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Morice-Nanika Sockeye Recovery Plan

MORICE LAKE NUTRIENT ADDITIONS WORKSHOP TECHNICAL MEETING

March 29, 2006-04-05
DFO Cultus Lake Research Laboratory

The Morice Lake Nutrient Additions Workshop took place Wednesday March 29, 2006 at
the DFO Cultus Lake Research Laboratory, 0900-1530. The objective of this technical meeting
was to review biological production information, evaluate enhancement options, and assess the
potential for using nutrient additions to improve stock status for Morice Lake sockeye.
Background presentations included Wet’suewet’en perspectives concerning Morice Lake sockeye
(Joseph et al), Morice Lake stock status and fishery impacts (Cox-Rogers), recent spawning
escapement assessments in the upper Morice/Bulkey watershed (Finnegan), Morice Lake trophic
status and limnology overview (Shortreed), Morice Lake juvenile sockeye production
assessments (Hume), and general nutrient additions and issues pertaining to B.C. sockeye lakes
(Hyatt). A backgrounder recovery document for Morice Lake (Rabnett) was circulated, as was
and a draft 2006 submission (not funded) to the PSC Northern Fund outlining a possible nutrient
additions program for Morice Lake (Cox-Rogers). Summary highlights of the presentations and
discussions are noted below.
.

PARTICIPANTS

Walter Joseph Wet'suwet'en Fisheries
Herb Naziel Wet'suwet'en Fisheries
Sam Wilson Wet'suwet'en Fisheries
Adam Gagnon Wet'suwet'en Fisheries

Ken Shortreed DFO
Jeremy Hume DFO
Barry Finnegan DFO
Erland MacIsaac DFO
Steve Cox-Rogers DFO
Kim Hyatt DFO
Paul Rankin DFO
Don McQueen DFO

Allen Gottesfeld SFC
Ken Rabnett SFC

AGENDA

1) 0910-0930: Wet'suwet'en perspective on Wudzen Bun sockeye. Walter Joseph
2) 0930-1000: Morice stock status and fisheries review: Steve Cox-Rogers

1000-1015: Comments
3) 1030-1100: Recent escapement patterns and locations: Barry Finnegan

1100-1115: Comments
4) 1115-1145: Lake limnology and trophic status: Ken Shortreed

1145-1200: Comments
5) 1300-1330: Juvenile rearing capacity and recent survey trends: Jeremy Hume

1330-1345: Comments
6) 1345-1445: Nutrient additions: prospects for Morice Lake: Kim Hyatt

1445-1500 Comments
7) 1515 -1630 Discussion and Recommendations
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WET’SUWET’EN PERSPECTIVE

General:

The Wet'suewet'en peoples, whose territory includes the Morice/Bulkley basin, have
fished MoriceNanika sockeye at Hagwilget and Moricetown Canyon and at numerous terminal
sites for many thousands of years. Lack of access to consistent and adequate numbers of
sockeye, especially in recent years, has created hardships for the Wet'suewet'en people. For the
most part, Wet’suewet’en Fisheries has foregone their terminal food fish harvesting; since 2001,
they have procured food fish from the coastal commercial fishery. Continuing to work with DFO
and in-river FN to continue reducing exploitation on Morice/Nanika sockeye is a priority for
Wet'suewet'en Fisheries. Improving the productivity of Morice Lake, if feasible, is also a priority.
Wet'suewet'en Fisheries is committed to improving knowledge about Morice/Nanika/Atna/Bulkley
sockeye stocks and will continue to support joint assessment programs already underway
(escapement monitoring, juvenile surveys, background monitoring, etc). There is strong pressure
and support from within the Wet'suewet'en community to try and improve Morice Lake sockeye
stock status.

Walter Joseph:

Sockeye are extremely important to the Wet’suwet’en and highly desired by the
Wet’suwet’en. The last 50 years lack of sockeye abundance has caused hardship. The last few
years the Wet’suwet’en have had sockeye fished on the coast trucked to Moricetown, though in
recent years, catches haven’t covered food needs. The lack of sockeye is impacting the culture.
The Wet’suwet’en people are relying on Wet’suwet’en Fisheries to find fish to cover food needs.
Some Wet’suwet’en are losing their self-reliance on harvesting their food. In the recent past and
presently, Wet’suwet’en can’t meet their needs and FSC requirements.

In Hagwilget Canyon, fish moved up beside the walls (in the back eddy) and provided
steady fish that covered all Wet’suwet’en needs. Wet’suwet’en Fisheries are hoping some
solutions come out of today’s meeting.

Adam Gagnon:

The lack of sockeye has been a thorn in the Wet’suwet’ens side for the last 30 years and
the decline and concerns have been repeatedly addressed to the DFO. Basically the system
hasn’t changed, only the fish quantity has changed. Cumulative effects from farming, logging, and
fishing has affected fish abundance, though the biggest impact has been overfishing.
Wet’suwet’en want a complete fishing closure on Morice sockeye to let stock rebuilding efforts
take hold. The Wet’suwet’en desire terminal fisheries in the future. We are concerned about
Morice as a high altitude lake is fertilization going to work?? The Wet’suwet’en are looking for a
conclusion to the problem.

Herb Naziel:

Wet’suwet’en have water quality concerns on the inflows into Morice and Atna lakes. Will
glacial runoff characteristics affect fertilization efforts?? Wet’suwet’en have concerns about
agriculture impacts in the upper Bulkley (upstream of Houston). Water temperatures there
transfer through the system into the lower Bulkley….this is basis for concern. Wet’suwet’ens are
looking for solutions to fulfil their FSC needs. Wet’suwet’ens do not desire fish farms. Interrelated
habitat and management problems need to be considered.

Sam Wilson:

Thank you for your invitation to this meeting. Salmon are very important to the
Wet’suwet’en. When I was growing up I learned about fish management. Since 1996, there have
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been less fish and we have had to seriously consider the future. The Moricetown Canyon mark
and recapture project has been educational and interesting to our young people. The future view
is not good…cites BC Ferry sinking and pollution impacts. We need to really consider fish habitat,
oil and gas pipelines, salmon, and wildlife. It’s very important for our young people to learn about
fish and conservation. I’m learning a lot in this process. Thank you.
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TECHNICAL PRESENTATIONS

Morice Lake Sockeye Stock Status and Fishery Impacts: Steve Cox-Rogers

The Morice-Nanika sockeye stock has been assessed by DFO since the late 1940's. The
stock received considerable attention in the 1950's and early 1960's with the completion of the
Moricetown Fishways on the Bulkley River. During the 1960's, 1970's and 1980's the stock was
the focus of substantial study conducted as a direct result of Alcan's Kemano Completion Project
initiative for the Morice-Nanika. In the mid-1990's, the productive potential of the stock was
reviewed and updated. Three factors are believed to currently be limiting production: low
escapements and fry recruitment, low in-lake growth, and nutrient limitation.

The Morice Lake sockeye stock is impacted by marine fisheries in S.S.E Alaska and
Canadian Areas 1-5, and in-river fisheries at Moricetown and in the Skeena River below
Hazelton. Historic tagging studies and recent DNA sampling at Tyee indicate Morice sockeye are
one of the "early" timed Skeena sockeye stocks (“peaking” during the first two weeks of July) but
the data are not conclusive as there is considerable run-timing overlap with the larger Babine
Lake sockeye complex. As stock-specific catch data are lacking in most fisheries, a fishery
model is used to estimate exploitation rates for Morice Lake sockeye in marine and in-river
fisheries below Hazelton. Catch data records and escapement data are used to calculate
exploitation rates within the Bulkley River. The latter may be biased high for those years where
visual escapement records are used.

The B.C. 16 escapement record and total in-river Bulkley stock data for Morice-Nanika
sockeye indicates that prior to about 1954 or so, total in-river Bulkley returns were apparently
quite strong (the average 1945-49 stock was 59,000 fish). A period of marked decline in annual
returns began after 1954. The decline continued throughout the 1960's, 1970's, and 1980's with
annual average returns into the Bulkley of between 1,700-9,000 fish. During the early to mid
1990's, returns into the Bulkley were much stronger with the decade average being close to
24,000 fish. Estimated escapements were 3,000 in 2000, 5,000 in 2001, 14,800 in 2002, 16,800
in 2003, 10,000 in 2004, and 9,500 in 2005. Despite the good returns in the mid-1990's, recent
trends in escapement are still well below the predicted optimum for this stock of approximately
120,000 sockeye.

Catch trends for Morice-Nanika sockeye are difficult to quantify as the only available
records are for Hagwilget and Moricetown FN catches. Estimated marine exploitation, based on
fishery modeling, suggests exploitation has been relatively invariable over time with decade
average exploitation rates of 0.21 to 0.35 since the 1960's. The average 1956-2004 marine
exploitation rate is 0.29. Estimated in-river exploitation rates have been a bit more variable with
decade averages of 0.18 to 0.41. The average 1956-2004 in-river exploitation rate is 0.24. Total
average exploitation rates (marine +inriver) on Morice-Nanika sockeye (0.53) are higher than the
estimated sustainable exploitation rate (at MSY) for this stock of 0.35. Major reductions in the
exploitation rate have occurred in all fisheries the past few years and are expected to continue.
As noted by previous authors, reducing exploitation, in conjunction with lake fertilization, may be
the most appropriate way to improve stock status for Morice-Nanika sockeye. The Morice Lake
Sockeye Stock Status presentation is shown in Appendix 1.

Discussion revolved around uncertainty about Morice run-timing that is noted as parallel
to the early to mid Babine sockeye timing when the commercial fishery on the coast starts. Past
commercial fishing combined with in-river harvesting appears to have generated a
consequentially high (historical) exploitation rate on the Morice sockeye stock. Morice run-timing,
which is assumed to peak around the start of the second week in July in Area 4 (week 72), has
generated historic harvest rates in the commercial fishery that, when combined with estimates of
in-river exploitation, have been excessive for this stock as well as other non-Babine salmon
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stocks whose run timing overlaps with returns of the larger and typically highly productive Babine
sockeye stocks (peaking in weeks 7375). It is possible that that the second or later portion of the
Morice sockeye run, as indicated by early tagging studies, is lost or has been reduced. Morice
Lake sockeye run timing is supported by marine tagging data (Aro and McDonald 1968), daily
Moricetown Canyon fishway counts that were recorded from 1959 to 1967 (Harding and Buxton
1971), and DNA data procured from the Tyee Test Fishery (TTF).

The total (marine + inriver) estimated exploitation of Morice sockeye was estimated at
53%; this is close to the average Skeena aggregate-stock exploitation of 60% as noted by Wood
(2004). Juvenile sockeye status in Morice Lake has been well below rearing capacity due to
recruitment issues. Morice Lake has low nutrient status that limits zooplankton abundance and
consequently produces the smallest two-year smolts of any BC sockeye rearing lake.

The discussion noted that the Morice sockeye stock has been over-exploited since the
1950s and that despite marine and in-river reductions in harvest pressure, smolt recruitment will
remain low in the foreseeable future due to low biological productivity in Morice Lake.

Morice Sockeye Recent Escapement Patterns and Locations: Barry Finnegan

This presentation focused on the MoriceNanika sockeye population abundance
estimation program. The design is a double mark and recapture program that is located upstream
and downstream of Moricetown Canyon. The marked to unmarked ratios is determined in the
upper Bulkley, on the Nanika River spawning grounds, and in Morice and Atna Lake to account
for lake spawners.

Beach seining at Idiot Rock below the canyon and by dipnet at the fishway allows T-bar
anchor tagging that are stratified by weekly periods utilizing numbered tags. Recapture is at the
fishway and tag recovery on the various spawning grounds. The aggregate escapement is
determined from the Nanika River visual and swim surveys and population estimation uses ML
Darroch, Pooled Peterson, and Schaefer methods. Challenges to the population estimate include
tag loss, a five-day tagging/week period, and observer efficiency.

It was noted that four distinct spawning groups are present in the Bulkley system: Nanika
River, upper Bulkley, Morice Lake beach spawners, and Atna Lake beach spawners. The latter
three spawning groups currently sustain fluctuating low levels of abundance. The upper Bulkley
River river-spawning sockeye have highly variable abundance with no understood trend.
Conservation concerns were raised due to the recent depressed state of Morice and Atna lakes
sockeye abundance. High mixed stock exploitation rates have resulted in the marginal
sustainability, or possibly less of the Morice sockeye sub-stocks. This presentation is in Appendix
2.

Morice Lake Limnology and Trophic Status: Ken Shortreed

This presentation focused on the limnology and trophic status of Morice Lake.
Additionally, Morice sockeye smolt attributes such as age, size, weight, mean abundance and
biomass were shown. Limnological survey history of Morice Lake includes monthly sampling in
1978, 1980, 1985, and 2002 with the most comprehensive observations at Stations 2 and 5
overall. Morice Lake is similar to Chilko Lake in its physical and limnological characteristics.
Chilko Lake had a successful fertilization program, which suggests positive results for a Morice
fertilization scenario.

Morice Lake possesses excellent physical conditions for juvenile sockeye; however, the
lake is ultra-oligotrophic due to its very low nutrient loading. Morice Lake productivity appears to
be limited primarily by P loading, although its short growing season, cool temperatures, and
unstable epilimnion no doubt play a role in its extreme oligotrophy. Limnological attributes were
presented and included temperature, Seechi depth, euphotic zone depths, nitrate concentration,
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chlorophyll, photosynthetic rate, planktivore and zooplankton species, volumes, and biomass; and
sockeye fry stomach fullness and contents.

Planktivore and zooplankton biomass is relatively low, and consequently, sockeye fry
have low growth rates. Age0 fall fry are generally the smallest of any sockeye nursery lake in
B.C. Comparisons between limnological and juvenile sockeye growth characteristics in Morice,
Babine, and Chilko lakes were shown and discussed.

Morice Lake was fertilized in 1980 (18 weeks) and 1985 (16 weeks) with the goal to
increase returns of adult sockeye by adding nutrients. Fertilization was applied weekly during the
growing season by a DC6 aerial tanker with aqueous solutions of ammonium nitrate and
ammonium phosphate with an average N:P ratio of 14.8. Post-fertilization results showed Morice
Lake responded positively to fertilization with chlorophyll increased from 0.79 g/L to 1.18 g/L, a
35% increase in phytoplankton biomass, as well as a 60% increase in zooplankton biomass,
particularly with Daphnia and Eubosmina (Costella et al. 1982). Morice Lake trophic status data
collected in 1978, 1980, 1985, and 202 was reviewed.

Potential enhancement techniques include increasing the escapement, fertilization, and
fry outplants. Since the early 1950s, adult sockeye returns have been well below historic and
predicted optimum escapements except for a short period in the 1990s. Increased escapement in
conjunction with fertilization could be an effective restoration technique.

The Morice Lake Limnology and Trophic Status presentation is in Appendix 3.

Morice LakeJuvenile Sockeye Rearing Capacity: Jeremy Hume

This presentation and accompanying discussion centered on juvenile sockeye rearing
capacity in Morice Lake. Data presented included smolt abundance, biomass, and age
determinations from the Nanika River Rehabilitation Program that conducted studies in the late
fifties and into the mid-1960s, and trawl caught fall fry sample data from 1993 and 2002.
Population estimates of juvenile sockeye fry provide general life history information, rearing
capacity, distribution and utilization in the lake, and competition and predation dynamics. The
understanding of rearing capacity in Morice Lake is still evolving so the relative quality of the
juvenile sample data ranges from good to poor.

Morice Lake juvenile sockeye sampling results show age-1 fry and age-2 smolts are low
in weight and small in size compared to other Skeena Basin sockeye nursery lakes. As well,
generally low escapement produces low maximum smolt biomass. In the five brood years from
1958 to 1963, the proportion of age-2 smolts ranged from 36 to 75% and averaged 46%. Mean
size of age-1fry and age-2 smolts was 3.7 g (range = 2.8 –4.8 g) and 7.8 g (range = 6.69.5 g)
respectively. Trawl caught fall fry density was 69/ha in 1993 and 160/ha in 2002.

Discussions revolved around the large percentage of adults returning to spawn in Morice
Lake that are off-spring of two-year smolts, and the smolt-size to density relationship. Factors
limiting juvenile sockeye production are clear; low stock escapements meaning limited fry
recruitment and low trophic status meaning nutrient limitations in Morice Lake. Bustard’s sockeye
smolt to adult survival rate information needs to be reviewed (Envirocon 1984). Restorative
measures such as fertilization will likely be successful if exploitation rates can be restrained.

The Morice Lake Juvenile Sockeye Rearing Capacity presentation is reproduced in
Appendix 4.
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Nutrient Additions: Prospects for Morice Lake: Kim Hyatt

This presentation showed lake fertilization effects on the Nimpkish system sockeye
salmon and provided the basic sockeye rearing lake fertilization concepts. Five years and two
years of fertilization treatment observations in Woss Lake and Vernon Lake respectively showed
increases in seasonal growth, density dependence growth, and end-of-season biomass and has
been cost effective for the Nimpkish system sockeye rebuilding efforts.

Priorities for nursery lake fertilization have begun to change with the emphasis shifting to
stock conservation and utilization as a tool to increase the persistence of depressed sockeye
salmon populations. The lake fertilization theory is based on two assumptions. The first is that the
size and survival advantages gained by sockeye fry originating from fertilized lakes can be
successfully carried into the marine environment, thus insuring increased returns of adults. The
second assumption is that juvenile sockeye biomass in the pelagic zones of lakes is primarily
regulated by nutrient availability (“bottom-up” control) and that substantial portions of the nutrient
added at the bottom of a food web will successfully make its way up from algae, through
zooplankton, to fish.

Hyatt et al. (2004) reviewed 24 sockeye salmon (Oncorhynchus nerka) nursery lake
experiments located in Alaska, B.C., and Idaho that involved whole-lake fertilization with
appropriate treatment and control years. They found that: 21 of 21 studies showed that
fertilization was associated with increased chlorophyll a concentrations, 16 of 16 showed
increased zooplankton biomasses, 16 of 16 demonstrated increased average smolt weights, and
11 of 13 showed increased smolt biomasses.

Studies involving assessments of egg-to-smolt survival were rare, but all (4 of 4) showed
increased survival rates. Studies involving increased smolt-to-adult survival (i.e., marine survival)
were even rarer, but all (3 of 3) showed that lake fertilization and increased smolt size were
associated with increased marine survival. Several fertilization studies reported problems, and
some offered solutions. For instance, when whole-lake fertilization stimulated the growth of blue-
green algae, fertilizer with higher nitrogen to phosphorus ratios was used to control the problem.
Conversely, when high nitrogen to phosphorus ratios were associated with blooms of ungrazable
diatoms, notably Rhizosolenia eriensis, reduced nitrate concentrations were recommended. To
date, solutions designed to constrain the growth of both blue-green algae and Rhizosolenia
blooms remain elusive. Some studies showed that when both mysids (large invertebrate
planktivores) and juvenile sockeye inhabit the same lake, sockeye suffer from a competitive
disadvantage and mysids consume 80-90% of the available zooplanktonic food production.

Similarly, a small number of studies demonstrated that competition from sticklebacks
(Gasterosteus aculeatus) adversely affected sockeye growth rates, and although the problem
remains unresolved, ongoing work in lakes containing kokanee (O. nerka), suggests that stocked
cutthroat trout (Salmo clarki) may be capable of controlling stickleback densities through
predation. Despite all of these difficulties, in almost all cases, when lakes were fertilized with
various mixtures of inorganic nitrogen and phosphorus, pelagic food web bottom-up control was
strong enough and predictable enough to ensure that sockeye smolt biomass increased. They
concluded that sockeye nursery lake fertilization is a technique that can contribute usefully to both
the enhancement and conservation of sockeye salmon populations (Hyatt et al. 2004).

Additionally, the 1983 Hyatt to Beamish memo was handed out; this memo describes the
rationale and follow-up on terminating prior nutrient treatments of Morice Lake in the 1980s. This
memo reviewed the follow-up sampling conducted and further monitoring needed, and addresses
a key point: “Given the information above, I believe we should stand by the position taken in 1981
that treatment of Morice Lake represents a long-shot for aiding sockeye stock recovery until such
time as escapements increase to the point where recruiting fry are likely to exhibit pronounced
food-limited growth patterns in-lake.” Hyatt, 1983.
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The Prospects for Morice Lake Nutrient Additions presentation and the 1983 Hyatt memo is
reproduced in Appendix 5.

DISCUSSION

Morice Lake sockeye enhancement discussions revolved around marine survival, pre-
fertilization treatment information gaps such as present smolt sizes, ages, and densities, and lake
fertilization economics versus outplanting or other environmental manipulations. Other discussion
points included reducing exploitation and waiting for a reasonable recovery, tailoring the
fertilization mix to increase favourable zooplankton species for sockeye fry, annual fertilization
carry-over effects, and impacts (both negative and positive) to non-sockeye fish and fauna
resources in the Morice Lake watershed.

If fertilization is to proceed, the near future anticipated annual costs are $250k, which
would include transportation, storage, application, and monitoring costs (Joseph & Cox-Rogers,
2006, Morice Lake Nutrient Addition project proposal, Appendix 6). It is anticipated that this
project will evolve into a multi-year initiative of one sockeye cycle or 4 to 5 years. Zooplankton
species and growth would need to be intensively monitored, and results analyzed, so that the
fertilization mix could be tailored to increase favourable zooplankton to the juvenile sockeye.
There are no carry-over effects or benefits from annual fertilization efforts.

Currently, Morice sockeye escapement is at such low abundance that if you increase the
escapement by a 1000 fish, the cost would be approximately $25/fish annually or between
$100200/fish in one cycle. However, fertilization is an affordable option compared to hatchery
capital costs and annual outplanting for the similar cycle period.

There are main two paths to rebuilding Morice Lake sockeye populations to a sustainable
level. First, reducing the marine and in-river fisheries exploitation rates to allow more fry
recruitment and patiently waiting for the stock to rebuild on its own. A variation on this option is to
wait to an increase in escapement occurs and then fertilize the Morice Lake. Secondly, reduce
the marine and in-river fisheries exploitation rates to allow more fry recruitment, secure funding to
for pre-treatment data acquisition, followed by lake fertilization and monitoring of effects.

In the past, assessment data has not been very detailed. Pre-treatment information
needs are rated high, which address present juvenile sockeye sizes and densities, the trophic
status of Morice Lake, current juvenile sockeye food limitations and the need for fertilization given
the assumed low density of sockeye fry in Morice Lake. Morice sockeye estuarine and marine life
history components are not well understood. Overall, there does not appear to be a clear and
distinct solution with a coherent outcome to the challenges posed by the Morice Lake sockeye
enhancement situation.

The Wet’suwet’en noted that there is a right to fish for individual and community food,
social, and ceremonial purposes and to have priority after conservation goals are met and
management has to consider its fiduciary obligations.

RECOMMENDATIONS

There are no technical or logistic issues preventing a properly designed nutrient additions
project from proceeding for Morice Lake. A minimum one cycle (4 to 5 year) annual nutrient
additions and lake trophic/juvenile monitoring program would be required before assessments of
potential benefits could be made. If successful, an annual and on-going nutrient additions
program for Morice Lake would likely be required to maintain higher lake productivity of benefit to
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juvenile sockeye. Consultation with local stakeholders, as well as compliance/consultation with
the appropriate Provincial and Federal regulatory agencies and their processes, would be pre-
requisite to a project of this nature.

Appendices

Appendix 1: Powerpoint: Stock status and Fishery Impacts (Steve Cox-Rogers)

Appendix 2: Powerpoint: Recent escapement patterns and locations (Barry Finnegan)

Appendix 3: Powerpoint: Limnology and Trophic Status (Ken Shortreed)

Appendix 4: Powerpoint: Juvenile sockeye rearing capacity (Jeremy Hume)

Appendix 5: Powerpoint: 5a Prospects for Morice Lake (Kim Hyatt)
5b 1983 Morice Memo (Kim Hyatt)

Appendix 6: Morice Lake Nutrient Addition Proposal (Joseph and Cox-Rogers)
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