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ABSTRACT

Gillis, D.J. et al. 1982. Herring Impoundment and Pumping Operations.
Can. Ind. Rep. Fish. Aquat. Sc. : vi + 61 p.

This report describes three roe herring projects. The first one described, the Sliammon Roe
Herring Project, involved seining for herring in Areas 15 and 17, towing them to ponds constructed
nearby, capturing the fish inside the ponds omce they had reached optimum maturity and processing
them as roe herring for the Japanese market. The techniques used succeeded in producing a high-
quality roe herring product.

The second one described, the Nimpkish Fishiog Company Project, involved seining for herring
in Area 12 and towing them to nearby ponds. But because the roe yield proved to be unsatisfactory,
the herring could hot be processed as roe herring (as planned), 8o were sold as bait.

The third project described, the Seining and Pumping Operation of Pacific Rim Mariculture
Limited, involved seining for herring in Areas 23 and 24 and pumping them into a barge, which trans-
ported the fish to the processing plant. The pumping caused gross damage to the fish and thus
yielded a poor-quality product.

The quality of fish produced by the seine-to-pond manual operation (Slimmmon Project) and the
seine-to-pump mechanical operation (Pacific Rim Mariculture project) are then describded and compared.
The fish produced by the former were found to be vastly superior to those produced by the latter.

Finally, the problems with marketing the roe herring are discussed.

Key words: herring, roe herring, impoundment, pound, ponding, ponds, eeining, pumping

- -

RESUME

Le présent rapport decrlt trois projets portant sur le hareng prét a frayer. Le premier, le
Projet Sliammon, consistait & pécher le hareng a la seine dans les zones 15 et 17, & le trainer ensuite
Jusqu’ a dee viviers amenagee tout prés de la, a le capturer dans ces viviers une fois sa pleine
maturité atteinte et & le traiter pour le marché japonais du hareng plein. Les techniques utilisées
ont permis de produire du hareng plein de grande Qualitée.

Pour le deuxiéme, le Projet de la sociét€ de peche des Nimpkish il s agiasalt de pecher le
hareng a la seine dans la zone 12, puis de le trafner Jusqu' a des viviers situes tout pres. Cependant,
comme la production d'oeufs s8'est revélée insuffisante, on n'a pu, tel que prévu, traiter les harengs
comme des harengs prét a frayer; aussi les a-t-on vendus comme appats.

Dans le troisieme projet, 1'Opération de seinage et de pompage de la société Pacific Rim Maricul—
ture Limited, il e agissait de pécher le hareng a la seine dans les zones 23 et 24 puis de tranaférer
le poiseon dans une barge & 1'aide d'une pompe afin de le transporter a l'usine de traitement. Le
pompage a cause de grands dommages aux poissons et il en est resulté un produit de mauvaise qualite.

On décrit et on compare ensuite la qualitg du poisson obtenue par le procédé manuel de traneport
de la seine au vivier (projet Sliammon) et celle obtenue par le procédé meécanique de pompage (projet
de Pacific Rim Mariculture). On a trouvé que la qualite du poimson &tait de beaucoup supérieure avec la
premiére méthode.

Finalement, on étudie les problémes de commercialisation du hareng prSt a frayer.

Les mots cleés: hareng, hareng prgt a frayer, vivier, seinage, pompage



INTRODUCTION

The principal objective of this project and
its 1979 forerunner was to pursue the development
of improved techniques for the seining, towing
and ponding of herring. If such techniques could
be shown to be practical, several advantages
would result. For example, if ponding could fur-
nish the processor with a high quality raw mater-
ial avenues would open up for the development of
products that would use the whole fish. (At pre—
sent female roe is extracted and the flesh con-
verted to meal and oil.) And with the ability to
hold herring for several weeks, the processor
would be able to adhere to orderly production
schedules. Furthermore the fishing would be a
less competitive and economically secure activity
for the fishermen, particularly if products could
be developed that would use herring throughout
the year rather than mainly during the winter.
This would also make the fishery more manageable,
and would lessen what, in many quarters, are
thought to be the negative effects of concentra-
ting fishing activity on stocks that are prepar-
ing to spawnm.

A secondary objective of the project was to
give processors the opportunity to process and
market whole mature frozen herring in Japan in
order to test the demand for such a product.

For the foregoing reasons four permits were
issued.

Sliammon Indian Seafoods Limited contracted
to conduct ponding operations with their atten-
dant construction and maintenance costs, and was
igsued a permit to take 200 tons from Areas 14, 15
and 17, using the seiner Sea Luck. As a condition
of the permit, the captain of the Sea Luck was re-
quired to forfeit his vessel's licence to partici-
pate in the sac roe fishery.

Nimpkish Fishing Company Limited proposed to
conduct another ponding operation and was issued a
pernit to take 200 tons in Area 12 under the same
condition as imposed on Sliammon Indian Seafoods
Limited. Fish taken by the seiner Nimpkish Pro-
ducer were to be processed by the Central Native
Fishermen's Cooperative plant at Ucluelet.

S.S5.I. Sea Products Limited, which for 20
years has conducted a bait herring operation, was
issued a permit to take 50 tons from Area 18 under
the condition that it forfeit its licence to parti-
cipate with a gillnetter in the sac roe fishery.

Pacific Rim Mariculture Limited did not pro-
pose to impound herring. Instead, the company
proposed to seine and then deliver directly after
either brailing or pumping the herring from the
seine. Because costs of pond construction and
maintenance were not incurred, the company was
permitted to take only 300 tons in Areas 13, 23
and 24. Again, it was agreed that the three
seiners—Cape Perry, Cape Russel and Salli J
Rogers from Canadian Fighing Company Limited-——
would not participate in the sac roe fishery.

Unfortunately, neither the S.S.I. Sea Pro-
ducts nor Nimpkish Fishing Company operations ma-
terialized; the first failed because herring did
not enter the trap in sufficient quantities to
justify processing them, the second because of a
series of misfortunes that delayed fishing and
subsequent problems with variable and inadequate
roe yield.

The project was supervised and coordinated by
Mr, Lloyd Webb of Fisheries and Oceans Canada.
Messrs. Dan Gillis, Reed Radley, Chris Whiting and
John Wilcox of Schultz International Limited were
employed as boat observers to record activities
and collect and report data obtained in the course
of fishing operations. Mr. Ken Jackson, a private
consultant, was retained to monitor and report on
product quality with the assistance of Mr. Murray
Ross of Schultz International Limited. Mr. Jack-~
son wag also responsible for the overall compila-
tion of this report.



1. THE 1981 SLIAMMON ROE HERRING

PROJECT - IMPOUNDMENTS

1.1 BACKGROUND

In the seining, towing and ponding project,
Mark and Bud Recalma, the captains of two seiners,
the Sea Luck and the Qualicum Producer, respec-
tively, agreed to an arrangement whereby the pro-
ceeds from both the conventional sac roe fishery
activities of the Qualicum Producer and the pond-
ing activities of the Sea Luck would be combined
in a pond. Only the Sea Luck was permitted to
seine for impounded herring, but the crews of
both vessels participated in pond comstruction
and any other non-fishing activities. The com-
bined complement of both vesaels totalled 13, a
significant work force of fully competent and
dedicated fishermen.

Herring was taken off Lund and impounded at
the Copeland 1slands near Lund in Area 15. They
were also taken in Nanoose Bay and impounded there
in Area 17. All fish that were processed came
from the Copeland Island Impoundments.

This project has generated some important in-
formation regarding pond construction and loca-

tion, pond loading densities, and fish transfer
and towing techniques.

1.2 METHODS

1.2.1 Pond Construction

In the course of this project, three ponds
were constructed: Pond No. 1, a beach pond; Pond
No. 2, a floating pond; and Pond No. 3, another
floating pond. Ponds No. 1 and 2 were located in
a small bay in the Copeland Islands, 2.6 miles
northwest of Lund, B.C.; Pond No. 3 was located
in Nanoose Bay. Table 1-1 gives the ponds®' dim-
ensions; Figure 1, the locations; and Figure 2,
the configuration of Ponds No., 1 and 2.

Pond No, 1. Prior to construction of Pond
No. 1, the bottom of the proposed site was exam-
ined by a scuba diver. The beaches of the pond
were rocky with some Laminaria and Fucus, but the
floor was mud. A few logs, abandoned logging
machinery and other debris were also evident.

The floating frame for this pond was con-
structed of logs, bound together with wire (see
Plate 1-1). Twelve logs of varying lengths were
used, three on the short side and eight on the
long. One short log was used to triangulate the
junction between the short and long dimensions
(see Platel-2). To provide a safe working plat-
form, the working front of this and the other
ponds was constructed of double logs lashed with
wire.

The total log span was 197 feet by 87 feet.
The ends of the span were just aground at low
tide. The usable volume of the pond was estimated

at 432,000 cubic feet with an estimated maximum
capacity of 216 tons of fish when fully loaded.
This capacity was based on a theoretical maximum
density of one pound of herring per cubic foot.

Webbing was hung inside the frame. It was
held against the bottom by heavy lead line and by
chain where the net traversed rocky bottom near
the beach ends. After the pond was loaded with
figh, epawn and algal fouling increased the web's
resigtance to curremt. So a diver later placed
heavy rocks along the lead line to prevent its
being lifted off the bottom by currents. Webs
were, for the most part, three strips deep and
made of new knotted, tarred-nylom, herring~body
web. (A strip is equivalent to 100 meshes each
measuring one inch when extended.)

A gate was constructed by passing a section
of the pond net to the outside of the log struc-
ture, making two vertical cuts in the web on
either side of the gate, and lacing in one taper-—
ed web panel in each cut. This provided a gate,
about 30 feet in width which hung dowm nearly 28
feet during fish transfer. A piece of lead line
was laced to the gate to aid its sinking. This
same construction was used in the other ponds as
well.

Approximately 120 man-hours were required to
construct the pond, including the hanging of the
pond web within the frame but not including the
construction of the pond web nor its removal and
cleaning after the project. 1In addition, two 65-
foot seine boats, two power skiffs and two dead
skiffs were used.

Pond No. 2. Pond No. 2 was a floating pond
and measured 60 feet by 58 feet by an average
depth of 24 feet. The volume was approximately
83,000 cubic feet with an estimated capacity of
4] tons of herring based on a density of one
pound of herring per cubic foot of water. The
pond web was held in shape by hanging onion
sacks filled with 50 to 75 pounds of rocks in-
side the pond. The sacks were hung on half-
inch diameter blue poly pennants, which were
suspended at such a depth that the sacks were
near the bottom, but not aground, at low tide.

In this pond (and Pond No. 3), the nets
were gufficiently deep so that their bottom
panels were resting on the sea floor. This
made it difficult to induce the side panels
to hang straight in currents, which seriously
reduced Pond No. 2's effective volume.

Pond No. 3. Pond No. 3, shown in Plate 1-3,
was constructed in Nanoose Bay with logs that
wvere transported from Lund. The pond frame
measured 138 feet by 53 feet by an average depth
of approximately 30 feet at low tide. The pond
volume wag approximately 220,000 cubic feet with
an estimated maximum capacity of 109 tons of
fish. The pond web was held in shape using the
same method used for Pond No. 1.

1,2,2 Fishing
All ponds were filled with fish immediately



Table 1-1. Pond Dimensions.

Pond Load Densit
Pond Length Width Depth Volume Capacity (short y
No. (feet) (feet) (fathoms) (cu. feet) (shorc tons) tons)
1l
Beach 197 87 2.5 432,000% 216 125 0.6
Pond
2
Floating 60 58 4 83,000 41 75 1.8
Pond
3 45
Floating 138 53 5 220,000 109 to 0.5
Pond 70

#*Note: Length and width given are the dimenslons of the log frame. The volume 1s an estimate taking
into account the irregular shape of the embayment.

Plate 1-1, Llog bundle. A bundle of cedar logs Plate 1-3. Pond No. 3 at Nanoose Bay. This

is beilng unbundled preparatory to rectangular pond measured 138 feet by
pond comstruction. 53 feet.

Place 1-2. Pond No. 1 construction. The seawall Plate 1-4, Predator marks on a captured herring.
corner of the pond 1is being triangular-
ized to strengthen the pond frame.
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afcer construction. 1In the course of capturing
fish, the seine net was set five times. All
aspects of the fishing acctivity were conducted
slowly and methodically in order to minimize
damage to the fish. Special care was caken
while drumming in order to reduce the number of
Fish caught in folds of the body web. Approxi-
macely two-thirds of the net was drummed, leaving
one-third In the watex for towing.

Several €ish in various sets were found to be
damaged. Close examinaclon of fish with open
wounds (see Plate 1-4) revealed chat ac least one-
half to two-thirds of these wounds showed signs of
infectlon or signs of healing. S$o the damage must
have been done some time prior to capture and was
probably due to predation. (Damage from conscien-
tious seine fishing should be limited co relatively
minor scale loss.)

Sct No. 1 - February 27, 1981, 5:55 a.m.
Because the fish were so highly concentrated near
Lund, seccing the whole net would have produced
more fish than could have been effectively handled.
So partial sets were needed. These are only pos-
sible when the net is on the drum. So Set No. 1
was made well away from Lund in order to transfer
the net from the deck to the seine drum.

Set No. 2 - February 27, 1881, 6:55 a.m.
This set was made to fill Pond No. 1, TIc was made
just outside Lund on a small corner of a large body
of fish. Based on ponding and delivery data, the
best estimate of catch size was 250 tons.

Set No. 3 - March 1, 1881, 1:25 a.m. This
set was made to fill Pond No. 2, and was made in
the same location as Set No. 2. The catch esci-
mate, based on ponding delivery data, was 85 cons.
Care was taken to set on fewer fish than in Set
No. 2.

Set Wo. 4 - March 4, 1981, 8:09 p.m. This
set was made to fill Pond No. 3, but che fish
were released from che pond due to premature spawn-
ing.

Figh in this school were being harassed by
sea lions, and the incidence of marked and dam-
aged fish was high. One large bull sea lion was
captured in the net, but rolled out over the cork
line abouc 20 minutes afcer che rings were up.

Set No. & - March 5, 1981, 8:36 p.m. This
set was made to replace che fish rereased from
Set No. 4 and chus co refill Pond No. 3. It was
made in the same location as Set No. 4, and the
estimaced cacch size was 40 to 60 tons.

1.2.3 Fish Towing
Table 1-2 provides data on towing discances,
cime and speed, and on quantities of fish.

A two-boat configuration was used for cowing
(see Plate 1-5 and Figure 1-3). The advantage of
this configuration wicth large secs of fish, and
hence with a conslderable length of net in the
water, ls thec cthe net 1s held open- The volume

Place 1-5.

Towing configuration for Set No. 2.
This two-boat configuraction kept che
net very full and open, min{mizing
fish damage.

wichin cthe net is increased, and web folds and

bags are, for the most part, eliminated. Physical
damage to the fish during towing was winimal.

This was due more to the careful measures taken by
the Captains and crew of the Sea Luck and Qualicum
Producer cthan to the nacure of the capcture and cow-
ing.

To adopt the two-boat towing configuracion,
the second boat positions icself besgside the cork
line about one boat length away from the fishing
vessel. The crew then attaches seversl lines to

the cork line as shown 1in Plate 1-6, and passes a
bow line to the bow of the fishing vesgsel. The
gecond vessel is then cowed into position by its
power gkiff, and the towing configuration is com-
plete.

= - = -~

The Qualicum Producer actached to the
cork line by four lines.

Plate 1-6.

When an actempt was made to tow Set No. 2 to
the ponds, it was found to be impossible to move.
In fact, for some time, the vessels were towed
backwards by the captured fish. To overcome Cthis,
some fish were released using two different means.
In the first, che gable was lowered incto che water



Table 1-2. Towing Data

Estimated
Set No. Towing Towing Average Short Tons Tidel
Disctance Time Speed of Fish Influence
(Kn.miles) (hours) (knocs) in Nec
2 2.6 15.3 0.17 125 to 140 None
3 2.6 10.5 0.25 85 to 100 None
4 3.5 8.0 0.44 40 to 50 Flood, Positive
Influence
S 3.5 9.2 0.138 40 to 60 Plood, Positive

Influence

in order to permic fish co escape beneath che
fishing vessel. In che other, a ten-fathom
piece of lacing was cut in the tralling por-
tion of the netr (see Plate 1-7).

About one-chird of

Plate 1-7. Releasing fish.
the catch is being released by cur-
ting a ten—-fathom secction of lacing

in the net.

An estimaced one-thitrd to one-half of cthe
fish were released, reducing the initial catch of
up to 250 tons to about 125 cons. Once towing
headway was established, the gable was pursed
and cthe lacing repaired. The trailing portion
of cork line was heavily buoyed to reduce the
fish loss over submerged cork lines (see Plate
1~8), and che fish were plunged to encourage
them to move to the towing direction (alsc shown
in Plate 1-8).

Periodic observations were made behind the
net to check for loose scales in the water. Tow—
ing speed was adjusted to maximize cowing speed
while minimizing scale loss.

Fish behaviour varied considerably in each
set and la each tow. But, in general, xapid
swimming inside the nec with frequent boiling at
the surface and in the seine web was common in
every iInstance immediately after the rings were

Plate 1-8. Plunging. The fish are being plunged
near the tralling parc of the net to
ancourage forward fish movemenc. Note
also the heavily buoyed cork line.

up and while the net was being drummed. Erratic

behaviour ceased after one-half hour to one hour
of cowing. Fish eventually became quite evenly
distributed throughout the net volume, and swam
more calmly in school foxrmation.

1.2.4 Fish Transfer

The fish were transferred from the net to the
pond in a conventional manner. The configuration

is shown in Figure 1-4, the details of the trans-

fer are shown in Plates 1-9, 1-10 and 1-11.

The gate structures on all ponds were large,
making transfer easy and minimizing fish damage.

In order to transfer herring from the net to
the pond, the net must be drummed to reduce the
volume of the net and to encourage fish movement
towards the pond. Web folds near the stern rol-
lers are inevitable and cause some fish loss. Dur—
ing the second through fourth fish traosfers, the
seine net was retrieved using the power block which
was hoisted to the top of the boom. Bags of fish
could thus be more easily removed from che folds
of web and released into the pond without damsge.
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Plate 1-9. Positioning the gable Iin front of the

pond gate.

Place 1-10. Lacing the gable to che pond-drop
gate.

Plate 1-11.

Fish passiog from the net into
Pond No. 1.

1.2.5 Pond Loading Density

Pond loading densities for each pond can be
found in Table 1-1 (p.3).
Ponds No. 1 and 2 fully loaded.

Plates 1-12 and 1-13

show Pand No. 1

Plate 1-12. Fish density in Pond No. 2. PFish
dengity is about two pounds of fish
per cubic foot of water.

Plate 1-13. F4sh density in Pond No. 1. Fish

density 1s about one pound of fish
per cublc foor of water.

wag loaded to a density of 0.6 pounds of fish per
cubic foot of pond; Pond No. 2, co 1.B pounds per
cubic foot; and Pond No. 3, to 0.5 pounds per cubilc
foot.

1.2.6 Capturing Herring Ingide the Ponds

A small bait seine about 40 fathoms long by
four strips deep was uged to capture herring ip-
side the ponds. Each end of the net was equipped
with a gable and purge 1l{ne, and the bortom of the
net could be pursed from both ends. Most of che
net was constructed of standard body web, but the
bunt, about five fathoms in length, was construvcted
of tarred, knotless nylon. This feature played an
{mportanc role in minimizing fish damage during
drying up and brailing.
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Plartes 1-14 through 1-22 show the variaus
steps In capturing herring i{n the ponds.

Plate 1-14.

Serting the bait seine.

Closing the bait seine. Plunging
chases fish toward che nmiddle of
the seine.

Plate 1-15.

In one fishing and bratling sequence, the fish
were dried up to the poinc where nearly all che
fish within che baic sefne died. Most of chese
sank to the bottom, where the pressure squeezed
large amounts of milt in che water, producing a
¢loud thact eventually filled cthe entire pond.
There was some concern thac this stimulus would
initiate spawning in che remaining ponded fish,
but this did not oceur.

Pond No. 2 was emptied easily in relacively
few sets. However, che final gecs scraped up
some of the dead fish (of which there was about
a ton). These were brailed along with the live
fish and degraded the toral catch in some secs.

Place 1-16. Pursing the balt seine. The balc
seine has been closed and is being

pursed from both ends.

Plare 1-17. The lead line fully pursed. The

net enclosure is complece.

Plate 1-18.

Supporting the cork line to prevent
fish loss.
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Placte 1-19. Baic net full. The ner Full of
figh is being towed to the seine
boat Sea Luck preparatory to brail-
ing.

Place 1-20. Captured fish. Herring are boiling

Litcle scale

near the cork lipe.
loss is evident,

Capturing fish in Pond No. 1 was more dif-
ficult because of its huge volume. The first few
sets with the bait seine went smoochly since the
fish were dense enough to permit easy fishing.

But as the density was reduced, a different method
had to be used. Of the several ones tried, the
wost productive was co set the net iIn one corner
of che pond and herd the fish into the open net
before closing and pursuing.

In 21l instances, the pursed bait seine was
lefe fully expanded following the fishing sequence
to avoid premature crowding. A line was passed
from the seine boat to the skiff holding the lead
line and gables. Then the net and skiffs were
winched in beside the seine boat. The net was

Placte 1-21. Excess net is being pulled from the
water in order to render the fish
sufficiently dense for effective

brailing.

Plate 1-22,

Removing debris. Seaweed (Laminaria)
and bics of wood are being removed
prior to brailing.

hauled from the water using the single fall; and
once fish were in sufficient density, brailing
commenced.

1.2,7 Brailing and Tote Loading

The brailer used was conventional in design
and funccion. Its diameter was four feet and its
empty depth was about two-and-one-half feet, The
web was & soft, knotless nylon, and alchough the
mesh size appeared large, only about one fish in
10,000 was gilled during brailing. While loading
totes destined for the Sliammon planc, the brailer
was loaded to a depth of about one foot (500 to
600 pounds) (see Plate 1-23). The fish were in the
brailer for less than 20 seconds. Some scale loss
was observed, but not measured.

The totes weve made of polyethylene and measured
three feet high by chree feet square at the top. Of
the several methods of tote loading tried, the best
one involved loading the totes with slush (a mixture
of half 1ce and half sea water) to a depth of six to
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Place 1-23. Bralling. This brailer load con-
tains between 400 and 500 pounds
of fish,

Plate 1-24. Preparing slush. Totes were filled
about one-quarter full of ice and
seawater prior to filling wicth her-
ring.

ten inches (see Plate 1-24), placing about 500
pounds of fish oan top (see Plate 1-25), and chen
adding some ice and sea water. (Addicional sea
water entered the mixture wich the brailed fisgh.)
The result was a suspenslon that supporced each
fish with the same pressure oan all sides of its
body (see Plate 1-26). Pressure bruising and de-
farmation from tote loading were thus eliminaced.

Plate 1-25. Lloading totes. Each tote received
about 500 pounds of fish.

Plate 1-26. Fish in slush for transport from
pond to Lund.

1.2.8 Pish Transport

Most fish were transported to the processing
plants bysea truck in coces filled with slush (see
Place 1-27). But a few were taken to Vancouver
by boat in figh canks filled wich ‘champagne’, a
mixture of ice and aeracted gea water.

1.2.9 frish Processing

Deliveries were made to the varfous plants when the
roeyieldhadreechedApproximately10percentanduere
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followed the seine wets to the pond eites stayed
in the irmediate vicinity of the ponds. The fish
actively spawned on the cutside of the pond web,
posaibly in response to spawaing within the posd.

At no time were female herring seen releasing
eggs in midwater. They always chose a substrate,
and the one they chose was always the pond web.

1.3.2 Effects of Pond-Loading Densities

The fish in Ponds No. 1 and 3 showed no 111
effects from ponding density. BSuch was oot the
cage for fish in Pond Ne. 2. The probleme asso—
clated with high isitial ponding density were
compounded by problems with the pond itself.

initial spavning activity loaded the pond web
with spawn. In addition, drifting thresds of
filamentous diatoms were caught in the pond web
and grew rapidly, fouling the net even more.
The pond net thug became very resistant to the
passage of water, snd swayed considerably in the
current, reducing the intermal pond volume. At
times, the fish density within this pond was
over two pounds per cublc foot.

These fish appeared to be highly stressed:
they did not ewim in a large circle in school
formatiomns, but in swall groups &nd in con—
gtantly changing directions; diacoloured gill
covers and fin bases were common; and fish
ewimning near the pond surface showed damage
to thelr noses from colliding with the pond web,

Their stress might have been sugmented by
the diassolved oxygen level. As shown in Table
1-3, which presents the results of a varlety of
water-quality measures taken inside and cutside
Pond No, 2, the dissolved oxygen st the three—
weter level inside the pend was a long way be-—
low the half saturation level generally con-
sidered dangercus for ponded marine fisheas.

Table 1-3. Pond Water Quality
March 9, 1981 11:05 a.m.
Sunny, No Overcast

A modification of the Hach (Winkler) titration
wae uged to measdure the dissolved oxygen. It
was msensitive to 0.2 mg/l and repeatable to

+ 0,2 wg/l.

After emptylng the pond, about one ton of
corpaes wae found on the pond bottom, and a fur-
ther ton of fish was probably lost to bird preda-
tion. Mortality directly related to loading den-—
ity was about 2.7 percent. 1t iz estimated that
this figure would have doubled or tripled within
a few desys had this pond not been harvested when
it was.

1.3.3 Predation

At the Lund ponds, predation consisted of sea-
gull and bald eagle predation from the air, otter
predaticn from the land and attewmpted predation
from rockfish. A few dogfieh that were captured
in Set Ko. 2 and transaferred to Pond Ro. 1 were
removed from the pond by divers and were never a
problem. Dogfish were not seen appreaching the
ocutside of the pond. Rowever, Pouds NHo. 1 and 2
were approached by a school of copper rockfish
{Sebaetes oqurinus). Though the time and date of
thies event are not knowm, the event was made evi-
dent by the 20 rockfish found tangled io the
meshes of the predator net.

Eagles and seagulle fed on injured and dying
herring near the pond surface, and thus performed
s valuable service.

Sea licns were actively feeding om schools of
herring within & mile of the Lund pond site, but
only approached Ponds No. 1 and 2 on a single
occasion, and did no damage.

At the Nancose pond the sea lion was the main
predator. They approached the ponds in groups of
two to seven. At noe time did they ceuse any direct
damage to the pond or the fish in 1t, but by

Ingide Pond No. 2

Qutaide Pond No. 2

chenge paragreph 4 to read ..,

Fish Density

(1bs/foot ) 1.8 0.0
Depth Depth
Surface ¥ Surface
Tre results of vericus occtamograghic parameters,
ingide ond adeide Pond Mo, 2, are Temperature
Tre girgle notebls dif- o 8.0 8.0 8.5 8.0
v the redced dismlved
the throe metre levwel imeide the Hydrometer
thove the half ssturebion Unite 23 23 15 23.5
coaidered dargeae for poded D
have been arfficiatly de- -0-
the streea load on figh in . (mg/1) 12.2 8.8 10.2 9.8
Secchi
(feet) *13 34

¥ Note: Not reliable due to fish density.
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inducing stress, they were probably instrumencal
in iniciaring and maintaining spawning activicy
in fish taken in Set No. 4.

Of che several methods used to keep sea
lions away from the ponds, the most effective
was to chase the sea lions away with the power

skiff. Once they were clearly on the run, sea
lion bombs (underwater firecrackers) were
throun. It was hoped that the sea lions would

asgociacte the nolse of the power skiff with the
bombs, so chat on subsequent approaches, simply
starting the skiff would scare them away. But
cthey did not respond as hoped.

1.3.4 Roe Maturation and Yield

Figure 1-5 18 a maturation graph prepared
on the basis of test data collected daily from
Ponds No. 1 and 2, using che Standard Fisheries
and Oceans roe-test method, (The fish in both
ponds were taken from rthe same locarion and froa
the same body of fish.) Roe yields are expres-
sed as a percencage of the total volume of fish
that had mature roe. Alchough the wethod is
crude, the greatesat error in the results 1s pro-
bably related more to the difficuvlcy of obtain-
ing represencative samples from the ponds then
to the merhod of calculacfon. The results show
thac the roe yield increased from 2 percent on
inicial capture to over 14 percenc in a 20-day
period.

No apent female fish were found in the firsc
samples caken immediacely afcer fish capture.
Towards the end of the sample program, 7.1 per-
cent were gpenc. This was probably due to spawn~
ing activicy during towing and during che firsc
day of confinement. Had the incidence of spent
females been 0.0 percent, the total toe yileld
might have copped 16 percent. Note, though,
that the racio of females in this population was
60.2 percenc. In a populacion consisting of half
male and half female, the yield would have been
lesa.

1.3.5 Product Qualicy and Presentaclon

Delivery Quality. Herring delivered to the
processing plants in toctes and in champagne were
of high quality and were vastly superior to those
delivered from the sac¢ roe fishery. This dif-
ference is illustrated in Plates 1-30 and 1-31l.
The flrst shows fish delivered to Vancouver from
the Ponds, and the second, fish delivered from
the sac roe fishery.

Table 1-4 indicactes cthat fish chilling within
the totes was reasonably uniform.

Scale loss while the fish were thrashing and
dying wichin cthe totes was significant, but not
measured. Though it was greater thanm in any pre-
vious or subsequent operation, the cumulative
scale loss during tote loading could have been
reduced by increasing the tote preload of slush
with a greater proporcion of sea wacer, which
would have provided more cushioning.

Belly burning was seen in some of the fish
delivered in totes to Vancouver from the Lund

ponds. All the belly-burned fish had been feed-
ing on eggs that had fallen away from the pond web
and on hatched larval herring.

Plate 1-30. Fish delivered to Vancouver from the
pond gite. Transport time was about
11 hours in champagne.

Plate 1-31. Fish delivered to Vancouver from

the sac roe fishery.
tlme was about seven days.
were loaded into the hold "dry."

Transport
Fish

Roe Content. The fish in Pond No. 1 were
divided into feeding and non-feeding for the pur-
poses of roe content analysls. About 95 percenc
were not feeding. (The feeding fish reuded co
be smaller on average.) The results of the sampl-
ing are presented in Table 1-35.

Slxty-seven percent, or 102, of che fish were
female. Of these, 34 were in No. 1 roe condirion,
none were in No. 2 condition, and 23 were in No. 3
condition. Forry-five femsles were spent. The No.
1 quality roe yield from this sample was 5 percent
of total fish welghe. (These figures differ sipgni-
ficantly from the pond sample averages obtained on
or about the same time.)
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Table 1-4. Fish Temperatures
(First load to Vancouver)
Loading Temp. at Randon Sample
Temp. (°C) Time after Delivery
March 9 Loading (°C) Temp (°C)
March 10
Sample No. 3:00 pm 4:05 pm 5:15 pm 7:00 am
1 8.0 6.2 + 1.5 + 1.0
2 7.5 7.0 + 1.0 + 5.0
3 8.0 4.0 - 1.0 + 7.0
4 8.0 5.5 - 1.0 + 3.0
5 8.0 5.5 - 1.5 + 4.0
6 8.0 5.5 - 0.5 0.0
7 8.5 6.0 -~ 0.5 + 3.5
8 i 8.0 6.0 - 1.0 0.0
9 8.5 6.5 - 0.5 0.0
10 8.5 6.5 - 1.0 - 0.5
MEAN + 8.1 + 5.9 - 0.5 + 2.3
Table 1-5. Feeding Versus Nonfeeding Fish
March 16, 1981
Feeding *Nonfeeding
No. all pcs. 108 152
No, Male 50 40
No. Female 102 69
Percent Female 67 72
No. Ovary Condition 1 34 63.5
No. Ovary Condition 2 0. 2
No. Ovary Condition 3 23 0
No. Spent Females 45 3.5
Percent Mature Roe Yield 5 15.25
Packaging. tail damage resulted from freez- trade.

ing the fish individually on trays before packag-
ing. Because the tails were brittle, they broke
easily. This could be avoided by freezing the
fish in their final packages, but this would re-
quire more time in the freezer, and thus would
slow turnover time.

The fish at the Sliammon plant were packaged
in two kilogram cartons. The method of packaging
was unattractive and thus unsuitable for present-
ing directly to the Japanese consumer. However,
it might be acceptable to the Japanese restaurant

1.4 CONCLUSIONS AND RECOMMENDATIONS

1.4.1 Pond Types

Floating ponds are generally preferable to
beach ponds. While beach ponds can enclose large
volumes of water with relatively little ponding
matter, and hence cost less for a given volume,

the number of small bays close to fishing grounds
and suitable for beach ponds is limited. So fierce
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competition for better sites could easily de-
velop. Further, initial curiosity by upland
owners could be replaced by annoyance and resis-
tance, In addition, regulating beach-pond loca-
tion and use would be difficult. 5o, although
beach ponds should not be excluded from considera-
tion, preference should be given to floating
ponds.

Because much time was used in locating pond
materials (logs, wires, staples, etc.) and in
pond construction, the feasibility of using pre-
fabricated, folding, portable pond frames should
be investigated. Portable ponds could be set up
in a few minutes, which would leave more time for
locating suitable schools of fish, and could be
located close to the fishing site. Preliminary
design and cost investigations should be followed
by prototype construction and testing.

1.4.2 Pond Location

During the course of the ponding investiga-
tions, we noticed that the fish spawned out in
ponds located close to, or in, wild spawning
territory or in areas frequented by maturing
spawners; but they did not spawn out in ponds
located in areas where there was no wild spawn-
ing nor maturing spawners. If this trend were
to hold over a significant number of observa-
tions, grounds for choosing a pond location
would be clear: 1t should be close to the fish-~
ing grounds in order to minimize towing, but not
in an area frequented by maturing or spawning
herring.

1.4.3 Ponding Density

On the basis of ponding data and observa-
tion, we can conclude that ponding densities
greater than one pound of fish per cubic foot
of water should be avoided for ponding periods
greater than four or five days (assuming pond
volume to be calculated at low tide in the case
of beach ponds). This limit should be exceeded
only if fish are to be ponded for a period of
one to three days, and ponding densities greater
than 1.5 pounds per cubic foot should be avoided
at all times.

Ponding densities greater than the recom~
mended level can be expected to take their toll
in physical damage and stress-related disorders,
manifested in blood entering the operculum, eyes
and fin bases, and small spots on the body.
Other disorders related directly to overcrowding
include scale loss and eroded noses and fins
from abrasion with the pond web. Oxygen deple-
tion also results from overcrowding, contributed
further to stress disordersg, decreased resis-
tance to disease and increased mortality rates.

1.4.4 Predators

Birds are not a threat to ponds of herring
loaded to the recommended demsity.

Predatory fishes can be effectively control-
led by using predator nets. These structures will
not be necessary in all pond locations, but should
be used where dogfish are common.

Some method needs to be devised to dis-
courage seals and sea lions from frequenting the
ponds, since their presence is stressful to the
herring. A method discussed at the time of pond-
ing, but not tried, was the use of Orca sounds
emanating from an underwater gpeaker. This method
has some promise since, when Orca approach, seals
and sea lions usually leave the vicinity or haul
out on the nearest beach. And it may be the only
non-violent way of keeping these predators away
from the ponds. However, the ponded herring might
react unfavourably to the Orca sounds. So the
method needs to be studied both for its effect on
the seals and sea lions and for its effect on the
ponded herring.

1.4.5 Spawning and Roe Yield

Investigations should be conducted into spawn-
ing substrate preferences. Observations indicated
that in all spawning instances tarred, knotted-
nylon, herring-seine mesh was the preferred and
only substrate used even in the beach pond where
there was some Laminaria and Fucus. Spawn was
never seen on the white lacing that bheld strips
together, on the bright red onion sacks used (with
rocks) for weight, on the bright white onion bag
labels, nor on the blue poly line suspending the
bags. So factors worth investigating are substrate
colour, texture, brightness and chemical makeup.
Both preference and avoidance should be investi-
gated.

Though captured fish spawned on the net dur-
ing towing and in the pond, after an initial 24
hours, spawning ceased except in Set No. 4. The
fish captured in that set had reached a mature roe
ratio of approximately 5 percent as opposed to 2
percent in the other sets. So capturing the fish
before the roe has matured may eliminate, or at
least reduce, the spawning incidence. 1In order to
satisfy this requirement and the requirement that
the ponding period be kept to a minimum, fish
should be captured when there is a high proportion
of maturity No. 3 roe, a low proportion of maturity
No. 2 roe and no maturity No. 1 roe.

In Ponds No. 1 and 2, the spawning cycle was
clearly disrupted. Fish were held about one-and-
one-half weeks beyond the time when the wild
stocks from which the ponded fish were taken ap-
peared to have spawned. (They might not have been
the same stocks.) The nature of this disruption
is not understood., Institutionalizing the fish
might have disrupted behaviour patterns, physio-
logical changes and adjustments, migratory patterns
or other factors that lead to full reproductive
maturity. These factors need to be understood and
thus deserve intensive study.

Being able to predict roe yields and when a
particular pond of fish will reach marketable
maturity would be advantageous to the fisherman,
who must harvest the fish, and to the processor,
who must attend to numerous details before pro-
cessing. 1In order to make such predictions, we
must consider a number of variables including the
ratio of male to female fish, the number of females
in each category of maturity, the number of spawned-
out females, water temperature, and the amount of
avallable feed. This seasons's data will probably not
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he sgufficient to formulate puch a predictive
method, but future research should strive to
do so,

Being able to extend the processing period
would also be advantageous, since proceseing
fish in small, carefully handled batches 1is
essential to maintaining product quality. This
could be done 1f mature herring could be held in
ponds for extended periods without spawning.
Some preliminary information from the Biological
Station at Kanaimo is relevant here. Apparently
feeding a pond of fish, all from the same stock,
increases the rate of roe maturation. So the
processing period might be extended by feeding
one pond of fish and starving another (inferred
from personal communication with J. R. Brett ,
scientist in charge of herring impoundment stu-
dies in Pacific Biologicsl Station at Napaimo).
Because of the importance of extending the pro-
cessing period for product quality, further
investigatione should be made into this and
other means of holding herring without their
spawning.

1.4.6 Fish Towing, Transferring and Brailing

This project demonstrsted that large catches
of fish could be towed without scale lose or
other damage providing the towing speed is slow
enough.

The use of the power block rather than the
geine drum to retrieve the net during fish
trangfer is recommended, This method will per-
mit the seine crew to unfold large folds in the
net that may trap and damage fish.

The use of soft, knotless nylon mesh is re-
cormended whenever net material oust come in
contact with fish., This reduces scale loss and
prevents net marks on the fish., Knotless nylon
is essential for the brailer web and the bumt of
the beit seine.

In brailing, the figh should be dried up to
the point where they sre sufficiently dense to
permit essy brailing, but not to the point where
fish are killed in the bsit seine nor to the
point where the fish st the bottom of the pile
are under such pressure that they are bruiaed or
have their roe and milt squeezed from them. The
figh should not be killed before or during brail-
ing except when a very small amount of fish
(three or four tons or less) is in the bsit seine.
In such instances killing the fish in the net by
electric shock or other means might be preferable
to brailing live fish.

1.4,7 Fish Transport

Totes filled with a mixture of ice and gea

water proved to be the best method for transporting

fiph to the processing plants. Holds filled with

champagne was the second best.

Two different dry vacuum fish pumps were tried
in the course of this project. Both caused pres—
sure bruising and scale loss, and flexed the fish
out of their state of rigormortis. 50 such pumps
apparently do not have a place im the production

of high—quality herring producta.

1.4.8 Fish Processing

Sexing, sorting and packaging were all done
by hand at the Sliammon plant. These techniques
appear quite well suited to the production of a
high-quality frozen roe herring product.

1.4.9 Packaging snd Presentstion

The use of high—quality presentation and
packaging is eesential to establishing a strong
market for this product. Marketing and packaging
investigations are recommended.

1.4.10 Future Prospects

The prospects for the production of a high-
quality frozen food and roe herring product using
ponding techniques appesar very promising. But
verious aspects, mentioned here, require further
investigation before the ponding of roe herring
can he adopted as a widespread method of producing
high-quality herring products.



2, THE 1981 NIMPKISH FISHING COMPANY

PROJECT IMPOUNDMENTS

2.1 BACKGROUND
2.1.1 The Contract

In January of 1981, Nimpkish Fishing Co.
Ltd., under the direction of Chris Cook, Jr.,
Captain of the fishing vessel Nimpkish Pro-
duct No. 1, received permigsion from Fish-
eries and Oceans Canada to impound 200 tons
of roe herring in Statistical Area 12 under
the condition that Nimpkish Producer would not
engage in the 1981 roe herring fighery else-
where. A second vessel, the Kitgora, opera-
ted by Roy Crammer, acted as a support ves-
sel, Fishing, ponding procedures and matura-
tion of impounded herring were monitored by
field biologist, Chris Whiting.

Upon reaching suitable maturity, im-
pounded herring were to be delivered to the
Central Native Fishermen's Cooperative faci~
lities in Beaver Cove for subsequent trans-
port to their facilities in Ucluelet for pro-
cessing. The product was to include high-
quality female herring with the roe intact,
frozen for the consumer market in Japan.

2.1.2 Statistical Area 12

Area 12 encompasses an especially com—
plicated plece of coastline between northern
Vancouver Island and the mainland. It is a
region with numerous island passages, inlets
and bays. Herring spawn in this intricate
shoreline from March through May. Although
most recorded spawning takes place over a
two-month period, herring appear to spawn in
localized areas well into the summer. Some
localities are favoured by herring year after
year, but generally the timing, location and
density of spawning are somewhat unpredict-
able.

Area 12 seems to possess numerous small
populations, which are probably somewhat
specific to numerous small locations. Their
relative abundance 1is open to debate since
they are inclined to mix with migrating
populations from other areas. These mixed
populations have not been open to the com-
mercial roe fishery since 1978, a year in
which only 46 tons were taken from Area 12.
Prior to that, between 1972 and 1976, approxi-
mately 1,500 to 2,500 tons of roe herring were
fished commercially each year. For the past
four years, a roe-on-kelp fishery has taken
approximately 45 tons of local stocks. In
addition, herring have been seined for bait
sales. These fish have probably included mi-
grating populations.

2.1.3 The Fishing and Impoundment Plan

Schools of locally spawning fish were to be
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located prior to their spawning wmaturity, and
ponds established in their vicinity. Several
small ponds, capable of holding 20 to 30 tomns of
herring each were to be established at a variety
of locations as suitable populations of herring
were located. Two locations were ultimately used,
one in Cramer Passage and the other in Parson Bay
(see Figure 2-1).

What was seen to be a relatively straight—
forward opportunity to catch, pond and deliver roe
herring, proved to be fraught with difficulties.
One problem was locating schools of herring that
would generate enough roe to represent at least
10 percent of the total tonnage delivered. Others
were the male/female mix and varying sizes. Ideal-
ly, a school of herring to be ponded for sale as
whole roe herring should contain at least 50 per—
cent female fish of uniform roe development, and
the fish should exceed 20 cm. in length. 1In the
course of this venture, 33 sets were made of which
none met the ideal ratio of maturing females. The
fish samples were of mixed sizes, sexual maturity
and ages. (Scale analysis from each set was not
completed at time of writing.) As fishing con-
tinued, the incidence of spawned-out fish increas-
ed in the catches and reduced the proportion of
useable maturing fish. Thus, of those sets that
were impounded, the highest maturing female ratio
obtained was approximately 40 percent. In addition,
the size of schools tended to be small. The largest
catches were about 20 tons; the majority were be-
tween five and ten tomns.

2.1.3 Outcome

By April 30, the day of the last fishing at-
tempt, only 60 to 70 tons of herring had been
ponded and of these only 30 to 35 percent were
maturing females. Maturation was slow. Because
of the low yield of mature roe, delivering and
processing these fish as planned was not economi-
cally feasible. So they were sold as halibut bait,
a disappointing outcome for a venture that had
taken considerable time, effort and money on the
part of the boats and crew involved. This project
did, however, generate a great deal of valuable
information.

2.2 METHODS

2,2.1 (Cramer Passage Pond Site

Sampling from sete No. 2, 3, 5 and, particu-
larly, 6 indicated that the herring in the Cramer
Passage area were suitable for ponding. Thus,
three ponds were established in a small unnamed
bay on the Gilford Island shore of Cramer Passage
opposite Evans Point (see Figure 2-2). This bay
wag flat bottomed, had a wide mouth partially pro-
tected by small islands, and narrowed into a shal-
low mud flat exposed at low tide. Its depth was
approximately 27 feet (at low tide). The shore
was rocky, steep and wooded above the high-tide
line. Immature Fucus grew on the rocks. The three
ponds were strung in a row along a line secured to
each shore of the bay near the entrance (see
Figure 2-3 and Plate 2-1).
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CRAMER PASSAGE POND SITE
PARSON BAY POND SITE

BLACKFISH SOUND
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Figure 2-1. Fey Hap - Northern Vancouver Island
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SCALE: 1in=153 ft

Figure 2-3, Site Plan of Cramer Passage Ponds.
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vailing westerlles, which blew down Queen
Charlocte Sound and Blackfish Sound into Parson
Bay; and to southeasterlies, which blew ouc of

the low valley at the head of the bay. When it
was windy, tying the fishing vessels alongside

the ponds strained the pond's moorings, and on

two occasions, wind forced boch vessels out of
Parson Bay altogether. The boomsticks that formed
che pounds and cthe mooring lines attached to shore
trapped a lot of floating debris, especinlly after
stormg and high tides. Nonetheless, except for
one mooring breaking, the ponds and their impound-
ed herring survived the wind very well.

2.2.3 Pond Construcction

All of the ponds used in thils project were
prefabricated, floacing ponds, 60 feet square.
Except for the boomsticks used for floatation,
Place 2-). Cramer Passage pond site. the ponds were assembled in a nect loft in Alerc
Bay prior ro che commencement of fishing. The
assembled web, lines and booming hardware were

2.2.2 Parson Bay Pond Site stored aboard che Kitgora.
Parson Bay 1s a large bay on the western When a pond was required, suitable boom—
end of Harbledown Island at the head of Black- sticks were towed to cthe area (see Place 2-3).

fish Sound (see Figure 2-4). It is approximate-
ly a mile wide and almosc two miles long. Ar its
head are several smaller unnamed bays, the most
norcherly of which was selected as a pond site.
This bay terminated in shallows; its shores were
rocky and boulder strewn; its bottom, flat and
sandy, The depth ranged from 15 to 30 fachoms.
Dense forest came down to its shores.

Ponds were located in the middle, abouc one-
third of the way into the bay and secured co the
shore by moorings. At low tide, the lowest part
of esach pond was about ten feet off the bortom
(see Plate 2-2).

Plate 2-3. Salvaged logs ready for pond frame
assembly.

(These had often been moored at accessible places
along the shore beforehand.) The logs were flat

notched (see Plate 2-4) on the ends to interlock

with each other, and arranged to form a floating
square.

At each corner, the more buoyant log was placed
under the less buoyant to give it support. The
corners were lashed togerther with two to four
vwraps of steel cable held in place with boom sta-
ples (see Plate 2-5). Then, using the double
block from the boom of the Kitgora (see Plate 2-6)
Plate 2-2, Pond site Parson Bay. Pond No. the corners were lifted and the cable cighrened.
1 (b) being installed.

Once the logs were natched and lashed to form

Inictially, ctwo ponds were established. These a rigid floating square, the pond web was suspended
were towed from the Cramer Passage pond site on inside che floating boomsticks (see Plates 2-7 and
March 31, A chird pond (l(b)) was fnstalled on 2-8). The web was hung from a half-inch blue nylon
Apvil 10 (see FPigure 2-5). line. 7This line was nailed or stapled to the in-

side of the boomsticks except for a ten to 15
The Parson Bay site was exposed to the pre- foot gap lefc for che gate. The pond web was
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Figure 2-5. Site Plan of Parson Bay Pounds
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Plate 2-4. Notching the ends of logs-

}

Double block holds end of log out
of water. This will be top cor-
ner of log. Note how wet (bottom)
side of log is being noctched.

Place 2-5.

three gtrips deep. At this stage of assembly, the
pond web would hang straight down inside the boom—
stick frame. The web was not tapered toward the
bottom, so 1f the pond had to be towed, the web
could be pulled up and piled on top of the peri-
meter logs.

On the bottom border of the web, a becket
line was hung with two—inch nylon rings at eight-
foot intervals. A half-inch blue nylon line ran
through the rings to serve as a purse line. The
bottom of the pond could then be closed by draw-
ing up the purse line. The nylon rings afforded
easy passage of the purse line ensuring chac it
closad evenly and tightly. A weight, such as a
plece of boom chain, was hung from the centre and
supported by a line to the surface secured to a
floating "scotsman." The length of this line

decexained the depth at the centre of the pond,
usually 15 to 25 feet., By hanging addicional
welghts (rocks inonion sacks) at the corners and
along the sides, the shape of the pond and the
depth of 1ts walls could be adjusted.

Plate 2-6. Cable being tightened at corner.

- .

Plate 2-7. Web being installed 1lnside pond frame.
2.2,4 Fishing

Deseription of Vessels and Gear. The primavcy
vessel, Nimpkish Producer No. 1, 1s a steel boat,
displacing 160 tons and measuring 24.4 meters long
by 6.1 meters wide. Her draft 1s 3.6 meters when
fully loaded, and her hold capacity 130 tons. She
is equipped with a bow thruster and a refrigerstion
unlt capable of maintaining a champagne system in
her fish holds. She carries an Ekolite Mark 5
Special Herring sounder (frequency 29, wet paper,
with the sensitivircy ser at 1.5), a Comdev Mavrine
sounder (Model CDM-105), and a Wesmar Scanning
Sonar $8160. Her seine is of maxilmum length and
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Plate I-B,

Eilge of web being nailed or staplsd
te logs.,

The second vessel, KEitgora, is s classle
gilmon felner. She wvas uwsed as tha tewlng ves=-
el and wam most wvalvable 16 pémd cORSTTUCClon
gines her deck was lower than Himphkish Producér’s.
Sha carries mn Ekolite 15 T & soamdar (dry pagper,
frequency 39) and apslaved In all fish sarveys.

An inflatahls skiff and a herring punt,. both
outhaard powered, weres osed for pond consDrectlion
and reconmaismsaonce.

Ta wddition ta The twe Skippers and a Field
Siplogivr, five rrew membgrc were aboard. & few
grew changes occarred i@ the coorse of this stmdy;
three of the original compiess=nt stayed Till The
enid.

Lossting Serring. Eecoonnaisssnce for berring
pocurTed during the daytise. Aress waie paprol-
led ot abowt lour mets, with rhe soender on. Aoy
activity »n oy mesr the swrisce prompired soonder
ohsgrvat lons st that spet, but often sothimg would
s sssnm bamesth the mefsce.

Lf = ares abousd suseross echools, Lt would
e surveysd agals &t night by both wvesmels, Wik
darimsss, WeiTisg tesd to spreas owd at & w=ifors
shallow depth o fomm 8 shimmer, whish sppears
wn the mmmder a3 8 diifuose bend rusming parallsl
te the wurface. 4 typical medies siimser weuld
acoupy a dapth Irow [ive fathoms & 1T Dathowms.
With prectilos, the alse and demalty of fish canm
= geesssd by the damsity and gralmicess of the
poundar prictout. Seall fish tend te show &5 &
datk denaw bend; larget [iah appeat Lighiar and
Eralnisr.

Featl fiskiag sccmried ot sight. After locs—
cing the beatl musder chowing, wele wers mads by
the Eisphlch Frodecer.

In & Jb=bhour pariod, herring will spress) out
il loraly &8 an svening suimmer, (racture into
small groups durieg a daycine slack tide wnd
sggregats inte largs schoals with che running of
cthe tide. This ssde Fimling the ldesl school,

wniform in slee anid saturiby, diFrieuli,

Fiahing in Crmier Peosage. At the tioe the
Cramar Fansags dlte wam balng estabiished {Harch
1h and 15), Epe Wispkish Producer had T go to
Vapeouver for Pull vepalie. A& & veeele, Flshing
wos delayed untll Maroh I3: im che meantims, tha
type af MrTing (roquenting Cramer Faosige I:hl.l'l.lldr
far Mo, T, of whigh approsimately cem vons were
ponded st tha Cramer pite, was a mizture of mizes
apd mocuriclas, Tha dish from this wel were
aventually releapsd [rom the pomdd and no othar
Betd wars Lspoundesd [rom Cramsr Passags. One
anpty pend wes lafe thers throughout the study
caps suirpble fisnh wera found ip the srea, Bur-
veys of Betraat and Cromer Passages continied inte
mid-april, but the ratio of awall and spawoal-out
herring wes too high ve juscify ponding for Tos.

in

Filahing im PFareom Say, ez o, 17, mede in
Farwon Bay ot 1¥c18 m.m. on March 31, indicatsd
the presencs of a large nuabsr of Werring sult-
aule fay pondimg. AbDul el tons eETe caught al
which 179 weye ssamined bhefore ihe sl was ro-
lenned, OFf these, 5I.3% pavcent wers malea, 1&8.3
percent were mlinke (speened-out herring) snd 33
porcent wers femalss, The females cavvied letgs
femature voe of scmevhat unmifors demelopssnt .

The test indicated sn wndesirsbly high properiiss
of males, bot the mmier of slinke wes liwer Uhas
Ieidl Biwdi found elershete. {(Becssss the alinks
were penerully sualler Chaa the reed flek, (hels
percentags by weight was liwer cham 4.5 pageent. i
Alrhough tha proporiion of {esales was low, thay
were largs (3% on. sverage) amd of e=ifers as-
Eority (Bo. 1 ros).

Between Harch T1 gnd dpril ¥, 14 sets vere
made in Farses Say, tem of which were ponded .
iz sets mide over Dva comsecwtive nlghia' [lsk-
img, March A and Apicdl |, wede poaded Lla Pafags
Pomd No. l; four ssts ssds over Dhres days,
dgrdl 3, & emd 9, were ponded in FPoud Be. I.
st bels, thé et fooched Boftom, Mearly all
FLE waEre made a4y night hen Tha haryiag weTe L8
silsseTs, ceeally berween five and 12 fathoms.
Srix varied from fiwe o 0 roms per saf.

on

2.2.3% Zamplisy From Sets
& total of 3} setw were made from which we
attempted te collect Ehe following dakat

L: & sealed sample for laboratory snalysis.
A 5l-poumd sealed sasple wes taken for enelywis
te the Flsberles and Coceans hefTing Lilardtory (e
Horch Vancowser. Semples could not always ba dall-
wered at ooce, and pometimes they wore flve or mls
days old before they reached the lak. They were
kept cosl, but [ressing Ffaclliries wece nor avall=-
able. (Ar tize of writing, snalyeis of chasa
samples wvas morc availabls.)

i: Lemgth messurenencs. One handred fiak
ware Taken st random from mach met for @ length
massurement . Sets Be. 20 and 21 were mlaaed be-
EEsSs BEASUTenENt shests wera unovallable, &
length data sheet was improvised for Ssts 33 to
10 Apclesive.



3. Roe test. Ome to three roe test buckets
were examined for gex ratios, roe maturity and
roe gquantity. Roe quantity was measured initi-
ally using the Standard Fisheries and Oceans roe
test method used in the roe herring fishery,

i.e. using a volumetric cylinder and a test buck-
et of stand size. This test provided information
about the quantity of mature roe in herring from
each set. Later in this study, particularly

when roe maturation was being monitored at the
ponds, roe maturity was determined directly by
weight, using scales and larger ssmples, rsther
than the standard roe test.

Samples were secured either from the bunt of
the seine or by dip netting.

1. From the bunt of the seine. The size
of this sample could be regulated by holding
the bunt end from the deck by a line and releas-
ing fish slowly until 100 to 300 pounds remained.
This method was inclined to produce an unrepre-
sentative sample, since the glower fish tended to
be the last to escape.

2. By dip netting. Herring were dip netted
from the folds in the net while drumming in Che
seine., This method alsc tended to produce an un-—
representative sample, since the herring in the
folds were probably from one school and thus of
uniform size. But this was the only convenient
means of obtaining a sample by dip netting; fish
swimming freely were very difficult to capture
with the dip net. The fish could have been con-
centrated more by drying up the seine, thus dis-
rupting school formaticn and causing the fish to
boil. Samples could then have been taken from
the beills. While this might have produced more
representative samples, to concentrate the fish
wag to risk crushing damage, mortality and qual-
ity loss. So this method waa not tried.

2.2.6 Fish Towing

Generally, the distances and durations of
tows were gshort. The longest tew to the pond
site took two hours; most took less than one
hour,

The Nimpkish Producer was towed broadside
by means of a bridle snd tow line pulled by the
Kitgora. Towing speed was one to two knots.
The rings were held by means of hairpin and single
fall. The net flowed away from the direction of
travel, crearing "shallows" in the folds of web
near the fishing vessel. Occasional bolils occur-
red along the cork line. These tended to sub-
side after a minute or so and then reappear else—
where along the cork line. This acrivity was
most common at the beginning of the tow. After
20 to 30 minutes the herring seemed t¢ settle and
swim normally as the net established a fairly
permanent shape in the current produced by the
tow. ILf the sets were 20 tons or less and the
towing speed was not excessive, the herring were
not crowded and s8¢ were not crushed in the selne.

Semples were taken during towing to esta-
blish size, sex and waturity of the fish being
ponded. Scale loss was observed awong fish in
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the gamples, but this probably cccurred during
and after removal from the seine, not during tow-
ing. Net wounds were not seen on fish ssmpled
during the tow.

2.2.7 VFish Transfer (See Figure 2-6.)

As the fishing vessel under tow approached
the ponds, the running line from the fishing ves-
sel was taken to the pond via power gkiff. The
end of the running line was secured to the cormer
of the pond, enabling the veasel to winch itself
toward the pond without using its propeller,
which could have become entangled in the net. As
the vessel and net approached the pond, the angle
of the vegsgel to the pond was adjusted by using
the bow thruster, The vesael had to be secured
to the pond with the vesael's stern away from the
pond. This was done by shortening the bow line
80 that the forward curve of the hull was forced
againgt the side of the pond, which made the
stern lay at about 20 degrees to the pond. The
running line served as a second mooring, prevent—
ing the stern from drifting away from the pond.
This arrangement cleared the atern of any moorings
that might have interfered with the transfer opera-
tion.

The gable end of the net was tied along the
boomatick and the gable laced to the pond's web
at the gate. A wind line held the cork line near
the gable end away from the gate, and the power
gkiff stood by to pull out the cork line if the
bag of net drifrted or collapsed. To induce the
herring to swim through the gate into the pond,
the bag size was reduced by drumming in the seine.
The gate of the pond was patrolled with gaff aund
pike pole to prevent unwanted speciles from enter-
ing the pond, When almost all the net was drum—
med in, the remaining bag was reduced by pulling
web into the fighing vessel by hand. When moat
cf the herring had entered the pond, the gate was
clesed and the gable end dropped. Unwanted ape-
cles were caught, and the remaining herring re-
leased.

The operation became very efficient: three

sets of herring could be caught, towed and trans-
ferred in one night.

2,2.8 Pond Loading Denalty

Volume of Ponde. The pend depths were dif-
ficulr to meaBure because ¢f the rounded shape of
the suspended web., The depth at the perimeter was
determined by the length of line supporting the
welghts uaed to keep the pond open or by sounding
with the Sechl disk until it came to rest on the
web. The depth at the middle was determined by
the length of line between the float and the vent.
In addition, several dives were made in and under
the ponds to examine the pond's shape. Fifteen
to 20 feet was considered a fair estimate of
average depth. The approximate volume of each
pond, therefore, given that they were all 60 feet
square, was 60,000 cubic feet. At a ponding den-
aity of one pound of herring per cubic foot of
pond, each pond should have been capable of car-
rying 30 short tons of free-awimming herring.
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Dengity of Cramer Passage Pond No. 1.
About ten tons or less were ponded at Cramer
Passage for eight days, No desmage as a result
of ponding was observed on their release. Thie
wag to be expected from a light ponding density
of one pound of herring per three cubic feet of
pond,

Dengity of Parson Bay Pond No. l. 1t was
estimated that 60 tons were ponded in Parson Bay
Pond No. 1, twice the meximm density for sustain-
ed impoundment (i.e, two pounds of herring per
cubic foot). But this estimate was subject to
error as it was made by watching the herring
enter the pond and guessing their tonnage. Never-
theless, Pond No. 1 was obviously overcrowded.
The fish were too crowded to move in schools;
they milled up to the surface as they encountered
the pond web, especlially in the corners; and
when groups met, the fish would boll to the sur-
face as they tried to find more apace,

Because the fish in Pond No. 1 were obviously
overcrowded, half were moved into another pond.
The second pond, which was alongaide Pond No. 1
would have been convenient, but it was receiving
fish from Paraon Bay, and we felt that if the two
ponds were joined, the damaged fish from Pond No.
1 would reduce the quality of the fiah already in
Pond No. 2. Furthermore, it would have confused
the data being collected from the two ponds.
Therefore, a third pond frame, which had been
assembled in Barcnet Passage nesrby, was towed
alongside Pond No. 1. The pond web was inatalled,
and a gate was opened between Pond No. 1 and the
new pond., With the aid of s small seine, shout
half of the fiah in Pond No. 1 were tranasferred
to the new pond. These ponds became Pond No. 1l{a)
and Pond No, 1(b). This was done on April 10,
ten dayes after the first fish entered Pond No. 1,

Dengity of Paracm Bay Pond No. 2. After five
to six weeks of impoundment, 23 tons of herring
were removed from Pond No., 2, Later the web of
the pond was pulled up to reveal three to five
more tons, No dead fish were found on the bottom.
Pond No., 2, therefore, held 26 to 28 tons of her-
ring for five to 8ix weeks. This would represent
a ponding density of just under one pound of her-
ring per cubic foot of pond.

2.2.9 Roe Maturation

An attenpt was made to monitor the ponda at
Pargon Bay at leaat every two daya. This was
usually done when the Nimpkish Producer waa fish-
ing in the area, but later in the study a apecial
trip had to be wmade from Alert Bay in a small boat
to secure aamples and return with them to Alert
Bay for analysis. This was a round trip of about
15 miles, so sometimes had to be foregone because
of bad westher or lack of time. The longest
period without sampling was four days. In all,
the Parson Bay ponds were asmpled 22 times over
a8 3}8-day period, from April 1 to May 8.

Initially, samples were dip-netted by walk-
ing out on the boometicks and catching fish from
cotcentrations near the surface. During the
period of overcrowding in Pond No. 1, the fish
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near the surface were not representative of fish
deeper in the pond. To correct this, a small
seine was used. This was pulled across the pond
entrapping a one- to three—ton sample. The lead
line was pulled up until the herring in the seine
reached a concentration dense enough to dip net.
Two large sample buckets, containing between 60
and 70 pounds altogether, were taken from each
pond.

The roe content of sampled herring was ini-
tially measured using the atandard volumetric
roe test. But this method proved to be unsult-
able for our purposes since we wanted to be able
to relate various factors with one another (such
ag maturity to size) and to differentiate between
sexea. The volumetric roe teat was developed to
overcome difficulties of weighing samples on a
tossing vessel., But this was not a problem for
us aince ponds had to be moored inm sheltered
waters. Thus we could obtaln accurate measure-
ments from scales., So a lerge accurate set,
capable of measuring 30 pounds to the nearest
ounce, was found and a8 new method for making
pond maturation measurements developed. A two-
bucket sample was divided into slinks, malea,
immatutre females and mature femalea, (Grouping
females according to whether they had No. 1, No. 2
or No. 3 roe was found to be too arbitrary. They
were either immature or mature—they made the
transition quickly.) The number of pleces and
the total weight of each of these four categories
was recorded.

2.3 OBSERVATIONS

2.3.1 Effects of Fishing on Local Stocks

The 60 to 80 tons of herring caught at the
Parson Bay site did not present a threat to local
stocks. No appreciable decline in the herring
population of the area was detected over the fish-
ing pericd, although the locstions and density
of skimmer varied from one night's fishing to
another.

2.3.2 Damage to Herring During Sets

Scale loss was minimal during sets, and the
only net damage observed was on those fish gilled
or trapped in the folds of the web. Most of these
fish were drummed aboard and therefore did not
enter the ponds. The proportion of gilled snd en-
trapped fish probably reflected the degree of
turmoll caused during each set.

2.3.3 Gut Voldance

The gut contents of ten fish were weighed at
the time of capture and at the time of release
from the Cramer Pond. The entire digestive tract
was removed, and the liver and spleen discarded.
The digestive trsct was weighed together with its
contents to determine the ratio of digestive tract
welght to total body welght. At the time of cap-
ture, the digestive tract with food in it repre-
sented 2.8 percent of the total body weight. Eight
days later, when the fish were released, the digea—
tive tract, which was presumably empty by this time,
represented 1.65 percent of the rotal body weight.
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This procedure was repeated at the Parson accumulated eggs formed a mass five to ten mm
Bay ponds, but we had only limited success in thick (see Plate 2-11). Due to the density of
repeating the resulcts.

This data was collected to determine whethexr
"belly burn’ could be avoided.

2.3.4 Spawning

By midnight on March 23, Set No. 7 was im-
pounded In Cramer Pond No. 1. By noon the fol-
lowing day, captured herring were spawning on the
web ingide the pond (see Plate 2-9), and wild her-
ring were spawning on the web outside the pond,
making it impossible to determine how much of the
spawn on the web had been deposited by captured
fish, The wild herring alsoc spawned on the two
adjacent empty ponds. The herring spawned on
clean herring web, on the orange plastic scots-
man supporting the centre of the pond, but not
on the blue poly lines (see Plate 2-10). The

Place 2-11. Spawn peeled from pond web.

mile, the visibilicy in che water near the ponds
dropped from nine meters at 12:00 p.m. to two
meters by 6:00 p.m. No spawning was observed

on the Fucus along the shore of cthe bay, nor had
spawning been recorded in chis bay in previocus
years-

The spawning of herring in Pond No. 1 was
speculated to have resulred from cheir recent
impoundment, che presence of a suitable substrate,
and the spawning activity of herring in the area.

For the next week, the ponds were not obser-
ved. (We left Cramer Passage searching for her-
ring wich a becter maturing female ratio.) On
March 31, we returned to the pond site. All three
ponds were covered in spawn, and we suspected that
the herring in Pond No. 1 had all spawned ouc.
Plate 2-9, Herring spawning on web. We cried to collect a sample using a gillnet, but
the herring were nearly all too small to be gilled.
Bowever, a few larger herring were caught of which
sixteen--six males and ten females-—-were 26 cm.
They were all macure herring; che females had well-
developed roe No. 1 and No. 2 maturicy.

A smal]l seine was then used to secure two
buckets of herring for testing. The ratio of slinks
was now 83 percent. Some mature females (2% per-
cent) and ilmmature females (7% percent) were still
present. Interestingly, large macturing females
impounded 1in the pond had not spawned. This was
taken to indicate that schools of herring of mixed
maturity do not all spawn together, and thus the
importance of finding herring of uniform macurity.
Because of the variation in size and maturity,
the ponded herring in Cramer Passage would have
been far more valuable in a roe-on-kelp or a roe-
on-branches operacion than in a roe herring operation.

2.3.5 Effects of Pond Loading Density

Plate 2-10. Spawn adhering to scotsman. Note
abgence of spawn on (blue) col-
ored line and eye made of Jif-
erent colored plascic.

Parson Bay Pond No. 2. When herring were re-
moved from Pond No. 2 (April 7), 100 fish were
examined for scale loss aund any damage associaced
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the seine boat running or manoeuvring alongside,
and the propeller wash, particularly from the
bow thruster, all combined to alarm the fish,
causing them to damage themselves by rubbing
against the web.

2. Three very windy days followed the in-
stallation of Pond No. 1. One of the moorings
broke and a lot of floating debris entered the
pond. The movement of entrapped debris and
motions of the pond itself under the influence
of wave action could also have disturbed the fish.

The male/female/slink ratio changed during
the period of stress damage and death. Un-
fortunately, the maturing females appeared to
incur the most damage. At the time they entered
Pond No. 1, about 41 percent of the fish were
maturing females. But by the time Pond No. 1
was divided, the proportion had dropped to about
30 percent. That the females suffered more dam-
age is also supported by the following observa~
tions:

1. A sample of dead fish from the bottom
of the pond had a higher percentage of roe than
normal.

2. Samples taken when herring in Pond No.
1 were showing their worst stress symptoms indi-
cated that the percentage of roe was increasing.
But samples taken after the pond was divided,
showed that the percentage of roe had declined.

3. Decaying carcasses from the bottom of
Pond No. 1(a)'s web on May 8 contained a lot of
females with roe. (The roe and skeleton decay
last.)

We do not know precisely how many fish died
as a result of overcrowding in Pond No. 1. How-
ever, it was estimated that Pond No. 1 contained
62 tons of herring and that Ponds No. 1(a) and
1(b) together contained between 25 and 40 tons
at the end of the ponding period. This indicates
a loss of a least 37 percent. The number of car-
casses was less than five tons, so predators
must have consumed the remainder.

Once Pond No. 1 was divided into Pond No.
1(a) and 1(b), the behaviour of the herring
changed dramatically within 24 hours. The fish
formed large, well-coordinated schools, which
moved slowly in a circular pattern deep in the
ponds. Damaged fish were still near the surface,
but their numbers declined as they either died
and sank to the bottom or succumbed to pre-
dators, particularly gulls, crows and eagles.

2.3.6 Predation

Birds. Crows, gulls and eagles were always
present at or near the ponds. As many as 20 bald
eagles were observed at one time. The birds fed
mainly on dead fish or caught damaged fish swim—
ming near the surface.

Mammale. A small black bear was seen on two
occasions, once on the beach and once swimming
near the ponds. On both occasions, it retreated
as our craft approached. No damage to the web was

evident, if indeed, it had been at the ponds.
Otter, seals and sea lions were not seen.

Dogfish (Squalus acanthias). No predator
barriers were used and as a result many dogfish
found their way into the ponds. Pond No. 1(a)
became particularly heavily infested, apparently
because the seine vent was partially open. About
100 two- to three-foot dogfish were shot as they
approached the surface in the pond cormers. Sev-
eral of the large dogfish killed were cut open
to expose their viscera and hung by the tail
around the pond. The scent of dogfish guts is
rumored to act as a dogfish repellant. The in-
cidence of dogfish did seem to drop off somewhat.

Grey Cod (Gadus macrocephalus). Grey cod
were usually observed during seining herring,
gome of which were inadvertently ponded. Others
apparently gained access later, since the number
of grey cod in the ponds increased, especially in
Pond No. 1(a). Large numbers of grey cod congrega-
ted outside the ponds as well. These were easily
jigged; one morning two men took in 400 pounds.
The number of herring lost to grey cod could not
be determined, but the stomachs of three- to five-
pound grey cod usually revealed at least three
herring.

Sablefish (Anoplopoma fimbria). A lot of
small sablefish--not much bigger than large her-
ring-—entered the ponds, apparently through
small holes in the web. Hundreds were in each
pond by the end of the study. The herring car-
casses at the bottom of Pond No. 1(a) and on the
sea bottom below the pondas probably attracted
them.

Predatory fish only became a problem after
the ponds had been in place for several weeks.

2.3.7 Roe Maturation and Yield

Cramer Passage. The two buckets of herring
put aside from Set No. 7 for analysis, produced
the following information:

1. Forty-four percent of the ponded fish
showed no gonad development, either because they
were too immature or had already spawned;

2. Eighteen percent were mature females with
No. 1 mature roe;
3. Fourteen percent were immature females.

(We know, in retrospect, that this ratio of fe-—
males would not have been sufficient to produce
a 10 percent roe yield.) The absence of maturing
roe in so many fish was puzzling as this condi~
tion was inconsistent with the size of the fish.

Because the sex of the immature fish
could only be guessed, we subsequently grouped
all herring showing no roe development together
regardless of sex. These were the "slinks," a
term used by many herring fishermen. The classi-
fication was useful since the important fact in
ponding herring for roe herring is not the pro-
portion of females, but rather the proportion of



mature and maturing females. Besides, true sex
ratios could be determined at the herring labora-
tory, which received samples from every set.

Parson Bay. Roe percentage usually refers
to the amount of mature roe in a sample of her-
ring, but in this study it refers to total roe.
Roe data is given in Graphs I, II and III.for
each of the three ponds at Paraon Bay. When
mature roce first appeared in the ponds, there
waa Dot encugh mature and immature roe to per-
mit their being measured separately in the gradu-
ated cylinder of the roe test kit, so they were
measured together until April 21. Begioning on
that date, total roe (the aum of mature and im—
mature), mature roe and {mmature roe were all
measured. Generally, as mature rcoe increaaed,
immature roe decreased; total roe ahowed a
gradual increase over the time of impoundment.

The irregularitiea in the grsphs are thought
to be due to variationa in the samples. To try
to correct for some of the varlation, and to see
what the roe percentage would have been bhad
females always represented 50 percent of the
sample, we conetructed a second table; the data
from it were plotted along with that from the
real situvation.

As can be seen in Graph 1, on May 8 (the
lagt day that Pond No. l{a) was mwonitored), the
total roe waa 9.8 percent, of which 7.5 percent
was mature and 2.3 percent was Immature., Had
the herring been 50 percent females, the total
roe would have been 12,7 percent, 9.7 percent of
which would have been mature roe, with 3.0 per~-
cent s8till maturing.

The roe percentage of the fish at Parson Bay
waa relatively low, making it queaticnable as to
whether the ponds would generate the 10 percent
yileld needed to market the herring as roe herring.
This was due to the low percentage of females,
not the maturity of the roe.

In the early parts of this study, when
occaaional mature fewales were being caught in
the Cramer Paaaage area, we observed that mature
roe represented about 25 percent of the total
weight of theae individual females. (It wvaried
between 24 and 29 percent.) Roe percentages in
the immature females were alsc measured to deter-
mine how far the roe was from maturity. This
was especially relevant to the fiah ponded at
Parson Bay. At the time of their impoundment,
no females were mature, and we were concerned
that these fish would never develop mature roes.
But, as shown in Graph IV, roe growth was evi-
dent. It was gradual, but appeared to take
place at a constant rste of 0.27 percentage
polnts per day. Given a linear growth tate and
sufficient sampling to map the progress of
maturation, we should be able to predict how long
we have to hold herring and to determine how
much time to sllow for harvesting.

Roe maturation can slso be determined by
the physical appearance of the roe. Immature
roe is opaque and the gonads are heavily veined.
Mature roe 18 larger, venation almost die-~
appesrs on the aurface of the ovaries and the
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roe showa segmentation and a general trams-
lucent quality. Colour of both immature and
mature roe 1s variable. Developing roe pro-
bably follows a predictable aequence of atages
regarding size, vascularization, cclour, detect-
able gegmentation and translucency.

Graph V shows the rate at which the im-—
mature females impounded at Paraon Bay matured.
(Presumably, the incidence of mature females
would have apprcached 100 perceot as the roe-
weight-to-body—weight ratio moved towards 25
percent.} The smoothness of the curve implies
that we could anticipate when and how many un-—
ripe females would reach maturity. The curve
would probably level off before the females
reached a marketsble condition of maturity.

The ratio of mature females to total

females can be easily determined by viaual in-
spection of roe; no weighing is needed.

2,3,8 Eovironmentsl Data

Water Temperature, Water temperatures

were recorded throughout the duration of this
atudy, They were taken at the time of each set,
at the ponds whenever a sample was taken, and at
randow intervals while pasaing by. Temperatures
fluctuated greatly, which was to be expected in
an area with so many quiet pileces of shoreline
and active tides. During the two-and-one-half
montha the temperatures averaged 8.3° * .4°; by
early May, they had reached 9.0°C = ,4°. The
warmeat reading was at the Parson Bay pond site
one sunny afternoon when the tide came in over

a warm beach. Surfsce temperature wss 9.9°C.

Turbidity. Turbidity was measured uaing a
Sechi disk on moat of the daya when the ponds
were visited. Considerable variation was obser-
ved. Vieibility ranged from five to 12 meters.

Dissolved Ovygen. Diasolved oxygen readings
were obtained using a titration method with a
HACH field kit. A compromise between the long
and short titration waa used by doubling the
qQuantity of sample titrated in the short method.
This doubled the accuracy of the sghort test with-—
out the likelihood of running out of titrant.
Surface dissolved oxygen was taken during most
vigits to the ponds. Resulta varied, but were
always between 7.0 and 9.0 mg. per litre. Ouo
aeveral occaslons, water samples were taken at
various depths within the ponds. The resulta
never differed from the surface readings by more
than 1.0 mg. per litre.

Even during the time of extreme overcrowding
at Parson Pond No. 1, dissolved oxygen depletion
did not seem to be a contributing factor to the
stress and damage experienced by the fmpounded
fish there. Dissolved oxygen was never found to
fall below 7.5 mg. per litre even when measured
at the bottom of the pond.

Salinity. A salinometer was taken aboard
the Nimpkish Producer. Readinge were attempted
initially but were dropped becsuse they were
conpidered unrelisble. The sensitivity of the
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instrument was too fine and was probably in-
fluenced by the electromagnetism of the all-
steel hull.

2.4 CONCLUSIONS AND RECCMMENDATIONS

2.4.1 Suitability of Area 12 for Ponding Roe
Herring

Most fish caught in Area 12 during the time
of this project were of mixed sizes and maturi-
ties with some 8links present. In 33 8ets, the
best ratio of large maturing females was 41 per—
cent of the total. Obviously, a market requir-
ing large whole fish with roe intact cannot
be satisfied with mixed fish. Two altermatives
are available:

1. Develop ways of using the mixed sizes,
If herring other than the mature females could
be used by the processors then the roe percent-—
age would not have to be aas high as 10 percent.
Perhaps amall fish could be "popped” for their
roe and the carcasaes reduced for meal. Slinks
could be frozen and sold as bait. Or perhaps
markets that uee & variety of herring producte
could be developed in addition to those generated
by large femalea with roe.

2. Merring in Area 12 could be ponded
for 8 roe-on-kelp type of industry. Thia
might be more suitable to the area since as
long 88 fairly large numbers of fish are spawn-
ing, their percentage of the total is not ecriti-
cal. The fish would be released after they had
spawned. Roe might also be collected without
ponding as is often done now in this area. Hem—
lock branches are merely submerged In areas of
spawning activity.

Research on suitable subetrates from which
spawn could be easily removed might be worth-
while.

2,4,2 Herring in Area 12

The herring populations in Area 12 are inter-
esting and worthy of further investigation. We
noticed that the larger populations tended to
congist of small fish; for example, the largeat
achool encountered (about 2000 to 3000 toma)
contained fish all between 15 and 18 cm. And
certain locations, for example, Simoon Sound,
are reputed to always hsave small fish., These
obgservations raise certain questions: Do small
figh habitually occupy specific areas? Are
gmall figh & small race, or are they of uniform
age and destined to go elsewhere the following
year, being replaced by another group of young
onea? Perhape many of the areas in Area 12 are
rearing grounda for fish that ultimately spawn
elgewhere.

The mixture of fish travelling together in
Area 12 is another puzzling phenomenon, Neither
gize nor maturity appeared relevant to what fish
schooled together, alrhough sometimes a school
seemed to consist of two or three eize groupa.
The reaulta from laboratory analysis might
generate pome information regarding the age
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compogition of these fish and the relationship
between age and eize. We have assumed that
larger fish are older fish, but that might not
be true.

2.4.3 Ponds

The prefabricated ponds used in this project
had several advantages:

1. Ponds could be installed in various
locationa if suitable herring were found nearby.

2. The ponds could be set up quickly. Given
suitable logs or boomsticks, which were generally
available, a log frame could be asaembled and the
prefabricated pond web inatalled in a day by three
men and a geine boat.

3. The ponda were portable. The boomstick
frome or frames could be eaaily towed using a
towing bridle attached to two corners of the pond.
(Towing a pond from one corner tended to col-
lapse the pond.) If web had already been instal-
led, it could be pulled up onto the logs and tied.
This could be done easlly once the vent was re-
leased.

2.4,4 Pond Loading Density

One pound of herring per cubic foot of pond
proved to be the optimum pond loading density.
Pond No. 2 at Paraon Bay held 20 to 30 tons of
herring within a 60,000 cubic foot space for
over a month. These fish experienced very lit-
tle damage as a result of impoundment.

A greater density of fish produced stress
damage from overcrowding as in Pond No. 1 at
Parson Bay, which was loaded to approximately
twice the optimum density. Scme fish showed
physical demage after only three dayse. And after
eight or nine days, all fish visible near the
surface appeared damaged.

Mature female fish appeared to be more aenai-
tive to overcrowding, dieing earlier than males
or apent fish.

Fish suffering from damage were more abundant
near the pond’s surfaces; healthier fish tended
to remain deeper.

2.4.5 Environmental Considerations

Various environmental factors guch as water
temperature, turbidity and diasoclved oxygen con—
tent may influence the suitability of an area for
ponding and the eubsegquent maturation of the im-
pounded herring. These parametera were meagured
and showed considerable variation over time and
location, However, no conclusions can be drawm
from the meapurements obtained except that 1f the
effects of environmental factors were adverse,
they were minimal.

2.4.6 Sampling

Samples from a group of herring, whether taken
from a seine or from a pond, must be as representa-
tive of that group as possible. Thuse it ia recom—
mended that -
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1. Two samples be examined, particularly £f
sex ratfo and roe yield are befng determined. If
the difference 1in results is greac, a thirvd sample
should be examined.

2. The sample should be ns large 88 is
practical. Two to three buckets containing 50 to
100 pounds of herring are consldered sdequate.

3. Samples should not be drawn from among
"surface" fish, sioce these fish can differ coe-
siderebly, in size, roe development amd, parti-
cularly, degree of damage, from fish occupying
deeper areas.

2.4.7 Meaguring Scale Loss

A method for measuring scale losg on free-
swimming fish ehould be devised. Colleccing
samples by dip-netting causes a great deal of
scale loss itself, making ic impoesible to obrain
an accurate measurement of scale loss due to pond-
ing activities., Underwacrer phocographs might be
taken and examined lacer to determine ecale loes.
Or samwples wight be caken by kflling the fish
prior to removing them from the water, either
with electric shock or anaeschecic. Thie would
prevent chem from losing scales during their
death throes. However, doing this without harm—
iog the fish that remained in the pond might be
difficule.

2.4.8 Roe Maturation

Roe maturation did take place in epite of
impoundment as shown by an fincrease in the inci-
dence of mature fish and the Bubsequent increase
in mature roe ylelde from eamplee caker during
the time of 1wmpoundment,

Evidence from this atudy suggeats that by
measuring the ratio of roe to body weight, we
wight be able to predict when roe would mature.
We found that the roe-to-body-weight ratio in-
creased linearly at a rate of 0.27 percent per
day. Given chat the roe-to—body-weight ratio
was known to be about 25 percent for maturity,
one could estimate when the females would col-
lectively reach that percentage. '

Purther fovestigations should be conducted
to determine -

l. 1f 8ll ponding situations show this
straight line increase in roe-co-body-weight
retios over tiwe; and

2. 1f this growth race 1is conatant for all
ponding elcuacions; or

3. 4f chere are weasurable factors that
influence the growth rate,

Thig would be very important information for
future ponded roe herring endesvours.

Meaguring roe-to-body~weight ratfos vre-
quires weighing equipuwentc cepable of sccuracely
welghing samples of fish totalling 20 kilograms.
Future field invescigations of ponding opera-
tions should include a ser of ecales capable of

doing this.

Roe geems to pass through a sequence of
colour changes duriung maturation. Buc the
colours seem to vary, making interprecating their
aignificance difficulc. An individusl might
learn to interpret roe macturity by colour,
but c¢his abflicy would probably be difffculc
to teach co ochers. Thus, roe weight as a
ratio of body weight is considered the besat
method for measuring maturity.

The high incidence of alinks wae decrimental
to thie project since chey could not be marketed.
Their preaence served ounly to dilute the per-
centage of roe-producing females and reduce
the value of che eatire ponded stock.



3. THE 1981 SEINING AND PUMPING OPERATION

(PACIFIC RIM MARICULTURE LIMITED)

3,1 BACKGROUND
3.1.1 The Vessels

All three fishing vessels were of similar
design and construction.

The Sallil J Rogers is an all-aluminum
vessel, 59 feet in length and 19 feet in beam,
powered by a 350 hp Caterpillar diesel engine.
She has a refrigerated sea water system for
holds of B5 tons capacity. She 18 equipped with
an Ekolite Mark 5 Special Herring sounder, and
a seine of standard construction, maximum
length and 25-fathom depth. A hydraulic fish
pump (Marco, Model-U 400) was also on board,

The Cape Russel i1s of aluminum construction,
54.1 feet in length and 18 feet in beam, powered
by a 365 hp Caterpillar diesel engine. Her draft
is B.7 feet. She has a dry-hold capacity of 40
tons. Her seine 1s of standard construction and
maximum length with a depth of 27 fathoms. A
hydraulic fiah pump (Westec, model unknown),
with 8 inch inlet and outflow ports, wss on
board.

The Cape Perry has the aame vessel specifi-
cations as her sister ship, Cape Russel. The
Cape Perry, however, had a Marco U-400 fish pump.

The barge, the Pacific Spray, owned by Paci-
fic Rim Mariculture, was used to transport fish
from the grounds to the proceasing plant, It is
built of aluminum, is B0 feet long and 24Y% feet
wide and is propelled by GMC Twin 671 diesels
with a combined horsepower of 392, 1Its ten holds
have a capacity of 120 tons.

3.2 METHODS

3,2.1 Fishing Operations

Sets were made in Barkley Sound, Area 23
and near Tofino, Area 24, Tor exact set loca-
tions, aee Figures 3-1, 3-2 and 3-3.

would scout the
approximste the
The scope of

Typically, all three vessels
area using sounders to locate and
tonnages of schools in the area.
gcouting was restricted since all vessels had
to remain reasonably close to the vessel with
the observer. When a school of appropriate size
was located, the vessel next in line would make
the set using a power skiff. The pbet was then
drutiwmed in uptil the tonpage in the selne could
be estimated., If there appeared to be too many
fish for the processing plant's projected capa-
city (25 tons per day), some fish would be re-
leased by discontinuing the pursing operatiom or
dropping the breast lipe.

Before the seine was dried up, samples of
fish were taken to determine roe yleld and size
distribution. If these factors were acceptable
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(i.e. roe yield greater than I0Q percent), the
net was dried up and fisgh pumped into the
champagne holda of the Pacific Spray. Each
hold on this packer/barge was about half full
of alush (75 percent ice, 25 percent water),
leaving room for six to seven tons of fish.
Depending on how smoothly pumping proceeded,
some other physical parameters were measured at
this time.

When the Pacific Spray had departed, the
fiahing vessels would anchor or go into port.
Scouting operations resumed several hours be-
fore the barge was due to arrive for its next
load, although no Bets were made until the
barge was actually standing by. This was to
ensure that fish would be in the seine for as
little time as possible in order to reduce net
damage.

Several modifications of the standard pro-
cedure described above were necesgsary to accom-
modate changing conditions on the fishing
grounds and to iwmprove fish quality. The fol-
lowing were the two main modifications:

1. As ficsh became scarce after spawning
began, the vessel that found fish would set
on them immediately.

2. When we discovered that the Westec pump
on the Cape Rugsel caused legs damage than the
other pumps, the Cape Russel came alongside
the cork line of the vessel that had made the
get and used its pump to transfer fish. This
procedure also allowed for 8 larger spread of the
cork line and, thus, less crowding of fish.

3.2,2 Sampling Procedure

Samples were taken from the seine using a
arandard herring~web dip net, 14 inches in dia-
meter. Roe content was determined volumetrically
using a atandard fisheries roe test kit. Normally,
two roe tests were made, and the standard lengths
of 50 to 100 fish were measured before the fish
were dried up prior to pumping.

During pumping, several other parameters
were measured when possible, These included
measuring dissolved oxygen in the seine and in
the ambient water. Water samples taken from the
seine often contained roe and scales. Thelr
effect on the oxygen measurement taken by Hach
Kit 18 unknowm. Surface water temperature and
specific gravity, as well as fish anal tempera-
ture, were also measured.

One bucket of figh from each set was taken
for analysis to the Fisheries Laboratory in North
Vancouver, and another one or two buckets taken
for fish damage assessment. Generally, these
fich stood in the buckets for several hours
before being examined.

Scale loss was determined in the following
way: (1) each fish was chosen randomly from
the sample bucket and examined for cuts and
abrasions; (2) the scaled areas on each side of
the fish were reproduced proportionally on a
transparent gridded herring silhouette with a
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total ares of 194 (large) squares; (3) the

number of squares on the grid corresponding

to those areas of the fish from which scales were
misging was counted and recorded.

When it was ralning, or the spray was too
heavy, drawing on the transparency was difficult.
In theae casea, the acaled sreas were "squared
off" to convenient geometric shapes. This
aquared-off area was tranaferred to the trams-
parency for square counting.

Once 50 fish had been examined in this wavy,
the total number of aquares of acale losa for
all fish was calculated and divided by 50 to
yield the mesn number of squares of scsele loas.
Since the fish silhouetrte comprised 194 squares,
or 388 squarea for both sidee of the fish, the
mean number of squares of scale loss was divided
by 388, then multiplied by 100 to give mean per-
cent scale loss for that 50-fish sample,

The presence or ahsence of feed in the gut
was aleo recorded for these 50 fish.

If no cuts or abragsione were obaerved in
the 50-fish aample, a further 50 or so fish were
examined for this type of damage.

Some asamples were taken after pumping and
brailing to determine pump damage to the fish
during tranafer from the seine to the barge.
These were collected either by scooping from the
top of a full hold, or by directing the pump
outflow pipe into a bucket.

3.3 OBSERVATIONS

3.3.1 Daily Fishing Account

Set No. 1

March 8, 1%81: Vesgel Cape Ruasel

Weather: Clear, Sunony, Calm -
Surface Temperature 9.5°C
Time of Set: 16:00

Location of Set: Sechart Ch - Captain 1
{see Figure 3-1)

Tona Set Omn; 50

Tons in Catch: 25
Data Summary
Z Over 195 mm 74
Hean Roe Yield (X) 10
Mean X Scale Loas in Ret 6
X With Net Cuta 0.
X with Net Abr 2
DO in Seine mg/l 9
Do Ambient -
Fish Anal Temp -

Comments

The Cape Russel set on a 50-ton school and
released approximately 25 tons by releasing the
breaat line. Initially, the power skiff pulled
the Cape Russel away from the seine. When it
stopped doing so, the seine drifted under the
vessel, resulting in a three-fathom tear in the
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web, and the loss of an undetermined amount of
figh.

The firat two holde were pumped, and the
second two holdas were brailed to determine how
much damage was caused by each of these methods.
Results indicated that while acale logse was
alightly less from breiling than from pumping
(9.4 percent versua 10.75 percent), other damage
- red gill covera, blood in the eyes and body
bruising wes much greater from hrailing.

Pumping was resumed to f£i11 the last hold.
However, a break 1in the hydraulic line (20:15)
caused considersble delay. Hydraulic fluid was
aprayed on deck but none reached the seine. The
remaining fish were pumped into a aseparate hold
to keep them isolated in case any oil reached the
water. Pumping was completed by 20:45.

Set Ro. 2

Veesel Cape Perry
Slightly Cloudy, Calm

March 10, 1981:
Weather:

- Surface Temperature 9.8 C

Time of Set: 14:30
Location of Set: Hecate Bay (Area 24)
Tons Set Om: 75
Tone 1n Catch 65
Data Summary
X Over 195 mm
Mean Roe Yield (X)
Mean 2 Scale Loss
X With Net Cuts
X With Net Abr
DO Seine mg/l
DO Ambient mg/lt

=
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Commenta

The marginal maturity of the fish caught in
Barkley Sound by the Cape Russel prompted all
three vessels to depart for the Tofino area
where roe maturity wag known to be higher.

The Cape Perry set on an estimated 35-ton
school. No fish were released. Pumping was be-
gun using the Cape Perry's pump, a Marco U-400;
however, much head and gill damage, as well aa
blood in the effluent were observed. For this
reason, the Cape Russel came alongside the cork
line to pump. At this time, we decided that the
Cape Russel would do all subseguent pumping. By
20:30, all champagne holds were full (approxi-
mately 35 tona). To accommodate the figh, still
left in the seine all champagne holda except two
were pumped dry and topped up with fish. While
theae holds were being topped up, a break occur-~
red in the hydraulic line near the pump. The
fish thst remained in the aeine were fast-pumped
into two dry forward holds to isolate them in
cage of oll contamination. In total, approxi-
mately 65 tons of fish were loaded into the
packer.

Set Bo. 3

March 13, 1981: Vesgel Salli J Rogers



Weather:

Time of Set:
Location of Set:
Tons Set On:

Overcast, Light Rain,
Slight SE - Surface
Temperature 9.7°C

16:45

South Sarmac I (Area 24)
80

Tons in Catch: 45
Data Summary

X Over 195 mm 72.5

Mean Roe Yield (%) 12.7

Mean % Scale Loss 48.17
Z With Net Cuts 0.73
Z With Net Abr 1.46
DO Seine mg/l 2.2

DO Ambient mg/l 6.0

Comment s

The Salli J Rogers
an 80-ton school. Very
in the area; therefore,
the first school found.

made the set at 16:45 on
few schools of fish were
the set was made on

These fish sounded heavily in the net,
pulling the cork line down to a depth of more
than one fathom and making it very difficult to
obtain samples without drying up excessively
and damaging the fish. Scale loss in the seine
was high (48.1 percent), probably due to sounding.
Scale loss increased by 17.6 percent after pump-
ing in spite of the very slow rate - it took
approximately two hours. This was probably due
to the fish being small.

Set No. &4

March 17, 1981: Vessel Cape Russel

Weather: Clear, Sunny - Surface
Temperature 11.0°C

Time of Set: 15:00

Location of Set: Stopper Island (Area 23)

Tons Set On: 15

Tons in Catch: 15

Data Summary

X Over 195 mm
Mean Roe Yield (%)
Mean % Scale Loss 7.80
% With Net Cuts -

% With Net Abr -
DO Seine mg/l
DO Ambient mg/l -

Comments

This set went very smoothly with no delays
or unusual events. The Cape Russel pumped the
fish aboard the Pacific Spray at a very slow
rate. ‘

Set No. 5
Vessel

March 17, 1981: Salli J Rogers

Weather: Clear, Sunny - Surface
Temperature 11°C

Time of Set: 16:50

Location of Set: Stopper Island (Area 23)

Tons Set On: 15

Tons in Catch:

0
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Comments

The Salli J Rogers set on approximately 15
tons of fish close to the bottom in about seven
fathoms of water. The seine lead line was ob-
viously scraping the bottom since much mud and
debris were stirred up. When most of the seine
was drummed up with no fish showing and at least
one large tear in the web, the purse line was
let go, and no fish taken. No samples were avail-
able.

Set No. 6

March 17, 1981:
Weather:

Vessel Cape Perry
Clear, Sunny - Surface
Temperature 11°C

16:50

Stopper Igsland (Area 23)

Time of Set:
Location of Set:

Tons Set On: 40
Tons in Catch: 35

Data Summary
Z Over 195 mm 57.1
Mean Roe Yield (%) 12.5
Mean % Scale Loss 8.38

% With Net Cuts -
% With Net Abr 6
DO Seine mg/l
DO Ambient mg/l -

Comments

This set was made with no difficulty or
unusual events. Pumping was conducted by the
Cape Russel, which picked up the cork line.
Set No. 7

March 19, 1981:
Weather:

Vessel Salli J Rogers
Sunny, Clear, Calwm -
Surface Temperature 9.1°C
12:45

Stopper Island

Time of Set:
Location of Set:

Tons Set On: 15
Tons in Catch: 0
Comments

This set was made in five to 15 fathoms of
water 100 yards off Stopper Island. The purse
line was extremely taut, and a roll-up caused
about one-and-one-half hours delay. Much mud
and debris were observed in the seine, including
kelp bearing herring eggs. When it appeared that
the seine was empty, it was let go. A three
fathom tear was found in the back of the net.

Set No. 8

March 19, 1981
Weather:

Vessel Cape Russel
Sunny, Clear, Calm -~
Surface Temperature 9.1°C
Time of Set: 14:20

Location of Set Stopper Island

Tons Set On: 35

Tons in Catch: 10
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Data Summary

X Over 195 mm 62.0
Mean Roe Yield (%) 10.4
Mean X Scale Loss

After Pump 50.2
X With Net Cuta -
X With Net Abr 3
DO Seine mg/l 5.0

DO Ambient mg/l
Comments

Fish were very difficult to find following
the spawning of the previous day. The Cape Perry
set on ten tons of fish close to the beach.
These fiah were sounding heavily, but were rou-
tinely sampled and pumped using the Sikich pump.
No specimens were taken from the seine to aasess
damage. However, fish examined afrer pumping
showed considerable damage., Three percent hsd
impeller blade slaahes, 7 percent had crushed
or broken heads, and 2 percent were headless.
Eight-and-one~half percent of these fish were
spawned out, which decreased the roe yield con-
siderably.

Set No. 10

March 20, 1981 Veasel Salli J Rogers

Weather: Clear, Sunny, Calm -
Surface Temperature 9,5°C

Time of Ser: 11:00

Location of Ser: W. Forbes Island

Tons Set On: 20

Tons in Catch: 10

Data Summary

X Over 195 mm 56.0
Mean Roe Yield (%) 8.3
Mean % Scale Loss -
% With Net Cuts -
% With Net Abr -
DO Seine mg/l -
DO Ambient mg/l -

Comment s

The fiah were very small and 27 percent of
them were spawned out, resulting in a low roe
yield. They were pumped using the Sslli J
Rogera pump, & Marco U-400., No aamples were
taken from this set to assesa net or pump damage.

Several days of extensive scouting of east
Barkley Sound, Sechart Chanel and the Bamfield
area failed to locate any non-gpawned fish. For
this reason, fishing in Area 23 and 24 was con-
cluded.

3.3.2 Herring Cooling

Figure 3-4 shows the rate at which herring
cooled when loaded in a bucket of champagne mix st
the same rate ag herring loaded into a hold. The
herging took 34 minutes to cool from 10.5°C ro
1.1°C.

3.4 CONCLUSIONS AND RECOMMENDATIONS
3,4.1 Conclusions

Table 3-1 summarizes data collected regard-
ing damage caused to fish by seining and puwping.
While it reveals few recognizable trends, it
does indicate the herring in smaller sets sus-—
tain fewer net cuts and less scale loss than
larger sets. No relationship appeared to obtain
between set size and net abrasions.

The considerable scale loss occurring in the
geine can only be explsined by the behaviour of
the fiah in the met. In all cases, the fish
sounded heavily, with few or no fish showing at
the surface. Thia behaviour seemed to be associa-
ted with the maturity of the fish - more mature
fish aound wore heavily. Thus, the larger the
set and the more mature the fish, the greater
the pressure exerted on the fisgh near the bottom,
and thus the greater the net and crushing damage.

Attempta to keep the met aizes small were
thwarted by the difficulty of estimating school
gizes and amounts of fish in the net due to the
sbsence of sonar on any of the vessels and to the
sounding behaviour of the fish. With less mature
fish, fairly accurate estimates of tonnage in
the net can be made because the fish show near
the surface. But because the mature fish sounded
into the bottom of the seine, no visual estimate
of tonnage could be made. Attewpts to minimize
net damage by keeping a large spread on the cork
line were also largely ineffective because the
fieh sounded.

Data collected from Set No. 3 reveals con-
sidersble damage associated with pressure or
crushing in the seine. The incidence of blood
spots in the eyes, redness of the gill covers
and body bruises waa widespread in samples taken
from the seine, and was even greater after pump~
ing.

In both cases in which damage was assessed
before and after pumping (Sets No. 1 and 3), the
incidence of cuts, scale loss and redness of the
gill covers was greater after pumping.

The first pump used was the Marco, Model
U-400. 1Its outflow port was connected to a 12-
inch alupinum conduit which traversed the cabin
top and led to the dewatering device. This was
S-ghaped and consisted of three-eighth inch
round aluminum bars banded together to form a
conduit. Water drained out through one-quarter
inch gaps between the psrallel bars, while fish
continued through to a ten-inch aluminum con-
duit leading to the packer holds. Fiah pumped
with the Marco pump were heavily damaged. The
water into which the fish were pumped was red-
dened with blood, and many figh had gross head
damage. For this reason, the Westec pump was
tried.

The Weateg pump had eight—inch intake and
outlet ports, and operated on the same "Archi-
median Screw" principle as the Marco pump.
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Table 3-1. Damage to Fish in Seine and by Pumping
Mean X X with Z With Blood X With % With Gross

Set  Tous I with X With Cuts Scale Loss Red Eyes G111 Covers Body Brulse Head Damage
No. 1in Set* Net Abr. Seine Pump Seine Pump Seine Pump Seine Pump Seine Pump Selne Pump

1 30.07 2.0 0.7 0.0 6.83 10.76 - 84.6 - 0.0 - 7.7 0.0 0.0

2 65.92 2.0 4.0 - 9.50 - - - - - - - - -

3 49,74 1.5 0.7 4.0 48.17 65.77 43,70 28.0 2.40 36.0 20.7 - 0.0 0.0

4 17.42 - 0.0 - 7.80 - - - - - - - - -

6 29.04 6.0 0.0 - B.38 - - - - - - - - -

9 16.33 3.0 0.0 3.0 - 50.52 - 0.0 0.0 0.0 - - 0.0 9.0

* From purchase s8lips.

1t had the additional feature of a cone-shaped
flange around the intake port, which may have
oriented the fish in a more effectrive way as
they entered the pump. While causing some
additional scale loss, this pump resulted in
less gross damage to the fish. For this rea-
son the Westec pump was used for the balance
of the fishery.

Pump damage seemed to occur in four places.
First, the pumps available were constructed in
guch a way that the impeller blades came into
direct contact with the fish. Since the blades
rotate at a high speed, slashing and bruising
of some fish was inevirtable.

Damage aleo occurred within the conduits.
These were welded around their circumferences at
the four to six bends and joints. This left ome-
quarter inch beads of metal arcund the inside of
the conduit, on which fish abraded.

The third damaging component of the pumping
system was the dewatering device, in which fish
were simultaneously dewatered and deflected down-
wards toward the packer holds. Since the fish
were moving very rapidly, their impact on the
dewaterers was considerable. In addition, the

parallel bar construction of the device allowed
fish heads, gill covers and tails to be caught
and torn between the bars, as evidenced by the
heads and gills lodged between the bars.

The last point at which damage probably occur—
red was as the fish entered the packer hold. Usu-
ally, they emerged from the conduit with enough
velocity to strike forcibly against the wall of
the hold. Even when directed into the slush, the
impact was considerable.

Brailing, the only alternative to pumping, was
alac tried for two packer holds of fish from Set
No. 1. The brailer was of knotless nylon web,
3.5ft in diameter and about 4 ft deep. 1t was
usually about one-third to one-half filled. Table
3-2 gives damage estimates for fish pumped and
brailed.

Although incidence of scale loss and presence
of small blood spots in the eyes were reduced
slightly by brailing, the amount of body bruising
and red gill covers increased significantly. Since
these latter defects are more important in market-
ing than scale loss, the Westec pump was used for
the balance of the project.

Table 3-2. Damage estimates for fish pumped and brailed.
% With 4
G111 With X X
Mean X X With Cover Body With With
Scale Loss Eye Blood Blood Bruises Cuts Abr.
Fish from seine 6.83 18.0 4.0 0.0 0.67 2.0
Fish pumped 10.76 84.6 0.0 7.7 0.0 0
Fish brailed 9.48 §.0 24.0 14.0 2.0 0

Note:

Data showing decrease in dsmage from aeine to pump or brailer is
result of smaller sample size for pumped and brailed fish.

Fish

from seine were pampled until some figh with cuts and abrasions

were found.



3.4.2 Recommendations

1. Since most scale loss on the fishing
grounds occurred when mature fish sounded, small

sets should be made to reduce crushing and abraid-

ing of fish against the web by those above them.

2. 1f whole herring, pumped from seines are
to be of high quslity the following modifica-
tions to the pumps must be made:

(a) Pumps must be developed which will
allow herring to be transferred without
contacting impeller blades.

(b) Conduits leading from the pump to the
fish holds should be free of abrasive sur-
faces. The entire conduit system wmight

be made of the same vinyl tubing that ia
presently used to couple the pump to the
aluminum conduits. The vinyl tubing

could be held in the usual place near

the after top of the deck house and pre-
vented from kinking by being enclosed

in a flexible spiral housing.

(c) Dewatering devices need either to be
redesigned to prevent fish from being
damaged on their bars or to be eliminated
by discharging fish and water beneath a
grating set over the hold. This would
retain fish and slush but allow excesas
water to escape. After partial filling,
the holds could be topped up with ice.

(d) Curves in the conduit (and the dewater-
ing system 1f retained) should be gradual
to minimize the impact of fish against the
walls of comduit.

(e) Pumping should proceed slowly to reduce
abrasion and impact between the fish and
the conduits.

(f) Pumping should allow enough water to
accompany the fish to lubricate their pas-
sage through the conduit, but not 8o much
that the slush ice would be excessively
diluted and chilling times increased.

3. Fish should enter the holds via flexi-
ble tubing which could discharge fish below the
surface of the slush. This would eliminate im-
pact with the walls of the holds, ice and other
fish. It would also eliminate the thick layer
of fish that tends to accumulate on top of the
slush, thereby reducing the total chilling time.

-

4, Fish should be pumped live if possible.
This seems to result in the fish entering the
punp head first, rather than sideways, thus re-
ducing damage.

5. This fishery should concentrate on the
largest fish possible, since smaller fish seem
to sustain greater scale loss and more belly
tearing than larger ones. This would increase
the value of the catch by providing larger, more
valuable figsh for the market, in better condi-
tion. Thus, the fishery should take place in
areas with the largest average fish size.

.6. The fishery should begin as early in the
season as possible, especially when low-capacity
processing facilities, such as the one used in
this project are to be used. Alternatively, pro-
cessing capacity should be increased to eliminate
the gluts that inevitably occur when large sets
have been made.

7. Each vessel should have its own techni-~
cian to sample fish. This would allow boats to
separate when scouting and to set immediately on
small schools which would otherwise be lost.



PROCESSING AND FISH QUALITY

4,1 BACKGROUND

Only two of the four companies to whom per-
mits were issued actually procesaed herring -
Sliammon Indian Seafoods Limited and Pacific Rim
Mariculture Limited. The latter rented the
plant of Albermi Fish Limired instead of using
its home plant at Bamfield, which lacked facili-
ties for blast freezing.

The operations of Sliammon Indian Seafoods
involved ponding, capturing fish within the ponds
by means of a bait herring seine, brailing of the
fish into totes, delivering the cotea by sea
truck to either the Sliammon dock at Okeover
or te the public dock at Lund for subsequent
transport by truck to the Sliammon plant or to
Sunshine Seafooda plante. All operatioms after
transport of the fish were manuvally performed.

The operations at Pacific Rim involved pump-
ing the herring from the aeipe into the packer
Pacific Spray, then brailing them from the
packer into totes at Port Alberni. The totes
were etacked ineide the plant. As fish were
needed totes were dumped mechanically. The fish
were also washed, conveyed, size sorted and
sexed mechanically before being manually packed
into containers.

The Sliammon operation haa been called a

seine-to-pond manusl operation, and the Pacific
Rim cperation, seine-to-pump mechanical operation.

4.2 SEINE-TO-POND MANUAL OPERATION (SLIAMMON)

4.2.1 Proceassing Method

Totes. The totes were losded with approxi-
mately 100 pounds of ice, which formed a layer
about eight inches deep on the bottom. For the
firat two days of operaticns, March 9 and 10, noo
water was added. Figh were brailed into the
totes to a depth of 14 to 18 inchea. This method
did not effectively cool the fiah (see Table 4-1.)
From the third day, the totes were loaded with
two inches of ice on the bottom, and two pails
full of sea water. After the fish were loaded,
approximately four inches of ice were added as a
top dreesing. More water was added until the mix-
ture of fish, 1ice and water moved easily when
the aurface was pressed. At thia point the fish
were supported by the i1ce. After thia practice
was adopted the herring cooled much better (aee
Table 4=1, March 11 to March 17).

As Table 4-1 alao showa the temperature
varied considersbly between totes and between
surface, middle and bottom zones within the
totes. On aversge, the surface temperature was
lower than the middle and bottom temperatures.

The fish obviously ccoled slowly, since
after periods of between half an hour and one
hour they had cooled only to between -0.5°C
and 7°C. 1n future perhaps more rapid cooling
could be achieved by aerating each tote during
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transport. 1f this were done, the totes should
be covered with 1ids to protect the fish from
the weather and seagull droppings rather than
being covered collectively with a tarpaulin as
was done.

The totes were left outside covered with
metal sheets until they could be taken inside for
processing. Although totes were left outside
overnight (on one occasion for over 18 hours),
the ice did not melt completely. Internal fish
temperatures were maintained at 0°C to 2°C.

Procesaing. When the totes were brought in—
8lde, the ice was removed and the fish put in
herring roe baskets, which {in the last three
to four days of operstion) were stacked and weighed.
The fiah were rinsed in water at 6.5°C to 7°C, then
packed randomly and unsexed (because the sex sorter
failed to function) in poly bags filled to a weight
of two kg, put Iinto cardboard boxes and placed on
freezer trays. The two kg boxes took aix to eight
hours to reach -25°C. The fish were random packed
for two daya, after which they were laid out in-
dividually on the freezer trays {(etill unsexed),
blast frozen and temporsrily stored in HNo. 1 cold
storage at sn air temperature of 0°C.

After March 15 manual sexing commenced. The
males were placed three layers deep in herring
roe baskets, which were stacked in No, 2 cold
storsge at an air temperature of -10°C to -20°C.

The females were laild out flat on freezer
trays, which were placed on the wheeled freezer
racks, 12 trays per rack. It took tem to 12 people
four hours to fill six racks, during which time
the temperature of the fish roae to between 6°C
and 10°C. After the racks were filled, they
were wheeled into No. 2 cold atorage, where the
temperature of the females dropped to between
=5°C snd -7°C. Wwhen there was room, they were
transferred to the blast freezer for four to aix
hours. After four hours in the blaat freezer,
the temperature of the fish fell to between -14°C
and -27°C.

After the fish were blast frozen, they were
wheeled back into No. 2 cold atorage to await pack-
aging.

Packaging was done in No. 1 cold storage,
where the fish were removed from the trays and
packed in two kg contailners. The contalners were
atacked into wooden totes that held 600 to 700
pounds of packaged fish, These were put in the
mobile freezer, which waa cooled to -23°C.

The gsix racks in the blast freezer could hold
the females from eight totes, which held 600 pounds
of mined malea and females. Thus, the plant could
process between ten and 14 tons of herring in 24
houre., {(On the evening of March 16, eight tons were
processed in l4 to 15 houre.)

4.,2,2 0Observations Regarding (uality of Seine-to-
Pond Manual Operation

The quality parameters considered important by
the Japanese company buying the product, in descend-
ing order of importance, are sa followa: (1) roe
yield, (2) length, (3) absence of crushing damage
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Table 4-1. Fish temperatures in Totes {(Sliammon)
Date Load  Water Alr Fish Temp Fish Temperatures in Time Aftex
No. Temp®C Temp®C °C after totes °C Brailing
Brailing Top Middle  Bottom (Hours)}
Fish on ice only
Mar 9 1 9.0 5.5 8,0-10.0 5.0-6.5 0-8.0 6.0-8.0 L
Mar 10 2 9.5 10.0 8.5-9.0 8.59.0 5~9.0 6.0-9.0 1k
Fish in ice/water mixture
Mar 11 4 9.0 16.0 8.0-9.0 0.5-3.0 .0-2.0  3.0-5.0 1
Mar 11 4 3.0 2.0 4.0 1
0.5 2,0 5.0
1.0 1.0 4.5
2.0 1.5 3.0
Mar 12 6 3.0 5.5 5.0 3/6 to 1
3.0 7.5 2.0
6.0 3.0 5.5
6 1.0 5.0 6.0 1 3/4
2.0 4.0 5.0
1.0 2.0 5.5
7 4.0 6.0 5.0 4
1.0 0.5 2.5
4.5 5.5 7.0
7 0.5 1.0 2.0 18
1.0 0.5 2.5
0.5 2.0 2.0
1.5
2.0
Mar 13 8 2.0 3.0 5.0 b
2.0 4.0 4.0
2.5 4.5 4,5
Mar 14 1] 2.0 2.5 5.0 1
2.0 4.0 6.5
3.5 3.5 5.0
Mar 15 13 2.0 1.0 6.0 1
2.0 4.0 6.5
3.5 3.5 5.0
Mar 15 13 2,0 1.0 6.0 1
2.0 2.5 4.0
-0.5 1.5 2.5
1.0 1.0 3.0
Mar 17 17 3.0 5.5 5.0 1
0.5 4.5 6.0
1.0 7.5 B.0
Means 2.3 4.5 5.0
and {4) scale loss. That loss of scales should Sliammon ponds.,
have been considered important was somewhat sur-
prising., It was explained that the Japaneae Table 4-2. Roe Yields
customer attaches a high value to the appearance
of fish and likes the scale pattern to be as per-
fect as posaible. Date % Roe Yields
A representative of the Japanese buying March 11 9.5, 10,25, 11.5, 12.5, 10.5, 12,0
company reported that his company intended to dry March 12 11.5, 12.5
the flesh of poor quality males and poor guality March 13 12,0, 12.0
or small females after removing the roe. March 14 11,0, 12,5, 12,5
March 16 12.0, 14.5, 16.25
Foe Yield. Table 4-2 shows the various roe March 18 12.5, 14.5
yields obtained (using the Department of Fisher-~ March 19 14,5, 15.25
ies and QOceans standard roe yileld measurement
procedure) from sawples of fish taken from the
Mean 12.5



The average roe yield was high at 12.5 percent,
two and a half percent greater than the maximum
reguired by the Japanese buyer.

Length and Sex Ratio. Table 4-3 shows che
mean lengchs and proportions of fish greacer and
less than 200 mm In five samples ctaken from totes
delivered to the Sliammon, Sunshine and Spetifore
plants. Glven cthac average lengths ranged becween

Table 4-3. Length and Sex Racios
Dace Mean Z > %< Sex
Lengch 200 200 Ratio
o mm oy mm F/M
Mar 11 204 46 54 66/34
Mar 12 206 46 54 60/40
Mar 13 202 40 60 54/46
Mar 14 202 38 62 54/46
Mar 15 206 34 66 60/40

202 wm and 206 mm, the captain and crew of the Sea
Luck were evidently successful in locating schools
of large herring. The data 2lso indicates that
the sex ratio was favourably blased towards fe-
males.

Crushing Domage. Table 4-4 shows the inci-
dence of crushing damage as evidenced by cthe entry
of blood into the eyes, the gill covers and noses
of fish from five samples drawn frow totes at che
Sligmmon, Sunshine and Specifore plants. Also
shown are the depths of the fish/ice mixtures in
the totes.

Table 4-4. 1Incidence of Crushing Damage

Date % wich % wicth % with  Depth of

Samples Red Eyes Red Gi)l Red Fish
Covers Noses in Totes

Sliammon

Mar 11 8 0 0 211-22-23

Mar 12 68% 26% 0 234~22Y

Mar 13 4% 26% 0 20-19-24

Sunshine

Mar 15 56% 6% 0 22-22-2%

*0nly slight blood flecks in eyes, minor gill
cover discoloration.

Spetifore

Mar 14 94 72 10 18-18-18

The herring that were wanually processed at
the Sliarmon and Sunshine plancs showed only minor
symptong of crushing damege. MNeither red eyes nor
red gill covers were conspicuous. The eyes
contained only ciny flecks of blood, and the gill
covers showed only slighec pink discoloration.

5%

But fish thart were mechanically procegsed at

the Spetifore plant showed a much higher fnci-
dence of crushing damage. Byes, gill covers

and nosées were distinctly red with blood.

This could not be attributed to overloading

of totes since the filsh were only 18 inches deep.
However one hundred percent of the Spetifore
fish had passed chrough rigor morctis, whereas in
three of the four samples from che Sliaamon

and Sunshine plants 100 percent of the fish had
Temained in rigor, and In the fourth, 30 percent
had remained in rigor. Gill{s reported that the
fish were in good condicion when delivered co
the Spetifore planc, but that they had suffered
great damage in being pumped from cthe hold of
the Sea Luck. This would account for the inci-
dence of subcutaneous blood and loss of rfgor In
the fish sampled ac the Sperifore plsnt.

Place 4-1 shows the excellent condicion of
fish as delivered to che Sliammon plant, and
Plate 4-2 the crushed condicion of fish taken
from cotes ar the Spertifore planc.

Plate 4-1, Herring as delivered to the Sliammon

plant.

Plate 4-2. Herring caken from totes at the
Spetifore plant (after being pumped
from the hold of the vessel).

Scale Loss. As indicared in Table 4-5, even

after the herring had been seined, ponded, brailed
and transported from the Sliammon ponds, scale
loss was minimal, between 1.6 and 4.8 percent.

Visual checks afrer the herring had been
placed on the freezer trays indicaced that no
appreclable increase in scale loss had occurrted
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Table 4-5. Scale Loas

Date Mean Z Scele Loss
Slismmon

Mar 11 4.2

Mar 12 4.8

Mar 13 2.2
Sunghine

Mar 15 1.6

during the hand~processing operations at the
Sliammon and Sunshine plants. But fish from

the totes sampled on March 13 st the Spetifore
plant showed an average scale loss of 23.4 per-
cent, which was substantial when compared with
the loss from manual processing. However, it

wag fairly wmodest when compared to losses in the
seine-to-pump mechanical operation of Pacific Rim
Mariculture Limited (sBee Section 4.3).

4,3 SEINE-TO-PUMP MECHANICAL OPERATION

4.3.,1 Procegsing Method

The mechanical operation which was carried
out by Pacific Rim Mariculture Limited 1s depicted
schematically in Figure 4-1.

Seine ——» Screw impeller pumps--+ Packer holds -—
Dock —% Brail —-» Totes —-» Tote Dumper --3» Washer/
Hopper —> Elevator

S Small males bagged, loose packed in 2 kg

I and females boxes and frozen

z not sexed

E Males lald head to tail in 15 1b.
polybags and frozen in roe trays

S Extra large

o] males and Females laid head to tail in 2

R females kg boxes, 3 per layer, 3 layers

T hand deep and frozen

E sexed

R

Large and medium malea loose
packed in 15 1b. polybags and
Arenco frozen

ze:ter Medium females laid head to
° tail in 2 kg boxes, 5 per layer,
3 layera deep and frozen

Large females lald head to tail
in 2 kg boxes, & per layer, 3
layers deep and frozen

Figure 4~1. Depiction of the Pacific Rim Mari-
culture operation.

By slowing down the Arenco aex sorter from
its rated capacity of 290 fish per minute to 190
fish per minute, 98 percent separation of females
from males was achieved.

The cardboard boxes used to package the fe-
males were sturdy and attractively decorated.
They bore the name and address of the exporter
company, gave the weilght (two kg) and the Japanese
name of the product, "Komochl nishin," which
means "pregnant herring." They measured teo and
three quarter inches by one and a half incheé by
three inches deep. The three layers in each box
were geparated from one another by rectangles
of white waxed paperboard. These separators pre-
vented the herring in each layer from sticking
to ope another and facilitated the separation of
individual fish from one another when the package
was opened.

4,3,2 Observatione Regarding Quality of Seine-to—
Pump Mechanical Operation

Roe Yield. Table 4-6 shows the Toe ylelds
obtained from varilous sets made in Area 23 on the
West Coast of Vancouver Island and in Area 13 in
the Stralt of Georgila.

Table 4-6.Roe Yields in Areas 23 and 13

Date 2 Roe Yield Date % roe Yield
in Area 23 in Area 13

Mar 8 10.0 Mar 31 9.3

Mar 10 13.4 Apr 2 9.7

Mar 13 12.7

Mar 17 11.6

Mar 17 12.5

Mar 19 12.4

Mar 20 10.4

Mar 20 8.3

Mean 11.4 Mean 9.5

The roe ylelds obtained from fish taken in
Area 23 were all above the acceptable level of 10
percent. MNonetheless, the average roe yleld of
11.4 percent was appreciably lower than that of
the Slismmon ponded herring, which was 12.5 per-
cent, (A bonus of $130 US per ton for each per-
cent above 10 percent was added to the base price
of $1380 US per ton.) The roe yield from Area 13
fish was below the acceptable level,

Length and Sex Ratic. As Table 4-7 shows,
the mean length of Area 23 fish was consliderably
higher (overall average of 207 mm) than those in
Area 13. The prevalence of small fish in the
Area 13 catches coupled with low roe yileld and a
high incidence of apent females in the catches
were probably reaponsible for Pacific Rim's halt-
ing its operations after April 3, even though 50
tons of the 300-ton permit allocaticn had not been
taken.

Crughing Domage. Every sample of fish taken
from totea or from the end of Pacific Rim'a pro-
ceaslng line showed evidence of cruahing damage
(Bee Plate 4-2). The damage was high as shown in
Table 4-8.

it 18 unlikely that crushing damage took place
as a result of overloading the totes since the



Table 4-7. The Mean Lengths Derived from
Samples of 50 Fish Taken Before
Entering the Size Sorter

Date Mean z > zc« Sex
Length 200 200 Ratio
mm mm mm F/H
From Area 23
HMar 1§ 206 - 32 68 64736
Mar 15 207 28 72 68/32
Mar 16 238 2 98 40/60
Mar 16 195 64 36 42/68
Mar 17 210 32 68 62/38
Mar 18 208 40 60 74/36
Mar 18 208 24 76 62/38
Mar 20 215 36 64 38/68
Mar 21 205 54 46 62/38
Mar 21 212 24 76 44/56

From Granite Bay (Ares 13}

Mar 31 183

From Rebecca Spit (Area 13)

April 4 182 88 12 56/44

Table 4-8. Ewvidence of Crushing Damage

Date % with % with % with Depth of

Samples Red Eyea Red Gill  Red Fish 1in
Noses  Totes (")

Mar 14 80 56 30 15-15-14

Mar 15 98 100 b

Mar 16 94 96 28

Mar 16 20 100 52

Mar 17 92 100 34 13-14-15

Mar 18 76 26 0

Mar 20 76 52 0 15-15-15

Mar 20 84 90 18

Mar 21 14 34 6

Mar 21 14 20 4 16-11-10

Mar 22 20 b4 6

Apr 1 70 52 4 20-21-20

Apr 1 70 72 10

Apr 4 40 64 16 18-20-16

depth of the fish/ice mixture did not exceed 21
inches., WNor 18 it likely to have occurred im the
packer holds since they were shallow {only 359
lnches deep). The mechanical pumps used in the
Pacific Rim operation coupled with large sets

and the tendency of wature herring to sound in the
seilne undoubtedly were responsible for the high
loncidence of crushing damage.

Scale Loge. As Table 4-9 shows, scale loss
caused by normal fishing operations varied be-
tween 7 and 9 percent. In Area 13, where small
catches, five to 12 toms, were taken, the scale
lose due to seining was low, from 2 to 5 percent,
even though the fish were amall.

Samples taken from the packer holds before
unloading reflected the amount of scale loss

Table 4-9. The Average Percentage Scale Lose
that Occurred Sequentially from

Seining Through all Processing Steps.

Date From From From After

Net Packer Totes Sexing
Hold

Area 23

Mar 14 48 (get 3) - 60 95
Mar 16 - 75 59 84
Mar 17 - - 79 81
Mar 18 8 28 21 -
Mar 20 - - 40 67
Mar 21 - - 41 63
Area 113

Mar 31 - 17 26 53
Apr 2 5 45 - -
Apr 3 2 21 35 52

incurred as a result of pumping and transporting
the fish. The incremental loss was Substantial,
ranging between 19 snd 40 percent as evidenced by
the April 2 and April 3 data and is in keeping
with the conclusions of the Area 23 boat observer,
who commented at some length on the damaging
effect of the screw-impeller pumps.

In relative terms, scale loss caused by
brailing from the packer into totes at dockside
wag fairly small, being between 9 and 14 percent.
This source of scale loss could have been reduced
had personnel refrained from loading the brailer
to more than a nominal depth of 14 to 18 inches.

Heavy scale loss,from 17 to 35 percent,
took place as a result of tote dumping, washing,
size grading and sex sorting. It is difficult
to see how such damage could be reduced when
fish are mechanically preocessed. One should
bear in mind that the Pacific Rim operation was
oot highly mechanized. The fish were not pumped
from packer to dockside or carried by conveyors
from dockside to the Bize-grading machine. Nor
were they blasted with high pressure water sprays
Bt any point. The totes were dumped intc a hop-
per, gently washed by flooding the hopper and
then l1ifted from it by a short conveyor to the
gize grader. From there they were transported
again by short conveyors to the Sex sorter or
some other outlets 1f they were small or extra
large fish.

Freezing and Cold Storage Data. &8s shown in
Table 4-10 the first six deliveries from Area 23,
which involved packing the fish from Barkley Sound
to Port Alberni, took times varying between 12 and
17 hours (the time taken to transfer fish frow
the seine to the packer i1 included in the deli-
very time). The last two deliveries, which were
from Granite Bay and Rebecca Spit in Area 13,
took only ten to 1l hours to arrive at the dock
in Campbell River, where the fish were brailed
into totes and tramsported by truck to Port
Alberni.



Table 4-10.
Freezer and Cold Storage Conditions

Tons of Fish Delivered by the Packer, Delivery Times, Processing Times and

Deliveries Delivery Proceasing Hours 2-kg Hours 15— Loweat Temp—

{short) time time boxes were 1b blocks eratures io
tons (hours) (hours) in freezer were in Cold Stora§e
freezer Trailers 0 C
No. 1 No. 2

30 15 17 12-14 15-18 -40 -37

66 12 8g? 12 frozen elsewhere -37 -37

50 7 56° 9 10-14 -40  ~35

39 17 36 12 12 -40 =35

12 11 17 12 12 —40 ~40

20 14 16 12 12 —-40 -35

18 11 cR 17 12 12 ~40 =40

17 10 CR 36 12 12 -40 =40

a Fish were held in champagne aboard packer and totes were filled as required.

b  Fish caught in Ares 13 were unloaded at Campbell River and trucked iIn totes

to Port Alberni.

The time taken to process the fish, 1.e.
from the time the first tote arrived in the
plant to the time the last fish went into the
freezer, was excessive. The plant which had
been expected to have a capacity of 25 tons
per day was geverely overloaded by the second
and third deliveries, comprising 66 to 50 tons,
respectively. They took 89 and 56 hours, re-
spectively, to proceas. The fish had to be
held in champagne aboard the packer to prevent
them from spoiling. This 1llustrates a serious
shortcoming of a seine-to-pump-to—packer opera-
tion as compared to a seine-to-pond operation
where the flow of raw material to the processing
plant is controllable.

The length of tiwe that the two-kilograw
boxes and 15-pound polybags were held in the
freezer was more than adequate, and the cold
storage temperaturee were well below the =-26°C
required to comply with Fieh Inspection Regula-
tions.

Nematode Inceidence. 1n North American and
European countries, herring are eviscerated before
being cooked, but most of the female herring being
s0ld in Japan would be cooked with the viscera
left in the fish., This raises a potential prob-
lem. The nematode Anisakis simplex is found in
British Columbia stocks of Pacific herring and
was observed in all samples taken in the course
of the project. (It is also found in Japanese
herring stocks.) Whether the Japanese consumer
will attach 1importance to the presence or ab-
sence of pematodes in the product will not be
known until the product has been sold. If there
1s adverse feedback, little can be dome. Practi-
cally all herring atocks in British Columbia have
the nematode, so it would not be feasible to fiah
selectively. If the customer would accept an
eviscerated herring, it might be poasible to
make a vent-to-throat incision and carefully re-—
move the viscera without damaging the mesenteries
that hold the ovaries to the walls of the body
cavity. This would, of course, add to labour
costs and make packaging a more difficulr

operation gince the fish would require gentle
handling to prevent the roe from being squeezed
out of their open body cavities.

The data presented in Table 4-11, relating
incidence to length, merely indicatea the magni-
tude of a potential problem to which there would
probably be no easy solution..

Table 4-11. Incidence of Nematodes in Herring
Vigcera

Length-Range No. of Fish Mean No. of
mm Nematodes/fish
Barkley Sound
171-190 10 2.3
191-210 21 5.0
211-230 6 6.3
231-250 12 9.5
251-270 1 100
Off Lund
171-190 7 1.7
191-210 21 2.7
211-230 19 5.7
231-250 3 5.0

As can be seen from the table, the overall inci-
dence of nematodes was generally low, with the
mean number increasing in larger and older fish.

4.3.3 Conclusions

The Pacific Rim operation, in which the her-
ring were crowded during drying up of the seines,
mechanically pumped and mechanically proceaged
yielded a product of poor quality. The lack of a
storsge pond sleo caused problems. Deliveries
had to be made directly to the plant. So, when
catches were large, the plant, which was smsll,
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could not proceass the fish quickly enough to 3.
avoid the danger of spoilage. The size of the

catches could have been regulsted more easily

had the seiners carried sonar.

A further problem was due to the fact that
roe yleld and sex ratlo cannot be determined
until the seine is dried up, by which time it is
too late to release fish that are undersized or
low in roe content. The Department was not pre-
pared to allow catches to be made with the inten-
tion of retaining only those aets comprised pre-
dominantly of large mature females because of the
high mortality rate that would have resulted.

Pond operations, in contrast, avoided these
problems. Fish were not crushed in the net, nor
did they display the tendency to sound that 4.
characterized ripe fish. A higher roe yield was
obtained because harveating could be poatponed
until the roe reached the scceptable level of 10
percent, Furthermore, manually proceased fish
were markedly superior on each of the quality
parameters to mechasnically procesmed finh. 5.

Therefore, unless much less damaging techni-~
ques for pumping and mechanically proceasing her-
ring can be developed, ponding followed by manual
processing will be the only technically feasible
way of producing high-quality komochi nishin or
indeed other herring products that use the whole
CATCHES.

4,4 RECOMMENDATIONS

In future, if permits are issued for pond-
ing herring, it is recommended that -

1, Permits be issued only to processors who
furnish evidence of

a. Conformity with Fish Inspection Regula-
tions for fresh and frozen fish pro-
cesaing

b. Sufficient space to store totes under
cover and epace to conduct (manual)
processing in an orderly and efficient
manner.

C. (n—-site possession of an ice-making
machine or access to one, and a
freezer and cold atorasge in good
working condition.

d. On-pite presence of an adequate supply
of durable containers. (Attractive,
labelled two-kg boxes of the type used
by Pacific Rim Mariculture or cryovac-
covered contsinere similar to thoae
uaed to sell bait herring on local
markets would be guitable.)

2. If the product happens to be whole frozen roe
herring, the quantity of fish caught and pro-
cesped, as stipulated in the permit, should
not exceed the plant’s projected daily capa-
city multiplied by the time the herring can
be held in the ponds. Conservatively, the
latter should not exceed 15 days until more
predictive data on factors influencing matura—
tion have been cbtained,.

-cold storage.

Except for mnalyasis of roe yield and sex
ratio (which ehould be done on site), her-
ring should be shipped under ice in camp
coolers to the laboratory for analysis of
quality parameters. Tags besring such
information as date, time, source and con-
ditions of sampling should accompany the
sgmples to eliminate any smbigulty concern-
ing source and to allow incremental damage
to be assessed from time of capture through
transport and processing to sampling after
The plant observer(s) could
then concentrate on collecting detailed in-
formation about each processing step and, at
the seme time, collect samples and send them
to the laboratory.

Call times by ship-to-shore radio must be
instituted so that plant and boat observers
can exchange information about the arrival of
samples and events in the capture and deli-
very of fish.

A fast, seaworthy lé- to 18-foot runabout would
wake it poseible for boat and plant observers
to get together when needed,
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S. MARKETING FEMALE HERRING WITH ROE

The following information has recently been
obtained about marketing female roe herring (ex-
tracted from a report by Earl Wiaewman, Department
of Fiaheriea and Oceans, Trade and Development,
International Directorate):

1. Promoting sales of this product will be dif-
ficult for several reascns:

a. Selling roe herring to the consumer
market is considerably less profit=—
able for the importer than selling
it to processors. Asauming herring
roe is worth 5,000 Yen per kilograwm,
a aingle fish with a 10 percent roe
content might be worth 500 Yen per
kilogram in roe wvaluej 1ts carcass
would be worth another 150 to 200 Yen
per kilogram when dried to make migaki.
Thus, the total value to a processor
would be about 700 Yen per kilogram.
But the same fish sold in the food
market could not bring more than 500
Yen per klleogram.

b. A female fish with roe is not parti-
cularly valued over other food her-
ring. They are simply a food fish,
and the roe 1s just an extra bonus.
Thus, the female cannot be scld for
much more than the male, which sells
for about 300 Yen per kilogram, Fur-
thermore, if the price approaches the
500 Yen per kilogram charged for other
high-priced products, such as salmon
or black cod, the consumer might buy
the latter in preference.

[ Female West Coast roe herring 1s not
assoclated with kaminoko, herring roe,
by Japanese consumers., Omce the fish
is baked, the texture and the taste of
the roe within the fish is signifi-
cantly different from that of kazunoko.
And the consumer does not know how to
extract the roe from the fiah or how to
treat it to produce kazunoko.

2. Under the new food herring iImport quota, trad-
ing companies can sell not only to consumers
but also to processors. Apparently, most of
the product imported under the new expanded
import quota will be going to processora for
Toe extraction rather than to the domestic
market.

3. Supermarkets have generally shattered the
packages and sold the fish by the plece, in
the traditional manner. The size of the
congumer packagesa are therefore irrelevant.

4. Consumer packages have been selling for as low

as 200 Yen per kilogram. About 40 percent

had been sold by mid June; most of the re-

mainder will go to processors.
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