 to 22.0 km.

General information on the watershed is in Table 42 below
(http://www.bccf.com/steelhead/).
Table 42. Greater Georgia Basin Steelhead Recovery Analysis of Watershed
Existing Habitat:
Comments
watershed area (km2):
317
Historic barrier at 2.7 km was made passable in 1979.
mean annual discharge (m3/s):
30.4
Significant instability downstream of the Elbow Creek
Summer Base Flow (%mad):
65
confluence due to input of bedload and fines. Extensive
accessible length (km):
22
logging throughout river corridor in lower watershed.
productivity (natural):
very low Baseflow alkalinity low at 4 mg/L.

Glendale River Watershed
The Glendale River has a Watershed Map Code: 9005698008600 and is a 4th order
system. A diagram of this watershed is shown below (Figure 199).

Figure 199. Glendale River watershed (from http://www.bccf.com/steelhead/).
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The Glendale watershed has been intensively logged resulting in siltation of spawning
gravel. This was seen to have very negative effects on the salmon populations of this
system, so in 1986 DFO began construction of a 1000-m spawning bed for pink salmon.
The river now sees very high returns of pink salmon.
Fishery officer information for this system is listed in the box below. A general finding
was that there was intense grizzly predation on this system. Some years chums were
observed digging up pink eggs.
1996: fishery officers noted that the Knight Inlet Lodge viewing tours had resulted in increased grizzly
numbers and they had apparently been noticed as increasing in response to enhanced pinks on this
system.
1995: heavy rains in October and November. Bears noted preying on fish in spawning channel and there
was concern that the bears could disturb redds. Concerns over removal of alder (shade) at the spawning
channel and the effects of construction of viewing platforms.
1993: extreme summer low flows, overcrowding issues
1992: low summer flows and high escapements believed to lead to high pre-spawn mortality
1991: low water levels in August
1990: low August water levels and high temperatures, November floods
1987: very poor return from 1985 brood year. Very low water levels in the summer
1986: very low summer water levels
1985: low water levels during spawning caused crowding in lower reaches, low water flow occurred from
summer to late September, high water temperatures (over 16oC) in late August. 2. slides occurred during
the spring that placed debris into Glendale lake, and added to the log jam at the lake outlet.
1984: flooding in middle of October
1982: high water levels in late August/early September. Fishery officers noted that logging along the river
may cause future problems due to uncontrolled runoff.
1980: extremely heavy rains in December which may have resulted in heavy losses in streams throughout
Area 12
1979: flood in September washed away approx 6000 pinks, high eagle predation on spawners
1977: poor returns due to flooding of 1975
1976: high water levels
1975: flooding in November with estimate loss of 50% of pinks
1973: heavy predation by wolf and seal
1960/1961/1965/1967/1968: high water levels in fall
1959: low summer water levels
1957: low fall water levels
1951: low summer water levels
1950: logging begun next to the lake spillway and downstream from the lake, resulted in some
obstructions which were cleared up

General information on the watershed is shown in Table 43 below (from
http://www.bccf.com/steelhead/).
Table 43. Greater Georgia Basin Steelhead Recovery Analysis of Watershed
Existing Habitat:
watershed area (km2):
100
mean annual discharge (m3/s): 6.2
Summer Base Flow (%mad): 20
accessible length (km):
7.5
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Comments
Extensive channel braiding and large frequency of LWD in the lower 2
km. create excellent conditions for juvenile steelhead, cutthroat and
Dolly Varden rearing.
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low Large lakes on mainstem and tributary (Tom Browne Creek) promote
stability and likely increase productivity. Baseflow alkalinity low at 8
mg/L .

The main habitat restoration activity that has occurred on this watershed is the
development of an extensive FOC spawning channel complex near Tom Browne Creek
confluence. Water is drawn from Tom Browne Lake via an intake structure. A
biophysical inventory/habitat capability assessment was completed by FOC before
development of the pink salmon spawning channels in the 1980s with a focus primarily
on pink salmon and how they were impacted by severe winter storms.
Other assessments available for this watershed include:
1997 Geotechnical Road Risk Overview Assessment. Tom Browne Lake Operations TimberWest Forest
Limited.
1997 Report on Landslide Rehabilitation Assessment Shannon Creek Sub-Basin, Tom Browne Lake WRP
Project Area

These two assessments have been provided by Timberwest, who have the holdings in
the region of the Glendale.
Wakeman River Watershed
The Wakeman watershed is large and drains in a southerly direction into Wakeman
Sound, which itself flows into Kingcome Inlet. It is 50 km in length with a mean width of
about 10 km. There are many differently sized tributaries that drain into various regions
of the watershed, and some of these drain from high, glaciated regions. The mainstem
thus has a blue-grey colour and contains a high silt load. It has low winter flows and
high flows during spring and summer due to snow and ice melt. Winter flows are
generally clear, whereas summer flows are cloudy with silt from glacial runoff. All
species of salmon are present in this system. Salmon are not able to spawn in the
tributaries and mainstem that are draining glaciated areas, but concentrate the spawning
into two clear tributaries, the Wahpeeto and the Atwaykellesse (or Atway). The
Wakeman River itself has a channel width of over 45 m, while the average width of the
Atway is 25 m and the Wahpeeto is about 15 m. There are many inaccessible areas, and
thus the escapements for this system may be more unreliable than for other systems.
The watershed has been actively logged, and is in various states of recovery. Evidence
of avalanche flows is very high, but significant mass movement processes such as debris
slides, debris flows, rockslides and rockfall also occur in this system. Logging has been
carried out in the lower reaches of the Wahpeeto watershed since the early 1970s.
Chinook, coho, pinks and chums use this system for spawning. Chinooks are found in
the Atway only, and spawn in July, August and September. Coho and pinks spawn in
August, September and October and chums spawn in September and October. This
system has historically been considered highly productive for pink salmon.
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Wahpeeto Creek Watershed
Watershed
rd

This watershed is a 3 order stream with a watershed map code of 90069280023100. A
map of the watershed is given below (Figure 200). No known restoration activities have
taken place in the sub-basin.

Figure 200. Wahpeeto Creek watershed (from http://www.bccf.com/steelhead/).
Information from the fishery officer reports is included below. There was a general
concern in 1980s about inaccurate escapement assessments due to need for more flying
time.
1997: flood conditions in fall.
1995: extreme fall floods. Blowdown in mouth of Wahpeeto.
1994: three major fall floods
1992: low water all summer, two fall floods in September and October
1989:.logging impacts noted; silting of Wahpeeto top portion, diversions of lower reach due to log jam
1986: low water, log jam on Wahpeeto
1980: extremely heavy rains, may have resulted in spawning grounds being washed out throughout Area
12
1975: 50% of the pink and chum spawn estimated to have been lost due to a flood in November
1974: low water levels during a hot summer
1970: low water levels in October
1965, 1967, 1968: high water levels in October
1964: rockfall on Wahpeeto
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1960, 1961: abnormally high water levels in fall

General information on the watershed is shown in Table 44 below (from
http://www.bccf.com/steelhead/).
Table 44. Greater Georgia Basin Steelhead Recovery Analysis of Watershed
Existing Habitat:
watershed area (km2):

65 Comments
mean annual discharge (m3/s): 6.2 Extensive logging throughout river corridor in lower watershed. Short
steep watershed, likely subject to moderate to severe flooding.
Summer Base Flow (%mad): 65
Unconfined channel in lower 2 km and moderately confined in upper
accessible length (km):
4 2 km. Baseflow alkalinity low at 4 mg/L and predicted biomass or
capacity per steelhead size class is 70 g/Unit.

Atwaykellesse River Watershed
Watershed
This watershed is a 4th order stream with a watershed map code of 90069280015800. A
map of the watershed is given below (Figure 201). No known habitat restoration
efforts have been made to date in this watershed.

Figure 201. Atwaykellesse River watershed (from http://www.bccf.com/steelhead/).
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General information on the watershed is shown in Table 45 below (from
http://www.bccf.com/steelhead/).
Table 45. Greater Georgia Basin Steelhead Recovery Analysis of Watershed
Existing Habitat:
watershed area (km2):
177
mean annual discharge (m3/s): 17
Summer Base Flow (%mad): 65
accessible length (km):
6.4
productivity (natural):
very
low

Comments
Moderate to steep gradient with extensive riffle cascade sections.
Extensive logging throughout the lower watershed. Baseflow
alkalinity low at 4 mg/L and predicted biomass or capacity per
steelhead size class is 70 g/Unit.

Ahnuhati River Watershed
This watershed is a 3rd order stream with a watershed map code of 900603000. A map
of the watershed is given below (Figure 202). This system flows into Knight Inlet at the
Ahnuhati Point and is located in Statistical Area 12-31. This system appears to suffer
heavy grizzly and seal predation. No known habitat restoration efforts have been made
to date in this watershed.

Figure 202. Ahnuhati River watershed (from http://www.bccf.com/steelhead/).
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General information on the watershed is shown in Table 46 below (from
http://www.bccf.com/steelhead/).
Table 46. Greater Georgia Basin Steelhead Recovery Analysis of Watershed
Existing Habitat:
watershed area (km2):
189
mean annual discharge (m3/s): 18.1
Summer Base Flow (%mad): 65
accessible length (km):
17.6
productivity (natural):
low

Comments
Some logging in lower 4 km of watershed with most of the
headwater drainage intact. Extensive channel braiding and large
frequency of LWD in the lower 8 km. Fish production comes almost
entirely from mainstem due to consistently steep tributary streams.
Base flow alkalinity low at 4 mg/.

Fishery officer information for this system is noted in the box below.
1996: very rainy summer, escapements appeared low, and fish had apparently been blown out of the river
due to high water velocity and many of these fish were not spawned out.
1992/1993/1994: heavy windfall and braiding of channel at certain locations
1992: unusually high seal predation
1990/1991: heavy predation by seals and bears
1987: particularly poor returns noted
1985: low water levels in summer
1984: above average water levels in summer
1983: below normal water levels in summer
1982: poor pink run attributed to floods during 1980. Very heavy bear predation during 1982, high water
levels in the fall.
1981: very heavy runoff in September and October that may have affected spawn.
1980: flooding occurred in the fall
1979: flash flood washed out pink salmon (about 4000), lots of seals
1978: low summer water levels, logging to begin on lower side of river
1977: high summer water levels
1976: lower ½ mile affected by silt from a landslide, high summer water levels
1971: high water levels in July and August from snow water. Some erosion and loss of pink salmon
spawning beds
1970: silting on lower 1.5 miles
1969: silting and sand affected 1.5 miles lower area
1968: erosion on banks
1965: flood of October 20 caused lots of sand and gravel to come down to the river mouth, and scouring
of beds was observed.
1953: abnormally high water levels October and November but no flash floods.

Embley Creek Watershed
Embley Creek flows in an easterly direction into Embley Lagoon, which connects with
Grappler Sound and Queen Charlotte Strait. It is a relatively small system with
approximately 3.8 km of mainstem and another 2 km of tributaries that are accessible to
anadromous salmonids. The width of the stream is approximately 3-5 m. The source of
the stream is Huaskin Lake. The river mouth empties by a rockfall into a pool that has
tidal influence. The pool itself empties into a large, shallow and very productive lagoon,
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which is a nursery area for salmon fry and smolts. This watershed forms part of the
drainage for a relatively low mainland peninsula.
It has historically been a highly productive system, with some outstanding even year pink
escapements. Only coho and pinks have been enumerated in this system.
Logging operations began in this region in 1939. In the 1950s and 1960s salmon could
not ascend the mouth of the river due to the falls there, and thus most of the spawning
took place in the lagoon. A fish ladder was constructed in 1977 on the system to assist
their passage up Embley Creek. This fishway was reported to have improved the
passage for pinks, and resulted in reduced predation since they were no longer held up
at the mouth during periods of low water. There are sometimes heavy rains, flash floods
and losses of eggs, alevins and fry.
Fishery officer reports were available 1980 -1997 for this system and the notable
comments are shown in the box below.
1992: flooding occurred and this resulted in disastrous returns in 1994
1990: flooding occurred and this resulted in disastrous returns in 1992
1982: reported poor returns due to flooding of 1980

Spawning timing from fishery officer reports are given in Table 47 below.
Table 47. Pacific salmon spawning periods in Embley Creek.
Species
Arrival In Stream
Duration of Spawning

Sockeye 1
Sockeye 2
Coho 1
Coho 2
Pink (Even)
Pink (Odd)
Chum 1
Chum 2
Chinook 1
Chinook 2

Month

Start
Month

Peak
Month

End

Aug

Aug 30

Sept 15

Nov 30

July

July 25

Aug 25

Oct 5

Month

Viner River Watershed
Viner River is located on Guildford Island. It is a 4th order stream that drains a
watershed with an area of approximately 25km2. Logging of the watershed began in the
early 1930s, and a total of 38% of the watershed has been logged since that time.
Declining salmon runs and degraded channel conditions have been noticed in this
system, and several habitat restoration efforts and salmon stock enhancements (see
“Enhancement” section) have been carried out.
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Vancouver Island Systems
The Georgia Basin Steelhead Recovery team also gives information on a number of
Vancouver Island systems. These are included here for the sake of completeness. Water
discharges and forestry impacts on these watersheds may affect water bodies between
the Broughton region and Vancouver Island.
Tsitika
Tsitika River Watershed
th

th

The Tsitika River is a 5 to 6 order river and the watershed code is 920782100. A
map of the watershed is given below (Figure 203). A CWAP for the Tsitika River has
been obtained from BC Timber Sales.

Figure 203. Tsitika River watershed (from http://www.bccf.com/steelhead/).

Forest harvesting is a large concern in the Ttsitika watershed. In August 1998, “wild
spawned” Atlantic salmon juveniles were found around Catherine Creek. Similar rearing
habitat preferences for these fish with other salmon species could increase competition
for the latter. However, no juvenile atlantics were detected during snorkel surveys
designed for enumeration of steelheads between 2000 and 2002.
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General information on the watershed is shown in Table 48 below (from
http://www.bccf.com/steelhead/).
Table 48. Greater Georgia Basin Steelhead Recovery Analysis of Watershed
Existing Habitat:
watershed area (km2):
360
mean annual discharge (m3/s): 22.5
Summer Base Flow (%mad): 14.5
accessible length (km):
36
productivity:

Comments
As this was one of the last significant unlogged watersheds on the
east coast of Vancouver Island, it has received a high public profile.
Extensive boulder habitat . Baseflow alkalinity low at 5 mg/L.

Very
Low

Kokish River Watershed
This is a 5th to 6th order river with a map code of 920810900. A map of this watershed is
given in Figure 204 below.

Figure 204. Kokish River watershed (from http://www.bccf.com/steelhead/).

General information on the watershed is shown in Table 49 below (from
http://www.bccf.com/steelhead/).
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Table 49. Greater Georgia Basin Steelhead Recovery Analysis of Watershed
Existing
Existing Habitat:
Comments
Long history of logging in Kokish and Bonanza watersheds.
Significant fish habitat impacts especially log storage in Beaver
Cove estuary and abandoned booming site at outlet of Bonanza
Lake. Coho stocking into Bonanza R. between Bonanza and Ida
Moderate Lakes. Ideal summer flows, lake-headed. Baseflow alkalinity
moderate at 25 mg/L

watershed area (km2):
370.5
mean annual discharge (m3/s): 18.1
Summer Base Flow (%mad):
16.3
accessible length (km):
18.5
productivity:

The Kokish and Bonanza watersheds have been logged extensively logged over the past
few decades and this has led to significant impacts on fish habitat. This includes the in
Beaver Cove (i.e., log storage site for nearby sawmill), and the outlet of Bonanza Lake
(which was the site of a past log booming site).
Additionally, the Kokish River has been identified as a potential site for independent
power (hydroelectric) production. At this time, a number of environmental reviews of
past hydro development proposals have identified major fish habitat impacts that could
not likely be mitigated and thus the Kokish remains as a low power production
alternative. However, this could change in the future.
DFO and the local community hatchery stock coho fry into the Bonanza River between
Bonanza and Ida lakes. The broodstock is from the lower Kokish River, but there is
some disagreement as to whether out-planting of coho has in this case been done into
areas that were not naturally (or formerly) accessible to adult coho spawners (ie. in the
upper watershed). In general, the Province discourages outplanting by hatcheries into
areas that were not previously accessible.
Nimpkish River Watershed
This is a 4th order system and the map code is 920825900. A Nimpkish River CWAP
has been obtained from Western Forest Products. A map of this watershed is given in
Figure 205 below.

Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

244

Figure 205. Nimpkish River watershed (from http://www.bccf.com/steelhead/).

General information on the watershed is shown in Table 50 below (from
http://www.bccf.com/steelhead/).
Table 50. Greater Georgia Basin Steelhead Recovery Analysis of Watershed
Existing Habitat:
watershed area (km2):
2311
mean annual discharge (m3/s): 140
Summer Base Flow (%mad): 18
accessible length (km):
245
productivity:

Comments
Area: 1,761 sq. km plus 550.3 sq. km in major tributaries, large lake,
extensive logging in the last century leaving no large woody debris in
many reaches. System is nutrient poor - substantially reduced salmon
escapements in recent years. Baseflow alkalinity is very low at 7.5
very mg/L and predicted capacity per steelhead size class is 100 g/Unit.
low

Several fisheries restoration projects have been completed in the Nimpkish (funded
mainly by FRBC), and were done in the smaller sub-basins to the mainstem. These
include the Davie, Lukwa, Sebalhall and Kilpala systems, as well as a tributary to Vernon
Lake. These projects are thought to result in benefits for native species such as coho.
The work done has included debris and bedload removal to allow fish passage, rearing
habitat complexing (i.e., large woody debris/boulder placements), streambank revetment
and accessing "alcoves" or ponds through small channels or fishways ( from
http://www.bccf.com/steelhead/). Stream fertilization projects have also been carried out
during 2001 and 2002.
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Focus on the Nimpkish and Kokish-Bonanza watersheds by the Nimpkish Resource
Management Board (NRMB) led to the 2002 release of the "Nimpkish Watershed Fish
Sustainability Plan" which outlined current conservation status and abundance trends for
anadromous fish species in the Nimpkish, as well as a prioritized course of action for
stock recovery. Major concerns in these watersheds include forestry impacts as well as
issues with hatchery stocking practices of salmon, particularly coho. There are concerns
that this may lead to over-stocked rearing habitat and conflicts with wild populations.
Other Available
A vailable Watershed Assessments And
A nd Terrain Stability Assessments
Interfor
Information was also given for Gilford Island, in the form of a sensitivity analysis for
three watersheds on Gilford Island.
The sensitivity analysis was conducted on three watersheds - Wahkana, Viner River, and
Loose Lake (Warttig, 2005). The map below shows the location of the study area.

Figure 206. Map of Gilford Island (from Warttig, 2005)

Greater detail of the extent of the watersheds is given in the following figure from this
report:
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Figure 207. Location of watershed on Gilford Island (from Warttig, 2005)

Since 1996, most assessments in this region have taken place in the Viner River
watershed, primarily because of concern over declining salmon stocks in the Viner River
(particularly chum). This drainage is very steep-sided, and impacts to fish habitat from
natural slope instability have been exacerbated by logging activity. There have been
numerous landslides (both natural and logging-induced) which have led to high levels of
sedimentation in this watershed. In 2000, a stream habitat overview field assessment
was begun, and a stream restoration report (for the lower reaches of Viner) were
completed (including riparian restoration prescriptions) in 2000 by D.R. Clough, and W.
Warttig. FRBC-funded stream and riparian restoration projects were implemented in
2001 and annual restoration projects have been carried out since then.
This particular analysis was chosen over a full Coastal Watershed Assessment
Procedure (CWAP) because of the high expense of the latter. Measurements of key
environmental indicators were made, namely: Peak Flow, Surface Erosion, Peak Flow
Index and Mass Wasting. The information source for the environmental indicators was
derived from Interfor GIS records. Hydrological recovery for equivalent clearcut area
(ECA) was estimated using polygon age information and site series to project average
plantation growth rates and heights (current and future). Only those sub-basins that
contributed to the primary fish habitat were used in the calculations for impact
categories. For example, Wahkana east and west, and Viner north and south sub-basins
were not counted in the risk calculations since there is no fish habitat in these subbasins. It is noted that previous logging activities, that generally occurred before 1996,
have led to the development of most of the lower and midslope areas of the watersheds
and existing roads are largely located on stable (bedrock dominated) terrain. However,
the GeoWise Engineering Ltd. assessment of landslide and sediment risks associated
with roads in the area showed that most of the roads posed little or no risk to streams.
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It appears that stream health has improved in these watersheds as a result of
restoration efforts and natural processes. This report concluded that there was no
evidence that planned harvesting activities in the region for the following 5 years would
pose any significant additional risk to watershed health in the three watersheds.
B .C. Timber Sales
Other assessments gathered include those from BC Timber Sales. They also provided
all available terrain mapping and stability interpretations.
These are available for the following systems
2006 Development Report on Blind Creek (Pete Lake Area)
2002 Proposed Log Dump and Storage Site Belize Inlet (Trevor Lake Area) Depth Surveys with Sub-tidal
video
2000 Detailed Terrain Stability Mapping Wahkash Creek, Knight Inlet. B.C.
1999 Terrain Stability Field Assessment for Catto Creek Proposed Mainland
1999 Detailed Terrain Stability Mapping Catto Creek and Wakeman River
1999 Stream Survey of Wehlis Creek, Caviar Cove
1998 Stanton Creek Stream Classification- Supplementary Report.
1998 Stanton-Smythe Watersheds Detailed Terrain Stability Mapping For Forest Management
1998 Mahatta Creek and Tributary Fish and Fish Habitat Inventory
1998 Mahatta River Detailed Terrain Stability Mapping For Forest Management
1998 Matsui Creek Detailed Terrain Stability Mapping For Forest Management
1997 Matsui Creek Fish and Fish Habitat Assessment
1997 Little Chilson Creek Fish and Fish Habitat Inventory
1997 Kinnaird Island Fish and Fish Habitat Inventory
1997 Bolivar/Stafford Fish and Fish Habitat Inventory
1996 Detailed Terrain Stability Mapping Allison Sound Area, Belize Inlet, British Columbia
1995 Mereworth Sound. Quashella, Sylvain,Nicole and Daylor Creeks Habitat Assessment and Fish
Inventory
1995 Strachan Bay Stream Habitat Assessment and Fish Inventory2001 Wahkash Log Dump and Booming
Grounds Marine Dive Survey
1995 Anchorage Cove. Gus Creek, Louise Creek and Marou Creek Habitat Assessment and Fish
Inventory
1995 Detailed Terrain Stability Mapping Bolivar Creek, Knight Inlet, British Columbia
1995 Blind Creek Stream Habitat Assessment and Fish Inventory
1995 Clara Creek and Jacob Creek, Gilford Island Habitat Assessment and Fish Inventory
1994 Mereworth Sound Detailed Terrain Stability Mapping For Forest Management
1993 Gilford Island Southeast: Terrain mapping and Stability Interpretations for Forest Management.
1993 Anchorage Cove: Terrain Mapping and Terrain Stability Interpretations for Forest Management
1993 Assessment of Terrain Stability: Blind Creek

Western Forest Products
Assessments from Western Forest Products included the following:
Horel, G. 2001. CWAP update – Cluxewe Watershed
Chapman Geoscience Ltd. 2000. Watershed Assessment Updates- for Upper
Oktwanch River, Sebahall River, Kilpala River, Noomas River and Kinman Creek.
(Drainages of the Nimpkish.)
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Fish Farm PrePre- Siting Stream Assessments
Stream assessments were obtained from Marine Harvest Canada. These had been
carried out for Stolt Sea Farm Inc. before the merger with Marine Harvest by Sharon
DecDominicis. These stream assessments were done to satisfy a requirement by the
Canadian Environmental Assessment Act (CEAA) that all fish farms need to identify any
salmon-bearing streams within 1 km of marine salmon farm sites.
Stolt Sea Farm Inc. contracted CAMI Environmental to carry out stream assessments for
the following systems:
Arrow Pass Farms: 3 unnamed streams (AP 1-3) near the mouth of Betty Cove.
Port Elizabeth, Gilford Island: 5 streams (PE 1-5).
Blunden Passage: 4 unnamed streams (BLP 1-4)
Swanson Island: 5 unnamed streams (SI 1-5)
Upper Retreat: 6 unnamed streams (UR 1-6)
Midsummer Island: 5 streams (MS 1-5)
Larsen Island: 2 streams (LI 1-2)
Glacier Falls/Watson Cove: 5 unnamed streams (WC 1-5)
Sargeaunt Passage: 5 unnamed streams (SP 1-5)

Main details from each of the assessments are given below:
Arrow Pass
The presence of salmonids was assessed at 3 streams located within 1 km of the Arrow
Pass (Bonwick Island, Broughton Archipelago) fish farm during the summer of 2002.

Stream AP1: Natural drainage patterns appear to have been affected by logging
activities, such as the use of the channel for log transport, with the result that much of
the stream appears to be covered by parallel boles, wind throw and debris piles.
Sediment has filled between the debris and the stream water has been forced to tunnel
beneath the debris. pH was assessed at 4.5, and it was suggested that this might be too
low for salmonids since levels below 5.0 have been reported as lethal for most
salmonids and their eggs (Alabaster and Lloyd, 1982). Chum and pink could access this
stream, but there were few areas that were appropriate for spawing, and the poor
stream conditions (erratic and low discharges, woody debris and isolated riverine
habitat) would make this stream unsuitable for salmonids.
Stream AP2: This stream was the largest drainage assessed in this particular study, and
flows westward into Betty Cove along the west coast of Bonwick Island. This stream
appeared to have suitable habitat for salmon, despite the fact that the entire reach is
within a clearcut. No salmon were caught by electrofishing, and it was suggested that
this could be related to long-term effects of harvesting (siltation, high tannins, disruption
of natural drainage patterns, and changes along the riparian zone).
Stream AP3: This stream flows westward from the northern edge of Bonwick Island.
The lower reaches of the stream were very steep and choked with woody debris and
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sediments. Additionally, there were several barriers that blocked the passage of fish in
the lower reaches, including two logjams and one waterfall.
Port Elizabeth
The presence of salmonids within 5 streams near the Port Elizabeth (Gilford Island,
Broughton Archipelago) fish farm was assessed during the summer of 2002.

Stream PE 1: originates along low mountains that border the south shores of Gilford
Island, flows south for 700 m to where it joins Port Elizabeth at Knight Inlet. The
headwater areas have been logged and this report found that the hydrological changes
had resulted in at least two large bank failures. One of these landslides appeared to
result in the stream splitting into two. Both landslides had scoured downstream
vegetation, destabilized bank sections and forced the stream to shift its channel in some
areas. There were areas of fish potential in both branches. The east branch contained
several stepped log weirs. The west branch had a major log-jam that blocks fish access
150 m upstream of the mouth.
Stream PE 2: largest watershed assessed in this particular study. Flows from steep
headwaters on the south side of Gilford Island to its confluence with Port Elizabeth.
There appeared to be a lot of ongoing colluvial action in this watershed, and at least one
landslide had collapsed into the stream. The stream branches into two main channels:
the east channel is unsuitable for fish (too steep, too dry). The surrounding forests have
been logged and the channel was used for log-transport. There is a lot of windthrow,
and the channel is choked with woody debris and sediment. The west branch shows
evidence of a massive bank failure and is also unsuitable for fish.
Stream PE 3: flows into Port Elizabeth. Was suitable for salmonids.
Stream PE 4: small discharges, impassable rock boulder blocking fish passage 12 m
upstream of mouth. Channel gradient and riverine habitat are unsuitable for fish.
Stream PE 5: steep gradient, a collapsing logjam blocks fish passage at the mouth, not
suitable for salmonids.
Blunden Passage
Pa ssage
Blunden Passage farm is located at the southwest shores of Baker Island along Blunden
Passage. 4 streams are located within 1 km of the farm. BLP 1 is located on Insect Island,
BLP 2 is on Tracey Island, and there are two further streams on the southwest coast of
Baker Island (BLP 3-4). The first two streams appeared to have suitable gradients for
anadromous fish. All four streams were assessed by moorboat during October 2001.

Stream BLP 1: Appeared to have suitable habitat for salmonids, but the pH of 4.9 may
be a concern as this is below the tolerance level of 5.0 (Alabaster and Lloyd 1982), and
could be the result of leaching of accumulated acidic organic matter (apparently typical
in coastal areas with heavy rainfall) (Meidinger and Pojar 1991). The water had a high
tannin content, seasonal flows and low discharges.
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Stream BLP 2: too steep for anadromous salmonids. Surrounding forests were
harvested over 60 years prior to this study, which was carried out in 2001. The channel
was full of large woody debris that appeared to be derived from both windthrow and
logging.
Stream BLP 3: short, seasonal stream flowing into Blunden Passage from SW shores of
Baker Island. This stream is accessible to fish, but spawning may be limited by lack of
gravels and embedded substrates. Other issues are low seasonal discharges, woody
debris build up in streams, intermittent flows and the lack of pools. pH was assessed at
4.8, which again is low, and tannins were present.
Stream BLP 4: is the largest drainage near the Blunden Passage farm, and may
experience year round flow. It was apparently used for transporting timber when the
forests adjacent to this stream were harvested over 60 years ago. It is completely
choked with logging debris and windthrow, and there are three large debris jams that
result in this channel being completely inaccessible to fish.
Swanson Island
5 unnamed streams located within 1 km of the Swanson Island fish farm were surveyed
during the summer of 2002.

Stream SI 1: is a permanent stream that has the largest drainage and best riverine
habitat of all the streams that were surveyed in this particular report. There is a low
stream pH due to the leaching of accumulated organic matter, and the high tannin levels
have resulted in the stream being nearly black in colour. This stream is accessible for
salmon, though none were seen in this study.
Stream SI 2: historically flowed northward from the centre of Swanson Island to Knight
Inlet. Natural drainage appears to have been impacted by logging activity, resulted in a
series of small, braided streams, with low discharges. The channel gradient is suitable for
pink and chum salmon, but suitable spawning gravels are lacking, and there is not enough
stream flow or depth.
Stream SI 3: small runoff channel, that flows along an old skid trail and is surrounded by
forests that have been completely logged. The channel gradient is appropriate for
salmonids but the discharges are too low, and there are not enough pools, overhead
cover or spawning substrates. The channel is also impeded by logjams.
Stream SI 4: flows from the summit of Swanson Island to Knight Inlet. Deforestation
appears to have affected the hydrological regime. Pink salmon can spawn in the lower
reach, but further up there is no spawning potential. There are also black bear in the
vicinity that would prey on salmon.
Stream SI 5: is a runoff channel that flows into Knight Inlet. The lower reaches are
accessible to fish but the rest of the channel is too steep. However, the lower reach is
filled with fines (organic soil) and the upper reach has erratic discharges and limited
cover and thus both are unsuitable for salmonid spawning.
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Upper Retreat
This farm is located at Retreat Passage, Broughton Archipelago. 6 streams located
within 1 km of this farm were surveyed during the summer of 2002.

Stream UR 1: is a steep, run-off channel flowing into False Cove along the NW coast of
Gilford Island. It is too steep for salmon.
Stream UR 2: is a permanent lake-head stream that flows westwards into Retreat
Passage and is used as a freshwater source for the salmon farm at Upper Retreat. The
forests surrounding this stream have been harvested and the gradient of the channel is
too steep for salmonids. Additionally, there is a large logjam that blocks fish passage
into the mouth of the stream.
Stream UR 3: flows into the mouth of Trestle Bay SW of the salmon farm. The
substrate is embedded with fines at the lower reach (which is of a gradient accessible
for fish) and thus the discharges are possibly low energy. Rearing capacity is apparently
limited by midsummer droughts, low cover, and possibly low dissolved oxygen within
the stagnant pools. Chum and pink spawning would likely be restricted to the mouth
and intertidal areas.
Stream UR 4: flows from the mid-slopes of Saddle Hill to Trestle Bay. Fish can easily
access the lower reach and stream mouth, but higher up, there channel becomes too
steep, and is filled with collapsing wind-throw piles.
Stream UR 5: (Trestle Bay Creek): flows from the summit of Saddle Hill westward to
Trestle Bay. It is the largest drainage and has the widest channel of the streams surveyed
around Upper Retreat. The drainage is lake headed and coho have been stocked in the
lake. This stream was found to be highly suitable for pinks.
Stream
Str
eam UR 6: is a seasonal, first order stream that flows north from Gilford Island to
Retreat Passage. Channels are moderate but the stream is covered with decaying windthrow from the surrounding forests, which have all been harvested. Passage of fish is
also blocked at the mouth of this stream by a logjam. Thus, spawning habitat is limited
by low discharges, the lack of appropriate spawning gravels and the blocking of habitat.
Midsummer Island
This fish farm is located at the mouth of Spring Passage. Surveys were done in the
summer of 2002 at 4 streams along the northern edge of Midsummer Island, and one
stream along the east coast of Cedar Island.

Stream MS 1: flows from the western edge of Midsummer Island into Spring Passage.
Discharges are low and seasonal, the channel has been used for log transport
(surrounding forests have been harvested), the gradient is steep, and a massive logjam
blocks salmonid access at the mouth of the stream.
Stream MS 2: flows into Spring Passage along the northwest coast of Midsummer Island.
The whole area has been logged and woody debris and blowdown are apparent in the
system. The system is too steep for pink and chum, and pH is possibly too low (4.9).
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Stream MS 3: flow from the middle of Midsummer Island to its confluence with Spring
Passage in the north. It is unsuitable for salmonids due to steep gradients, lack of
spawning and rearing habitat, low seasonal discharges and a rock wall near the mouth.
Stream MS 4: flows from the north of Cedar Island eastward to a channel between
Cedar and Midsummer Islands. The riparian forest of this stream has been cleared, there
are two stream crossings, the stream has been redirected along a road ditch, it has been
artificially channeled, and Stolt Sea Farms has built several buildings near the stream. It is
also used as a fresh-water intake by the salmon farm. Apart from the effects of the
anthropogenic activity listed above, the riverine habitat is apparently unsuitable for
salmonids.
Stream MS 5: historically flowed north from the centre of Midsummer Island to Spring
Passage, but the natural drainage patterns appeared to have been completely altered by
logging and the channel has almost disappeared. Salmon are no longer able to access this
stream from the ocean.
Sargeaunt Passage
This fish farm is located near Sargeaunt Passage. Surveys were done in October 2001 at
5 unnamed streams. Three of them (SP 1-3) are located on the mainland, and streams
SP 4-5 flow eastward from Viscount Island. Four streams (SP 1, SP 3-5) are short, firstorder seasonal drainages, while SP 2 is a permanent, second order drainage.

Stream SP 1: drains southward into Knight Inlet, and is unsuitable for salmonids due to
the steepness of the channel at the lower reach.
Stream SP 2: is the largest drainage around the fish farm. It flows from the mainland SSW into Sargeaunt Passage just north of the farm. It provides freshwater for the farm.
Salmon can access the lower reaches of the stream, but are restricted past the water
intake by a number of waterfalls, lack of spawning gravels and pool refuges, as well as
steep gradients.
Stream SP 3: flows westward from the mainland into Sargeaunt Passage. It is short, very
steep and lacks instream habitat for fish.
Stream SP 4: Viscount Island: flows into Sargeaunt Passage from Viscount Island. It is
short, steep, with small and seasonal flows, and lacks instream habitat for salmon.
Stream SP 5: Viscount Island: is steep, has seasonal flows and few pools, but could
provide habitat for salmon.
Glacier Falls/Watson Cove
This fish farm is located near Glacier Falls/Watson Cove. Surveys were done in March
and October 2001 at 5 unnamed streams near the Glacier Falls/Watson Cove fish farm.
Streams WC 2, WC 4, and WC 5 are first order, intermittent drainages. WC 1 and
WC 3 flow year-round. WC 3 receives flow from a group of 8 tributaries. WC 3-5
have permanent fish barriers at the mouth. WC 2 is too steep for salmon.
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Stream WC 1: flows into Watson Cove. It provides suitable habitat for salmon, but
does have a waterfall at the mouth, which provides a permanent low flow barrier. It has
also been affected by forestry harvesting and there are some debris jams in the lower
reach.
Larsen Island
A salmonid survey was carried out at two unnamed streams (LI 1 and 2) near the Larsen
Island salmon farm in Indian Channel during the summer of 2002.

Stream LI 1: has a steep gradient, is full of woody debris, and suffers mid-summer
droughts. No salmon were sampled, and they are likely limited by lack of spawning
gravel, poor fish access into the stream and erratic discharges.
Stream LI 2: has no spawning or rearing habitat, with high summer temperatures and
brackish water.
Data gaps:
gaps There are no stream assessments available from Grieg Seafood BC Ltd. (Mia
Parker, pers.comm.), but stream assessment from Mainstream constitutes a data gap
(request pending).
Watershed Condition Class
The Coast Information Team (CIT) was set up by the Provincial Government of British
Columbia, First Nations, environmental groups, and forest products companies and the
Federal Government of Canada between 2001-2003 to provide independent information
on for the Haida Gwaii, Central Coast, and North Coast regions of British Columbia.
The CIT’s mandate was to assist First Nations and three subregional planning processes
to make decisions that would assist in achieving ecosystem-based management (EBM)
for the North and Central Coasts and Haida Gwaii.
As part of their study, the CIT developed spatial tools to summarize the relative levels
of human impacts on watersheds. They used a modified classification based on Moore
(1991), who classified 3rd order watersheds as follows:
• pristine watersheds – watersheds in which “there is virtually no evidence of
past human or industrial activities. Any past small scale removal of trees including selective logging of individual trees, small patch cutting or land clearing is limited to less than 5 ha."
• modified watersheds – watersheds that have been “ slightly affected by a
limited amount of industrial activity, such as past or recent logging with or
without roads, powerlines, pipelines, mining, or settlements. The amount of the
watershed affected is less than two percent of its area; or, in the case of
watersheds greater than 10, 000 ha, is less than 250 ha."
• developed watersheds – watersheds with more than 2% of their area impacted
by industrial activity.
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They noted that watersheds with more than 2% of their area affected could still be
ecologically intact, depending mainly on the cumulative impact of human alteration and
the spatial location of human alterations. Thus, to identify such watersheds, they
modified Moore’s scheme above, and used two additional factors for assessing the
overall level of impact, 1) proximity of impacts to rivers and streams and 2) road
density. This allowed separation of moderately impacted areas from those with higher
levels of human impacts (Table 51).
Table 51. Intact area definitions. Areas without vegetative cover data are omitted from this analysis.
(From Jeo and Tingey, 2003).

Class

Description

Intact1
Intact2

Pristine, no industrial impact
Modified, < 2% area impacted and road density
< 0.3 km/km2
< 10% of area impacted and < 2% of area in
proximity to rivers/streams impacted and road
density < 0.3 km/km2
< 15% of area impacted and < 0.6 km/km2 road
density
< 25% of area impacted and < 0.6 km/km2
> 25% of area impacted or > 0.6km/km2 road
density

Intact3
Restoration1
Restoration2
Developed

Jeo and Tingey (2003) noted that anadromous Pacific salmon are sensitive to human
impacts on a watershed wide-scale and have been identified as “keystone” species,
because they bring critical marine derived nutrients to freshwater and terrestrial
ecosystems. The fate of coastal ecosystems is intrinsically linked to the fate of salmon
populations, and they noted that the identification of intact salmon-bearing systems is a
necessary component to any credible systematic conservation analysis for the coastal
temperate rainforest. Thus, because of their value for salmon populations and global
rarity, entire river systems that are relatively intact represent key areas for
conservation, and should be included as high priority areas in any systematic, sciencebased conservation analysis.
Condition class is thus a means of assessing the condition of watersheds. Condition
class shape files and information were obtained from the Nature Conservancy of
Canada (Sara Howard). Almost all of the watersheds in the Broughton area are in the
Developed category at the lower elevations, and in the Restoration 1, Intact 2 and
Restoration 2 categories at the higher elevations. There are some very small sections
that are within the Intact 1 category.
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Figure 208. NCC Condition Class (from Sara Howard, NCC).

Forestry
Major licensees operating in Area 12 include International Forest Products, Western
Forest Products, Timberwest and B.C. Timber Sales. Current harvesting and silviculture
activities are concentrated on the Coast mainland, Gilford, Broughton, North
Broughton, West Cracroft, East Cracroft, Turnour, Harbledown and Malcolm Islands
(Ministry of Sustainable Resource Management, 2002). The map below shows the major
holdings in B.C.’s Central Coast and can be better visualized at the MoF ftp site:
http://www.for.gov.bc.ca/ftp/DNI/external/!publish/District%20Operating%20Areas%20M
aps/Op_areas_Jul_07.pdf).
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Figure 209. Major forestry holdings in B.C Central Coast, including Broughton Archipelago (from MoF).

Significant impacts to fish habitat from historical forestry development have occurred in
the Kingcome valley (since 1890’s), Wakeman River, Klinaklini River, Kakweiken River,
the Broughton Archipelago and several islands including Gilford Island and shoreline
beach areas (Terry et al., 2000).
Although the total amount of logging in any given watershed may be low, forestry
development can still have site specific impacts on fish and fish habitat. For example, if
harvesting is concentrated in valley bottom areas located next to sensitive low gradient
fish habitat, the impacts to instream habitat and riparian habitat can be high. Other site
specific impacts include slope failures, road failures, road encroachments, and
degradation of riparian habitat.
Watershed level impacts are associated with the total amount of logging within a
drainage basin as well as the location and rate at which the timber is harvested.
Generally, the higher the proportion of the watershed area logged, the greater is the
likelihood of altering the natural hydrologic regime, and the greater potential for
negatively impacting fish and fish habitat. A useful way to examine the impacts of
forestry would be to examine the percentage of a watershed area that has been
harvested. We have been provided with maps from the major licensees in the area, and
thus this would be possible information to obtain. Warren Warttig of Interfor provided
% watershed harvested per decade for some of the watersheds, namely: Embley Creek,
Kingcome, Wakeman, Kakweikan and Mackenzie Rivers.
When harvesting is done over a very short period of time, there is a greater likelihood
that it will be detrimental to fisheries as well as having site specific impacts on fish
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habitat. One method of determining the rate of recent logging activity would be to
examine the proportion of the forested land base within any one watershed that is
made up of age classes less than 20 years of age. Some areas within the Broughton have
had more than 20% of their area harvested within the last two decades, including
Gilford Creek and the upper Glendale River watersheds. Many of the maps provided
group harvested land base by age. Data gap:
gap however, at this point, we have not
obtained these specific numbers from GIS technicians, and this currently is a data gap for
this project.
Log-handling and debris accumulation can have adverse effects on fish habitats, caused
by a number of chemical and physical processes (Picard, 2002). Physical processes
include sediment compaction and scouring, damage and local elimination of marine plant
communities, sediment smothering that may lead to lower oxygen exchange, and
shading. Chemical effects include the production of toxic substances. Many log handling
facilities have been generally located in shallow bays, estuaries, deltas or small protected
bays, and because these may often be important nursery grounds, the effects on salmon
species may be far greater than expected given the small size of the habitat affected.
Finally, although information on large-scale fires was deemed to be an important source
of information for these watersheds, it was noted that large fires are rare within these
watersheds, and that this would be a series very lacking in data (Warttig, pers.comm.).
The data obtained from each licensee is listed below. In general, location of log dumping
facilities and the age classes for the holdings are given in the form of maps.
Interfor
Warren Warttig of Interfor provided maps for the location of existing log dumps in
their holdings in the Kingcome watershed (Figure 210). He also provided maps of the
some of the main watersheds that have been logged in the Broughton Region (211-215).
These maps show the harvesting history within these watersheds, as well as the area (in
square kilometers) that have been harvested by decade. These harvests represent the
total harvest per decade from all licensees, not just Interfor. Figures 216-220 show the
harvest area removed from the watersheds per decade. Note that the data prior to
1950 is likely of very low accuracy.
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Figure 210. Location of Interfor’s proposed log dumps within the Kingcome Inlet area (many of these are reactivated old dump sites) (From Warren Warttig,
Interfor).
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Figure 211. Harvesting History of the Kingcome Watershed. (From Warren Warttig, Interfor).
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Figure 212. Harvesting History of the Wakeman Watershed. (From Warren Warttig, Interfor).
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Figure 213. Harvesting History of the Kakweikan Watershed. (From Warren Warttig, Interfor).
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Figure 214. Harvesting History of the Embley Creek Watershed. (From Warren Warttig, Interfor).
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Figure 215. Harvesting History of the Mackenzie Watershed. (From Warren Warttig, Interfor).
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Mackenzie River Area Harvested by Decade
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Figure 216. Area (in square km) of the Mackenzie River watershed harvested per decade.
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Figure 217. Area (in square km) of the Embley Creek watershed harvested per decade.
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Kakweikan River Area Harvested by Decade
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Figure 218. Area (in square km) of the Kakweikan River watershed harvested per decade.

Kingcome Inlet Area Harvested by Decade
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Figure 219. Area (in square km) of the Kingcome Inlet watershed harvested per decade.
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Wakeman River Area Harvested by Decade
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Figure 220. Area (in square km) of the Wakeman River watershed harvested per decade.

In many of the systems, the maps above show that harvesting in the 1950 was generally
associated with the valley bottoms, and occurred close to the mainstems and tributaries of
these watersheds. In the 1980s and 1990s, harvesting is often occurring further up the valley
sides, as well as further up the river valleys towards the headwaters. In any one watershed, we
can identify the periods of more intense harvesting activity. In the Embley Creek watershed,
some harvesting occurred in the 1930s to 1950s, and there has been a fair amount of activity
over the past decade, much of this is further away from the water systems (Figure 217 above).
In the Kakweikan watershed, most harvest occurred in the 1980s, with sustained activity
between the 1920s to1960s and little in the last decade (Figure 218 above). In the Kingcome
Inlet watershed, peak harvesting occurred in the 1980s and there has been little activity during
the past decade (Figure 219 above). In the Wakeman river (Figure 220 above), peak harvesting
occurred in the 1950s and then again in the 70s and 80s.
We can examine the patterns in escapements in relation to the amount of forestry activity
within each particular watershed. Figures 221-224 below show the relationship between odd
and even year runs on the Wakeman, Embley, Kingcome Inlet, and Kakweikan systems and the
area harvested per decade, from the 1950s onwards. In each case, part a) shows the
escapements plotted against the total area harvested per decade (in square kilometers) and part
b) shows the total escapements plotted against the proportion of the total watershed harvested
per decade. Note that for these figures, escapements are plotted as absolute values on a
regular, not logarithmic scale. On the Wakeman and Kingcome systems, the escapement
trends do not appear to follow any pattern in relation to forested area removed each decade
(Figures 221 and 222). In Embley Creek, peaks in escapements occurred during those decades
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when harvesting activity was very low. In the past decade, escapements are reasonable despite
high harvesting activity, but much of this harvesting appeared to be somewhat removed from
the waterways (Figure 223). For the Kakweikan watershed, no logging occurred in the 1970’s,
and this was a period when peaks in escapements occurred in this river system (Figure 224).
However, the escapements since that time show no apparent relationship with harvesting
history, particularly the precipitous decline that occurred in the last few years. When we
examine the proportion of the watershed harvested, it is apparent that within any one decade,
no more than 2% of the Wakeman, Kingcome, and Kakweikan watersheds have been harvested,
whereas up to 16% of the Embley Creek watershed has been harvested some decades,
particularly during the past decade.
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Wakeman River Area Harvested by Decade
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Figure 221a. Escapements in odd and even years as related to harvesting history on the Wakeman.
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Proportion of Wakeman River Watershed Harvested by Decade
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Figure 221b. Escapements in odd and even years as related to harvesting history on the Wakeman.
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Kingcome Inlet Area Harvested by Decade
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Figure 222a. Escapements in odd and even years as related to harvesting history on the Kingcome..
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Proportion of watershed

Proportion of Kingcome Inlet Watershed Harvested by Decade
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Figure 222b. Escapements in odd and even years as related to harvesting history on the Kingcome..
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Embley Creek Area Harvested by Decade
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Figure 223a. Escapements in odd and even years as related to harvesting history on Embley Creek..
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Proportion of Embley Creek Watershed Harvested by Decade
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Figure 223b. Escapements in odd and even years as related to harvesting history on Embley Creek..
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Figure 224a. Escapements in odd and even years as related to harvesting history on the Kakweikan.
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Figure 224b. Escapements in odd and even years as related to harvesting history on the Kakweikan.
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Timberwest
Bruce Storry and Ken Price of Timberwest provided the following maps for the Glendale Cove
region (Figures 225-227). These maps do not provide the area harvested per year or decade,
but do allow determination of the years when most harvest occurred, and the areas within the
watershed in which this effort was concentrated. Paper and digital copies are associated with
this report.
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Figure 225. Harvesting history of the Glendale Cove/Tom Browne Lake region. (From Timberwest.)
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Figure 226. 1995 Ortho Photo of the Glendale Cove/Tom Browne Lake region (From Timberwest).
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Figure 227. 2004 Satellite Image of the Glendale Cove/Tom Browne Lake region (From Timberwest).
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Western Forest Products
The figure below show the locations of WFP’s holdings within the Broughton region
(Figure 228). Maps were gathered (from Kerry McGourlick, WFP) to show the age
classes within WFPs Broughton holdings (Figures 229-235).

Figure 228. WFP’s tenure in the Broughton region.
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Figure 229. WFP tenure forest age classes within the Broughton region.

Figure 230. WFP tenure forest age classes within the Broughton region.
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Figure 231. WFP tenure forest age classes within the Broughton region.

Figure 232. WFP tenure forest age classes within the Broughton region.
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Figure 233. WFP tenure forest age classes within the Broughton region.

Figure 234. WFP tenure forest age classes within the Broughton region.
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Figure 235. WFP tenure forest age classes within the Broughton region.

Harvest by decade within TFL 39 Block 3 was provided by Patrick Bryant, WFP, and
given in the following table:
Decade Hectares
1970
603.7
1980
1,189.6
1990
688.6
2000
1,185.7

BC Timber Sales
BC Timber sales provided an ftp site from which we can obtain many of their
operational maps for their holdings in the Broughton. This site is
http://www.for.gov.bc.ca/ftp/TST/external/!publish/Operational_Maps/.
They also provided a map showing the location of their log dumps within the Broughton
region (Figure 236).
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Figure 236. Location of log dumps for BCTS holdings
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Landslides And Soil Erosion
The main events that shape freshwater and hydroriparian ecosystems are floods and various
geomorphic disturbances such as avalanches, debris flows, and landslides, which act to alter
stream channels and floodplains.
Mass wasting events can occur as rockfalls, landslides, debris flows, debris torrents and soil
creep (Coastal Watershed Assessment Procedure Guidebook 1995). These events occur
naturally with frequency and extent dependent on things such as bedrock geology, slope,
surficial materials, and impacts of precipitation. However, forestry activities may increase the
incidence of these types of events. For example, logging or road construction on unsuitable
terrain, or logging close to a stream or gully may increase the occurrence of mass wasting
events.
Little is known about underwater slides, but studies that have been done in the past on the
mainland coast have suggested that this is a widespread event (e.g. Prior et al. 1982, 1984, 1986,
1987). Apparently, the generation of surface waves, underwater debris flows and turbidity
currents tens of km in length are not unusual in high runoff fjords, such as the Kingcome and
Knight Inlets. Although it is not documented, it has been suggested that the heads of Wakeman
Sound and Kingcome Inlet likely generate turbidity currents from slumping deltas which are
overloaded with silt each summer (Ricker et al., 1989).
High levels of runoff and earthquakes will be important events producing slides (both above
shore and underwater) in this region (Ricker et al., 1989). Main years of earthquake events are
1918, 1927, 1946, 1963, 1975 and 1977.
Richard Guthrie, Regional Geomorphologist, MOE, has used air photo time series analysis to
follow trends in landslide events in various watersheds on Vancouver Island, and does have
information for Loughborough Inlet area and the Tsitika watershed. He notes that the air photo
information is useful as one can get information on the density of landslide events, the changes
in this over time, as well as to assess the relationship between mass wasting events and issues
such as land use patterns etc. His work in the MacTush, Artlish and Nahwitti watersheds
showed that landslide frequency increased by between 3-16 times primarily as a result of roadbuilding for forestry activities. Landslides are traditionally thought to occur between 8 and 15
years following logging events, possibly due to factors such a root deterioration, macropore
development etc, but recent evidence has shown that many landslides occur immediately after
logging (Horel, 2006).
The figures below are from Horel (2006) and taken from landslide events reported from forest
operations (reported in Guthrie, 2006) (Figures 237 and 238).
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.
Figure 237. Years post harvest for occurrence of cutblock slides. (From Horel, 2006).

Figure 238. Distribution of landslides after harvesting. (From Horel, 2006).

Guthrie (2006) notes that the frequency of landslides has decreased since the implementation
of the Forest Practices Code in1995, but pre-code areas are still continuing to have landslide
events, and they still occur post-code, albeit it at a lower rate.
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In coastal watersheds such as found in the Broughton region, precipitation falls as rain or snow
depending on the freezing level elevation. In the winter, precipitation that falls above the 800 m
elevation line generally falls as snow. This precipitation, together with freezing temperatures,
leads to an accumulation of snow pack over the winter. At this time, there may be little runoff
from the snow. At elevations less than 300m, the precipitation falls as rain throughout the year.
In spring and summer, as temperatures rise, the snow pack begins to melt. Any precipitation
falling in the spring tends to do so as rain, and can contribute to rain-on-snow events.
Peak flows in the Broughton systems can have negative impacts on a watershed, and can lead to
soil erosion. Elevations between 300 and 800 m tend to have the greatest rain on snow events,
and it is at these elevations that most soil erosion occurs.
Forestry activities can impact peak stream flows in two ways:
• Peak flows increase after logging roads are cut into hillsides since logging roads cause
subsurface water to be brought to the surface, and this gets channeled into ditches and
then channeled more as it flows downhill. Soil erosion increases and sediment is moved
downhill and eventually deposited downstream. The impact of logging roads depends
on the density of these roads in the drainage.
• Forestry activities increase peak flows due to removal of trees, thus taking away trees
that previously intercepted a high proportion of rainfall. This rainfall now moves into the
soils and runoff may occur. Stand openings leads to larger areas for wind flow, which
generates heat over snow pack areas, thus also contributing to further snow melt and
increased stream flows. CWAPs assess the impact that forestry activities have on peak
flows by assessing the Equivalent Clearcut Area (ECA) of the watershed. This is the
total treed area that has been removed from a watershed by natural processes and by
harvesting.
Data Gaps: MOF has a landslide database, but there is apparently no information in this
database as to frequency of landslides in the Broughton region (Jim Dunkley, MoF, pers.comm.).
Occurrence of small scale debris flows and sedimentation were noted in the fishery reports
obtained from DFO, but these only cover the period 1944-1997 for the Broughton watersheds.
There is one dataset for the Kingcome watershed, that is a historical list of landslides, and is
given in Appendix 3 (Natural Resources/Landslides). The problem with this database is that it is
dated 1997 and we have no information with regards to the more recent landslides. It may also
be useful to examine the fishery officer reports, stream assessments and terrain stability
documents provided, as well as MoF’s landslide database, to examine what information may be
available with regards to the occurrence of some of the major slides. Another way to approach
this is to examine air photos, or use Google Earth as a tool. Another important data gap, that
would be helpful in this regard, would be to obtain the information on road density by year or
decade for the major watersheds. This information was utilized to some level by the analysis
done by the Nature Conservancy of Canada above (Condition Class Index), but we need this
information at a much higher level of resolution for our purposes. Information on road density
may also assist in analysis of potential impacts of soil erosion. Effects of peak flows could also be
examined by taking the ECA values out of the CWAPS that are available.
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Aquaculture
Marine
Marin e Salmon Farms
The main industry of the Broughton Archipelago is logging, and this has taken place in each of
the salmon watersheds since 1949. The other main industry is salmon fish farming. There are
currently 31 fish farms located in the Broughton Region, and development first began in1982.
The locations of fish farms within the Broughton Archipelago between 1985-1989, 1990-1994,
1995-1999, 2000-2004 are shown in Figures 239-242 (obtained from Mark Johannes).

Figure 239. Location of fish farms in the Broughton Archipelago 1985-1989. (from Mark Johannes)
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Figure 240. Location of fish farms in the Broughton Archipelago 1990-1994. (from Mark Johannes)

Figure 241. Location of fish farms in the Broughton Archipelago 1995-1999. (from Mark Johannes)
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Figure 242. Location of fish farms in the Broughton Archipelago 2000-2004. (from Mark Johannes)

The B.C. Fish Inspection Act and the B.C. Fish Inspection Regulations govern the fish and
shellfish harvested, processed and sold in B.C. The B.C. Ministry of Agriculture and Lands
(BCMAL) issues licences for salmon farms. Finfish aquaculture sites need certain depth and
current flow conditions, high water quality, and also need to be placed in locations that are
somewhat sheltered from storms and high winds (Ministry of Sustainable Resource
Management, 2002). The provincial government has siting criteria in place that address other
issues and possible conflicts, such as distance from the mouth of salmonid spawning streams
and herring spawning areas, shellfish beds, sensitive fish habitat, ecological reserves, parks or
marine protected areas, any other finfish aquaculture sites, predators and migratory birds
(Ministry of Sustainable Resource Management, 2002). For example, the Ministry of Sustainable
Resource Management (MSRM) has developed an extensive inventory of coastal resources, and
these maps are used by government and aquaculture companies to assist in identifying
potentially suitable sites. For example, maps are used to determine that the facilities would not
be placed such that they would disturb a cultural or heritage site.
The application process involves both BCMAL and the Integrated Land Management Bureau
(ILMB) (see http://www.agf.gov.bc.ca/fisheries/siting_reloc/govt_man.htm).
The information below is provided by BCMAL as their siting requirements for new farms.
These requirements have been in place since 2000.
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The current list of finfish hatchery sites that have current aquaculture licenses is given on the
BCMAL website (http://www.agf.gov.bc.ca/fisheries/licences/FF_Hatcheries_Current.htm). This
listing shows the licensee, the location and the species that are approved for culture at that
location. However, this list does not clarify the sites that may be actively culturing, or fallowing
the species at any one time. Additionally, this list may not be 100% current (Mia Parker, Grieg
Seafood BC Ltd. pers.comm.). The main companies that are currently in the Broughton are
Marine Harvest Canada Inc., Mainstream Canada, Grieg Seafoods B.C. Ltd, and Hardy Bay Sea
Farms Inc.
The figure below shows the number of farms started each year in the Broughton Archipelago,
Queen Charlotte Strait and Loughborough area, as well as the cumulative total number of
farms by year. The rapid increase in the farms started occurred between 1987 and 1993. Over
the past two decades, the numbers of new farms begun has declined and the numbers have
stabilized since 2000 (Figure 243). Not all of these farms are active at any one time.
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Figure 243. Numbers of farms begun in the Broughton, QCS and Loughborough Areas by year. Sources include:
MAF 2003 and 2006. (Graph from Mark Johannes)

Figure 244 shows the area of the farms begun each year in square metres. There has been little
increase in farm area since the late 1990s.
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Figure 244. Farm area by year for farms begun in the Broughton, QCS and Loughborough Areas. Sources include:
MAF 2003. Note that cases with no reference number are not included in this graph. In one case two farms had
Ref #469 and are included as distinct farms in the graph. (Graph from Mark Johannes)

Not all farms are in production at any one time. Some may be fallowed, or taken out of
production, after a period of harvesting. Thus, these farms may be in production for a few
months of the year, and then out of production for the rest of the year. Table 52 below from
http://www.al.gov.bc.ca/ahc/fish_health/Sealice/Prod_Fallowing_BA.pdf shows the numbers of
farms operating in the Broughton Archipelago between 2003 and 2005 and the numbers of
those farms that were without fish while wild stocks of pink were out-migrating in the area.
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Table 52. Number of farms in operation each year and number of farms without fish in the Broughton Archipelago
during the estimated period of smolt out-migration of 2003, 2004, 2005 (from BCMAL).

The biomass of farmed fish produced in BC has increased over the last few years, but the
biomass of fish reared on farms in the Broughton area has not changed significantly (Figure
245).

Figure 245. Comparison of production of farmed salmon between all of B.C. and the Broughton Archipelago only.
From http://www.al.gov.bc.ca/ahc/fish_health/Sealice/Prod_Fallowing_BA.pdf

For the whole of B.C. the breakdown of species held in fish farms is shown in Figure for 20022006. Atlantic salmon are the most common species of salmonid that is found cultured on fish
farms, followed by chinook. For the Broughton Archipelago, it is apparent that although
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farmers did try to grow chinook in the early years (1990-1992), since 1993, only Atlantic
salmon are grown on farms (Table 53).

Figure 246. Piece count by species from fish farms in B.C. between 2002-2006 (from
http://www.al.gov.bc.ca/fisheries/aqua_report/2006/aquaculture_inspect2006.pdf)
Table. 53 Percentage of farmed fish produced in the Broughton Archipelago between 1990-2006 by species. For
1993-2006, only Atlantic salmon are cultured on fish farms in the Broughton.
1990
1991
1992
1993-2006
Atlantic
Chinook
Coho

68
32
0

79
21
0

79
21
0

100
0
0

BCMAL gives several reasons for the choice of farming Atlantic salmon over other species:
(from http://www.agf.gov.bc.ca/fisheries/faq.htm#1Escapes)






Atlantic salmon often have better growth and survival rates on the farm than Pacific
salmon.
Atlantic salmon are a more docile stock than Pacific species.
There is a strong international market demand for Atlantic salmon.
Processors find that Atlantic salmon provide more meat and create less waste per fish.
Pacific salmon species pose a somewhat increased risk to local stocks in the event of an
escape as wild and farmed Pacific species are capable of interbreeding; Atlantic and
Pacific salmon are unable to interbreed.

The Government of BC developed a policy to improve monitoring and regulation of fish
diseases in the aquaculture industry as a response to the 1997 Environmental Assessment
Review of Aquaculture. Since 2003, all private companies and public fish culture facilities have
been required to develop and maintain a current Fish Health Management Plan. The company
writes the plans, and the practices are adhered to at the site or fish group level. The
companies are required to monitor all farms and to send in the results of the health status of
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the farmed fish to the industry database each month. These results of total mortality caused by
both infectious and non-infectious diseases are posted on the BCMAL website each quarter. In
addition to these quarterly reports, salmon farmers also provide monthly sea lice reports.
These data and further descriptions are discussed below.

Broughton Production Data
A spreadsheet of the actual production data was provided by MoE (Carmen Matthews, Oceans
& Marine Fisheries Branch). These data are provided by license number on the Aquaculture
disk. Data provided include total round weight harvests in kg from each specific fish farm in the
Broughton Archipelago for 1990 to 2006. Production increased during the 1990s and has been
somewhat stable in the 2000’s (Figure 247). The key producers in the Broughton Archipelago
are Mainstream and Marine Harvest Canada. More minor producers include Hardy Bay and
Grieg, who have both reported small amounts of production of Atlantic salmon in the 1990s
(Figures 248 and 249). Marine Harvest Canada did produce minor amounts of coho and
chinook in the early 1990s, but have concentrated solely on Atlantic salmon since 1993 (Figure
250). Mainstream Canada began producing both chinook and Atlantic salmon in the early 90s
but curtailed production of chinook in 1993 (Figure 251). Their fish farms only produce Atlantic
salmon at this time. Currently, both Mainstream and Marine Harvest produce farmed fish at
similar levels, but production at Marine Harvest Canada was much higher than Mainstream
during the late 1990s (Figure 252).
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Figure 247. Production in the Broughton by year (total round weight harvest in kg). (Production Statistics from
Oceans & Marine Fisheries Branch, BC Ministry of Environment).
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Figure 248. Total production (as round weight harvest (*1000kg)) for Grieg fish farms 1990-2006. (Data from
MoE.)

Hardy Bay Actual Production

Round Weight Harvest Kg (*1,000)

250
Hardy Bay Atlantic
200

150

100

50

05

04

03

02

01

00

99

06
20

20

20

20

20

20

20

97

96

95

98

19

19

19

19

93

92

91

94

19

19

19

19

19

19

90

0

Year
Figure 249. Total production (as round weight harvest (*1000kg)) for Hardy Bay fish farms 1990-2006. (Data from
MoE.)

Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

298

Marine Harvest Canada Actual Production
Round Weight Harvest Kg (*1,000)

16000
MHC Atlantic
MHC Chinook
MHC Coho

14000
12000
10000
8000
6000
4000
2000

06

05

20

04

20

03

20

02

20

01

20

00

20

99

20

98

19

97

19

96

19

95

19

94

19

93

19

92

19

91

19

19

19

90

0

Year

Figure 250. Total production (as round weight harvest (*1000kg)) by species for Marine Harvest fish farms 19902006. (Data from MoE.)
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Figure. 251 Total production (as round weight harvest (*1000kg)) by species for Mainstream fish farms 1990-2006.
(Data from MoE.)
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Figure 252. Total production (as round weight harvest (*1000kg)) for Mainstream and Marine Harvest fish farms
1990-2006. (Data from MoE.)

Waste Management Regulations
The provincial government, specifically, the Ministry of Environment (MoE) is responsible both
for the development and enforcement of waste management standards for aquaculture
operations. There are many environmental issues associated with this industry. Open net
marine finfish farms produce a large variety of waste materials that sink to the seabed and
which could have impacts on the benthos. The majority of this material is fish feces and uneaten
fish feed, but other types of waste include net-washing debris (fouling biota, antifoulant
substances), dead fish (e.g. mortalities resulting from red tides), and farm litter (e.g. fallen nets,
feed bags) (Wright et al. 2007a-e). The enrichment process that occurs as a result of these
organic waste materials entering the water column occurs both in the water column and in
sediments (Wildish et al. 2005).
Wright et al. (2007a-e) list the following as the possible impacts of these materials coming into
contact with the benthos:
• Production of potentially toxic free sulphides and hydrogen sulphide
• Oxygen depletion
• Smothering of biota
• Clogging the filters of filter-feeding fauna
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Production of potentially toxic ammonia and methane
Accumulation of potentially toxic therapeutics (e.g. zinc, pesticides)
Accumulation of potentially toxic antifoulants (e.g. copper)
Reduction of sediment grain size

A number of reviews on the benthic impacts of aquaculture have been done by Gowen &
Bradbury (1987), GESAMP (1996), and Pearson & Black (2001). It is clear that the impacts
listed above will have huge effects on survival, growth, reproduction and mortality of benthic
organisms, which may lead to changes in the benthic assemblages (abundance, diversity etc.)
around fish farms. Effects will vary depending on the distance of a site from the fish farm, as
well as the amount of organic waste input, the bathymetry, circulation patterns and the type of
substrate.
In natural environments, many aerobic organisms can be found within benthic sediments.
However, the deposition of large amounts of organic matter around and under net pens results
in increased oxygen demands by these organisms and can lead to hypoxic (low oxygen) or
anoxic (no oxygen) conditions at the sediment-water interface (DFO, 2004). As dissolved
oxygen (DO) decreases, most aerobic organisms will die, and as they are decomposed, there is
a build-up of methane and free sulphides in the sediments. For example, fish feces accumulation
on the sea floor may result in development of anoxic conditions and a reduction in benthic
biodiversity. These conditions may have measurable effects up to five years following the
cessation of farm operations, before the sea bed recovers and returns to baseline conditions
(Findlay and Watling, 1997; Janowicz and Ross, 2001; Pohle et al. 2001).
One of the issues for fish health is that farmed fish are treated with antibiotics in medicated
feed (see “Fish Health” section). Some of this medicated feed falls to the bottom of the cage
and sinks to the sea floor, and fish feces containing antibiotics also sinks to the sea floor, and
thus both of these methods may result in sediment accumulation of antibiotic residues. The fate
of these residues depends on the environment and site characteristics, such as currents and
tidal flow. The risk is that accumulation of such sediments in areas with low water turnover
may affect the local microbial populations, or be ingested by fish and invertebrates at the farm
site.
Other issues have been whether nutrient inputs from salmon farms into marine ecosystems
may contribute to harmful algal blooms (Brooks and Mahnken, 2003a). Harmful blooms may
occur in shallow and poorly flushed bays where salinity and water stratification produces a
stable water column. In these areas, salmon farm effluents would likely cause harmful algal
blooms, but these types of areas are generally seen to be unsuitable for fish farms. In general,
most farms are apparently found in areas where currents average 4-12 cm/s (Brooks, 2001).
Given the time for algal cells to divide, and this range of current speeds, it has been suggested
that salmon farms have little or no effect on ambient levels of either nutrients or phytoplankton
density (Parsons et al., 1990; Pridmore and Rutherford, 1992; Taylor, 1993; Taylor and Horner,
1994).
A further issue is the possible sinking of net pens that may occur due to bio-fouling, which is
the accumulation of invertebrates growing on net pen structures. Due to the reduction in
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water flow through nets, and the risk of sinking, anti-foulants such as copper-based paints may
be used to deter settlement of organisms. A serious problem here is that these types of
chemicals contain toxins, and there are public concerns that these heavy metals may enter the
marine environment.
The effects of organic enrichment on sediment chemistry and the benthic community have been
well documented by many researchers. Studies that examine the local environment near the
farm or individual fish cage are referred to as near-field studies. Studies further afield are
termed far-field. DFO has compiled summaries of the environmental effects of mariculture in
Canada for both the far-field and near-field (DFO, 2003, 2004). In general, scientists were
originally of the opinion that most waste matter settled in the near-field, particularly in net
depositional soft sediments. However more recent studies have suggested that the bulk of
material is actually transported away from the farm sites, primarily due to the low settling
velocities of much of the organic waste. Organic material may accumulate up to 145-205 m
away from fish farms. Low sinking speeds can apparently result in particle transport over
distances of 0.1 to 1 km or greater (Cromey et al., 2002,a,b; Cromey and Black, 2005; Stucchi
et al., 2005).
Resuspension, horizontal transport and widespread dispersion of particles has been confirmed
in many studies (e.g. Brooks, 2001; Sutherland 2001; Cromey et al. 2002a,b; Brooks and
Mahnken, 2003a,b; Cromey and Black, 2005; Stucchi et al., 2005). Rates of these processes will
depend on both physical and sedimentological processes. Sediment accumulation is apparently
highly site-specific and depends on bottom topography, currents, erosion and flocculation
processes that affect the residence time of material both in the water column and on the
sediment surface (Milligan and Law, 2005). Some studies have found that abundance and
diversity of macrofauna may decline under farms found in areas with slow currents and finegrained sediments. In other cases, however, macrobenthic production can apparently be
enhanced in areas with rocky, cobble, gravel or shell hash sediments, and fast currents (Brooks
and Mahnken, 2003a,b).
DFO (2005) compared the strengths and weaknesses of the most commonly employed nearfield monitoring methods. For soft sediments they proposed the use of macrofaunal sampling,
determination of heavy metal concentrations (Cu and Zn) and total sulfide concentrations as
indicators of impacts. For hard substrates, they suggest that the only possible methods to
examine the benthos are underwater photography and videography. This has been done by
MoE recently (McGreer, pers.comm.). For sampling of seawater at benthic boundary layers,
they suggest the use of Dissolved Oxygen (DO) concentrations. They did not come up with any
monitoring suggestions for far-field studies, since most of these studies are new and the
relationships not yet fully established. Brooks (2001), Brooks and Mahnken (2003a,b) and
Brooks et al. (2003, 2004) have all examined sediment physicochemical characteristics at
distances greater than 100 meters from salmon farms. Yeats et al. (2005) suggested that Zn and
Cu could also be used to identify farm wastes in far-field sediments in the Broughton
Archipelago. DFO’s (2005) final suggestion was that a two-level approach should be
implemented, starting with preliminary monitoring of all farms (using U/W videography, total
sulfides and Beggiatoa sp. cover), followed by a more detailed examination of macrofauna, zinc
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and copper and dissolved oxygen) at sites where a possible environmental issue had been
identified.
Finfish Aquaculture Waste Control Regulation
In 1997, the B.C. Environmental Assessment Office set up a Salmon Aquaculture Review
committee. Finfish farms are able to discharge wastes without a permit under the new B.C.
Finfish Aquaculture Waste Control Regulation (FAWCR) which came into effect in 2002 and
replaced the original Aquaculture Waste Control Regulation. The new regulation was designed
to address recommendations in the 1997 Salmon Aquaculture Review which stated the need to
"implement a performance-based waste management model" (SAR, 1997). This regulation
apparently ensures that aquaculture wastes are managed in an environmentally sustainable
manner, while production may be maximized at the same time (Wright et al. 2007a-e).
FAWCR requires that operating farm sites need to be registered with MoE before a facility is
stocked, and farm operators are required to implement a Best Management Practices plan
which:
a. requires the management of potentially harmful materials
b. promotes the reduction of the discharge of wastes and pollutants
c. prevents the attraction of wildlife to feed, foodstuffs and mortalities, and
d. requires the collection and disposal of mortalities in a manner to prevent spillage to the
environment and minimize odours during storage and transportation.
FAWCR also requires that environmental monitoring of sediments and reporting of monitoring
results at farm sites take place. It both established chemical and biological standards for
sediments and defines when farms can be restocked based on specific sediment conditions. In
cases where there are issues with a farm that has been monitored and found to exceed
chemical standards, biological samples of marine benthic organisms are collected for further
sampling. If this sampling shows that chemical standards are not being met, then the farm must
be fallowed until it has been shown that recovery has occurred.
Another recommendation of the SAR was to develop a set of chemical and physical indicators
which could be used to determine health of the benthic community (Erickson et al. 2001).
There is a handbook available online entitled “Protocols for Marine Environmental Monitoring”
which can be found at
http://www.env.gov.bc.ca/epd/epdpa/industrial_waste/agriculture/aqua_home.htm
which entails how to carry out the necessary monitoring program at fish farms. These
protocols have been designed to ensure that high quality data are collected from the farm, so
that it is possible to determine whether environmental standards are being met.
The Ministry of Water, Land and Air Protection (MWLAP) and the salmon industry began an
extensive sampling and monitoring program in 2000, which included monitoring at a number of
sites in the Broughton Archipelago. The aim of this program was to gather data to determine
the relationship between benthic health and a number of specific indicators. These indicators
are both biological and chemical parameters and are listed in Table 54 below. A glossary of
some of the terms listed within the table is listed below the table.
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Other purposes of the program were to:
• Document the extent of the impacts of finfish farming on the benthos;
• Audit monitoring data collected by industry consultants;
• Help determine the utility of chemical parameters as surrogates for biological
parameters;
• Help derive biological and chemical standards for an amended waste control regulation;
• Amend and improve the sampling and monitoring protocols found in the Protocols for
Marine Environmental Monitoring.
In 2004, Ministry of Environment took over the program. The monitoring reports are listed on
the MoE website as the following:






Salmon Aquaculture Environmental Monitoring Data Report: Results of Sampling
Programs for Year 2004 (PDF: 86 KB / 5 pages)
Salmon Aquaculture Environmental Monitoring Data Report: Results of Sampling
Programs for Year 2003 (PDF: 91 KB / 5 pages)
Salmon Aquaculture Environmental Monitoring Data Report: Results of Sampling
Programs for Year 2002 (PDF: 93 KB / 6 pages)
Salmon Aquaculture Environmental Monitoring Data Report: Results of Sampling
Programs for Year 2001 (PDF: 90 KB / 4 pages)
Salmon Aquaculture Environmental Monitoring Data Report: Results of Sampling
Program for Year 2000 (PDF: 40 KB / 6 pages)

These reports are only available online as abstracts: the full reports have been collated on the
CD entitled “2000
20002000- 2004 MoE
MoE Data Reports”
Reports by Bernie Taekema, Senior Aquaculture
Biologist, MoE, Nanaimo.
Table 54 . Parameters Measured at Fish Farms monitored in the Broughton Archipelago (from Wright et al.
2007a-e).

Parameters

Description and purpose

Logistical

Transect Direction
Dist from Pens (m)
Sampling Depth (m)
Replicate Number
Penetration Depth
(cm)

Approximate compass direction from the cages for exposure
transects
Distance from the edge of the cages along exposure transect
Water depth at the sample location
1-5 replicate grab samples were taken from each station
Depth of penetration of the grab sample (related to substrates
type)
Affects collection of large, deep burrowers

Biological

Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

Species Richness
Shannon Index (H')
Simpsons 1-D
Adult Abundance
Juvenile Abundance
Total Abundance

Capitella capitata
complex Abundance
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Consistent measure of number of different taxa identified in a
sample
Measure of diversity taking relative abundance in each species into
account
Measure of evenness of distribution of all organisms over all species
(0-1)
total adult organisms per sample
total non-adult organisms per sample
total organisms per sample
total Capitella capitata complex per sample (indicator of organic
enrichment and elevated sulphides)

Chemical

TVS (%)
TOC (%)
TC (µg/g)
TN (µg/g)
S= (µM)
Eh (mV)
pH
Zn (µg/g)
Cu (µg/g)
P (µg/g)

Total volatile solids (includes C,N,P,S and some oxides) assumed to
be mainly organic
total organic carbon (Percent dry weight)
Total carbon (organic and inorganic)
Total nitrogen
sediment free sulphide (assumed to be mainly toxic hydrogen
sulphide)
sediment redox potential, indicating oxygen penetration of
sediments
sediment pH (degree of acidity of sediments)
sediment particulate zinc (potentially toxic to biota) from feed
sediment particulate copper (potentially toxic to biota) from antifouling
Concentration of feed tracer phosphorous

Physical

Gravel/Sand/Mud (%)

Proportion of sample with different size particles (natural or farm
input)
Affects character of biotic assemblage, sediment geochemistry and
assimilation capacity for organic deposition

Observational

Black Sediment
Jelly-like Sediment
Sediment Odour
Parameters
Gas Bubbles

Indicator of sediment reduction to anoxic state and likely buildup of
sulphides
Indicator of elevated sediment hydrogen sulphide and oxygen
reduction
Description and purpose
Indicator of extreme sediment hydrogen sulphide and methane
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Fish Feed
Floc
Farm Litter
Fish Feces
Oily Sediment

Beggiatoa
Terrigenous Material
Shell Hash
Macro-phytes
Comments
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production
Uneaten pellets that have fallen through the net-cages
Level of fine suspended material and bottom turbidity
Debris primarily from net-washing operations (shell debris, litter)
fecal pellets from fish which have not been broken down (recent
deposition)
Accumulation of fish oil present on pellets
white mucous mats indicating sulfur-fixing bacteria and an
oxic/anoxic interface
leaf litter, wood debris or fibre, near-shore plants, etc. indicating
slumping or erosion
shell debris (either from net washing or large bivalve populations
affected by light level, suspended organic material, presence of
grazers
Any additional observations or mitigating factors affecting
interpretation of data

Beggiatoa spp.: a type of bacteria that forms white mats on sediments of intense organic
enrichment. It is a pollution indicator whose presence indicates substantial disruption of
natural benthic processes.
Capitella capitata: a type of marine worm that thrives in sediments of intense organic
enrichment, and which is used as a pollution indicator. It is a complex of closely related
species rather than a single species.
free sulphides (S=): sulphide ions not chemically bound to any other chemical constituent
(expressed in micromolar, µM). S= concentration is an indicator of the health of the
benthos. S= are toxic at high concentrations, so lower concentrations indicate healthier
benthos. High concentrations develop in sediments of high organic enrichment.
phosphorus: a nutrient present in fish feed that accumulates in sediments near fish farms and
serves as a feed tracer (expressed in micrograms per gram of dry sediment, µg/g).
Phosphorus is measured using the ICP method.
redox potential (Eh): energy of the electrical charge associated with a chemical reaction in
which an atom or ion loses electrons to another atom or ion (expressed in millivolts, mV).
Eh is an indicator of sediment oxygen concentration, and therefore the health of the
benthos. Higher Eh means greater oxygen supply and therefore a healthier benthos. Low Eh
develops in sediments of high organic enrichment.
reference station: a sampling station located in the background that is used for comparison
with farm stations. Reference stations are selected so that their environmental
characteristics (e.g. SGS, depth) are similar to those of farm stations, and are typically 0.52.0 km from the farm.
total copper
copper (Cu): concentration of a metal applied to the nets at some fish farms to prevent
fouling by algae and invertebrates (expressed in micrograms per gram of dry sediment,
µg/g). Cu accumulates in sediments near farms and if too concentrated, can be toxic to the
benthos. Total Cu is measured using the ICP method.
total organic carbon (TOC):
(TOC) proportion of a sediment sample that is organic carbon
(expressed as a percentage). This analysis was carried out in accordance with U.S. EPA
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Method 9060A (Publ. # SW-846 3 ed., Washington, DC 20460). TVS is an indicator of
waste concentration.
total volatile solids (TVS): difference between weight lost on ignition at 550oC and weight of
sample dried at 105oC. TVS is an indicator of waste concentration.
total zinc (Zn): concentration of a metal added to fish feed at some fish farms to prevent
development of cataracts in farmed fish (expressed in micrograms per gram of dry
sediment, µg/g). Zn accumulates in sediments near farms and if too concentrated, is toxic
to the benthos. Total Zn is measured using the ICP method.
shell hash: a jumble of fragmented shells of snails, clams, barnacles, etc. The presence of shell
hash may influence free sulphide concentration, species richness, and other parameters.
terrigenous material: material originating from land, including bark, leaves, needles, twigs,
cones, etc. The presence of terrigenous material may increase TVS and TOC values.

The specific sites monitored in the Broughton Archipelago each year are shown in Figures 253
to 257 below. Note that MWLAP and then MoE also sampled sites in Clayoquot Sound,
Kyuquot Sound and the mid-Island region.
Following these figures are tables which summarize the basic geochemical and biotic
measurements taken from the farm sites for 2000-2004.

Figure 253. Broughton Archipelago region showing relevant fish farms for 2000 monitoring. Map image modified
from MAFF/DFO website Aquaculture Wizard (www.fishwizard.com). Used with permission of Ministry of
Management Services, B.C. Government. (Figure from Wright et al. 2007a)
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Figure 254. Broughton Archipelago region showing relevant fish farms for 2001 monitoring. Chart series 3000
used with permission from the Canadian Hydrographic Service-Pacific Region. (Figure from Wright et al. 2007b)

Figure 255. Broughton Archipelago region showing relevant fish farms for 2002 monitoring. Map image modified
from MAFF/DFO website Aquaculture Wizard (www.fishwizard.com). Used with permission of Ministry of
Management Services, BC Government. (Figure from Wright et al. 2007c).
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Figure 256. Broughton Archipelago region showing relevant fish farms for 2003 monitoring. Chart series 3000
used with permission from the Canadian Hydrographic Service-Pacific Region. (Figure from Wright et al. 2007d).

Figure 257. Broughton Archipelago region showing relevant fish farms for 2004 monitoring. Chart series 3000
used with permission from the Canadian Hydrographic Service-Pacific Region. (Figure from Wright et al. 2007e).
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Table 55. Summarized descriptions of basic geochemical and biotic measurements for Broughton farm sites, 2000. (from Wright et al. 2007a).

Presence C.
Farm Site
Arrow Pass
Bell Island
Blunden
Pass
Burdwood

Anoxia
moderate-100 m
none

sulfides
not sampled
moderate at 0 m

substrate
sandy
sandy

capitata

moderate to 100 m
moderate-mild 5, 35 m

not sampled
high at 0 m

sandy mud
sandy mud

none
moderate 5,35 m

Cecil Island
Cypress
Hrbr.

mild 0-60 m

not sampled

moderate 0 m

not sampled

none

high at 0 m

muddy sand moderate 0-30 m
abundant 0 m,
sandy
mod 30m
gravelly
sand
abundant 0 m

abundant 0 m
abundant 0 m

zinc/copper
(ug/g)
low
low

0-150 m extreme?
not evident
impoverished 0-30,
enrich. 60 m

Zn near limit
Zn near limit

not evident

few

gradient 0-60 m

low

few

impoverished To 60 m
impoverished 0-30 SW,
N,
60 m N

low

none

moderate at 0 m

moderate 60 m only

not sampled

sand
gravelly
sand

Upper
Retreat

moderate 0-30 m N, SW,
60 m SW

high 0m N, SW, 30
mN

muddy sand few

gradient 0-100 m

Zn over limit
Low
Zn near limit,
Cu >130

Hardy Bay
Simmonds
Point
Sir Edmund
Bay
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impoverished 0 m
impoverished 0 m

Zn over limit
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Table 56. Summary of Broughton farm site characteristics for 2001. (from Wright et al. 2007b).

Farm Site
Arrow
Passage
Cecil Island
Deep
Harbour
Midsummer
Island
Upper
Retreat

Anoxia
Mod-strong 0
m, slight 100
m
Mild 0-30 m
Extreme 0 m
T2
Mod 0,100 m
high 30 m
Mod 0 m, high
30-10 0m
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sulfides

substrate

Capitella
capitata

Species Richness

zinc/copper

High 0 m, mod
30 m
Mod 0 m

Silty sand
Sand

No
Mod 30-100 m

Normal
Normal

Below PEL
n/s

Mild 0 m T1, T2 Silt
High 0-30 m,
mod 100 m
Sand
High 0, 30 m
mod 100 m
Silty sand

n/s
High 0 m, mod
30 m

n/s
Low 30 m mod
100 m

Below PEL

Mod 30 m

Low 30 m

Below PEL

Below PEL
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Table 57. Summary of Broughton farm site characteristics for 2002. (from Wright et al. 2007c).

sulfides
moderate at 030 m SSE

substrate
mixed with
rocks

C. capitata

Species Richness

Zinc/Copper

n/a

n/a

Cu low; Zn moderate

silty sand/wood

n/a

n/a

low

strong 0-30 m

high at 0 m
low to
moderate
0m

silt

high at 0 m

silt/cobble

n/a
impoverished 030 m

low

not evident

n/a
moderate at
30 m

moderate 0 m

silt

n/a

n/a

low
Cu low, Zn near limit
to
60 m

high 0 m SE

sand, cobble

high 0-30 m E

moderate 0,30 m

Cu low, Zn high 0 m E

low
low-moderate
0-30 m

silty sand

n/a

n/a

low

silt

n/a

n/a

low

Farm Site
Arrow
Passage
Cypress
Rocks

Anoxia

Kent
Larsen

not evident
not evident

Midsummer
Island

mild at 0 m
mildSir
Edmund moderate all
Bay
stations
Swanson
mild 30-100
Island
m
Upper
Retreat
mild at 30 m
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Table 58. Summary of Broughton farm site characteristics for 2003. (from Wright et al. 2007d).

Farm Site
Arrow Passage
Bell Island

Anoxia
Mod 0 m,
mild 30 m E
None

Midsummer Isl.
Shelter Passage

Mild TE-E
None
Ext -10 m,
mod 30 m Sir Edmund Bay TE NE

sulfides

substrate

Capitella capitata Species Richness Zinc/Copper

Ext 0 m
Low
Mod-low 0-30
m
Low

Mud to sand
Sand

n/a
Low

n/a
High

Below guidelines
Below guidelines

Sand/gravel
Sand

n/a
n/a

n/a
n/a

Cu>guidelines 30 m W
Cu>guidelines 0

Low 30 m NE

Zn>guidelines 10-30 m N;
Cu>guidelines 10 m NE

Ext 0 m NE,
mod 30 m NE

Muddy sand

Mod 30 m NE

Table 59. Summary of Broughton farm site characteristics for 2004. (from Wright et al. 2007e).

Sulfides

substrate

Capitella capitata

Species Richness

Zinc/Copper

Extreme 0 m
W, moderate
to EOT

Mostly Sand

n/a

n/a

Below guidelines

Sir Edmund Bay None

Low

Muddy sand

Moderate 30 m NE Moderate 30 m NE

Swanson Island

Low

Sand

n/a

Farm Site
Midsummer
Island

Anoxia
Extreme 0
m W,
moderate
to EOT

None
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Zn below guidelines; Cu
above guidelines at 0m
Below guidelines
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The reports give details of the measurements made at varying distances along transects out
from the edge of net-pen structures for each farm sampled, and also report measurements
made at reference sites for comparison. Generally measurements of redox and free sulfides
were made at each site, and together these measures could be used to predict benthic effects
as a result of fish farming.
In cases where measurements of sediment redox were not available, the presence of black
coloured surface sediments was used to indicate surface anoxia in sediments, and Beggiatoa
mats were found to be a good indicator of anoxic surface sediments with overlying low oxygen
water. Biotic and geochemical effects were noted at varying distances from the farms.
However, levels for Total Organic Carbon were found not to be reliable indicators of organic
accumulation or enrichment, since the presence of wood fibre debris was a confounding factor
(Wright et al. 2007a-e). If thick enough, this was found sometimes to cause redox decline and
biotic compromise outside the influence of the farm wastes.
Results were variable from year to year and from location to location, always with exceptions
to any general pattern. In some farm locations, the sediment geochemistry (redox and free
sulfides) appeared to be within a range expected to support “normal” benthic communities.
However, for some near-field samples, in particular those within 30 m of the edge of net pens,
redox levels were below zero which would suggest anoxic sediments or patches and/or sulfide
levels well above background levels (<250 to 350 µM). The sample locations which showed
impoverished biotas often had unusual sediment geochemical conditions, and Wright et al.
(2007a-e) stated that this suggested a cause/effect relationship.
Results for 2004 are shown below as an example of the MoE data available (Figure 258-261).
The fish farms sampled in 2004 included Midsummer Island, Sir Edmund Bay, and Swanson
Island and these data are from the 2004 report (Wright et al. 2007a).
The Midsummer Island farm is located in a small bay off of Spring Passage on the North West
side of Midsummer Island. The ocean depth beneath the farm is approximately 50 m. The
dominant current direction is to the west. The mean current speed 15 m below the surface is
5.0 cm/sec., and that at 5 m above the bottom is 4.32 cm/sec. The nearest fish farm was 3.5 km
to the east. The sampling transects included stations 0, 30 m and EOT (edge of tenure) to the
W and to the ENE of the net cages, along with two reference stations. No fish feed, gas bubbles
or oily sediments were observed at any station.
The Sir Edmund Bay farm is situated in a small bay on the northeast side of Broughton Island
that is connected to Penphrase Passage. The ocean depth beneath the farm ranges from 50 – 55
m. The dominant current directions are to the north and the south. The mean current speed
15 m below the surface is 2.4 cm/sec. There was no current information available for the ocean
bottom. The nearest fish farms are at Cypress Bay 5.6 km to the west and Cliff Bay 4.8 km to
the east. The sampling transects included stations 0 m and EOT to the W and 30 m and EOT to
the NE, as well as one reference station. This farm also had biological sampling and these
results are presented below. No oily sediments, Beggiatoa, odour for fish feed/feces were
noted in any grabs
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The Swanson Island farm is located in the Queen Charlotte Sound. The specific farm location is
on the Northwest side of Swanson Island. The ocean depth beneath the farm is approximately
33 m. The flood tide current direction is south to southeast, with the ebb current in a north to
northwest direction. The mean current speed 15 m below the surface 8.01 cm/sec., and that at
5 m above the bottom is 5.3 cm/sec. The nearest fish farm is in Blunden Passage 3 km to the
northwest. The sampling transects included stations at 30 m NW and one reference station.
No fish feed, feces, odour, Beggiatoa, gas bubbles, or oily sediments were observed at any
station.
Recent work using video techniques has been done to examine rocky bottom benthic
environments. Data exist with both MoE and BCMAL. This information will be included in a
recent amendment to the Finfish Aquaculture Waste Control Regulation (McGreer, pers.
comm.).
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Figure 258. Sediment Chemistry for Midsummer, 2004. (from Wright et al. 2007a)
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Figure 259. Sediment Chemistry for Sir Edmund Bay, 2004. (from Wright et al. 2007a)
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Figure 260. Biological parameters measured at Sir Edmund Bay, 2004. (from Wright et al. 2007aa)
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Figure 261. Sediment Chemistry for Swanson Island, 2004. (from Wright et al. 2007a)
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Benthic Studies Specific T o T he Broughton
Sutherland (2001) discussed the objectives of a project that she has initiated together
with a large team of scientists, and collaboration with MELP, UBC, BC Salmon Farmers
Association and Marine Harvest Canada to examine the near field impacts and recovery
of sensitive habitats underlying fish farms in the Broughton Archipelago. The main
objectives of this study were listed as:
1) To determine the zone of influence underlying fish farms using changes in
taxonomic composition of benthic invertebrate communities.
2) To assess two proposed monitoring methods (total sediment sulfide and
redox potentials) designed to detect organic enrichment and classify the
level of impact.
3) To determine the recovery or fallowing period of impacted sediments
underlying a fish farm
4) To verify recommended fallowing periods in support of HADD (habitat,
alteration, disruption, and destruction) determinations.
To this end, Sutherland et al. (2006) carried out a benthic sampling survey in June 2003
at a finfish aquaculture site located in Sir Edmund Bay. This site is located on the
northeast shoreline of Broughton Island. Other samples were also collected at
Penphrase Passage. This study was conducted to examine the potential environmental
effects of waste material accumulation under and adjacent to salmon farms. It is
suggested that such accumulation may affect both the diversity and abundance of benthic
organisms (Henderson and Ross, 1995 cited in Sutherland et al. 2006). Correlations
between polychaete abundance and both a tracer of waste feed material (zinc: lithium
ratio) and an indicator or organic enrichment (total sediment sulphide concentration)
were not evident. The authors suggested that greater taxonomic resolution may be
appropriate to tease out relationships that may be evident for non-tolerant groups, but
which were masked by the patterns of abundance of more tolerant groups. This study
did gain some information on benthic groups present and their relative abundance, both
adjacent to the net pens and at the reference stations at Penphrase Passage. These
benthic data files and graphs are on the data CD as “Ecosystem/Benthos
Ecosystem/Benthos”.
Ecosystem/Benthos
Although many studies have traditionally examined the use of macrofauna as an
indicator of benthic organic enrichment, Sutherland et al. (2007a) have also carried out
studies in the Broughton Archipelago to determine the changes in abundance and
diversity of meiofauna as a result of enrichment. They noted that meiofauna have been
used as indicators in other enrichment circumstances, such as sewage outflows and oil
spills. The examined meiofaunal abundance and diversity at both near-field and far-field
locations of 4 different fish farms, as well as at a reference location. The authors found
that the abundance of specific meiofaunal groups (kinorhynchs, crustaceans, and
polychaetes) declined in an asymptotic fashion with increasing free sulfide
concentrations. Since the latter is an indicator of benthic organic enrichment, these
groups were deemed suitable indicators of organic enrichment. They also found that the

Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

320

abundance of nematode and crustacean taxa decreased with sediment depth as well as
increasing sulfide concentration, while polycheate abundance increased with increasing
free sulfide concentration. They stated that the ratio of nematodes to copepods can
represent the degree of organic loading associated with aquaculture operations and be
used as an indicator of benthic organic loading.
Other benthic environmental work done in the Broughton Archipelago include other
studies by Sutherland et al. (2007b) to distinguish between natural and aquaculturederived sediment concentrations of heavy metals in the Broughton area. Zinc and
copper have been considered as tracers of feed pellets, and copper has been considered
an indicator of anti-foulant agents used on netpen systems.
A large number of studies of the effects of organic wastes on benthic communities have
been carried out by Ken Brooks. For example, Brooks (2001) examined the
relationships between macrobenthic communities and sulfides and redox potentials at
salmon tenures and reference sites in B.C. including sites in the Broughton Archipelago.
Figure 262 below shows the log transformed number of taxa observed by Brooks et al.
(2004) in Carrie Bay sediments, and the relationship with free sediment sufilde levels.
Unlike diversity, he found that abundance of animals may actually increase near the
salmon tenures. For example, large populations increases in eight species of annelids,
mollusks and crustaceans have been noted in areas of enriched sediments.

Figure 262. The number of macrofaunal taxa observed in 0.1 m2 van Veen grab samples sieved on a 1.0
mm screen at Carrie Bay in 2000, 2001, and 2002. A 50% reduction in the maximum number of taxa
observed in these surveys occurred at a sulfide concentration of 444 µM S=. (from
http://www.ams.usda.gov/nosb/MeetingAgendas/Nov2007/OralPresentations/BrooksKPanelistPaperNetPe
n11-07.pdf)
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Brooks (2000) and Brooks et al. (2004) have also examined biological remediation of
benthic communities at several farms in the Broughton after periods of fallow. He
examined the temporal and spatial trends in free sediment sulfides at the Upper Retreat
salmon farm which was a location where chemical remediation was considered
complete in 4 to 6 months. Brooks (unpublished, in Brooks, 2007) continued to monitor
the Upper Retreat salmon farm during an extended fallow period and noted that
biological remediation was complete after approximately 15 to 18 months of total fallow
(six months for chemical remediation and 9 to 12 months for biological remediation)
(Figure 263 below). He also noted that not all salmon farms will necessarily remediate
this quickly. He gives the example of Carrie Bay, a salmon farm where the benthic
effects were more severe than in any other site in the Broughton. This farm was located
in a highly depositional area and benthic conditions were exacerbated by poor feeding
practices. In this case, Brooks et al. (2004) found that chemical remediation was almost
complete, but not yet fully complete after five years in fallow. The sulfide history at this
site during the fallow period is described in Figure 264 below. Using regression analysis,
it was suggested that this site would need 7 years of fallow before the sediment
chemistry returned to normal.
Brooks (2001) also estimated the lost fin-fish production associated with the diminished
macro-invertebrate biomass within the footprint of seven salmon farms in the
Broughton Archipelago. Overall, there is a huge amount of data regarding benthic
studies in the Broughton Archipelago existing with Dr. Ken Brooks.

Figure 263. Free sediment sulfide history for all transects as a function of data and distance from Upper
Retreat’s netpen perimeter (from
http://www.ams.usda.gov/nosb/MeetingAgendas/Nov2007/OralPresentations/BrooksKPanelistPaperNetPe
n11-07.pdf)
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Figure 264. Free sediment sulfide history for all transects as a function of data and distance from Carrie
Bay’s netpen perimeter (from
http://www.ams.usda.gov/nosb/MeetingAgendas/Nov2007/OralPresentations/BrooksKPanelistPaperNetPe
n11-07.pdf)

Modelling Approaches
NearNear- field EffectsEffects - DEPOMOD
(from http://www.pac.dfo-mpo.gc.ca/sci/aquaculture/sok/nearfield_e.htm)
Recently, DFO, the B.C. Ministry of Agriculture and Lands (MAL) and the industry have
developed a model called DEPOMOD to help them with planning appropriate fish farm
siting. This model can be used as a tool by industry, consultants and regulatory agencies
to manage and study benthic impacts, as it can be used to describe near-field
distribution and the impacts of organic wastes (Cromey et al., 2002a). It is made up of a
number of modules, many of which have been field tested and validated (Cromey et al.,
2002a, 2002b, Chamberlain et al., 2005). It begins with information about farm
configuration (cage dimensions and layout) and fish production (feed input, biomass,
size) and then the model transforms feed input to solid waste output from net pens.
The model has a hydrodynamic and settling component, which is based on a particle
tracking model (this models sinking of wastes to the ocean floor using sinking rate for
the type of waste, plus ocean current information. The next module allows for
resuspension of wastes if the currents are strong enough, and the final module outputs
benthic impacts. This module determined benthic impacts such as sulphide
concentrations of benthic diversity, as related to sedimentation rates, which is a model
output. Field testing of DEPOMOD is being carried out at several B.C. finfish farm sites
in the Broughton.
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FarFar- field Effects
Effects
Movement and distribution of fine particulates into the far-field environment is driven by
both transport and dispersion processes. Transport moves water parcels using
prevailing currents, while dispersion involve blending and dilution of these water parcels
(DFO, 2004). When modeling far-field transport, the nature of the particles is important
as this will affect the distance that the particles are moved. Different models to assist in
the prediction of far-field transport have been developed, such as coastal circulation and
mixing models (Hargrave, 2002, Foreman et al., 2006). Models used are complicated, in
that they require information on tides, winds, wave energy, turbulence and sea floor
morphology. Information is also required on the relative sizes of waste particles, as well
as how much they aggregate, settle and become resuspended (DFO, 2004).

Compliance And
And Enforcement
A service agreement was produced in 2002 which coordinated aquaculture
responsibilities such that MAL inspection staff are responsible for assessing overall
compliance of the fish farming industry, while MoE is responsible for monitoring
compliance by the farms with environmental requirements designed to protect benthic
conditions underneath and adjacent to farm sites as well being the lead for enforcement.
Since 2000, reports have been made publicly available with regards to the status of
compliance for marine finfish aquaculture. This was done as part of an effort to “foster
open communication between the public and industry, as well as to show accountability
for the province’s compliance and enforcement regime for finfish aquaculture”
(BCMAL). MoE and MAL initially produced separate reports, but since the 2002 Service
Agreement, these reports have been released as a joint effort. These reports are
available on the BCMAL website http://www.al.gov.bc.ca/fisheries/aqua_report /.
Inspection Activities
Public confidence in the aquaculture industry will no doubt be improved with knowledge
that the fish farm companies are in compliance with escape prevention standards and
other regulatory standards, and by having open access to data in databases.
Fisheries Inspectors from the Fisheries and Aquaculture Licensing and Compliance
Branch of the BCMAL inspect each active salmon farm in the province at least once per
year, and more frequently if deemed necessary. Other provincial and federal authorities
(such as Ministry of Environment Waste Biologist staff, Fisheries and Oceans Canada,
and the Worker’s Compensation Board) also regularly visit fish farms throughout the
year, such that most farms are visited at least 3-4 times per year (BCMAL).
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Most of BCMAL’s annual inspections are completed between May and October,
although they can occur at any time during the year. The inspectors interview company
officials and review the farm's operational procedures and maintenance records for both
completeness and compliance with the regulation. The primary inspection categories for
BCMAL staff include:







review of management plans;
therapeutant use and drug use record keeping;
stock inventory records and record keeping;
net maintenance; marking and record keeping;
equipment and net inspections;
farm site operations, including net cage deployment, weighting systems, boat
docking, use of catch nets, and predator control.

The general record-keeping requirements for marine commercial finfish aquaculture
facilities in B.C. are shown below (Table 60).
Table 60. Summary of Record-Keeping requirements of marine commercial finfish aquaculture facilities in
B.C. (from B.C. MAL).
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Spot dive audits are also conducted at randomly selected sites where a dive team is
contracted to review the underwater portion of the containment and anchoring system.
The farms to be audited in this way are chosen randomly, and divers usually visit at least
6-10 farms. The purpose of the unannounced dive audit is to assess under-water farm
features and ensure that the operator is in compliance with regulatory requirements and
properly managing the underwater maintenance of the containment nets and anchoring
systems.
Companies are given immediate on-site feedback in writing, identifying required or
recommended corrective measures. Failure to comply with the any of the above is an
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offence under the Fisheries Act (BC), and owners/operators may be subject to
investigation and charges.
Marine Inspection reports are available on the web at
http://www.agf.gov.bc.ca/fisheries/aqua_report/index.htm. These reports evaluate the
state of the industry, including general findings and areas where the industry is
demonstrating both good compliance and areas where improvements are recommended
or required.

Marine Escapes
The growth of salmon in marine open net pens involves a number of risks that can
result in escapes. For example, the pens can be damaged by storms, cages may be
damaged by seals, sea lions or other predators that try to get at the fish, or humans can
cause problems, for example, there may be accidents or human error, and even
vandalism.
Small numbers of Atlantic salmon have escaped and spawned in a few streams on
Northern Vancouver Island (Terry et al., 2000). This finding has led to huge concerns
over possible negative interactions between farmed fish and wild fish and their habitat.
Some of the issues include:
 Colonization of escaped farmed Pacific salmon and the resulting risk of genetic
damage to wild stocks.
 Increased competition for food sources and spawning/rearing habitat in both
marine and freshwater environments
 Potential for farmed fish to introduce exotic diseases to wild stocks
 Sea lice issues
 Introduction of wastes from fish farm sites to the marine environment
BCMAL views the escape of farmed fish to be unacceptable and is pursuing a zero
escape goal (BCMAL website). Effective monitoring, response plans and regulations
have been developed. Escape statistics are available on the BCMAL website, including a
historical analysis of escape levels and their causes.
www.agf.gov.bc.ca/fisheries/escape/escape_reports.htm. Data on the numbers of escapes
reported, catches of escaped fish, and graphical breakdown of the main causes of net
pen escapes are shown below.
There are a number of standards for escape prevention set out in the current
Aquaculture Regulations. Standards have been set to govern the following aspects of a
farm operation:
 design, installation, maintenance, and anchoring of cage structures
 strength of containment netting
 net inspections and record keeping
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boat operations
preparing and adhering to a Best Management Practices plan
predator avoidance
escape response

Every operator must have a written escape response plan in place, and all staff have to
be trained so that they can effectively carry out this plan. It is also required that clear
procedures be in place that clearly outline how to prevent any other escapes as well as
for the process of reporting escapes.
Once an escape has occurred, the new Aquaculture Regulation requires that the farm
must initiate “Escape Response Plans, notify the Ministry of Agriculture and Lands within
24 hours, and provide a written report within one week” (BCMAL). These reports are
followed by on-site inspections. The ministry also informs ministry compliance and
enforcement, DFO, the Atlantic Salmon Watch and MoE about the escapes. Under
provincial legislation, MAL Inspectors or MoE Conservation Officers have six months
from the date of the event to investigate and, if appropriate, pursue enforcement
sanctions. Investigations are considered highly confidential until concluded.
Farmers that are found to be in contravention of the Aquaculture regulations that
require that they report escapes may face penalties that range from a written warning,
issuance of a violation ticket, charges recommended to Crown counsel or a
recommendation of suspension or revocation of the operating license. Statistics
regarding numbers of fines etc can be found at
http://www.agf.gov.bc.ca/fisheries/aqua_report/2004-5/2004-5_present.pdf or
www.agf.gov.bc.ca/fisheries/escape/escape_reports.htm.
Fish farm operators are also expected to have set up the necessary arrangements with
federal and local government authorities so that they can get approval for recapture
attempts in cases where escapes do occur. DFO has produced a special ZZA permit
which can be issued to fish farm companies (ie. not site-specific) for recapture of
escaped Atlantic salmon.
Escape Statistics
Since the 1980's, salmon farms in BC have moved from farming Pacific species to mainly
Atlantic salmon. This is reflected in the escape figures, which are now predominantly
made up of Atlantic salmon (Table 61). The Ministry of Agriculture and Lands has
maintained a database of all reported escape events since 1987.
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Table 61. BCMAL report on the number of farmed salmon escaping into the marine environment
Year
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990
1989
1988
1987
TOTAL

Chinook
19,068
2
5
9
9.098
0
36,392
0
1,900
38,956
0
5,000
2,300
12,113
59,632
229,500
165,000
390,165
2,000
22,422
974,494

Coho
0
41
11
1
100
0
0
0
0
0
0
1,000
0
0
0
0
0
0
0
0
1,153

Atlantic
19
21
43,969
30
11.257
55,414
31,855
35.954
80,975
7,472
13,137
51,883
62,809
9,000
9,546
6,650
0
0
0
0
419,972

Steelhead
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
32,576
32,576

Annual Total
19,087
64
43,985
40
20.455
55,414
68,247
35.954
82,875
46,428
13,137
57,883
65,109
21,113
69,178
236,150
165,000
390,165
2,000
54.,998
1,428,195

The following graph illustrates the number of fish that have been reported as escapes
into the marine environment from 1989 to 2005.
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Figure 265. Escapes of farmed fish from B.C. between 1989 and 2005 (from
http://www.al.gov.bc.ca/fisheries/aqua_report/2004-5/Escapes_1989-2005.pdf)

The graph below shows the more recent data:

Figure 266. Number of reported fish escapes in B.C. from 199-2006 (from
http://www.al.gov.bc.ca/fisheries/aqua_report/2006/aquaculture_inspect2006.pdf)

Both of the graphs above include information on reported escapes for all of B.C. It is
not possible to obtain this information on a more site-specific basis, thus I could not
determine the total number of escapes per year for the Broughton region only
(Fisheries and Aquaculture Licensing and Compliance Branch, Courtenay, pers.comm.).
Escapes appear to have declined since 1989, and although variable from year to year,
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they do appear to be much lower in the past two years than in the initial stages of fish
farm production.
th

In the 4 Annual Inspection Report on Marine Finfish Aquaculture Sites (2003) escape
data for 19890-2000 are broken down to examine the most common causes of escapes
(Table 62, and Figures 267- 268 below). This information is not available for results
post 2000.
More recent data for escapes were obtained from the 5th and 6th Annual Inspection
Report on Marine Finfish Aquaculture
www.agf.gov.bc.ca/fisheries/escape/escape_reports.htm.
Table. 62 Summary of causes of reported marine escapes between 1989 and 2000. (from
http://www.al.gov.bc.ca/fisheries/aqua_report /.)
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incidents for 1989-2003.(From http://www.al.gov.bc.ca/fisheries/aqua_report /.)
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Figure 268. Total marine farmed salmon losses in B.C., and marine escapes as a percentage of production.
From http://www.al.gov.bc.ca/fisheries/aqua_report /.
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It is apparent from these figures, that the factors contributing to escapes can be roughly
th
divided into six general categories (from 4 Annual Inspection Report on Marine Finfish
Aquaculture Sites, 2003):
1. System Failure: failure of containment structures or anchoring systems that
result from a technological failure not related to nets, generally of a catastrophic
nature. Can most often be attributed to extreme weather or ecological events
(i.e. floods).
2. Boat Operations: net tears or infrastructure damage resulting from propeller or
whole boat collisions with the net pen system.
3. Net Failure (predators): net tears resulting from seal, sea lion or dogfish
attacks.
4. Net Failure (maintenance):
(maintenance) net tears resulting from poor or inadequate
maintenance such as chafing of nets due to contact with abrasive equipment,
failure to repair small holes, deterioration of nets with age, failure to remove
dead fish or debris, etc.
5. Net Failure (known or suspected vandalism):
vandalism) fish loss resulting from a
suspected or known vandalism incident.
6. Handling:
Handling : fish loss that results during fish handling events such as fish transfer,
net changes, towing, sorting, grading, harvesting, etc and is not related to failure
of the integrity of a net-pen or containment structure. This type of escape can
generally be directly attributed to human error.
It is particularly apparent that over the time span shown in these figures, 1989-2000,
that marine escapes declined significantly over time. Primary reasons for escapes were
initially due to system failure (failure of containment structures, often catastrophic, and
often due to floods etc) and moved more towards handing (i.e. human error) in the
latter period. This breakdown is no longer done for the fish escapes, so there is no clear
understanding of the most recent causes of fish escapes.
Recent Escape Results
Information below is taken from the inspection reports and presentations at
http://www.al.gov.bc.ca/fisheries/aqua_report /. The numbers below are for all of B.C.
as a whole, however, and not specific to the Broughton.
2004 Data
D ata
In 2004 there were a total of 35 incidents of escapes or suspected escapes reported to
the ministry. During subsequent investigations of these events, Inspectors were able to
determine that escapes occurred in 21 of the 35 reported incidents. The number of fish
reported as escapes to the marine environment by industry was 43,985 pieces. This
included 43,969 Atlantic salmon, 5 Chinook and 11 Coho.
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2005 Data
D ata
In 2005 there were a total of 35 incidents of escapes or suspected escapes reported to
the ministry. Inspectors were able to determine that escapes occurred at 11 of the 35
reported incidents. The number of fish reported as escapes to the marine environment
by industry was 64 pieces. This included 21 Atlantic salmon, 2 Chinook and 41 Coho. It
should be noted that 14 Atlantic salmon out of the 64 pieces were from 2 incidents at a
processing plant rather than an aquaculture facility. During the course of inspections
Inspectors did not find any evidence supporting unreported escapes or suspected
escapes.
2006 Data
D ata
In 2006 there were a total of 61 incidents of escapes or suspected escapes investigated
by the ministry. Inspectors were able to determine that escapes occurred in 11 of those
incidents. The number of fish reported as escapes was 19,085; this included 17 Atlantic
salmon and 19,068 Chinook salmon. Of these escapes, significant losses occurred at two
separate farm sites; one incurred the loss of 8,000 Chinook salmon while another lost
11,064 Chinook salmon. 13 out of the 17 Atlantic salmon lost were from two incidents
at a processing plant rather than an aquaculture facility. During the course of
inspections, inspectors did not find any evidence supporting unreported escapes or
suspected escapes.
Compliance To Escape Response Req
R equirements
eq uirements
Compliance data is provided in the reports online. Here, I note the 2006 results only,
which showed that all facilities inspected had developed an escape response plan and
had the plan posted on site. The plan identified procedures to report escapes and staff
could accurately identify the location and content of the plan. Only one site did not have
step-by-step procedures identified for preventing further escapes.
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Figure 269. Compliance to Escape Response Requirements. (from
http://www.al.gov.bc.ca/fisheries/aqua_report/2006/aquaculture_inspect2006.pdf)

Other Information
I nformation
Little work has been done to examine the responses to marine escapes in the
Broughton Archipelago. Morton and Volpe (2002) carried out a study aimed to
enumerate the number of Atlantic salmon that were caught by commercial fishermen in
Area 12, over a 17-day period in 2000. Using data for captures of Atlantic salmon made
from seine, troll and gillnet gear, the authors noted that a total of 10,826 Atlantic
salmon were caught in the 17 days of open fishing during this study (August 2, 2000
through September 22, 2000). The mean fork length and weight of the sampled Atlantic
salmon were 75.0 cm (±5.1 cm) and 4.8 kg (±1.3 kg), respectively, and 18 of them (2.3%)
showed signs of sexual maturity. The authors noted that during the 8-week long course
of their entire study, they recorded 40.8% more Atlantic salmon than recorded by
DFO’s passive program. Thus, it may be possible that the number of escapes are far
greater than actually recorded. Other scientists have pointed out that the number of
escapes, when expressed relative to production, appear low in B.C. as compared to
elsewhere in the world (Figure 270).
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Figure 270. Production per reported escape farmed fish. Reproted escape data compiled by Sumaila et al
(2005). Escape rates in Chile, Norway and Scotland were similar to BC’s until about 2001. More recently,
B.C. salmon farmers report escape rates 1,000 times better than those of other salmon farming nations.

Fate of Escaped F ish
Information about the recaptures of Atlantic salmon and other escaped farm fish is
provided on the DFO Atlantic Salmon Watch program website. The Atlantic Salmon
Watch Program (ASWP) is a joint federal-provincial program established between
BCMAL and DFO in 1991. This program aims to enumerate and document the cases of
escaped Atlantic salmon, by monitoring the abundance, distribution and biology of
Atlantic salmon in B.C., and by collating the catches of escaped fish reported in by
farmers, fishermen and anglers. The information they have is thus a compilation of both
the mandated escape reports from fish farmers (for all of B.C.), data from BCMAL
inspection activities and data on reported marine captures from fishermen and
processing facilities.
The ASWP provides the number of reported escapes from Aquaculture facilities (Table
63) and then provide breakdowns of captures/observations of any escaped fish (Tables
64-68). Most of the escaped fish are caught by fishermen in the Broughton Archipelago
(Table 64). A total of 18,993 fish were caught between 1989 and 2002 in B.C. 16,030 of
these were captured in Area 12. Some of the farmed salmon travel into Alaskan and
Washington waters and are recovered by fishermen there (Tables 65-66). A total of 591
Atlantic salmon were caught in Alaskan waters between 1990 and 2002, and 5005 in
Washington waters between 1988 and 2002. No salmon farms exist in Alaska and the
nearest B.C. farm is over a thousand kilometers to the south. One Atlantic salmon was
even caught in the Bering Sea. Table 64 below shows the number of escaped adult
Atlantic salmon that have been captured in B.C. marine fisheries for 1987-2002, while
Tables 65 and 66 show the captures in Alaskan and Washington State waters, for 19872002, and 1990-2002, respectively. Other escaped fish are caught or sighted in fresh
water streams and lakes (Table 67-68).
A major concern with the fact that Atlantic salmon can and do escape is that they will
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begin to breed in B.C. systems, and thus take on the status of an invasive species. In
2000, Volpe and colleagues reported that 153 juveniles Atlantic salmon had been found
between 1998 and 2000 in NE Vancouver Island- in the Adam, Amor de Cosmos and
Tsitika rivers. Laboratory analysis of the scales determined that these juveniles were
not direct escapes from farms; rather they made up two different generations that had
resulting from Atlantics breeding in the wild. This provided the first case study that
showed that Atlantics were successfully breeding in the wild. The source of these
populations is not known.
Table 63. Atlantic Salmon Watch Program Escape Information (provided to DFO from fish farms)

Table 64. Number of escaped adult Atlantic salmon that have been captured in B.C. marine fisheries for
1987-2002. (From ASWP)
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Table 65. Number of escaped adult Atlantic salmon that have been captured in Alaskan marine fisheries
for 1987-2002. (From ASWP)

Table 66. Number of escaped adult Atlantic salmon that have been captured in Washington marine
fisheries for 1990-2002. (From ASWP)
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Table 67 shows the adult Atlantic Salmon sightings and captures in freshwater, while
Table 68 shows the juvenile Atlantic Salmon sightings and captures in freshwater.
Table 67. Adult Atlantic Salmon sightings and captures in freshwater in B.C. between 1987-2002. (From
ASWP)
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Table 68. Juvenile Atlantic Salmon sightings and captures in freshwater in B.C. between 1996 and 2002.
(From ASWP)

Fish Health
Management
Management Of Fish Health In
I n B.C (from BCMAL)
Fish health encompasses a wide variety of aspect of production including: nutrition, feed
quality and feeding techniques, water quality, handling, grading, vaccination, broodstock
management and disease screening.
Farmed salmon are affected by the same diseases that are also found in wild salmon
stocks. The level of susceptibility to disease varies between strains of salmon (wild and
farmed alike), types of disease agents and on the specific health status of the stock. For
farmed salmon, specific disease agents of concern have been identified, such as Infectious
Hematopoietic Necrosis virus (IHNV), because of their impact on fish health and
survival.
Health care management on fish farms begins with preventative strategies such as
making sure that the following are optimal: provision of suitable living conditions, feed
rations, breed selection, and sanitation practices, since all of these will assist in pest and
disease resistance.
In response to the 1997 Environmental Assessment Review of Aquaculture, the
provincial government of British Columbia developed a comprehensive policy designed
to improve monitoring and regulation of fish health and disease issues in the aquaculture
industry. This health management program uses an extremely precautionary approach,
and involves on-farm health management plans, mandatory monitoring and reporting of

Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

341

disease events, and government audits of industry-reported information, including sea
lice. All B.C. fish farms are required to have a Fish Health Management Plan, which is the
core of this program, and this plan is enforced as a condition of the fish farm license.
BCMAL conducted a Fish Health Audit between 2003 and 2005. A total of 339 random
salmon farm audits were conducted. Each farm in operation was visited at least twice
per year, and testing was carried out at the Ministry of Agriculture and Lands’ Animal
Health Centre laboratory, (one of only two labs in Canada that are accredited to meet
all the requirements of the American Association of Veterinary Laboratory
Diagnosticians).
During the audit activities, 1,909 dead farmed fish were tested for disease or disease
causing agents. Less than 2% of mortalities were apparently due to infectious diseases.
All the diseases found have been previously reported in British Columbia from wild,
hatchery reared or research salmonids. MAL produced a comprehensive review of the
results of the Fish Health and Sea Lice Audit program, and this report also includes
diseases found on salmon farms as identified by Ministry audit, an evaluation and
comparison of the Ministry’s findings to information on disease that was reported
publicly by the industry since 2003, and a review of the findings of the sea lice audit again
compared to the industry information that has been posted monthly on the Ministry’s
website since 2003. This latter information is discussed further in the “Sea Lice” section.
BCSFA Fish Health Database Quarterly Reports
The BC Salmon Farmer’s Association Fish Health Database is a private-public venture
that collates information on the health of farmed fish in B.C. Fish health information is
provided to MAL on a quarterly basis from:
 Privately owned freshwater and marine finfish aquaculture sites
 Publicly owned freshwater and, where applicable, federal Salmon Enhancement
facilities operated by Fisheries and Oceans Canada (DFO)
 Public freshwater and netpen facilities operated by Freshwater Fisheries Society
(FwFS)
This information is placed into the BC SFA Fish Health Database which can be found
online at the BCMAL website
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm. The information provided
to the database from the aquaculture industry and fish culture facilities allows for both
temporal and spatial tracking and recording of the health status of farmed fish. The
information in the database is separated spatially by zones. The zones are as follows:
 Zone 1 Pacific Ocean
 Zone 2 Vancouver Island
 Zone 3 Mainland coast
 Zones 4-9 Mainland BC
The fish health zones used for database reporting and for the MAL Audit and
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Surveillance program (see below), were established by DFO and are generally based on
watershed boundaries. These zones are shown in Figure. The Broughton Archipelago is
contained within the Fish Health Zone 3.3.

Figure 271. Fish Health Zones in B.C. as delimited by BCMAL (see
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

In the database, the information is outlined by various categories e.g.:
1. Fish species or genetic grouping:
grouping
 e.g. Atlantic Salmon, Brook Trout, Coho Salmon etc.
2. Water types:
 Freshwater <10 ppt. salt
o Surface
o Ground
o Mixed surface and ground
 Saltwater
o Brackish 10-25 ppt. for > than 90% of the year at 3-5 metres depth
o Salt > 25 ppt. for > than 90% of the year at 3-5 metres depth
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3. Fish Health Events:
These are defined as an active infectious disease or suspected infectious disease event
that requires:
(1) veterinary involvement and
(2) an action such as treatment, husbandry change, further investigation and/or
(voluntary) reporting to a regulatory authority, where such action is intended to
reduce or mitigate risk associated with that event.
The data are entered monthly and reports are retrospective since they are based on the
previous quarter’s data. For the sake of confidentiality, information for marine fish farms
is provided by sub-zone (as long as the sub-zone contains more than 3 companies).
On the BCMAL website, it is possible to find quarterly reports since 2004. Copies of
these reports are provided below. Each of the quarterly reports is made up of three
sub-reports:
1. Average mortality rate for each species in each sub zone (given as total
number of mortalities divided by total number of cultured fish in the subzone or
zone)
2. Proportional Mortality Rate by cause (breaks down the mortality into specific
categories- see below)
3. Fish Health Events (provides a summary of mortality caused by infectious
agents)
For No. 2 above, the field descriptors for the different causes of mortality in salt water
facilities include the following:
 Predators - mortalities due to predators
 Environment - e.g. algae, low DO
 Poor Performers- e.g. includes precocious and maturing males and poor
performers
 Handling/ Transport – mortalities due to handling, transport or mechanical
damage

These reports are shown below for 2003-2007. Some reports list mortality causes for
all fish health zones- the Broughton Archipelago is Fish Health Zone 3.3.
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2003 Data
Table 69. Mortality Rate 2003-First Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 70. Mortality rates by cause (2003- First Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 71. Fish Health Events 2003-First Quarter. From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 72. Mortality Rates 2003-Second Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 73. Mortality rates by cause (2003- Second Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 74. Fish Health Events 2003-Second Quarter. From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 75. Mortality Rate 2003-Third Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 76. Mortality rates by cause (2003- Third Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 77. Fish Health Events 2003-Third Quarter. From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 78. Mortality Rate 2003-Fourth Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 79. Mortality rates by cause (2003- Fourth Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 80. Fish Health Events 2003-Fourth Quarter. From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 81. Mortality Rate 2004-First Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 82. Mortality rates by cause (2004- First Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 83. Fish Health Events 2004-First Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 84. Mortality Rate 2004-Second Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 85. Mortality rates by cause (2004- Second Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 86. Fish Health Events 2004-Second Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 87. Mortality Rate 2004-Third Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 88. Mortality rates by cause (2004- Second Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 89. Fish Health Events 2004-Third Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 90. Mortality Rate 2004-Fourth Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 91. Mortality rates by cause (2004- Fourth Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 92. Fish Health Events 2004-Fourth Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 93. Mortality Rate 2005-First Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 94. Mortality rates by cause (2005- First Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 95. Fish Health Events 2005-First Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 96. Mortality Rate 2005-Second Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 97. Mortality rates by cause (2005- Second Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 98. Fish Health Events 2005-Second Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 99. Mortality Rate 2005-Third Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 100. Mortality rates by cause (2005- Third Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 101. Fish Health Events 2005-Third Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 102. Mortality Rate 2005-Fourth Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 103. Mortality rates by cause (2005- Fourth Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 104. Fish Health Events 2005-Fourth Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 105. Mortality Rate 2006-First Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 106. Mortality rates by cause (2006- First Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 107. Fish Health Events 2006-First Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 108. Mortality Rate 2006-Second Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 109. Mortality rates by cause (2006- Second Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 110. Fish Health Events 2006-Second Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 111. Mortality Rate 2006-Fourth Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 112. Mortality rates by cause (2006- Fourth Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 113. Fish Health Events 2006-Fourth Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

*Website material for 2006 Quarter 3 is missing

2007 Data
Table 114. Mortality Rate 2007-First Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 115. Mortality rates by cause (2007- First Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 116. Fish Health Events 2007-First Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 117. Mortality Rate 2007-Second Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 118. Mortality rates by cause (2007- Second Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 119. Fish Health Events 2007-Second Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 120. Mortality Rate 2007-Third Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)
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Table 121. Mortality rates by cause (2007- Second Quarter). (From
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

Table 122. Fish Health Events 2007-Third Quarter (from
http://www.agf.gov.bc.ca/ahc/fish_health/bcsfa_database.htm)

These data presented as tables above, are also provided as figures by year, fish health
zone, and by quarter, to allow for visual analysis of causes of fish mortality, and fish
health events.
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Atlantic Salmon
Salmon Quarterly Mortality Rates
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Atlantic Salmon Quarterly Fish Health Events
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Fish Health Auditing And
A nd Surveillance Program (FHASP)
The Fish Health Auditing and Surveillance Program is one of the active programs of
BCMAL, and was initiated in November 2000. The Fish Health Audit and Surveillance
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Program is separate from the Compliance and Monitoring Program and operates as part
of the Ministry of Agriculture and Lands Animal Health Branch.
As noted above, starting in 2003 all private companies and public fish culture facilities
were required to develop and maintain a current Fish Health Management Plan (FHMP)
as a Term & Condition of their aquaculture license. All the facilities have to report to
the BC Salmon Farmers Association databases every month: specifically, they have to
report all mortality, causes of mortality and fish health/ disease events. Quarterly
reports of the health status are provided to government and posted for public viewing
on the BC MAL website.
Verification of these industry data (which also includes data on sea lice) is provided by
the use of on-farm site audit and records review. During these site visits samples of fish
are collected and tested for specified diseases.
MAL fish health staff are required to inspect farm sites and collect samples which are
taken back to the lab for evaluation. Samples are taken from farms stratified by the fish
health zones mentioned above. The number of farms chosen from any one health zone
is related to the proportion of farms in the specific zone. Sampling takes place during
routine fish mortality dives, and all recent mortalities are examined. The aim of this
auditing program is to achieve a 95% confidence interval for detection of 2% disease
incidence, with a maximum sample number of 300 fish per zone.
Samples are collected for bacteriology, molecular diagnostic, and histopathology analysis.
Several techniques are used, including the standard Polymerase Chain Reaction (PCR)
technique, to screen for the following pathogens:
•
•
•
•
•

Infectious Hematopoietic Necrosis Virus (IHNV)
Infectious Pancreatic Necrosis Virus (IPNV)
Infectious Salmon Anemia (ISA)
Viral Hemorrhagic Septicemia (VHS North American strain)

Piscirickettsia salmonis

This work is completed at the Animal Health Center (AHC) in Abbotsford which is
accredited by the American Association of Veterinary Laboratory Diagnosticians.
Farms affected by diseases of concern such as IHN must immediately carry out isolation
measures to reduce the impact of the disease. Some of these measures include:
•
•
•
•
•

Enforcing strict disinfection procedures
Limiting the movement of all personnel, equipment and boats
Using separate dive teams to survey sites at each farm
Special procedures for removal and disposal of dead fish
Special precautions for harvesting to prevent spread of the disease
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For example, between 2003 and 2005 the BCMAL carried out 339 salmon farm audits
and collected diagnostic samples for disease analysis from 1909 fish. In 2006 there were
108 salmon farm audits, and diagnostic samples for disease analysis were collected from
644 fish. All the diseases that were noted during audits had previously been reported
from wild, hatchery-reared, or research salmonids in B.C. For 2003-2005, on Atlantic
salmon arms, 76% of the fish sampled from audited farms were free from disease; for
the rest of the fish examined, the primary diseases found were myxobacteriosis (7%)
and bacterial kidney disease (6%). On Pacific salmon farms 62% of the fish examined
were free from infectious disease, and the primary diseases were bacterial kidney
disease (24%) and Loma salmonae (9%). For 2006, on Atlantic salmon farms, 78% of the
silver carcasses sampled from audited farms were free from disease. For the rest of the
fish examined, the main diseases were myxobacteriosis (9%) and bacterial kidney disease
(9%). From Pacific salmon farms, 57% of the dead fish examined were free from
infectious disease, and the main diseases were bacterial kidney disease (18%) and
Rickettsiosis (14%).
Results of this sampling are listed on the BCMAL website
http://www.agf.gov.bc.ca/ahc/fish_health/fhasp_reports.htm for 2001. Other results from
BCMAL can be found in the 2006 Fish Health Program report which can be found at
http://www.agf.gov.bc.ca/fisheries/aqua_report/2006/fish_health2006.pdf as well as in the
2003-2005 report which can be found at
http://www.al.gov.bc.ca/ahc/fish_health/FISH_HEALTH_03-05.pdf
These results are shown below.

2001 results from (http://www.agf.gov.bc.ca/ahc/fish_health/fhasp_reports.htm)
( http://www.agf.gov.bc.ca/ahc/fish_health/fhasp_reports.htm)
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For 2003-2006 results, the number of active farms each year are provided in the
BCMAL reports (see Table 124 below). Below I present the data for 2003-2006 from
BCMAL for fish health only. However auditing activities are also taking place for sea lice,
and data are available with regards to sea lice findings too (See “Sea Lice” section).
BCMAL notes that a site is “active” for fish health sampling if stock is present more than
30 days post entry of the first pen on site. If a site contains harvest sized fish, fish must
be present on site before the last month of the quarter for the site to be considered
active. Note that this definition differs for sea lice evaluation, where sampling is
conducted if the fish have been stocked at the site for greater than 120 days post entry
of the first fish pen. For harvest fish there must be a minimum of 3 full net pens on site
to allow for statistically significant sample.
Data on the BCMAL site for 2003-2006 are also provided on bacteriology,
virology/molecular diagnostics, and histopathology. These data tables and figures below
from BCMAL show the results of audits. For the former, these data only show the
results from fish that were identified to be pathogenic. In most cases pathogens were
not found. For example, between 2003 and 2005 a total of 1909 fish were sampled for
the presence of bacterial agents yet only 3.2% (62 fish) of the fish had a recognized
pathogen cultured. For virology, 1909 fish were tested and had tissue samples examined
using molecular diagnostics techniques (PCR). The majority of fish showed no signs of
disease: from the total 328 sites sampled during 2003 – 2005, 27 had a positive PCR test
result. (Thus 92% of sites sampled did not appear to have any detectable viral agents or
Piscirickettsia).
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20032003- 2005 Results
Table 124. Number of active farm sites 2003-2005 in all fish health zones for use in determination of
number of audits for fish health, and number of farms chosen for audit per quarter in 2003.
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Table 125. Number of fish farms chosen per fish health zone for audit during each quarter of 2004.

Table 126. Number of fish farms chosen per fish health zone for audit during each quarter of 2005.
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Table 127. Number of fish sampled per fish health zone for audit during each quarter of 2003.

Table 128. Number of fish sampled per fish health zone for audit during each quarter of 2004.
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Table 129. Number of fish sampled per fish health zone for audit during each quarter of 2005.

Bacteriology Results
20032003- 2005 Results for Atlantic Salmon Farms in the Broughton Archipelago
Table 130. Bacteriology results for Broughton Archipelago farms: results of audits performed 2003-2005
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Figure 271. Bacteriology results for Broughton Archipelago farms: results of audits performed 2003-2005
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Table 131. Bacterial findings by quarter for Broughton Archipelago farms: results of audits performed
2003-2005
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Figure 272. Bacterial culture results for Broughton Archipelago farms: results of audits performed 20032005
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Molecular Diagnosis
Also reported are results of molecular testing from farm audits.
Table 132. Molecular testing results for Broughton Archipelago farmed fish from farm audits 2003-2005
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Figure 273. Summary of molecular diagnostics from Broughton Archipelago farm audits.
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Diagnoses From
F rom Farm Audits
Data are also provided from farm audits by quarter.
Table 133. Diagnoses from farm audits in the Broughton Archipelago by quarter 2003-2005.
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Figure 274. Diagnoses from Broughton Archipelago farm audits by quarter 2003.

Figure 275. Diagnoses from Broughton Archipelago farm audits by quarter 200.
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Figure 276. Diagnoses from Broughton Archipelago farm audits by quarter 2005.

2006 Results
Table 134. Number of active farm sites in all fish health zones for both Atlantic and Pacific salmon during
2006.
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Table 135. Bacterial findings for Broughton farms from farm audits done 2006.

Figure 277. Summary of bacterial findings from Atlantic salmon farm audits done in the Broughton in 2006.
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Table 136. Molecular testing results from Atlantic salmon farm audits done in the Broughton in 2006.

Figure 278. Molecular testing results from Atlantic salmon farm audits done in the Broughton in 2006
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Table 137. Diagnoses from Atlantic salmon farm audits done in the Broughton in 2006

Figure 279. Diagnoses from Atlantic salmon farm audits done in the Broughton in 2006
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Issues of Particular C oncern
Three of the main issues of concern for fish health are antibiotics, sea lice and
Hematopoietic Necrosis virus (IHNV) (BCMAL). Sea lice are considered in a separate
section (see “Sea Lice”). Biomagnification of toxins is also a major concern for human
health.
Hematopoietic Necrosis Virus
V irus
IHNV is an aquatic rhabdovirus which causes significant levels of mortality in salmon and
trout. It is highly infective, pathogenic and virulent towards Atlantic salmon in the
marine environment, and is the most economically important pathogen of farmed
salmonids. Two outbreaks have been recorded in B.C., one was in 1992-1996 and the
other in 2001-2003 (see http://www.agf.gov.bc.ca/ahc/fish_health/IHNV.htm). Garth
Traxler of DFO, together with Val Funk and Kyle Garver, are working on a vaccine for
IHNV.
BCMAL notes the following about IHNV: (from
http://www.agf.gov.bc.ca/ahc/fish_health/IHNV.htm)
Infectious Hematopoietic Necrosis (IHN) is a viral disease of wild salmon, first recognized in the 1950s. In
British Columbia, the virus has been isolated in sockeye, chinook, coho, rainbow trout and Atlantic
salmon as well as a variety of wild, non-salmonid marine fish. Susceptibility to disease varies between the
species and with the strain of the virus.
Fisheries and Oceans Canada maintains a complete listing of the occurrence of this virus in wild stocks in
British Columbia. IHN has been recently identified as the cause of significant mortalities in farmed and
enhanced salmon in the Pacific Northwest.
Outbreaks of the disease in wild salmon have been reported primarily in juvenile sockeye and occasionally
chum salmon in freshwater. The IHN virus has also affected immature kokanee (freshwater sockeye)
adults.
Outbreaks of this disease in Atlantic salmon farms in British Columbia occurred in 1992, 1995, 1996,1997
and 2001. All reported cases occurred within the Campbell River area.
When salmon farming companies report that the IHN virus is suspected on a salmon farm in British
Columbia, Ministry of Agriculture and Lands fish health staff inspect the site and collect samples to test for
the disease. These samples are submitted to the Animal Health Centre Laboratory. Farms affected by the
disease must immediately implement isolation measures to reduce the risk of spread of the disease.
If there are other fish farms within the same area, or other farms are believed to be at risk, ministry fish
health staff will also visit these sites to test for the presence of the virus.
Ministry staff work with Fisheries and Oceans Canada staff to ensure a coordinated approach to
management of any outbreak of the IHN virus.
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There is a database for IHNV (http://gis.nacse.org/ihnv/), where spatial data on IHNV
infections and species of fish infected is available. Factsheets and literature of IHNV can
be found at http://www.agf.gov.bc.ca/ahc/fish_health/IHNV.htm
Biomagnification Of Toxins
T oxins
Both farmed and wild salmon are carnivores and thus they may consume and
concentrate toxins that have accumulated in the fatty tissues of prey species. For farmed
salmon, the main source of such toxins is fish feed that contains fish oil sourced from
wild fish stocks (from http://www.certifiedorganic.bc.ca/rcbtoa/services/aquaculturestandards.html).
The Canadian Food Inspection Agency (CFIA) carried out a study in 1998/9 to
determine the levels of dioxin, furan and PCB levels in fish meal, fish feed and fish oils
found in the Canadian feed system. Results showed that dioxin-furan and PCB levels in
fish feed and fish meal would not be expected to result in fish containing dioxin-furan or
PCB levels above the Canadian Guidelines for Chemical Contaminants and Toxins in
Fish and Fish Products.
Antibiotics
Fish farms that are producing “organic” farmed salmon cannot simply use routine
prophylactic treatment with synthetic drugs. Artificial growth-promoters, in the form of
either drugs or additives, are also prohibited. However, there are a number of bacterial
and viral fish diseases in salmon aquaculture that do require treatments of some sort. In
the initial stages of industry expansion, control of such diseases was carried out mainly
by use of antimicrobial agents. More recently, effective vaccines have been developed
and the use of antibiotics has therefore declined.
Any antibiotics that are administered in fish feed are designed to treat diseases, and not
to promote growth of fish. Veterinarians administer all of the antibiotics used in salmon
aquaculture in B.C. and thus any use at all requires veterinary prescription.
Health Canada (Bureau of Veterinary Drugs) licenses all veterinary drugs through the
Food and Drugs Act. Provincially, the BCMAL monitors sales of veterinary drugs under
the Pharmacists, Pharmacy Operation and Drug Scheduling Act and Medicated Feeds
regulations. BCMAL therefore is able to monitor the information regarding sales of
medicated feeds, and keeps a database of this information.
Four antibiotics are licensed by Health Canada for use in salmon aquaculture (although
other antibiotics may be prescribed by a veterinarian where deemed appropriate). No
hormones or pesticides are used on food fish in the B.C. aquaculture industry. All the
antibiotics are fed via medicated feed. On average, approximately 2.5% of all milled
feeds are medicated each year. In general, the fish that are treated are les than 2000
grams in size (ie. not food fish size) (Saksida, pers.comm.).
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All therapeutants have a prescribed withdrawal time, which is the period of time
following treatment after which the fish are considered drug free and fit for
consumption. Under the Aquaculture Regulation of the Fisheries Act, processed fish
must have completed the withdrawal period as prescribed by a veterinarian and must be
in compliance with the standards of the Food and Drugs Act.
The Canadian Food Inspection Agency (CFIA) is responsible for monitoring food safety
and audits all agricultural meat products for the presence of drug residues. This includes
spot audits of processed farmed fish for the presence of such residues. Overall, all of the
treatment data is collected and compiled by Health Canada, CFIA, and BCMAL.
The figure below shows antibiotic usage in B.C. Aquaculture (from BCMAL), expressed
as grams per MT of fish produced. Values for usage do not appear to be on the rise.

Figure 280. Antibiotic usage in B.C. between 1995-2005. (from BCMAL)

Other concerns of use of antibiotics are the development of disease resistance. Studies
elsewhere have shown that the use of antibiotics in fish farms has been shown to
coincide with an increased frequency of resistant microflora and fish pathogens in the
sediments beneath the farms (Samuelsen et al., 1992; Bjorklund et al., 1991; Capone et
al., 1996; Kerry et al., 1996; Herwig et al., 1997). The highest numbers of resistant
bacteria are found nearest the net cages, with densities declining in orders of magnitude
with increasing distance from the cage (Herwig et al., 1997). Other issues that have
been voiced are the threats to human health and the ingestion by non-target animals.
However, no studies of this nature were found to have been carried out in the
Broughton Archipelago. Results of studies from other locations have suggested that
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effects of antibiotic usage on fish farms may result in localized effects on sediment flora,
fish and invertebrates. But it is commonly assumed that dilution effects beyond the
periphery of farms would result in minimal ecosystem effects and that human health
concerns are minimal (Alderman and Hastings, 1998).
Saksida et al. (pers. comm.) have done a number of studies to examine fish health
including sea lice. Data collected included weights, lengths of juvenile fish, species and
stage of any sea lice, environmental data –temperature oC, salinity, virology, bacteriology
and histology. They examined fish collected on DFO vessels that were in the Broughton
area to sample for juvenile salmon. Locations for sampling are shown below:
Figure 281. May 2007 Location of sampling for juvenile salmon for fish health

Figure 282. June 2007 Location of sampling for juvenile salmon for fish health

During this study, they collected data on pink salmon size (fork lengths), sea lice
intensity, pathogens and infections. They found very low intensities of sea lice
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infestations in 2007 and no evidence of health issues associated with sea lice infestation
was observed. For instance, there appeared to be little or no relationship between
infestation and weight, length or condition factor. They were also no lesions that
appeared to result from infestation and no effects on bioenergetics (e.g. glycogen,
mesentery fat) were noted.
At the same time, a number of other pathogens and infections were noted, and some of
these appeared to have substantial effects on the individual fish. The authors noted an
unidentified renal Myxosporean, and a number of liver lesions. Histopathologists at the
Centre for Aquatic Health Sciences attribute the lesions to exposure to toxins. The
HHD – hepatocellular hydropic degeneration noted in the figure below, are acutely
swollen liver cells and these cells provide evidence that the liver was being exposed to
toxins. Potential sources of the toxins include the water (e.g., toxic algae), a bacterial
infection, or circulating oxygen radicals following a period of hypoxia. Note that the
MEG - hepatocellular megalocytosis (see figure below) are chronically enlarged liver
cells which can result from exposure to several types of toxins, including algal toxins.
These findings are interesting given that pink salmon feed on algae (Saksida, pers.
comm.).
Figure 283. Prevalence of liver lesions on juvenile salmon (from Saksida, pers.comm.)
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Figure 284. Other pathogens found on juvenile salmon (Saksida, pers.comm.)

O ther Projects/Collaborators
Projects/C ollaborators
Dr. Joanne Constantine, Grace Karreman and Gary Marty are involved in fish health
monitoring. Some of this work has been done in conjunction with studies by Dr. Dick
Beamish (DFO). Dr. Simon Jones from DFO has also examined fish health, and has
published information on a new Parvicapsula sp which he found on juvenile pinks. Other
ongoing work includes work by Molly Kibenge, Simon Jones and Garth Trazler, who are
carrying out virus research on B.C. wild salmon.
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Shellfish Aquaculture
Biophysical attributes considered for shellfish aquaculture include: suitable growing
characteristics, inter-tidal and sub-tidal conditions, tides, water quality and
temperatures, air temperatures, wind exposures, biotoxins, chemical issues (e.g. oil
spills) and fresh water runoff.
Although the Broughton area has favourable biological and oceanographic conditions for
beach and off bottom shellfish culture, there has been little activity in this type of
aquaculture (Blewett and Associates, 2003). There are currently no shellfish aquaculture
operations in the Broughton area that are growing shellfish and profitably selling them
into seafood markets, but there is an experimental abalone farm at Sointula on Malcolm
Island: the Malcolm Island Shellfish Cooperative. (Ministry of Sustainable Resource
Management, 2002).

Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

401

Sea Lice
Sea lice are crustacean ectoparasites that feed on the mucous and skin of host fish. Sea
lice occur on anadromous salmonids in the North Atlantic and Pacific Oceans (Jones et
al., 2006), and commonly infect both wild stocks and farmed fish. The most commonly
occurring sea louse is the species Lepeophtheirus salmonis, which is a caligid copepod
parasite. This parasite is considered specific to salmonids but it has also been found on
white sturgeon, sand lance, saithe, and sticklebacks (Kabata, 1973; Bruno and Stone,
1990; Lyndon and Toovey, 2001; Jones et al., 2006). This parasite has been found on
wild caught adult Pacific salmon collected in the mid-Pacific Ocean (Nagasawa et al.,
1993; Nagasawa, 2001) and in coastal waters of British Columbia (Beamish et al., 2005).
Sea lice were first noted on juvenile pink and chum salmon in the Broughton
Archipelago in 2001 by Alexandra Morton, of the Raincoast Research Society (Morton
and Routledge, 2004, Morton et al., 2004). These authors found Lepeophtheirus
salmonis on the juveniles soon after they had entered nearshore waters. A review of the
biology of this parasite was done in 1999 by Pike & Wadsworth.
In 2002, pink that migrate through the Broughton Archipelago showed very poor
returns. These poor returns followed unusually high escapements in 2000. Since that
time, there has been a great deal of concern with regards to the status of wild salmon in
the Broughton, as well as confusion and divergent opinions as to the cause of the
collapse noticed in 2002. Some believe that that the low returns were due to sea lice
infestation of the juvenile pink salmon as they migrated out from the Broughton
Archipelago in the spring of 2001, while others believed that the high escapements of
2000 may have led to intense competition that resulted in poor production in 2002.
Concern has been raised that salmon farms act as reservoirs for sea lice, which may
infect wild stocks as they migrate past the farms. Several studies in Ireland, Norway, and
Scotland support this contention (Tully et al., 1993; Birkeland, 1996; Pike and
Wadsworth, 1999; Tully et al., 1999; Bjorn et al., 2001; Bjorn and Finstad, 2002).
There are two native species of sea lice that infect salmonids in Pacific waters:
Lepeophtheirus salmonis and Caligus clemens (Parker & Margolis, 1964).
Lepeophtheirus salmonis is the main species of sea lice found in the Broughton
Archipelago and it is this species that affects Atlantic salmon most severely. The second
louse species, Caligus clemensi, is also found throughout the Archipelago but is less
common and causes less damage. Both of these species of lice have planktonic larval
stages, and juvenile and adult parasitic stages. Past research suggests that salmon species
may be differentially susceptible to sea lice infestations. Following experimental infection
with sea lice, Atlantic salmon were found to be more susceptible than chinook, and
coho (Johnson and Albright, 1992; Fast et al., 2002). In addition, MacKinnon (1991)
reported that Atlantic salmon have no immunoprotection against sea lice.
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Morton et al. (2004), and Krkosek et al. (2005, 2006, 2007) have concluded the
infestations of wild juvenile salmon with sea lice are related to the presence of salmon
farms, and that the farmed salmon serve as reservoirs of sea lice. However, despite the
presence of salmon farms and infestations with L. salmonis, pink salmon moving out to
sea in 2003 appeared to experienced high marine survival as estimated from numbers of
fish returning to spawn in 2004 (Beamish et al., 2006).
Krkošek et al. (2007) recently published a paper stating that pink salmon populations in
the Broughton Archipelago are at risk of extinction within just four generations if they
continue to be exposed to sea lice populations in the Broughton Archipelago. This
paper has been countered with a press release and paper in press by Brooks and Jones
(2008), who argue that no cause- and-effect relationship has been established. It is
apparent that the question of how sea lice infestations affect the population dynamics of
wild salmon in the Broughton Archipelago, and how much of a role fish farms play in this
regard, are current topics that are the subject of heated debate, with no clear consensus
of opinion.
Information on abundance of sea lice on juvenile salmon in the Broughton Archipelago
area from pre-fish farm days is not available. More recently, studies have been carried
out to compare lice loads on fish in areas lacking fish farms to compare these data with
information for the Broughton, as well as to examine base-levels of fish lice in areas such
as the Skeena, where there are plans to place fish farms (e.g. Krkošek et al. 2007).
This state of knowledge data report does not attempt to provide an in-depth view of
sea lice research and/or the impacts of lice populations on wild salmon as a result of
aquaculture. This work has been undertaken, in part, by a stand-alone project recently
commissioned by the B.C. Pacific Salmon Forum: Brian Harvey (2008) has recently
published an independent overview of the recent research on the interaction between
sea lice and juvenile Pacific salmon in the Broughton Archipelago. Instead, this section is
designed to present the various sources of sea lice data that are currently publicly
available for the Broughton Archipelago. A bibliography on sea lice produced by the
Centre for Aquaculture and Environmental Research, BC, Canada (CEAR) is given in
Appendix 4. Note that this bibliography is current only for 2002-2006. Harvey’s 2008
paper covers the more recent publications.

Government Datasets
P rovincial Data
The Province of British Columbia initiated their Sea Lice Action Plan to monitor and
control sea lice on farmed salmon and research has been undertaken by the Canadian
Department of Fisheries and Oceans to understand this issue. Both the provincial
government and DFO are currently monitoring sea lice on wild salmon and
monitoring/managing sea lice on farmed salmon.
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Before 2002, no data existed on sea lice or their possible impact on wild salmon in B.C.
A program was begun in the Broughton during 2002, and extended province-wide the
following year. The provincial government began strict sea lice monitoring and control
measures in response to the public’s concerns that sea lice from Atlantic salmon farms
were having negative impacts on juvenile wild pink salmon (Saksida et al., 2006). The BC
Ministry of Agriculture and Lands information about sea lice monitoring can be found at:
http://www.agf.gov.bc.ca/ahc/fish_health/sealice.htm.
The provincial program consists of a monitoring component, and audit and verification
program. Salmon farms have been required to carry out monthly monitoring and
provide monthly reports to the ministry on levels of attached stages (chalimus) and
mobile stages of C. clemensi and L. salmonis levels since October 2003. Data does exist
within the companies themselves prior to that date, but is not available online before
that time. Pacific salmon farmers were also initially required to monitor and report
quarterly sea lice abundance levels. However, sea lice levels were very low on coho and
chinook and because no treatments were required on these farms, the mandatory
monitoring and reporting from Pacific salmon farms were discontinued.
The results for Atlantic salmon sites are posted on a monthly basis on the BCMAL
website. Note that the data are pooled for each Fish Health Zone (see “Fish Health”
section). Data are not openly available on a per-farm basis but the figures do provide
error bars, so that some sense of among-farm variability is available.
The farm “trigger” levels are currently set at 3 motile lice per fish. Thus, treatments
need to be provided when lice levels exceed this level. From March to June, immediate
action (harvest or treatment) is required if the number of lice reach this level.
However, during the fall, when wild fish return to their spawning streams, the number
of sea lice can be higher on wild fish than on the farmed fish. Thus, treatments at this
time may not be successful, so a higher level of monitoring is suggested, since the
number of lice per farmed fish may exceed the trigger level.
Monthly sampling on farms is increased to twice a month if the trigger level is reached
anytime during the year. Monthly sampling at each site takes place in three pens, with a
total of 20 fish examined per pen. The pens that are chosen include one pen that is a
“standard or index” pen, and which is the first entered in the system and/or the one
that has the highest probability of lice given historical information) and two other
randomly selected pens. Fish are caught using a seine and placed in an anaesthetic bath
or euthanized before examination.
Monitoring results are available online (from
http://www.al.gov.bc.ca/ahc/fish_health/Sealice_monitoring_results.htm), and are
provided below. Results of audits can be found in the 2003-2005 Fish Health Program
report.
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Atlantic Salmon Farms
F arms
For each zone there is a graph for salmon one year or less in seawater (year class 1) and
another for salmon two years or more in seawater (year class 2).

Figure 285. Average monthly sea lice counts for Broughton Archipelago for October 2003-December
2004. From http://www.al.gov.bc.ca/ahc/fish_health/Sealice_monitoring_results.htm
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Figure 286. Average monthly sea lice counts for Broughton Archipelago for November 2004-December
2005. From http://www.al.gov.bc.ca/ahc/fish_health/Sealice_monitoring_results.htm
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Figure 287. Average monthly sea lice counts for Broughton Archipelago for November 2005-December
2006. From http://www.al.gov.bc.ca/ahc/fish_health/Sealice_monitoring_results.htm
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Figure 288. Average monthly sea lice counts for Broughton Archipelago for January 2007-November
2007. From http://www.al.gov.bc.ca/ahc/fish_health/Sealice_monitoring_results.htm

BCMAL also provides monthly summaries of sea lice data collected on Atlantic salmon
farms in tabular format.
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Pacific Salmon Farms
F arms
Sea lice on Pacific salmon are reported quarterly for 2003-2004 only, since mandatory
monitoring was discontinued after that time.
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Sea Lice Audits
In addition to gathering the monitoring and reporting data from the farms, BCMAL
began its own surveillance and monitoring program in 2004 as a way to audit the farm
reports. The audits are performed randomly and are done to try to ensure the validity
of the industry data. In 2003, audits were performed during the out-migration period in
June only. From 2004 onwards, monthly audit data were collected. 25% of farms with
fish were audited every quarter (Saksida, pers.comm.). Between March and June 2005,
the proportion of farms audited jumped to 50%. Audits of Pacific salmon, chinook and
coho were performed during 2004, but these audits (as well as the mandatory reporting
provisions listed above) were dropped in 2005 because the sea lice levels were so low
on these species.
A comparison of audit data and fish farm monitoring data provided to the BCSFA is
shown below for the Broughton region. Arrows on the graphs show periods when the
monitoring and audit counts differed. Reasons for this are given as: difference in the
number of counts conducted, difference in the number of each year class of fish
examined, and treatment effects.

Figure 289, Comparison of Broughton lice counts from farm monitoring (results reported to BCSFA) and
the audit counts by BCMAL technicians for 2004 and 2005.
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A spatial and temporal review of sea lice data provided to BCMAL from all of the fish
health zones led to the following conclusions (from the BCMAL fish health program
2003-2005):
1. Overall abundance of sea lice was statistically higher during 2004 than 2005 in the Broughton region.
This was also found to be the case in
2. Lice levels appear to vary among age classes, with statistically lower numbers on Broughton farmed fish
that have been in sea water for one year over those that have been in sea water for two years. However,
during 2005, during the period of smolt out-migration, lice levels in farmed fish in the Broughton were
higher on fish that had spent one year in sea water over two years.
3. Data have also shown that lice are a naturally occurring parasite of wild fish, and that salmon farms
experience an overall increase in lice levels as wild adult salmon return to their spawning streams in the
fall.
4. Environmental conditions, particularly temperature and salinity, can affect lice survival and reproduction
(Heuch et al. 2000, Revie et al. 2000). Higher temperatures and higher salinities generally result in
improved survival and reproduction of lice.

Between February 2003 and February 2005, additional research was conducted at the
farm sites in the Broughton Archipelago. 23,000 fish were examined from the 20 farms
that were active at that time- all single year classes except for two broodstock sites.
The factors examined included: sea lice abundance, sea lice species, year class of fish
(length of time in seawater), life stage of parasite, interannual variation and effects of
treatments. The following conclusions were made (from the BCMAL fish health
program 2003-2005):
1. Two species of lice were most commonly on farmed salmon: Lepeophtheirus
salmonis, (L. salmonis) and Caligus clemensi (C. clemensi)
2. Overall abundance of lice was low – mean mobile L. salmonis 3.19 (sd 5.27) and
mean C. clemensi 1.00 (sd 2.64)
3. There was a statistically significant difference in mean abundance of L. salmonis
between 2003 and 2005 compared to 2004 with a higher abundance of L. salmonis
in 2004
4. There was a statistically significant difference in mean abundance of mobile C.
clemensi levels with 2 fold greater levels in 2003 compared to 2004
5. Abundance of mobile L. salmonis and C. clemensi was statistically higher on year
class two (mean abundance 4.3 and 4.38 for 2003/04) compared to year class one
fish (mean abundance of 0.86 and 2.65 for 2003/04)
6. Amongst year class two fish the abundance of L. salmonis was not statistically
different between 2003 and 2004
7. During wild stock migration time, pattern of infection was the same with L.
salmonis abundance higher in 2004 compared to 2003
8. Farms treated on average 1.4 times during the study period. When examining sites
with full production cycle, the average number of treatments per cycle was 1.75.
9. Treatment is very efficacious with lice levels remaining significantly lower than
pre-treatment levels for five months.
10. A Generalized Linear Model looked at risk factors and geographical area was found
to be a significant risk factor for occurrence of lice on farms.
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Data Of Treatments Made Against Sea Lice
BCMAL monitors the use of antibiotics and other treatments prescribed by
veterinarians in the control of diseases and pests such as sea lice. Data on treatments is
taken care of by the BCSFA but managed by a third party in Victoria. BCMAL also have
their own database.
There are a number of possible treatments against sea lice such as bath or in-feed
treatments using pyrethroid/pyrethrins, organophosphates, avermectins, benzonphenyl
ureas, or hydrogen peroxide (Brooks, 2007). But in B.C. only ivermectin and emamectin
benzoate (SLICE) are prescribed for sea lice in B.C. These substances are administered
in feed and use of the former has declined significantly since the start of SLICE
prescriptions. There have been studies that have shown that ivermectin may pose
ecological risks to marine ecosystems (Black, et al., 1997; Davies et al., 1998; Collier and
Pinn, 1998). However, fish treated for sea lice with either of these chemicals can not be
harvested for food without a specified withdrawal time. SLICE was submitted for
approval in both the US and Canada in 1999:
(http://www.pyr.ec.gc.ca/georgiaBasin/resources/publications/SciTechReports/SciTech32
_e.htm).
A review of SLICE was carried out by Uma Engineering for Environment Canada in
1995. The note the following:
Emamectin belongs to the avermectin group, a family of closely related compounds produced by the
fungus Streptomyces avermitilis, which share broad spectrum toxicity against nematodes, arthropods, and
several other pest taxa. Slice ® is currently being used in British Columbia and Atlantic Canada under an
“Emergency Drug Use” basis, for controlling sea lice at coastal finfish aquaculture operations. The
recommended dosage of EB, administered as Slice ® is 50 µg kg -1 day -1 for a duration of 7 consecutive
days.
In British Columbia, it is estimated that use of EB as Slice® nearly quadrupled from the year 2000 (2.4 kg
total quantity used) to 2002 (8.9 kg total quantity used), followed by a drop in 2003 to about 5 kg used.
BC MAFF noted that the 7.35 kg of EB were prescribed in 2003 according to the data the Ministry
collected from feed mills (Osborn pers. comm., 2005). The significance of this amount on the marine
environment is unknown at this time.
Overall, there appears to be a strong dependence on the use of Slice® for sea lice control in finfish
aquaculture in Canada and in Europe, and the available accounts suggest that multiple applications within
grow out cycles may be the norm rather than the exception. Current information suggests that single
applications of EB likely represent the norm among marine finfish farms in BC (Osborn pers. comm.,
2005). This is important, since previously completed environmental risk assessments for Slice® use in the
marine environment have focused on predicted environmental concentrations base on a one-time rather
than repeated applications at a site. In addition, some jurisdictions have recommended moving to a
coordinated application of sea louse therapeutants across all farm sites in a single region, for a more
integrated pest management approach. This practice, if implemented, might have negative consequences
for non-target organisms in light of short-term EB concentrations associated with releases from multiple
sites.
Scientific data on concentrations of EB in the Canadian aquatic/marine environment are extremely sparse.
Limited data may become available shortly based on studies in progress. There are significant knowledge
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gaps about expected or documented concentrations of EB and its metabolites in the environment on a
global basis, and this imposes perhaps the greatest limitation on the ability of scientists and managers to
accurately assess environmental risks from the use of Slice® at this time.
There is a reasonable amount of data on the short-term toxicity of EB to crustaceans and other aquatic
organisms; however, substantial knowledge gaps were noted for: (i) data on chronic (as opposed to acute)
toxicity, ii) ecologically relevant effects other than mortality, (iii) endocrine disruption effects (e.g., altered
moulting and reproduction in lobsters exposed to EB); and (iv) toxicity data for benthic meiofauna such as
nematodes which are potentially sensitive and ecologically important indicator species.

These authors suggested a need for follow up studies that would address the following:
Determining representative chemical concentrations in the Canadian coastal environment (i.e. water,
sediment and biota) for both EB and related compounds such as the desmethyl metabolite, & conducting
ecotoxicity studies on sensitive Canadian indigenous species under ‘real world’ conditions for a range of
toxic effects including chronic and sub-lethal end-points.

SLICE Usage in B.C.
The following graph from the BCMAL website shows the usage of sea lice products in
B.C. since 1996 to 2006. The increased reliance on SLICE over ivermectin is apparent.

Figure 290. Sea Lice Product Usage in B.C. Aquaculture from 1996-2005 (From
http://www.al.gov.bc.ca/ahc/fish_health/Product_use_bar.pdf)

The normal method to treat a farm involves treating the entire farm, rather than simply
treating single net pens. Orr (2007) discusses the utility of SLICE in reducing counts of
sea lice in Marine Harvest farms in the Broughton Archipelago.

Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

415

Saksida et al. (2007) summarized and analyzed data provided by the industrial sea lice
monitoring program and the B.C. Ministry of Agriculture and Lands regulatory audit
between March 2003 and December 2005 for all Broughton farms. Their report
describes the monitoring procedures used in B.C. and how they differ from those in
similar programs in Norway, Scotland and Ireland. They stated that because the
treatment of infected fish was compulsory after 2004 at the agreed-on trigger levels of
infection, that the data provided to the ministry do not represent a controlled
experiment. Thus, the authors note that we examine these data of sea lice abundance
on farms, we are looking at numbers that are artificially capped. Any natural seasonal
variation is obscured, because treatments will have brought down any infection rates
down to lower levels than the trigger of 3 motile lice per fish. However, they noted
that levels of sea lice abundance are generally higher on farms in the winter rather than
the summer, although there was an exception on some farms in spring 2004 (Figure
291). They noted that there are clear intra-regional differences in sea lice abundance
within the archipelago as a whole.

Figure 291. Median sea lice abundance per area summarized by quarter (from Saksida et al. 2007).

Saksida et al. (2006) and Saksida et al. (2007) examined the total numbers of treatments
by fish health zone between 2003-2005 (Table 138 & 139). The authors note that
treatment levels in Atlantic salmon are generally low (on average, farms receive ≤2
treatments from smolt to harvest), and that these treatments are primarily designed to
meet requirements of regulations (e.g. trigger levels) rather than for fish health
concerns.
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Table 138. Treatments given per zone per year for October 2003-December 2005 (Zone 3.3 is the
Broughton Archipelago), as well as total number of active salmon farms per zone for 2004 and 2005,
mean L. salmonis abundance levels, and average number of treatments per cycle (smolt entry to harvest).
(From Saksida et al., 2006).

Table 139. Number of sea lice treatments (TX) and total number of months reported by all the farms in
each Area March 2003-December 2005 (from Saksida et al., 2007)

The authors noted that treatments generally followed the same pattern as sea lice
infections- with most treatments in the fall and winter rather than the spring and
summer. There did not appear to be many interannual or regional differences in
treatment intensity (Saksida et al. 2007).
They also noted that the data show that lice levels in the Broughton appear to be two
to three times lower than those reported on farmed salmon in Europe, despite fewer
treatments per production generation and a different timing of treatments. Saksida et
al. (2007) note that SLICE treatments in B.C. farms appears to be more effective and
possibly last longer than in Europe- she suggested that this appeared unrelated to site
location or water quality, and was possibly due to genetic differences amongst the lice
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affecting salmon in these different regions. This is interesting given that Koop (2007, In
Progress) has provided genetic evidence for there being separate Pacific and Atlantic L.
salmonis species. Other work assessing whether SLICE poses ecological risks to the
ecosystem are currently underway.
Treatment Information on farms is also summarized by Ackerman (2007). The following
information was provided in her report:
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DFO Data
Data
DFO's Pink Salmon Action Plan in the Broughton Archipelago was begun in March 2003.
This program has two main components: a freshwater monitoring program, with focus
on juvenile salmon enumerations and fish health analysis, and a marine monitoring
program, with deep water and beach seining in different parts of the Broughton
Archipelago. Fish from both elements of the program are sent back to DFO’s fish health
laboratory, and assessed by salmon species for sea lice prevalence (percentage of
juvenile salmon infected).
Information on the program activities and monitoring results are presented on the DFO
website, http://www.pac.dfo-mpo.gc.ca/sci/mehsd/sea_lice/bulletins_e.htm
For each year, maps of sampling locations are provided, as well as numerous graphs and
tables depicting the lice loads on the fish caught. Weekly data are provided from 20032007 for those months that sampling took place in the archipelago.
A summary of the sampling schedule and numbers of pink and chum analyzed for sea lice
by year are given below. Specific summaries of results for 2003-2005 follow (from
Ackerman, 2007).
Table 140. Sampling schedule for DFO Pink Salmon Action Plan 2003-2007
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Table 141. Numbers of pink and chum analyzed for sea lice for the DFO Pink Salmon Action Plan 20032007

Table 142. Prevalence, intensity and abundance of sea lice (L.salmonis) on juvenile pink salmon collected
during the DFO Pink Salmon Action Plan 2005-2007

In 2003, Dr Brent Hargreaves (DFO) began the marine monitoring program which was
designed to track migration routes of juvenile salmon from rivers and through the
archipelago. Sampling each year has been aimed to coincide with the early marine
migration period as wild juvenile pink and chum salmon move out of freshwater systems
and enter the ocean, sometimes passing by salmon farms as they migrate. Data of the
lice loads and sea lice developmental stages on the fish caught during the DFO program
can be obtained from Jones, on request.
The main findings of the DFO sea lice monitoring program are as follows (from
http://www.pac.dfo-mpo.gc.ca/sci/aquaculture/sealice/findings_e.htm):
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1. Two different species of sea lice, Caligus clemensi and Lepeophtheirus salmonis,
have been found to commonly infect juvenile pink and chum in the Broughton.
2. Caligus clemensi was found to be the most abundant sea lice on juvenile pink and
chum salmon in 2003, whereas Lepeophtheirus salmonis was most abundant in
both 2004 and 2005.
3. 2006 research indicates sea lice levels are the lowest ever among farmed and
wild salmon.
4. Several different developmental stages of both species of sea lice were found on
juvenile pink and chum salmon. In all years the majority of the sea lice observed
on juvenile pink and chum salmon were the early (non-motile) developmental
stages.
5. Sea lice were significantly more abundant on juvenile pink and chum salmon in
2004, compared to either 2003 or 2005.
6. Sea lice were also observed to infect other fish species in the Broughton. In all
three years (2003-2005), sea lice abundance was significantly greater on
threespine stickleback (Gasterosteus aculeatus) than on juvenile pink or chum
salmon. This research is the first reported case of L. salmonis infecting
stickleback.
7. The abundance of later development stages of L. salmonis generally coincided
with growth of pink salmon. Mature (motile) lice occurred more frequently on
larger juvenile pink salmon. This pattern was less obvious during growth of chum
salmon.
8. The total abundance of the sea lice L. salmonis on juvenile pink and chum salmon
generally declined sharply as the salmon grew in size.
9. Significant variation in surface seawater salinity was observed in different areas of
the Broughton.
10. The abundance of sea lice was minimal on juvenile pink and chum salmon and
sticklebacks in areas with the lowest salinity.
11. Salmon species, size and location, as well as seawater salinity were all found to
be significant predictors of the number of sea lice.

Jones and Hargreaves (2007) have published some of the results above.
The figure below show the approximate location of the sampling carried out in the
archipelago.
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Marine Project (Leader: Brent Hargreaves)

Weekly (March through May
inclusive) beach and purse seine
sampling sites in the Knight Inlet
area.

Weekly (March through May
inclusive beach and purse seine
sampling sites in the Broughton
Archipelago.

Figure 292. Location of monitoring for the marine component of DFO’s Sea Lice Action plan, during 2003.

The 2003 DFO research was a large-scale study examining the distribution and relative
abundance of juvenile pink and chum salmon in the Broughton Archipelago and Knight
Inlet waters along with sea lice abundance (prevalence times intensity) on these fish. The
2003 was conducted from early March through mid-June. Overall about 25% of the
juvenile salmon examined were infected with the 2 species of sea lice (the more
prevalent species was Caligus clemensi which is rarely found on farmed salmon), and
~80% of the infection consisted of non-motile juvenile lice stages that the scientists
stated are less harmful to fish. They found that apparent growth rates (increase in size
with time) of infected juvenile salmon was slightly higher than the apparent growth rate
of uninfected salmon, and the assessed "condition factors" were approximately equal for
both fish classes. Thus, they concluded that these results indicated that the levels of sea
lice infection seen in 2003 had no adverse impact on juvenile pink and chum salmon for
the period studied. However, they noted that the abundance of motile (adult and subadult) stages of Lepeophtheirus salmonis slowly increased in 2003, reaching an observed
maximum in mid-June, which was the final week of sampling. This species is apparently
more damaging than Caligus, but fish health effects were not determined since sampling
was discontinued at this time. The authors later suggested that 2003 sampling was
possibly too early in the season, when the lice were still at small non-motile stages,
thought to be less harmful to salmon. This possibly accounted for the lack of negative
impacts of lice infection on juveniles noted in 2003.
The data for 2003 are not presented in tabular form. An overview has been provided
below. Figures of juvenile salmon catches and prevalence of sea lice infection can be
examined on the DFO website.
In 2004, the sea lice program continued and the main questions asked were:
1) What is the between year variability in distribution of juvenile pink and chum salmon
and their respective lice loads?
2) What is the impact of lice on juvenile pink and chum salmon?
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Sampling in 2004 used purse and beach seines to sample fish from Knight
Inlet/Broughton Archipelago waters. Fish and sea lice samples were sent to and
processed at the parasitological laboratory at PBS. Again, the data for 2004 are
provided on the website and summarized below.
For 2005 onwards, data provided on the DFO website are simply tables of the biweekly
monitoring results, but no descriptions of sample locations, methodology or objectives
are provided.
DFO Sea Lice Marine Project Results (from http://www.pac.dfohttp://www.pac.dfompo.gc.ca/sci/mehsd/sea_lice/bulletins_e.htm)
The DFO Sea Lice Marine Project Report 2003
Marine Project Report - March 2nd - 8th
48 beach- and 25 purse-seine sets taken at sampling stations that included Fife Sound,
Sutlej Channel, the entrance to Wakeman Sound, Kingcome Inlet, Tribune Channel and
Knight Inlet.
A total of 715, 133, and 72 pink, chums and coho salmon respectively were captured.
Average intensity of infection (the average number of lice per infected fish) was slightly
greater than one for all three species.
Species of non-salmonid fishes captured were also sampled for both prevalence and
intensity of infection by sea lice. Examples of the types of figures available for 2003 (and
2004) on the DFO Sea Lice Action Plan website are shown below:
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Marine Project Report - March 9th - 15th
A. Seine sampling in Knight Inlet Pink
983 chum, sockeye and chinook juveniles caught in beach seine.
71 chum and sockeye the purse seine.
Chum was the most abundant with pinks second.
The pinks showed no sign of infection by sea lice, the chums were lightly infected while
~35% of both the chinook and sockeye were infected, however numbers of these
species sampled were small.
A total of 223 non-salmonids such as flounder, smelt, herring, etc were captured; sea
lice prevalence was ~5%.
B. Broughton Archipelago
Archipelago
Sampling took place in Wells Pass, Sutlej Channel, Sullivan Bay, Kingcome Inlet, Simoom
Sound to Shoal Harbour, Fife Sound through Raleigh Pass and into Tribune Channel;
Tribune Channel.
Purse seine captured a total of 63 and 2 juvenile pink and chum respectively, with only
one chum infected with sea lice.
The beach seines recovered 162, 336, and 14 pink, chum and coho respectively;
prevalence of infection with sea lice was 13%, 2% and 43% respectively.
A total of 110 non-salmonids were captured with a prevalence of sea lice of ~5%.
Figures of catches and sea lice prevalence can be found on the DFO website.
Marine Project Report - March 17th - 21st
A. Broughton Archipelago.
35 beach- and 29 purse- seine sets respectively.
560 pinks and 565 chums caught in the beach seine, and 45 pinks and 54 chums in the
purse seine.
The total number of juvenile salmonids captured for the week was 1224, 605 pinks and
619 chums.
B. Knight Inlet.
30 beach- and 17 purse- seine sets respectively.
449 pinks and 273 chum caught in the beach seine, and 12 pinks and 17 chum in the
purse seine.
The grand total number of juvenile salmonids captured for the week was 751: 461 pinks
and 290 chum.
About ~1% pink and chum juveniles examined were infected with sea lice.
In total, sampling in Broughton Archipelago waters using beach and purse seines
combined yielded about1100 juvenile salmon combined, with the former technique again
capturing significantly greater numbers of pink and chum juveniles. Of the 258 and 412
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pink and chum juveniles examined from the beach seining, ~8% and ~3% respectively
were infected with sea lice.
Figures of catches and sea lice prevalence can be found on the DFO website.
Marine Project Report - March 24th - 28th
A. Broughton Archipelago.
924 chum and 239 pink juvenile salmon were caught, and 2 coho.
About 24% and 18% of the pink and chum juveniles respectively were infected with sea
lice
None of the few coho and chinook captured were infected.
Intensity of infection was 1.7 and 1.8 lice per infected pink and chum juvenile
respectively.
B. Knight Inlet.
The beach seine captured more juvenile salmonids (1894) than the purse seine (796) by
a factor of ~2. Thus though the majority of juveniles are yet remaining close to shore in
Knight Inlet, there is a tendency for movement to deeper waters. Chum (1294) and
pinks (1393) appear to be equally abundant in the waters sampled based on the catches,
and coho yet remain scarce.
Sea lice prevalence and intensity of infection. About 5%, 8% and 20% of the pink, chum
and chinook juveniles respectively were infected with sea lice (See accompanying
figures). Intensity of infection was 1.3 lice per infected pink and chum juvenile, and 1.0
louse per infected chinook juvenile.
Figures of catches and sea lice prevalence can be found on the DFO website.
Marine Project Report - March 31st - April 4th
A. Broughton Archipelago.
About 17% and 33% respectively of the total (beach and purse seine data pooled) pink
and chum juveniles captured were infected with sea lice
Prevalence of infection dropped (~7% and ~22% for pink and chum respectively) for
juveniles captured in deeper waters with purse seines.
Both coho captured were infected.
Intensity of infection declined slightly from last week to ~1.6 and ~1.7 lice per infected
pink and chum juvenile respectively
B. Knight Inlet.
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Beach seine captured 29 pink, 49 coho, 362 chum and 29 chinook juveniles.
Purse seine captured 2 each of pink and chum.
About 15%, 16%, 40% and 50% of the pink, chum, coho and chinook juveniles
respectively were infected with sea lice.
Intensity of infection was ~1.2 and 1.5 lice per infected pink and chum juvenile
respectively.
Figures of catches and sea lice prevalence can be found on the DFO website.
Marine Project Report - April 14th - 17th
A. Broughton Archipelago.
About 35% and 43% respectively of the pink and chum juveniles captured in the beach
seine were infected with sea lice.
Intensity of infection increased for both species to 2.4 and 1.9 respectively.
For those juveniles captured in the purse seine, sea lice prevalence increased markedly
over last week to 15% for pink juveniles and 35% for chum.
B. Knight Inlet
The beach seine captured 316 pink, 107 coho, 1,723 chum and 112 chinook juveniles,
while the purse seine captured 9 pink and 1,203 chum.
About 38%, 16% and 20% of the beach seined coho, chum and chinook juveniles
respectively were infected with sea lice
No pinks were infected.
Intensity of infection increased in all infected species and was ~2.5, 2.0, and 1.0 lice per
infected coho, chum and chinook juvenile respectively.
Figures of catches and sea lice prevalence can be found on the DFO website.
Marine Project Report - April 22nd - 25th
A. Broughton Archipelago.
About 49% and 43% respectively of the pink and chum juveniles captured in the beach
seine were infected with sea lice.
Intensity of infection increased for chum to 2.3 over last week, but decreased for pinks
to 2.1.
For those juveniles captured in the purse seine, sea lice prevalence increased markedly
over last week to ~36% for pink juveniles, however, neither chum nor coho juveniles
showed infection.
B. Knight Inlet
Beach seine captured a total of 4,109 salmonids as follows;103 pinks, 118 coho, 3,887
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chum and 1 chinook juvenile, while the purse seine captured 330 pink, 35 coho, and
7,221 chum for a total of 7,586.
About 21%, 7% and 12% of the beach seined pink, coho, and chum juveniles respectively
were infected with sea lice.
Intensity of infection increased in pinks to ~1.3, but decreased to ~2.0, and 1.5 lice per
infected coho, and chum juvenile respectively.
Figures of catches and sea lice prevalence can be found on the DFO website.
Marine Project Report - April 28th - May 2nd
A. Broughton Archipelago.
8,049 juvenile salmon captured by beach seine (7,009 caught) and purse seine (1040
caught).
About 35% of the pink and chum juveniles captured in the beach seine were infected
with sea lice.
Intensity of infection decreased for pinks (1.8) over last week's observation, but
remained about the same for chum (2.4).
B. Knight Inlet
The beach seine captured a total of 2,662 salmonids as follows; 1,454 pinks, 46 coho,
1,162 chum, while the purse seine captured 3,273 pinks, 92 coho, and 4,221 chum for a
total of 7,586.
About 15%, 18% and 28% of the beach seined pink, coho, and chum juveniles
respectively were infected with sea lice.
Intensity of infection remained relatively stable for all salmonids observed, ranging
between 1.2 (pinks) and 2.4 (coho).
Figures of catches and sea lice prevalence can be found on the DFO website.
Marine Project Report - May 5th - 9th
A. Broughton Archipelago.
There was a total of 19,800 juvenile salmon captured when catches of the beach seine
(19,492) and purse seine (308) are combined.
About 37% of the pink and 22% of the chum juveniles captured in the beach seine were
infected with sea lice.
Average intensity of infection decreased for pinks (~1.7) for the third successive week,
however, both chum (~3.6) and coho (~2.6) increased over last week.
B. Knight Inlet
The beach seine captured a total of 883 juvenile salmonids as follows; 48 pinks, 370
coho, 463 chum, and 2 chinook while the purse seine captured 105 pinks, 753 coho, and
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6,723 chum and 15 sockeye for a total of 7,596.
About 12.5%, 38.5% and 12% of the beach seined pink, coho, and chum juveniles
respectively were infected with sea lice.
Prevalence of infection for the purse seined pinks, coho and chum were 6.6%, 69% and
7.5% respectively.
Intensity of infection decreased slightly for pink (~1.0) and chum (~1.4) over last week,
but continued to increase for coho (2.5) for the second successive week.
Figures of catches and sea lice prevalence can be found on the DFO website.
th

th

Marine Project Report - May 12th - 16th
A. Broughton Archipelago.
There was a total of 25,716 juvenile salmon captured when catches of beach seine
(15,559) and purse seine (10,157) are combined.
About 41% of the pink and 48% of the chum juveniles captured in the beach seine were
infected with sea lice.
Intensity of infection for beach-seined pinks (~1.5) and chums (~2.8) decreased over last
week; purse-seined pinks (~1.7) remained about the same as last week, while chum
(~3.4) increased.
B. Knight Inlet
There was a total of 3,619 juvenile salmon captured when catches of both beach seine
(1,179) and purse seine (2,440) are combined.
About 18% of the pinks and 26% of the chum juveniles captured in the beach seine were
infected with sea lice.
Intensity of infection for beach seined pinks (~1.2) and chum (~1.7) increased slightly
over last week, whereas coho (~4.8) nearly doubled.
Intensity of infection for purse-seined pinks (~1.2) and chum (~1.3) increased slightly
over last week.
Figures of catches and sea lice prevalence can be found on the DFO website.
th
rd
Marine Project Report - May
Ma y 19 - 23

Catches this week from Broughton Archipelago and Knight Inlet provided a grand total
of 24,998 juvenile salmonids, which is down by ~15% over last week.
A. Broughton Archipelago.
There was a total of 10,917 juvenile salmon captured when catches of beach seine
(10,861) and purse seine (56) are combined.
About 41% of the pink and 64% of the chum juveniles captured in the beach seine were
infected with sea lice.
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Intensity of infection for beach-seined pinks (~1.6) and chums (~3.7) increased over last
week; purse-seined pinks (~2) and chum (~5) increased over last week.
B. Knight Inlet
There was a total of 14,081 juvenile salmon captured when catches of both beach seine
(633) and purse seine (13,448) are combined.
About 3% of the pinks and ~18% of the chum juveniles captured in the beach seine were
infected with sea lice.
Intensity of infection for beach seined pinks (~1.0) and chum (~1.0) decreased slightly
over last week as did coho (~2.2) whereas chinook increased (~1.0).
Intensity of infection for purse-seined pinks (~1.2) and chum (~1.6) increased slightly
over last week, whereas both coho (~2.2) and chinook (0) decreased.
Figures of catches and sea lice prevalence can be found on the DFO website.
Marine Project Report - May 26th - 30th
A. Broughton Archipelago.
There was a total of 4,562 juvenile salmon captured when catches of beach seine (4,007)
and purse seine (555) are combined.
About 29% of the pink and 12% of the chum juveniles captured in the beach seine were
infected with sea lice.
Intensity of infection for beach-seined pinks (~1.5) and chums (~3.3) was about the
same as last week; purse-seined pinks (~1.3) and chum (~1.9) decreased over last week.
B. Knight Inlet
There was a total of 7,800 juvenile salmon captured when catches of both beach seine
(502) and purse seine (7,298) are combined.
About 13% of the pinks and ~7% of the chum juveniles captured in the beach seine were
infected with sea lice.
Intensity of infection for beach seined pinks (~1.5) and chum (~2.3) increased slightly
over last week, whereas coho (~1.2) and chinook (0%) decreased.
Intensity of infection for purse-seined pinks (~1.2), chum (~1.2) and coho (~1.8)
decreased slightly over last week, whereas chinook (0) remained the same.
Figures of catches and sea lice prevalence can be found on the DFO website.
Marine Project Report - June 2nd - 6th
A. Broughton Archipelago.
There was a total of 15,320 juvenile salmon captured when catches of both beach
(3286) and purse seines (12,034) are combined.
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About 46% of both pink and chum juveniles captured in the beach seine were infected
with sea lice.
Intensity of infection for beach-seined pinks (~1.7) increased slightly over last week
while that for chums (~2.4) decreased; purse-seined pinks (~1.0) decreased over last
week, while chums (~3.3) increased.
B. Knight Inlet
There was a total of 8,074 juvenile salmon captured when catches of both beach seine
(346) and purse seine (7728) are combined.
About 30% of both pinks and chum juveniles captured in the beach seine were infected
with sea lice.
Intensity of infection for beach seined pinks (~1.5) remained the same as last week and
that for chum (~1.9) decreased slightly over last week.
Coho (~4.5) increased considerably and chinook (0%) remained the same. Intensity of
infection for purse-seined pinks (~1.0) decreased slightly, while chum (~1.3) and coho
(~3.1) and chinook (1.5) all increased slightly over last week.
Figures of catches and sea lice prevalence can be found on the DFO website.
th
th
Marine Project
Project Report - June 9 to 12

A. Broughton Archipelago
There was a total of 5,222 juvenile salmon captured when catches of both beach (1318)
and purse seines (3,904) are combined.
About 47% of the pink and 42% of the chum juveniles captured in the beach seine were
infected with sea lice.
Intensity of infection for beach-seined pinks (~2.0) and chums (2.4) increased slightly
over last week; purse-seined pinks (~1.8) increased over last week, while chums (~2.6)
decreased.
B. Knight Inlet
There was a total of 5,366 juvenile salmon captured when catches of both beach seine
(773) and purse seine (4,593) are combined.
About 34% of the pinks and ~45% of the chum juveniles captured in the beach seine
were infected with sea lice.
Intensity of infection for beach seined pinks (~2.0) increased slightly over last week
while chum (~2.4) remained unchanged. Coho (~3.0) decreased and chinook (5)
increased.
Intensity of infection for purse-seined pinks (~1.5), chum (~1.9) and coho (~4.6) all
increased slightly over last week, whereas chinook (0) decreased.
Figures of catches and sea lice prevalence can be found on the DFO website.
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2004
th

st

Biweekly Survey 1 - May 10th - June 1st, 2004
47 beach and 39 purse seine sets were done at prescribed stations in each of the areas
listed in the Table immediately below. 982 pink and 1,854 chum juvenile salmon were
captured, and a representative number were sampled and frozen for sea lice
determinations at the Pacific Biological Station's parasitological laboratory. The overall
prevalence and intensity of infections for pink and chum respectively were 61.7% and
2.8, and 85% and 7.5.
Area Grouping
Results
Chum
Pink
Prevalence Average
Prevalence Average
Intensity
(%)
Intensity
(%)
Knight Inlet
82
2.9
45.6
1.1
Tribune Channel
87.7
7.3
73.5
4.4
Burdwood Group
95.3
7.4
83.3
3.8
Fife Sound
96.6
8.8
66.7
2
Kingcome Inlet
50.1
6.8
33.3
1.3
Sutlei Channel/Wells Passage
98
12
67.8
4
Biweekly Survey 2 (May 25th - June 1st), 2004
80 beach and 64 purse seine sets were done at prescribed stations in each of the areas
listed in the Table immediately below. 3,336 pink and 3,919 chum juvenile salmon were
captured, and a representative number were sampled and frozen for sea lice
determinations at the Pacific Biological Station's parasitological laboratory. The overall
prevalence and intensity of infections for pinks and chum respectively were 57% & 4.5
and 72% and 13.8.
Area Group
Results
Chum Salmon
Pink Salmon
Prevalence Average
Prevalence Average
(%)
Intensity
(%)
Intensity
Knight Inlet
55.3
6.1
52.5
3.7
Tribune Channel
92.3
16.1
56.7
3.9
Burdwood Group
80.2
13.1
67
3.3
Fife Sound
96.3
19.4
76.2
8.4
Kingcome Inlet
22.6
3.9
25
1
Sutlei Channel/Wells Passage
87.6
24.1
65.8
6.7
th
th
Marine Research Project - June 8th - 13th and June
J une 22 - 29 , 2004

49 & 82 beach and 43 & 65 purse seine sets were done during the weeks of June 8th
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and 22nd respectively at the prescribed stations in Knight Inlet and the Broughton
Archipelago. 1,084 and 874 pink and 1,122 and 3,311 chum juvenile salmon were
respectively sampled and frozen for these weeks, and transported to the parasitological
laboratory at DFO's Pacific Biological Station for sea lice analysis.
For the weeks June 8th and 22nd , the average sea lice prevalence and intensity of
infection on pink juvenile salmon ranged respectively from 0% (Kingcome Inlet) to ~77%
(Burdwood Group), and from 0 (Kingcome Inlet) to ~14 (Knight Inlet). Overall, for the
study area, both prevalence and intensity decreased from mid May through to June's
end.
For the weeks of June 8th and 22nd , the average sea lice prevalence and intensity of
infection on chum juvenile salmon ranged respectively from ~2% (Kingcome Inlet) to
~95% (Sutlej/Wells), and from ~0.3 (Kingcome Inlet) to ~55 (Sutlej/Wells).
For the entire study period, for both pink and chum juveniles, the lowest prevalence
rates and infection intensities were found from fish captured in Kingcome Inlet; the
highest were from Fife Sound.
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Pink Salmon
Prevalence
May 10-16
Knight Inlet
Tribune Channel
Burdwood Group
Fife Sound
Sutlei Channel/Wells Passage
Kingcome Inlet
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59.2
73.4
83.3
83.3
67.8
33.3

May 25 June 1
52.5
79.6
65.7
76.2
65.8
12.5

June 8 - 13

June 22 - 29

47.6
55.7
77.5
76.9
69.9

42.2
49.5
68.7
65.8
63.7
28.6
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Intensity
May 10-16
Knight Inlet
Tribune Channel
Burdwood Group
Fife Sound
Sutlei Channel/Wells Passage
Kingcome Inlet
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1.5
4.4
4
2.3
4
1.3

May 25 June 1
3.7
8.5
6.7
8.9
6.8
0.5

June 8 - 13 June 22 - 29
13.7
3.9
4.3
3.3
2.6

1.5
2
2.1
3
2
0.7
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Knight Inlet
Tribune Channel
Burdwood Group
Fife Sound
Sutlei Channel/Wells Passage
Kingcome Inlet
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Chum Salmon
Prevalence
May 25 May 10-16
June 1
82.1
55.3
87.6
92.3
95.3
80.3
96.6
96.3
98.3
87.6
50.1
22.6
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June 8 - 13 June 22 - 29
89.5
85.1
94.2
92.5
94.7
1.7

38.9
71.5
79.3
82.9
79.1
13.4
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Intensity of infection of chum by sea lice
May 25 May 10-16
June 8 - 13 June 22 - 29
June 1
Knight Inlet
3
6.1
5
1.9
Tribune Channel
7.4
16.1
12.8
9.3
Burdwood Group
7.7
13.4
10.8
17.8
Fife Sound
8.8
19.4
19.5
12.6
Sutlei Channel/Wells Passage
12.5
24.1
54.6
14.5
Kingcome Inlet
6.8
3.7
0.4
2.9

2005 Data
March 28 - April 6, 2005
Number
examined
Pink salmon
469
Chum salmon
265
Pink Salmon

Prevalence

Lep. salmonis

15.1%
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Avg. Length (mm)
32.4
39.4
Intensity
3.9 (1-21)

Avg. Weight
(g)
0.29
0.63
Abundance
0.59
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Caligus clemensi
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0.6%

1.0

0.01

25.3%
4.2%

3.3 (1-11)
1.0

0.84
0.04

Chum salmon

Lep. salmonis
Caligus clemensi

April 25 -May 4, 2005

Pink salmon
Chum salmon

Number
examined
1008
620

Pink Salmon

Prevalence

Lep. salmonis
Caligus clemensi

29.1%
9.9%

1.6 (1-9)
1.4 (1-11)

0.47
0.13

31.2%
11.1%

2.0 (1-10)
1.4 (1-4)

0.64
0.15

Avg. Length (mm)
43.8
53.7
Intensity

Avg. Weight
(g)
0.90
1.80
Abundance

Chum salmon

Lep. salmonis
Caligus clemensi

May 23 - June 1, 2005

Pink salmon
Chum salmon

Number
examined
985
660

Pink Salmon

Prevalence

Lep. salmonis
Caligus clemensi

31.3%
13.9%

1.7 (1-17)
1.3 (1-5)

0.61
0.18

30.0%
15.6%

3.0 (1-30)
2.0 (1-11)

0.82
0.30

Avg. Length (mm)
60.1
73.2
Intensity

Avg. Weight
(g)
2.50
5.00
Abundance

Chum salmon

Lep. salmonis
Caligus clemensi
June 20 - 29, 2005

Pink salmon
Chum salmon

Number
examined
858
459

Pink Salmon

Prevalence
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Avg. Length (mm)
84.3
102.2
Intensity

Avg. Weight
(g)
6.97
14.12
Abundance
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Lep. salmonis
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29.3%
10.5%

1.6 (1-8)
1.4 (1-6)

0.46
0.14

23.7%
31.4%

2.3 (1-12)
2.4 (1-11)

0.53
0.75

Chum salmon

Lep. salmonis
Caligus clemensi
July 18 - 27, 2005

Pink salmon
Chum salmon

Number
examined
562
312

Pink Salmon

Prevalence

Lep. salmonis
Caligus clemensi

13.3%
7.1%

1.3 (1-3)
1.2 (1-2)

0.18
0.09

8.0%
16.0%

1.4 (1-6)
3.0 (1-12)

0.11
0.47

Avg. Length (mm)
105.7
127.6
Intensity

Avg. Weight
(g)
13.2
27.6
Abundance

Chum salmon

Lep. salmonis
Caligus clemensi

2006 Data
March 28 - April 5, 2006
Number
examined
Pink salmon
644
Chum salmon
502

Avg. Length (mm)
33.6
35.8
Intensity

Avg. Weight
(g)
0.3
0.4

Pink Salmon

Prevalence

Abundance

Lep. salmonis
Caligus clemensi

11.8%
2.2%

1.6 (1-5)
1.2 (1-2)

0.19
0.01

7.4%
1.2%

1.3 (1-4)
1.0 (1-1)

0.09
0.01

Chum salmon

Lep. salmonis
Caligus clemensi

April 27 - May 4, 2006

Pink salmon

Number
examined
864
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Avg. Length (mm)
42.9

Avg. Weight
(g)
0.8
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Chum salmon

1008

42.1
Intensity

438

0.8

Pink Salmon

Prevalence

Abundance

Lep. salmonis
Caligus clemensi

20.9%
12.7%

1.6 (1-7)
1.3 (1-4)

0.33
0.17

22.0%
9.5%

1.5 (1-5)
1.3 (1-4)

0.33
0.12

Chum salmon

Lep. salmonis
Caligus clemensi

May 23 - June 1, 2006
Number
examined
Pink salmon
1385
Chum salmon
1134

Avg. Length (mm)
66.7
61.1
Intensity

Avg. Weight
(g)
3.4
3.0

Pink Salmon

Prevalence

Abundance

Lep. salmonis
Caligus clemensi

12.5%
3.0%

1.3 (1-6)
1.3 (1-4)

0.17
0.04

16.6%
4.4%

1.2 (1-5)
1.1 (1-4)

0.20
0.05

Chum salmon

Lep. salmonis
Caligus clemensi
June 20 - 29, 2006

Pink salmon
Chum salmon

Number
examined
442
703

Pink Salmon

Prevalence

Lep. salmonis
Caligus clemensi

17.9%
7.7%

1.5 (1-6)
1.4 (1-10)

0.27
0.11

19.6%
12.4%

1.5 (1-6)
2.0 (1-11)

0.29
0.24

Avg. Length (mm)
94.4
92.6
Intensity

Avg. Weight
(g)
10.3
11.4
Abundance

Chum salmon

Lep. salmonis
Caligus clemensi
July 18 - 27, 2006

Number
examined
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Avg. Length (mm)

Avg. Weight
(g)
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105.5
112.1
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Pink salmon
Chum salmon

119
559

Pink Salmon

Prevalence

Lep. salmonis
Caligus clemensi

15.1%
18.5%

1.1 (1-2)
1.2 (1-2)

0.20
0.16

9.7%
17.5%

1.4 (1-3)
2.9 (1-13)

0.13
0.50

Intensity

14.0
18.1
Abundance

Chum salmon

Lep. salmonis
Caligus clemensi
2007 Data

March 29 - April 5, 2007
Number
examined
Pink salmon
566
Chum salmon
791

Avg. Length (mm)
32.9
38.5
Intensity

Avg. Weight
(g)
0.3
0.5

Pink Salmon

Prevalence

Abundance

Lep. salmonis
Caligus clemensi

3.0%
0.4%

1.2 (1-2)
1.0 (1)

0.04
0.004

7.2%
1.3%

1.3 (1-3)
1.0 (1)

0.09
0.01

Chum salmon

Lep. salmonis
Caligus clemensi

April 24 - May 3, 2007
Number
examined
Pink salmon
1351
Chum salmon
1489

Avg. Length (mm)
34.2
40.8
Intensity

Avg. Weight
(g)
0.3
0.7

Pink Salmon

Prevalence

Abundance

Lep. salmonis
Caligus clemensi

10.0%
3.6%

1.2 (1-3)
1.1 (1-2)

0.12
0.04

14.6%
4.3%

1.5 (1-7)
1.1 (1-3)

0.21
0.05

Chum salmon

Lep. salmonis
Caligus clemensi
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May 23 - May 31, 2007
Number
examined
Pink salmon
683
Chum salmon
907

Avg. Length (mm)
49.3
53.4
Intensity

440

Avg. Weight
(g)
1.3
1.9

Pink Salmon

Prevalence

Abundance

Lep. salmonis
Caligus clemensi

27.1%
15.7%

1.6 (1-7)
1.5 (1-4)

0.42
0.24

36.7%
20.4%

1.8 (1-8)
1.7 (1-8)

0.64
0.34

Chum salmon

Lep. salmonis
Caligus clemensi
June 19 - 28, 2007

Pink salmon
Chum salmon

Number
examined
876
1456

Pink Salmon

Prevalence

Lep. salmonis
Caligus clemensi

14.3%
1.6%

1.57 (1-6)
1.21 (1-3)

0.22
0.02

8.4%
5.9%

1.58 (1-7)
2.45 (1-20)

0.13
0.14

Avg. Length (mm)
69.2
72.2
Intensity

Avg. Weight
(g)
3.5
5.1
Abundance

Chum salmon

Lep. salmonis
Caligus clemensi

An overview and summary of this information is contained within the BC PSF Summary
of Findings from 2007 research report by Ackerman (2007).
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Fish Farm Data
Marine Harvest Canada
Marine Harvest Canada provides information online from their on-site monitoring.
These data are provided monthly for the current year, by farm, but this means that the
historical information is not available. On their website, it is possible to click on any of
the active Broughton farms, and the monitoring information will be displayed, both as a
graph and the raw data (Figures 293-302 below)

Figure 293. Marine Harvest Canada fish farm sites (active and inactive as of January 2008).
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Figure 294. Sea lice data for Swanson Island Fish Farm
Table 143. Sea lice data for Swanson Island Fish Farm in table format.
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Figure 294. Sea lice data for Arrow Pass Island Fish Farm
Table 144. Sea lice data for Arrow Pass Island Fish Farm in table format.
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Figure 296. Sea lice data for Potts Bay Fish Farm
Table 145. Sea lice data for Potts Bay Fish Farm in tabular format
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Figure 297. Sea lice data for Larsen Island Fish Farm

Table 147. Sea lice data for Larsen Island Fish Farm in tabular format
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Figure 298. Sea lice data for Port Elizabeth Fish Farm
Table 148. Sea lice data for Port Elizabeth Fish Farm in tabular format
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Figure 299. Sea lice data for Humphrey Rocks Fish Farm
Table 149. Sea lice data for Humphrey Rocks Fish Farm in tabular format
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Figure 300. Sea lice data for Doctor Islets Fish Farm
Table 150. Sea lice data for Doctor Islets Fish Farm in tabular format
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Figure 301. Sea lice data for Sargeaunts Pass Fish Farm
Table 151. Sea lice data for Sargeaunts Pass Fish Farm in tabular format
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Figure 302. Sea lice data for Glacier Falls Fish Farm

Table 152. Sea lice data for Glacier Falls Fish Farm in tabular format
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Pacific Salmon Forum Projects
Projects
Ackerman (2007) published an overview of the research in the Broughton Archipelago
that has been funded by the Pacific Salmon Forum. She summarized the main objectives
that were put forward by the BCPSF in 2006 as follows:
1. To determine whether salmon farms in the Broughton impact sea lice loads on wild
salmon and if so how;
2. To determine whether the survival of individual of wild fish is compromised
due to increased lice loads; and
3. To determine if any reduced survival of individual salmon has consequences or
salmon populations, and if so, are there management techniques that can be put
in place to mitigate any risk to wild salmon?
This document outlines the main research programs that are currently underway and
funded by the BCPSF. The complete research objectives are described more fully in
Ackerman’s 2007 report.
Ackerman (2007) classified the research efforts into three groups:
A. The out-migration period: quantification of fish and lice dynamics
B. Impacts of lice on individual salmon
C. Pink and chum salmon dynamics
The specific projects underway are shown in the tables below, taken from Ackerman
(2007).
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The following lists the main projects and scientists working on sea lice under BCPSF
funding (from Ackerman, 2007).
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Results of all of these programs are posted on the B.C. Pacific Salmon Forum’s website,
as well as research plans underway for 2008 (Ackerman, 2008; Ackerman, in prep).
There are also a number of other research student projects that are being funded by
the BCPSF, such as the following:
“Early Marine Survival of Pink Salmon: Effects of Sea Lice on Predation Risk” conducted
by Paul Mages, MSc. Candidate in Behavioural Ecology, Simon Fraser University.
“Host Choice and Host Switching Behaviour of the Salmon Louse (Lepeophtheirus
salmonis) and the Associated Opportunistic Cleaning Behaviour of Threespine
Sticklebacks ( Gasteosterus Aculeatus) ” being conducted by Craig Loses; Simon Fraser
University.
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Individual Researchers
R esearchers
For the purposes of data-gathering, I attempted to contact the key research scientists
involved in sea lice research in the Broughton Archipelago. With the understanding that
any researcher’s data would be proprietary, I wished to at least gather information on
the following: the number of years work had been carried out in the Broughton
Archipelago; whether work involved field or lab studies or both; an overview of the
species and life stages of salmon examined; an overview of the type of information
collected (e.g. whether the species, life stages and density of sea lice, disease and other
aspects of fish health had been examined); and finally, information on the format,
location and contact person regarding any database or data storage of results. As a
result of the inconsistency in responses, it was not possible to create a complete
summary spreadsheet of this information by individual researcher or group of
researchers. Any information reported to me has been placed on the Sea Lice data
disk. The most complete data set included information on set locations, dates, species
of fish caught, and other data collected for the cruises done by Dr. Beamish and coworkers in the Broughton. In most cases, information regarding data collected by the
various researchers can be accessed through their published research, and is not freely
available on the internet. Pennell and Ackerman (2006) wrote an overview of the
research programs begun and underway in the Broughton Archipelago, which involved
contacting and interviewing many of the key research personnel involved in the various
programs. The findings from much of the recent published research have also been
discussed in the recent annotated bibliography provided to the Pacific Salmon Forum by
Brian Harvey (Harvey, 2008). Thus, this section constitutes a data gap since I was not
able to obtain the required information from most of the key researchers.
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Ecosystem Components
The British Columbia coastline supports a large and diverse array of marine plants and
animals. A number of maps were produced for the North Island Straits Coastal Planning
venture by the Ministry of Sustainable Resource Development and these are listed in
Appendix 5: Maps.

Plankton And
And Marine Plants
Marine plant groups consist of the microscopic marine floating algae or “phytoplankton”,
the marine vascular plants or “sea grasses,” and marine attached algae or “seaweeds”
(Ministry of Sustainable Resource Development, 2002).
Phytoplankton provide the basis of the ocean food web, and are fed on by zooplankton.
Zooplankton are fed on by planktivorous fish, vertebrates such as herring, and
invertebrates such as clams, sea anemones and other sea creatures. They are present in
all of the marine and estuarine waters in the Broughton area, and their abundance varies
seasonally with the availability of light and nutrients. However, there is very little
information available with regards to primary productivity and the distribution of
plankton assemblages for this region. Concentrations of chlorophyll can be noted from
satellite imagery and this could be used as a method to examine spatial changes in
chlorophyll density over time. Recent work done for the ecosystem review of the
Pacific Coast North Integrated management area (Lucas et al. 2007) used satellite ocean
colour data from the NASA SeaWiFS Ocean Biology Processing Group to examine
chlorophyll trends in their study region.
(http://reason.gsfc.nasa.gov/OPS/Giovanni/ocean.seawifs.shtml).
However, Perry et al. (in Lucas et al., 2007) noted that the problem with satellite
imagery is that it only covers the surface ocean and thus may fail to detect any deep
chlorophyll layers. Thus, use of this methodology may lead to errors such as
underestimating production in well mixed areas since phytoplankton are drawn away
from the surface waters, or in areas where grazing levels are high.
Distinct plankton assemblages are known to occur in relation to large scale patterns of
currents and water masses (Mackas and Sefton, 1982). At times, high concentrations of
phytoplankton known as “blooms” may occur which causes the water to turn red,
brown or green (e.g. “red tide”). Some species produce toxins or spines, and these
types of harmful algal blooms have affected salmon aquaculture operations in a number
of channels in the Broughton Archipelago, as well as shellfish throughout the region.
Information on these harmful algae blooms, as well as on non-harmful species of
phytoplankton is available through the work done by the HAMP program (Nicky Haigh)
and found in the “Harmful Algae“ section below.
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There is little information on zooplankton from this area, but Moira Galbraith (IOS) has
provided the species biomass and abundance for zooplankton collected from a number
of research cruises within the study area. These are found on the data CD under
“Ecosystem:Plankton
Ecosystem:Plankton”.
Ecosystem:Plankton Other work in this region was carried out by David Stone
(1977), summarized by Freeland et al. (1980).
Eelgrass is the main marine vascular plant in this area and grows in beds that are
generally found in protected waters in the lower intertidal and shallow sub tidal zone.
These are often found at the heads of inlet. Maps of eelgrass distribution are found on
DFO Mapster and one is provided in Appendix 5 from the NIS study (Ministry of
Sustainable Development, 2002). Beds are found in the Nimpkish River estuary and
along the shores of Malcolm, Harbledown, Turnour, Eden, Insect and Baker Islands.
Seaweeds such as kelp are also found in this region. Distribution of kelp beds were
obtained through CRIMS, and BCMAL. In addition, kelp distribution can be seen in the
NIS map in Appendix 5 (Ministry of Sustainable Development, 2002). Malcolm Island is
the only area of the province that has been intensively surveyed in the Broughton area.
A program was carried out in 1989 to extensively survey the kelp beds of the
Vancouver Island and Malcolm Island shores of Queen Charlotte Strait (Sutherland,
1990). Data from this report, as well as maps of kelp distributions and the shape files for
Malcolm Island (from Barron Carswell MOE) for kelp beds in the Broughton are located
on the data CD under “Ecosystem/Kelp”.

Harmful Algae Monitoring Program
Nicky Haigh provided data from the Harmful Algae Monitoring Program (HAMP).. This
program was begun during the summer 1999 and has continued to the present.
Published data reports exist for 1999-2003 only. These reports exist as data reports:
no present analysis of temporal or spatial trends among farms has been done (Haigh,
pers. comm.). Farms examined over this 5-year period are given in Table 83 below.
Table 83. Broughton Farms examined for harmful marine algae between 1999-2003 by the HAMP
program. The species of harmful algae noted in the reports include:

Chaetoceros concavicome
Chaetoceros convolutus
Corethron
Core
thron hystix
Rhizosolenia setigera
Cochlodinium polykrikoides
Heterosigma akashiwo
Dictyocha speculum
The specific data sets for the counts of these various species for the stations monitored
are given below (Figures 304-353).
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Figure 304. Harmful algae from Shelter Bay 1999.
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Figure 305. Harmful algae from Shelter Bay 1999.
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Figure 306. Harmful algae from Simoom Sound.
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Figure 307. Harmful algae from Simoom Sound 1999.
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Figure 308. Harmful algae from Viner Sound 1999.
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Figure 309. Harmful algae from Viner Sound 1999.
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Figure 310. Harmful algae from Warren Islands 1999.
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Figure 311. Harmful algae from Warren Islands 1999.
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Figure 312. Harmful algae from Boughy Bat 1999.
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Figure 313. Harmful algae from Boughy Bay 1999.
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Figure 314. Harmful algae from Shelter Bay 2000.
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Figure 315. Harmful algae from Shelter Bay 2000.
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Figure 316. Harmful algae from Shelter Pass 2000.
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Figure 317. Harmful algae from Shelter Pass 2000.
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Figure 318. Harmful algae from Greenway Sound 2000.
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Figure 319. Harmful algae from Greenway Sound 2000.
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Figure 320. Harmful algae from Simoom Sound 2000.
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Figure 321. Harmful algae from Simoom Sound 2000.
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Figure 322. Harmful algae from Viner Sound 2000.
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Figure 323. Harmful algae from Viner Sound 2000.
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Figure 324. Harmful algae from Viner Sound 2000.
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Figure 325. Harmful algae from Viner Sound 2000.
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Figure 326. Harmful algae from Brown Point 2000.
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Figure 327. Harmful algae from Larsen Island 2000
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Figure 328. Harmful algae from Larsen Island 2000
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Figure 329. Harmful algae from Warren Islands 2000

Pearsall Ecological Consulting

482

Broughton Archipelago State of Knowledge

Figure 330. Harmful algae from Warren Islands 2000
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Figure 331. Harmful algae from Boughy Bay 2000
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Figure 332. Harmful algae from Boughy Bay 2000
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Figure 333. Harmful algae from Shelter Bay 2001
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Figure 334. Harmful algae from Shelter Bay 2001
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Figure 335. Harmful algae from Shelter Pass 2001
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Figure 336. Harmful algae from Shelter Pass 2001
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Figure 337. Harmful algae from Greenway Sound 2001
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Figure 338. Harmful algae from Greenway Sound 2001
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Figure 339. Harmful algae from Simoom Sound 2001
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Figure 340. Harmful algae from Simoom Sound 2001
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Figure 341. Harmful algae from Viner Sound 2001
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Figure 342. Harmful algae from Viner Sound 2001
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Figure 343. Harmful algae from Warren Islands 2001
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Figure 344. Harmful algae from Warren Islands 2001
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Figure 345. Harmful algae from Boughy Bay 2001
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Figure 346. Harmful algae from Boughy Bay 2001
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Figure 347. Harmful algae from Greenway Sound 2002

Pearsall Ecological Consulting

500

Broughton Archipelago State of Knowledge

Figure 348. Harmful algae from Greenway Sound 2002
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Figure 349. Harmful algae from Greenway Sound 2002
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Figure 350. Harmful algae from Viner Sound 2002
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Figure 351. Harmful algae from Viner Sound 2002
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Figure 352. Harmful algae from Simoom Sound 2003

Pearsall Ecological Consulting

505

Broughton Archipelago State of Knowledge

Figure 353. Harmful algae from Simoom Sound 2003
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Invertebrates
Introduction
A number of shellfish and invertebrate species are harvested for commercial,
recreational and First Nations use in the Broughton region (Ministry of Sustainable
Resource Management, 2002). Intertidal clams are the most commonly harvested
shellfish, including littleneck, manila and butter clams. Clams are found most commonly
in mixed substrates of gravel, sand, mud and shell in intertidal zones (Ministry of
Sustainable Resource Management, 2002). Geoduck clams are larger sub tidal clams and
are found from the lower intertidal zone to depths of over 100 metres. They are
generally found beneath sand, silt, gravel and other soft substrates. The geoduck fishery
is managed on a three year rotational basis (Ministry of Sustainable Resource
Management, 2002).
Dungeness crabs are the main species of crab harvested in this region, and this species is
found up to depths of 100 m in areas with moderate to strong current and sandy
bottoms. They are abundant in estuaries as well as more exposed areas. They are
usually fished by trap and are highly valued for commercial fishery as well as recreational
and First Nation fisheries. In the Dungeness Crab fishery, small amounts of Red Rock
Crab and King Crab are also retained, but this information cannot be released due to
privacy concerns (Kevin Conley, pers.comm.). Important commercial crab areas are
found along Havannah Channel, Cracroft Inlet, Greenway Sound, Cypress Harbour, and
Kingcome Inlet.
Several different species of shrimp are found in the Broughton area, and are harvested
recreationally by traps and in the commercial fishery by trawl gear. Shrimp are generally
found in bottom habitats, although some species are found throughout the water
column. Shrimp spawn in autumn or early winter. Prawns are the largest and most
commercially lucrative of the Pacific coast shrimp species. They are primarily bottom
dwellers, and typical habitat includes steeply sloping fjord inlets of the Broughton where
they are found to depths of 400 metres. They are commercially fished using traps.
Important shrimp and prawn fishing areas are Greenway Sound, Cypress Harbour,
Kingcome Inlet, and Wakeman Sound (Ministry of Sustainable Resource Management,
2002).
Sea urchins are found in shallow areas with rocky substrates, moderate wave exposure
and moderate to strong currents (Ministry of Sustainable Resource Management, 2002).
They feed on algae, and large aggregations of urchins can deplete kelp and other
seaweed beds. They are commercially harvested by divers and processed for roe. The
Queen Charlotte Strait – Johnstone Strait region is one of the two most important
fishing regions for green urchins; important urchin areas are found along North Malcolm
Island and in Cormorant Channel. There are a number of sea cucumber species in this
region, but the only one harvested is the giant red (California) sea cucumber. This is the
largest species and is found from the intertidal zone to about 250 metres depth. Sea
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cucumbers are harvested by divers, usually during autumn and winter, and are also an
important food resource to First Nations (Ministry of Sustainable Resource
Management, 2002).
Beaches in the Broughton area may undergo seasonal or permanent closures for
shellfish harvesting, due to problems with sanitary conditions, such as sewage outfalls, or
due to marine toxins such as red tide. Information on these areas may be found at:
http://www.pac.dfo-mpo.gc.ca/ops/fm/shellfish/closures/area12/area_12.htm
Abalone
The Malcolm Island Shellfish Co-operative has built a prototype abalone hatchery on
Malcolm Island to try to assist in rehabilitation of northern abalone stocks. The fishery
for northern abalone was closed in 1990 for conservation purposed and in April 1999,
the species was declared threatened by COSEWIC. Lucas et al. (2000) carried out a
survey of emergent (not cryptic) abalone at Cormorant Island, Malcolm Island and the
Holford Islets. This survey did not give any indication that these stocks had recovered
during the decade since harvesting had been suspended. The authors suggested that
there was evidence that these were recent declines, and that these were possibly the
result of illegal harvesting.
Benthos
See “Waste Management Regulations” section for information about benthic studies.
Wild Clams
Clams are found within Area G (Statistical areas 11 and 12). Many of these beaches are
located within the Broughton Archipelago (Figure 354). Harbo et al. (1997) examined
the intertidal clam resources of Fishery management Areas 11 and 12. This
documentation of clam beaches was carried out to ensure that as many sites as possible
may be identified lest there be any future conflict with other potential uses such as log
storage facilities or aquaculture. DFO’s policy is to maintain these beaches as “wild”
resources, and thus these beaches are common property for intertidal clams.
Development of clam culture can only take place on existing oyster tenures. New
tenures have been dissuaded if a history of Aboriginal, commercial or recreational
harvests is discovered (Bourne and Dickson, 1990). Most of the beaches that were
identified are small beaches, many of them less than 10 ha in size. Harbo et al. (1997)
found a total of 222 beaches in Area 12, with a total area of 1421.6 ha with an individual
range in size from 0.01 to 145.6 ha. 191 of the beaches were less than 10 ha in size, 15
were between 10 and less than 20 ha, 6 were between 20 and 30ha, 4 were between 30
and 40 ha, 2 were 40 to 50 ha, one was 50 to 60 ha, and one was greater than 60 ha in
size.
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In this region, there are significant butter clam and native littleneck clam stocks, but
there are few populations of Manila clams. It is possible that there are other species of
clams in the region, but they have not been commercially exploited. Manila clams are
not abundant enough to be fished commercially. There are no data for clam landings
from recreational or Aboriginal food fisheries. Annual commercial landings of intertidal
clams from Area 12 have been made up almost entirely of butter clams, and commercial
harvests of this species are reported since 1951. Commercial catch data is provided by
the Catch Statistics Unit of DFO (Laurie Biagini) and found on the data CD under
“Ecosystem/Clam/DFO
Ecosystem/Clam/DFO Clam Catches”.
Catches This information is provided from fish slips
and likely to be more unreliable than that provided directly from the in-season hails,
which is the case for the more current data (from the last 10-15 years) provided by
DFO Clam managers. These data (from Randy Webb, DFO), is also provided in the
same folder on the data CD. There are no definable stock assessments for this region.
Thompson’s (1914) report of shellfish beds of B.C. includes details about a clam cannery
in Alert Bay prior to 1914. Early landings of clams were sold at a cannery in Sidney
(1905-1939), but landings before 1951 are not well documented. Prior to 1971, only
butter clams were targeted by commercial fishermen in this region. Manila clams are
limited in numbers and found only in a very few locations, and are not harvested
commercially in this region. The landings of butter clams declined after 1968 as the
focus shifted to littleneck and Manila clams. In 1980, the landings of littleneck clams
were higher than those of butter clams. Littleneck landings have fluctuated, but the
magnitude of landings is often more the result of market fluctuations and not necessarily
due to differences in recruitment. Landings increased rapidly since the 1970s, peaking in
1975, after which time they dropped until 1978. They increased in 1979 then dropped
again quickly until 1982. They increased again 1983-1989 and declined to a low in 1998.
They increased again until 2003 and then dropped to a low in 2006. Figure 355 shows
all the landings as reported from fish slips 19521-1995. Figure 356 shows the landings
for littleneck, manila and mixed clams reported from harvesters for 1995-2006, and
Figure 357 shows the landings for butter clams for the same time period (provided by
Randy Webb, DFO).
A number of beaches were closed in 1992 to allow First Nations access to clams for
food, social and ceremonial reasons. There are many middens in this area, and these
indicate historical Aboriginal harvests and the long term presence of clam stocks.
Others beaches have been closed at times due to fecal contamination from wildlife.
There have also been several cases of biotoxins causing Paralytic Shellfish Poisoning
(PSP) in this area, and these have led to human illness and death. In May 1980 there was
one death and 7 people sick from eating butter clams from Health Bay, Gilford Island,
and three sick from butter clams from Shoal Harbour, Gilford Island. In May 1985, 4
people were sick from eating littleneck clams from the Burdwood Group, located north
of Gilford Island, and two people were sick from eating butter clams from north of
Gilford Island. In April 1992, 2 people were sick from eating butter and littleneck clams
in Moore Bay.
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Intertidal clams are generally harvested between November and April, when PSP is less
likely to occur. Most blooms occurred during April, May and June between 1987 and
1994. Seven mussel monitoring stations have been set up in the northern inside waters
of Vancouver Island and mainland B.C., in Stories Beach, Cluxewe Beach, Tracy
Harbour, Alert Bay, Cullen Harbour, Health Bay and Echo Bay.
Overall, the landings of clams from this region have declined over time because of the
lack of markets for butter clams. Overall the landings in Areas 11 and 12 accounted for
less than 18% of the total intertidal clam production during 1951-1995
In 2006, reports were made to DFO fishery managers by First Nations and commercial
diggers about declining littleneck clam stocks in the Broughton Archipelago. The general
concern was that the traditional clam beds were being degraded, as evidenced by
harvester’s observations of intertidal ecosystem alterations, and other traditional
ecological knowledge from the area. Dunham et al. (2007) noted some of the reported
changes that First Nations people have noticed and described since 2003 as:








Declines in native littleneck clam stocks.
Thick sediments on some beaches, which have buried the original shell fragments
and defined strata.
Some beaches that were firm are now gummy and some have turned a brown
colour.
Sulphur-like odour on some beaches.
Black-stained butter clam shells. First Nations Fishery Guardians have stated that
the mean has changed from white and firm to black/brown and soft.
Unknown species of worms.
Expanded mussel populations which cover the clams and grow on nets.

In 2006, 12 sites on 9 beaches in Area G were surveyed, including beaches at Claydon
Bay, Carriden Bay, Carter Passage, Alder Island, Grave Island, Betty Cove, Midsummer
Island, Maple Cove and Karluckwees (Dunham et al. 2007). Observations made on the
beaches in terms of clam species etc are provided on the data CD under
“Ecosystem/Clam/Dunham”. The authors concluded that there was some evidence to
suggest that littleneck clams had declined since 1991 at the Burdwood Group, Deep
Harbour, Alder Island, Carriden Bay and Claydon Bay. However, the clams examined
were mostly healthy, so this did not appear to be related to disease. These sites are
spread thoughout the archipelago and thus this decline does not appear to be a local
phenomenon. The authors suggested that research is required in the Broughton region
to examine more clearly the impacts of harvesting and other human activities on the
clam populations. Gillespie (pers.comm.) noted that he has seen many dead shells in the
Broughton region over the past 2-3 years. Reasons for this are unknown. These beaches
are not associated with fish farms, so he suggests that possible causes may be toxins,
pollutants (from log dumps or settlements) or other land use issues. A recent working
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group, called the Broughton Clam Bed Research Working Group, chaired by Kevin
Butterworth, has been put together to address clam issues in this region.
DFO produces a digital clam atlas that shows the locations of the major clam beds.
These data were collected primarily from Fishery Officer interviews in the mid 1980's,
and later digitized. A copy of the shape files and meta data are found on the data CD
under “Ecosystem/Clam/Clam
“Ecosystem/Clam/Clam Atlas”.
Atlas It is in geographic projection. The data is thus
quite dated, not all current fishery locations are included, and the relative size of
productive beds is greatly overestimated in many cases. Copies of the clam beds that
were examined by Harbo et al. (1997) are found on the CD. Recent interest has also
been generated in the clam resources from this region, since the existence of Broughton
clam terraces were identified in 1995 by aerial surveys (Harper et al. 1995).

Figure 354. Commercial Clam Harvest Areas. Note that the Broughton is located within Area G. (From
Harbo et al. 1997).
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Figure 355. Area 12 Clam Landings from Sales Slips (from Harbo et al. 1997). Note that the Manila clams
were likely mis-identified (Harbo et al. 1997).
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Figure 356. Area G landings of Clams 1995-2006 (DFO, Randy Webb).
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Figure 357. Area G landings of Butter Clams 1995-2006 (DFO, Randy Webb).

Other Invertebrate Catches
Harbo and Wylie (2002) listed the commercially fished invertebrate resources in British
Columbia (Table 153). Catch data for the following species was obtained through DFO
(Kevin Conley): sea cucumber, geoduck, octopus, squid, spot shrimp, sidestripe shrimp,
humpback shrimp, dock shrimp, coonstripe shrimp, pink shrimp, red sea urchin, green
sea urchin, prawn, Dungeness crab, These data are provided on the data CD under
“Ecosystem/Invertebrates/Invertebrate Catch”. This is a summary of annual landings
in pounds for all invertebrate fisheries in the Broughton Archipelago. In order to get
the data specific to the Broughton Area, the catches reported are for Statistical Area 12
but the sub-areas 12-9, 12-10, 12-11, 12-12, 12-13, 12-14, 12-15, 12-16, 12-1, 12-2, 1222, 12-23, 12-24, and 12-25 are excluded so that these catches represent Broughton
harvests. The source for these data is the Shellfish Data Unit, Shellfish Stock
Assessment, Science Branch commercial and experimental fishery harvest log data
holdings.
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Table 153. Commercial Invertebrate Species in B.C. and methods of fishing.

Common Name
Geoduck (King Clam)
Horse Clam (Gaper Clam)
Manila Clam
Littleneck (Native) Clam
Butter Clam
Razor Clam
Pink (smooth, swimming) Scallop
Spiny (pink, swimming) Scallop
Pacific Octopus
Opal Squid
Euphausiids (Krill)
Prawn (Spot Shrimp)
Smooth Pink Shrimp
Northern (Spiny) Pink Shrimp
Flexed Pink Shrimp
Sidestripe Shrimp
Coonstripe Shrimp
Humpback Shrimp
Dungeness Crab
Red Rock Crab
Red (Alaska) King Crab
Golden (Brown) King Crab
Gooseneck Barnacles
Red Sea Urchin
Green Sea Urchin
Giant Pacific Sea Cucumber

Scientific Name

Panopea abrupta
Tresus capax, Tresus nutallii
Venerupis philippinarum
Protothaca staminea
Saxidomus gigantea
Siliqua patula
Chlamys rubida
Chlamys hastata
Octopus dofleini
Loligo opalescens
Euphausia pacifica
Pandalus platyceros
Pandalus jordani
Pandalus eous (P. borealis)
Pandalus goniurus
Pandalopsis dispar
Pandalus danae
Pandalus hypsinotus
Cancer magister
Cancer productus
Paralithodes camtschatica
Lithodes aequispina
Pollicipes polymerus
Stronglyocentrotus franciscanus
Stronglyocentrotus droebachiensis
Parastichopus californicus

Gear Type
Dive
Dive/Intertidal
Intertidal
Intertidal
Intertidal
Intertidal
Dive/Net
Dive/Net
Dive/Trap
Net
Net
Trap
Trap/Net
Trap/Net
Trap/Net
Trap/Net
Trap/Net
Trap/Net
Trap
Trap
Trap
Trap
Intertidal
Dive
Dive
Dive

Fish
Groundfish
The main groundfish in this area include halibut, lingcod, rockcod and flatfish (sole).
These species are most abundant in the outer, exposed waters of Queen Charlotte
Sound but area also found in select locations around the Broughton Archipelago, and in
a section from the Vancouver Island shoreline south of Fort Rupert to Malcolm and
Hanson Islands (Ministry of Sustainable Resource Management, 2002). Ground fish are
important for commercial, recreational and First Nation fisheries and provide catches
year-round. Declining rockfish stocks have resulted in announcement by DFO of a
rockfish conservation strategy and rockfish conservation areas can be visualized at
http://www.pac.dfo-mpo.gc.ca/recfish/Restricted_Areas/RCAs/default_e.htm.
Little direct research work has been done on groundfish in the Broughton region. Two
studies have examined rockfish abundance in Statistical Areas 12 and 13 over the past
two years: these were annual longline surveys that were carried out during 2003 and
2004 to examine catch rates and biological data to improve stock monitoring and
assessment of inshore rockfishes. Results showed that there was higher rockfish species
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diversity in Area 12 than in Area 13, larger quillback and older yelloweye rockfish in the
deeper strata, larger quillback and yelloweye rockfish in SA 12, and higher yelloweye
rockfish catch rates in SA 13 (Lochead and Yamanaka, 2004a,b).
Figures 358 -359 show the locations and catches for the Groundfish trawl and ZN
fisheries within the Broughton Archipelago, respectively. Groundfish catch data was
provided by DFO Catch Statistics Unit (Laurie Biagini) and is on the data CD under
“Ecosystem/Groundfish/Catch”.
“Ecosystem/Groundfish/Catch”.

Figure 358. Location of the groundfish trawl catch 1996-2004 for the Broughton archipelago. From DFO
MAPSTER.
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Figure 359. Location of the Groundfish ZN catch 1993-2004 within the Broughton Archipelago region.
From DFO MAPSTER.

Herring
Herring, along with sandlance and eulachon, form an important food source for Pacific
salmon (Ministry of Sustainable Resource Management, 2002).
Herring Spawn Locations and Fishery information is available at http://www.pac.dfompo.gc.ca/sci/herring/pages/herring_e.htm. There are three major commercial herring
fisheries: spawn on kelp, roe-herring, and food and bait. The spawn-on-kelp fishery is
primarily conducted by First Nations and the product is supplied to a large Asian
market.
Herring spawn on a variety of materials, both natural and man-made, and the most
common spawning substrates are algae and eelgrass in the intertidal and shallow subtidal
zones. Spawning occurs mainly in March in semi-protected areas - concentrated herring
spawn shoreline areas are found in Kingcome Inlet and in the Thompson Sound area
(Ministry of Sustainable Resource Management, 2002).
Herring data for the Broughton region have been provided by Jake Schweigert DFO and
are on the data CD under “Ecosystem/Herring
Ecosystem/Herring”.
Ecosystem/Herring ”. The primary locations for catches
and spawn information are shown in Figure 360 below. Very little information is
available for the Broughton area, and the beds are no longer examined for herring
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spawn. Catches are generally low in herring areas 11-13 which are in the region of the
Broughton.
Figures 361 and 362 are line graphs showing recorded herring catches during the
spawning (Jan-Apr) and non-spawning (May-Dec) seasons and an estimate of the
spawning biomass for each year from 1940 or 1950 to the present for both herring
areas 11 and 12.
Figure 363 is a bubble plot indicating the size of each herring spawning event based on
the spawn habitat index (SHI). The size (or area) of circles are proportional to the SHI,
scaled to a 0.5 to 8 range and plotted on a fixed, 64 year, y-axis and 100 km x-axis.
The kilometre centroid position of each spawning event is plotted on the graph.
Diamond symbols indicate missing values.

Figure 360. Location of South Coast Pacific Herring Statistical Area Centroid Positions.
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Figure 361. Herring catches during the spawning (blue) and non-spawning (green) periods of year, and an
estimate of spawner abundance in Area 11.

Figure 362. Herring catches during the spawning (blue) and non-spawning (green) periods of year, and an
estimate of spawner abundance in Area 12.
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Figure 363. Estimate of the cumulative herring spawn for the west coast of Canada from 1928-2006.

Eulachon
The eulachon is an anadromous smelt that spawn in large rivers during the spring,
generally from mid-March to mid-May. Spawning areas tend to have distinct spring
floods and glacial headwaters. Small, benthic eggs hatch after a 2-3 week incubation
period in the rivers, and are flushed to sea shortly thereafter. They then migrate
offshore to feed for 2 to 5 years before returning to spawn.
Eulachon are a culturally important species and a highly regarded food fishery for First
Nations. They are also an important food source for other marine fish, mammals and
birds in this region (Ministry of Sustainable Resource Management, 2002). Eulachon
support a small commercial fishery on the Fraser River.
Eulachon have been caught in the Klinaklini River, and there was a notable decline in
numbers in the Klinaklini, Columbia River and Fraser River in 1994. DFO (1999) noted
that the 1994 commercial catch, which was taken to represent abundance, was only 12% of the long-term average in the Columbia River that year. The 1995 catch, although
higher, was still only 20% of the long-term average. The reasons for these synchronous
declines is unknown, but believed to be related to coherent changes in marine and/or
estuarine conditions. This may include changes in habitat, warming of the ocean climate,
increased marine mammal predation and/or bycatch from offshore trawl fisheries.
Distribution of eulachon runs was obtained from DFO MAPSTER (Figure 364). In Knight
Inlet, there is an important eulachon fishery, which is of major cultural significance for
First Nations.
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Figure 364. Location of eulachon runs in the Broughton Archipelago. (From DFO MAPSTER).

Steelhead Salmon
Trends in steelhead salmon in the Broughton area were obtained from the Georgia
Basin Steelhead Recovery Plan (http://www.bccf.com/steelhead).
They noted that the mainland coast streams appeared to fair better than east coast
Vancouver Island streams in the period 1997 through 2000 possibly due to maiden
spawner age structure (i.e., greater proportion of ocean age 3 adults) and geographic
location on the east side of Johnstone Strait. However, spring snorkel surveys in 2000,
2001 and 2002 showed precipitous declines in adult returns placing many stocks in the
Conservation / Special Concern zones (Figure 365). The results of their snorkel surveys
are shown in Figures 350. Steelhead catch and effort is also given for the Kakweikan
River, Glendale River, Wahpeeto, Atwaykellesse, Ahnuhati, Tsitika, Nimpkish, and
Kokish (Figures 366-376; Tables 154-157). These data may be very useful to examine in
relation to the trends in pink salmon escapements in these same systems, since there is
coherence in the temporal trend for strong, recent declines.
The information below gives the main details with regards to the status of stocks on
these various systems, and general suggestions for improvement.
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Kakweikan: Here the steelhead stocks are in decline and possibly and extreme conservation concern.
Suggestions for improvement in logging activities are suggested.
Glendale: Here the steelhead stocks are in decline and possibly and extreme conservation concern.
Suggestions for improvement in logging activities are suggested, particularly limiting headwater logging
activities to minimize deleterious impacts on the stream.
Wahpeeto (Wakeman): Here the steelhead stocks are in decline and possibly and extreme conservation
concern. Suggestions for improvement in logging practices are suggested to minimize impacts on the
Watershed.
Atwaykellesse (Wakeman): Here the steelhead stocks are in decline and possibly and extreme
conservation concern. Suggestions for improvement in logging practices are suggested to minimize
impacts on the Watershed.
Ahnuhati: Here the steelhead stocks are in decline and possibly and extreme conservation concern.
Suggestions for improvement in logging practices include limiting headwater logging to minimize
deleterious impacts on the Watershed.
Tsitika: The winter run on this system is of special concern and the summer run is listed as a
conservation concern. Suggestions include the maintenance of environmentally sensitive forest harvesting
practices and the need to ensure that escaped farmed salmon do not establish in this watershed..
Suggested recovery options include:




Conduct annual stream enrichment.
Possible localized bank revetment using geo-textiles, botanical treatment.
Forest harvesting is noted as the most serious concern for steelhead habitat protection in the Tsitika.
Another concern for Tsitika summer steelhead was the discovery (August 1998) of apparently "wild
spawned" Atlantic salmon juveniles, in the vicinity of Catherine Creek. Although the observed and
sampled numbers of juvenile Atlantics was very low, they have similar rearing habitat preferences to
steelhead and this is likely to increase the direct competition. However, no juvenile Atlantics were
detected in the Tsitika during steelhead snorkel surveys from 2000-2002.
Nimpkish: Both the winter and summer runs on this system are listed as extreme concerns. The existing
Nimpkish Resource Management Board is very dedicated to rebuilding all salmon and steelhead stocks. It
is noted that the steelhead stock is very small relative to theoretical watershed capacity. Habitat
restoration in this area has included :





Several FRBC restoration projects undertaken in recent years primarily in smaller sub-basins
with marginal steelhead productivity.
Woss Lake currently being fertilized by Fisheries and Oceans Canada.
Side-channels constructed near Vernon Lake and downstream of Woss.

Recovery options have been suggested and include:
 Conduct annual liquid and slow release briquette stream enrichment (underway in 2001, slow
release discontinued in 2002 due to unavailable product).
 Utilize high potential for more effective stream restoration - prescriptions to be developed by
experienced consultants.
Kokish: The winter run on this system is of special concern and the summer run is listed as a
conservation concern. While there appears to be few opportunities to increase wild steelhead production
in the Kokish through habitat improvement, further spawning gravel placement in the outlet of Ida Lake,
and selective woody debris removal (or repositioning) in the outlet of Bonanza Lake are potential
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candidates. These projects could directly benefit summer steelhead and resident trout in the two lakes.
Although recommended by DFO in past years, no improvements to fish passage in the lower Kokish
canyon should be done since its natural barriers effectively separate the winter and summer steelhead
populations. An aggressive approach to hillslope stabilization following logging should help to reduce
sediment transport to downstream fish habitats.

Figure 365. Mainland coast snorkel surveys 1992-2004. Clear declines in most stocks in 2000 are evident.

Figure 366. Kakweikan River steelhead catch and effort.
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Figure 367. Glendale River steelhead catch and effort.

Figure 368. Wahpeeto Creek steelhead catch and effort.
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Figure 369. Wakeman River steelhead catch and effort.

Figure 370. Ahnuhati River steelhead catch and effort.
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Figure 371. Winter steelhead snorkel observations on the Ahnuhati River.

Figure 372. Woss River steelhead catch and effort.
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Figure 373. Tsitika River steelhead catch and effort.

Figure 374. Tsitika River steelhead summer snorkel survey observations.
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Table 154. Tsitika River steelhead summer run snorkel observations.

Figure 375. Nimpkish River winter run steelhead snorkel observations.

Table 155. Nimpkish River steelhead winter run snorkel observations.
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Table 156. Winter steelhead angler creel survey data 2002-3
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Figure 376. Kokish River steelhead catch and effort.

Table 157. Snorkel counts of steelhead summer and winter runs in the Kokish River.
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Marine Mammals
The Broughton area is a critically important habitat for several species of large marine
mammals, and Killer whales, Pacific white-sided dolphins, Dall’s porpoises and Harbour
porpoise breed close to the study area (Morton, 2000). Robson Bight, along the shores
of Johnstone Strait, is one of the most important Orca areas in the world (Ministry of
Sustainable Resource Management, 2002). Work has been done in the Broughton region
focusing on displacement of killer whales due to the use of acoustic harassment devices
on salmon farms in the Broughton (Morton and Symonds, 2002). Species also
congregate in Goletas Channel and Queen Charlotte Strait before passing through
Blackfish Sound into Johnson Strait. Grey whales, Humpback whales, Minke whales and
Pacific white-sided dolphins are also recorded in this region. Seals and sea lions have
feeding grounds and haul-out areas within the study area. Seal and sea lion populations
have been increasing in BC’s coastal waters in recent years.
This group currently remains as a data gap.
gap The Cetacean Sightings Network (a joint
project between Vancouver Aquarium and DFO) has been contacted for information on
sightings of marine mammals in this region. It would be very useful to contact
Alexandra Morton and others for information on killer whales, humpbacks and
porpoises.
Harbour Seals
In B.C. aerial surveys to enumerate harbour seals were begun in the mid-1960’s and
have been done routinely since the early 1980’s. Olesiuk et al. (1990) noted that
harbour seal populations had been increasing in B.C. up to 1988 at a rate of about 12.5%
per year. Total abundance on the B.C. coast increased from 9,000 to 10,5000 when the
species was first protected in 1970, to about 75,000-88,000 in 1988. Olesiuk et al.
(1990) stated that this was due to recovery from predator control kills and in particular,
from commercial harvests done between the late 1800s and 1960s. Olesiuk (1999)
analyzed more recent population trends by examining census data collected during
1989-1998 and also expanded the coverage area to include assessments within the
Broughton Archipelago. He noted that although populations in the Strait of Georgia had
increased at a rate of about 11.5% per year during the 1970s and 1980s, the growth rate
slowed down in the 1990s and appears to have stabilized. Earlier estimates are not
available for the Broughton Area, but the patterns from the Strait of Georgia may be
extrapolated for the entire B.C. coast. Data gap:
gap However, no specific data for harbour
seals from the Broughton Archipelago was gathered. Peter Oleisuk has been contacted
for seal and sea lion information.
Sea lions
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Data gap: No data were gathered for sea lions in the Broughton region. Some
information is available from SHIM: http://www.shim.bc.ca/atlases/bsc/bccws_meta.pdf

Birds
Seabirds
The Broughton Archipelago is an important breeding area for marine seabirds (Figure
377). Species that breed in the area include Leach’s storm-petrel, Fork-tailed stormpetrel, Pelagic cormorant, Glaucous-winged gull, Pigeon Guillemot, Rhinoceros auklet,
Cassin’s auklet, Tufted puffin, and Horned puffin.. Data gap: No specific data was gained
for any of these groups for this report.

Figure 377. Location of marine birds and breeding colonies within Queen Charlotte Strait and North
Coast of BC locations. (From Kathleen Moore, CWS).
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Solitary Nesting Birds
B irds
It is believed that Marbled Murrelets, an endangered species that has been listed since
1990, use the Kingcome and Knight Inlets as marine feeding areas while breeding. This
species is found associated with late successional and old-growth forests that are within
60 km of the coast. Data gaps: No information was gained regarding Marbled Murrelet
abundance in this region. Additionally, no information was gathered for shorebirds, such
as Plovers, Surfbirds, Turnstones and Sandpipers.
Eagles are known to be very abundant in the Broughton Area. Many of the fishery
officer reports noted abundant eagles preying on spawning salmon on several of the pink
salmon systems. Bald eagles are generally associated with aquatic habitats and are
generally found on the coast all year (Campbell et al., 1990). They gather to feed on
herring spawn in the fall, and into estuaries and rivers to feed on spawned out salmon.
Data gap: No data on bald eagles was gained for this study.

Bears
Many of the fishery officer reports examined from DFO noted high levels of bear
predation on spawning salmon on several of the pink salmon systems in the Broughton.
In particular, grizzly bears were noticed at high levels on the Glendale River. Knight
Inlet Lodge is located about 60 km from the mouth of the inlet. Bear viewing is an
important activity at Knight Inlet Lodge. Here, grizzly bears emerge in April from
hibernation. They are abundant and congregate around river systems in late August
when the salmon runs occur to feed on salmon and fatten up before the winter
hibernation. McGrady (2006) noted that it is not uncommon for there to be up to 50
bears within 10 km of the lodge in the peak fall season, when the salmon are returning
to the river. In 1996, 200 people came to see the bears, while 2,200 people visited in
2006 (McGrady, 2006).
Nevin and Gilbert (2005) measured the salmon consumption by female brown bears
with cubs in Knight Inlet as part of a study to measure the cost of risk avoidance (to
people and larger male bears). Nevin (2003) noted that as salmon increased in
abundance through the salmon spawning period, that a significant increase was observed
in the number of fish caught per bear minute spent fishing, catch per unit effort (CPUE).
CPUE increased significantly in each year of the study from 0.34 fish caught per bear
minute spent fishing in 1999, to 0.54 in 2000 and 0.66 in 2001 (1999 vs. 2000: t0 =
5.396, t00:05ð1Þ;93 ¼ 1:668, p < 0.001; 2000 vs. 2001: t0 = 2.530, t00:05ð1Þ;193 ¼
1:653, p = 0.006).
Figure 378 shows the status of grizzly bear population in B.C. (Austin, 2006).
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Figure 378. Status of grizzly bear populations in B.C. (From Austin, 2006).

Recent declines in salmon abundance will likely impact coastal bear populations. Salmon
are important to coastal bears because they are a dependable, concentrated, and
accessible source of fat and protein that is available at critical time period just before
hibernation. For female bears, the presence of this food source is important for both
gestation and lactation.
Many factors affect the availability of salmon to coastal bears. This includes changes in
escapement caused by changing recruitment, freshwater environmental conditions,
commercial and sport fishing, hatchery management, predation by other marine species,
marine environmental conditions (especially ocean regime patterns), and hydrological
conditions during the spawning season. Anthropogenic factors such as climate change,
dams, oil spills, pollution, logging, mining, agriculture, rural settlement, urbanization, and
aquaculture may also directly or indirectly influence salmon escapement and availability
to bears. It has also been suggested that activities such as ecotourism (bear viewing,
etc.) and sport fishing on rivers may decrease or restrict access to salmon by bears.
Specific information on bear abundance at Knight Inlet, or on other watersheds in the
Broughton region was not gathered. The effect of declining salmon stocks on bear
populations is considered in the literature. The effect on declining salmon stocks of bear
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populations was not noted. The lack of information on abundance trends for brown and
black bears in the Broughton thus this constitutes a data gap.
gap
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Knowledge Gaps
There is a general paucity of climate data for the Broughton Archipelago. Perry et al.
(2007) noted that a recent analysis of BC’s climate observation capacity (‘Review of the
Adequacy of Climate Related Observation Networks’) by Miles and Associates, 2003,
found BC to severely lacking in climate and stream gauging, sediment discharge stations,
and climate station density, as well as in monitoring of evaporation, hydrometric
networks and snow course density monitoring. This review stated that the worst
coverage was found in remote, high elevation areas or areas that have small watersheds.
This is very much the case for the Broughton Archipelago region. However, the
information that is available could be analysed to determine whether there are any
correlations between fish production and discharge levels, air temperatures,
precipitation, salinity and/or sea surface temperatures.
Fish production in the Broughton watersheds will be affected by issues such as the cold
thermal regimes, glacial silt loading and the short growing season (Central Coast Land
and Resource Management Plan). Many of the streams flow in very steep-sided, heavily
glaciated valleys, and these systems exhibit very rapid response to rainfall, snowmelt or
flash floods. The water is very soft and with low levels of conductivity (Central Coast
Land and Resource Management Plan). Fishery officers in this region often noted the
occurrence of flood events- these together with bank erosion, substrate instability, sand
and silt deposition and debris torrents also act to limit fish production. Barriers were
also commonly noted in systems and these also would place limits on fish production. I
have been successful in gathering a fair amount of information on terrain stability and
stream assessments, but these would be most useful if they could be collated in a
temporal and spatial sense. Most useful would be a visual sense of the changes to the
watersheds over time, by analysis of air photos or satellite imagery, which would also
allow us to examine the prevalence of mass wasting events and barriers on streams.
It would also be useful to be able to fully collate all the work done to examine early
marine life history of pink and chum fry. Many researchers have sampled juvenile salmon
in this region, most commonly as a means to examine sea lice infestations. Although
some of this information has been published, much of it has not. It was difficult to obtain
much of this information for this report since it is highly proprietary: however,
thousands of juvenile salmon have been sampled in this region, as well as other species
such as sticklebacks, sandlance, herring, smelt etc. There are differences among
investigators in terms of sampling methodology, spatial and temporal aspects of sampling
and the final analyses done. It would have been useful to have been able to summarize all
of these studies, and the types of data collected.
It would be very useful to examine information for other fish species in the Archipelago.
This would include further information on other salmonids such as chinook, coho and
sockeye, Dolly Varden and anadromous cutthroat. The latter two species may be
important predators of pink and chum fry. Chinook were once numerous in Knight Inlet
Pearsall Ecological Consulting

Broughton Archipelago State of Knowledge

536

and formed the basis of an important commercial fishery and a large sports fishery, but
have since declined dramatically (Pennell, pers. comm.). Information on changes in
salmon distributions would be interesting to examine. Another species of interest would
be herring. There is some suggestion that herring populations in the Broughton are
local, smaller at spawning than other stocks, and do not make an ocean migration out of
the area (Pennell, pers. comm.). No doubt, there is a huge body of ecological
knowledge held by residents, some recorded and some held in an oral tradition.
Sticklebacks also appear also to be an important component of the pelagic system in the
area, and it would be interesting to determine whether anything is known about the
population structure or reproductive biology of these fish.
Another interesting area that I did not examine would be the impacts of humans on this
ecosystem. The tourism industry has expanded greatly in recent years –information on
changes in the numbers of boats and kayaks, numbers of sport fishing lodges, and
canneries in this area over time would be interesting to examine, as would changes in
human population size (for permanent residents, loggers, commercial fishers and
transients), and types of human activities that occur in this region. A review of the
anthropological, sociological and economic history of this region was outside of the
scope of this report, but would assists other future investigators, including students, to
place any ecological studies in a broader context (Pennell, pers. comm.).
Data gaps have been listed throughout the report but will be summarized here. There
are likely to be many as yet unidentified sources of data, and it is hoped that these will
become available in the future.
Information that would be useful to collate in the immediate future includes:

Environmental Data
•
•
•
•

Satellite data (for chlorophyll) e.g. from Borstad Associates.
Stream assessment information and water property data collected by Grieg
Seafoods B.C. Ltd. and Mainstream.
Any pollution/sewage data.
Other sources of salinity/temperature data.

Ecosystem Data
•
•
•
•
•

Further marine mammal information.
Catch and escapement data for Pacific salmon for all of B.C.
Seal and sea lion haulout information.
Any species information available for marbled murrelets, eagle nesting sites, any
other seabird and waterbird counts.
Bear abundance trends.
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Data from First Nations clam bed surveys.
Further information on herring.

Forestry Data
•

•
•
•
•

Percentage of all of the mainland Area 12 watersheds logged by year.
Proportion of forested landbase within mainland Area 12 watersheds that is
made up of age classes less than 20 years of age.
Temporal trend in landslide frequency and density by mainland Area 12
watersheds (may need to use air photo or satellite imagery analysis for this).
Changes in road density by year or decade for mainland Area 12 watersheds.
Obtain ECA (equivalent clearcut area) scores for the watersheds from CWAPs
(Coastal Watershed Assessments), if possible.

Other Data
•
•
•
•

Crown land tenures and foreshore developments.
Location of gravel pits.
Information from the Namgis First Nation Bioregional Atlas- currently under
development with assistance of Ecotrust Canada.
Other local knowledge and TEK.

Suggested Analyses
Suggested analyses that would make an appropriate next step would be:
•
•
•
•
•
•
•

Trend analysis of river discharge data, water property data (temperature and
salinity- from various sources), and climatic data from Port Hardy Airport.
Compilation of relevant data from watershed assessments, primarily any
information on terrain class stability, gradient, landslides, road building, impacts,
etc.
Examination of the relationship between watershed area harvested and fish
escapements.
Examination of the relationship between road density and fish escapements.
Examination of the relationship between intensity of harvesting and fish
escapements.
Examination of the relationship between ECA (equivalent clearcut areas) and fish
escapements.
Examination of the relationship between percentage of area harvested by
watershed and fish escapements.
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Examination of the relationship between landslide frequency and density and fish
escapements.
Examination of the steelhead trends in greater detail, since steelhead have shown
concomitant declines in many of the same Area 12 watersheds.
Examination of the groundfish (and to a lesser extent) herring catch data for
Area 12, to determine patterns in catch history of other fish species.
Examination of invertebrate catch histories for Area 12.
Examination of large-scale climate trends (e.g. PDO, ALPI etc) in relation to the
escapements for salmon in Area 12.
Multivariate analyses that examine sea lice abundance on wild hosts and farmed
fish, environmental data such as salinity and sea surface temperature, and juvenile
pink salmon survival
Determination of spatial and temporal trends in prevalence of harmful algae in
the Archipelago.
Examination of trends in species such as seabirds and bears (which are predators
of salmon), herring (which is preyed on by salmon), and other components of
the food web for salmon.
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Appendix 1: Environment
Hydrometric Data
Inactive Station Data
1. Hydrometric Station: KLINAKLINI RIVER WEST CHANNEL (OVERFLOW) NEAR THE MOUTH (#08GE001)
2

Lat. (deg)

Long. (deg)

Period of Record

Station Status

Basin Area (km )

Elevation
Elevatio n (m)

51.141

-125.612

1/1/197612/31/1984

Inactive

N/A

N/A

Daily Statistics

Dates of Extremes
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2. Hydrometric
Hyd rometric Station: STAFFORD RIVER NEAR ROY (#08GF001)
2

Lat. (deg)

Long. (deg)

Period of Record

Station Status

Basin Area (km )

Elevation (m)

50.735

-125.478

1/1/192212/31/1931

Inactive

326

N/A

Daily Statistics

Dates of Extremes

Statistics
3

Max Discharge (m /s)
3

Min Discharge (m /s)
3
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235
2.79

Mean Discharge (m /s)

32.4

Hydrograph Type

N/A

%B

0

%E

21
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3. Hydrometric Station: CREEK NO. 2 NEAR KINGCOME INDIAN RESERVE (#08GF002)
2

Lat. (deg)

Long. (deg)

Period of
o f Record

Station Status

Basin Area (km )

Elevation (m)

50.964

-126.177

1/1/195012/31/1950

Inactive

N/A

N/A

No data available
4. Hydrometric Station: TOM BROWNE CREEK AT OUTLET OF TOM BROWNE LAKE (#08GF004)
2

Lat. (deg)

Long. (deg)

Period of
o f Record

Station Status

Basin Area (km )

Elevation (m)

50.646

-125.725

1/1/197112/31/1972

Inactive

N/A

N/A

No data available
Active Stations

5. Hydrometric Station: KIPPAN CREEK NEAR THE MOUTH (#08GF005)
2

Lat. (deg)

Long. (deg)

Period of Record

Station Status

Basin Area (km )

Elevation (m)

51.068

-126.359

3/22/1998present

Active

N/A

N/A

Dates of Extremes

6. Hydrometric Station: MCALLISTER CREEK AT THOMPSON SOUND (#08GF006)
2

Lat. (deg)

Long. (deg)

Period of Record

Station
St ation Status

Basin Area (km )

Elevation (m)

50.8

-126.018

3/23/1999present

Active

N/A

N/A
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(provided by Norman Penton, BCSFA)
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Appendix 2:
2 : Marine Fishery Closures & Marine Protected
Protected
Areas
Closure information for Area 12 is summarized at http://www.pac.dfompo.gc.ca/recfish/default_e.htm as follows:
Salmon
Barbless hooks must be used when fishing for salmon in all tidal waters of British
Columbia.
Openings
penings & Closures:
Species

Min
Daily Limit
Size

Possess.
Limit

Chinook

62
cm

2

4

15

All
Year

Hook &
Line

Chum

30
cm

4

8

N/A

All
Year

Hook &
Line

Hatchery
Coho

30
cm

2

4

N/A

June 1Dec 31

Hook &
Line

Pink

30
cm

4

8

N/A

All
Year

Hook &
Line

Sockeye

30
cm

N/A

All
Year

Hook &
Line

To be
To be
determined determined

Annual Season
Gear
Limit
Open Permitted

The combined daily limit for all species of Pacific salmon from tidal waters
is 4. Coastwide daily limit for chinook is 2. No fishing for Wild Coho
unless specified otherwise below under 'Coho openings and closures'.
Aggregate daily limit for all species of Pacific salmon from tidal and nontidal waters combined is 4.
The combined daily limit for all species of Pacific salmon from tidal waters is 4.
Coastwide daily limit for chinook is 2. No fishing for Wild Coho unless specified
otherwise below under 'Coho openings and closures'. Aggregate daily limit for all
species of Pacific salmon from tidal and non-tidal waters combined is 4.
All Species: Aug 15-Sep 30: In Subarea 12-16, the waters of Hardy Bay shoreward of a
line from a boundary sign on the Keltic Seafoods wharf to a boundary sign on the
opposite shore (inner portion of Hardy Bay): you may only use a single-pointed hook
that measures no more than 15 mm between the point and shank when fishing.
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All Species: Aug 1-Oct 15: In Subarea 12-16, the mouth of the Keogh River within a 400
m radius of the shore: you may only use a single-pointed hook that measures no more
than 15 mm between the point and shank when fishing.
All Species: Aug 1-Sep 30: In Subarea 12-17, those waters inside a line that starts at a
boundary sign approx. 1.9 km northwest of the Cluxewe river mouth, then to 50°37.53’
N and 127°12.21’W, then to 50°36.98’N and 127°09.53’W, then 200° true to a
boundary sign on the shore: only a single-pointed hook may be used.
Chinook: Jan 1- Dec 31: Minimum size limit is 62 cm.
Chinook: Aug 1-Oct 31: Non-retention in the waters of Broughton Strait southerly of a
line from Ledge Point to the light on the southern end of Haddington Island, then to the
light on Yellow Bluff on Cormorant Island, then following the southerly shoreline to a
marker on Gordon Bluff, then to Lewis Point on Vancouver Island.
The following maps are provided:
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-------------------------------------------------------------------------------All Finfish, Including Salmon - Closures and Special Measures
For other finfish limits, please visit the species and limits table.
Those waters of Port McNeill Bay westerly of a line from a boundary sign at the north end of the
Western Forest Products jetty, true north to a boundary sign on the opposite shore of Ledge Point
Peninsula, are closed to fishing for all finfish from August 15 to December 31.
The mouth of the Klinaklini River (Knight Inlet) shoreward of a line from a fishing boundary signs at the
southern entrance to Wahshihlas Bay to a fishing boundary sign at Rubble Point is closed to fishing for all
finfish, all year.
The mouth of Scott Cove Creek and Viner Sound shoreward of a line between
fishing boundary signs located at King Point and on the point 1 km south from
the mouth of Scott Cove Creek is closed to fishing for all finfish August 15
to September 30.
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The mouth of the Kingcome River shoreward of a line from a fishing boundary signs on Petley Point to a
fishing boundary sign on a point on the opposite shore of Kingcome Inlet is closed to fishing for all finfish,
all year.
The mouth of the Wakeman River north of a line connecting two fishing boundary signs on opposite
shores approx. 6 km from the head of Wakeman Sound is closed to fishing for all finfish, all year.
The mouth of Nimpkish River inside a line from a fishing boundary sign at a
point on the shore of Vancouver Island approximately 1.5 km east of Broad
Point, then to a navigational aid in the middle of Haddington Passage, then to
a fishing boundary sign at a point approximately 1 km east of Willow Creek,
then to the tidal water boundary signs approximately 100 m upstream of the
Highway 19 bridge is closed to fishing for all finfish June 1 to December
31.
Sub-area 12-20: Parson Bay bounded inside a line from Red Point on Harbledown Island to a marker on
the most northwest point of Parson Island, from there following the northern shore to the most easterly
point and from there true east to Harbledown Island is closed to fishing for all finfish, June 15 to
September 30.
Rockfish Conservation Areas
Bate-Shadwell Passage Goletas Channel
Browning Passage-Hunt Rock Bolivar Passage
Shelter Bay Browning Islands to Raynor Group
Drury Inlet-Muirhead Islands Hardy Bay-Five Fathom Rock
Numas Islands Suquash
Haddington Passage Burley Bay–Nepah Lagoon
Mackenzie–Nimmo Wakeman Sound
Dickson Polkinghorne Islands Nowell Channel
Greenway Sound Belleisle Sound
Kwatsi Bay Bond Sound
Thompson Sound Salmon Channel
Weynton Passage Port Elizabeth
Eden-Bonwick-Midsummer-Swanson Islands
Lower Clio Channel Viscount Island
Havannah Channel Upper Call Inlet
Cracroft Point South–Sophia Islands West Cracroft–Boat Bay
-------------------------------------------------------------------------------Shellfish See the Shellfish Table for limits.
Please see important
Additional Shellfish Information
Be sure to check for both PSP and Sanitary
Contamination Closures if you plan on consuming any shellfish.
Nimpkish Estuary Special Management Area: From June 15 to September 14, the daily limit for all crab
species (other than King or Box crab) is reduced to two in Subarea 12-19: those waters at the mouth of
the Nimpkish River that lie inside a line that begins at a boundary sign approx. 1.5 km easterly of Broad
Pt, then continues to navigation aid N17, then to a boundary sign located approximately easterly of
Willow Creek then following the shoreline of Vancouver Island to the beginning point. Only dip nets, ring
nets or hand picking is permitted to harvest crab in this area at this time.
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Shellfish Contamination
Hardy Bay; Echo Bay; Beaver Harbour; Port Neville; Hopetown Passage;
Macgowan Bay; bay west of Everard Islets; Shoal Harbour; Little Nimmo
Bay; Southeast Turnour Island; Sutherland Bay; Double Bay; Alert Bay; north
side of Cormorant Island; Clam Cove; Laura Bay; Burly Bay; Dickson Island;
Shushartie Bay; Helen Bay; and Joe Cove Bay.
May 31 to September 30: Cutter Cove.
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Appendix 3:
3 : Natural Resources
Landslides
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Appendix 4: Salmon and Sea Lice Interactions Bibliography
Prepared by CAER: Centre for Aquaculture and Environmental Research, BC,
Canada
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Maps below are from the North Island Straits Coastal Plan
http://ilmbwww.gov.bc.ca/lup/coastal/north_island/nis/index.htm

This study was done to address conflicting and competing resource interests by
managing foreshore and near-shore land (but not privately owned lands or matters
related to aboriginal rights and title) in the study area. The plan area is shown below
(North Island Straits Plan Area). Specific descriptions for the different numbered study
areas are obtainable.
The links are on the NIS website listed above
e.g. http://ilmbwww.gov.bc.ca/lup/coastal/north_island/nis/docs/sections/units/unit50.pdf
http://ilmbwww.gov.bc.ca/lup/coastal/north_island/nis/docs/sections/units/unit30.pdf
Each of the numbered regions in the map below is associated with a 2-page detailed
summary on the main species found there, including Provincial red and blue listed
species, the current uses and activities in the area (e.g. fishing, industry) and
management recommendations.
Additionally, there were several maps produced by this study, including locations of
invertebrate and finfish fisheries, recreational uses etc (see below).
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