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foundland. In the recent report “Independent Review of the State of the Northern
Cod Stock”, Dr. Leslie Harris and his Panel commented that until we are convinced
that we have an adequate understanding of cod-capelin interaction, we should err,
if at all, on the side of under-exploitation of capelin. The Departme: of Fisheries
and Oceans agrees with this position.

The enclosed articles describe the work of capelin scientists in the Newfour and
Region. These researchers have had to resort to several innovative techniques
(hydroacoustics, aerial photography) to develop a better understanc g of the life
history of capelin and to assess stock status. These efforts are ongoing. Collabora-
tive ties have been established with scientists in Iceland and Norway and a clearer
picture is emerging of the biology of the species from these programs.

We welcome comments on the Science of Capelin. Anyone interes | in further
information should contact the Science Branch at the Northwest Atlantic Fisheries
Centre in St. John's.









When Soviet and Norwegian herring
catches fell drastically in the late 1960s,
both countries began to look farther
afield. Soviet vessels began to fish for
capelin on the Southeast Shoal of the
Grand Bank ir  '71. Catches were good
and by 1973 there were Soviet, Nor-
wegian and Canadian ships in the area.
One of the Norwegian vessels was a fac-
tory ship producing meal on board,
processing the catch from half a dozen
other vessels.

Canadian participation in the offshore
capelin fishery reached a peak in 1974,
when a disastrous cod fishery prompt-
ed Newfoundland firms to enter a joint
venture with Icelanders on the Grand
Bank. The Canadian catch that year was
15,205 t.

Total offshore catches by foreign ves-
sels continued to rise until 1976, when
they peaked at 266,000 t. By now, the
USSR, Norway, Iceland, Poland, Spain,
Japan, Portugal and East Germany were
fishing capelin offshore, primarily on the
Grand Bank and Hamilton Bank. The
Soviets and Norwegians took about
80% of the total.

Offshore catches dropped off sharply
after 1976. Concern for the stock led to
severe restrictions in 1978, and the off-
shore capelin fishery virtually disap-
peared, althoreh a small USSR fishery
continued in  v. 2J3K. In most years
catches are about 20,000 t. Since 1987,
the fishery has been re-opened on the
Grand Banks, in area 3NO. The Soviets
take about 5,000t inside the 200-mile
limit, while Japan and Norway between
them take about the same amount
outside.

By the late 1970’s, an inshore capelin
tishery had begun, using seines and sell-
ing most of the catch for meal. Large
purse seiners, facing bankruptcy when
the herring fishery collapsed, were al-
lowed to fish capelin for a few years af-
ter 1976. The following year saw the
introduction of smaller seiners, which
soon came to dominate the inshore cape-
lin fishery.

Until 1978, most of the catch was still
going to meal. That year, however, saw
the entry of Japanese buyers, who have
dominated our capelin market ever since.
The Japanese want female capelin full of
roe, frozen round, and their price quick-
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ly put all other capelin products in the
back seat.

The roe fishery began first in Concep-
tion Bay and Trinity Bay, in Div. 3L. It
grew fast, propelled by prices that soon
had fishermen and processors scram-
bling to get in on the action. By 1980,
federal authorities made capelin a ‘limit-
ed entry’ fishery and began restricting
the number of licenses. By then, purse
seiners were producing about 60% of the
catch, and 80% of total landings were
coming from 3L.

Since then, additional fixed-gear
licenses have been available, allowing
fishermen in all areas of the province to
participate in this lucrative business. The
number of purse seine licenses has re-
mained relatively stable.

Initially, processors involved in the
capelin fishery used the same facilities
they normally used for groundfish.
Capelin prices were so high that some
processors were willing to ignore the cod
fishery while the brief capelin season
lasted, even if this meant missing the
peak of the cod-trap season. As it be-
came clear the capelin roe fishery might
be more than a passing bonanza, proces-
sors gradually added new plant capacity.

Since shortly after it began, the roe
capelin fishery has been managed in
terms of the size of the market, not the
resource. Capelin stocks would support
landings many times higher than those
now caught, but the roe capelin market
is severely limited. As a result, the total
allowable catch is based on the estimate
of Japanese demand each year, and is
related to Japanese purchasing in other
countries.

In an effort to share the opportunity
fairly, federal authorities divide the to-
tal allowable catch several ways. Quo-
tas are established for each bay. These
bay quotas are then subdivided with
separate quotas for fixed gear and for
purse seiners. In this way, fishermen in
the more southerly bays, where capelin
tend to appear first, cannot catch the en-
tire allocation before fishermen in more
northerly bays have a chance.
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Capelin have the bad luck to be the
most important ‘forage’ fish in the
Northwest Atlantic. Nearly everything
that is able to eat them, from whales to
puffins, does.

By far the capelin’s greatest predator
is cod, but the volume of capelin in the
cod’s diet varies widely from one season
and one region to another. For the cod
which move inshore in summer, capelin
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The capelin is its neighbours’ favourite lunch,
making it one of the most important species
in the northwest Atlantic.

may amount to 98% of the diet. At other
seasons, capelin can be fairly minor
food, depending on their abundance and
that of other species. Cod must be about
35 cm (14 inches) or larger to tackle a
full-grown capelin, but cod as small as
20 cm (8 inches) can feed on the
juveniles.

Greenland halibut feed heavily on
capelin when they can. So do American
plaice and salmon. In fact adult salmon
in Newfoundland coastal waters may
feed almost entirely on capelin. Seals eat
large quantities of capelin, and so do
whales and seabirds. The growth of the
harp seal herd since the end of the
whitecoat hunt has prompted scientists
to develop further estimates of the quan-
tity of capelin seals eat.

During the 1970s, when stocks of cod,
seals and perhaps also many species of
whales were lower than today, scientists
estimated that cod ate about 3,000,000

t of capelin. Harp seals ate about 300,000
t, fin whales 250,000 t and minke whales
35,000 t.

The total of these estimates is
3,585,000 t. By comparison, back in the
days when most Newfoundlanders had
gardens and many had dog teams —
when people hauled cartloads of cape-
lin off the beaches for fertilizer, dogfood,
human food and bait — the total human
catch was only about 25,000 t, or 1/40
of what the cod, seals and whales are
thought to have eaten at that time.

Today, with stocks of cod and seals up
sharply from 1970’s levels, the total con-
sumption of capelin by these predators
is undoubtedly higher, at least when
capelin are abundant. However, the
abundance of capelin varies widely,
regardless of human fishing effort, and
few predators can afford to depend on
them completely.

Mallotus villosus (Miiller, 1777)

Male

villosus.

How do you spell cap(e)lin? The ‘proper’ English spelling is capelin, but
in Newfoundland a long-standing traditional spelling has been caplin. Take
your pick! Of if you want to be scientific, the genus and species are Mallotus
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Capelin are tricky to count. To arrive
at good estimates of their number, scien-
tists have had to discard the methods
they use with other species and work out
new techniques.

One is hydroacoustics. In a refinement
of the ‘sounder’ or ‘fish finder equip-
ment many fishermen use, scientists on
survey cruises can detect capelin schools
by the echo from signals sent out from
the ship, and make estimates of capelin
abundance by the size, number and den-
sity of the schools.

Another technique is aerial photogra-
phy. Systematic surveys of spawning
beaches from a plane, and computer
analysis of photographs of every school,
can help fill in the picture. Combined
with log-books which document the
daily effort of several hundred inshore
capelin fishermen, this provides a way
to check the estimates made from sur-
veys offshore.

Capelin don't live long enough for the
stock assessment techniques that work
with other species. Cod, for example,
come into the fishery at about age four
and can live for 20 or more years. Count-
ing the number of each age in samples
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of the commercial catch, comparing this
to other years and to samples taken from

test fishing offshore, scientists can gradu-
ally put together a detailed picture of a
cod stock — right down to estimates of
the number and weight of fish at each
age. The estimates aren't perfect, but
new information is available each year.
Each new set of data sheds new light on
interpretations made the year before.
Since cod numbers don't change drasti-
cally from one year to the next, this
gradual accumulation of data helps clar-

ify the picture.

Capelin are very different. They don't
offer a long series of clues to their abun-
dance. Since most die the same year they
are available to the roe fishery, estimates
must be based on juvenile capelin to be
of any use in fisheries management. And
the numbers of juvenile capelin swing
wildly up and down. One generation or
year-class can be more than 30 times
more abundant than the one the year be-
fore, regardless of how many are taken

in the fishery.

The mathematical techniques used in
estimating groundfish stocks would have
little chance of reflecting swings like
that. With capelin, each year-class is a
new ball game.



























Through a joint project with G.A.
Borstad Associates Ltd. based in Sidney,
British Columbia, capelin scientists in
the Newfoundland Region have deve-
loped a method to detect, collect, and
analyze data on capelin schools employ-
ing a recently developed computer-based
imaging technique.

The Component Airborne Spectro-
graphic Imager (CASI) is portable, eas-
ily installed in small aircraft, has high
sensitivity, and can be programmed dur-
ing flight to collect various kinds of data.
The instrument acts like a high resolu-
tion camera in that it measures the
wavelength of light reflected from the
earth’s surface. The portion of the
wavelength that is collected and record-
ed by the CASI is predetermined by the
operator. For capelin surveys researchers
are more interested in wavelengths in the
blue-green range where capelin schools
generally are observed.

In comparison to aerial photography,
the quality of the data is comparable
given optimal altitude and ground speed
conditions. There are distinct advantages
to using the new method over the cur-
rent photographic techniques. The data
can be processed immediately, it is a
more objective way to estimate school
areas, and there is a potential to utilize
the information in other types of com-
puter analysis.

The study has also demonstrated that
schools which are difficult to see in the
photographs can be made more distinct
through image enhancement techniques.
Also the collected data can be easily
stored and are easier to use in statistical
analysis. As the CASI undergoes further
development and more software is writ-
ten to analyze the digital data, we will
begin to realize the potential for using
aerial survey techniques to examine the
disiribution, behavior, and abundance
of capelin schools. This in turn may lead
to answers regarding the variation in
catches experienced by capelin fishermen
and variation in the occurrence of cape-
lin spawning from one beach to another.
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CASI (Component Airborne Spectographic Imager) advances aerial photography into ultra-
modern computer-age technology, promising more efficient and more effective data collec-
tion and analysis techniques.

For many Newfoundland fishermen, the most important thing about capelin is
that cod eat them by the ton. Especially for trap fishermen, depending on cod to
migrate inshore, the capelin fishery has been a worry.

To many such fishermen it is obvious that when cod come inshore they are chas-
ing capelin. To a scientist, however, even the ‘obvious’ requires checking and confir-
mation.

It is possible, perhaps even likely, that cod are chasing capelin when they come
inshore and that a good cod-trap fishery depends on the abundance of capelin. But
in scientific terms the proof is not yet in. However, it is clear that capelin are the
most important item in the cod diet, especially inshore in spring and summer. It
is estimated that each cod consumes between 0.8 and 2.4 times its own weight in
capelin each year. Keep in mind that at a water temperature of 2°C, it takes a cod
about four days to digest a capelin.
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Estimating the abundance of fish by
hydroacoustics is just coming into its
own. New techniques offer much greater
precision, even detecting young fish
which were formerly ‘invisible’ to this
method. New ways of measuring the
strength of signals bouncing back from
schools of fish permit better estimates of
the density of the schools and the weight
of fish under each square meter of the
survey track.

There are normally three capelin sur-
veys a year, lasting seven or eight weeks
in total. The survey ship steams back
and forth over the capelin schools in a
pattern calculated to sample them con-
sistently each trip. Instruments on the
ship emit a stream of sound signals and
then record the echoes reflected back
from the bodies of fish.

While the system is similar to the
sounders used by many fishermen, the
equipment has a much higher resolution.
Sounders familiar to fishermen have
their ‘transducer’ mounted on the hull.
There it serves as an underwater micro-
phone, picking up the echoes but pick-
ing up a lot of other noise as well. In the
acoustic system used on capelin surveys,
the transducer is mounted in a torpedo-
shaped body towed behind and below
the ship. This keeps it away from the
commotion of the sea surface and the
bubbles and prop noise generated by the
vessel itself. Removed from this interfer-
ence, the transducer can detect much
more subtle differences in the echoes it
receives.

The signals are sent up the towing ca-
ble to the ship, where they can be dis-
played on a screen or printed on a graph.
However, refinements now permit com-
puter analysis of signal strength, so the
data are fed to a computer and recorded
on tape. These instruments can make
and record thousands of measurements
of echo strength every second. The use
of powerful computers allows a prompt
calculation of the abundance of capelin
in the area surveyed.
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Map showing cruise tracks and fishing locations of DFO research vessel GADUS ATLAN-
TICA on a typical research cruise in northern Newfoundland waters.

The research vessel is equipped for
trawling and makes three or four sets
each day. This allows the scientists to
confirm that the echo returns are cape-
lin. It also provides biological informa-
tion such as age and sex of the fish
caught.

Of the three annual capelin voyages,
two survey chiefly the two-year-old
juvenile capelin, most of which will
spawn the following year. The third sur-
veys adult capelin shortly before they
spawn.
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Of all the things that happen to cape-
lin in the three or four years they nor-
mally live, nothing makes nearly as
much difference as the wind in the first
few days.

Recent studies reveal that the strength
and direction of wind soon after cape-
lin eggs hatch, and the water tempera-
ture in which they live, may account for
about 60% of the year-to-year change in
the numbers of young capelin which sur-
vive to maturity. Nothing else — not
even the huge volumes eaten by cod,
seals and whales, or the much smaller
amount caught by fishermen — has any-
where near that much effect.

In fact, the wind has a strong in-
fluence on capelin even before they
hatch. When offshore winds push warm-
er surface water out to sea, cold water
flows in from below to replace it. Seep-
ing down over capelin eggs as the tide
rises, this cold water slows down their
incubation and reduces the risk of lar-
vae emerging at a poor time.

Scientists compare this to the strate-
gy of some plants which live in harsh
conditions. They produce seeds which
can remain dormant, or inactive, for
months or even years; the seeds then
spring to life and germinate when con-
ditions are right, when the seedlings
have a much better chance to survive.

Capelin eggs, mixed in with the peb-
bles on a beach and maturing at a pace
controlled by their environment, incu-
bate for up to several weeks before they
hatch. The process can last as long as 55
days in very cold water, or as little as
two weeks at water temperature of 20
degrees Celsius.

However, it is after the eggs hatch that
wind conditions can have the most strik-
ing effect. As they pull away from their
eggs, capelin larvae carry a yolk sack
which supplies their food for the first
few days of life. They remain in the
gravel, living off their yolk sacks and
waiting. Like sailors, they're waiting for
the right wind before they set out. What
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they want is a strong onshore wind,
which offers them four advantages:

water driven in from offshore replaces
the cold, salty water of the bay.

1. Waves generated by an onshore wind 3.
stir up the beach, making it easier for
deeply-buried capelin larvae to get
out.

Changing the water mass ke this
flushes away many of the predators
like jellyfish which can prey on the
larvae as they make their way to sea.
Those predators which remain are
soon glutted, so that more larvae will
get away.

2. An onshore wind quickly improves
the environment they will enter when
they leave the beach. Warmer, fresher
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NEWLY HATCHED LARVAE accumulate on land as long as offshore winds prevail. The
winds drive surface water seaward, so that colder water rich in predators and poor in prey
wells up in its place, making the near-shore region inhospitable to the larvae.
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FIRST-FEEDING LARVAE leave their gravelly strongholds for the sea in vast numbers when
onshore winds blow warm surface water onto the beach, signaling the relative abundance
of suitable food and the relative scarcity of predators, such as jellyfish.
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January ¢ Scientists prepare for capelin assessments.

February ¢ Canadian Atlantic Fisheries Scientific Advisory Committee
(CAFSAC) Pelagic Subcommittee meets to assess capelin stocks
in NAFO Subarea 2 + Division 3K, Div. 3Ps and Gulf of St.

Lawrence.

March ¢ CAFSAC Steering Committee meets and provides scientific
advice.

e Fisheries in Norway and Iceland monitored to determine New-
foundland market.

April ¢ Meeting of Small Pelagics Advisory Committee (SPAC) com-
posed of representatives from DFQO, fishermen, processors and
provincial government to discuss proposed capelin management
plan.

May e (Capelin management plan developed by DFO from discussions
in SPAC.
¢ Acoustic survey in Div. 3L to assess biomass of juvenile capelin.
June ¢ Capelin management plan approved by Minister, Fisheries and
Oceans and put into effect.

e Northwest Atlantic Fisheries Organization (NAFO) meet to as-

sess capelin in Div. 3L, using results of May survey, and in Div.
3NO.

® Aerial survey to estimate capelin abundance inshore.
¢ Logbook survey of inshore fishery.
® Acoustic survey of spawning stock in Div. 3NO.

¢ Capelin egg survey on spawning beaches.
July ® June surveys continue.

August ¢ Scientists analyze data and prepare for fall surveys.
Fishermen receive summary of results from logbook survey in
which they participated.

September ¢ Larval survey of capelin in Div. 3NO.

NAFO annual meeting to discuss and provide scientific advice
for Div. 3L and Div. 3NO capelin.

October  ® Acoustic survey of capelin in Subarea 2 + Div. 3K.
® Scientists attend International Commission for Exploration of
the Seas (ICES) meeting to assess capelin stocks in Iceland and
Norway.
November ¢ Larval survey of capelin in Div. 3NO.
December ¢ Small Pelagics Advisory Committee meeting to discuss problems

of past year’s fishery in preparation for next year's fishery.
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