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Figure 9. Zooplankton anomaly time series for southern Vancouver Island.  Column bars are species 
group anomalies referenced to the full 1979-2005 baseline period. The years 1982 and 1984 are omitted 
because there were too few samples.  Circles and lines in the 3 left panels show for comparison the older 
anomalies (1979-1991 baseline). Euphausiid anomalies have been corrected for day vs. night differences 
in capture efficiency, and are not reported for the first 3 years due to a change in sampling method after 
1982. 
 
The copepod community on the Oregon Shelf was a “cold water boreal” community and 
dominated by cold neritic species, from February through December 2007. This is in contrast to 
the previous three (warm) years during which warm neritic species were prominent 
(Paracalanus parvus, Acartia tonsa and Calanus pacificus), as shown in last year’s “State of the 
Pacific Ocean” report. 
 
The changes in zooplankton community composition in the past two decades appear to have 
had large effects on fish growth and survival, probably because the ‘cool water’ zooplankton are 
better fish food (larger individual body size and much higher energy content). Because much of 
the year-to-year variability of marine survival rate of harvested fish species occurs at early life 
stages (for salmon, in their first year after ocean entry), recent zooplankton anomalies provide a 
useful index of juvenile fish nutrition and a ‘leading indicator’ for subsequent adult fish 
recruitment. 
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Total mesozooplankton biomass for the deep-sea offshore BC region (from the continental 
slope out to 145 °W and between 48° and 55 °N) was very focussed in 2007 with most of the 
spring/summer biomass (73%) occurring in May and a second smaller peak in July. Although 
conditions were cooler, the time of peak biomass has not yet returned to June, where it was 
during cool conditions in 2000/01. The 2007 Neocalanus plumchrus peak, which makes up the 
bulk of the spring biomass, was later than it was during the warmer 2004-2006 period but not as 
late as in 2000/01. However, the copepod biomass in July 2007 was mostly made up of the 
larger N. cristatus; high numbers of this species have not been seen this late in the year since 
2001. 
 
Low returns of sockeye coast-wide, especially in the Fraser 
 
With the exception of northern B.C., sockeye returns were generally low in 2007 (Fig. 10). 
Looking at the time series for various index stocks indicates: 

• Since 1970, maximum returns for all populations occurred during the early 1990’s 
immediately following the strong La Niña event of 1989. 

• Central Coast, Vancouver Island (WCVI) and Fraser index-stocks all declined from early-
1990s highs to persistent, sub-average returns since the mid-1990s. 

• North Coast and Transboundary index-stocks declined from early-1990s highs to sub-
average values by the late-1990s but since the year 2000 have exhibited a higher frequency 
of above-average returns than Central and South coast stocks. 

• Populations entering continental shelf areas under stronger oceanic influences appear most 
responsive to La Niña-like (anomalously cool, survival favourable) and El Niño-like 
(anomalously warm, survival less favourable) conditions than stocks entering more 
protected estuarine waters. 

• Persistence of strong El Niño-like conditions through the 2005 sea entry period by smolts 
was associated with low adult return rates in 2007 for Central Coast (Rivers and Smith Inlet), 
WCVI (Barkley Sound) and Fraser (Chilko Lake) sockeye index stocks. 
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Figure 10. Trends in the total returns and forecasts for BC sockeye index stocks including: 1. Tahltan, 2. 
Nass, 3. Smith’s Inlet, 4. Barkley Sound, and 5. Chilko. Y-axis represents returns in thousands of fish. 
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Figure 11.  Marine survival of Chilko Lake run of Fraser River sockeye salmon. Data for 2003 brood year 
(2007 return year) are preliminary. 
 
All four major run timing groups of sockeye salmon returned to the Fraser River in very low 
numbers in 2007. These low returns are almost certainly due to unusually poor ocean conditions 
after juvenile salmon left the river in spring 2005, a factor that hampered DFO predictions of 
returning numbers.  
 
How bad were ocean conditions for Fraser River salmon? Fig. 11 shows a time series of marine 
survival for Chilko Lake Fraser River sockeye. The 2003 Chilko Lake brood year entered the 
ocean in 2005 and returned to spawn in 2007.  Their marine survival was dismal, tied for the 
second lowest in more than 50 years of records. 
 
Accurately forecasting salmon returns is difficult, and DFO forecast numbers were too high for 
all major Fraser sockeye populations in 2007, as revealed in Fig. 12. Forecast models like the 
ones used for Fraser sockeye assume average survival conditions based on the historical time 
series.  Therefore, in years when survival conditions are less than what has been observed in 
the past, as occurred for the salmon that returned in 2007, forecasts under-estimate observed 
returns. Part of the challenge is to understand the relative importance of factors occurring in 
fresh water versus factors operating in the ocean. The Chilko stock is the only major sockeye 
population in the Fraser watershed where smolts are routinely counted en route to the ocean, 
and hence is the only population where we can separate the role of freshwater and marine 
factors affecting survival. Sockeye fry numbers are estimated in various lakes using 
hydroacoustic equipment (sounders), but significant freshwater mortality can occur between the 
time fry numbers are estimated and the sockeye migrate to sea nine months later as smolts. 
Sampling in the Strait of Georgia in June and September helps us understand what occurs 
during the early marine life of salmon. Observations of juveniles in the Strait of Georgia in 2005 
indicated no problem with marine survival, suggesting normal returns in 2007. In 2005 relatively 
high surface ocean temperatures associated with reduced marine survivals existed, but higher 
temperatures in earlier years did not result in the extremely low marine survivals found for this 
brood year.  
 
From the Georgia Basin, juvenile Fraser sockeye normally migrate through Johnstone Strait, 
Queen Charlotte Sound and northward along the continental shelf.  It appears now that 
conditions in these waters were poor, based on low returns of sockeye and poor marine survival 
of seabirds near Vancouver Island.  
 
Previous State of the Ocean Reports noted poor survival of juvenile coho and fledgling seabirds 
along the west coast of Vancouver Island in 2005, due to poor ocean conditions.  Seabirds 
survival was the worst ever observed from California to Triangle Island off northern Vancouver 
Island. However, seabirds appeared fine north of this range in 2005, suggesting returns of 
sockeye in 2007 would be normal. Indicators of ocean productivity, such as PDO and coastal 
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sea surface temperatures (Table 1), suggested reduced survivals for sockeye returning in 2007. 
 

 
Figure 12.  Forecasts success in past years for major run timing groups of Fraser River sockeye. 
Numbers for 2007 are highlighted – note that run forecasts were overly optimistic. 
 
One analysis, reported in last year’s report, compared Chilko Lake marine survival with ocean 
temperature observations for the brood years 1952-2002.  These suggested that increased 
survivals were associated with a cooler Gulf of Alaska from January to August of ocean entry 
year and a warmer Gulf of Alaska from November to July of the return year. Conditions for the 
2007 returning populations were just the opposite and quite extreme, pointing to poor returns. 
However, given past unreliability of using Chilko Lake sockeye in non-dominant years as 
indicators of other sockeye populations, it was not clear how to use this finding.  
 
Future forecasts will consider how to more effectively use climatic, physical and biological 
oceanographic data to inform quantitative return forecasts. A possible approach presents data 
from previous State of the Pacific Ocean reports corresponding to the 2005 and 2006 entry 
years in a “report card” format (Table 1). Qualitatively, all indicators for 2005 were poor (below 
average), and this type of information could be used to recommend the acceptance of a 
conservative probability forecast. The good news is that 2006 marine indicators of ocean 
productivity suggest that the survivals of sockeye returning in 2008 should be somewhat better 
than for those that returned in 2007. Unfortunately, the number of spawners in 2004 was the 
lowest for this cycle year, indicating that even with near average survivals, that returns will be 
low in 2008. 
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Indicators of Ocean Productivity (State of the Ocean Reports 2005 & 2006)

2005 2006

PDO warm (0.95 Jan-Aug) warm (0.57 Jan-Jul)
cool (-0.77 to Dec) cool (-0.34 to Dec)

SST (Coast BC) warm near/above avg (Jan-Jun)
below avg (Jul-Dec)

Vertical Stratification strong average-weak (storms)
Upwelling weak strong (in summer)
Spring transition delayed (June)** average (Early-April)

Zooplankton (warm-water spp.) high high
Large cold water euphasiids poor (peak Ap/May) poor (peak May)

WCVI Coho growth rates lowest on record average
Marine bird breeding success lowest on record average
Juvenile sockeye size (SOG) below average largest in past 10 yrs

 
Table 1. Ocean indicators for Fraser River and other southern BC sockeye salmon outbound in 2005 and 
2006.  The 2005 and 2006 indicators are relevant to sockeye returning in 2007 and 2008 respectively. 
 
Hake scatter in BC waters.  Can we blame jumbo squid? 
 
Hake were distributed from Monterey Bay (36.8° N) northwards to Dixon Entrance (54.6° N) in 
2007, with typical dense shelf-edge aggregations observed off of the Washington, Oregon, and 
northern California coasts (Fig. 13). Further north in Canadian waters, hake distribution was 
sparse, with most hake in well-separated pockets along the west coast of Vancouver Island and 
through Queen Charlotte Sound, Hecate Strait and Dixon Entrance. Total estimated biomass of 
hake aged 3 and older was 0.88 million metric tons in 2007, which is a 27% decline since 2005 
and similar to the lowest estimated biomass of 0.78 million metric tons recorded in 2001. The 
2007 survey was conducted by the NOAA Ship Miller Freeman because the CCGS W.E. Ricker 
suffered a catastrophic failure of the propeller shaft two weeks prior to joining the hake survey 
effort. The 2007 survey covered more than 12,000 nautical miles on 133 transects and 
conducted 92 sampling trawls. 
  
Historically, the areas between the mouth of Juan de Fuca Strait (48.25° N) and La Pérouse 
Bank (48.8° N) are the most productive fishing grounds for the Canadian hake fishery. However, 
hake biomass in these areas has declined substantially since 2003 (Fig. 13), which is most 
clearly illustrated by the 2007 data, and as a result the fishery has shifted to Queen Charlotte 
Sound, at the northern end of Vancouver Island.  These changes in distribution and abundance 
between surveys are not related to differences in survey timing or methods since standardized 
protocols have been followed since 1995 by both Canada and the United States.  The recent 
decline in hake abundance on traditional Canadian fishing grounds might be related to a 
reduction in the abundance of T. spinifera, a preferred food of hake. 
  
The 2007 survey was notable for the capture of 82 jumbo squid (Dosidicus gigas) during 
biological sampling at depths exceeding 300 m offshore of the continental shelf along 
Vancouver Island and the Queen Charlotte Islands. Jumbo squid underwent a rapid range 
expansion into the southern California Current between 2002 and 2006 (Field et al. 2007).  
Although previous surveys have captured jumbo squid, the 2007 survey was the first survey to 
capture jumbo squid exclusively in Canadian waters. Based on the acoustic data, hake 
appeared to be more widely dispersed or less densely aggregated when jumbo squid were 
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captured and jumbo squid predation may have led to increased swimming activity and dispersal 
of hake. 
 

 
Figure 13. Offshore hake distribution and abundance estimated by the Canada-US Pacific hake acoustic-
trawl survey, 1995, 2005 and 2007.  Black lines show survey grid, cyan line is the 200 m depth contour 
(continental shelf-edge) and the red circles indicate hake acoustic backscatter along transects with size 
proportional to the maximum among years.  Based on a figure provided by Rebecca Thomas (Nat. Marine 
Fish. Serv., Northwest Fish. Centre, Seattle, WA). 
 
Sardines are back in BC, but herring, shrimp and other species have 
declined 
 
Sardines reappeared off the west coast of Vancouver Island in 1992. During the 1990s their 
distribution expanded northward from southern Vancouver Island through Hecate Strait to Dixon 
Entrance. In 2003 and 2004 the distribution of sardines in B.C. was limited to the inlets of 
Vancouver Island and offshore areas in the south. Recent warm conditions and a very strong 
2003 year-class have resulted in widespread distribution of sardines throughout southern 
Hecate Strait and Queen Charlotte Sound in 2006 and 2007. 
 
However, herring on the West Coast of Vancouver Island is at an historically low level and will 
remain so unless ocean conditions resulting in a reduction in the abundance of predators in the 
area improve. Recent conditions have not been favourable for herring survival in 2004 and 
2005, and we expect continued weak recruitment to the stock during the next couple of years. 
 
Herring in the Hecate Strait area consist of migratory stocks from the Queen Charlotte Islands, 
Prince Rupert and Central coast areas.  For the past decade, recruitment and abundance of 
Queen Charlotte Islands herring have been low while recruitment and abundance of Prince 
Rupert and Central Coast herring have generally been good. Recruitment of the 2003 and 2004 
year-classes was weak in all three areas resulting in moderate declines in Prince Rupert and 
the Central Coast.  
 
Herring survival conditions and recruitment have been unusually good in the Strait of Georgia 
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for the last decade.  Abundance of herring reached near historical high levels from 2002-2004 
exceeding 100,000 mt.  However, the 2003 and 2004 year-class are relatively weak resulting in 
a substantial decline in abundance in recent years. Nevertheless, the stock remains at a healthy 
level in the short term. 
 

 
Figure 14. Herring abundance on the West Coast of Vancouver Island and in the Strait of Georgia to 
2007. No commercial fishing is allowed when biomass drops below the horizontal lines in each panel.   
Central and North Coast biomasses were closer to this fishing limit.  
 
Bottom trawl surveys using a small-mesh net (targeting the smooth pink shrimp Pandalus 
jordani) have been conducted during May since 1973. The survey in 2007 found that the 
biomass of Pandalus jordani shrimp off central Vancouver Island was low and similar to that 
from 2004 to 2006. Pink shrimp biomass continues to be affected by the warm ocean conditions 
from 2003 to 2005, likely a result of poor recruitment during this period and a 2-yr time lag to 
capture by the survey. Biomass of most other “key” indicator species continued to decline from 
record highs (for some species) in 2005; exceptions in 2007 were increases of both warm 
(Pacific hake) and cool (walleye pollock) water species. 
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