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Abstract

Trends in capelin (Mallotus villosus) biomass in NAFO Div. 3L during 1982–89 projected
from Canadian acoustic surveys were compared to trends in indices of inshore abundance
from aerial surveys and trap catch rates. Trends in the two inshore indices of abundance
were significantly correlated with each other but were not significantly correlated with the
Canadian series. The major differences occurred during 1986 and 1987. Age-compositions
in the inshore mature stock were similar to the age-compositions predicted from the acous-
tic surveys although the latter tended to underestimate the proportions of older fish. The
time series was short and the relationships tested were not always statistically significant,
however, the general agreement in trends of all indices engendered confidence in the ap-
proach and especially in the acoustic surveys which provide absolute abundance indices
which can be used directly for management advice.
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Introduction

Over the last 20 years or so, methods of fish
stock assessment have developed rapidly in re-
sponse to increased fishing pressure and the need
for accurate evaluation of a safe level of fishing.
Techniques to assess the abundance of a species
can take many forms, direct or indirect (e.g. acous-
tic surveys and virtual population analysis (VPA),
respectively), but inevitably there is a desire to vali-
date the estimates of abundance. Often the valida-
tion takes the form of comparison of different esti-
mates or indices of abundance. When a series of
abundance estimates are compared, similar trends
over time promote confidence both in the methods
and results but differing trends between series
prompt the investigator to determine why the differ-
ences are occurring.

In this paper, we examine the comparability of
indices of abundance for one stock of capelin
(Mallotus villosus) in the Northwest Atlantic, viz. that
in NAFO Div. 3L during 1982–89. We compare
trends in biomass projected from acoustic surveys
with indices of abundance from a commercial catch-
rate series and an aerial survey.

Background

Capelin is a small (maximum size about 200
mm), silvery pelagic fish species, circumpolar in
distribution in northern waters (Jangaard, 1974). On
the east coast of North America, capelin is abun-
dant in the waters surrounding Newfoundland and

Labrador, where five major stocks (Campbell and
Winters, 1973) have been designated for manage-
ment purposes (Fig. 1). Three of these stocks (NAFO
Subarea 2 and Div. 3K, Div. 3L and Div. 3NO) have
been subjected to directed fisheries and have been
the object of scientific research since the early-
1970s. This contribution deals only with the Div. 3L
stock.

The northern Grand Bank is a nursery and
overwintering area for this stock (Carscadden,
1983). Maturation begins in the offshore area in late-
winter and early-spring and then these maturing fish
migrate inshore to spawn during late-June and
early-July. Most spawning occurs intertidally on
gravel beaches during a 4–6 week period at water
temperatures of 5.5° to 8.5°C but when water tem-
peratures become too high, spawning may take
p lace  in  deeper  water  ad jacent  to  beaches
(Templeman, 1948). The bulk of the mature capelin
stock is 3 and 4 years of age. Spawning mortality is
h igh ,  es t imated to  be  grea te r  than  80%
(Carscadden and Miller, MS 1980).

Prior to the 1970s, a local inshore capelin fish-
e ry  was  prosecuted fo r  ba i t  and fe r t i l i ze r
(Carscadden, 1983). During the early-1970s, the
commercial catch of capelin rose with increasing
midwater trawler effort concentrating in the offshore
zone (outside 12 naut. miles) during March–May.
Catches peaked at 58 000 tons in 1974 and then
declined to 25 000 tons in 1978, after which the off-
shore fishery was terminated. In the late-1970s, an
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inshore fishery directed at roe-bearing females de-
veloped. The primary gears used in this fishery have
been purse seines and trap nets. Catches in this
inshore fishery during 1978–90 ranged from 6 400
tons to 53 000 tons with the peak catch occurring
in 1988. Management has been by quota; final quo-
tas are determined by market requirements and in
the years addressed in this paper have generally

been lower than advised from results of scientific
assessments.

The biology of capelin and the pattern of the
fishery have influenced the type of biological re-
search used as the basis of advice for management
of this stock. Estimation of capelin biomass using
sequential population models has proven problematic

Fig. 1. Map showing major capelin stocks (A–E) and spawning migration routes
of capelin in the Northwest Atlantic.

Key to stocks:   A – Labrador/Northeast Newfoundland (NAFO Div. 2J3K)
stock; B – Northern Grand Bank/Avalon (NAFO  Div.  3L) stock;  C – South
Grand  Bank (Southeast Shoal – NAFO Div. 3NO) stock; D – St. Pierre Bank
(NAFO Subdiv. 3Ps) stock; and E – Gulf of St. Lawrence stock.
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because of the short life span (capelin older than 4
years comprise less than 10% of the population) and
high spawning mortality. The changing nature of the
fishery from an offshore midwater trawler fishery to
an inshore purse seine and trap fishery prompted
us to incorporate fishery-independent assessment
methodologies. Because the mature biomass is
dominated by two age-groups (3- and 4-year-olds)
and the present inshore fishery is directed at ma-
ture fish, the primary objective of annual assess-
ments of this stock has been to estimate the rela-
tive strength of year-classes which will recruit to the
fishery the following year. These recruiting year-
classes have been estimated annually since 1982
from data collected during hydroacoustic surveys
in spring in offshore nursery areas in Div. 3L.

While the acoustic survey results have formed
the basis for assessing this capelin stock, other
techniques have been used to monitor trends in
abundance of the mature stock during the inshore
spawning period and thereby evaluate the projec-
tions based on the acoustic survey data. Two indi-
ces of inshore abundance have been developed:
catch rates from trap nets and an index of relative
spawning biomass estimated from aerial photo-
graphs of capelin schools near spawning beaches.

Materials and Methods

Acoustic survey methodology

Hydroacoustic surveys have been conducted
offshore in NAFO Div. 3L during spring (April–May)
since 1982. The timing of the surveys has varied
somewhat during the 1982–88 period. During 1982–
84 inclusive, surveys were conducted in April but it
was found that in some years, ice created problems
in towing the transducer. Thus, beginning in 1985,
the survey was moved to May to avoid ice and the
survey period was extended allowing greater areal
coverage (Table 1). An example of the design of a
recent survey is shown in Fig. 2.

All acoustic cruises were conducted from the
RV Gadus Atlantica, a 73.5 m stern trawler. The
transducer was mounted in an underwater vehicle
and towed behind the vessel to minimize ship noise
and turbulence. Acoustic data were collected us-
ing a Simrad EK 400 echosounder operating at 49
Khz with a pulse length of 0.4 milliseconds in 1982,
0.3 milliseconds in 1983, and 0.6 milliseconds since
1984, and a band width of 3.3 Khz. A time-varied-
gain of 20 log R+2 α  R (α  = 0.0120dB/m) was used.
Returned echo signals were demodulated and fed
to a custom-designed microprocessor-controlled
hydroacoustic data acquisition system (HYDAS)
(Stevens, 1986).

A hydroacoustic data acquisition system was
calibrated by measuring the transmit and receive
performance of the system with a hydrophone. Prior
to performing the measurements, the hydrophone
was calibrated by Canadian Department of Defense
personne l  by  compar ison  w i th  a  s tandard
hydrophone.

The cal ibration exercise was init ial ized by
mounting the transducer selected for a survey in
the underwater towed vehicle. The vehicle was at-
tached to the top end of a mechanical frame and
the hydrophone was secured to a pedestal mounted
at the bottom end of the frame. A measuring tape
was used to measure the distance between the
hydrophone and the face of the transducer.

An articulating crane was used to lower the
frame over the side of the vessel. The frame was
immersed in water until the transducer was at a
depth of approximately 2 m.

The echosounder and the associated instru-
mentation required to conduct the calibration were
configured to measure the received response of the
system. With the hydrophone emitting acoustic
pulses of known amplitude, the location of the ped-
estal containing the hydrophone was moved by
small increments. The voltage at the output of the
echosounder receiver  was observed and the
hydrophone was assumed to be aligned with the
acoustic axis of the transducer when the voltage
was maximized.

After locating the acoustic axis, the voltage
output from the receiver was measured and the re-
ceiving sensitivity for the system was calculated.
Then, the system was configured to transmit acous-
tic pulses. The voltage output from the hydrophone
was measured and the source level was computed.
A calibration value for the system was obtained by
adding the source level and the receiving sensitiv-
ity values.

The survey area was subdivided into discrete
blocks (Fig. 2) based on results from earlier explora-
tory surveys and the bathymetry of the area. A sys-
tematic zigzag cruise track was chosen to acousti-
ca l ly  sample the survey b locks (K imura and
Lemberg, 1981; Nakashima, MS 1981) and density
estimates were calculated using a cluster sampling
model (Nakashima, MS 1981; Williamson, 1982).

Length and age compositions were derived from
catches using either an Engels or Diamond IX
midwater trawl with a codend liner of mesh size not
exceeding 12 mm. Midwater trawl fishing sets were
made on an opportunistic basis. To achieve a bal-
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TABLE 1. Mean densities (g.m-2), area (km2), biomass (t), and by survey block and abundance estimates (billions) of immature and
mature capelin for spring offshore acoustic surveys on Gadus Atlantica in NAFO Div. 3L, 1982–88.

Survey Survey Mean
and date block density Area Biomass Age 2 3 4 5+

GADUS 64 A 2.31 9 483 21 906 Imm. 9.0 3.1 0.1 –
April 1982 B 16.73 19 002 317 903 Mat. 0.7 13.1 2.3 0.8

C 1.49 20 854 31 072
D 3.57 26 398  94 241

75 737 465 122

GADUS 77 B 1.25 12 279 15 349 Imm. 2.9 0.7 – –
April 1983 C 0.86 12 685 10 909 Mat. 0.5 1.2 0.8 0.1

D 5.90  9 960 58 764
34 924 85 202

GADUS 93 A 15.87 18 080 286 930 Imm. 19.3 1.0 – –
April/May 1984 B 2.68 25 220  67 590 Mat. 1.8 5.3 3.1 0.5

43 300 354 520

GADUS 109 A 63.8 5 162 329 336 Imm. 359.1 45.5 – –
May 1985 B 153.8 4 662 717 016 Mat. 10.5 34.9 3.4 2.3

C 215.2 5 464 1 175 853
D 43.6 6 817 297 221
E 28.4 23 345 662 998
F 24.1 10 770   259 557

56 220 3 441 981

GADUS 124 A 139.7 10 715 1 486 886 Imm. 59.0 99.9 1.4 –
May 1986 B 36.5 19 686 718 539 Mat. 0.4 58.1 19.9 0.7

C 37.4 33 812 1 264 569
D 23.8  9 106   216 723

73 319 3 696 717

GADUS 137 A 35.6 10 715 381 454 Imm. 82.9 4.9 0.9 –
May–June 1987 B 13.8 19 686 271 667 Mat. 5.2 13.4 38.1 3.9

C 44.0 33 812 1 487 728
D 46.9  9 255   434 060

73 468 2 574 909

GADUS 151 A 55.7 10 715 596 302 Imm. 373.0 15.6 0.1 0.1
May 1988 B 121.7 19 686 2 396 305 Mat. 7.4 50.1 9.6 16.7

C 49.4 10 897 538 517
D 36.4 28 029 1 019 350

69 327 4 550 474

ance between acoustic survey time and fishing time,
fishing was performed only when pelagic fish were
detected, no more than twice per day and no more
than once per transect unless the schooling pat-
terns changed. Random length samples of 200
capelin were taken from each fishing set. Stratified
age samples were taken from each length sample
and combined for an age-length key. Total age com-
position was calculated by weighting the sampling
data for each survey block by the acoustic abun-
dance estimate for that block.

S ince  the  survey  u t i l i zed  a  s ing le  beam
hydroacoustic system, in situ target strength esti-
mates could not be derived. A target strength/length

regression was derived experimentally for New-
foundland capelin (U. Buerkle, St. Andrews Biologi-
cal Station, St. Andrews, N. B., pers. comm.). When
a length-weight relationship was combined with the
target  s t rength- length regress ion,  the target
strength per kilogram was within ±0.5dB of -34dB/
kg. This was well within the range of variation in the
length sample data (10–20 cm) used to determine
target strength. As a result a target strength value
of -34dB/kg was used in the analysis.

Digitized acoustic data were analyzed by squar-
ing the sample voltage (rms) levels and averaging
over 1 m depth intervals. Data were accumulated
and averaged over 10-min intervals at constant boat
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Fig. 2. Example of an acoustic survey track and fishing set locations. This survey was Gadus
Atlantica Cruise No. 151 conducted during May 1988.

speed corresponding to a survey track distance of
3.1 km. The density per cubic meter (λ) for depth
R was then calculated from:

λ = VR
    2  K

(1)

where VR
2 is the average rms voltage squared

at depth R,
Rx is the receiving sensitivity of the trans-

ducer (dB),
Io is the rms transmitted intensity level
(dB),
b is the average beam pattern (dB),
TS is the target strength (dB),
C is the speed of sound in seawater,
t is the pulse length of the transmitted
pressure level,

and Go is the fixed (depth independent) gain
of the echosounder (dB).

where K = 10(-Rx + Io + b + TS + Go + 10 log ( 1
2

 Ct))/10
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The weight of fish (g) per m2 of surface area
was then calculated by summing the individual den-
sities per m2 over the depth range. If sampling within
the survey block indicated the presence of other
species in the acoustic sample, the density estimate
was adjusted proportionally to the percentage by
weight of capelin in the midwater trawl samples. An
average density estimate was then calculated from
these individual estimates for the entire survey
block. Total biomass for the block was calculated
by applying the mean block density to the total sur-
face area of the block.

A biomass estimate for the entire survey area
was calculated by summation of survey block
biomass estimates.

We have used the estimates of abundance by
age-groups, projected the numbers forward one
year and calculated the mature biomass from the
projected numbers. Although the t iming of the
spring surveys varied between late-April and early-
June, for purposes of these projections we have
assumed the acoustic estimates were made for 1
June each year. We have also assumed that spawn-
ing time is 1 June. All projection parameters are the
same as used in the scientific assessment process
of NAFO (see e.g. NAFO, 1989). Est imates of
spawning mortality for each age (Carscadden et al.,
1985), values of proportions mature (Carscadden
et al., MS 1981), and mean weights by age group
from inshore sampling data (Table 2) have been
estimated while natural mortality rate, other than
spawning mortality, has been assumed and set
equal to 0.3.

Aerial survey

All aerial survey flights were along the coast-
line following a defined survey track in Conception
and Trinity Bays, Newfoundland (Fig. 3). These bays
were chosen as the study sites because they are in
the central area of the Div. 3L stock, the fishery has
consistently high landings in these bays and both
are within 1 hour of flying time from the nearest air-
port at St. John’s, Newfoundland.

All surveys used fixed wing aircraft with a large
format camera and 228 × 228 mm aerocolour nega-
tive 2 445 film which penetrates water to a depth
visible to the naked eye. An anti-vignetting filter was
used in all years.

Two observers along with a pilot and navigator/
photographer were present on all flights. One ob-
server spotted capelin schools and directed the
pilot during the survey while the other recorded rel-
evant information. Optimal photographic conditions
were on sunny days with light wind conditions. To
minimize glare, reduce the effect of land shadows
along the coastline, and increase visibility, photo-
graphs were generally taken when the sun angle
was between 20° and 45°. The optimal flying alti-
tude was set at 457 m (1 500 ft) above sea level.
An accurate measurement of altitude is essential to
estimate the scale of each photograph and conse-
quently, a radar altimeter has been used for all sur-
veys since 1983.

Because the distr ibution of capelin varied
somewhat within and between bays, the survey
track was subdivided into four survey transects (Fig.
3). One transect in Trinity Bay encompassed the
route from the Horse Chops to Gooseberry Cove
including Southwest Arm, while the second ran from
Gooseberry Cove to Hopeall. One transect in Con-
ception Bay included the shoreline from Caplin Cove
to Harbour Grace Islands and the other transect
went from Harbour Grace Islands to Portugal Cove.
It was impractical to survey the entire coastline of
both bays within the optimal time period each day.
Thus difficult areas to survey, areas with low land-
ings, and places with no fixed gear fishing were
excluded from the survey track. The flight path rep-
resented the maximum area which could be cov-
ered on an ideal day under optimal photographic
conditions, when capelin were abundant and widely
dispersed inshore.

We attempted to complete at least one transect
on each flight. Flights generally alternated between
bays. When a school was observed, it was photo-
graphed and location, altitude and time of day were
recorded. Photographic frames overlapped by 10–
20% and contained some shoreline as a reference
point for later identification. The frequency of flights
was increased subject to weather to cover the peak
periods of capelin abundance inshore.

Each photograph was visually scanned to iden-
tify capelin schools against a background of kelp
beds and rock formations. Capelin schools were
usually easily identified because of their greyish
colour and distinctive shapes. School surface area
was measured us ing  a  compensat ing  po la r
planimeter. The scale (RF) of the photography was

TABLE 2. Estimates of capelin spawning mortality, values of
proportions mature and mean weights by age group
used in projections.

Spawning Proportions Mean weights
Age mortality mature (g)

 3 1.39 0.47 21.2
 4 1.69 0.87 28.4
 5 2.23 0.93 31.1
 6 2.23a 1.00 32.4
a  Assumed to be the same as age 5.
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Fig. 3. Aerial survey transects in Conception and Trinity Bays. Transects
are from Horse Chops to Gooseberry Cove to Hopeall in Trinity
Bay and from Caplin Cove to Harbour Grace Islands, Harbour
Grace Islands to Portugal Cove in Conception Bay.

estimated by the equation RF = F/A where F is fo-
cal length in cm and A is the altitude in cm. Each
school was measured three times by the same per-
son and the average of the three measurements was
accepted as the estimated school size. Only com-
plete transects were included in the analysis. The
total observed surface area was calculated per
transect and assumed to represent a minimum es-
timate of available school surface area. No density
or school depth measurements are available, and
in this analysis it is assumed that all schools were
of uniform density.

An annual relative abundance index was cal-
culated by summing the highest total capelin sur-
face area observed along each of the four transects.

Catch rates from research logbooks

Specially designed research logbooks have
been distributed since 1981 to a subsample of com-
mercial trap net fishermen who were asked to record
detailed catch and effort data. Details of the pro-
cedures to select fishermen to provide good spa-
tial coverage are given in Nakashima (MS 1984).

During 1981–85, fishermen were visited person-
ally to explain how to complete the logbook, to re-
view their performance and discuss problems. This
degree of personal contact has been reduced in
later years because of confidence in the quality of
the data but most fishermen are still contacted af-
ter the fishery. The research logbook data are su-
perior to purchase slip data because they include
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discards and whether dead or live fish are dis-
carded.

Random samples were collected weekly from
each gear type in the commercial capelin fishery in
major bays in Div. 3L. From each sample of 200 fish
measured for length, a stratified sample of otoliths
for ageing was collected on the basis of 2 fish per
sex per 0.5 cm length group.

Results
Acoustic surveys

During the first 3 years of the survey series, the
biomass estimates were lower than during the last
4 years (Table 1). While these differences may be
due in part to the area covered, especially in 1983
and 1984, densities during the earlier period were
also lower.

Estimates of abundance by age-group from the
acoustic surveys indicated that the 1983 year-class
was relatively strong at all ages from 2 to 5. The esti-
mate of the 1986 year-class at age 2 was also high
suggesting that this year-class might also be strong.

Results of the projections using estimates of
abundance from Table 1 and parameters in Table 2
are given in Table 3 and shown in Fig. 4.

The predicted age compositions of mature fish
(Table 3) show a predominance of age 3 fish in each
year except 1987 when age 4 fish predominated.
The contribution of older fish (ages 5 and 6) was
not strong (usually less than 10%).

Aerial survey

Annual coverage by the aerial survey has been
variable due to changing flying conditions. The
worst year was 1986 (Table 4) when weather condi-
tions were consistently bad resulting in only 5 days
of survey totalling 13.4 hr compared to the 1983–
89 (omitting 1986) average of 9 days and 28.7 hr of

TABLE 3. Age composition and biomass of mature capelin predicted from acoustic surveys and age compositions from inshore
capelin fishery, all gears, 1983-89. Age compositions in parentheses are calculated excluding 2-year-olds.

1983 1984 1985 1986 1987 1988 1989
Age Pred. Actual Pred. Actual Pred. Actual Pred. Actual Pred. Actual Pred. Actual Pred. Actual

 2 5 2 12 4 11 1
 3 60 61 (64) 66 40 (40) 91 61 (70) 81 62 24 18 (19) 88 59 (66) 73 76 (77)
 4 39 33 (34) 32 54 (55) 8 20 (23) 19 34 75 73 (76) 10 15 (17) 26 21 (21)
 5 1 2 (2) 1 5 (5) 1 6 (7) – 3 1 5 (5) 2 14 (16) 1 1 (1)
 6 – – – – – – – – – – – 1 (1) – 1 (1)

Predicted 206 46 201 3 683 2 642 952 3 363
mature
biomass
(‘000 t)

Fig. 4. Trends in capelin indices of abundance from
aerial surveys, and catch rates from traps, and
trends in projected mature biomass from Cana-
dian acoustic surveys, 1983–89.
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survey. Also no estimate was available for one
transect during 1986.

Since the highest value of school surface area
in each transect is summed to provide the annual
index, the 1986 index is likely an underestimate of
the true capelin abundance that year.

Based on the school surface area indices, the
capelin abundance spawning inshore was relatively
low during 1982, 1984 and 1986 and highest dur-
ing 1987 (Table 4, Fig. 4).

Inshore catch rates

The trap catches have increased in importance
in the inshore fishery, accounting for less than half
of the inshore landings from 1982 to 1984, to about
two-thirds of the landings in the last 4 years (Table
5). Total catches of capelin inshore have also in-
creased in recent years due to a larger share of the
limited Japanese market.

The trap net catch rates show a general in-
crease over the series (Fig. 4). The 1987 estimate
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TABLE 5. Total reported capelin landings (t) for all gear, total trap net landings (t), landings plus discards (t) and days fished, from
logbooks and catch rate (t/day) data for 1982–89, in Div. 3L.

Total landings Total trap Logbook landings Days fished Catch rate
Year all gear net landings and discards from logbooks (t/day)

1982 27 436 8 845 4 972 1 630 3.1
1983 25 074 10 487 4 252 1 236 3.4
1984 33 261 15 204 4 479 1 535 2.9
1985 25 451 15 684 4 440 976 4.5
1986 48 427 26 762 6 159 1 338 4.6
1987 19 503 12 910 4 854 552 8.8
1988 53 634 32 970 6 769 1 095 6.2
1989 51 633 31 541 6 065 903 6.7

may be biased up because of a labour dispute
which delayed the start of the fishery so that fisher-
men fished at peak abundance only and a gradual
increase in daily catch-rate normally observed in
this fishery was thereby not recorded.

The 3-year-old capelin predominated in the in-
shore fishery in all years except 1984 and 1987
when 4-year-olds predominated (Table 3). The 3–
and 4-year-olds comprised a substantial proportion
(>80%) of the catch in all years while 2-year-olds
and fish older than 4 years also occurred in vary-
ing proportions.

Comparison of trends in abundance indices

The trends in the two inshore indices, the trap
catch-rate and the aerial survey index were corre-
lated (r = 0.93, n = 7, p = 0.002). However, the pro-
jections of mature biomass from the acoustic sur-
veys were not statistically correlated with either the
trap catch-rate (r = 0.581, n = 7, p = 0.171) or the
aerial survey index (r = 0.449, n = 7, p = 0.313).
However, all three series showed lower values in
the early years and generally higher values in the
later years of the series. The major differences be-
tween the inshore indices and the acoustic projec-
tion occurred in 1986 and 1987. The acoustic pro-
jection increased from 1985 to 1986 and dropped
in 1987, whereas the inshore series changed very
little  between  1985  and  1986 and declined in
1987.

Discussion
Although the time series was relatively short and

there were differences in the magnitude of the an-
nual variability in the indices and projections, the
trends in the independent indicators of inshore
abundance were highly correlated and generally
reflected the trends in mature biomass derived from
projections from the offshore surveys. The lack of
statistical relationships between the acoustic pro-
jections and the two inshore series appear to have
resulted from differences in 1986 and 1987. These

differences may be due to the fact that fixed pro-
jection parameters were used rather than account-
ing for annual variability in these parameters (e.g.
see Carscadden et al., 1985 for variability in pro-
portions mature). Although the 1983 year-class ap-
peared to be strong, it did not contribute to the in-
shore age-compositions during 1986 in higher pro-
portions than did weaker year-classes at age 3. This
may have been due to slower maturation rates, as
a result of either density-dependent or density-in-
dependent effects. The 1983-85 period has been
identified as a cold period (Narayanan et al., MS
1992) and as a result, growth of the 1983 year-class
may have been slower and maturation delayed.

In the comparison of trends in this paper, we
restricted our analysis to projections from the Ca-
nadian acoustic series largely because the Cana-
dian series has formed the basis for projections
since 1986. Prior to that, projections were based
on combined estimates from USSR and Canadian
acoustic surveys. Also in this earlier period, surveys
from both countries were conducted two years prior
to the fishery with the result that projections to ma-
ture ages 3 and 4 were based on estimates of 1–
and 2-year-old fish. However, since 1986, projec-
tions have been performed based on Canadian es-
timates from surveys conducted 1 year prior to the
fishery (USSR/Russian surveys have continued but
timing and geographical coverage is different from
the Canadian survey and the results have not been
available until the following year).

In the context of the differences between the
projections from the Canadian acoustic surveys and
the inshore indices of abundance in 1986 and 1987,
it is interesting to revisit the 1985 NAFO Scientific
Council deliberations (NAFO, 1985). At that time,
the projections for the fishing year 1986 used esti-
mates of abundance from USSR and Canadian
acoustic surveys conducted during 1984. The pro-
jected biomass for 1986 was lower and would have
been in better agreement with the inshore indices.
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In fact, using the series of NAFO projections (which
are the same as Canadian projections from 1986 to
1989) the relationships between the projections and
trap catch-rate and aerial survey indices are statis-
tically significant (r = 0.810, n = 7, p = 0.27; r =
0.843, n = 7, p = 0.17, respectively). Intuitively, we
would have predicted that the procedure used in
this paper, that is , projecting only 1 year forward,
would provide more accurate predictions because
of the use of the most up-to-date information.

Each of the indices of abundance is subject to
factors which may affect annual variability. The two
fisheries-independent series (acoustics and aerial)
are fixed in time because of the logistical necessi-
ties of assigning ship-time and contracting air sur-
vey flying hours well in advance of the final survey.
These fixed survey times do not provide the flex-
ibility to respond to variability in timing of inshore
migration or distribution patterns. The results from
these two surveys can also be influenced by envi-
ronmental conditions during the survey period. For
example, during early years of the acoustic survey,
ice was a problem affecting survey coverage. Since
acoustic survey results are a product of areal ex-
pansion calculations, low survey coverage could
result in low biomass estimates. This has become
less of a problem since the timing of the acoustic
survey was changed from April to May beginning in
1985. Meteorological conditions can affect daily air
survey coverage and long periods of poor weather
may result in overall low survey coverage and un-
derestimates of abundance, as in 1986.

The index of abundance from aerial surveys
assumes that school densities are relatively con-
stant within and between years. This assumption
may have been violated since for both beach
(S leggs ,  1933)  and deep water  (Sæt re  and
Gjosæter, 1975) spawning, capelin were reported
to occur in two types of schools near the spawning
grounds. The most dense schools were those clos-
est to the actual spawning substrate in both descrip-
tions, and in the deep water spawning area, inter-
fish distance within the two school types differed
from three to six times. Research is planned to
measure school densities acoustically during the
aerial survey.

Catch rates may be affected by the same fac-
tors that influence the commercial fishery. While
market forces (e.g. a market for only capelin of a
particular size) will generally not influence catch
rates directly since landings and discards are in-
cluded in the estimation, other factors outside of
scientific control can have an effect. As previously
noted, the fishery was delayed in 1987 due to a la-
bour dispute and as a result, the catch rate may
have been biased upward. Opening dates of the

fishery  in  some portions of the stock area have
occasionally been varied depending on the market
acceptability of the capelin. If this prevented fish-
ing until just before the daily peak catch rates oc-
curred, the effect on the catch rates would be simi-
lar to that in 1987, the year of the labour dispute.
Since many factors affecting catch rates are beyond
the scientists’ control, a thorough knowledge of the
fishery is invaluable when evaluating catch-rate
data from the logbook program.

The relative proportions of age-groups pre-
dicted from the acoustic surveys have been reason-
ably reflected in the inshore age-compositions, how-
ever, there has been a general trend to predicting
higher proportions of age 3 from age 2 acoustic
estimates and fewer older ages. There are several
possible reasons for this trend. It may be that acous-
tic surveys are simply not detecting older fish due
to a different distribution pattern outside the sur-
vey area. In addition, the estimates of spawning
mortality may be too high, especially for older fish.
This possibility is evidenced from tagging experi-
ments when mature fish tagged in one year were
recovered the following year (Nakashima, 1992).
The number of returns was small, thus preventing
the estimation of survival rates, but given the small
number of fish tagged relative to the overall popu-
lation abundance and the heavy predation mortal-
ity thought to be occurring, the recovery of any tags
a year after tagging is surprising and suggests that
our estimates of spawning mortality may be too high.

The general agreement among projections from
the acoustic surveys and the two inshore indices
encourages us to continue all three. In spite of the
potentially large variance associated with acoustic
surveys due to such factors as target strength vari-
ations, it appears that they are describing the pat-
terns in capelin abundance and can be used as a
basis for projections. The inshore indices derived
from the logbooks and the aerial survey show the
same trends suggesting redundancy in research
effort. However, we do not propose discontinuing
either series since the success of each is subject
to unrelated external factors such as market and
labour disputes for the catch rates and weather for
the aerial survey. Thus, both should be maintained
to monitor inshore capelin abundance.
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