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ABSTRACT

Thompson, M., Daniel, K., and Therriault, T.W. 2005. Offshore northern British
Columbia herring survey, August 2004. Can. Manuscr. Rep. Fish. Aquat. Sci.
2713: vi + 42 p.

We conducted a 14 day summer, hydroacoustic and mid-water trawl survey in
offshore waters of northern British Columbia for Pacific herring (Clupea pallasi). The
area surveyed included Queen Charlotte Sound, Hecate Strait, Dixon Entrance and the
west coast of the Queen Charlotte Islands. This survey was designed to provide a pre-
season recruitment strength prediction based on the proportion of pre-recruit herring
(age-2+) encountered in offshore waters six months prior to the commercial roe fishery.
Although still in the developmental stages, we believe this survey has potential
application to the three northern British Columbia herring stocks: Queen Charlotte
Islands (QCI), Prince Rupert District (PRD) and Central Coast (CC). Characterization of
offshore herring distributions provides important information on the spatial distribution
of northern herring and their role in a northern ecosystem, specifically potential locations
for summer feeding grounds. In addition to length and weight data, we collected scale
samples for aging, DNA samples for mixed stock identification, and stomach samples to
characterize offshore feeding. The non-selective nature of mid-water trawl gear allowed
characterization of fish assemblages, including information on herring predators. Herring
aggregations were identified using an on-board, dual-beam Simrad EK500
hydroacoustics system operating at 38 and 120 kHz prior to fishing. We used CTD casts
to provide information on general oceanographical conditions encountered during the
survey including, temperature, salinity, transmissivity, and fluorescence.
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RESUME

Thompson, M., Daniel, K., and Therriault, T.W. 2005. Offshore northern British
Columbia herring survey, August 2004. Can. Manuscr. Rep. Fish. Aquat. Sci.
2713: vi+42p.

Nous avons effectué un relevé a I’aide d’une sonde hydroacoustique et d’un
chalut pélagique au large de la Colombie-Britannique pour évaluer la population de
harengs du Pacifique (Clupea pallasi). Le secteur étudié comprenait la baie de la Reine-
Charlotte, le détroit d’Hécate, 1’entrée Dixon et la cote ouest des fles de la Reine-
Charlotte. Ce relevé a été congu de maniére a pouvoir utiliser les effectifs de harengs de
pré-recrue (ayant au moins 2 ans) rencontrés au large six mois avant I’ouverture de la
péche des harengs rogués pour estimer le recrutement avant la saison. Bien que le relevé
n’en soit encore qu’au stade du développement, nous pensons qu’il pourra s’appliquer
aux trois stocks de harengs du Nord de la Colombie-Britannique : celui des iles de la
Reine-Charlotte (IRC), celui du district de Prince Rupert (DPR) et celui de la cOte
centrale (CC). La caractérisation de la distribution des harengs au large de la Colombie-
Britannique permet d’obtenir des informations importantes sur la distribution spatiale des
harengs du Nord, en particulier les emplacements possibles des zones ou les poissons se
nourrissent en été, et sur le role que jouent ses poissons dans I’écosystéme marin
nordique. En plus des données sur la longueur et le poids des poissons, nous avons
recueilli des échantillons d’écailles pour déterminer 1’4ge des poissons, des échantillons
d’ ADN pour I’identification des stocks mixtes et des échantillons stomacaux pour
déterminer le régime des poissons au large. La nature non sélective du chalut pélagique a
permis d’identifier plusieurs assemblages de poissons et d’obtenir notamment des
informations sur les prédateurs des harengs. Les agrégations de harengs ont été repérées
avant la péche grice au systémes de détection hydroacoustique a doubles faisceaux
Simrad EK500 monté 2 bord du bateau et opérant a 38 et 120 kHz. Nous avons utilis€ les
profils de CTD pour déterminer les conditions océanographiques générales qui
dominaient durant le relevé et notamment la température, la salinité, la transmissivité et
la fluorescence.



INTRODUCTION

Reduced biomass for some northern Pacific herring (Clupea pallasi) stocks
(Figure 1) has renewed interest in the accuracy of recruitment forecasting procedures. In
general, British Columbia herring mature, spawn, and recruit (join the adult stock for the
first time) at age-3 (Hay and McCarter 1999). Currently, each of the five major British
Columbia herring stocks is assessed annually. This stock assessment procedure uses an
age-structured model to forecast returning spawner biomass and adds an average,
historically observed recruitment to account for newly recruiting fish (Schweigert 2002).
Given that interannual variability in recruitment can be substantial, a forecast of
recruitment strength would be extremely valuable for managers. Independent offshore
surveys conducted in late spring or summer could dramatically refine recruitment
forecasts for northern herring stocks (Therriault 2003). This refinement is essential to
“fine-tune” harvest levels, especially when stocks are near the pre-defined fishery cut-off
level.

Information on the distribution of pre-recruit and adult herring in offshore waters
during the summer feeding months is limited, as is information about their basic biology
and role in a northern marine ecosystem. In addition to developing the capability for
recruitment strength predictions for northern stocks, the survey addresses the role of
herring in a northern ecosystem, and the extent to which ecosystem factors affect herring
distribution, abundance and growth.

SAMPLING METHODS

The hydroacoustic and mid-water trawl survey was conducted over a two week
period between August 3 and 16, 2004 aboard the CCGS W.E.Ricker, a 58 m stern
trawler. Thirty-one mid-water trawls were performed between Goose Island Bank in the
south and Dundas Island in the north, with a circumnavigation of the Queen Charlotte
Islands (Table 1). The survey followed both pre-determined acoustic lines, a criss-cross
pattern of the 91.4 m (50 fathom) contour, moving from deeper water (182.9 m or100
fathoms) to shallower water (54.8 m or 30 fathoms) as well as surveying along the 91.4 m
(50 fathom) contour (Figure 2). Vessel limitations restricted this survey to depths greater
than 54.8 m (30 fathoms). Further vessel restrictions were imposed on the west coast of
the Queen Charlotte Islands where modern hydrographic charts are unavailable.
Approximately 3334 km (1800 nautical miles) were covered over the duration of the
survey.

Major aggregations of herring were identified using a Simrad EK500 38/120 kHz
dual-frequency, split-beam hydroacoustic system. The 38 and 120 kHz transducers were
mounted on a single retractable ram located near midship which was fully extended (~5.5
m) for all survey work (Kieser et al. 1999). Although data from both transducers were
logged for the entire survey, herring (and other fish) biomass will be estimated using the
38 kHz receiver only.



FISHING

Thirty-one mid-water trawls were performed during the two week survey. A
CanTrawl model 240 trawl net was used with an approximate mouth opening of 28 m
wide by 16 m deep measured acoustically by a Scanmar trawl eye mounted on the
headrope. The trawl has a front end of hexagonal web made from 9.5 mm (3/8") and 7.9
mm (5/16") Tenex rope and a tapered body made up of 163 cm (32"), 81.3 cm (16"), 40.6
cm (16"), 20.3 cm (8"), and 10.2 cm (4") polypropylene sections. An intermediate
section of 7.6 cm (3") polypropylene and a codend of 3.8 cm (1.5") knotless nylon lined
with 64 mm (1/4") mesh make up the lower end of the net. The net is attached to 5 m Jet
doors with three 40 m bridles of 1.6 cm (5/8") wire rope per side. It is suggested that a
bottom trawl net be included in next year's survey due to the position of some herring
schools close to hard bottom and their avoidance behaviour (diving) to the mid-water net.

METHODS AND RESULTS
Biological

When available, two hundred herring were randomly selected and retained for
biological sampling from each set. Herring were measured to standard length and
weighed to the nearest gram. For selected tows, DNA, stomach and scale samples were
taken for additional analyses (Table 2). Other species caught (Table 3) were measured,
fork length for salmonids (pink, chinook, chum, and coho salmon), total length for
groundfish (hake, Pacific cod, pollock, and arrowtooth flounder), and standard length for
pelagics (eulachon).

A total of 3347 herring were measured and weighed from 17 sets (Figure 3).
Length frequency data (Figure 4) in combination with herring ages from scale samples
will be used to develop a forecasting tool for recruitment strength for northern herring
stocks. Comparisons with previous northern cruises (i.e., Thompson et al. 2004) are now
possible (but beyond the scope of this report). Main summer aggregations of herring
were found from Dundas Island (set 18) in the north down through Hecate Strait
(primarily lying along the 50 fathom contour) to the Estevan Group (set 26) in the south.
Smaller herring aggregations were identified in southern Queen Charlotte Sound on
Goose Island Bank. This is similar to findings from the summer herring survey in 2003
(Thompson et al. 2004).

Herring scales were collected and mounted following the protocol developed by
Hamer (1989). For each fish, the preferred aging scale located under the pectoral fin on
the left side of the fish was removed and mounted on a glass slide using a diluted
mucilage mixture. Scales were removed from a total of 843 fish from ten separate sets
for age analysis and size-at-age determination (Figure 5). These results are similar to
previous summer herring surveys. Mean lengths, weight and percent composition by age
are shown in Table 4 and length — weight correlation in Figure 6. This length — weight



correlation is a better fit (r* value) than previous surveys in Hecate Strait. On two
occasions (sets 13 and 22), large herring (>200 mm) were selectively collected and scales
removed for aging to determine upper age limits. No pre-recruit (age-2+) herring were
landed in these sets. In contrast, some sets were dominated by pre-recruit herring. For
example, Set 1 from Queen Charlotte Sound resulted in the highest catch composition of
age-2+ herring (83%), followed by set 11 (60%) from mid-Hecate Strait and set 26 (53%)
from southern Hecate Strait (Table 4). No herring were observed along the west coast of
the Queen Charlotte Islands.

DNA was collected following established protocols (Beacham et al. 2002). Fish
were wiped clean using a cloth to remove scales and excess mucus and a corer was used
to obtain a sample of epaxial muscle. The core sample was then preserved in 95%
ethanol. DNA was collected from 100 herring from two different spatial locations in
Goose Island Bank and Hecate Strait, resulting in the collection of 200 individual DNA
samples. These samples will be used in ongoing investigations of herring populdtion
structure for northern stock assessment areas.

A total of 250 herﬁng stomachs were retained from four sets (15, 17, 23, 28) for
gut content (diet) analyses. Stomachs were removed and preserved in 4% formaldehyde
(mixture of freshwater and 37% formalin). Stomachs from species other than herring
also were sampled and all identifiable gut species were measured to total length.

Pacific hake (Merluccius productus) were the second most common fish species
encountered during this survey and could represent an important herring predator. Sets 4,
8, 9, 20 and 29 resulted in hake being the predominant species captured. Northern
summer aggregations of hake are mainly made up of larger females (DFO 2003). Thus,
fish were sorted by sex to display the sex ratio separation prior to sub-sampling for total
length (cm) measurements (Figure 7). By the late 1990's, the center of summer feeding
and winter spawning distributions shifted north with hake found as far north as the Gulf
of Alaska (DFO 2003). This survey captured hake at our most northern set near Dundas
Island (set 19). Hydroacoustic images of hake schools are extremely similar to herring
schools with depth being the primary factor allowing species-specific classification of
unknown school targets (Figure 8). Further, it is necessary to ground-truth any
questionable hydroacoustic images to determine species composition in these unknown
aggregations. In general, hake and herring did not co-occur (Table 3) with most herring
encountered in shallower water areas and most hake encountered in deeper water areas
(Figures 2 and 3). Thus, at least in northern waters, the potential predator-prey
relationship between hake and herring might not be significant.

Oceanographical

To characterize oceanographical conditions in the surveyed area, a total of 34
CTD (conductivity — temperature — density) casts were made using a Sea-bird model
SBE-911plus (Figure 9). A CTD was performed at the start of each day as well as at
each set which resulted in a quantifiable amount of herring. All CTDs were cast to
within 3 to 5 m of the bottom. The CTD provided a range of data for temperature (°C),
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transmissivity (%/m), fluorescence (mg/m3) and salinity (ppt) based on depth (m) (Figure
10). Transmissivity is the ability of water to transmit light along a straight path. Any
incident light attenuated, scattered, or absorbed decreases the transmissivity of the water.
Transmissivity is reported in percent of light returning to the receiver per meter (%/m).
Fluorescence is used to determine the location of the phytoplankton layer (mainly
diatoms) in the water column and is reported in milligrams of chlorophyll a per cubic
meter of water (mg/m>). In general, transmissivity peaked near the surface and
fluorescence peaked between 10 and 30 metres.

CONCLUSIONS

The survey covered approximately 3334 km (1800 nautical miles) around the
northern coast of British Columbia. Major summer aggregations of herring were found
from Dundas Island in the north down through Hecate Strait (primarily lying along the 50
fathom contour) to the Estevan Group in the south. Smaller herring aggregations were
identified in southern Queen Charlotte Sound on Goose Island Bank. Continuation of
this survey would be beneficial for the understanding of summer herring spatial
distributions, feeding, amount of stock mixing, and recruitment strength forecasting for
northern herring stocks.
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Figure 1. The three northern herring stock assessment regions. Queen Charlotte Islands
(QCI), Prince Rupert District (PRD) and Central Coast (CC).
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Table 2. Total number of herring scales, DNA, stomach and length samples taken from

all sets.

Set Scales = DNA Stomach Lengths
1 100 100 - 200
2 - - - -

3 - - - -

4 - - - -

5 - - - 1

6 - - - -

7 - - - -

8 - - - -

9 - - - -
10 - - - -
1 100 100 - 200
12 - - - 200
13 25 - - 235
14 - - - 200
15 100 - 50 200
16 - - - 200
17 100 - 50 200
18 - - . 40
19 - - - -
20 - - - -
21 100 - - 278
22 18 - - 218
23 100 - 100 200
24 - - - 200
25 - - - 200
26 100 - - 200
27 - - - -
28 100 - 50 200
29 - - - -
30 - - - -
31 - - - 175

Totals 843 200 250 3347
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