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The Biological Station at St. Andrews aims to meet
the needs in marine and freshwater research of the Maritime
Provinces. A large proportion of the research effort is
directed to insistent problems in fishery management. Accord-
ingly, less effort and funds than desirable remain for more
basic¢ research.

Management problems are of several kinds, For resources
that are in use, fish populations must be studied to suggest the
best ways of conducting the fishery. This may require detailed
life~-history studies of fishes and of ways in which fishing gear
operates. For resources that are not used, or are little used,
research involves availability of the resource, where it is con-
centrated in commercial quantities, and suitabie fishing gear.

In many cases, especially but not exclusively in fresh water,
management may consist of altering the environment. Examples of
changing the environment would be the formation of impoundments
in streams, fertilization of waters, hatching fish in hatcheries
pond_holding of fish for planting, pond culture, predator controi
and establishing dams for developing hydroelsctriz power. All
these must be considered and evaluated. Most industrial changes
in environment are deleterious. Methods of assessing and
alleviating these are being established.

The Station'’s research program involves work in many
places through the Maritimes. In some instances locations are
determined by urgent local problems, More frequently, locations
have been decided upon because they were especially suited to
establishing principles for general application throughout the
region. The administrative headquarters for the Board’s biological
work in the Maritimes is situated at St. Andrews, Data from field
stations are analysed and reported there, and the continuing ready
availability of cool; highly saline water makes it an excellent
location for basic laboratory research on the conditions in-
fluencing the abundance and movements of many commercial species.
A sub-station at Ellerslie; P.E.I., for oyster research, was set
up in 1930 to restore the oyster stock after its depletion by
disease early in the century and has been continued since as a
good centre for oyster research for the region. Research on
Irish Moss is also centred at the Ellerslie Sub=station. A
statistical office is maintained in Halifax, N.3., to make pre=
liminary analyses of groundfish catch data. These are both
collected locally and fed in from subsidiary cffizes in Sydney
and Lunenburg. An observer stationed at Yarmouth, N.S., follows
the effects of a growing fishery on herring stocks in southwest
Nova Scotia., Studies on the very important salmon runs of the
Miramichi River are co-ordinated through a year-round office in
Chatham, N.B. Counting weirs at Curventon and Camp Adams in the
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Northwest Miramichi and estuarial traps at Millbauii are operated
on a seasonal basis from Chatham. The main section o the Pollett
River does not admit adult salmon. 8ince complete control of
seeding is possible, the river is particularly useful for propaga-
tion experiments. Work along these lines is carried out from a
field headquarters in Elgin, N.B. Counting weirs in Ellerslie
Brook, P.E.I.; permit studies of the effects of various manage-
ment practices on native populations of trouv and salmon, A
variety of trout management techniques is being viied with
assistance of the Fish Culture Branch of the Depzriment of
Fisheries. Yields to anglers are followed at Creny Lake, N.B.

Field work is carried out year afuver year from temporary
headquarters at several points. Caraquet; N.B., i3 an important
base for groundfish research, Lobster pppuletions are studied
annually at Port Maitland, Fourchu, and Gabarus, #.%., and at
Tignish and Miminegash, P.E.Il. Work on annual abundance of lobster
and herring larvae in Northumberland Strait is bassd at Richibumeto,
N.B. Demonstration stations at Shippegan, N.B., and Malagash,
N.S., operated by the Fish Culture Branch of the Department of
Fisheries were bases for testlng the success enjoyed by trans-
ferring stocks of immune oysters to disease~rawaged New Brunswick
and Nova Scotia., Clam Harbour, N.S., is the site Jor special
tests with the mechanized clam digger, and Sam Jrr Pond, N.B.,
for main trial plantings of Buropean oysters.

The main shore research bases merntioned above are
supplemented by various station vessels whichk givs mohility and
extended the range of operations, The Harsngus (3 I3} was
attached to the pelagic fisheries studies during =fsie early part
of the year and worked from the Bay of Fundy %o “eorges Bank.,
Later, work was carried ocut on Nova Scotia Banks fo¢» the ground-
fish investigation. The J. J. Cowie (70 ft) worked in the
southwestern Gulf of St. Lawrence and in Bras d&'0r Lake, Work
on young lobsters in Northumberland Strait was carrlel out by
the ga%gg;gg_;l (50 ft). The Mallotus (5% ft) and Jlupea H.

(30 ft) have been invaluable as service boats at the St. Andrews
and Ellerslie stations. The light shallow~draft Gyprina (35 ft)
was specially constructed to accommodate the mechanized clam
digger., The Mercury (45 ft), the Betty Lou IV 42 £t} and the
Paula Marie ( ft) were chartered for work in Pazsamagquoddy area.
The Board's new research vessel, the 177-foo% A, T, Cameron was
available for the Station'’s work during January to March. It
allowed studies that would have otherwise been impossible, and
demonstrated the desirability of full-time use of an all-year-
round offshore vessel,

The main building at the Station has rszcently deen
augmented by a three=flcor, 135 x 42 ft, addition, Trnis provided
much needed fire-=proof laboratory and office aceoixpodation,
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LOBSTER

Lobsters are an important source of revenue to ‘
thousands of inshore fishermen throughout the Maritimes whose
assets are skill and enterprise rather than extensive investment.
in gear and boats. They provide a cash income that is very
important in the regional economy-.

Populatjon studjes. The object of management in the

lobster fishery is to approach best use of the resource. This
involves combining large catch and high unit value. Fortunately
these objectives can be sought together. There is evidence--not
yet conclusive--that the greatest yield of lobsters comes from
allowing them to grow to moderate size before harvesting. 1In
addition larger lobsters usually command a better price. The
indication that product value might be increased by size regulation
is clear. The fishery lends itself to management in this way since
the traps bring the catch to the surface undamaged. 8Size limits
are an important part of the fishery regulations. Their effects

on the lobster stock are followed by population studies in
representative areas, _

The fisheries around Tignish and Miminegash, P.E.I.,
are representative of the southern Gulf of St. Lawrence., Because
of local conditions for growth and the intensive fishery, they
are highly productive of canning lobsters but large ones are
relatively uncommon, The size 1limit was increased to 2 1/2 inches
carapace length in 1953, The landings at both ports have increased
substantially since 1954, possibly because of improved protection
of sub-legal sizes. In addition, survivors of a better than
usual year brood are now being recruited to the fishery. An un-
expected 20% decrease in Tignish, 1958, landings is possibly a
-direct result of intense illegal fishing in the summer of 1957,
Further decreases may occur when poor 1953 and 1954 broods reach
legal size. However, test drags off Miminegash in the fall of
1958 give hopeful indications for 1959. Enforcement problems
in this area are difficult since a high proportion of the lobsters
caught are below legal size.

The neighbouring ports of Gabarus and Fourchu, N.S., in
Cape Breton were selected for a comparative study of the effects
of size limits. At Fourchu, the size limit has remained virtually
unchanged since 1%7. It restricts landings to those sizes
acceptable to the live lobster trade. At Gabarus, appreciably
smaller size limits have been in effect since 19%40. In 1956, a
plan approved by fishermen was adopted to increase the size limit
each year. Unfortunately, this plan coincided with a natural
decline in Cape Breton lobster stocks., Many fishermen blamed =
their reduced catches on the size-limit increase already adopted.
As a result, the plan for further increase was dropped after 2 years.
Landings at both ports improved somewhat in 1958 but the plan is
still in abeyance. ST .

Size regulations in Yarmouth County,; N.S., have remained
essentially the same for 25 years. Studies of change in the lobster
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population under ordinary conditions of explolvaiion with the same
regulation have been based in Port Maitland, ¥.S. ¥#rom 1350 to
1956, landings declined steadily but have rezcwared slighily in the
past 2 years. Since 1950 the fleet dropped from k3 to 25 boats,
As a result, catch per boat has remained at a reiaiiwvwely high
level and has increased appreciably inm 1957 and 19%8,

Theoretical treatment of effects of changing fishing
practices is considered under the heading Mathematical Statisticso

Studies of early stages. In Northumberland Strait,
studies on lobsters of fishable size are supplemented by work on
newly-hatched and sub-legal lobsters.

When first hatched, lobster lLazrvas swim freely close to
the surface of the water for about 2 months aiter which they settle
on the bottom. Special gear allows guantitetive collections of
juvenile stages. Information on early stages is collegted on an
annual basis to show what relationship exists wetween the amcunt
of spawn hatching and numbers of legali lobsters recruited %o the
fishery 4 or 9 years later, In 19559 bothr hatenh and survival were
below the lO-year average, Consequently, relatively few larvae
reached the stage of settling oa the boutom,.

Research hauls on the bottom in spring and fall allow
a censusing of lobster populations. There were gcod showings of
"just sub=legal" lobsters in 1958. As many of *%hese will be of
legal size in the following year, this is taken to augur well
for the 1959 fishery.

Handling and holding lcbsters. As about nalf ol the
Canadian lobster catch is marketed alive, a2 great deal of attention

has been given to satisfactory conditions for holding and shipping
lobsters. Much has already been learned and piaced at the

disposal of the industry. Information concerns tolerance of

extremes in temperature, salinity, and oxygen, and their interrelation-
ships. Work was continued during 1958 on temperature acclimation,
oxygen consumption in water and in air, and surwival in air.

Earlier work has shown that recent tempersoure history
of a lobster has a marked effect on its tolersnce t¢ temperature,
Lobsters are said to be acclimated when they have Lived long
enough at a particular temperature to stabilize their Temperature
tolerance. Acclimation upwards from 8.5°C tc 15°C is complete
in 18 days, from 15°C to 20°C in 8 days, and from 20°C to 25°C
in 5 days. Upward acclimation progresses most rapidly at high
temperatures. By adding acclimation times for two c¢onsecutive
5°C jumps, the time necessary for acclimation from 15°C to 25°C
is found to be 13 days. Earlier work showed that acclimation
in one step from 14° to 239 took 22 days. This indicates that
acclimation proceeds faster when lobsters are subjected to a
series of small temperature changes.
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The oxygen requirements of lobsters vudel various
conditions are important in estimating holding capacities for
commercial storage units. These were studied during the summers
of 1957 and 1958, Oxygen needs varied markedly with temperature.
Oxygen uptake for lobsters acclimated and tested at 25°C is double
that for lobsters acclimated and tested at 5°C. The relationship
between oxygen uptake and oxygen content of the water is more
complex. Uptake increases with temperature at all levels of
oxygen content. At any one temperature, a marked decrease in
uptake occurs at low oxygen levels (3 cc per litre), Aside from
this, uptake at high temperatures depends on oxygen content
throughout the whole range; but at lower temperatures, uptake is
constant over all higher levels of oxygen. ©Sudden temperature
changes have a pronounced effect on oxygen uptake. Uptake for
lobsters acclimated to 13°C and suddenly transferred to 5°C was
twice that of lobsters acclimated to 5°C.

Knowledge of oxygen utilization in air is especially
important in assessing shipping techniques. Ts&s*s were carried
out -on lobsters held in air of high relative humidity. They
showed that oxygen utilization was greatest between 10°C and
12°C, fell off toward 5°C and approached zero at 25°C. At higher
temperatures; oxygen uptake is insufficient to mszintain life and
lobsters die. Lobsters are evidently not well adapted to using
atmospheric oxygen as greatest uptake in air is only about 57%
of that in water at the same temperature., Sudden changes in
temperature affect oxygen uptake in air markedly. Lobsters
acclimated to 10°C and held in air at 20°C do not utilize oxygen
and weaken rapidly. ,

Survival of lobsters in sealed containers was tested
under varying conditions of temperature, oxygen, and carbon
dioxide. Under experimental conditions, lobster survival was
improved in an atmosphere of pure oxygen or with carbon dioxide
removed. Other tests suggest that best survival in air will
occur at temperatures not higher than acclimation temperature
and at temperaturés below 20°C,

Air shipping of lobsters. Tests using different light-
weight containers and insulators have been contiimied. The most
effective insulators proved to be styrolite beads, with wood
shavings second. Their use seems to merlt further investigation.

Inactivating lobster claws. When lobsters are to be

stored, their claws are plugged so that they can’t open for
fighting and destroying each other. However, plugs cause deterior-
ation in nearby flesh and their use is prohibited in some EBuropean
countries. Two alternative methods of inactivating claws were
examined. They consist of cutting the extension tendon of the
lobster!s claw and using rubber bands to hold claws c¢losed,

Cutting tendons caused extra mortality--presumably from loss of
blood. Rubber bands gave results comparable to plugging. The
method has merit if a suitable method of applying bands can be
established.
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OYSIER

Oysters are capable of adding to incomes »f Maritimers
living in areas where summer water temperatures zr¢ nigh. As
oysters can be cultivated, knowledge of the factors -~ontrolling
their abundance can be put to direct use. The Staticn's main
research is, accordingly, devoted to developing methods of
favouring the various steps in oyster reproductiocn and growth.
During the last few years attention has been diverted from the
main line of research by pressing problems arising from epidemic
disease.

Disease studies. About 8 years ago a lethal oyster
disease, called Malpeque disease, with high morbidity crossed
Northumberland Strait from Prince Edward Island where it was
endemic and where the stock is jimmune. An epidemi~ swept along
+the mainland shore, Late in 1957 it invaded the public fishery
at Caraquet, N.B.,, and reached epidemic propoviicns Zn 1958,
About 87% of the 1957 population there is now dead, On the north
shore of Miramichi Bay, disease spread both east aizd west from a
focus at Neguac so that fisheries at Tabusintaz and 0Oak Point now
cease to exist. Miscou Island, N.B., and Bras d‘'Or Lake, N.S.,
are now the only unaffected stocks left in the Maritimes,

In order to hasten rehabilitation in affscted areas,
immune brood stock from Prince Edward Island has beern transferred
to affected areas by the Department of Fisheries. After
recommending this as a remedy, the responsibility o7 fhe Flsheries
Research Board has been to evaluate the rehabilitstion program,

The Department's program called for mass transfers psginning in

the summer of 1957 and ending in 1955, So far 6,000 barrels have
been moved. Results are promising., Transferred oysters have
survived well and spawned zopiously. In some areas they have
produced spat. Mainland oysters have grown pooriy and spawned
little, if at all. It remains to be proved that tlie spat collected
is disease resistant. "With high hopes for the future no prediction
regarding it is ventured." In the meantime a vigorous search for
the elusive causative organism has been underway «nd is still
proceeding.

Mortality from a second and unknown csuse is affecting
Malpeque Bay, P.E.I. This was heavy in 1956 and 1957 on deep-
water beds and light on shallower beds. Accurate zssessments of
the situation were begun in 1958. So far oysters which were
retained on deep~water beds showed poorer condition, growth, and
survival than imports or shallow water test animals, Tests are
being continued through the eritical winter months,

Oyster culture studies. Attention is now being changed
back to studies of positive culture methods., As a first step in

a detailled study of spat collection, distribution of larvae was
studied in the Bideford River. Tentative general conciusions
are (1) that oyster larvae are not uniformly distributed, (2)
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all stages have the same distribution, and (3) there is no change
in vertical distribution with tide.

The prediction of time of spatfall is important as it
can give oyster growers reliable indications of wnen to put out
clean cultch to catch spat. Observations during 1928 showed that
studies 4f the percentage of dry weight of the oysters cannot be
depended upon to demonstrate times of spawning aztivity and
hence to forecast spatfalls. During 1955 planktcn examinations
in Bideford River gave good indications of the times of spatfall
there but in other areas where plankton sampling was less regular
forecasts were not reliable enough to be useful,

Other observations have turned up promising leads, for
examples: In one comparison spat survival was found to be much
higher in offshore locations than inshore. There are good
indications that cultch texture and/or colour affscts its
efficiency. There are indications that a source of early spat
has been discovered. Mussel shell is holding out promise as a
practical cultch,

Laboratory growing of spat has demonstrated a great
disparity of growth rate among young spat starting at equal size.
Disparities on October 24 among spat that were of equivalent
size on August 11 were from 1.5 to 8.7 m, This raises many
important practical questjons about patterns of growth and
mortality and concentrations of food.

Conway Narrows studies. One of the problems of the

oyster industry is to bring young oysters through {rom the spat
stage to a size where they can be planted successiily on

growing ground. This was formerly done on travs vut tray culture
is no longer feasible economically. Tests in the <hannel of
Conway Narrows give promise that it may suppiy ar exctensive area
where suitable growth can take place without undue danger of
smothering by silt or from starfish predation. Characteristie
features of Conway Narrows are its shallow depth about 1 or 2
feet at mean low water and small tidal fluctuations of about

3 1/2 feet on spring tides. Water temperatures of 21°C to 24°C
are common in July and August. The bottom soil is sandy and
relatively free of silt (less than 5% silt and clay on the
Wentworth grade scale). There is a light variable covering

of eelgrass, and small starfish, while present, are scarce. Full-
scale tests of the area as a nursery ground are proposed and
other suitable areas are being sought.

Buropean oysters. Observations were continued on

Buropean oysters introduced to Sam Orr Pond in 1957 and on a
supplementary shipment brought in by air freight Zn 1958,
BEuropean oysters wintered well in Sam Orr Pond Tut failed to
survive in Oak Bay where excessive cold fresh wgler evidently
killed them. Spawning took place in Sam Orr Poné but the
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resulting larvae failed to survive to spatting stage. There
is some evidence that protozoan parasites are dirscily or
indirectly responsible for the deaths that do oncaenx, The
oysters are being tested for resistance to Malpsule disease.

CLAMS

Clams contribute to the incomes of those Liwving by
the sea and to the variety of native foods available in the
Maritimes for local use and export. In recent years There has
been a decline in clam stocks. This has had a variety of
causes. The Board's investigations indicate that ¢ main one
is that use of common hand tools for clam digging works against
the best interests of conservation, In recent years attention
of the clam investigations has, accordingly, been ziwven to the
development and testing of a better method of harves:ing clams.

Mechanized harvester. The mechanized harvester is
designed to wash clams out of the soil onto an escalator which
carries the catch to the surface where it can be picked over and
valuable parts of the catch retained. After 2 ysars of develop-
mental work, its mechanical operation was satisfachory, and it
was accepted as useful equigment for harvesting »na’ <lams and
quahaugs. It was not until 1958 that it could »e zyritically
tested on soft-shell c¢lams. The results shows (1} That the
escalator digger buries very few of the small cliams it disturbs
(less than lO%), and those it does bury are closs to the surface
where they are unlikeiy to smother. (2) Almost a.l the under-
sized clams that the escalator disturbs are resurned to the
track from which they were dug and most to within 30 feet of
the place of origin. (3) Of those that are returnei about 4%
are too severely damaged to be able to dig back inic the soil
and will die. More than 90% are not seriously affected by the
digger. This is emphatically better than the %0 tc 60%
destruction o{ undersized clams caused by use of hand digging
tools.

>, The ocean quahaug {Arctisze islandica)
is widely distributed in North Atlantic waters but is seldom
seen because it favours (with us) depths of 10 to 20 fathoms.
Exploratory fishing for this species with hydrauviic and other
types of dredges was undertaken. Trials with The hydrsulic
dredge led to the conclusion that ocean gquzhaugs «<culd be
harvested at the rate of 7% bushels per day and trial operations
by a commercial operator, who was assisted in rigging out,
confirmed this opinion (90 bushels a day). Non-&iydrsulic
dredges fished equally well on soft bottom but wsre ineffective
on hard bottom.

SCALLOP

The scalloi fishery in Canada is of great and growing
importance. From 1%%1 to 1951, it averaged about 700,000 1b,
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In 1957, the catch was 3, 410 000 1b of which 1, 6OO 000 came from
Georges Bank., This was more than twice the Georges Bank landing
of the preceding year and was succeeded by some 2,500,000 1b in
1958, United States landings were about 18,000, 000 ]bo The
continued heavy exploitation has raised fears of overfishing and
with it the prospects of international control.

Provisional observations show that the sizes of
scallops differ markedly from bed to bed but that this is not
shown in records of Canadian wharf landings because of fishing
practices. Fishing practice aboard Canadian vessels also
partly disguises changes in abundance because smaller scallops
which are ordinarily discarded are shucked when catches are light.
Present indications are that ring-size in scallop drags could be
increased beyond a 3-inch diameter without severely interfering
with present landings. However, the long-term advantage of
increasing ring-size remains to be demonstrated.

Laboratory tests on scallops show that they can be
adversely affected by rapid upward temperature changes such as
may occur in the southern Gulf of St. Lawrence. The effects may
be direct or indirect. Hydrographic changes large enough to
produce direct mass mortality have been observed. These are less
common than sub-lethal changes which cause inactivity and debility
among scallops and may inordinately increase their susceptibility
to predators.

GROUNDFISH

The groundfish include many species, Prominent among
them are cod, haddock, redfish, halibut, pollock, piaice and
other flounders. Among them they provided nearly six hundred
million pounds in the Maritimes and Quebec in 1957. This catch’
is about two thirds of the total landings in the region. Because
the fishery is so large, quite small percentage improvement in
its operations can result in a substantial increase in returns.,
For this reason, the attention of the investigation is directed
toward increasing landings, reducing financial risks, increasing
fishing power, and improving the quality of the products.

For the most part, the groundfish fishery is in inter-
national waters and the Canadian fleet exploits the same stocks
of fish as other nations. All these countries share an objective
to make the best use of the fish stock. To forward this ideal,
Canada works in co-operation with ten Buropean countries and the
United States through the International Commission for the North-
west Atlantic Fisheries (ICNAF). Co-~ordinated programs of research
by member countries are considered by the Commission in recommend.--
ing regulations to member countries. Much of the Canadian program
in groundfish research is carried out to meet the needs of ICNAF.

Only more urgent problems can be met in any one year,
During 1958 attention was directed toward: studies on amounts
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and sizes and ages of fish caught and landed; migrasions of
cod and haddock; future recruitment of cod and haddock; gear
selection on cod, haddock, and plaice, and the elfgcts of mesh
regulation; plaice life history; and parasites affsgcting fish
acceptability. Other studies have of necessity been heid in
abeyance during the year,

Catch statistics. The interpretation of catch
statistics to meet Canadian and international needs calls for
analysis on the basis of species caught, area and time of fishing,
gear used, and extension of fishing effort. Fisheries Research
Board staff meet these needs by applying informaticn obtained from
log books and fishermen interviews,

Total groundfish landings on the Canadian Atlantic
coast (exeluding Newfoundland) have increased From 430 million
pounds round fresh weight in 1952 to 585 miilion pourds in 1957.
Most of the increase is attributable *o the cou:inued growth of
the otter trawl fleet which now takes abhout ha'’ %he groundfish
landings. Conversicn from line fishing to otfter “rawling changed
the relative importance of the species landed.,

23 the
groundfish catch was largely cod. By 1957. alvhough cod iandings
had increased; they accounted for only hali the groundfish landings.

The increased intensity of the fishewr nes bzen
accompanied by decreasing catches of groundfiskh per unit of fishing
effort and by a declinre in the size and age of fis i the landings.

S0 as to assess changes in the status of the groundfish
fishery, trends in lergth and age have been follouwed systematic-
ally. The average size of cod in dragger landings from the south-
western Gulf of St. Lawrence dropped to 3.8 pounds in 1958, the
lowest since small draggers were introduced in 1947, In 1958 the
dominant age group was 5 years, and less than 15% of the cod
landed by draggers were older than 8 years. On Nova Scotia
grounds, the broods produced in 1949 and from 1952 to 1955
dominated cod catches. '

Growth in captive god. Observations iz nature indicate

that the response of cod to variations in food supu.y are re-
flected in the success of the fishery. Laboratery Lests con-
firmed the impression that this could be the case, €Cod fed
maximum amounts over a year increased in length and sspecially
weilght more than those fed on smaller rations. Proporiional
growth was faster among small cod than among larger ones on both
diets. Under the conditions of the experiment, ~od transformed
heﬁring fed to them into cod flesh in a ratio between 2.1 and

2.4 to 1,

Pagging studies. Tagging to demonstrate mligration
patterns have been done on c¢od; haddock, and plaics.

In all, 2,112 god caught by hand line, o%tter trawl,
and traps were tagged around Magdalen Islands. There were
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indications from returns that fish from traps had a hevtexr
chance of survival., Comparisons of tagging methods snowed
somewhat better returns for disc tags than for more iloosely
attached hydrostatic tags. Recoveries of these tags show a well
defined pattern of seasonal movements that fits in well with
conclusions based on tags put out on other fishing grounds.

In general, cod move out of the Gulf of St. Lawrence into deeper
water in the winter and back into the shallow water of the Gulf
during the summer.

Few haddock (38) were tagged during 1958 but returns
from previous taggings have been analysed. The taggings con-
sidered were in Northumberland Strait, the Browns-LaHave ares,
Passamaquoddy Bay, and the entrance to the Bay of Fundy.

Returns from Northumberland Strait haddocik tagging show
a pattern of migration similar to the one shown fo» 20d in the
same region., Winter recaptures came from banks offshors from
Nova Scotia. Spring and late fall returns were mainly from the
east coast of Cape Breton. For the remainder ci’ the year,
recaptures were scattered but most came from eastern Northumberland
Strait,

The Browns-LaHave tagging supports evidence of other
kinds that there is little movement of fish across the Fundian
Channel towards Georges Bank. There was evidence of a northwest
movement in the direction of Lockeport, N.S., during the winter
following tagging. Most returns came from the tagging area.

Five hundred plaice were tagged. 320 southeast of
Shippegan Gully and 180 northeast of Miscou Island, both in the
southwestern Gulf of St. Lawrence., High returns from the
Shippegan tagging indicate an intense fishery and there were early
indications of a northward offshore movement during the summer.,

Gulf census. The cod survey in the Gulf of St. Lawrence
that started in 1957 was continued in 1958. It is designed to
allow forecasts of recruitment and to assess effects of environ-
mental factors on the abundance, distribution, anG movements of
cod and plaice. The censusing program has not continued long
enough to justify confidence or precision in forecasts based on
it. However, if fish are recruited in the same way in 1959 as in
1958 it may be anticipated that the catch will again be made up
mainly of 5-year-o0ld cod and that as a result there will be no
appreciable change in size of cod landed.

Haddock survey. A survey of groundfish populations
on offshore Nova Scotian banks was begun in 1958. Like the
Gulf census, it has the objectives of leading to short-term
prediction of relative abundance of fish to the fishery and of
determining the effects of environmental factors con numbers and
behaviour of groundfish species. Experimental tows with covered
nets showed relative numbers of commercial and undersized fish in
catches.,
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Results obtained in the 1958 survey hold no especially
bright hopes for the immediate future. The brood of haddock
produced in 1952 has been the most prominent in commercial
catches from the Nova Scotia banks since 1956, It was particularly
important to Canadian landings through the years 19356 and 1957.
Preliminary observations on the 1958 haddock Ffishery show that
the 1952 brood has been cut down during the summer months. No
good brood has appeared in the fishery to replace that of 1952,

It seems unlikely that the moderate broods coming up can
provide a really lucrative fishery,

) tion d savings gear studies. A practical way to
manage the groundfish resource is through regulating mesh sizes
used in trawl nets. This has been shown to release smaller fish
before they are brought on deck and exposed to handiing injuries.
Scientific advisers to the International Commissior. for the North-
west Atlantic PFisheries have advised that the Commission recommend
a minimum mesh size of Y4 1/2 inches for cod and haddock fishing
in the waters surrounding the Maritime Provinces (ICNAF Sub-area
4). As a result, each of the member governments has enacted
appropriate legislation. 1In addition, specifications have been
proposed for the cthafing gear in general use to permit the
release -of small fish, and still preven® unnecessary wear on the
nets as they are being hauled aboard, loaded with fish, Effects
of these regulations are being kept under review, and the situation
is being followed to determine whether further changes in regula-
tion might prove advantageous.

Studies on cod in the southwestern Gulif of St. Lawrence
in 1958 showed that average discards by small-mesh (3 to 4 1/2-
inch) draggers were 23% by nvmber and 9% by weight., Discards
by large-mesh (& 3/h-inch{ draggers working on the same grounds
were 12% and 5% respectively. These results confirm those of
1957. They indicate that % 3/4-inch mesh codends aliow the
release of about half of the small cod discarded from small-mesh
codends.

Possible effects of employing a 5 1/2-inch mesh for
cod in the southwestern Gulf of St. Lawrence were studied,
Results of such a test depend upon culling practices in vogue
and sizes of fish to be found on the fishing grounds. Under
conditions prevailing in 1958 and anticipated for 1959, use
of 5 1/2-inch mesh would probably result in a small immediate
reduction in the amount of fish landed and is not recommended.
Longer term advantages may exist and should be considered as
data become available.

Wastage of haddock by commercial trawlers using 4 1/2-
inch mesh codends was studied on the Nova Scotian banks. The
amount caught and discarded differs according to the way in
which the fish are to be handled. Smaller fish are retained for
landing round than for landing dressed. In general 4% 1/2-inch
mesh nets released virtually all haddock below commercial size.,



- 13 -

A mesh size appreciably larger than the Y 1. 2.inecr manila twine
specified to meet ICNAF requirements would ra’ease significant
quantities of currently marketable haddock,

Use of top-side chafing gear is a 7 ¥ general
practice among the groundfish fleet in tne Hurshwesty Lilantic,
The way in which it may be applied to the net is accordingly
recommended in detail by the ICNAF. & series ¢f Lests of nets
with and without the chafing gear applied as recommended showed
that there was no significant interference with relzase of fish
by netting applied as authorized.

Methods of assessing groundfish regulations. It is
important that effects of any regulations on fish stock and

catch can be demonstrated beyond questior.. Accordingly, much

effort has bsen dirscted to methods of estgblishing the extent
of the benefit (if any) obtained by applying mesh regulations

in the ICNAF area. Most attention has been directed to ICNAF

Sub-area 5 where a minimum 4% 1/2-~inch mesl reguliation has been
longest in effect and where most and best data ayply.

Difficulties in assessing crhanges arize “rom ahsence
of data on discards prior to regulstion. end Ty
variations in availability of young fish ano z
Theoretical studies indicate that effects ol i ; esn
regulations can be measured more readily by pooviding srudy ooat
data both before and after enactment of new regulatons. A
system for avoiding misinterpretation arising from errors in
age reading has been developed,

Porrocaecum studies. The study oi Porrccasesum
decipieng, a parasife which detracts from the market quasliity of
cod, was reduced during 1958 to an effort %o fil. in details in

its life history. Collections of small shrimp-1iike mysids were
made in the Bras 4'0Or Lake, where Porrcocaegum is xuown to be
abundant in cod. The mysids were found tc contain a variety of
parasites that resembled Porrogcaeccum. Careful examinetion showed
that many of them were not in fact the parssite which was of
interest but that some of them are probably yocung stages of

Porrogcaecum.

PELAGIC FISHES

The pelagic fishes of the waters azrouacd the Maritime
Provinces are little known and under-used, Fsutcrs coatrolling
availability and abundance of none of the spevies have yet been
critically studied and except for the fisheyy for sardine
herring in the Bay of Fundy region exploitatioa maxes .iitle
use of the potential. BEven in the Bay of Fundy region it is
possible that more aggressive fishing technigues could utilize
the resource more effectively. Pelagic fishes, accordingly,
merit careful investigation to determine the size of the
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resource, when and where they may be accessible Lo ¢commercial
exploitation, and at what level they can sustain & {ishery.

During 1957 and 1958, work on pelagic fishes has
been concentrated on the herring of the Passamaquoddy area
and the Bay of Fundy generally in an attempt to deduce the
probable effects on the herring fishery there of placing dams
at the entrance to Passamaquoddy Bay in order to develop
hydroelectric power.

Herring statistics in the Passamaquoddy region. In
the last 2 years, data on herring landings in Passamaquoddy Bay
and its approaches have been collected in such a way as to
relate them to the sites of proposed tidal power dams near
the entrances to the bay. It is proposed tc place these dams
so as to have a high pool (Passamaquoddy Bay) to be filled at
high tides and a low pocl (Cobscook Bay, etc.) to be emptied
at low tide. Power will be developed continuously at a power
house situated between the two pools., Information has been
collected and analysed in c¢lose collaboration with the Economics
Service of the Department of Fisheries,

In 1958, 269 weirs were built as against 290 in 1957.
0f the 269, 66 were in the high-level pool, ¢ in the low-level
pool, 76 in the approaches to Passamazuoddy Bay, 37 in the
eastern section of Charlotte County, 6% at Grand Manan, and
17 in Saint John County. There were 13 purse seiners and 31
drag seiners licensed in 1958 as compared to 17 and 22
respectively in 1957,

Total herring landings in Charlotte and Szint John
Counties in 1958 amounted to about 36 million pounds or slightly
more than 40% of the 1957 catch and only 47% of the 1937-1957
average.

Comparison of 1957 and 1958 landings according to
gear shows that whereas weir landings decreased considerably,
drag- and purse-seine catches kept up well.

Landings from weirs began in February and increased
to a peak of 9.2 million peunds in September. dJuly, August,
and September provided 85% of the total weir catch., Drag
seining was confined to the period from July to (ctober and
took about 2.4 miilion pounds, Purse seining was done in all
months except May and June., Landings of 3.0 million pounds
in March and 3.5 million pounds in September accounted for most
of the total purse-seine catch of 7.9 million »ounds,

When localities of the catch are related to the dam
sites, it is found that in 1958 about 9.0 million pocunds of
herring were taken from the proposed high=level pocl, 0ok
million pounds from the low-level pool, 3.7 miilion pounds
immediately outside the Bay, 8.9 million pounds in the eastern
section of Charlotte County, 6.9 million pounds at Grand Manan,
and 6.9 million pounds in Saint John County.
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An economic survey of the herring fishery in the
Passamaquoddy area carried out by the Economics Service of the
Department of Fisheries showed the average investment in a
weir and its associated gear to be $5.,982. The average
replacement cost of a purse-seine unit is $24,866.

Herring tggginﬁ agd movements., During 1958, 79,794
herring were tagged in 3% lots. The work extended from March
3 to September 24 and from western Nova Scotia to the coast

of Maine and Point Lepreau. The tags were thin strips of
coloured celluloid hooked through slits in the fishes' opercula.

Altogether 2,739 tags were recovered, 60% within the
first 2 weeks. About 61% of the recaptures were made within 5
miles of the tagging site. About 3% showed movements of 15 to
55 miles. Movements in and out of Passamaguoddy Bay were quite
general. However, movements from the Passamaquoddy area to the
coast of Maine were restricted--~the only indications being the
recovery in Cobscook Bay of one tag put on in Passamaqunoddy Bay
and the recovery on the outer Maine coast of a Cobscook Bay tag.

errin viour and survival. Herring behaviour in
relation to currents was studied by towing groups of fish in
fish-net cages and observing them by underwater television,
Two television units were employed, the first in co-operation
with the United States Fish and Wildlife Service and the second
through the courtesy of the National Research Council of Canada.

At current speeds below a minimum value probably near
0.8 feet per second, fish circled the cage without reference to
the current. As the speed of the cage relative to the water
increased, herring formed a group in the upstream end of the
cage and close to its bottom. They swam from side to side, always
turning upstream when meeting the walls. Orientaticn of the
herring into the current became more pronounced as velocity
increased, and the side to side deviations decreased until they
were slight or irregular. With further velocity increases, the
swimming speed of the herring increased until it reached a
maximum when the fish, still heading upstream and swimming
vigorously, slowly lost ground, tail first until they were swept
against the mesh of the cage.

Maximum swimming speed was subject to special con-
sideration. It is defined as the speed at which 50% of the
herring fail to keep pace with the cage over one minute when
swimming at an increasing rate. ©Such conditions might be found
in nature where herring near the bottom are stemming an increas-
ing tidal flow. All currents above the maximum swimming speed
will be able to move the herring in the direction of flow,

Maximum swimming speeds probably depend upon water
temperatures and were found to vary with fish size. The
tests were carried out between 11,6 and 12.4°C., Maximum
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swimming speeds ranged from 1.8 knots to 2.8 knots for 6-inch
and ll-inch fish respectively.

Herring tolerance of high temperature was tested, Fish
caught in water of 9.6°C and presumably aceclimated to tempera-
tures between 9 and 10°C were used in the experiment, The upper
lethal limit is defined as the temperature at which 50% of the
herring die within 48 hours. It was found to be 21°C for small
herring (3 1/2 to § inches) and between 19°C and 21¢C for % to
12-inch fish,

Ability of herring to withstand sudden changes in depth
was tested by lowering caged herring (5 1/2 to 8 1/2 inches long)
to a depth of about 150 fathoms at about 1.7 feet per second, and
raising them again at about 2.6 feet per second. Observations on
fish for 2 hours after the treatment showed no indications of
unusual behaviour. It is concluded, accordingly, that moderately
rapid changes in depth from surface to 150 feet have no ill effects.

Plankten studies in relation to herring. Piankton
studies in the Bay of Fundy and the Gulf of Maine have been

undertaken to show general distribution of young herring and
of the small floating animals they feed on.

Durirng 1958, plankton collections were msude st 1k
stations that were occupied on each of 22 cruises carried out
in the Passamaquoddy area. In addition., routine collections for
the years 1941 to 19%5 inclusive were examived. There wers 3
special spring cruises from Grand Mansn %o St. Mary Bay, 3 off-
shore cruises in the Bay of Fundy and Gulf of Maine., 15 explora-
tory cruises at the entrance to Passamaquoddy Bay, and bi-weekly
surface tows at the Lurcher Lightship.

Results indicate that herring larvae are not produced
in Passamaquoddy Bay. A few larvae have been found in the area
but indications are that they move in on the flood tide probably
through Western Passage,

Special spring cruises around Grand Manan and St., Mary
Bay gave no indications of newly-hatched larvae such as would
be expected from spring=-spawning fish.

Offshore results indicate that mgjor herring spawnings
occur off the southwest coast of Nova Scotia and on the northern
edge of Georges Bank. The drift of larvae, a5 indicated by non-
tidal surface currents and increasing size as the distance from
the spawning area inecreases, suggests that Nova Scotia and
probably Georges Bank spawnilngs confiribute to commercial stocks
of herring in inshore areas of southern New Brunswick,

Food of herring was found tc be widely diversified
and to vary with locality., Inside Passamaquoddy Bay herring
were feeding extensively on characteristic Bay forms. Outside
feeding seemed to be less active and to be mostly on offshore
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types. In general the pattern of feeding foliows ¢lisely the
relative abundance of plankton in the region. Heavy feseding
in June was followed by a decrease in July and August, a sharp
increase in September, followed by a decrease in October. In
late November, there was a slight renewal of {eeding acvivity
corresponding to an increase in abundance of plankion at that
time,

Exploratory herring fishing, Herring fishing in
both southern New Brunswick and Maine is carried on chiefly by

weirs and bar seines close to shore. As a result little is known
about the offshore distribution and abundance of herring. Explora-
tory fishing experiments were carried out in an attempt to increase
knowledge on these points,

Bottom trawling on the northern edge of Georges Bank in
October took moderate catches of spawning herring for the fourth
successive year. In January, small catches of large fish evidently
recovering from autumn spawning were taken in small quantities
(up to 350 1b per drag, average 150 1b).

Dutch herring trawls and gill nets took herring in
Kennebecasis Bay, but z wide variety of gear types Ffailed to
take herring in the passages leading into znd outr of Passamaquoddy
Bay.

Throughout the summer months, surveys witii sonic sounders
were carried out at weekly interwvals throughout Passamaquoddy Bay.
They showed that in general the greatest concentrations of herring
are in the open areas away from small coves and inlets where weirs
are located. This conclusion is supported by the catching of at
least 2,250,000 1b of herring by commercial purse seines in the
middle of the Bay in September.

Abundance of herring larvge in the Gulf of St. Lawrence.

An annual assessment of the abundance of larval herring in
Northumberland Strait has been continued. It is based on the
average numbers of larvae per tow at stations sampled in
connection with lobster larvae surveys. The abundance in 1958 1is
the lowest in the 8 years of the program and may reflect a
reduced spawning population caused by the epidemic fungus disease
that swept the area in 1955 and in 1956. The bearing of small
spawning and consequent small larval producticr: on subseguent
recruitment to the commercial fishery has not been demonstrated.

Southwest Nova Scotia herring fishery. In 1958 Nova
Scotia herring landings amounted to 102 million pounds of which

about 87 million were taken in Digby, Yarmouth, and Shelburne
Counties, This was more than double the amount taken in
southwestern Nova Scotia in 1957, The increase is chiefly owing
to successful purse seining for sardine~size herring in St. Mary
Bay and the eastern part of Yarmouth County. Routine sampling
of commercial catches for length, age, and vertebral number was




continued throughout the year. Analyses o these data zre in-
complete, but there is no indication of decline irn size or age
composition for samples obtained from the giil-net fishery.
Otoliths show that the majority of fish nake SOy
autumn spawners with ages ranging from 2 vz

e

Experiments on herring fisning me” ks newring
constitute an inadequately used resource. utu» fon s directed
to improving catching methods. Tests with Jr 1£+ Lets in
Hermitage Bay, using gear supplied by the Industrial Development
Service,; have been continued and give comsistently promising
results. From April thiough June> catches averaged from 197 1b
per net night (April) to 333 1b in May. It is telieved that
introduction of driff netting on the south coast of Newfoundland
would increase present landings substantiaslly.

Swordfish studig¢s. The Canadian isherxy for swordfish
is important and growing. Catches in 1957 and 19%8 exceeded five
million pounds and had landed valiles in exsess of one and one
quarter million dellars. In L,39 the catoh was less than 1.8
million pounds. During 1957. 220 boats contribated to the
landings. Fifty-two of these were small boats opevatlng close
inshore and close to home ports. The remaining 158 were larger
longliners, schooners, amnd dvagg@rv capab’ e of fisnaing on
Georges Bank or the Grand Bsnks

During field obsevwvationsg it was found <nat most of the
swordfish harpoosied had stomachs full to pall fti. of food, It
consisted of lancetfish, lanterniish. and rosziisi. Lo mosth
cases the food was fresh and not broken up., Hecenss the species
eaten are deep-water forms., it seems evident s'h; the swordfish
had been feeding at considerable depth and had some quickly to
the surface whers they were caughv,

SALMON

The east coast of Canada is an important stronghold
for the world‘’s dwindling suppiy of Atlantic salmor, Famous
angling rivers are found in the Maritimes area, Commerscial
fisheries provide salmon for both lccal and distsnt merus. Dual
use of a single resource lends urgency to the need for facts
in managing the fishery., Administration is complicated by a
sharing of authority among federal and p“OUlP@Ta] government
~agencies. . The situation is met by having researsh and manage-
ment programs reviewed by a Federal-Provineisi Co-ordinsting
Committee., Research programs are sgreed upon aud tackled co-
operatively although most of the work is unde&waﬁen by the
Fisheries Research Board.

The research program during 1958-5% may e considered
under a variety of headings. First, and basic to cther con-
siderations, is analysis of fishing statistics. They define
the problems and provide indices of success in meeting them,



- 19 -

Second is consideration of the migrations of Atlanti<: salmon
and assessment of their tendency to return to their natal
stream. This is supplemented by a study of movements of mature
salmon in the Miramichi River. Third is the study of the best
way in which to produce smolts both by hatchery plasnting and
natural reproduction., Fourth is the study of the zilsct of
forest insecticides used to combat spruce budworms on salmon
and how 111 effects can be avoided. Finally is the study of
the effects of hydroelectric development in the Szint John
River and the effects of impoundments in general,

Statistics. Catch data collected by appronriate
federal and provincial agencies show good landings in 1958 by
both commercial fishermen and anglers. Commercial fishing in
Quebec showed a 49% increase over 1957 landings. In the Maritime
Region, commercial landings were up by 33%. Increase was general
throughout the region with the Gulf of St. Lawrence area up 27%,
the Pundy area 67%, and the Atlantic area 8%. The 1958 total in
Quebec was just more than half a million pounds--the highest
since 1953. In the Maritime Region, the 1958 total landing of
over 1,100,000 1b continued the steady improvemeni since 1955
when the catch fell below 700,000 l1b.

The 1958 angling catches were the highest —eczorded
since 1949 when the present system of ccllectiug catsh statisties
was instituted. Over 65,000 fish were taken in tha ‘ritime
Region. This represented an increase of 66% over tus previous
year. The improvement in the case of angling was OL% in the

Gulf of St. Lawrence area, 42% in the Fundy area. w«id 205% in

the Atlantic area. Angling pressure during 1958 was very high.
As a result the catches per rod-day on various rivers showed

less improvement over the previous year. In general, water
conditions in 1958 were favourable for ascent of saimon and

for angling. These facts may have been largely responsible

for improved catches, rather than a significant increszse in the
abundance of fish.

The progress of salmon {2-sea-year or clder fish)
and grilse (l-sea~-year fish) into the Northwest Miramichi River
was followed at three check points. They are an estuarial trap
at Millbank, and counting fences at Curventon 6 miles above tide-
water and at Camp Adams, 33 miles farther up.

At Millbank in 1958 more than twice as many grilse
were taken as in 1957. This increase was chiefly made up of
very large catches following the commercial fishing season,

At the Curventon fence, the grilse count was zabout
three times as high as in 1957 and the increase ogcsurred during
the angling season. The increase was unexpexted bdezarse the
estimated population of large parr (2-year-old fis:n, in the
Northwest Miramichi in 1956 was smaller than in 195 as a result
of DDT spraying. Ordinarily these fish would have preduced



- 20

grilse returning in 1958 and 1957 respectively, Recert detailed
studies of scales have shown that many youug salgon that were
classified as small parr {(l-year-old Ffish} &w 195¢ znd which were
very abundant, later grew rapidly enougn %o hecome smcivs in 1957
and to migrate seaward with fish & year oldeﬁu Trhere was an
improved run of large salmon at CQurventon laze .0 wias angliong
season but the total run was dowrn, The low run was 3r erpsot
result of DDT spraying.

Counts at Camp Adams refiect those at the Lower
Curventon ferice, Grilse were plentiful and salmon relatively
scarce and both were available during the angling season,

Additional information about movement of fish into the
Miramichi River was gained by tagging at Millbank =22 Crrventon.
Fish were tagged in both 1957 and 1958 at Curventcn., Rscoveries
were markedly higher in 1958, This is probahiy beczuse of greater
exploitation, Salmon were evidently taken more rezdily in set
nets during 1958,

Tagging showed great variability in the migration
patterns of different fish. Some were reuovered 70 m‘les upstream
within 2 weeks. Others wers taken a few nlle ? oy
months after tagg] 2€. Lhree sslmon :aggxu
were retaken 3C miles upriver at Curventor
later.

At Curventon, 259 gr11sa and zw'jargﬂ ca*mw were tagged.
Recoveries gave a minimum estimete of the mumber of grilise recaptured
at 8.4%. The average time taken for grilse %o b; tnhe 33 miles
from Curventon to Camp Adams was about 20 davs.

Homing in salmon. In 1953 and 1954, about 25,000
salmon smolts were marked by distinct fin c¢lips at Curventon and
about 20,000 on the Dungarvon River--g tributary ¢f the Southwest
Miramichi., Recoveries from these markings have bsen given
special attention during 19%8. They show that saimon known to
be of Miramichi origin are taken both as grilse and oider salmon
over a wide area extending to Newfoundland and Laovradeor., It is
estimated that about one third of the total catch of Miramichi
fish is in Newfoundland and Labrador nets. Although commercial
fisheries in the Miramichi estuary took a mixture of fish from
the two tributaries, recaptures by angiing farthay ups*we m of
69 marked fish showed precnounced segregatlomi =aine of 51
Northwest-marked fish were recovered from that * h%'“y and 16
out of 18 Dungarvon-marked fish came back from th2 Scuchwest
Miramichi,

Use of hatchery stock to supplsment netive salmoqo
Previous work by this Station has shown that a ressonsble objective
for smolt production is 5 per 100 square yards of river bottom
where stocks are protected from onslaughts by mergansers., To
produce this number of 2-year-old smolts requires about 8 native
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parr or 12 native underyearlings per 100 square yards. Altei-
natively it calls for about 35 hatchery underyearlings because
they experience difficulty in getting established.

It may be anticipated that in nature because of over-
fishing, catastrophe, pollution, etc., the nurders of under-
yearlings or parr present may occasionally be inadaguate to
make full use of the smolt potentiality of the river, Effective=
ness of remedial measures is being explored.

In 1956, the native fingerling population ia the Pollett
River was found to be 6.8 fish per 100 square yards. This was
supplemented by a planting of 99,000 large underyearlings (23 per
100 square yards)., Presumably because their size was larger than
expected (and larger even than that of the native stock) the
planted fish survived well and at the expense of the mnative stock.
The rate of smolt productiom from the area was up to exgeetation,
5.4 per 100 square yards, 1.0 from native stoek, and L-.4 from
hatchery plantings, Effectiveriess of well grown hatchery supple-
ments is strongly indicated.

Researches assogiated with DD, In 195%.,aerial spraying
of spruce and balsam stands in the Miramichi watershed was begun
to control ravages of spruce budworm which threatensd to destroy
the forests. It very soom became evident that both salmon and
aquatic insects on which they feed were heing destroyed ton., For
the last 4 years, a significant part of the resesrcl effors for
salmon has been devoted to assessing effectz of the use of forest
insecticides., '

Studles on the effects on aquatic insecw: were continued
in 1958 at four collecting sites. Although there sre variations
between sites, the area as a whole still shows a iow vclume of
aguatic insects with midges predominating. However, at one site
larger caddisflies showed signs of revival and mayflies continued
their comeback, first indicated in 1957.

Food studies on young salmon complemert studies on
aquatic insects. Underyearlings normaily consume immszTure stages
of chironomids (midges)}, and smaller forms of mavfiies, Parr at
both stages tend to feed on caddisflies and large stoneflies.

Lack of these stages could have serious effects on growth of later
stages of pre=smolt parr.,

Detailed growth studies on young salmon in DDT-sprayed
watersheds show that survivors of fish sprayed as underyearlings,
as yearlings, or as 2-year-olds will be below rormal size at the
end of the year. Compensatory growth in subsequent years more
than makes up the loss in first and second year fish. There is
reason to believe that the increased growth can lead o migration
as smolts at a younger age than usual,

During 1958, in co-cperation with the Forest Biology
Division of the Department of Agriculture and with the assistance
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of Rohm and Haas Co, of Canada, Ltd., a search was begun for
insecticides that would be effective in controlling budworm but
have no 111 effects on salmon or stream insects. Several poisons
were found ineffective against budworms, and it appears that
future tests should be directed to improving the DDT formulgtion.
Investigation along these lines should be continusd. The budworm
epidemic has collapsed but there will be others. Further experi-
ments should be undertaken soon to establish satisfactory control
techniques before they are needed.

Effects of hydroelsctric developments. iIncreasing use
of the Saint John and other rivers for hydroelectric development
has turned attention to the effects on anadromous fish when
natural water flows are altered.

In association with biologists of the Department of
Fisheries and with the New Brunswick Electric Power Commission
studies have included: (1) The assessment of young salmon
populations above the Tobique dam. These studies are complicated
by DDT spraying in the ares. They showed many more underyearlings
in 1998 than in 1957, (2) The smolt hold-up at Beechwood and
methods of by-passing smolts. At present, the delays above the
dam led smolt to suffer in well-being. Methods of reducing
delay are being explored. (3) Establishing a creel census for
the Tobique flowage to assess the effeets of the dam on fish
species other than salmon and espeg¢ially predatory fish.

Formation of & pond in Ellersiie Broox %o give better
trout angling has provided opportunity to obserwe the affects
of an impoundment on salmon mcvements in a smalil stream, The
pond was found to block the passage of adult szlwmon upstream
and deter their return to sea after spawning. Parr tended to
concentrate in the pond and may become smolts a year later than
normally. Small smolts in 1957 were retained in tihe pond for a
year but in 1958 larger smolts showed no evidence c¢f being held
up. . It is evident that quite small impoundments (7 acres) can
interfere with the customary movement of salmon at several stages.

TROUT

The trout fishery is important in the Maritime Provinces
both as a tourist attraction and for relaxation of residents,
As the fishery is inland and frequently in quite small bodies
of water; it is susceptible to man-made changes in environment.
Some of the changes are damaging but others can be brought about
deliberately to increase use of the trout resourie. Most of
the work in trout research is devoted to exploring various
approaches to resource management with the intentions of in-
Ccreasing production and accessibility of trout, Some of the
methods of management tested were planting hatchery stock,
fertilizing water, control of predators, making impoundments,
and introducing exotic species.
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Crecy Lake. Experiments on unproductive Crscy Lake
in the poor acid soils of southern New Brunswick showed that,
even although spawning grounds were inferior, the introduction
of hatchery stock was little use unless the potential of the
lake was increased by adding fertilizers, and the lake's yield
retained for anglers by controlling activities of predatory
mammals and birds in the area. Eels are a predator in the
lake. An attempt to reduce their numbers in the Laxe by
trapping and by keeping out young elvers with a barrier at the
lake’s outlet is under way. Some reduction in the number of eels
seems evident but successful control is not yet assured., Studies
of making the best use of the potential at Crecy Lake and Kerr
Lake are being continued with the use of rainbow trout instead of
native speckled trout. Former proccedures with speckied trout are
to be repeated in detail with rainbow trout so as to allow valid
comparisons,

Ellerslie Brook. The short spring-fed streams of Prince
Edward Island running through fertile land are highly productive
of trout. There the first problem is to make fish accessible to
anglers. This has been successfully attempted by damming Ellerslie
Brook and some other streams close to their outlets. At Ellerslie
Brook the situation has been closely followed since 1946, It has
been found that formation of a 7-acre pond did in fact greatly
increase the avallability of fish with the result that the
nursery stream is now unable adequately to supply the pond with
fish., A pond relatively smaller (15 acres) in relation to the
size of larger Wilmot Stream was less successful ir attracting
trout to remain for angiing. It is suggested tha: where pond size
is small in relation to stream, screening may be dssirable to
retain fish in accessible water.

Stevenson's Pond., At Stevenson's Pond {5 zcres)
observations on numbers and condition of the whole trout popula-
tion have been possible. Observations indicate tha®t the tributary
stream system is insufficient to supply fish to utilize fully
potentialities of the pond for produeing trout. Use of supple-
mentary hatchery stock seems indicated. Further study is necessary
to show the best number of outside fish to introduce.

Simpson's Pond. At Simpson'’s Pond (2.3 acres}
productivity of the introduced rainbow trout is being studied.
Incidentally it was found that the introduction caused no effects
on brook trout in the same waters, Indications so far are that
rainbow trout grow faster than brook trout under similar con-
ditions.

Natural fluctuations. Since 1947 the population of
brock trout in Bllerlsie Brook and neighbouring strezms has been
followed closely. The variations observed are of value¢ in assess-
ing other situations. Annual variations in numbers »f under=
yearlings are evident and of much the same order of magnitude in
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Hayes and Ellerslie Brooks. In years when stocks were low in

the Ellerslie system,; they were found to be low in many other
streams in the region. When frazil ice conditions were severe in
winter and spring, stocks of underyearlings were low in the
following summer.

Silting and scouring produced marked changes in the
brook. When part of the brook became silted, trout population
there fell off, Scouring usually proved beneficial to producing
older trout as pools are deepened and banks undercut, thus
increasing cover. Brush also provides good hiding piaces for
trout. After cover was removed from an area of stream. a decrease
in trout stocks was noted.

Trout have strong territorial tendencies. When the
older trout population of a pool was doubled by sitocking, about
50% of the new trout moved out within 48 hours. Few of %he
resident population moved from the pool.

There was no indication of competition between trout
and salmon for living space. They have differernt habitats,

Trout older than yearlings move from Ellerslie Brook
into the pond but there is little reverse movement. This has
brought about a decrease in the average size of older trout in
the stream. The productivity of the stream has not been affected
by pond formation., During the past summer; the stock of finger-
lings and older trout in the stream were at pre-pond levels,

Tolerance of underyearlings to salt water. In Prince
Edward Island, young salmon and trout are known to move into the
salt water of the estuary. A series of experiments under
artifieial conditions showed that low salinities are tolerated
and provide a measure of acclimation to full salinity which is
complete in the case of salmon, Both salmon and trout tolerate
simulated estuarial conditions with alternately full (28%.)
salinity and fresh water at 6~hour intervals. Tolerance to
salt water is much reduced by injuries involving less of scales,
Further and more precise studies along these lines are indicated
to guide the use of estuaries in rearing young salmon and trout,

ALEWIFE

The alewife is available in great numbers in Maritime
rivers and their estuaries during its spring-spawning migration.
It has been relatively neglected by industry but recently the
pet food industry has placed it in great demand. New Brunswick
landings increased from a 7.4 million pound average in the 1943-46
period to 29.4 millicn pounds in 1951-54%, Since then catches and
availability have dropped, causing concern about continuity of
supply. A preliminary survey of the species was begun in 1958
in co-operation with the Protection Branch of the Department of
Fisheries,
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The investigation took the course of examining in

detail samples carefully taken by Fisheries Ofiicers. Examination
and analysis is not yet complete but to date it shows that early-
run fish (late April% differ from May and June samples in length,
eye size, and vertebral number. The later samples are indistin-
guishable in these respects. Spawning fish ranged in age from 4
to 7 with HS=year-olds dominant. Scale examination suggests that
most fish are mature at 4 or § and spawn esch year thereafter.

SEAWEEBD

0f the immense resources in seaweed thal abound on
Maritimes shores only two provide regular products for sale, One
is dulse that supplies a small demand from local enthusiasts and
expatriates. The other is Irish Moss (Chopndrus). Tkis red alga
is a regular article of commerse and the source o the carrageen
used extensively as an emulsifying agent. The latter was accord-
ingly selected for investigation.

The growth and replacement rates of Irisii Moss are under
study to provide information that applies to managing this resource.
Growth is most rapid from May to July and fallis off through the
remainder of the summer. Small unbranched individual plants seem
to grow fastest. Cropping (by experimental plucking) in one year
markedly reduces the weight of yield from the same area a year
later.

BULLETIN ON ATLANTIC COAST FISHES

Progress is being made in meeting a lonz ©f<it need
for an authoritative book on marine and anadromous “ishes of the
Canadian Atlantic Coast, A general account is avout half done
of fishes on the east and northeast coast of Canada “rom the
International Boundary to Hudson Strait and {r¥om the shore line
to the 500-fathom contour at the edge of the Continental Shelf.
The completed book will include illustrations and ksys.

POLLUTION

Freshwater and shore animals are subject to man-made
changes in their environment. These changes can be beneficial
or harmful, direct or indirect. Examples of beneficial changes
are the fertilization of Crecy Lake, the formation of trout
fishing ponds on Prince Edward Island, both mentioned in this
report, or in the remedial construction of fishways around dams
or impassable falls.

Unfortunately, examples of harmful changes are more
numerous. Many of them act both directly and ind:rectly.
Hydroelectric dams and other structures not on.y obsiruct up-
‘and downstream movements of anadromous fishes, bt{ alsc have
indirect effects. The impoundment above a dam mey foster
predators, may further interfere with migration, and zan be
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expected to render spawning grounds unusabie sinse peruolalion
of water through the substrate 1s reduced. DU spraying of
forests not only kills fish direcsily but also kills the agquatic
insects on which young salmon live through the first 2 er 3
years of life, thus altering toe whole bxovabic=~ @CONOMmY o
Lumbering and agricultural practice change ruan-cfi rasterns

and create silting situations that spoil spawning sreas and
alter stream faunas. Evern morse obvious 1s the e¢frect of turning
untreated domestic and industrizl sewage inte natuval waters,
All these alterations become deleterious %o flsh, Most of them
are also distasteful to man., ALL <f them are veing Lroadly con-
sidered under the heading of pollution,

In 1958, the St. andrews Station teok its fixst step in
the consideration and remedy of pelluticr., T msi ewprasis was
placed on a "base-line" survay of the Sain® n River and chosen
tributaries. BResults are %o be used for pr ?ug 214 assessing
future damage to fish by changes in river usags Sizeable
municipalities lie on this river system, aud Turuier expaaslon

i1s planned for industry and hydroglectric Jdzwelopment. Ths amount
and nature of the snimal 1ife on the river wottor ware cefined in
the free-=flowing section of the river and in “he lmpoandmwents above
the Beechwood and Tobigue dawms,. Reporied sites ¢l poilution at
East Plorenceville, Woodsntook, snd Arcostook Riv:als were chetked.

A study of Saint John River pkufiLn ieads ©o the concliusion that
the reduction in over-all river ars2a will be tolevatls at {the 1,000
cubic feet per second proposed as a winlmum %wluﬁ'e “vom Beechwood.
However, shaliow areas may be the mest severely af ”\Le%q and

the most 1mportant for fisc Life bis b i of anadromous ©ish

in the main river should he siudﬁld BLLTInin Hhubﬂ?a reduced
water levels and velcalty of ficw OV&F ahoals wiii 2ause strand-
ing of fish or mortality of sggs,

MATHEMATICAL STATISTICS

Fisheries work involves many quantivative gcasidera-
tions. Diverse data complicated by many 3ATLES ol srToer must
be carefully evsluated in reaching coaglas $ SR deation.
Even more difficult is the nescessity %o fo,uka~t the results of
changes in regulations from the imperfect indcrpaslion \hﬂ' 18
available in fisheries work, Thess gvaluations apd f ecasts call
for the special training of =z math A

-

oy
matical staslisticlar

During 1958, theovetical wons idc on Wags ziven %o the
lobster fishery at Tignisn in an effort %o astab¢¢sh total and
natural mortality rates and population grUanb( Thezs 9s+imates§
used in a steady state Mudblq were consideved in forecgshing
effects of changing fishing practices, Conclusions must be
accepted with some caution be&ause of vnecertaincy 1o deta on
which they are based. 7They iadicate that £ teoval Jishing effort
were reduced by 50% from that currently in eiffect, “hs yleld of
lobsters would be reduced by only 15% whllc rne caueh per trap
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haul would almost double., Tentative conclusions zoncerning the
effects of raising the lower size 1limit depend upon the estimate
of natural mortality rate. Unless this is about 20% or lower,
appreciable benefits cannot be predicted.

MAKING THE WORK KNOWHN

With increased demands from government and industry
for information about the fisheries, the Statiocn has continued
to develeop research programs, in consultation with provincial
and federal departments of government and with other nations.
The work of investigation was shared in the International
Cemmission for the Northwest Atlantic Fisheries,; the International
Passamaquoddy Fisheries Board,; the Interdepartmental Shellfish
Committee and the Federal-Provincial Salmon and Trout Research
and Management Cemmittee. These and other co-operacive =2fforis
have increased the amount and applicability of scientific results.
To make these results known and to encourage their use, the
Station has directed increasing effort toward their prompt
distribution to fishermen, the fishing industry, branches of
government, and fellew scientists.. Information was spread by
visits, meetings, letters, memoranda, addresses, radio, television,
and through writings in trade Journals; newspapers, magazines,
and in the Board's circular, progress report, Jjournal and bulletin
series. There is a continuing need to spread information about
the Station's scientific work, and efforts toward this end will be
continued and increased.



STAFF LIST BY INVESTIGATIONS

(April 1, 1958 to March 31, 1959)

Staff other than seasonals or term are classified as of March 31, 1959.
Those employed for Industrial Development Service are marked IDS; those
employed for International Passamaquoddy Fisheries Board project are marked
1PFB,

Director J. L. Hart, Pn.D.

Director's Secretary, Clerk L W. E, Young

Assistant Director, Senior Scientist L. R, Day, M.A,

Groundfish Investigations

Principal Scientist in charge W. B, Martin, Ph.D,

Associate Scientist L. M, Dickie, Ph.D.

Associate Scientist Y. M, L, Jean, Ph.D,

Associate Scientist F, D. MceCrackern, Ph.D,

Assistant Scientist A. C. Kohize, H.S¢, (educational leave
| fran Oct. 2/58)

Assistant Scientist P, M. Powles, M.Sc.

Technician 3 D, N, Fitageraid

Technician 3 G, J. W, Sullivan

Technician 1 M, F, Fraser

Technician 1 R, M, MacPherson

Technician 1 N. J. McFarlane

Technician 1 R, J. Thurber

Assistant Technician 2 Irma I. Thampson

Stenographer 3 _ C. Ruth Garnett

Stenographer 3 Shirley W, Delong (firam April 21/58)

Stenographer 3 Joy Sutherland (to May 22/58)

Associate Scientist ~ Term D, M. Scott, Ph,D, (May 15 - Sept. 12/58)

Technician 1 - Term G. W, Condon, B.Sc, (from May 23/58)

Assistant Technician 1 = Term Reta M. Greenlaw (Jan. 2 - March 31/59)

Student Assistant
Student Assistant
Port Observer - Part-time
Port Observer - Part-time

. L. MacLeod (May 1l « Sept. 15/58)
. E. Bussell (May 19 - Aug. 25/58)
. Berrigan

. C. MacMillan

o e e

Anadramous Fishes

(a) Salmon Investigations

Principal Scientist in charge C. J. Kerswill, Ph.D,
Associate Scientist P, F, Elson, Ph.D,
Associate Scientist M. H, A, Keenleyside, Ph.D,
Technician 2 E, J. Schofield

Technician 1 P. R, Graves

Technician 1 I. M. Jones
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Assistant Technician 3
Assistant Technician 2
Assistant Technician 2
Stenographer 1

Associate Scientist - Term
Assistant Technician 3 - Term

Aszistant Technician 3 - Term
Agsistant Technician 2 - Term
Assistant Technician 1 - Term
Assistant Tecimician 1 « Term
Azsistant Technician 1 - Term

Student Assistant
Student Assistant
Student Assistant
Student Assistant

Student Zssistant
Student Assistant

Netman = Prevailing Rates
Netman - Prevailing Rates
Casual emplcyess

(b) Trout Investigabions

Seridior Scientist in charge
dssistant Seientist
Technician 1
Assistant Tectmician 3

* Assistant Technician ¢
Student Assistant
Pond Guardisn - Pavi-time
Pond Guardian - Parb-time
Casual emplcyees

LTINS

grehard

. R, Ma~Farlane
lizabeth D, MchAuley

2
o

oo @
o

By

F, P, Iés, Ph,D. (May 2i - June 2i/58)
G, W. Cooper (Apw. 1 - Now, 29/58)

E. F, Thompzcn {June £ - &ug, 15/58)
W, H, Mzelean (Apr. L - Nov, 29/58)

H, D, Ciark (Apr. i - daly 25/58)

W, R, Currie (4pr. 1 - Sept. '30/58)

J. H. King (Apv. L - July 15/58)

D, H, Bebts, B.Sc., (May 26 - Sept. 3/58)
J. K, Brandeitt (May 29 - Sept. 5/58)
G, D, Maddison (May 20 - Sept. 15/58)
J. B, MeIneroey (May 5 - Sept. 5/58)
E, L. Miiis {(May 1, - &ug, 29/358)

F, T. Yamar s (May L - Sept, 19/58)
A, G, Syezvss {Apr. 2 - Des, 8/58)

E, C, Pugier (hpr, L - Now, 29/58)

. ¥, Saitk, Pa.l,

W, Saxuders, M8,

o R Hejzg

o Willfems

Marey Helmee

Jean Y, R, Baiwd (May il - Aag, 28/58)
W, A, Simpson

d, Stevenson

QR

¥ Also general laberzbory assistance

Crustacaa

Lobster Investigaticmns

Principal Scientist in charge
Associate Scientist

Assistant Scientist

Technician 2

Technician 1

Assistant Technician 3

Clerk 2

Student Assistant

Student Assistant

Adssistant Technician 1 =Term IDS
Assistant Technician 1 =Term
Assistant Technician 1 -Term IDS
Stencgrapher 1 - Casual

D, G. Wiidew, Ph.U,

D, W, M:Leese, Ph.D,

R, J, Gibsuz, B.A, (fvm Sept. 3/58)
R, C, Murray

U, J, Walsh

D, E, Graham

Evelyn R, MacMiilian

Patricis A, Hoit (May 16 - Sept. 1/58)
R, D, Lisk, AM., {May 29 - Mug, 29/58)
H, L, Cunminghan {(to May 31/58)

E, A, King (to May 31/58)

-y /.—v

to Mzy 30./58)

. D, Penrzy (to
azel L, Guant (Apr, 20 - May 9/58)

jasigns



Pelagic Fishes

Senior Scientist in charge

Associate

Seientist

Assistant Scientist IPFB

Assistant

Scientist

Technician 1 IPFB
Technician 1 IPFB

Teelnician 1

Assistant Technician 3 IFPFB
Assistant Technician 3 1PFB
Assistant Techrdician 2 1PFB
Assistant Technician 2
Assistant Technician 2 IPFB
Assistant Tectmician 1 L1PFB
Assistant Techniciasn 1 IPFB
Assistant Technician 1 LEFD

Stenographer 1 IPFB
Stenographer 1 '
Stenographer 1 TIPFB
Technician 1 - Term IPFB
Student Assistant IPFB
Student Assistant

Mollusca

Senior Scientist in charge

(a) Clam and Scallcp Investigations
Associate Scientist in charge
Technician 3

Assistant Technician 2

Junior Scientist ~ Term
Technician 1 ~ Term IDS

Student Assistant

Casual employees

(v) Oyster Investigztions

Associate Scientist
Assistant Scizntist
Technician 2
Assistant Technician 3
Maintenance Supervisor 1
Associate Scientist - Term
Student Assistant

Student Assistant
Casual employees

S, N, Tibbo, M.A,

R, A, McKenzie, M.A,

Vivien M, Brawn, M.Sc.

J. E. H, Legare, M.A,

A, W, Holt

H, A, Smith

E, G, Soliows

A, W, Browm

C. F, Monaghan

Cari@ne D. Buraebt

Phyllis J. Gibson (%o Dze, 31./58)
Delphine C, Macleilar, B.Sc,

C, A, Dickson

L, D, Gardner

R. S, Hendwisis

Mary J. Pitzgerzld (to May ¢6/58)
Janet L, Mahorey (£ram May 20, /58)
R, Chariene Stuart (fium Uuub 9/58)
M, E, MacLean (from Ost, 7/38)

M, E, MacLean (May 15 - Sept. 30/58)

G. M, Sarervii’e, B.So, (May 27 - Sept.8/58)

J. G, Medsof, Fh.D,

N, F, Bourne,
J. S, MagPhail
Egther I. Lord
Barbara L. Shaw, M.A, (May 22 - Sept. 9/58)
E, C. Durkee (May 23 - Nor, 28/58)

Joan E, Mortimer, B.Sz, (June 2 - Sept.29/58)

Ph.D. [feom Maocch 18/59)

R, Logiz, Ph.D,
E. Drinnar, B.Sc, (fram June 25/58)
. B, Vags, B.Sc.
B
R
B

. Henderson
. Oatway
. Stallworthy, Ph.D, (May 15 - Sept.12/58)
Kathieen J. Blenkhorn, B Se.(June 3 -

‘ Sept. 12/58)
Wilhelminz Van Walbeek (Moy 20 - Aug, z<?/ 58)

E:v:bdo:nini



Pollution Studies

Assistant Scientist in charpge
Technician 1
Casual employees

Mathematical Statistician

Associate Scientist in charge

Student Assistant

Seaweeds Investigations

Asscciate Scientist in charge - Term
Student Assistant

Taxonon

Senior Scientist in charge

J. B, Spr'agu«,5 M. A, (from June j/58/
D, L. Peer, B,Sc. {(from Oct. 1/58)

J. E. Paloheims, M.A. (educaflonal leave from
Sept. 23/58 - Feb, 13/59)

Norma E. Browr (May 290 - Sept. 8/58)

o

o Tayior, n.l. \P“"
. Oxztley May 15 -

3 e
Q.
1z
=

A, E. Leim, Ph,D.

Short-term Investigations and Technical Services

(Museum, Library,

Senior Scientist in charge
Technician 1

Clerk 2

Student Assistant

Student Assistant

Administration and Maintenance

Administrative Officer 3 in charge

Photography and Draf'ting)

L, R, M, A,

P, W, Hcl“hﬁ

M, Beryl 3t1n53n ' .
Patricia W, Flisgsr {May 20 - Sept. 12/58)
Norzen B, Keith (May 20 - Sept. 19/58)

I‘:
G,

3. A, Regews, ACLE.A,

Accounts, Purchases, Stores and Personnel

Principal Clerk
Cierk 3

Stenographer 2
Storeman 1
Director's Secreteary, Mail,
Clerk & in charge

Clerk 2

Stencgrapher 2
Stenographer i

Clerk 1 ~ Term

W. D, Burton
Frances L. Stinson
Charlotte A, Gibscn
B, H, Foster

Files and Switchboart

Winifred E, Young
Doruihy M, McLaughlin
M. Barbara Sti ickney

Margaret A, Horpeiolt
Fiora L. Langley Wz
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Maintenance, Services and Boats (St. Andrews)

Technician L in charge H, Y. Brownrigeg

Maintenance Supervisor 3 F, B, Purton

Maintenance Supervisor 1 R, A, Greenlaw

Caretaker 4 K. W, Johnston

Caretaker 3 (Watchman) H, E. Lee

Caretaker 3 (Groundsman) D, A, Stinson

Caretaker 3 (Nets, maintenance,etc.) C. S. Tucker

Maintenance Helper J. F, Johnson

Truckman G, F, Wensworth

Cleaning Service Man K. H, Murray (fram May - 5/58)
Laboratory Helper K, H. Murray (to May Uy /58}
Laboratory Helper C. E, Teakies (fram Mzy 20,/58)
Carpenter - Prevailing Rates H., C. Hiiiman

Carpenter - Prevailing Rates F, M, Langizy (frou Msy 21/58)

2
@

M/V nJ. J. Cowie"

Technician 2 {Capt.) C. J. Bayers

Engineer B, W, Hark

Cook-deckhand A, L., Surctte

Tywinehand I. A, Cottrean (to Mar. 31/59)
Twinehand E, B, Fevens {Apr. 10 - Dee. 11/58)

M/V $Havengus"

Technician 3 (Capt.) H, H, Butler

Chief Engineer H, Yarn

2nd Engineer I. M. Corkum

Mate W, R, Hoopw {0 Deu ’/;
Mate E, A, Mason {(fvam Fet 59)
Boatswain E, A, Mason (*o Jan. ‘*1:7'%'
Boatswain Vacant (fram Feb, 1/59)
Cook=-steward E, T, Hull

Seaman W. R, Heoper (fram Jan, 1/59)
Seaman W. J. Horne

Seaman C, A, Jacobs

Seaman F, R, Jolmson (to Jan. 30/59)
M/B "Mgilotus®
*Technician 1 (Capt.,) ' W, G, Carson

Assistant Technician 1 - Term C. B, Graham (May 20 - Oct. 10/58)

*Responsible to Assistant Director for technical aspects of work

M/B YPandalus II®

Technician 1 (Capt.) L, I, Cross
Engineer J, O, Atiain {&pr, 1 - Nov, 11/58)
Cook=deckhand A, S, Hewkins (Apr. J.S - Nov, 7/58)
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OCEANOGRAPHY

Atlantic Oceanographic Group

Senior Scientist

Associate Scientist
Associate Scientist
Associate Scientist
Assistant Scientist

Assistant Scientist IPFB
Junior Scientist IPFB
Technician 3

Technician 1

Technician 1

Agsistant Technician 3
Assistant Technician 3
Assistant Tectmician 1
Stenographer 2

Stenographer 2 - Term
Associate Scientist - Term
Assistant Technician 2 = Term IPFB
Assistant Technician 1 - Term

Student Assistant IPFB
Student Assistant IPFD
Student Assistant
Student Assistant
Student Assistant IPFB

Casual employees

Part-time -= Lighthouse Observers

L. Collins, Entry Island, M.I.
A, Doucette, Lurcher Lightship
. R,
1,

MacKanzie, Borden, P.E,I,
Wilson, IPFB, Lepream, N,B.

5
°
°
o

OoRoUC

L, M, Lanzier, D.Sc.
W, B, Bailey, B. Se,
N, J, Campbell, Ph.D,
R, W, Trites, Phr.D,
A, E, H, Cullin, M.5c, (returned educationsl
leave May 2/58) (on educational. leave fram
| Nov, 6/58)
F, D, Forgeror, B.Sc.
J. B, Chevrier, B.Sc,
J. G, Clark
J, I, Hll
G, B, Tayicr
C. C. Cunningham
T, A, Grant
R. K. Rebicheau

Mareen R, Horgan (to Jui. 30/59)

Jean E, Clinch (Febk, 11l « aw. Sept. 30/591
D, G, MacGregos, M.A, (funs 19 = Sept, 16/58)
. A, Jotmsione (May 23 - Sept, 29/58;

. B. Gragham (Oct. 1 =« Nov. £8/58)

. L. Blackford (May £3 = Sept., 5/58)

. L. Campbeii (May 12 - Sept. 12/58)

uth J, Coates (May 15 - S=pt, 12/53)

. E, Curtis, B,Sc. {May 20 - Sept. 9/53)

. D. Henderson (May 20 - Sept. 12/58)

oW aE
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SCIENTIFIC STAFF

Biclogical Station, St. Andrews, N, B,

J. L, Hart, Ph,D, (Toronts), F.R.S.C., Director.
L. R, Day, M.A. (Western Ontario), Assistant Director.

Fish taxonamy and distribution

A, H, Leim, Ph,D. (Terontc),
Groundfish

o Martin, Ph,D. (Michigan).

o Dickie, Ph.D, (Teorontc).

» L, Jean, Ph,D. {Toronto).

. McCracken, Ph.l, (Toronto).

. Kohler, M,Sc, (MzGiii). On educational leave from October 2.
. Powles, M.Sc, (Western Ontaric).

. Scott, Ph, D, (MaGili). Tewm, May 15 to September 52,
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Herring

S, N. Tibbo, M.A, (Toronto).

R. A, McKenzie, M.A, (Torento).

Vivien M, Brawn, M.Sz. (Dunelim).

J, B, H. Legare, M. &, (British Columbia).

Lobsters

D, G,.- Wilder, Ph.D, (Toronto).

D, W, McLeese, Ph.D. (Toronto).

R, J. Gibson, B.A. (Dublin). Fram September 3.

Mathematical Statistics

J. E. Paloheimo, M.A, (Toronts). On educational leave September 23 t. February 13.
Mollusca

J. C, Medeof, Ph.D. {I1llincis).

R, R, Logie, Ph,D. {(Rutgers)

N. F. Bourne, Ph.D. {Tcronto). From March 18.

R, E, Drinnan, B,Sc, {London). Fram June 25,

Barbara L. Shaw, M,4, (Western Ontario). Term, May 22 to September 9.
W, B. Stallworthy, Ph.D, (Torontc)., Term, May 15 to September 12.

Pollution
J. B, Sprague, M.A. (Tcronto), From June 3.
Salmon
J. Kerswill, Ph.D, (Teronto).
. F, Elson, Ph,D., (Toronto).
:

. A, Keenleyside, Ph.D. (Groningen).
. Ide, Ph,D, (Toronto). Term, May 21 to June 2L,



Seaweeds
A, R, A, Taylor, Ph,D. (Toronto). Term, May 20 to September 30.
Trout

M, W, Smith, Ph.D. (Toronto),
J. W. Saunders, M.Sc. (Laval).

Other
Llewellya W. Hillis, Ph,D, (Michigan). Voliunteer investigztor.
Marshall Laird, D.Sc, (New Zesland)., Volunteer investigatbow,

R, J, McIntyre, M.Sc, (Canterbury, N.Z,). Volunteer investigator.
B. B, Parrish, B.,Sc, (Reading). Special Consultant,

OCEANOGRAPHY
H, B, Hachey, M,B.E,, E.D,, M.Sc. (McGill), LL,D. (St. Thomas), F.R.S.C,,
Chief Oceanographer (Headquarters at the Biological Station, St. Andrews).

ATLANTIC OCEANOGRAPHIC GROUP (Headquarters at the Bislogical
Station, St. Andrews).

L. M, Lauzier, D.Sc, (Laval).

W, B, Bajley, B.Sc. (Acadia).

N. J. Campbelil, Ph.D. (British Coiumbia),

R, W, Trites, Ph,D. (British Columbia).

A, E, H, Collin, M.,Sc, (Western Ontario), Fram sducationsl lesve May 2,
On educational icave November 6,

F. D, Forgeron, B.Sz, (St. F,X,},

J. R, Chevrier, B,Sz. {(Lavil).

D, G, MacGregor, M.4A, (Oxon.,). Term, June 19 to September 16.



PUBLICATIONS
(April 1, 1958, to December 31, 195¢;

Baileyy, W. B. On the dominant flow in the Strait of Belle
Isle., J. Fish, Res, Bd, Canada, Vol., 1%, No. 6,
pp. 1163-1174%,

Bond, R. M., and J. C. Medcof., Epidemic shellfish peoisoning
in New Brunswick, 1957. Canadian Medical Association
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No., 1
LOBSTER INVESTIGATIONS

Research to provide the biological basis for wise use
of our lobster resources has for several years been carried out
along four major lines of investigation as follows,

I. Population studies. Field studies of the
commercial fisheries at five or more ports have been zarried
out annually since 19uk, The work includes collection of de=
tailed catch and effort statistics, measurements ol sample
catches, taggings and growth studies, A detalled mathematical
analysis of the Tignish, P.E.I.,, data 15 nearing completion
(Appendix 93), Tabulation of the Miminegash, P.E.7., and
Port Maitland, N.S., data in preparation for similar analyses
is well under way. A new growth study involved the marking
of 5,079 lobsters off Gabarus, N.S., in the spring of 1938,
First returns of these marked lobsters are expected in May 1959,
Experimental fishing off St. Andrews to determine the relation-
ship between catchability and temperature was terminated in
April, The data in conjunction with laboratory studies of
activity have been published In the Journai, Other features
of the population studies are considered in Appendix 2,

I, Studies of larvae apnd post larvae. The primary
purpose of this work;which is considered ir. more detail in
Appendices 3 and 4 is to determine whether the commercial
fishery can be pred;cted from our estimates of larva. and posit
larval abundance. Prospects of identifying a velatiomshlp
seem best with the unusually successful 19%2 year-class which
may have contributed heavily to the peak fishery in 1957-58,
If a relationship can be clearly estabtlished, a modified pro-
gram may be considered worth continuing on an indelinite
basis as a service to the industry.

III., Gear improvement. Fairly intensive work to
develop savings gear and a more durable efficient trap has
been carried on from time to time, During the past year,
however, we have done little more than act as advisors %o
Department of Fisheries personnel in thelir tests of aluminum
traps. One cylindrical aluminum trap of radical design built
according to our suggesiions by an Amherst, WN.5., firm was
tested off Miminegash, P.E.I. This trap fished pooriy.
Unfortunately, it was lost before it could be mopdified in an
attempt to improve its performance.

IV, Factors affecting the survival 2nd behaviour
of lobsters, “Active work in this field over the past 10
years has provided the knowledge on which various advances
in the care and handling of live lobsters have been based,
During the past year, emphasis was placed on the oxygen
requirements of lobsters in air arpd in water and on their
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ability to acclimate to temperature changes under various
conditions ({Appendices € and 7). A thorcugh st umy of %the
factors involved in the survival of lobsters out of water
was also started this year (Appendices 8 and 9i,

Technicians R.C.Murray, U.J.Walsh, and L.E.Granam
did the field work and preliminary tabulation in cunnectlon
with the population studies, Mr, Paloheim@9 assiszed by
Norma E, Wiley and the lcbster investigation scari, nasg
undertaken the mathematical analysis of the Tigrish data,
R.J.Gibson, Assistant Scientist, joined the stafl fm.Septl-
ember to assist with such analyses, The field c¢cllections
of larvae and post larvae were made by Capt, LoI.Cross in the
50-foot M.B.Pandalus II. These collections were processed in
the laboratory by Evelyn R, MacMillan and R.C.Murray,
Dr., Mcleese with student assistants R.D.Lisk and Pairicila A4,
Holt conducted the studies of lobster survival,

DG Wilder
No., 2
LOBSTER POPULATION STUDIES

Lobster population studies were conti?vad in 1958
at five ports, Comparable data for 13 to 19 year r landings,
effort, size distributions and rates of expxo*ruwi N #ré oW
avallable for these ports. As an iilustration o1 some im-
portant differences in the fisheries of these arsaszs che size
distributions in 1958 are plotted in the accompanying figure,

Tipgnish and Miminegash, P.E.l, These puiris near
the northern tip of Prince BEdward Island are typical of the
small~lobster areas of the southern Gulf of St. Lawrence,

The major difference in their lobster fisheries is the sezson
which at Tignish extends from May 1 to June 30 and 2t Mimine-
gash from August 10 to October 5, Lapdings at both ports
have increased substantially sinee 1954, possibly because of
improved protection of sub=legal sizes and because of the
unusually good larval settlement in 1952, 4n unexpected 20%
decrease in the Tignish 1958 landings is possibly a direct
result of intense illegal fishing in the summer of 1957,
Further decreases may occur when the poor 1953 and 1954 year-
classes reach legal size, However, bottom dragging off
Miminegash this fall revealsd a good stock of sub-legal
lobsters and suggests good fishing in 1959, On the average,
over half the catch by count at each port is below legal size,
Towards the end of the seascn 80% or more may be sub-legalo
This abundance of short lobsters contributes appreciably to
the difficulties of enforcing size limits in such areas., The
bulk of the legal catch is made up of canner-size lobsters,
The fisheries are so intensive that relatively few lcbsters
reach the generally more valuable market sizes,

Gabarus and Fourchu, N.8. These contigucus ports
on the outer coast of Cape Breton Island were selected for a
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comparative study of the effects of size Limiis, AL Fourchu
the size limit bhas remalined virtually uqohaxgcd since 1947,
It restricts the lsgal caten to those sizes ceptable to the

live lobster trads, At Gavarus appreciabiy umdlj r size
limits have been in effect since 1940 but in 1956 a plan9
approved by the fishermen, was adopted to increase the slze
limit slightly each year, Unforturnstely this plan scincided
with a natural, general decliine in the Cape Breton lobstew
stocks, Many fishermen, howsver, ascribed the decline lin
their area to the size-~-limlt increases already sdovied. As
a result the plan was dropped after two yezrs, wandings in
both the Gabarus and Fourehu areas me?u»eﬁ ﬁi’gh?lv in 1958
but there have not yet been suggestions of further size-1imit
increases off Gabarus. Az may be seen from the daﬁompanying
figure the size limit now in effect at Gabayus 15 gmall in

X

relation to the size composition of the catch,

Port Maitland, N.S5, These Yarmouth County lobster
grounds ars repregemtaEAVQ of the highly vroductive southe
western Nova Scctia area,  Lobpster canping was abandeoned
over 25 years ago WI*‘ the introduction of a size Limit about
equivalent to the one now 1r affect, Un the svsrage, over
half the lobsters uuuyhv are below legal size but the per-
centage varies greatly in r@“a fon to depth and time, From
1950 to 1956 landings declined t@aii*y bui ave recovered
slightly in the past TWO Years. Ariee 1950 the flieel has
dropped from 43 %o 29 boats, & : the gatah per boat
has remained at & relatively high and hss lacreased
appreciably in 1957 and 1958,

Do Wisdey

No, 3

THE RELATIVE ABUNDANCE COF LOBSTER LARVAE
IN NORTHUMBERLAND STRAIT

Each summer since 1948, plankton tows for lobster
larvae have been made in the Northumberland Strait area
between Richibucto, N.B., and Mﬁmln@gmsi PET, The purpose

has been to determine ths gea sCné 1 Oﬂ”lr"ﬁnaew HPOW NN
mortality rates, and relative sbtundance of the Fouy free-
swimming larval stages, The SpecialL designed wedge-=
shaped plankton nst is made of grit gauze, io aeshes To tne
inch, It is 12 feet by 3 feet at the mouth and 29 feet
long. The numbers of larvas caught in 0% half-hour Lows

in 1958 were as follows:

— Nugber of
Towing period Stage I Stage [l Stage

¥ Total

June 16-Sept.l§5 13,077 270N 1,672 481 17,935

As an index of the velative abundance of the first
and last larval stages, the catch per tow 18 plotted in the
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accompanying figure. The data for 1948 have been omitted
because the mesh size differed. In 1958 both the hatch and
survival were below the 1lO-year average. Consequently re-
latively few larvae reached the fourth stage.

The study of possible relationships between larval
settlement and subsequent commercial production is seriously
hampered by difficulties in age determination. Commercial
landings off Miminegash in 1958, in the immediate area of these
larval collections, were the highest in over 1% years., This may
be a result of the unusually large larval settlement in 1952, If
so,a decline in the commercial catch should be anticipated when
the relatively poor 1953 and 1954 year-classes reach legal size,

D.0,Wildsy
No. 4

RELATIVE ABUNDANCE OF YOUNG LOBSTERS
IN NORTHUMBERLAND STRAIT

Bach spring and fall since 19952 a fine-meshed net
has been dragged off Richibucto, N.B., to learn more about the
growth, survival,and relative abundance of young lcbsters,

By 195&9 after much testing of gear and bottom conditions,
the equipment was standardized and a series of 14 stations
selected. In 1958, from May & to Jume 12, 1,019 lotsters
were caught in 220 ten-minute drags and from September 16 to
October 22, 2,034 were caught in 24l drags. The relative
abundance of the various sizes during the past three years,
expressed as the catch per 100 ten-minute tows was as followss

Number pexr 100 drags

Carapace length 1996 1957 1958 _
Inches. Spring Fall Spring Fall Spring Fall

<1 48 L9 b8 23 33 65

1=1% 71 140 6% 126 86 156

14=2 151 300 97 257 166 307

2-2% 153 288 1l 2L3 141 221

243 30 59 58 L5 L6 2

>3 10 7 7 6 7 5

Totals L63 843 419 702 L79 826

In general the ¢atch per drag is greater in the fall
than in the spring. This is probably a reflection of seasonal
differences in behaviour and availability rather than a true
difference in abundance. Fourth-stage larvae declined in
abundance from the summer of 1956 to 1958, This is not reflected
in the relative abundance of the smallest size group of young
lobsters in the fall drags. Lobsters just below the legal
carapace length cf 24 inches should contribute importantly to
the fishery the following year, The good catches of sub-
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legal lobsters in 1958 suggest that commercial landings in
this area in 19%9 should approximete the recond sl cateho
Popular opinion has held that legal-sized lobsters do not
occur in this area during the spring. The iragging oper-
ations show they are just ss plentiful in the sypring as they

were at the cleose gf the previous fall ssazson,

No. §
METHODS 0OF INACTIVATING LOBSTER CLAWS

To reduce injuries and mortalities among live
lobsters during storage and shipment the clawg must he in-
activated, In North America this is wuewelly aczoomplished by
inserting a small weoden or pilsstic piﬁg ivte the j@inn ot the
claw, This plugging 18 usuwally done by tha fisnermen, some-
times as the lobsters ave caught bt ortﬁ~ when they are landed,
The method is effective, cheap and fasd, Lo tims, however, the
meat near the plug turns black and ~11 {filawours 4wve-vpo With
prolonged storage the zhell 1tsell may dis: HT@“““L in the
plugged area, In addition, certain Burcpean cownitvias prohibit
plugging on the guestionsble grounds cof cruasity. latter
objection is, howeve?% of increzsing concern to ouy Jdzalers
since there appsars to be & growing sessongl market in ARurope
for live Canadian lobsters,

3

To explore other methods of inacta atjmg whe claws,
unplugged market-gize lobsgiters were wbtained Jrow souilthern
Nova Scotia in March and shipped to 8% Andrews, On Mareh 27
these were divided intuw fuuw lotes ot ﬂoo Bowh ciaws of one
lot were plugged with standard machins-made one inceh by one«
quarter inch birch plugs, The clawe of the sexand lot were
banded with one inch by one-half inch natural vabbsr bands of
the type formerly used in Canada to a limited =2xtent and now
used quite widely in Burope. The extensor %endons of the
third lot were cut so the lobsters could not open their claws,
The fourth lot was untreated and s=rved azs & conirol, All
lobsters were tagged with serially nurbered

The four lots were stored separatsly in tenks of
running sea water. Fach tapk was checked wvisually each day
and any dead lobsters exanined and recorded. Once a2 week the
tanks were drained and the lobsters removed %o provids more
detailed information on injuries and moritalities, The lobsters
were fed about once a week. When the experiment was terminated
on August 8 after 133 days the percentsge mortalities were as
followss

Plugged Bandsed Cut tendons .
Sh% 50% 78% 2%

These resulis clsarly show the valuve »7 inactivating
& = !

the claws and indicate that plugged or baendsd lobsters zurvive
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better than those with cut tendons, Bleeding {5 %o 35 cc.)
associated with the tendon cutting operstion mey he partially
responsible for the higher mortalitiss, Tre generally high
mortalities in all lots are undoubtedly related %o the fre-
quent handling,

Only one band and four plugs wevs Loxe sShowing that
both last well for four months, However, botn bends and
plugs were detericrating by the end of the expeviment snd
could not be expected Lo pevform efficiently for much longer.
There was no indication that claws were iost as z direct re-
sult of any of the treatments

For periods up to four months rubber bands inact-
ivate lobster claws as effectively as wooder pings, They do
not damage the meat and are ﬁwr@pfable in 211 countries,

They are, however, alower and more difficult to apply and are
probably more costly than plugs. For these reasong they are
unlikely to become populiar among fishermen unless a simple
method of applying them can be develcped,

No. 6
OXYGEN CONSUMPTION OF TEE LOBSTER
To obtain information vasic ﬁu
of survival and behaviour, the study of
lobsters was continued, The results ars

importance for estimating oxygen reguircsmentd ind holding capace
ities of commercial sterage unlts.

Oxygen uptake in water

During the summers of 1957 and 1958 the oxzygen uptake
of lobsters was determined at approximate 5°C. intervals at
acclimation temperatures ranging from 5° to 25°C, Average
readings based on 5 to 12 individual lobsters 2ve shown in
Figure 1, Oxygen uptake for lobsters acclimated and tested at
25°C, is double that for lchsters acciimated and tested at 5°C,

Uptake in relztion to oxygen content ol the water was
measured at approximate 5°C. intervals at acclimation temperatures
ranging from 5° to 25°C, Average readings based on eight indiv-
idual lobsters exposed to dscreaging levels ut cxygen at each
acclimation temperature are shown in Figure =, dxygen uptake
increases with temperature st all levels of oxygen convent. At
any one temperature, & marked decresse in gp"ake Gesurs at oXygen
levels lower than dkau G ozao/le The relationship i35 complex
because uptake is dependent on content owsr the entire range of
oxygen at high temperatures and is independent of content at the
higher levels of oxygen at lower temperatures,

Sudden temperature changes have a prounocunced effect
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Figure 1 - Average oxygen uptake of lobsters in relation to
acclimation temperature.
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Figure 2 = Average oxygen uptake of lobsters in relation to
acclimation temperature and to oxygen content of
the water.
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Figure 3 - Average oxygen uptake of lobsters in air in relation
to acclimation temperature.
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Figure 4 - Average oxygen uptake of lobsters in air as a per-
centage of that in water in relation to acclimation
temperature.
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on oxygen uptake, The uptake of lobsters acclimated to
13°C, and suddenly transferred to 5°C. water was twice that
of lobsters that had been acclimated to 5°C. before testing.

Oxygen uptake in air,

The oxygen uptake of 8 vo 12 individusl lobsters
in air was determined st 5°C. intervals at aczclimetion and
test temperatures ranging from 5° to 25°C. High relative
humidity, between 85 and 100%, was maintained during the tests,
The results are shown in Figure 3. The uptake in air reaches
a maximum value at 10° to 12°C., and approaches zero at 25°C,
Uptake decreases at temperatures below 10 to 12°C, As shown
in Figure 4, when uptake in air is presented as a percentage
of uptake in water at corresponding temperatures, the greatest
uptake in air (at 10 to 12°C.) is only about 57% cf thet in
water, The pexrcentage uptake is 35% at 5°C., and 2% at 25°C,
At moderately high temperatures; oxygen uptake will be insuff-
icient and result in the dsath of lobsters,

A sudden change in temperature has a pronounced effect
on uptake in air, Lobsters acclimated to 10°C., and held in
- alr at 20°C, do not utilize oxygen and weaken rapidly,

Water flows or aeration necessary to maintain high
oxygen contents in commercisl storage units for live lobsters
can be estimated from these results for various loads and tempe
eratures,

Summary of R.D.Lisk's report
by D.W, McLeess

No. 7
TEMPERATURE ACCLIMATION IN THE LOBSTER

- Acclimation is known to have a marked effect on many
aspects of the survival and behaviour of lobsters. A 1limited
knowledge of temperature acclimation was obtained several years
ago and the study was revived this summer to provide a thorough
knowledge of acclimation. An understanding of acclimation
rates involves a study of changes in tolerance to high and low
temperatures for upward and downward changes in temperature.

Observations on gain and loss of heat tolerance for
sudden temperature changes of about 5°C., upwards and downwards
were made over the temperature range 8° to 25°C, Acclimation
is judged to be complete when average survival time at a lethal
high temperature becomes constant.

As shown in the accompanying figure acclimation upe
wards from 8.,5°C. to 15°C, is complete in 18 days, from 15° to
20°C, in 8 days and from 20° to 25°C., in S days. Upward ac-
climation progresses most rapidly at the higher temperatures.
By adding acclimation times for two consecutive 5°C, jumps,
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Figure 1 = Gain of heat tolerance for lobsters acclimating
to approximate 5°C. increases in temperature
over the range 8.5°C. to 25°C,
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acclimation for the total 10°C. change from 15° 4o 25°C,,
would be complete in 13 days. Our eariier Wm‘& showed,
however, that acclimation to a sudden chougzs Jrom 140 o
23°C, required 2¢ days, This suggests that dcwanatlon
proceeds faster in the same general rangs @f tempeyatures
in response to small rather than large staowise wemperature
increases,

e]‘
"3
<

The results for downward acclimatica over *the
same temperature range were variable and further work is
required before definite conclusions mey be reauned, Further
studies will cover s wider vange of Temperaturee for upward
and downward temperature changes and the rates of Loss and
gain of cold tolerance,

Summary of P AHolt's rzoort
Dy DQWOM@Lee;e

No., 8
LIGHT-WEIGHT METHODS FOR PACKING LIVE LOBSYERS

A demand for suitable lighteweight methods of
packing live lobsters, particularly for rapid ﬁransport over
long distances by alr is stezdily growing. Two wmnma$nersg
wdanum 1©¢L sBa shurst
v wWood 3NAavings

: 3 proyjded
ide mpu

a cardboard container insulated with alu
container) and & cardboard carton with &=
have proved successful for @ommercialnﬂizhd s“
low temperatures are maintained. Dependly

eratures, up to 20 pounds of ice will ma¢n‘ ~
eratures for 36 hours in the Bathorst convainzs.

Tests to determine the eifectivensss ol ‘a;i ub
amounts of ice in wood shavings packs are sumels
following table. Room temperature averaged 23 oz’
hours and temperature in the boxes was 12,5°C, when packedo

A
Weight Final Temp, Weak
ice Number of temnmp. at inerease and Unme 1ted
(Ib.)  lobsters 24 hr.(ec °C.  dsad ice (%)
10 50 19,2 6o 18 kY]
15 50 1702 4.7 ) 57
20 50 16,8 4.0 3 L0

The larger quantities of ice regulied in amaiier
temperature increases and smaller numbers of ws ans dead
lobsters, However the ice was not effective in keeping the
boxes uniformly cool, A definite temperature gr aaiemt from top to

2f i“

bottom was evident, Uniform cooling and more ient use of
the ice could be obtained by distributing the ic nzroughout the
packages in small waterproctf units,
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Relative insulation qualities of various materials

To determine the relative insulating qualities of
woocd=-shavings, curon Sponge, vermiculite and styrolite beads
for use as light-weight packing material for live lobsters,
10 lobsters were packed in each of four similar boxes each
containing a different material. The boxes were packed at
3°C, and stored at a room temperature of 20,.5°C, for 24 hours
without ice, The temperature increase was followed, The
results are summarized as follows:

No.

Final Temp, weak

Density temp. at increase znd

Material (Ib./cu,ft.) 24 by, °C, °C, dead
Wood shavings 3 1b, 1k oz, 17.5 1k, 5 b
Curon sponge 1 ib, % oz. 18,0 15,0 10
Vermiculite £ 1b, 5 o2z, 18,2 15,2 5
Styrolite beads 2 1b, 2 oz, 16,0 13,0 6

Temperature increase was the least with styrolite
beads and approximately the same for the other three materials,
In addition styrolite beads settled less during the holding
period affording greater proteetion for the lobsters in the top
layer.

Survival of lobsters was not expected to be satis-
factory bhecause of high temperatures during the tesi, However,
survival in curon sponge was considerably less than in the other
materials, A second test, using 20 lobsters in curon sponge
under similar test conditions resulted in 19 weak and dead
lobsters, Curon itself is not toxic to lobsters and the reason
for the higher mortality is not understood,

When expanded, styrolite beads form a solid light-
weight material that is used as insulation, Two styrolite
boxes with different wall thickness (2 inech and 1 inch) were
tested using 35 and 33 lobsters respectively, The boxes were
packed at 3°C, and stored at 20,5°C., for 30 hours. Temperatures
in these boxes remained 4° to 5°C, lower than in a similar pack
without insulation. Percentage of weak and dezxd lobsters was
high in this test because of high temperature, accumulation of
COo and decrease in Op in the tightly sealed boxes., Accumul-
ation of CO0» and decrease in Oz can be prevented by small air
vents without seriously altering the insulation qualities of the
styrolite box.

Cost, density, ease of handliing and lobster guality
are important considerations for economical commercial use of
the materials, Wood shavings and styrolite plastic in box
form offer promising leads for future development in shipping
techniques for Canadian lcbhsters.

D, W, McLeese
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PRELIMINARY OBSERVATIONS OF LOBSTER SURVIVAL IN AIR

"The live lobster trade has developed as such because
lobsters will remain alive for several days in alir under cer-=
tain conditions, A study of the physiological needs and limit-
ations imposed by a non-aquatic environment could lead to
improved shipping conditions, thereby reducing losses and extend-
ing the safe shipping time, Some preliminary observations have
provided promising leads for further work,

Air respiration

Oxygen uptake in air is only 57% of uptake in water
at 10°C, and the respiration rate declines until it is only 2%
of that in water at 25°C, Weakening and death in air may be
caused by the build up of an oxygen debt, Some tests using
sealed containers to compare survival in an oxygen atmosphere
with survival of lobsters in air are summarized in the following
table:

Duration Condition

Numbser of of test of COso 0o
lobsters Treatment {hr.d lobsters % %
2 air at 20°C. 19 2 dead i 19
2 0, at 20°C, 19 2 vigoraus O 214
1 air gt 15°C, 22 dead iy 21
1 air at 15°C, 35 dead z 18
1 0o at 15°C, 7 vigorous P 21+
1 05 at 15°C. L vigorous & 21+
2 air at 15°C. 29 2 weak 3 18
2 air + ascarite
at 15°C, 29 2 vigoerous O 17
2 air + activated
charcoal, 15°C, 2 2 weak + 16
2 0> at 15°C, 29 2 vigorous 5§ 21+

Lobsters live longer in a sealed container without air
renewal when exposed to an oxygen atmosphere, Accumulation of
CO0p as oxygen content is reduced; contributes tc weakening and
death in air, If CO, is removed chemically as it is produced,
lobsters can withstand up to a 204 reduction in oxygen content,
in air, In an oxygen atmosphere, gradual accwealaticn of COo
up to 5 or 64 does not weaken the lobsters over a 47-hour period.



Lobster = 16 =
Survival in relation to temperatur

During fishing and packing for snipment lobsters
may be exposed to air temperatures higher or lower than the
water temperatures where they had been living, The effect
of short exposure to various alr Temperatures on survival is
summarized in the following tables

Test
Acclimated temperatures Number of %
temperature °C, {(afr)(°C,.) lobsters dead
8=hour exposure
10 10 8 O
15 15 8 >
20 29 & 0
25 | 25 8 0 {100% weak)
10 20 3 100
5=hour exposure
12 12 1h 17
12 18 16 1o
12 19 i1 2
12 21 V4 60

Lobsters accelimated and tested at the same temper-
atures remained vigorous fer & hours in air up to 20°C, All
lobsters weakened in air at 25°C, Those acclimated to 10°C,
and held in air at 20°C, died within 8 hours, Lobeters
acclimated to 12°C, and tested at ailr temperatures from 12° to
21°C, for 5 hours showed higher morvalities at the higher temp-
eratures,

These results suggest that best survival in air will
occur at air temperatures not higher than the acciimation
temperature, and definitely not higher than 20°C, O the
basis of other observations temperatures lower than the acelim-
ation temperatures are probably preferable especizlly for longer
storage,

It is planned %tc expand this work %o establish lethal
levels and resistance times for lobsters in relation to air
composition and temperature,

D.W.McLeese



MOLLUSCAN SHELLFISH SUMMARIES

Shellfish investigations

Oyster disease

Observations on larval distribution in Bideford River
Spatfall prediction

Spatfall studies

Spatfall on commercial collectors

Laboratory growth and mortality of spat

Ecological survey of the Conway Narrows oyster bedding area
Introduction of the European oyster

| Saltwater ponds for shellfish culture

Damage to soft-shell clam stocks by escalator digger
Study of Gecrges Bank scallop fishery

Hydrography and mass mortalities of scallops in the
Gulf cf St. Lawrence

Explorations for ocean quahaugs in Northumberland Strait

Shellfish and Passamaquoddy power development
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No. 10
SHELLFISH INVEST IGAT IONS

The shellfish investigators are faced with problems
that are highly diversified. The scallop fishery on Georges
Bank involves us in most of the problems that conzern any fishery
that is subject to international regulation. The "domestic"”,
inshore fisheries for scallops, clams, quahaugs and "wild" .
oysters create all the problems of conservation--size limits, gear
regulations and fishing seasons--that arise in domsstic fisheries
for other types of fish. The species just mentioned are occasion-
ally or regularly eaten raw and are commodities in‘imternational
trade. Consequently they present us and the Department of
Fisheries and the Department of National Health and Welfare, who
work with us, with public health problems, domestic and inter
national (sewerage pollution and paralytic sheilfish poison).
The oyster is the only commercial fish on our soast that is
cultured and culture involves a whole gamut of provlems that are
unique to that fishery. They require the operation of this
Station's only Sub-Station and involve us in many timz-consuming
housekeeping probiems. Because there are nearly 1,500 oyster
culturists on our coast who require advice and Informstion from
time to time, shellfish investigators are constantly being drawn
into contacts with individual growers because many °f our efforts
are of direct concern tc them, We are also in constant communica-
tion with the Department of Fisheries which administers the oyster
culture programs and with its Experimental Oyster Farms whose
operators look to us for co-operation,

Besides attending to these matters we ccnduct explora-
tions for unused stocks of species of shellfish that are regularly
exploited (bar clams) or for stocks of species tha® are not but
could be exploited (ocean quahaugs). We study diseases of shell-
fish and fortunately have been able to combat one oi them, the
Malpeque disease of oysters. We develop new types of fishing gear
such as the mechanical shellfish harvester. WuWe try tc predict
the effects of public works developments like causeways and tidal
power dams on our fisheries. A4nd we look for ways c¢f increasing
shellfish production by experimenting with exotic species that
may be adaptable to our areas. To keep up=to-date in all these
matters we must not only investigate, we must alsc keep informed
by reading extensively and by travel. Last autumn the Program
Head visited molluscan shellfish industrial and research centres
in British Columbia and Washington State.

These assignments are most demanding and it is under-
standable that our investigators are very busy. We are pleased to
share our burdens now with Mr. R. E. Drinnan, formerly engaged in
shellfish research by the British Ministry of Agriculture,
Fisheries and Food. This is the first time since 1946 when
Dr. Logie took charge of the Sub-Station, that he has had an
Assistant Scientist or Associate Scientist to assist him as his
predecessors had. We are confident now in tackling the more deep-
seated problems of the c¢yster industry. We are sorry *o say



-
>

Molluscan shellfish - 18 -

good=bye to Dr. L. M. Dickie who 101“Vj whe z**unﬂvf“‘
tors last spring. For many years he has besn a
and inspiration %o cur group and we lope Nis Futls
a share of Dr. Dickie's qualities., We also hop
join us soon because we have been short-handed

The appendices which follow partly iilusurate how our
efforts were distributed in the year just past. We nave alisc
been active in investigational projects not mertioned in
appendices (e.g.; green crab studies) and we have contributed to
the proceedings of:

(1) The International Convention for the Northwest
Atlantic Fisheries

(2) The International Passamaquodday Fisheries Board

(3) The Interdepartmental Sheliiish Commitsee which
has international relatlo

{4) The National Shelifisheries Asscciasion | TeS.d, )

(5) Department of Fisheries Maritime Ares Cunferance
of Protection Officers

(6) U,8., Fish and Wildlife Servi
on Bast Ccast Oysver Mecre

(7) Advisory Committee on the Oyster Fishery in The
Maritinmes Area

(8) Prince Bdward Island QOyster Growers Associatinn.

Most of these contributions have stressed applied
aspects of our work but besides these we have contributed to the
literature by publishing papers on both scademic end immediately
practical results of our work. As further means of disseminating
our results,; we have been interviewed on I.¥. progrsus. pressnted
numerous radio addresses, held newspaper interriews, vetted
script for newspapers, addressed public meetings and prepared
blue-print drawings of the mechanival shel.fish harvester, These
last were executed by Mr., Ronald Greenlaw of the wmsintsnance staff
and have excited muchn favourable comment among prospeciive
builders.

We have workea hard and some of the tasks have not been
pleasant or easy. But we do have a satisfying feeling of having
effected some advances in knowledge, understanding and human
relationships and cf having improved physical standards of living
in our fishing communities,

Jo %o Medeof
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No. 11
‘OYSTER DISEASE

o Mortalities in New Brunswick and Nova 8coiia continued
in 1958, In all previously affected areas oysiers @cnt§nuedrto
die, although at lesser rates in some places. isease invaded
Caraquet Bay public fishery late in 1957 and reached epidemic
proportions in 1958, About 87% of the 1957 population of this
bed is now dead, On the north shore of Miramichi Bay, disease
spread both east and west from the Neguac focus %o ensompass the
Tabusintac and Oak Point beds. No accurate figures of mortality
are available, but both fisheries ceased to fuuction in 1958,

Mortality in central Malpeque Bay was Leavy in 1956 and
1957 on deep-water beds and light on shaliower beds rear the mouth
of Bentinck Cove. Previous studies were all based on drag samples
but in 1958 experimental iots were placed in trays on the beds for
closer observation. Little Rock Bed was seiected as typigal of
deep-water ground and Little Island Bed as represencing shailower
beds. Separate trays on each bed contained (a) about 400 oysters
from the bed itself; (b) about 400 healthy young oysters from
Conway Narrows. In addition, a lot of 400 Little Island oysters
was placed in a tray on Littie Rock. The reciprocal transfer
would have been desirable, but was considered oo rigky., Observa-
tions on survival, conditlon, and growth commenced June 6. 1958,
Results for the pericd up tc¢ September 27 appear in Lhe natle
below,

v T S

Area of Area of % Surviving to

origin placement Sept, 27, 1998 _ Lomartlon  Growth
Little Rock Little Rock 9.0 Pour Poor
Conway Narrows Little Rock 9Z2.9 Guod Good
Little Island Little Rotk 93,7 Goed Good
Little Island Little Island 98 & Good Good
Conway Narrows Little Island 97.1 Good Good

Little Rock natives hardly grew at all and had thin
translucent meats. A4ll other lots grew well and had meats in good
condition. All lots on Little Rock Bed showed poorer survival than
those on Little Island Bed, but, since the poorest survival is still
fairly good, these differences are not significant yet., The great-
est mortali%ies on beds like Little Rock have occurred over-winter
and in the spring. The experiment is continuing and we shalil be
on the watch for such changes,

Rehabilitation transfers of Prince Edward Iszland brood
stock to affected mainland areas were contirnned oy whe Department of
Fisheries in 1958. The program of transfers is now ascut 60%
complete. Sub-Station personnel have evaluated thess for success
where local controls were maintained (Table).
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Obviously survivals have been strikingly higher among
transferred Prince Edward Island oysters than among mainliand
natives. Conditions in 1958 were good and Prince REdward Island
transplants grew well and spawned copiously and produced spat in
some places, Mainland oysters grew poorly and spawnsd 1little,
if at all.

The spat we caught c¢ould have arisen from any of thrne
possible crosses: {1) native x native; (2) native ¥ P.E.ZI
(3) P.E.I. x P.E.I. On the basis of numbers of parents and of
their spawning condition, the last of these is bziieved to have
predominated and to yield resistant spat. We shall test their
disease-resistance in 1959 and succeeding years. Last year we
caught a set only at Malagash and tested it this year. The last
two entries in the table show no clear evidence that they are
resistant. Further data are necessary.

% survival
t

** Separated native spat of 1957 year-class.

Area of Area of Experiment o end of
origin placement commenced 1956 1957 1958
Shippegan, N.B. Shippegan, N.B. Aug. 8, 1956 9.8 7.7 5.1
East River, P.E.I. Shippegan, N.B. Aug. &, 1956 G8,6 80.5 76.3
Shippegan, N.B. Shippegan, N.B. June 12, 1957 37.5 1.0
Summersidey P.E.I, Shippegan, N.B. June 12, 1957 86,9 8l.5
*Shippegan, N.B. Shippegan, N.B. May 16, 1958 32,5
Summerside, P.E.I. Shippegan, N.B. May 26, 1988 96.2
Neguacy, N.B. Neguac, N.B. July 12, 1987 Wy,5 14,9
Bideford River,

P.E.I, Neguac, N.B, July 12, 98.5 89,0
Neguac, N.B. Neguac, N.B. June 2 36.2
Summerside; P.E,I., Neguac, N.B. June 24, 19%4 96 .1+
Hardwicke, N.B. Hardwicke, N.,B. June 13, 1957 69,3 30.6
Bideford River,

P.E.I. Hardwicke, N.B, June 4, 1957 97.9 82,8
Hardwicke, N.B. Hardwicke, N.B. June 23, 1958 65, 7
-Summerside, P.E.I. Hardwicke, N.B. June 23, 1958 92.1
Mill Creek, N.B. Mill Creek, N.B. July 1l. 195Y 75.2 24.7
Bideford River,

P.E.I. Mill Creek, N.B. July 11, 13857 99.5 95,0
Mill Creek; N.B. Mill Creek, N.B, May 22, 1955 94.6
Summerside, P.E.I. Mill Creek, N.B. May 22, 1955 98.6
Malagash, N.S. Malagash, N.S, Aug. 9, 1956 7¢.5 26.6 15.0
East Rivera P.E.TI, Malagash, N.S. Aug, 9. 1956 98.0 85.1 79 1
Malagash, N.S. Malagash, N.S. May 15, 1957 62,7 21.5
Summerside9 P.E.I. Malagash, N.S, May 15. 1957 95.5 90.5
Malagash, N.S. Malagash, N.S, July 15, 1958 §1.6

**Malagash, N.S. Malagash, N.S, July lhq 1958 77«0
* Two year olds. from a slightly different location.
Not strictly comparable to other native Shippezan lots.
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In Neguac Bay, Mill Creek, and Malagash Basin the
survival of natives from spring to freeze-up in 1958 approximated
that of resistant Prince Edward Island stock transplanted in 1958,
This suggests that the epidemic has about run its course in these
areas.

’ Laboratory work on the pathogen continued. The
technique of bleeding from the heart was greatly»imprgvedﬂ It -
was possible to decide that blood of healthy oysters is bacteriol-
ogically sterile on the media used, while that of diseased oysters
exhibits a generalized bacteremia. There may be a bacterial
pathogen but so far we can conclude only that healthy oysters have
a good anti-bacterial defense which breaks down in this disease.

The faeces of healthy and diseased oysters aiso differ
both in their appearance and bacterial flora. Further work is
necessary to discover why.

It will be recalled from 1957 that a fungus was cultured
with ease from diseased tissues placed in Ray‘’s Medium. We
planned to study the morphology and identity of this fungus in
1958. No success whatever was achieved in culture in Ray‘’s or
any other mycolegical medium. We plan to continue looking for
this fungus next year because a similar or identical organism
has been associated with recent outbreaks of oyster disease in the
United States.

BR. H. Logie

E. B, Henderson

Wilhelmina van
Walilbeek

No. 12
OBSERVATIONS ON LARVAL DISTRIBUTICN IN BIDEFORD RIVER

In 1958 a new effort was made to describe the distribu-
tion of oyster larvae and its quantitative and qualitative
variation with time and envirormental conditions in Bideford
River. An understanding of these would permit better predictions
of spatfall, rational placing of spat collectors and is basic
to any attempt at controlled spat production.

The field work was carried out by Dr. W. B, Stallworthy
and Mr. S, E. Vass. Great numbers of plankton samples were
collected by pumping water through silk nets simultaneously from
a number of water levels, at 3-foot intervals from tap to
bottom of the river. These samples were taken frcm a boat running
across a horizontal transect of the river. The examination of
the samples is stilil under way.

Because the investigation was new, much time was spent
in devising equipment and procedures and in ad justing programs
to fit the problem as it revealed itself. Samplie-to~-sample
variations in abundance of larvae were so great as to demand more
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intensive sampling than was carried out. Consequently few
critical data are available especially for late=stage larvae
which were least frequent though of greatest interest in our
investigation. Nevertheless, some general conclusion appears.

(1) Oyster larvae are not uniformly distributed but
show both vertical and horizontal variation in
their concentration.

(2) All age groups show the same distribution in any
transect. This can be claimed with reasonabie
certainty for all but the latest stages.

(3) There was no detectable change with tide in %the
vertical distribution of larvae,

We can improve the sampling program and it is proposed
to continue the work in 1959 and following years. The problems
involved are at the very core of the oyster industry.

R. E. Drinnan

No. 13
SPATFALL PREDICTION

Last year the per cent dry weight of oyster meats dropped
sharply after spawning., This year we investigated the possible
utility of this relationship for spatfall prediction. Observa-
tions were made on oysters from Bideford River, P.E.I.: from
Orangedale (Bras d'Or Lakes) and Malagash, N.S., and from Shippegan,
N.B.

At Bildeford samples of ten oysters from three areas were
collected at 2-4 day intervals and the per cent dry weight of the
meats obtained by weighing before and after drying at 100°C. The
samples from other areas were less frequent but were treated in
the same way.

There were many fluctuations in per cent dry weight of
Bideford oysters but these were not consistently related to spawn-
ing activity although often coincident. The same was true for
the other areas studied. The disparity between 1958 and 1957
results may reside in differing spawning behaviour in the two
years. In 1958 there was little indication of periods of spawning
separated by periods in which none occurred. Rather a picture of
a steady level of spawning over a long period emerged.

Because observations on per cent dry weight cannot be
depended on to detect spawning activity, they cannot be used in
predicting spatfall.

Prediction of spatfall at Bldeford was carried out by
the usual routine--determining the size-composition of larval
populations, then extrapolating from modal sizes on known growth
curves,
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Larvae were first seen in plankton tows taken July 5
when water temperature had exceeded 20°C. for some 5 days, after
rising steadily from 14°C. on June 16, More larvae were found
in subsequent tows and we predicted a light spatfail on or
about July 27; a heavy set July 28 to August 1, another peak
August 12 to 14, and a light set August 2.,

To check the reliability of these predicticns we made
daily counts of spat settling on scallop (Placopecten) shells
suspended at 2-foot vertical intervals from the Sub-Station wharf.
There was a continuous spatfall from July 23 to August 27 with
peak intensity (50 spat/shell/day)} July 29 to August.18. This
pattern corresponds very well with that observed at other stations
in the area (see Summary No. 1%). Predictions were precise and
provided 17 days® advance notice of major spatfalls.

This year's close agreement between predicted and
observed spatfall should be viewed with caubion. Predicticns of
intensity of spatfall are usually based on the obsarved abandance
of rather young larvae. Whole broods of larvae may perish or, if
they survive, they may settle with a so-far unpredic:able patechy
distribution.

Predictions for other areas, based on similar, though
less intensive larval sampling. were almost completely unrelated to
subsequently observed spatfall. This almost certainly reflects
inadequate sampling. Improvements can be suggested from what we
learned this year abcut vertical and horizontal variations in
larval abundance in Bideford River.

B, E. Drinnan
Kathleen Blenkhorn

No. 1%
SPATFALL STUDIES

Spat collecting stations were established vo determine
the precision of spatfall predictions and tc¢ gain irnformacion on
behaviour and distribution of setting larvae., Staticns were
located along 3 transects in Bideford River and Paugh's Creek .
coinciding with sections from which most plankton samplies were
obtained. Positions of stations were selected to @szure adequate
sampling of shallow and deep water.

Clean, uniform-sized (4 in, diameter) scaliop shells
(Placopecten) weathered for 1 year were suspended at zollection
stations concave surface downwards, in a vertical series at 1l-foot
intervals from high water level to the river bottom. These
shells were changed at 3- or 4.day intervals, dried in air and
stored for examination when time permitted. The reszuits are
still being assessed.

Spat first appeared July 21 to 24, and appreciable
numbers were first caught July 29 to August 1. Spatfall rose
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sharply to a maximum August 5, declining siowly unuvil August 17.

Shells exposed August 20 to Sepfember 5 caught some gpat, showing
that late-season sets do occur

Many spat on July 29 to August 1 coliecto rs.were'dead
when brought in, leaving empty, translucent shells pale yellow-
green in colour. These had grown little opr nolt av .. ‘; the
first 1 to 4 days of their spat life. This early mortality
continued throughout the spatfall period. Approximately Qﬁ of the
spat examined were dead but in some samples 90%

Close study of records for Paugh's Crecsk stations shows
that mortalities were greduost (90%) in the inshore shallows and
least (<20%) in offshore positions (depths up to L0 fi,). There
are records for this area from former years. of mourue..1tlss
immediately after settlement and cf poor post- b“bbueﬂf’r growth
followed by late-season mortaiity. Obviousiy we are dealing here
with a major industrial problem that should be netter uaderstood.

Hﬂ

[4)]

Several shells were examirned on beth surfaces to discover
preferences by setting cyster larvae, OCuter convex surfaces deeply
ridged and dark in c¢olour which faced uwpwards in our tests presented
a marked contrast with the smooth, white, inner suriace which faced
downwards. Approximately 704 of the Vafun de taken on the upper
surface and 30% cn the lower. When upper and lower uurfaces are
identical, larvae generally sbaw preterence oy Lower surfaces.
These observations show that the surface Textire #.85 regulates the
efficiency of cultt¢he-a fact that is often cverlooksd,

This year's spatfall qtudle throw npew lghi on the
problems of commercial sollestion o spat. 1¢ 1 propozed Lo
continue the work in 1959,

No.1l5
SPATFALL ON COMMERCTIAL COLLECTORS

Spatfall in 1958 was better than averdge, ail things
considered. Results of observaticns are summarized in the
accompanying table. No counts were made c¢n Shippegan and
Orangedale collectors because the spat were sepdrdted early to
provide stock for disease-resistance studies

In spite of heavy disease mortalities o native parent
stocks at Shippegan9 N.B., and Malagash, N.S8,, thers was some
spatfall in both areas., This is attributable *c spawnings by
introduced, disease-resistant stocks from Prince Edward Island
in 1957 and 1958, :

7 For the third year in succession Freeland, P.B.T..
collectors bore some very dlarge spat indizcating undetected early
spawnings. The superior quallty of earlymcaugh, spat warrants



- 25 = Molluscan shellfish

closer observation of this area in 1959, It may assume an
important place in spat collection programs conducted by the
Department's Experimental Oyster Farm at Ellerslie.

Netherlands oyster culturists make extensive use of
mussel shells as cultch by spreading them on the bottom
immediately before spatfalls., In 1956 and 1957 this technique
gave poor returns at Ellerslie apparently because of heavy
silting. The 1958 success with mussel shells heid off the
bottom in slings 1s heartening because some of our growers who
cannot or will not prepare egg-case filler collectors may be
persuaded to use mussel shell.

Spat caught on mussel shells in Bideford River in 1957
and planted on the bottom in Conway Narrows have grown well this
year but the problem of how to handle them to produce single
oysters remains to be solved.

Spatfall on Egg-Case Filler and Mussel-Shsill Collectors

Catch
Location Date (No._spat/filler) Remarks
Shippegan, N.B. - light Spat separated before
counts could be made.
Malagash, N.S. Oct. 23 25 to 882 Highly variable.
Orangedale, N.S. - light Spat separated before
counts could be made.
Collectors badly fouled.
P.,E.I., Areas
Freeland Aug. 14 183 Diameter 2 to 19 mm.
Mode 9 mm,
Sept. 23 262 Diameter up to 40 mm,
Mode 12 mm,
Paugh's Creek Aug. 8 305,000
Sept ° 23 29]+50
Jan. 13(1959) 24570 Diameter £ 10 mm.
Bideford River Aug. 14 7,620 Mode O.4%5 mm.
Sept. 23 1,488 Diameter 2 to 15 mm,
' Mode 7 mm,
Jan. 13(1959) 1,588 Diameter <10 mm.
Mussel Shells held in chicken wire and fish netting slingg
Sept. 13 12/shell Diameter & to 8 mm,
Oct. 14 11/shell
Oct, 22 6/shell Apparently some frost
damage,

R. E. Drinnan
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No.1l6
LABORATORY GROWTE AND MOBRTALITY OF SPAT

A knowledge of factors affecting spat survival and
growth is desirable in any spat-production prograr, Qur special
need for it became quite clesar from cbservavtlions on commercial
spat collectors in the early part of the 19%% seazon. Growth and
survival appeared poor (See Summary No.i4).

To obtain some measure of these under ceonditions approx-
imating those in the field, spat were held in laporatery tanks
supplied continuocusly with sea water., This ailuved assessment of
mortality and of growth of individuali spat. To ger 3tock for
observation, scallep {(Placgpecten) shells were suspsaded from the
station wharf for the 24%-hour pericd of August 7., Four days after
setting, 25 surviving spat on each of eight shelis were randomly
selected and numbered. By starting observations on the fourth day
we avoilded the early mortality which had been cbserved in the
field. Starting earlier would have necessitated the handling of
very large numbers of spat.

The spat were examined and mesasured at intervals of
approximately seven days until October 2%, The tflgure shows
mortality (calculated from all the spat), mean size f{calculated
from the 38 survivors to Octover z4)., and tank temwperatures throuvgh-
out the period.

The mortality rate was relatively constan®t ifrom the 3rd
to the 25th day after setting with a maximun ovetwess the 1lth and
18th.

The average growth rate of survivers incireased up to the
27th day and thereafter deciined until growth ceased in October.
The range in the slzes of these spat, all of the same age,
increased enormously as the experiment progressed. They were
approximately the same size on August 7 but on October 24 the
smallest and largest measured 1.5 and &.7 mnm,

Tank temperatures were generally above 20°C, until the
25th day when they began a steady decline. This change was
coincident with cessation of mortality and reduction in growth
rate. Growth ceased in the region of 12°¢C,

These studies suggest lines along which further investi-
gation should be directed, The vast individual wariaticrn 4in
growth during the first season raises many gussgricas apsub patterns
of growth at all ages that have the greatest importance in oyster
culture. The growth study should be continuved., Yhe mertality
pattern is equally mysterious. Such fastors as voncentiratsion of
posiible foods must be considered as survival facicors in future
work.,
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No. 17

ECOLOGICAL SURVEY OF THE CONWAY NARRCWS
OYSTER BEDDING AREA

The Conway Narrows experimental. area conslsts of §bout
175 acres at the northwestern end of the shailow 1aggu§ sheltered
by the barrier bar which extends between Malpeque &nd Tascumpeque
Bays. Plantings of spring-threshed oyster spac made there in
May of 1953 and again in May of 1956 by the Depafﬁmenﬁ of Fisheries
were extraordinarily successful in producing high guality oysters
for bedding on leases. During the past season the area was
studied to determine its characteristics, to facilitate finding
similar areas, and to assess the requirements for fuituire study.

The study area was closed to picking tu pwevent any
disturbance of the remaining natural and experimental stocks of
oysters. It -is being set aside as an experimental reserve by
the Department of Fisheries to develop methods of ovster culture
appropriate for the area,

Hydrographic Conditions

The water is shallow, about 1 ft. tc & %, deep at
M.L.T., and the tidal fluctuation is smali i(about 3r ft. at spring
tides). As a result of this the water temperature g generally
closer to air temperature than the water in the gul?® outside the
barrier bar. The water warms quickly in suniight; temperatures
of 21-24°C. were common during July and Auagust. Yery Little
direct information is yet available about winter conditioms; ic
is said to be slow in forming and to be relatively =hin but there
may be great variation from year to year. Winter ~onditions are
being observed this year. The szalinity is aimost identical with
that of adjacent gulf waters {approximately 27%4) and varies
closely with it. OCurrents are siow, the fastest observed being
about one-half m.p.h. in the middle of the lagoon during ebb tide.
They are slower near the shores and at the bottom.

Soil

The soil is sandy and relatively frse from silt. More
than 85% of the sediment is ™medium or fine zand” (Wentworth
grade scale) and less than 5% Ysilt and clay"., Sauples of the
top 6 1inches of soil were taken in the experimental area and in
some of the similar areas being explored. Sisve analyses have
been made on some samples. An analysis of soil teubure at the
site of the 1956 pianting is given below,
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Particle %1sf sanple
diameter range Name of grade ) oy _weight
Above 4 mm. pebbles 0 {occasional)
24 granules L
1-2 very coarse sand g
0.5-1 coarse sand “g
0.25-0.5 medium sand 33
0.125-0.25 fine sand | 50
0.062-0,125 very fine sand 3
Below 0.062 silt and clay &

Penetrometer readings were made to describe the firmness
of the floor of the lagoon. The readings are of_daumtfu; valge
because of technical difficulties in vhe use of the pepetrometer.
A pressure of 2 to 3 lb. was required to drive a 1 cm.= fiat disc
5 em. into the bottom. Small local variations occurred but ]
generally firmness was uniform. The bottom here had propertles
similar to those of the shoreward eelgrass frings of the beach
at the Biological Sub-Station at Ellerslie. The bothom sediments
there showed the same textural distribution as was cbserved ten
years earlier (1948).

Vegetation

There is a light general covering ol 2e.grass QZostera
marina) over the areca. The density is variables from C-~50 shoots
per 625 cm.2. The average density over the experimental area was
about 400 shoots per m.2, The plants are shor%t and narrow-leaved;y
the mean height of the longest leaf of the plants sarpled was
11 cm., and each individual shcot had about five leaves at any
one time during the summer. This light cover of shcrt eelgrass
plants is probably important in maintaining the stability of the
bottom in spite of wave and ice action; the silit load in the water
is not sufficient to develop a muddy bottom amongst the eelgrass
plants,

Algae encountered on the bottom wares LShastomorpha
linum, Cladophora, Enteromorpha, Ulva lactuca. (green algaej;
Chorda filum, Budesme, Fucus, Stilophora and Sphaerotrichia,
(brown algaei; Ceramium, (red algal). Fucus and Chondrus occcurring
attached to large rocks, were rare.

Potential Predators or Competitors

Small starfish, up to 24 in, in diameter, were present
but relatively scarce. Frow two transects across the lagoon
(each about 0.5 m. by 500 m.) I would estimate the population of
starfish to be 0.08 starfish/m.2. Starfish were considered unable
to live successfully at high temperatures and it had teen hoped that
this area would remain free from them, The starfish found here
survived the warm temperatures (24%°C,), and larger healthy starfish
of 4 to 5 in. diameter were found feeding on mussels growing on
pilings at the Bioclogical Sub-Station at water temperatures of
22°C. Starfish may well be a potential problem here,
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The following animals of possible . rsence also
occurreds the rock srabs, Cancer irroratus; 5 Limpet.
Crepidula fornicataj common musselg Eiiliﬁﬁ‘mwa
shell, Polynices herocs. _Other commucn animals obses :
eels, flounders, razor Ciams, periwinkles and varicus specles
of snails. One of the marked characteristics of whe area 1s_
the relative scarcity of shellifish and yet the excelient quality
of the few oysters present.

Exploration

Transplants of 1956 oysters and of 1958 spat were made
to two new areas in the experimental reserve to test its general
suitability for rearing young oysters., Additionai areas in
Comway Narrows lagoon and im the lagoon between Ilennox Isiand
and the barrier bar were examined and appeared suitabiz, Trans-
plants were made to two promising locavicis in Sorwey Narrows
lagoon several miles distant from the siudy arez, Attsmpts %o
catch oyster spat on collectors in the study area were unsuccess-~
ﬁllo

Recommendations

More information should be obtained frow aydrographic
conditions, survival of oysters, size of predator popu.&vions,
fertility, and winter conditions. Tests should be made vo discover
the best techniques for utilizing the area for the production of
seed or bedding oysters, New areas shounid be sought by looking
for similar conditions and thern by testing with “ransplanted spat
and oysters.

L. B, &, Taylor
No. 18
INTRODUCT ION OF THE EUROPEAN COYSTER

This year observations on survivors of the 1957 introduc-

tion of Burocpean oysters {(QOstrea edulis) from Noril Wales were
continued and a second test lct was brought over.

Winter survival of the oysters ilmported in The spring of
1957 (App. 19, 1957 Rept.) was tested in Sam Orr Pond and Oak Bay.
Although both areas freeze cver during winter, water temperatures
at depths greater than three feet remain at or abuve D°C, because
of tidal exchange with Passamaquoddy Bay. Survival in Sam Orr
Pond was 100% and in Oak Bay zero. The Oak Bay mortality is
attributed to a Jermary thaw which reduced salinities to below the
tolerance limit., The excellent survival in Sam COrr Pond shows
that in our waters Eurcpean coysters can stand iong expcsure to
zero, or near-zero temperatures, if salinities remalrn high.

Although growth was less this summer. conditions of
meats and shell shape improved and there was a hesavy spawning.
Last year these oysters tended to be thin and smzil-meated. their
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shells were fragile and flat and they were too young to spawn.
The spawners this year released their larvae August 1 to 12, From
August 5 to 12 there was no tidal exchange in the pond and
conditions were optimal for larval retention. Nevertheless, the
larvae grew little and disappeared soon after release. They seem
to have died. There was heavy flushing of the pond by high tides
beginning on August 14 and no larvae were found thereafter.
Collectors set out soon after the larvae first appeared caught no
spat. Chances for a set would have been better with a larger
population of spawners, Apparently the pond did not afford
satisfactory conditions for larval development this year.

A second shipment of 5,000 two-year-old Welsh oysters
from the British Ministry of Agriculture, Fisheries and Food
arrived by air freight in April 1958, These oysters fared auch
better than those sent by steamer in June 1957. The survival after
a month was 504 as compared with 5% last year, Dr, Marshall Laird
of the Institute of Parasitology examined some of “hs dyving
animals. Protozoans he found in them may be direcrily or indirectiy
responsible for the losses. The coysters were plazed Iln wire-
bottom trays in Sam Orr Pond where growth during the summer was
excellent. Average diameter increased from 1% to 3 inches, the
same as last year. In late summer two samples were shipped to
Ellerslie, P.E.I. One lot was placed in laboratory aguaria and
the other in a tray submerged in Bideford River. They grew well
until November with little mortality. The purpcse of this transfer
was twofold. We want tc know whether this spesies czn stand
lengthy exposure to sub-zero water temperatures which are character-
istic of Gulf of St., Lawrence oyster inlets, and whether they are
susceptible to the Malpeque disease. The answers to these questions
will tell us if and in what areas Buropean oysters c¢an be grown on
this coast. We plan to return these oysters %o S%., Andrews next
year before they spawn., These tests were planned for last year
but survivors of the 1957 importation were too few. This delayed
parts of our program by a year. Another lot was transplanted in
mid-autumn to the lower part of 0ak Bay where it is mocst saline.

It is hoped that these will fare better than similar 1957 transfers,

We plan to test ,Sam Orr Pond for larvai survival again
in 1959 and we hope to discover the cause of failures, Pending
results of tests for Malpeque disease resistance, we skall also
look for better areas where large-scale importations may be
planted in 1960 if this proves desirable., For these purposes we
pla? to obtain another test lot of young oysters from Wales next
spring.

Joan E. Mortimer
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No., 19
SALTWATER PONDS FOR SHELLFISH CULTURE

In 1957 we studied Sam Orr Pond to determine its suit-
ability for shellfish culture and described its unusual physio-
graphic¢- faunal and floral characteristics {Appo l89,i9§7?° In
1958 we studied its hydrography and its brcods of shelifish
larvae., Circulation, tidal characteristics, and flushing rates
regulate the success of broods throughout their pelagic life,

Accurate records of all tides entering the pond were
obtained from a recording tide gauge and temperature and salinity
records were carefully spaced to permit their correiation with
tide gauge records. Special hydrographic observarnions during
complete tidal cycles {flood and ebb) were made when tidesjwerg
in the neap, intermediate and spring phases, %o diszover circula-
tion patterns.

Temperatures are highest at neap periods when there is
a pronounced vertical gradient. This practically Jlsarpears at
spring tides. Fresh water, discharged into the pouc Ty a smail
brook, does not penetrate more than 2 feet below the surface where
a distinct halocline is frequently observed.

The history of broods of larvae of shipwcrms, (Teredo
navalis), as well as of Buropean oysters was followed carefully in
1958, Neither species is found in the plankton of surrounding
areas. Broods were completely flushed out of the pcond by tides
exceeding the sill level by 1% feet and broods were significantly
depleted by tides that exceeded the sill level by oniy 1 foot.

Efficient culture of lamellibranchs in the pond would
seem to require a dam at the sill to prevent flushing and to
"bottle up" larvae until after they grow to spatting size. Before
considering any construction it is important to discover whether
the pond is a suitable enviromment for larval growel ard survival.
A critical determining factor is the supply of pleukton on which
larvae feed. Gross features of the plankton appsar from net tows
made this summer. Diatoms are rare but dincflagellate populations
showing vertical stratification, are frequently dense. For next
summer we plan to study productivity and nutrition in the pond,
and in particular to determine the concentration of "u~flagellates"
available to the larvae as food. This is of fundamental importance
in assessing Sam Orr Pond as an area for shelilfish culture. We
shall continue small-=-scale observations at Cak Bay for comparisons.

Joan B, Mortimer



w 33 e Molluscan shellfish

No., 20
DAMAGE TO SOFT-SHELL CLAM STOCKS BY ESCALATOR DIGGER

Occasional observations on flats where cur mechanized
digger has been operated have indicated that 1t dves iittle damage
to those clams in its path which are too small %o bs marketed. But
this conclusion was too vague to serve as a basis for zdvice to
the Department of Fisheries on the wisdom of legalizing the use of
this type of digger. In 1958, therefore, we attempted a precise
measure of the damage it does.

The work was done at Clam Harbour, N.8.. using clams
ranging in size from 13 to 1§ inches in length, For identifica-
tion their shells were all marked with Voiger's Iuk. Thne machine
was set to dig at the commercial-fishing depth of 15 inches and
otherwise Tun as if it were being operated in commer:ial fishing.
The test was carried out in three stages.

In the first stage the marked clams were killed in
formalin to prevent them from burying themselves after they passed
through the machine. Groups of these were then reieased in the
digging scoop when the machine was in full operation at high tide
on a flat that is exposed at low tide. Most of the cliams sifced
through the mesh of the escalator belt and dropped back €c the
bottom without ever coming to the surface of the water. About one~
third of them passed on up the belt and dropped off the end into the
water, At the next low tide we recovered, on the average, 90% of
the clams that were reieased in each group and we mapped the pattern
of their scattering cver the beach in relation %o {he pcint of
release., Most were in the track left by the digger. We also
counted the numbers with broken shells. Some were damaged, seem-
ingly in the conveyor system. The work was easy bevauase the digger
obviously buried very few and because those it did not bury could
not dig in and were plain to see.

In the second stage of the test, marked, formalin-killed
clams were planted in plots on the intertidal beach at low tide.
They were set out uniformiy at 9 per square foot and at *ucrmal®
depths in the soil. At the next high tide the escalator digger.was
run through each plot and at the following low tide the damage to
the clams and their scatter patterns were worked cut as before.

The recoveries were again very high. Apparently some clams are
damaged by the lip of the scoop as it moves through the soil and
before they enter the conveyor system.

In the third stage; living, marked clams were planted
as in the second stage and the digger was passed through the plots
at the next high tide. When the flats were visited at the next
low tide, a few clams were found on the surface and they all had
broken shells., By probing and digging in the softened soil in the
digger track we were able to find almost all the c¢lams the digger
had displaced. These had already dug back intc the soil and
appeared none the worse for their experience, Again we mappred
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their scatter patterns and got counts of damaged and undamaged
clams. The shells of several of those counted as damaged seem to
have been broken by the probing and digging.

Some of our results are summarized in the accompanying
table:

Results of digging trials with escalator-type digger
and marked clams

"Killed™ clams WKilled™ clams Live clgms
Recovered released in planted planted
clams digeging scoop then dug then dug
% found in _ -
digger track 87 90 98
4 broken 265 4+ 6

The results indicate that:

(1) The escalator digger buries very few of the smail
clams it disturbs {less than 10%) and those it does
bury are close to the surface where they are not
likely to smother.

(2) Almost all the under-sized clams the escalator digger
disturbs are returned to the track, the grcund from
which they were dug, and most of them wars deposited
within 50 feet of the very spot in which they were
living before disturbance.

(3) Of those that are returned, approximately 4% are too
severely damaged to be able to dig back intoc the soil
and will die. More than 90% are not seriously affected
by the digger.

It is to be zdmitted that relatively smail and isolated
areas were involved in these tests, DBut it will be recalled that
in similarly small areas we found digging with ordinary <lam forks
is highly destructive of the small clams left behind in the soil
-0 to 60% of the stock is killed. From this it seems likely that.
we could realize heavier yields of soft-shell clams from our flats
1f we harvested them with escalator diggers than if we continued
to harvest them with conventional hand tools.

Jo S, MacPhail
J. 8. Medcof
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No., 21
STUDY OF GEORGES BANK SCALLOP FISHEBY

Since 1952 annual landings of scallop meass from Georges
Bank have increased rapidly to new high levels so ?@aqoﬁpis ]
fishery is now economically the most valuable of all‘fl§neries in
ICNAF Subarez 5. United States landings rose from about 12,0
million pounds in 1952 to over 18.0 million in 1955 and have
remained at about this level since. Canadian landings were less
than 0.3 million pounds annually before 1952, but reacngd about
2,5 million in 1958. Increases apparently result.frog increased
scallop fishing effort, rather than from heavier iandlngskby
individual boats, and industry has become concerned that the
heavier fishing may lead to "overfishing" of its resource.
Because of the international character of the fishery, scientists
of ICNAF countries have been asked to co-operate in a study of the
status and prospects of the fishery. Specifically. they have been
asked to judge the merits of an increase in mesh size ol scallop
dredges as a measure to ensure continuation or even increases in
the present high landings.

Canadian boats fish primarily on scallicp stoiks on
eastern Georges, to the southeast of those fished mest heavily
by the United States. Our studies have been chielly directed to
the fishery in the former locality. In cc-operatlon with
scientists of the United States Fish and Wildlife Service, records
of catch and fishing effort are heing collected, and sea trips are
made to provide a basis for abundance and morvaiivy studles.

Preliminary results indicate that there are remarkable
differences in the density and size distribution c¢¥ scaliops from
bed to bed. These differences show up in records of catch per
haul gathered during sea trips, but not im record of wharf land-
ings. Landings show relatively little variation apparently
because with present abundance, the fishing power of the vessels
keeps the shucking facilities saturated most of the time and
higher catches result in higher discards, Differences in landing
from one boat to ancther are therefore principally the result of
differences in the shucking power. and in the sizes of scalliops
saved from the catcho,

In areas of the highest catch, the mean seiection size
was about 100 mm. shell height while in areas of smaller total
catech, the selection size dropped to 95 mm. The selection range
was narrow in areas where large scallops predominate, but wide in
areas where there were larger numbers of small scallops, some of
which were included in landings. This flexibility in cull-size
seems to be an important factor in cushioning landings against
major effects of variations in density and abundance «f scallops.

These data indicate that mesh-size could ve increased
considerably above the 3-inch inside diameter currently used
(mean selection size about 72 mm.) without seriousily affecting
present landings. However, the long-term benefit of zuch a
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change depends upon improving the survival among smalil 38i1LlCpS
released from capture. Data on survival among che al cards are
scanty, but present indications are that it 1is yelatively high,
and probably little affiected by the handling and sxposure they
receive. There is, furthermore, no good estimate of current
fishing mortality rates. The long-term advantages oi increasing
mesh size are therefore open to question.

Increasing mesh size would probably decrease the
amount of trash accumulated in drags and increases their
efficiency as was shown for the Digby area (Appendix 26, Annual
Report for 1952). Such increased efficiency might improve
landings in periods of scarcity of scallops, when landings would
not be limited by shucking power to the extent that they are now.
However, before recommending an increase in mesh size we should
weigh possible long-term benefits, against the disaavantages of
reducing the flexibility in fishermen's chcice of whal sizes are
worth shucking.

:i:‘ 1] Xd. @ Dicl’{ ie
No. 22

HYDROGRAPHY AND MASS MORTALITIES OF SCALLOPS
IN THE GULF OF ST, LAWRENCE

Analysis of a series of experiments designzd to describe
the giant scallop’s tolerance of high water temperature was
completed in 1958, High temperatures are directly lethal. Upper
lethal temperatures are raised by about 1,.7°C., per dey by acclima-
tion to high temperatures, but loss ¢f the state or azciimation %o
high temperatures is very slow, requiring more than %0 days in
tanks and possibly as much as 3 months in nature, There appears
to be a seasonal change in susceptability to high temperatures;
upper lethal temperatures were lower in summer thar in winter,
Minimum upper lethal temperatures were thecoretically i%.8°C. for
scallops in summer conditiom, and 20°C, for scailcps in winter
condition, although actual upper lethals are probab.y never iess
than 20°C. because loss of high temperature acclimation is sc slow.
Maximum upper lethals ranged from 23.5°C., to 2%,.,3°3. for scallops
in summer and winter condition respectively,

Within the zone of thermal tolerance sudden increases
or decreases in temperature may arrest scallop activity. After
exposure to increased temperatures, recovery of normai activiiy
was rapid but after exposure to sudden decreases in temperature,
recovery was very slow. The debility resulting from sudden
temperature changes within the zone of thermal tolerance seems
great enough to increase their susceptibility to predators.
Sudden temperature changes within the zone of %tolerance may there-
fore be indirectly *lethal', ,

Records for the Guli of St. Lawrence show that water
temperature changes which can kill scallops dirsctiy oz indirectly
may occur frequently in areas where mass mortalitiss have been
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observed., Furthermore, hydrocgraphic phenomeres whivth can produce
such sudden changes in the vicinity on scallop beds, have been
described. However, there are no direct observatloms of
temperatures on scallop beds at times when mass mort&}%ties have
taken place. Records of mortalities and of hydrogradhil
conditions are being compiled to assess the relative imgortance
of temperature changes that are (1) directly iethal. (Z
debilitating and indirectly lethal,

L, M., Dicklie

No. 23

EXPLORATIONS FOR OCEAN QUAHADGS
IN NORTHUMBERLAND STRAIT

Ocean quahaugs (Arctica isiandical ars widsly distribut-
ed in moderately deep North Atlantic watasrs buv faw ol our people
have ever seen them and none are marketed Ln Cacada, Reports of
fishermen and a one-Jday search for them with improvised gear in
November 1956 convinced us that they were abandant at depths of
12 to 20 fathoms in the gastern entrance tc Northumberland Strait,
The bottom seemed too hard to ba fished with & «orwenitional none-
hydraulic quahaug dredgs. But the guality of the vacch was high
and samples submitted were approved by one firm which ordinarily
uses bay quahaugs (Mercenariz mercenaria'! in its products.

2.

This year we organized and supervised a sgystematic
exploration and trial fishiuvg for this spevies financed by the
Industrial Developument Service cf the Depart 3

ment of Hisheries,

A 65-foot dragger, M/V Pauls Marie (Francis Douuelte, akipper) was
chartered for the month of August and eqguipped with & Long Island-
type hydraulic dredge, 30C fest of (% in, diameter) pressure hose,
300 feet of manila tow rope (9 in. circumference) and the pump-
motor assembly capable of delivering 750 gallicons of water per
minute at 40 pounds pressure per square inch borrowed From our
mechanical clam digger, M/B Cyprina. Mr, EBari Dur<ee, engaged

as a technician by the Department of Fisherles, was immediately
responsible for the work.

A hydraulic dredge has a series of water jets at its
forward end. These do the actual digging and wash shellfish into
the body of the dredge which follcws aiong in the trench cut by
the jets, For the first few days of cperaticn we were accompanied
by Mr. Clifford Varin of the Fire Island Sea Clam Company, Long
Island, N.Y. He has had long experience in rigging amnd operating
hydraulic dredges and taught us wery quickiy how to use our gear.

o

We found good fishing off Cape Bear, P.E.l.. in 17 fathoms.

To start with we compared catches made ir. & Llong series
of hauls in this area over a buoyed course uvsing combinations of
different boat speeds, pump pressures. volumes ¢f water delivered
to the dredge nozzles and different digging-depth adjustments of
the dredge. The animalis are shailow burrowers for % was
unnecessary to dig deeper than & or % inches <o get good catches
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of undamaged quahaugs., The boat had to be operated ai very low
speeds (about 1 mile per hour) or it pulled the dredge out of its
furrow and caught nothing. With these settings catches rose
steadily from practically nothing, to an average of 4 bushels per
10-minute haul, as water pressures and volumes were increased from
low values to the limits of the capacity of our pumping system.
From the relationship worked out, it appeared that our caitches
could be doubled by raising the capacity to 1,500 gailcns per
minute at 100 pounds pressure. Pumps of this capacity are
regularly in use in the United States for fishing bar <¢lams.

A full day's fishing off Cape Bear simulating commercial
operations yielded us 75 busnels which should permit profitable
operations with prices for shellfish at present levels.

We took many fishermen, fish dealers and 1ish processors
out with us to demonstrate this method of fisking woier is new to
our coast.  This left us only a little time to exniore other areas.
We found few dcean quahaugs off Pictou Island, N.S. But we towed
over only a small part of wvast unexplored areas in this region
that would seem from charts to be sulitable habltats for the species.
We found none off Merigomish and none off Cape George. N.S. But
we did make catches of 1 bushel per tow in Livingstone Cove, N.8.,
on soft bottom, In this area we tested a New Bediord-type (non-
hydraulic) quahaug dredge. It fished as well as the Long Island
hydraulic dredge here but when we tried it on hard bottom it
caught only about a third as much as the Long Island dredge and
broke the shells of one-third of its catch. (See figure.)

last autumn we assisted one cperator, who accompanied
us on several of cur demonstration cruises, to rig znd operate
similar gear off Cape Bear. He was able to take up to 90 bushels -
a day. We hope a fishery for ocean guahaugs will deveiop.

J. S. MacPhail
In (30 MedC‘Of
E., Durkese

No. 24
SHELLFISH AND PASSAMAQUODDY POWER DEVELOPMENT

Damming for power would alter habitats of shellfish
liviggbinside Passamaquoddy Bay in many ways. The most important
wou es

(1) Reduction in tidal amplitude,
(2) Reduction in flushing rate,
(3) Increase in summer water temperatures.

) The extents of these changes have been forecast fo)'4
engineers and hydrographers. 4nd we have been asked to predict,
on the basis of their forecasts, just how stocks of commercially-
important shellfish would be affected,
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Shipworms (Teredo navalils) are nct ordinapily rated as
shellfish but they are bivalve mollusce with plankionic iLarvae.
It is not generally known that they occur here out we round them
in two inlets tributary to Passamaquoddy. They spawn at 15°C.
With the expected increase in summer temperabtures they'would
quickly spread from present focl and become abundant throughaut
the Bay. Reduced flushing would retain the larvae in the Bay
and favour abundance., Economicaliy they would guickly become
the most important mollusc in the area. All wooden structures
exposed to sea water would regquire regular and expensive
protection against them.

Clams (Mya arenaria) are the most important shellfish
now marketed from the Bay. This summer we studied their vertical
distribution on tide flats, plotted beaecn ccascurs, with assistance
from Mr. A. J. Johnstone, and made forecasts. Ramwing wculd
completely submerge present clam beds and sliminate the clam
fishery until such time as young clams could estabiisn themselves
at higher levels in a new and much smaller intertidal zone. The
area that would be suitable for them would be about one-~-eighth
the size of the present stocked area. 4&nd it would take % to
6 years for clams tc settle ard grow to marketable size In the new
bed, It would probably be 10 yvears defore they were sufficiently
abundant tc harvest. When harvested they would provably yield
$6,000 per year instead of $45,000 which is the long.-Term average.
Changes in temperature and flushing rates wouid have minor effects
on the populations.

Scallops {Placopecten magellanicus) would be favoured by
reductions in flushing and increases in water temperature. The
larvae should develcp faster so that fewer should be swept out of
the Bay before they grew to settling size,

European oysters (Ostrea eduliis) should find temperatures
favourable for reprcduction and growth after damming. They spawn
at 15°C. and it is too c¢old for them now, We are not sure, how-
ever, that they will establish themselves on this coast,

The native oyster (Crassostrea virginica) would probably
find the water too ccol even after damming. They spawn at 20°C.

Other meiluscs {e.g.; the deep-water clzm, Yoldia)
living in the Bay are preyed upon by haddock and thus have an
indirect economic importance, It is difficult to say heow this

mixed group would react to changes,

J. G, Medcof
Barvara Shaw



GROUNDFISH SUMMARIES

Groundfish research

Statistics and sampling

Cod growth in tanks

Magdalen Islands cod tagging

,Gulf cod survey

Selection studies on Gulf cod
Plaice studies

Haddock tagging

Haddock survey

Haddock discards

Selection and chafing gear studies
Assessing effects of the Georges Bank mesh regulation

A new role for study boats in assessing effects of mesh
regulation

Effects of mistakes in age determination on mortality estimates

Porrocaecum infestation in cod in captivity

Incidggce of nematodes in crustaceans from the Bras 4d'Or Lakes
in 19 .



Queskc

Grand River

\/“

- Browns Bank
AN

52@';;‘,;;;;;;3\3,_-::

X N

BLorna I_/iﬂﬂ/fc’ /-~

0#;17/7::m Bank
5 Mrscou, )/ )

Ham/’./fon //T/e/ Ba'nk—/

“as

Gu/f

oF

St/ a/vrcwao ~

\a;}i//"?/‘\?{::ﬁ/,ﬂpfyan Gully .
1 - .
oqu\e /{ e Maqda len /5/
CO{ p S - +/
S = «
G - C. /j/or th
NEW ;//H/' 4 I /“/ ) \‘
B & X /
RUNSWICK S_)‘ 4‘[/75 - { Cape fm l‘o'l /
/Vo O mv/xs;j] a J )
g S & / 7 7 dney » S
— Q,»\ < y .
- b@,/é? >y L ,.rf//% ir(z/ace Bav'; \ St Prerre /7
1 S \__; ‘ Bras &'0r Bonk : 7
/r['7 hg 'ff | /okc’.s (0“ isbeurg \ ;
[ TR S L ek | ,
- Scotts Bay \B ‘ : Grand
g e T | A c C/V’da bucte Luay . Bank
SJAndre’f)\r//d )\/ '//*‘/‘J O L Canse / B —
F\,\r‘ j / \\l 5 C /»—S— Y, . v [, ."
assamayuoddr O‘( ~ i ‘4 \/ - . ’ S T
Bay pod J A Hali c;\:(/j‘/"/b 2N ,§ - AN
b Dy % ~ Middle Grownd!| oo~ o
wg9by O GL¥ v ; L
/Gulf of ‘\\ ;Q SiMargret’s Bay ~ s et — 5a/7]a(’mau_\A
g Mamel" ~Lunenburg < VL—T-—-——- \ Rt <l .
Jeffrej;. ij 4 / N ' 3 O
1'/\"’{‘76’ N Lockepur ! /franaIt{V\/ ] }
\SOU*"I N C& L\/\/\I)J + 1561/7/(-1 ?{T’ L/ 5 /)/;J ,/S/"nc{ Bq,?k_/./-
# Channel able /1 Ya /~/ave| U o T
Ly 4 X . L. Bank B .
/1 o0 (IEQC(U. °o 5ank

IR
; ./“’7)

NewrFounoLano




- 4] = Groundfish

No. 25
GROUNDFISH RESEARCH

Total landings of groundfish from waters contiguous to
the Canadian Atlantlec coast have now reached two billion pcunds.
Canada takes more than one billion pounds, a catch which is
shared equally by Newfoundland with the o%her Atlantie provinces.
On the Canadian Atlantic coast, the landed value of groundfish
is about half that of all marine species.

The potential for increased total profits is the
primary interest of the groundfish investigation. The wvarious
research projects are directed toward different aspects of this
goal:

l. Increased landi . During the past 25 years, groundfish
landings in Canada Eexcluding Newfoundland) have increased

fairly steadily by some 300 million pounds. Greater landings

are anticipated. For each major stock of the important ground-
fish species, we are studying optimum size for first capture and
optimum fishing intensity, as background for making best use of
the resources available. Effects of changes in flshing practices,
such as different gears and larger mesh sizes, are being assessed.
Density-dependent effects on recruitment, growth,and mortalities
are of current interest.

2. Reduced risk. Predictions of fluctuations in atundance are
useful in reducing the risk involved in fishing operations.
Tagging programs are helping to clarify seasonal variations in
concentrations of fish. Survey projects are providing knowledge
of the strength of pre-recruit year-classes as a hasis for
making short-term predictions of changes in abundance, Corre-
lations with hydrographic factors permit longer-term predictlons,
assoclated with climatic changes.

3. Increaged efficiency. As landings increase, abundance of
groundfish decreases. Costs of fishing have increased more
rapidly than price of fish. Fishing for groundfish must compete
with other progressive Industries. For all of these reasons
profitable fishing requires the most efficient methods avail-
able. During 1958 we have continued to assist the Development
Service and Provincial Fisherles Offices with commerciail trials
of methods explored by the Station. Danish seining, pair
trawling, gill netting, power-dory longlining, and Norwegian
Jigging all received attention. 1In otter trawling, the advan-
tages of manila over cotton, large meshes over small, and loose
chafing gear over tight, were explored. A trip on a large
French otter trawler provided useful information on more
efficient trawling methods. Trial and error exploration of
known fishing methods appears to be reaching the point of
diminishing returns. Further progress in this field will
require research in gear technology and fish behaviour.



Groundfish - Lo .

4., Increased price. Attractive fish products of high quality
lead tc high demand and increased priceg. Elimination of fish
parasites is one method of increasing profits from groundfish,
Life-~history studies of the troublesome round worm, Porrgzaecum
decipiens, were compieted during 1958, Experimental czontrol of
this parasite, by killing seals, has been recommended,

Progress in these flelds of research has heen
accelerated by co=-ordination with other agencies. Statistics
have been improved by working closely with the Economics Service
of the Department of Fisheries and the Bureau of Statistics.
Industry has been most helpful in providing log records, recovered
tags, and accommodztion for personnel at fish plants and at sea.
Close liaison was maintained with neighbouring groundfish research
groups at St. John's, Grand River, and Wocds Hole. Pariticipation
in the researc¢h and management pregram of the Intermnational
Commission for the Northwest Atlantic Fishetries has broadened our
understanding of groundfish resources, and %otal production from
the ICNAF Area has increased substantially.

Woe Ro Martin
No. 26
STATISTICS AND SAMPLING

Six members of the groundfish staff are employed to
collect and compile data on commercial landings. Tney c¢ollect
catch statistics and sample landings for size and age compo-
sition.

Statistics of area fished, gear fished and Tishing
effort are ccllected by means of log books and interviews from
the mobile fleet. At the Halifax statistics office theses records
are combined with purchase~slip statistics, collected by the
Department of Fisherles, on trip cards. The cards are of
Kwiksort-Pegbar design to facilitate analysss., During 1958,
data on the 1957 cards were transferred to IBM cards by the
Bureau of Statistics in order to explore the advantages of
further mechanization.

These records are used to provide an annual statistics
report to ICNAF, and detailed catch and effort data for the
principal populations of each major groundfish species,

Recent trends in landings are shown in Figure 1.
Total groundfish landings on the Canadian Atlantic coast
(excluding Newfoundland) have increased from 480 million pounds,
round, fresh weight, in 1952 to 585 million in 1957. Most of
the increase is attributable to a larger otter trawl fleet,
which now takes about half the total groundfish landings. The
increased landings have been taken from Nova Scotian grounds
and the Gulf of St. Lawrence, rather than from the more distant
Grand Bankse.



Pounds =— Round Fresh

Millions

TOTAL OTTER TRAWLERS TOTAL
BY SPECIES BY SPECIES BY AREAS
300k Cod Total Total
S~ Groundfish Groundfish
le -
/
’ £
250 - x/ / \o
V4 /’
7/ Nova ./
~ 4 — e
Ix S\aQt ia’ ’d ;‘
/ ﬁ/' /
200} ) o /
K e [
o St. Lawrencs ,
x” ‘ k)
- &
150k s
x/
Grand
100f | b *
\a/’\ix.j 0 \/D
5] =
1) J [} 1) ) ]
155 155 16
Year Year Year

Figure 1. Groundfish landings, Canada {(excl. Hewfoundland), 1957

"I
N3
]
A1
-3

°

""€+("

YsTIPUNOIn



Groundfish

ﬂ_ ‘
e e R T T7 S i T N S R A A L L i T L H, 4t
¥ «Q
o O 1o, o o e i~ o o
© S - a9 © [ I N -2t N O T D Pt i 34
N J SN — o0 TN O o = W
Vo O~ M ENSD L0 T O~ EaYs's) OO © 02
) AN e = =i ~ B
o - = N o oS, oseis D3
Bt 3 N s £ £ -3 | o ~
(] — - <D <o O 3 2 - ° i
~ Li T am
N N m WA e
— 3 Y & e f
o0 PN 7/ i N i To oG
r - mk P O T
<= J m 5
N Tw _ ~ _ by o
WA w I ...Oﬁ//,/. NN N // Ve 2
N ~ ~ LR - .vVﬂiVJ N = - o
T < TN N RN e NS =
1y S // ///, ~ON\ N — WIMVAIV\V Ny LN ~
? V i o NS SN NN . )3
MM / m i m,//// s SN e N /./ N AN ///// & %/ T oOu
- s T < = , i v -
— NN . U o RN R
' mz o m OSON N Y Y i / S N wo o
& ) =3 N [ ] o 7} r~
4 - = Pat] 4 it i N m bt -
- [ b 4 - o i ~1 -
L e St e A ettt e 4 G
P ol N £ o=
'y m _-n:wm m 5 O M
i i B oy )N 0N SR =
© .o Q o Q= 0 e 5 W e £ WY
o~ NG "N @] 20 O q OO 1w A
w4 SN NG D OO 0 o »,WV Q
8] - e € L) — o= L) 4 EOE
S P e >t [
£y £ “,/, 3 ~3 1 FQ Y
(@ . O S ) i ] [ o~ o P00
N - O ° ©
N - o BT
wr. At 4d MM Q G
N\ : N < 2O
e NN 2N N o) @ T
aeh c e \ oMY QW
SN G w/ N e c - SIS
B , S Od
e - L« [ON o ]
2 O =
N W uml-J, s o~ )
i ‘/./A k - Yy \\-!\Q) 1rﬂ\w
£ - B @
Ne] P, / . N o (\a) / G o o
SN S S N n  CHAS
AIgN rolar W
. . - f/ N / - O f uwu
3 b ~> == x [ I
ey b e = & N s wu e & o+
™ m |
(TN L
i H = W H H - A Qo
T P T S [T B A [T W WO W N WO U S o4 L4 sa38
we O o) O o o Q o O o o o o o O £
> o B Qa 4 qV = A o Qal =+ Q 4 «a mo
-

oouaImeT LoUpPLS (sdtaa

°38 JO U3IoN yueg POXTI{) sjueg 9I0d8io0T Nueq
JnH uxegsam 9JI0YSUT nesIoanbueg Taz9SoMm BT1008 BAOH BIo7surT SUMCIT

Fi4Y



o 55 Groundfish

The recent upward trend is part of a long-term increase
in groundfish landings. In 1933 the total cateh was only 250
million pounds, less than nalf current landings. Much of the
increase resulted from the greater importagﬂe cf cuvar trawlers.
In 1933 most groundfish were taken by hook and iine, and otter
trawl landings were less than 20 million powids LO%7 otter
trawl landings wsre 285 million pounds, apout half thﬂ fotel
groundfish catch. This conversion fr@m 1ine fishing =0 otter
trawling changed the relative imporitance of specie Lundedo In
1933 the groundfish catch was largely cod. By 199,9 asthough
cod landings had increassed, they accounted for ooly half the
groundfish landings., Haddock, plalce, redfish, halibuf,and
pollock were the other important species.

i ,;\,.

Increasing exploitation has been a,ﬂumva; ..... el by de-
creasing cateh per unit of effort of groundiish. 7 ihe Guif eof
St. Lawrence, for example, cod catthes Ly "Gloucssnar® class

draggers have declined from about 40 to about 0 thousand pounds
per week., Similarly, redfish catches by large otter trawlers
have dropped beloew 2 thousand pounds per hour of dnaggin,, and
these vessels have extended thedr range of operavions 1o
Hamilton Inlet Bank, of'f Labrador, in ordey to maintain pro=-
fitable fishing.,.

Increased landings hava albﬂ been agsoniated with
smaller and younger tish in commercial landings. Steak cod
(over 10 1b.; no 1ongew csntflbu*e substantialily %o dandingso.
The average size of cod in dragger landings from the southwestern
Gulf of St. Lawrence dropped o 3.8 pounds {59.% cr.) in 1958,
the lowest point since gmalli draggers were introduced to the Gulf
fishery in 1947. In 1958 the dominant age-group was 5 years, and
less than 15% of the c¢od landed by draggers were o.der than é
years (Fig. 2).

Sampling of the major groundfish species was continued
in 1958. About 19 thousand cod and 26 thousand haddock were
measured. Otoliths were taken from one fifth of the fish
measured.

Seasonal and geographic variatiors in the age hompo=
sition of 1958 cod landings, as read from cioliths by Mr
Condon, are shown in Figure 2. The 1949 and the 195254 year-
classes have been dominant on Nove Seotia groundss the 1950
and 1953 year-classes in the southern GurLf of St. Lawrence,
Throughout most of the year, the vasrious ccd fisneriss in ICNAF
Subarea 4 depend mainly on small, young, immature z:d. Older,
mature cod are taken from spawning =oncentraticans during the
first quarter of the year,

These statistics and sampling datz oo commercial
landings form the basisg for assessment of the status of the
groundfish fisheries., Mr. Sullivan is in charge of the
statistical work, and Mr. Fitzgerald controls the sampling
program. Messrs. Fraser of Lunenburg, MacPherson of Sydney,
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and Thurber of Halifax carry out mogt of
Mrs. Delong assists with the compilatior
Halifax.
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W. Fo Maritin
No. 27
COD GROWTH IN TANKS

Experimentation on the controlied feeding of cod
(Ann. Rept. 1957=58, No. 37} was terminated cr September *,
1958, with the aCﬁumulatiQn of 5% weeks of wonuinuou records.
A prelimlnary analysiz of the datz was made by ext racu*ng
figures for a year (52 weeks) of feeding and growth in three
tanks of large-size and three tanks of smalle=size scd,

In order to separate focd requirements Lor growth
from food requirements for maintensice, one tank cacih of large
and small fish was kent on rations that maiatvained Shem &% 2
constant weight. igures extrapolated from w5 wzeks of data
showed that for the’ large=size vod 48,7 cun of ¥rezen, whole
herring were required to kesp thelr we;ghﬁ sonstant for the
year. The initially smaller cod uvsed 4+1l.% ounces for malntenance
during the same pericd.

An examination of growth data from the other tanks
showed that increases in length and weight were greater for cod
fed maximum amounte than for those con intermediate rations (see
following table). Differences were more noticeable in welght
than in length measurementsz. It was also evident that at both
feeding rates, the ratio of ngwtn in w&ibhr ro iaitisl weilght
was greater for the small-gize groups o ¢l

Average growth c¢f cod and use of food during
one year in captivity

Rate of 1Initial _Growth Food Food for  Food for Convers.
feeding size Lth, Wt. consuned meintensnces srowkh factor
0z, In. 0z o 0z, 0z . 0z .

Maximum Lge. 26.7 4. 3 26,2  106.7 48.5 58,2 2.2
Maximum Sm. 15.7 5.6 24,6 95,5 Y7.5 5562 2.2
Inter- ) }

mediate Lge. 26.% 4.0 16.0 87.3 48,5 38.8 2.4
Inter- ,

mediate Sm. 15.8 3.5 13.3 69,0 43,5 27.5 2.1

By subtracting estimated maintenance rations from

amounts of food consumed, average quantities of food uased fowr
growth of individuals in each of the four tanks were zalculated.
These figures were then divided by mean growth in welight to give
conversion factors from food weight %o fish weight. The table
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shows that these factors were very similar for waryliag combin-
ations of sizes of fish and feeding rates. Both Larvge and small
cod on maximum rations converted food used for growth at the
rate of 2.2 ounces of herring weight to 1 ounce of ¢»d weight,
Fish on intermediate rations showed a sliightly poosrer conversion
in large than in smail cod. In general, we may state that
conversion factors for cod making intermediate t0 maximum
growth range from 2.1 to 2.% on a diet made up exclusively of
whole herring.

lt\.o Co K()hler
No.28
MAGDALEN ISLANDS COD TAGHING

Results of cod tagging at the Magdalen izlandg for
the combined years of 1957 and 1958 have yiaidsa new infore
mation on cod stocks in the Gulf of St. Lawrenusz . Tagging data
for the period up to December 31, 1958, have teen processed by
the use of Kwiksort cards which provide swirt accwss o data
on movements, growth,and mortziiliies.

In late July and eariy August 14557, C. J. Bayers tagged
1,201 cod from the M, V. J. Jo. Cowie. Thes 2od wers caught close
to the Magdalens, about thres quarters of them by handiine and
the remainder by cobtter trawl. Following lesads stggested by
earlier tagging studies, 911 cod were tagged %y the writer in
the latter part of May 1958, They were obtained from cod and
herring traps along the southeast coasgh of the Magdalen Islands.

Percentage recaptures

Details of the capliure. number tagged, tag type.and
recaptures for the two years up to Decemper 31, 1958, are shown
in the accompanying tabie. These results show higher recaptures
for handlined cod than for those caught by otter trawl. Disk
tags gave higher returns than hydrostatic. Over z four-month
period, August to November in 1957 and 1958, irapped cod gave
higher returns in 1958 than either handlined or ouiter—trawled
cod did in 1957. There are many wvariables to conszider in such
a comparison, but it iz thought that tagging mortaiities of cod
tagged from traps are probably lower since the fish were in
vigorous condition at the time of tagging,

Movements

The locations of recoveries in 1957 and 1958 are shown
in the accompanying figure. The first returns of cod tagged in
July 1957 showed up close to the tagpging area., Former studies
showed few returns of cod tagged off northern New Brunswick and
Cape Breton Island around the Magdalens, suggesting the existence
of a separate stock in this latter area. Howewver, from January
to April, tagged fish were recaptured outside the Gull along the
100-fathom contour down as far as Banguevesu. The following



Magdalen Islands cod tag recoveries by year, type of tag,and
method of capture, up to December 31, 1958,

1957 1958
Method of No. Tag No. % No.
capture tagged tvpe recovered recovered recovered recovered
1957 tagging
Otter trawl 179 Hydrostatic 8 4.6 1% 8.4
Ctter trawl 295 Disk 5 1.7 26 9.0
Total _ 470 13 2.8 40 8.8
Handline 425  Hydrostatic 19 4.5 40 9.9
Handline 306 Disk 11 3.6 40 13.6
Total 731 ) 30 b 80 11 o4
GRAND TOTAL 1,201 4 307 120 10H
1998 tageing
From c¢od and '
herring traps _ 911  Disk 0o 00 o0 88 97
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Recaptures of Cod Tagged at Magdalen Islands ‘in 1957 and 1958

Recapfures from December to May

Recaptures from June to November
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spring returns came in from the original tagging area, and later
in the summer spread through the Gulf of St. Lawrenss with
concentrations at Bonaventure and Miscou Islands. Cod tagged in
May 1958 spread through the Gulf in the same summar, starting in
June. The 1957 cod were apparently tagged too laie in the summer
to show a northern movement into the Guif during the same summer,
These patterns of movements out of the Gulfl inte deeper water in
winter, and into shallower water of the Gull iLu summer are in
general agreement with other tagging experimentsz carried out in
the Gulf of St. Lawrencs. Magdalen Islands cod appear to be

part of the New Brunswick-Cape Breton cod stock,

Although two seasonal migration patterns appear clear,
it should be remembered that fishing intensities probzsbly
exaggerate the picture. The Gulf fishery is in spring to fall
only when waters are¢ ice free, whiie the Laurentiazn Channel
fishery off Cape Breton is largely 1in winter anc earvly spring.
In 1958 about ons quarter of the winter returns were by European
vessels, Spanish, French,and Pertuguese, while the remainder and
nearly all summer returns were by Canadian boats., The small
amount of ice in the winter of 1958 favoured the winter fishery
and the higher returns by Canadian vessels.

P, M. Powles

No. 29
GULEF COO0D SURVEY

The Gulf cod survey shtarted in 1957 (Ami. Rept. 1957~
58, No. 38) was continued in 1958. Field observaiions wers
carried out on the research vessel J. J. Cowie (Caplie. Co Jo
Bayers). A 3/4 Yankee 35 otter trawl with a 13-inch mesh cover
was used throughout. In addition to observatlons on length,
maturity stages, parasites,and stomach contents, a survey of the
bottom fauna at some staticns and of plankton {(eggs and larvae)
at all stations was made in 1958.

From May 24 to November 28, 156 forty-five minute tows
were made. A total of 5,163 cod were caught. The average number
of co% per tow was much lower in 1958 than in 1957: 33 compared
with 82,

Size composition

The size compositions of cod caught in the northern
and Miscou sectors and in cthe southern sector of the area sur-
veyed during the 2nd (May to July) and the 2rd quarters {August
to October) of 1957 and 1958 are shown in the sceompanying
figure., The size compositions of cod landed at Caraquet, No Bo,
during the corresponding periods are also shown. Frequsnciles
are expressed in percentages.
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Size compositions of cod caught with a covered ccdend (Gulf Survey)

and of cod landed by commercial draggers at Caraquet, N.B., during
the 2nd and 2rd quarters of 1557 and 158,
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The modal sizes observed in the commercial landings
appear in the survey catches also. In the 2nd quarter of 1957
landings showed a mode at 61 c¢m. This corresponds to the 55 to
61 ¢m., mode of the survey catches during the same period,
Similarly, the modal sizes of 61 and 85 cm. in the landings of
the 3rd quarter of 1957 correspond to the oneg at 61 and 82 cm,
in the survey catches of the northern and Miscou sectors during
the same pericd., In 1958 the modal size of landings in both
the 2nd and 3rd guarters was 52 em. This corresponds to the
length mode at 46 to 52 e¢m. in the survey catches of 1958,

The figure also shows that small cod -~ modal sizes
of 22 and 31 c¢m. in the 2nd quarter and 25 and 34 e¢m. in the
3rd quarter =~ formed a smaller proportion of the survey catches
in 1958 than in 1957,

Growth

Preliminary age determinations indicate that the modal
lengths of 22, 31,and 43 cm. in the survey catches of the 2nd
quarter of 1957 belong to the 1955, 1954, and 1953 year-classes,
respectively. The 19=cm., group caught in the southern sector
during the 3rd quarter of 1957 presumably belongs to the 1956
year-=class. By following these modes from one quarter to the
next, some idea of the growth of Gulf cod is obtained. These
are shown in the following tables

Modal sizes in em. of some year-classes in
the 1957 and 1958 survey catches

1957 1958
2nd quarter 3rd quarter 2nd quarter 3rd dquarter

Year-class Northern and Miscou sectorsg
1955 22 25 1 ?
1954 al 37 %6 6
1953 3 6 55 ?
Southern sector
1956 = 19 22 25
195 22 25 31 2
195 31 3 4o L6

These figures indicate a growth of about 9 to 12 ¢m. a year in
Gulf cod of age=groups 1 to k4,

Prediction

On the basis of the data shown in the table, cod 43 %o
46 cm., long (1953 year-class), caught during the 1957 survey
(see figure) agpear to make up the bulk of the commercial
landings in i95 when most cod were 52 cm. long and 5 years old.
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Similarly, the hé-cm. cod (1954 year-class) observed in the 3rd
quarter of the 1958 survey, especially in the northern and
Miscou sectors, are expected to be 52 to 55 em. Llong (5 years
0ld) in 1959.

As seen in the figure, more than twice as many cod
46 cm, long (1954 year-class) as cod 52 to 55 em., lLong (1953
year=class) were present in the survey catches of the 3rd
quarter of 1958. If the 1998 survey catches are an indication
of the relative strength of these two year-classes, it is antici-
pated that the 1954% year-class will replace the 1953 year=class
as the dominant one in the 1959 landings in norther:n New
Brunswick. As in 1958, the bulk ¢f the 1959 landings will be
made up of 5~year-old cod. As a result, no appreziable zhange
from the small average size of cod landed in 1958 ‘s aasisipated

in 1959.
Yvesg Jean
No, 30
SELECTION STUDIES ON GULF COD

Up to about July 1, 1958, codends of a mesh size
smaller than the Y}-inch regulation were still in use in northern
New Brunswick. After that date, however, most draggers used
codends averaging %% inches in mesh size., It was therefore
possible, as in 1957, to study the selection of wvarious mesh
sizes during commercial fishing operations. The results were
compared with thcse of fine-mesh survey studiessz and a2 mesh
selection experiment with a 53-inch mesh maniia zodend.

From May 26 to August 16, an observer, W, E. Russell,
made 10 trips aboard commercial draﬁ erg. Four trips wgre made
on draggers using small-mesh (3 to ‘i in.,) and 5 trips on
draggers using large-mesh (4% in.) codends. These draggers
fished mostly on the Bonaventure Ieland grounds. & tenth trip
was made in Chaleur Bay. ©Sea samples of up tc 2,000 and shore
samples of about 400 cod were measured for eazh trir. The 1957
data indicated that fish as large as 59 c¢m. were discarded by
commercial draggers. For this reason, sea and shore camples
were equalized above 59 cm. {Ann. Rept. 1957-5%;, No. 29). In
1958, however, few fish below 50 cm. were discarded. 3Sea and
shore samples were therefore equalized above 50 ¢m,

By comparing the numbers of cod caught and the numbers
of cod landed in 1958, percentage figures for discards were
obtained. The average discards on 4 trips by small-mesh
draggers off Bonaventure Island were 23% by number and 9% by
weight. The discards on 5 trips by large-mesh draggers on the
same fishing grounds averaged 12% by number and 5% by weight.
These results confirm those of 19957. They indicate that “§-
inch mesh codends allow the escape of a substantial number of
small cod, and reduce discards by about one haif. This is also
evident in the lower portion of the accompanying figure where
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the size compositions of cod caught by smail- and large-mesh
codends are plotted against size compositions c¢f cod landed
during 9 wastage trips. Size compositions of cod caught with
a fine~mesh codend (No. 29) are shown in the uppsr oorcion cf
the figure for comparison.

In order to consider the potential for relessing still
greater numbers of small cod which are currenily wasied, the
selectivity of a larger-mesh codend was tested in 1958. The
mesh selection experiment was carried out on the researsh vessel
J. J. Cowie with a 5%-inch mesh 75/4=-ply manila codsnd with a
fine-mesh cover. The length at which 50% of the cod escaped
was 48 em. A selection factor

50% retention length, of .3 wes Tound.
average mesh size
When sizes of cod caught with Y¥-inch codends during normal
fishing operations were compared with sizes of ced caught with
smaller meshes == 3 to 44 inches == seiection faciors ranging
from 3.3 to 3.7 were found,

In predicting the effects on ilandings of mesn sizeg
larger than the 4% inch presently in uze. variations iu selection
factor as well as in size composition, commercial cull and
fishing efficiency of larger-mesh ¢odends must ve taken inte
account. For instance, tne 50% cull point for 10 wastage trips
in 1957 varied from 44 to 55 c¢m. {average %0 <¢mo.!. This point
varied from 43 to 50 e¢m. {average 46 cm.} for 10 waogtage trips
in 1958. 1In order to measure the maximum and nininum eifects
of 5~ and 54-inch mesh on landings, the lowest selection factor,
3.3, was applied to the 1957 catch data for large Tish and a
high commercial cull point. An increase of 5% in fishing
efficiency was assumed. Similarly, the highest selection factor,
3.7, was applied to the 1958 catch data for smaller fish and a
lower commercial cull point. No increase in efficiency was
assumed. The results are shown in the following tables

Estimated effects of 5- and S#-inch mesh on discards
and landings in northern New Bruonswick

Initiagl effects

50% cull Efficiency 4 discards on landings
point Selection  increase by mambew ~in % weigh$
cm, factor in % g% mesh 5%% mesh B¥ mesh 54" mesh
50 3.3 5* 12 & s + 4
46 3.7 0 i 0 3 ~15

*for fish above 100% cull point, i.e., 59 cm.

The above table shows that, with the current size zomposition of
catch and culling practices, most unmarketable sizeg of cod would
be released by nginch mesh nets. The initial effects of a 5-inch
mesh on landings would probably range from a loss «f about 9% to
a gain of about “4%Z. Initial effects of a 5¥~inch mesh on landings
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would probably rangs from a gain of aboubt 4% to & 1oss of about
15%. The long-term effects would depend on survival and growth
of the cod that escape from the large meshes,

Since nc appreciable change 1n the size 'umpuuib;on
and c¢ull size is snticipated for 19))a the uss ol & SHeinch
mesh might lead %t appreciable initiai losses o»f commerciale
size cod. On the other hand., discards would be radaced bo
negligible quantiﬁieg9 and survival and growth of released fish
might more than compensate for initisl losses.

Further cbzervationg on the effects of the regulation
mesh size (44 in.) appear to be desirable befors crmmercial
trials with a larger mesh size are undertaken,

ves Jean
No. 21
PLATICE STUDIES
Investigations of the American plal HEippoglossoides

.".‘a

“Ze
platessoides, were carried cul in conjunction v wikh the 1958 cod
survey program in the southwestern Gulif of S%t. Lawrence. A

tagging program was initiated and regular sampies were %taken
‘rl.

at three of the survey stations represerting Aalfr nt depths.
Two additional samples were obtained from within Bay of

Chaleur by Dr. A, Marcotie of the Marine Bio.cogica
Grand River, P. Qo

Station,

Tagging

A number of plaivce were tagged To initiavs studiles
of mortalities, movements“ and growth of this important speciles,
In the latter part of vune 320 plaice were tzgged southeast of
Shippegan Gully in the Local*ty shown in Figure 1. The writer
tagged them from the M. V. J. Jo Cowie which fished at a depth
of 30 fathoms with a %/h #3% Yankee utter trawl., To dakte, 86
tags or 27% have been recoveredo This indicates a2 rather high
rate of exploitation, although it should be noted that fishing
intensity in the Odftl”U¢a“ area of tagging during 1958 was
slightly higher than former years.

Tagged plaics were retakern during their first summer
in numbers very closely related to the numbers of each angcﬁ
tagged, except for small plaice. On¢y 15% of those plaice
under 30 ¢m., were %euapfurhun The 50% retenbion point for the
Li-inch manila codend used by sommercial boats is 23 tley &
figure too low to be the primary cause of low Teuaptureg. it
is felt that low rescaptures at lengths below 30 2m. were dus
to tagged plaice being overlcoked by the fishermen. Very few
fish below this length are landed at plants, whereas many are
caught and discarded at sesz.
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There were indications of movement offshore and away
from the area of tagging during the summer, but Thne majority of
plaice appeared to remain within the immediate tagglng area,
Two plaice recaptured in Sepiember had moved about 100 miles
north, one to the Bay of Chajeur and the other to Boanavanbure
Islangl° No returns in which the leccation ol recepture was
questionable have been pleotted in Figure L.

In Octobker, 180 plalice were %tagged northeast of Miscou
Island in a depth of 3040 fathomg, and 147 were tagged east of
Orphan Bank in 50=60 fathomsg. Plaice of lengths melwasn 195 em,
and 25 c¢m., were marked with dasgger tags, while digk tags were
used on fish above 22 cm. in length,. I% is hoped by this
overlap to obtain information on the relative sfficiency of
dagger tags. Five disk tags have been returnsd to date, sll
from the area of tagging, while as yeb, nc dagger Lags have
been recovered. However, fishing in the ares ceased shortly
after the end of October and wiil got be resumsed antilil spring.

Sampling

Approximately 1,200 plalce were sempled by recording
the length, sex, and state of the gonads. The otcliths were
removed from one third of these and food orgzanisms were noied,

Spawning took place mostly during May and late June,
Plaice appeared to reach the spawning phase earllier in the
shallow water of the Bay of Chalewur thamn in the slightly deeper
water around Miscou Island. Since early sampiing 2t the deep-
water station gave small catches, cornsisting mostiy cf immature
fish,; further work will have to be done along tuis line to
ensure that the samples Taken are revresentative of stocks
present in the area. Female gonads begsn Lo ripen again in
the same order with respect to areas, staruiing in September
in the shallow waters and COctcber in the deeper waters.

Size at maturity for females was roughly equal over
the area, at 35 tc 40 om. Definiticn and interpretation of the
male sexual stages require further studies if we hopz to come
pare areas with respecit to¢ size av maturiiy.

Otelith readings and growth data {rom tagging will
provide further information on whether real differences exist
within the plaice stocks in the southwestern Gull of St.
Lawrence, Present indications are that there iz cne large
stock of plaice in this area, with small local variations.

Studies have algo been initiated in length-welght
relations of plaice, a sample of which iz plotted on & log-log
scale in Figure 2. The sample was taken in October from
Bonaventure and Miscou Isiand grownds. A straighi-line
relationship was obtained with a sleope of 3.3, DNo differences
between males and females or between the two arcas are apparent.

P. ¥, Powles
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No. 32
HADDOCK TAGGING

Only 38 haddock were taggsd in 1973. but returns from
earlier taggings have provided new informaticon about haddock
stocks and migrations. Details about the haddock taggings in
1956 and 1957 are summarized in the following table:

Areas, times, and number of haddock tagged in 1956=57.

Y =190 . ) Method of
Region Year Month Numner  _capilre
Northumberland Strait 1956 Seph =00t ?53 Doamer Soawl
Browns~LaHave 1957  Mar. —Apr. el Unler trawl
Passamaquoddy Bay 1957  Nov, =De¢. g JLT Dtter trawl
Grand Manan Channel ) o g . .. e
. i .95 Dec, 7 ter Tr
Digby Neck 3 19. 7 / D Ottesx awl

Total recaptures through 1958 have reached about 13%
of those tagged in the 1956 Northumberland Strait tagging:
about 4% for the 1957 Browng-LaHave Bank tagging: and about 16%
for the Passamaquoddy-Bay of Fundy tagging. AlL these were
tagged with plastic disks aitached dorsally through ithe flesh.

Northumberland Strait tagging

Recaptures in 1958, while lower ®than in 1957, show the
same seasonal pattern of distribution (described in last vear's
report). Winter haddock recaptureszs came from vanks offshore from
Nova Scotla; spring and late fall recaptures wers mainly from the
east coast of Cape Breton. For the remainder of 7the year,
recaptures were scattered but most came from the region of tagging,
around eastern Northumberland Strait. .

Browns-LaHave and Bay of Fundy taggipgs

Locations of tagged haddock recaptures beiwesn December
1957 and November 1958 are shown in the accompanying figure.
During the winter of 1957-58; of 12 reported recaptures, 9 came
from the region of tagging, 3 frem off Lockepert, No. S., and
1l from deep water of the South Channel regicn in the Culf of
Maine. Only 3 haddock were recaptured in the summer of 1958,
1 from Digby Neck, 1 from Browns Bank,and 1 frum Chedabucto Bay.
Recaptures during the summer of 1997 {(not shown in figure) were
low and mainly from inshore groundeg off western Nova Scotia.

Haddock tagged at the mouth of the Bay of Fundy
scattered widely during the succeeding winter (see figure;., Of
those tagged in the Passamaquoddy Bay area, many were recaptured
around Jeffreys Ledge and the South Channel region of ths western
Gulf of Maine. Significant numbers were also reported recaptured
from the area between Digby Neck aznd Browns Buak. 0f 70 haddock
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tagged off Dighby, 6 were recovered 1o Shiz parici. = irvom
Jeffreys Ledge and & from Browns-Bascaro Bahk aisé.

In the summer of 1958, recapiure: of Pas qaoday
Bay tagged fish were mainiy from the ?egi of tag“‘;no be)
occasional recapture was reported frmm ofy Cape Col, Georges

Bank, Digby Neck, Scott’s Bav.and St. Margaret's Bay. Three
of the Digby Neck tags were retaken, 1. on Seorges Bavuk and the
other 2 toward the hesad of the Bay ut Fundy o

Discussion

Results from all the summzr aznd fall haddozk taggings
have shown extensive seasonal migrations. The results suggest a
fall-winter movement to the west and zoush. and & relturs moves
ment by the following summer to the %hsagging rsglon.

That Browns Bank and Georges Dainl nadaotx are szparate
stocks has been postulated on the dbasgis of 4101 >2x in growth,
age,and size composition and vert ubrai o desp-water
Fundian Channel between these banks g stg Ea5iei ag a barrier).
The results from tagging on Browns Banm i:rw "ol o Lagglng on
Georges) support this postulatiorn. Only 2 haddock tagged on
Browns-LaHave hiave been retaken on Georges and South Channel
in a year and a half following tagging.

Resulits from the winter <azging on Browxns Bank indicate
a local stock with some fish wmovinpg “n swamse *u fﬂahore grounds
west of Cape Sable. Hewever, results of ! v vagging at
Lockeport (19533 and thess tagginge in % X .nndy suggest
that concentrations aof fish from both thess re < help support
the winter-spring haddock fishery in the Browno-Ladave reglon,
Problems concerning mixing of stocks may i .thhe? resclved 1if
tagged haddock continue to be recapiuzed . ialr nuampers for
several years.

o4
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No. 33
HADDOCK SURVEY

In August 1998 a survey of groundfish wopulations on
offshore Nova Scotian Banks was begun. The survey program is
aimed at measuring recruitment and deuermining the influence of
environmental factors on the abundance, diztribution,and move=-
ments of grouwndfish. 7The rezultz should lead to "no”*m,erm
predictions of the relative abundance of iish tc e fishery,
They also provide material Lo assegs growsth ratves of young
fish not available from commerceial Jandings. Theze data are
necessary for considering the peopulaticn dynamics 2f the stocks.
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The area surveyed was limited ©to regions of Emerald
and Sable Island Banks where the main species caught was haddock.
From August 13 to 28, the M. V. Harengpb (Capt. Ho H. Butler)
made 48 tows of L5-minutes duration at the 30 statiors shown
in Figure 1. For all tows & #36 manils trawl (60-f%. headrope)
with a nylon codend of % 5/l6-inch mesh uged. The nodend

ine
end was covered with a loose, li- cover of Nyako

i
L

Haddock, cod, and on occasion

predominated in the aat@hw wera mPaaﬂTed °”t centi-~
metre. Whole catches were mesasursd whers a4 if they

were too large, the catun WER SamlAF;o
cover were recorded wpalate,ﬁ_yo Thege ddtd D L
information about selection of the codend. On a re
sample from each tow {nsually 2 fish from sach Heum, La %
group) information zbout sex, gonad develupmsab, paragites sand
food was recorded.

Results

in the shailow water arcound Bsble Isiand, 10-20 fathoms,
haddock arcund 20 c¢m. in iengrh Ware Wost Aumercus (Fig. 1)
Probably these were the 19%7 year-class {age Geterminations have
nct been analyzed yet). Other gizes of haddock ware not csught
in large numbers. In deeper water, Z0-43 fatnom,q smalles?
haddock were reduced in numbsrg, bal naddock of inbermediate
size, with mocdes at 30 ané *+0 om., wers ELDET O o Larger hzsddock,
48 em. and over, were nobt as numercus as rroa similar depths on
top of Emerald Bqnxo In zvilli deever water (4% fathoms, southe
west and west of the banks, haddock J“ﬂund 20 enme wacurred again
along with fair numbers of large haddock, aw iuntermedisthe sizes
were scarce. JIn the despest water worthes o omerald Bank
only redfish were taksn,

Small numbers of cod were caught at almost all stations
where haddock were taken but not in the shallow water on the west
bar of Sable Island.

The data on paragite infestation and foo Frganisms
have not been extensively analyzed. Oniy a few specimensg of the
parasitic coperod, Lernasocera branchisdiiz, were geen on sod
gills and none con haddeck. The parasitic copspod, Clavella SPoy
was more common, cccumring on the gills, anve, fins.and in the
buccal cavity Df both specles. However, thelr occurrence did
not follow any easily rececgnizable pattern whizh couvld be used
to recognize stocks.

d
2
e

Haddock were feeding «nieT;y on boettom invertebrarnes.
These included sea urchins, molluscs, nerwmit < aquﬁnd sand
dollars. Other spzcieg of inver+aoratbs9 such as Isopods,
amphipods, eupbau;idt%ana myslids wer COEMOT o Lﬁwh ware not an

important part of the focd in these bﬂlleﬁtiﬁﬁﬁo
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Discussion

Although the size distribution of haddock has been
presented in relation to depth, there does not appear to be a
simple relation to any one environmental factor. Bottom
temperatures are alsc related %o depth, with warmest water in
the shallows around Sable lsiand, coldest water on top of the
banks in moderate depths, and warmer water recurring again
deeper., However, the absence ¢f haddock northeast of Emerald
Bank, and the apparent concentration of haddock on top of
Emerald Bank, are not satisfactorily expiained by either depth
or temperature as limiting fac¢tors. PFurther exploration of
variations in other environmental factors and of the seasonal
distribution of haddock is planned.

Until 1958, measures of abundance w yeai-ciasses
depended mainly upon sampling for age and lengbh o0 haddosk
landed by commercial vessels. The surveys begin to provide
information about ycunger and smailer fish whisch snculd become
useful for predictinsn of commercial lendicgs.

The 1952 year-class of haddcek hag been dominant in
samples of the commercial landings from Nova Scotian Banks since
1956 (Fig. 2). It has been particularly important %o Canadian
landings from offshore banks throughout the years 1956 and 1957.
Preliminary accounts of the 1958 haddock fishery suggest that it
has been reduced during the summer months. No ocutstanding year-
class since that of 1952 haz appeared iu the fishezrv,

Fo Do McCracken
N, 4. McFarlane

No. 34
HADDOCK DISCARDS

Between May 23 and August 25 a student assistant,
L. L. MacLeod, made six %trips on commercial trawlers from Nova
Scotian ports. Five trips wers on large cuter ftrawlers from
Halifax, the sixth on a smaller otter trawler from Glace Bay.
Fishing was mainly on Banquesreau, Sable Island Bank, and Middle
Ground in ICNAF Subdivisiocns 4V and 4W.

Sample measurements of haddock catches have been
compared with samples of landings %o obtain calculations of
quantities and sizes of discards. In addition, estimates of
catches and discards for all species were recorded for each tow.
Estimates of quantities of haddock caught and landed are
summarized in Tables 1 and 11,

Discards from trips in which all haddock landed were
gutted are summarized in Tabie I. Discards ranged from 3 to
7% by weight and 6 to 15% by number., Calcualated total discards
for all three trips were about 5% by weight and 104 by number.,
These calculations agree well with visual estimates by the
observer who estimated discards of from 3 to 124 by weight.
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: Discards from trips in which part of the haddock
landed were round {ungutted) are summarized in Tatle II. Best
calculations for the rcund haddcck porticn of trips D and B
are that 2 to 4% by weight were discarded. Discards were lower
than for the "gutted” trips, A, By C. Caleculations agree with
the observer's visual estimates.

Table I. Discard estimates from “gutted" haddock frips, May-
August 19585 mesh size 4% inches or more; top chafing
gear of netting and/or cowhide,

Trip Weight No. Weight No. % discarded % weight dis-
landed landed caught caught each trip carded (sea

estimates)
Cwt. 100 Cwt. 100 Wt. oo
A 955 392 1027 L6 7 15 3
B 530 220 55k oWy 5 11 12
C 1390 592 1432 630 3 5 4

Total 2875 1204 3012 1338 Lk to 5 9%

10

O

Table II. Discard estimates from "round® haddock trips, May-
August 1958; mesh size Y44 inches or mcre; top chafing
gear of netting. :

Trip Weight No, Weight No. % discarded % weight dis~
landed landed caught caught each trip carded (sea

estimates)
Cwt. 100 Cwt , 100 Wt . Noo ‘
D
gutted 251 398 not 37 56 3k
round 4h9 468 estimated L 12
700 300 BEH {1%) i

E
gutted 27 L1 not: 33 Ly 12
round 6 2Zj,estimated 2 5 2

0 332 16 = il
Total 1290 1482 g

Calculations of the discards during the gutted portion
-of trips D and E are much less adegunate. Changes in cull between
the round and gutted portion of the trips affect the application
of the shore samples to this portion of the trip. For the gutted
portion of trip D, discards were calculated at 37% by weight
(observer's estimate 34%). For trip E, calculated discards are



- 67 = Groundfish

33% for the gutted portion of the trips observaer's estimates are
only 12%.

Discussion

Numbers of discards depend upcn the sigsz composition
of fish available to the fishery., selection by the gear, and
culling by the fishermen. Ail these are wvariable and depend
upon area, season, mesh size, and market condifious.

Previous sampling for wastage in 1951-52 showed that
commercial small-mesh nets (about 2 7/8 in.) were catching
haddock of about 30 em. in length in quantity. Discards In the
summer of 1951=52 ranged between 40 and €0% bty weigh%. Virtuaily
all haddock below 40 cm. and some up to 45 cm. in length were
discarded.

In 1958, discards were much below 199i=%. levels.
Small fish were s@ill found on the grounds fished Ty commercial
trawlers. Results of the covered-net swrvey on Sable Island Bank
showed haddock of about 30 cm., in length to be numerous (see
accompanying figure). These would have been taken and discarded
by small-mesh commercial nets, but were being released by large-
mesh nets of 4% inches or more,

Most haddock caught by the large-mesh nets in 1958
were being landed (see figure). Culling practices have changed
quite markedly since 1951-952, While haddoczk were bsing saved
round, virtually all fish down to 38 em. were bDeing seved, Even
when haddock were being gutted, virtualiy all haddocx down to
40 cm, were saved,

It appears that the large-mesh nets of L4 incaes or
slightly more are functioning to release wirduslly all haddock
below commercial size. They are .also releazing some haddock
between the 35-40 em. range, although the data from these
commercial trips are too variable to allow selection zurves o
be drawh. Probably some haddock being released could he landed
as round haddock, but selection by the Yd-inch mesh approximates
the cull for gutted haddock. It appears that mesh sizes appre-
ciably larger than 44 inches, manila twine (or equivalent),
would release fair quantities of currently marketable haddogk.

Other species

Estimated weight of discards for some other commereially
important species are summarized in Table IIX. About 13% of the
cod caught were discarded, all under about 2 pourds in weight,
Almost all the pollock caught were landed. On early trips all
yellowtail were discarded, principally as a result of the chalky
condition of the flesh. As the season progresced, discards
decreased to about 5% fcr the final trip. Discards of witeh
were negligible. About 20% of the smalier redfish were discarded.
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Of non~commercial species, relatively small gquantluvies of skate
and silver hake were caught and all were discarded,

Table I1I. Discards cf species other than haddogk, estimated
from observer's log records.

Species Estimated Weight Estimated Remarks

weight landed % weight
caught discarded
Cwt. Cwto,
Cod 1449 1254 13 Pisn beliow 45 c¢me
Pollock Skl 5L% 0.2
Yellowtail 721 322 64 A1 sazes. shalky,

discavrds decreass
witin vime azftew
SPEWRLAE o

Witch - 266 2&6 4
Redfish 51 1 20

¥. D, McCracsken
No. 35

SELECTION AND CHAFING GEAR STUDIES

Mesh selection studies were continued on a raduced
scale in 1958. Information about selection for s & 5/15-inch
mesh nylon codend was obtained incidentally durirg the haddcck
survey on Sable Island Bank. In addition, betwecn Seplember 3-
6, tests of topside chafing gear were made on Emerald Baik,
where catches were mainly haddock. Further tests of ftopsids
chafing gear followed discussions of this problem at the 1953
meeting of ICNAF. Conclusions at this meeting wers: that
topside chafing gear is widely useds that information abouz
effects on escapement is weak; and that top pricrity should be
given to covered-net trials with the type of topside chafing
gear specified by ICNAF.

Methods

For these experiments the M. V. Harengus towed a #36
manila trawl (60=-ft. headrope) in tows of L5-minutes duration.
Twenty=-one tows during the haddock survey, with a nylon codend
of double~-strand, 85-yard braided twine, seem suitatie for
obtaining selection results. For all experimentz z cover of
14-inch stretched mesh Nyak twine was used.

For the chafing Eear experiments & doublie=strand
manila codend of 75-yard, 4-ply twine was used. DMesh size
averaged about 5 inches with considerable variation zlong the
length of the codend. The aft guarter, which geems most
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Selection curves for haddock with nylon and manila codends.
transposition of both horizontal and vertical scalie,)

important to escapement of fish with moderate catzhes, averaged
about 5 1/8 inches. Twelve successful tows were made with the
covered codenc¢ alone, then 8 tows with topside chafing gear
added.
ICNAF specifications for chafing gear were used. The
chafing gear was 18 meshes long, of new netting, attached across
the codend 4 meshes ahead of the splitting strap, and along the
laceage to 3 meshes from the codline mesh. Internal mesh
diameter of the chafing gear became about 4% 7/8 inches. Visual
inspection indicated that about the 4 aftermost meshes were
clear. The top chafing gear was 1% times the width of the
codend, although the width was not wholiy sffective since the
cover over the whole was only about 1/3 wider than the zoderd
itself,

All mesh measurements of codends and chafing gezr were
made with the wedge-shape gauge specified by ICNAF,
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Results

Catches throughout were chiefly of hadinal
3,000 haddock were taken in the 21 tows with the =
mesh nylen codend. Numbers within the selection ry
mesh size seem adequate. The resulting seiectic
shown in the accompanying figure. The 50% reten
for the 4 5/1é-inch nvlion mesh was about 43 om, 5.3 &}
selection factor about 3.9 (selection factor =

50% retention length cm
mesh size c¢m,

During the chafing gear experiments czhches of haddock
averaged about 1,000 pounds per tow. Selectiorn survae fnr tows
without top chafgng gear and for those with teop o  Zear are
compared in the figure. There was littie c,f*“w ; *%ween the
results of the two experiments. The 50% IEwe iengeh with
top chafing gear was slightly higher, abou' b . warsus 41 CMo
than without top chafing gear. This small differense is attri-
buted to experimental error and possibly to a2 siignt iasrease in
mesh size during the course of the experiment. Selevtion factors
for the manila codend were about 3.2=3.3 (variation “n mesh size
along the length of the c¢odend reduces the precizicw of this
estimate).

Results of these experiments continue 7o zhow a
markedly higher selectivity for nylon than for manils. Previous
experiments indicated that codends of 4=inch mesh, sgzglﬂwbtrand
nylon, and 4 3/8~inch, doudle-strand, heavy twire nylon were
equivalent in selection to a codend of L%cinad, dous.a-strand
manila. The current experiment with a mpdiummweight nylon
twine indicates that for this netting a ﬁain@ dcublg~strand
mesh 1s equivalent in selection to a h%manﬂh maah manila,

Earlier experiments have shown that a dcuble-layered
codend reduced escapement of fish., They hawve slszsc shown that a
chafing gear about 10% wider than the codend reducsd escapemsnt.
However, the current experiment has shown thet chafing gear 1%
times the width of the codend, and to ICNAF speciiicetinag
described above, did net reduce escapemernt.

Fo. Do MzCrzcken
No.36
ASSESSING FEFFECTS OF THE GEORGES BANK MESH REGULATION

As recommended by the ICNAF Committes o1 Regearsh
and Statistics, the staff of the Biological Star*cn Stoe
Andrews, N. B., has continued to co-ocperate with the staff
of the Woods Hole Laboratory of the U, S. Fish and Wiidlife
Service in studies aimed at assessment of effects of the
Georges Bank haddock mesh regulation. At the time %his
regulation was adopted by ICNAF, the Georges Bank haddock
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fishery was believed to be one of the few for whﬁch data were
available to permit establishment of an accurains bsseline from
which to measure changes in catch., It also QPPPdT 2d that this
fishery was simpie enough to allow ¢ollection of sidsquate
follow-up data. These features made it a btUdY or bpb~*4w
importance since o adequate assessmexnt of i a fishery
regulation has yet been made. Progress reporis or 1

aspects of the co-operative study were presensed
1958 Annual Meeting of ICNAF,

In the belief that effects of the mesh regualation can
best be demonstrated by comparing yields from year-classes of
known size before and after regulation, recent investigations
have been devoted to estimation of mortality rates and abundance
of year-classes when they are young enough Yo be direcily
affected by the change in mesh size. The ezrliier work which
had predicted an increzse of 30 to 40% ln long-term yvields had
developed estimates of mortaiity of the “%- to 8eyear-cld fish
and used them as a basis for prediction. However, the mesh
regulation was designed to delay capture irom age L& to age
2% years, and recently thers have besn indications of changes
in mortality rate with age. Such resuits suage5; that extra=
polation of mortality rates from cld to youtg Iish msy be
unjustified.,

Studieg during ths year nave indicaved Tnens

1. Because data on digcards, henze toval catines, are

not available praor to 1991, the validity of eatimates of )

ortality and abundance of the 14~ to 24-year-cids of the 1948
and earlier year«classes depends on the accurasy with whicsh we
can calculate discards from a series of dats on tne gize
compositions of landings, combined with the infcrmation on
discards which ha@ been collected since 1950, AT least two
apparently objective methoab have been suggested Ior cal-
culating catehes of 2~ to :f-year-olds, but thers is nc
satisfactory means of detect rng possible early changes in
culling practices,

2, Calculations of abundance of year-classes at early
ages are complicated by remarkable changes in avaiiacility of
young fish from season te season and from yesr Tooyeal. These

appear especially likely to affect catches of iz~ w0 Zeyeare
olds so that calculated abundance of fish younmger than age 2
may have little resemblancs to the actual,

3. Studies of mortality estimates derived firom fisheries
statistics show that the cateh data contain sufiicisnt uniden-
tified variation tc give discouragingly wide confidence limits,
Unless some of the sources of variation can be Zdentified and
eliminated, it is possible that errors of esiimation will
approach or even exceed the order of magnitude oI changes
predizted to result from the regulation.
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4, Recent increases in average size and e;ghﬁ of Tish
landed appear to be greater than can ba cco nted dor on the
baslis of a change in growth rate alcne, and mey be & firsty
positive sign of long-term benefit from the reguiati@na

Some of the problenms en‘ouuta’e during the analyses
may eventually be solved through greater refinemenc of the data.
For example, the data used s¢ far hafe been weighted anomal
total catches for all Georges Bank. Some of the sourcsg of
variability in mortality rate estimates may become apparent if
the data are broken down into smaller time snd sreaz units,
Preliminary studies of models have also indica%ted that some of
the varilability may be associa*ted with errors in age Jeter-
mination. In addition, it has been shown than errors in
estimates of mortality of young haddock may hava Hz31n 2alroe
duced by calculating average mortalify over severa. agsee
classes if, instead of random variatiocns, thers are trends in
mortality with age or time,

Methods of measuring and acesuvating for srrors from
these and other socurces are being investigated to permit
improved accuracy in assesgment of effects of mes* regulation
by the system of comparing yields before and afftey rsgulation.
Alternative methods of assessment are zaiso being muugh

L. Mo Dickis
Noo. 37

A NEW ROLE FOR STUDY BOATS IN ASSESSING ErFECTS
OF MESH REGULATION

The accepted methed for detecting eifecis of a mesh
regulation is to zompars a series cf pre~ and postersgulation
catches, corrected for differences in year-class abundance and
mortality between the two periods. This requires collection
of detalled catch and effort statistics over a sufficiently
long period so that confidence limits of the estimates of
abundance and mortality are narrow enough to permit us to
detect changes in cateh of the size predicted to reswlt from
the regulation. A study fieet using the 0ld mesh size is
cperated for a short time after the regulaticna to ansure that
there are no remarkabie changes in relative availabiiisy of
fish to new gear and to measure any changes in efficiency that
take place.

Experience to dats indicates that the lsngih of the
series of pre-regulation dats that we need bvefore This method
can produce the precision necessary for messursmens of effects
of regulation may be prchibitively long for mort fisneries
Even for the Georges Bank haddoc¢k fishery, whers & F&Ptibxmdrly
long series of data is being analyzed, the degres of precision
is discouragingly low. It appears almost certain in this case
that even if our methods should eventually permitv us “o demon=
strate the predicted relatively large difference in cateh
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before and after regulation, we shall not be-able te detect
what will probably be relatively smaller departures of the
actual catech from the expected.

Aside from sampling errors in ages determinatiocn and
incomplete data on catch and effort, the precision of mortality
and abundance estimates from catch statistics svaries directly
with (1) the coefficient of correlation between mortality and
effort, (2) the number of time intervals over which mortality
rates are measured, {3) the amount of variation in effort during
the study period. The ccefficient of correlation is affected
by many unidentified sources of wvariation, among the most
important of which are probable changes in awvailability of the
stocks from time to time. Precision can sometimeg be improved
by lengthening the period of observations. although this
frequently increases the first error componen:. Hdowever, the
investigator generally requires a long series of dais anyway
in order to have sufficient variation in effort 4o permit
separation of ths fishing and natural mordtality rats components.

Where long series of pre-regulation data are not
available, it appears possibie that appropriate use of a study
fleet during the period of change may be made to measure effects
of mesh regulation with a precision at least as greal as that
afforded by the method just described. This alternative
approach involves the introduction of a variahls-gized study
fleet to fish with the new proposed mesh sizs. Using the
mortality estimates from detalled statistics of both sections
of the fleet,; it iz proposed that we should caicuiate how much
would have been caught ty the fleet using either type of gear
alone. The differernce in calculated catches is a direct measure
of the effect of a gear change since the fiecets will have been
fishing the same year-classes.

The calculiations and the tests involved in this
alternative method are of exactly the same ftype as are used in
the current methods of analysis when two types of gear are in
use. However, there appear to be several advantages in the new
approach. The most important is that if a small study fleet
using the new mesh is introduced before a regulation and then
a study fleet is exempted to use the old mesh after the regu-
lation is enforced, we have introduced the maximum pcssible
variation In fishing effort on the small sizes of fish directly
affected by the mesh change. This gives maximum precision in
the estimation of mortality and abundance at these critical
early ages. Since the two types of gear fish the same stocks,
it may also be possible tv study the changes in avaiiability
which affect the ccrrelation between effort and mortaliity.
Furthermore, although the length of time required for the
study will differ from fishery to fishery, precision comparable
to that obtained by present analytic methods can prcbably be
obtained in significantly shorter time.
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It must be recognized that, at hest, the precisiocn
of estimates of mortalities and abundance from cauen data is
low, so that our chances for measuring effects of a mesh regu-~
lation by this method alcne are pcor, nc matter what analytie
procedures are used. It seems likely, tnerefors, that any
intensive study of the type proposed here zhonld make provisionm
for other means of measuring mortality and abundance. Chances
for success would be much improved 1f & study voat program were
accompanied by a tagging program and was done in an arss where
the biology of the species fished was wsil understoocd,

L. M. Dickie

No. 38

EFFECTS OF MISTAKES IN AGE DETERLIINATION
ON MCRTALITY ESTINATES

It is well known that there are errors made in the
assignment of ages to figh from readings of annull on scalies
and otocliths, especially among older fish. Studies reported
by Gulland (19%5) have shown that average mortality and growth
rates derived from these data may not be mach in error, provided
that the precisiocn of readings doeg not wvary markedly firom age
to age, and the average mortality rate is taken over a suf-
ficien%ly large number of year-classez. However, in calculations
designed to compute mertalities from catch stabistics, we
frequently wish %o compare the apparent mortzlities for different
year-classes or to derive mortality egtimztes Zrom relatively
short series of data. Errors in age readings may introducs
substantial errors in analyses of these special siiuationse.

A preliminary examination has been made of the con-
sequences of mistakes in age debtermination in a situation such
as that of the Georges Bank haddock fishery where we wish to
determine abundance of individual year—classes in a regular
succession of alternately weak and strong broods. The magnitude
of age determination errors may be judged from studies by
Kohler and Clark (1958) comparing differences in the readings
from scales and ctoliths from Georges Bank haddock. These
studies have indicated that from ages 2 to & the disagreements
in age assignment are gymmetrical about the mean values, That
is, there seems to be no bias towards reading fish at these
ages consistently older or younger than they are. The distri-
bution of scale ages at a given otclith age may therefore be
taken as an index of the distribution of errorz at that age.
(Error distributions may be similarly derived from the distri-
bution of otolith ages at a given scale age.'? TUsing errors of
the magnitude shown by this study, models have been constructed
which compare the actual and distorted age distributions for
fluctuating fisheries, and mortality rates have peen recalcu-
lated from the distributionse.

The results show that, az expezted, the overall
average mortality rates derived from the actual and distorted
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age distributions were identical. However, if czlculations are
made on the strong or weak year-classes alone, mortzlity rates
are significantly over- or underestimated respectively, and

the averages may be similarly biased 1f a preponderzance of weak
or strong year-classes 1s used to obtain the overall average.
Furthermore, errors of the magnitude used in these models are
sufficient %o explain the apparent levelling of ini%tially
different year-class strengths which has been observed among
Georges Bank haddock year-classes between ages 2 and 8., A
system for correcting the distortion in situations where a
strong year=class is preceded and followed by weszk year-classes
has been suggested. The importance of such errors and the
practicality of introducing corrections should be studied for

a greater variety of situations.

i T £ 2
e Mo Dickie

No. 39
PORROCAECUM INFESTATION IN COD IN CAFTIVITY

The examination of the cod remaining at the end of
the growth experiment (No., 27 ) included inspection of the
two fillets and skeletal section of each fish for larval
nematodes (Porrocaecum dee¢ipiens). D. N. Fitzgerald, who was
experienced in the technigue of examination, carried out the
observations. The results for 29 cod showed 38% of the fish
were infected, 21% of the fillets and 17% of the skeletal
sections from the fish contained worms. D. M. Sectt (Proge.
Rept. Atlantic Coast Sta., No. 48, p. 10) has shown that
Parrocaecum does not occur in herring. Since these cod were
fed exclusively upon herring for the previous year, 1t is
unlikely that they became infected after they were confined
to the tanks. The incidence found in these c¢od was similar to
that found in 1957 in cod from areas adjacent to the trap from
which they were taken. It is inferred that the tank cod
carried these worms from the time they were taken I{rom the trap
at Lockeport.

It was ncted that an unusually large percentage of
the worms (33%) were found on the skin side of the fillet.
Scott has shown that the worms migrate from the stomach to the
body cavity then into the cod musculature. The ¢urrent obser-
vations indicate that the nematodes continue to move through
the musculature away from the body cavity towards the epidermise.

A, C. Kohler
No. %0

INCIDENCE OF NEMATODES 1IN CRUSTACEANS FROM
THE BRAS D'CR LAKES IN 1958

It has been known for several years that mysids in
the Bras 4'0r Lakes were infected with larval nematodes. Less
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than 20 specimens of nematodes have been available for identi-
fication. None apreared to he Porrocaecum and all that could de
identified were Contracaecum. The possibility still exists
that mysids or some other crustacean might serve as primary
intermediate hosts for P. decipiens. Accordingly. %o 1958,
further collections of mysids were made in the Brac 4'0r
Lakes.

Seven collections were made in July 1956 from three
localities in the Bras d'Or lLakes. One sample came Irom Baddeck
Bay, two from near Coffin Island, and four from near Kemp* Head.

Ancidence of nematodes

Each c¢rustacean was examined for nanatodzs. The examin-
ation consisted of the removal of the carapaze and zn inspection
of the ecephalotheoracic region. The abdomen of each animal was
examined but was fully dissected only in large specimens (larger
than 3 em.).

One hundred and twelve nematodes were found, Thirty-
four were free in the jars in which the ¢rustscezanz had been
preserved. Assuming that these vemabtodesg had coriginated from
the preserved crustaﬁigns9 883 incidence of nematcdes was
approximately 1.3% ‘“8&6"”“ The distribusion ©y hosts of

the remaining 76 nematodes is shown in Table I. Three groups
of crustaceans were infected: mysids, suphausids, and decapods.
A single nematode was usually present in an infected hosto

&

However, 2 nematodes were found in each of 6 mysids, and 1

mysid contained 3 nematodes Because of the preponderance of
myslids in the collections, it wag not surprising to find that
most nematodes cccurred in 4 species of mysids. Sixty-two of

the 71 nematodes found in mysids could be aSSigneﬁ te definite
species of mysids.

Most nematodes (47) were found in N. americggﬂ, Ge 2,
and 1 nematodes were found respectively in M. mizta, M. steno=-
lepis,and E. erythrophthalma. In view of the SCaIcnfy of
N. americana relative to the other mysids, the percentage
incidence of nematodes was obviously much higher in N. americsna.

Infected mysids were most common in the Kempt Head
area. This can be attributed to the fact that N. americansg was
more common in that area than in the vicinity of Coffin Island.

A1l the nematodes were larvae less than 15 mm. in
length. All but 5 showed the generic characteristics of
Contracaecum. The remaining 5 are of particular irterest to
the present investigation as thev belonged either to Porrocaecum
or to Anisakis. It may he noteworthy that * of these nematodes
came from M. mixta and M. stenolepis. but none was definitely
from N. americana. The rifth came from a mysid whose state of
preservation was too poor to permit generic determination.
Further, it is interesting that 4 of 1l nematodes found in the
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genus Mysis were either Pgrrocaecum or Anisskis. All 50 nematodes
from Neomysls were Contracaecums.
1}

Table I. Numbers of nematodes found in various crustaceans from
the Bras 4'0r Lakes, July 1958,

Locality Mysis Mysis Neo- Erythrops Mysid Euphau- Deca- Free

and date mixta steno- mysis erythro- SPe 8id 3pe. Dpod in
lepis ameri- phthalms SPo Jar
cans .

Baddeck
Bay
Ju1y8 o0 e e o0 o o 0 0 o0 00 ¢ a 00 oo 0 c 80
Coffin
Iso.
J‘lly 10 c e 0 @ 00 o000 e co l* L - ] 00 :in
Jllly 16 o @ O 1* 3 o 00 o 0@ ¢ 00 L . ) L BRI -
Kempt
Head
July 9 0o P 9 oo e P “ soe 3
July 10 5 ceo 7 oo B! z ooe 7
July 16=

17 3 1= 13 oo coe coo i 12
July 19 ix .., g 1 3 cao coo 11
Total 9 1 +7 i 8 L 1 33

*indicates the distribution of nematodss of the genera Porrocsecum
or Anisakis.

Table II. Length in millimetres of certain characters of larval
Porrocsecum or Apnisakis recovered from mysids.

Specimen Total OCesophagus Ventricuins Intestinal Oes./Venh.

no. length ‘ ' caecyn %
2 )“*'03 0066 0039 bt 168
52 L& 0.81 0,56 & 146
6l L 0,62 O.45 Delb 138
23 5.5 C.70 ookl - i71
3 8.5 1.0 0,56 0,087 179

Each of the 5 Porrocaecum or Anisskis was too small or
too poorly preserved to permit dissechion. An intestinal caecum
was present in one nematode and probably in anetbe' He intes-
tinal caecum wags apparent in the remaining 3 nematodes. On this
basis, these specimens could be either Anisakib or Porrocaeciun
larvae in which the caecum had not yet developed. There iz
slight evidence favouring the latter possibility. First, the
ratios of the length of the cesophagus %o that of the ventricuius
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(Table II) resemble those determined by Templeman et zi. (1957)
for Porrocaecum rather tnan those of Anisakis. Templeman showed
that this ratio was usually less than 180% for Porrocaecum but
more than this for his specimens without a caecum. My own
unpublished studies on Anisakis showed that in 75% of the
specimens the oesophagus was more than twice as long as the
ventriculus. Secondly, there is no host of adult Anisakis known
to occur regulariy in %he Bras d'0Or Lakes.

In conclusion, two main points have besn established
by the present study. First, nematodes which are probabdly '
Porrocaecum occur in mysids in the Bras 4'0Or Lakes. Secondly,
euphausids and decapods are also hosts of nematodeszs in this
region. To establish the frequency with which Porrocascum occurs
in mysids and other crustaceans in this region, it would he
necessary to collect much larger numbers of crustacsans. It would
also be desirable to make collections at different szasons of the
year.

Do I'!Io S(S‘Jct
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No., 41
GENERAL SUMMARY OF PELAGIC FISH INVESTIGATIONS

‘ Pelagic fish research in 1958 continued tc he concerned
chiefly with a program of research and statistics designed to
meet the needs of the International Passamaquoddy Fisheries Board
in predicting the effects which the proposed Passamaquoddy power
project might have on the fisheries of the area. This program
began in 1957 and will be completed during the summer of 1959.
Most of the projects are carried out cc--cperatively by the Fish-
eries Research Board of Canada and the United States Fish and
Wildlife Service, particularly in the pooling of equipment and
personnel for field cperations, although scientific collaboration
in analysis of data and interpretation of results is included.
Efforts by the Research Committee of Canadian and Unized States
scilentists in planning and co=->rdinating the program aad in
progress reporting included four regular meetings of the Research
Committee; two regular and two informal meetings of the Inter-
national Passamaquoddy Fisheries Board:; four meetings of the
Joint Engineering and Fisheries Committee; one jcint meeting

of the Engineering and Fisheries Boards; three meetings of the
International Joint Commissiong two meetings of the Sub-Committee
on Anadromous Fishes; two meetings of the Sub-Commicftee on
Economics and two meetings of the Sub-Committee cn Firal Reports.
The program, as a whcle, was reviewed and appraised critically

in consultation with Mr. B, B. Parrish of the Scottish Home
Department who was employed for this purpose from mic¢ June to
mid July.

Major emphasis continued to be placed cn tie herring
fisheries which make up more than 80% of the %totai fish landings
in the area., Studies of catch, effort, investment, and income
statistics were intensified and improved. Total landings in
Charlotte and Saint John Counties were 60% below the previous
year's catch. Net cash returns for weires ($i,779) and for
purse seines ($27,263) in 1956 and 1957 showed pursz zeining to
be significantly more profitable than weir fiching. Studies
of migrations were accomplished by tagging and rsleasicg 799794
herring of which 2,739 (3.4%) were recaptured. Experiments %o
establish behaviour patterns and the survival of herring under
~environmental extremes have provided valuable data for prediction
of the effect of power dams on existing fisheries. Expicrations
for larval herring and the distribution and abundance of plank-
tonic forms provide a basis for determining the sourca of the
stocks and their method of transport to the fishing areas,
Fishing experiments, the relation of catch to environment and
the length, weight,and age composition of the commercial catches
rounded out the bioclcgical program. Studies of hydrographic
conditions including temperature, salinity. and currents (Trites,
AOG Annual Report 1958--59) are included in the investigation.
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In general, the pelagic fisne:
are only llghtiy fished and, as a group Qﬁtlbdbu the majox
potentlal for expansion of the fishing - dust1y in the region.
Studies have been carried on for several years to digcover ways
and means of making better ub@ of these resources. Bffourts
along these lines were restricted ip 1598 4o folluowing -he
rapid expansion of the herring figshery in southwest Nova Scotia
and to the observaticn of two gear experiments un thz soubh
and west coasts of Newfeoundland. Landings of nessing in scuvithe
west Nova Scotia increased from 16.8 million pounds in 1943
to 85.5 milliion pounds in 1958, Particular attention is given
to changes that may take place in the gize and age composiition
of the stocks and in the annual recruitment, An expexlment ia
Hermitage Bay, Newfoundland, demonstrated the wvalue of the
drift-net method orf fishing ani preliminary resulte o7 an
electrofishing experiment in Port au Port Ray, Nuw“nJLdlano
were encouraging. Studies of the abundance of hari a"wae
in the Gulf of St., Lawrence indicated an extremsly Zarmrgd
production in 1953,

g_..-o
’2)

A study of the fishery and biciogy of
initiated in 1958. The nature of the ?lbnawg
a small=boat inshors fleet to an offsnors £
that are capable of searching for swordfish
Catches in 1958 axceeded % million posnds.a
since 1939.

During ths year 1lia

\J

on with cother governn
and public relations that i 'vﬁuq the af'erllo‘ o
fish group included cu=operative projects with the New nswick
DcpaLtmenf of Industry and De elbpmenuq the Woods Hols Oceanu-
graphic Institution, the Maire Department of Sea and Shore
Fisheries, the National Research Councili, the United States Fish
and Wildlife Service;and the Economic Service of the Uepa%tment
of Fisheries. Consultative services were made avellalble, part-
icularly to Bonda Foods and Sea Weed Producis cf Yarmouth, Nova
Scotia, and B.C. Packers of Clark’s Harbtour, Nova Scotia, 1o
proposed expansiocn of the herring processing industry. <anadian
Pacific Steamghipa- Saint John Marine Transoowcu,and whe Departe
ment of Transport have ce=operated in carrying ouht rssearch
projects. Fishermen, industry persornel, and Department of
Fisheries Protection and Inspection officers have provided shate
istlcs of cateh, investment and income,and subshantis’ assistance
in tagging experiments., Agian wigsitors to the Shaticn were

briefed on the work of the pelagic figh group and arrangemen:s made
for observation of activities in the field. Advice and consuli-
ation on smelt problem in the Great Lakes were provided the Central
Station of the Fisheries Research Becard and a discourss oo tie
Atlantic smelt fishery was made to the Department of Fisheries
District Protection Officers'!Conference in Halifax. A fTwo-day
herring symposium was sponsored asz part of the 5Cth Anniversary
celebrations of the St. Andrews Station.

8.N, Tikbo
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No. 42
THE CANADIAN SWORDFISH FISHERY

The fishery for swordfish off the Canadian Atiantisz
coast is becoming increasingly important, particulanrly In *the
Province of Nova Scotia. Cateches in 1957 and 1958 exzeeded
S million pounds with landed values of more than 1 /% wmiilion
dollars.

Swordfish are summer visitors to the Canadian Aflantie
area and their distribution varies throughout a geasonn and from
one season to the next. Hence, the success of the fishery depends
to a considerable extent on knowledge of the factors that affect
the distribution. An investigation of the sgpecies was Legun in
1958 to become more familiar with the fishery, the bicslcgy of the
fish,and to provide a background for the mcre “extens’v ‘nvestige-
ations that will be initiated soon. Mr. G.M. Scmervi.les wis
responsible for carrying out the field work ard fc.: the prelimin-
ary reporting.

Yip

During the 1957 season swordfisn lardingd we'% made oy
220 boats and vessels. Fifty-ftwc of these wzre ma;, 5 operate
ing close to their home perts. The other 163 were | ger vessels
(longliners, schooners and draggers) that may fish i"om Georges
Bank to the Grand Banks. These offshore vessels acccunt for more
than 90% of the landings and the fleet has been increasing steadily
since 1945, At the present time, longliners alone are being added
to the fleet at the rate of 1i2-15 per year.

i’t
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" Canadian swordfish landings 193G-58.
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There seems tc be little reason fon anocann a.
supply of swordfish in the Canadian area. The fi::. sav¥
nearly all large adul%s. There is no net fishing and :
are seldom caught. There is nc evidence of any suzsziz
in the abundance of swordfish in recent years. BRa:
fish is the object of a special pursuit and the z:.
of the species prcbably protect it from whelesale
the case of close-~schocling fish,

The growth of the swordfish fishery ii
the accompanying figure. During the past 20 ye
increased from 1,783,400 pounds in 1939 %o F,i?
1958. The reason for the increase is probabtly an o - Y
market demand but it has been made possibie by the cszvslopment of
an offshore fiset thet i1s capatle of seav*hgng for gwordfish over
a very wide area. It ig believed by fishcrmen A 3 oi
swordfish are only lightly fished and *the prexanc
may provide the necessary background for gisanel
valuable resource.

%3

tigation in 1958,
it3 becausge
nf the fish

particular attention was given to food and feeding :
of the influence these might have on the distrinuslown
and hence on the fishary,

Swordfish are caught while swimmircg
the surface. About ons third are seen agtually
remainder a few feset below the surfase,

CaT or neay

Eariier reports have suggested that the pri:
items of the swordfish are mackerel, menhaden, hl.u
hake, butterfish, herring, rattails,and squid.
that, in genern*g swordfish strike irto schools o
fish from below, disabliing them by siashing from «lo:
the sword and then piczking uvp the victims,.

While on tcard the M.V, Fanny Faye, M-, " M.fcumervillie
found that the stomachs ¢f most of the figh lakwr a2 Yrom half
full to filled with fcod. This food comsisted chislly ~f ilancetfish
with some lanternfish and rosefish. The majority of *tha food had
been taken whole and showed no injury from being s? k with

the sword. In many cases. digestion was not far advancad and

it is obvious that the swordfish had been feeding at considerable
depth (lancetfish, lan“t:erfrn‘m.,ﬂH and rcsefish are deey-=Cwaliling
forms) and then : efurned quickiy to the surfacse arzsg where they
were caught.
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The fact that swordfish lie at the surfasz in relatively
warm water would appear to be an zid to digestion similar to the
rest or sleep that most animals take after feeding.

Bol. MecKenzie

No., 4
THE SOUTHWEST NOVA SCOTIA HERRING FISEERY

Investigations of herring stocks in soutiwes: Nova
Scotia were continued in 1958 to follow the sourse of ar expanding
fishery and to provide a better understanding of the hiclogy of
herring in that area,

Nova Scotia landings in 1958 amounted tc 152 willion
pounds of which about 85% wewe taken in Digby, Yarmcus, and
Shelburne Counties, Catches in this latter area wers approximately
87 million pounds or more than double the 1957 figure (42 million
pounds). The increase is attributed chiefiy to successful purse
seining for small herring (sardines) in St. Mary Bay and the
eastern part of Yarmouth County. Samples of herring for biological
studies were obtained from weirs, gill nets. and purse seines
throughout Digby,; Yarmcuth. and Shelburne Counties. Emphasis
was placed on the collection of larval herring and in c¢btaining
information on the sizes of zpawning areas and the dengities of
spawn on them. Fundamertal information on movemernts, distribution,
and abundance of both larval and adult Lherring wag recorded from
interviews with purse seiners. Some herring teggiing ves carzrried

out in the Digby Neck area but only three reccw2 L 1 wem renorted.

There was some indication of increased spewalng activity
near the Tusket Islands although the majority ¢ thsz spawnings
took place in the Lurcher Shoal~Trinity Ledge ares. Must spawnings
took place during the late summer or early autumn, but lobster
fishermen at Port Maitland reported substantial amcunts of herring
spawn deposited on lobster traps during the latter par: of May.
Herring larvae were found mest consistently in St. Mary Bay and
88% of the plankton tows taken there contained larwa2e varying
in numbers from 1 to 1,236 per l5-minute tcw withk a standard
l-metre plankton net,

Routine sampling of commercial catches Zor length, age,
and vertebral counts was continued throughout the year. Analyses
of these data are incompiete but there is no indication of any
decrease in the size and age composition of sampleg cbtained from
the gill-net fishery. Samples from purse seines i:i earlier years
are not available for comparison. Otoliths show tha*t the majority
of the fish taken in the area are autumn-spawned tvpes with ages
varying from 2 tc 9 years,

With the reduction in emphasis on Passamaguoddy investe-
igations, it is proposed to intensify the study of herring stocks
in southwest Nova Scotia.

F,.7. Sollcocws
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No, 45.
ABUNDANCE OF HERRING LARVAE IN THE GULF QOF S7.T.AWEREENCE

For eight ccnsecutive seasons (195.-58) shuliss con the
relative abundance of herring larvae in the Gull =20 St, Lawrence
have been based on plankton tows taken in the west cntrrance %o
Northumberland Strait for studies cf the abundance of Lonzther
larvae and provided by Dr. D.G. Wilder., The tows wsre taken with
a rectangular 12'x3' piarktoan nat, towed at the sace and were
each of 30-minutes duraticn. In 2951 and again ir L9589 a.l of
the lobster tows were examined whersag in <the other yesrs gamnples
were taken comprising all of the tows from fovr of thae 27 stations.
The examination c¢f tows and the sorting and zountirg of larvae
were carried ocut by Miss Phyliis J. Gibson, The rumher oF

oy

examined and the number of izrvas caught sach vser verse Ay

Nog of Totel nc. o Averige latch
Pericd .. e RCOHE o LREETARE L2ine BB Low
1951 June lé-~July 1% 9,324 RIS
July 18«Sept,25 O Q
1952 June 2-July 15 7C,7C2 L,S??.S
July 16-Sept.23 1L 0,2
1953 June if-July 15 29,95 225,09
July 1é-Sept.l6 1 G.0L
195% June 16-Juiy 19 7,588 1274
July Ao 0o2
1955 June 1% 18, 7RE W7 B
July 0 Q
1956 June Ly 7G5 2.6
July Q G
1957 June 23575 328
July & P
1958 June 7,662 Qe
July L2 (3o 044

o The abundance of larval herring both in tchzal rumbarsg
caught and in the average cateh per tow was at its Louwest level in
1958, As pointed out in the Annual Report for 165758 [Appendix
No, 50), the small catches in 19%6 and 2957 may have been caused
by a reduction in the spawning stock because of mass mertalities
that resulted from a fungue disease. It is pessible *ha®t this
extended into the 1958 ssason asg the commercial fishery, which is
dependent on the spawning stoccks, remained at a low =bl, However,
this will not expliain the cbserved differences in aruncance cof
the larvae from 195L tc 1955 whep only minor waristicnsg in landings
occurred. It is doubtful whether predictions of commerc¢ial catches
are possible from studies of larval sbtundance and it 1z preposed to
study rather the relatiwve abundanze of the waricusz yesreclagses in
the fishery. It is planned that this project will get underway
during the 1959 season,

S.N. Tibbo
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No. 46
EERRING DRIFT-NET EXPERIMENTS

Herring landings on the south coast oif Newfoundland
declined from about 80 million pounds in 1946 to almoss negligible
quantities in 1957. Drift-net experiments were carried out in
1956, 1957, and 1958 with the support of the Industrial Devel-
opment Service to discover the whereabouts of the herring stocks
on which the fisheries have depended. In Fertune and Placentia
Bays only small quantities of herring were taken during Ihe
summer months and were of no significarnce commercialive In
Hermitage Bay, however, large catches were made throughout April,
May, and June both in 1957 (Annual Report for 1957..5¢, Appendix
No. 52) and in 1958, Mz, Bert Strickliarnd ¢f Heralvags was
responsible for the c¢peration of the gear and for providirg pre-
liminary reports.

5 QO

=

The method of fishing was the same during the two seasons.
The nets were set some distance from the shore, attazhed to the
boat and allowed to drift from late evening until early morning
on the following day. 1In 1958, the experiments were carried on
from March 19 to July 1. A summary of the results is given in
the accompanying table.

Nec., of Total neo. Tobhal Av. Catch
Month sets nets used cateh nexr net
.:g'..b . lb °
March g T4 i X
oy - Y
April 39 7o ¥C + 27
May 1% 62 SR 325
June g 5 URIECICRE 298
July 1 ) e 40
Totals 35 164 40,552 26

r

Although no comparative figures are available, the satches of
herring in drift nets were much greater than catches i anchored
nets set in the same general awrea during the same period. On
several occasions, when large catches were made with drift nets,
the anchored nets caught no herring whatsoever. (1 Zs expected
that the introduction of drift netting on a larger scale in other
south~coast areas would increase present landings substantially.

S.N. Tibbo
No. 47
AN ELECTROFISHING EXPERIMENT

During November and Lecember 1958, an elscizcfishing
experiment was carried out in Port au Port Bay on the west cvast
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of Newfoundland. The experiment was spensored by thz Industrial

Development Service of the Department of Fisheriss and ccnducted

from the M.V, Linda May owned and operated bv Crospie and Company
of St. John's, Newfoundland.

The electrofishing equipment was manufzsciisred at the
International Electronics Laboratory in Hamburg. Germany. and
installed and used by Mr. Karl Heingz Ulrichs, o ”".a;c*'s and
two assistants—=Messrg, Hang Rump and Walter Riedifs,

The equipment consisted of a 100 KW, 440 voilt, A.C.
generator; two electrodes, one (anode) attached to the end of %he
suction hose and the other {(cathode) tied tc the hose 10=12 feet
from the end; a powerful fish pump and a strong (sppraximately
1.5 KW) underwater 1ight attached to the anode,

In theory, herring are brought te the inmediate vielnity
of the hose opening by a combinaticn of positive rezcuvions to
light and an electric field.

Experiments were carried on by first locating schools
of herring with an echs sounder. The electrodss. hogs, and lights
were then lowerad tec the apprueximate depth of the :ei0u. and put
in operation.

During the periud vaember 2% %o Decembs
Holt of the St. Andrews Station was on bhoard the !
observing the experiment. Sf sels of herring s
located but attemptw Lo aap*'%e them were Gnsuo
operators made frequent adjustments tc the equipm
1

= "v') { [ ™ N

c varticularly
rargth and
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in the relative positicn of the electrodes and
nature of the current. On December 13 to 18, acnm
achieved and a total of 200 barrels of herring we

The usefulness of this equipment for commercial fishing
has not yet been demonstrated but the results %o date are encour-
aging.

S.N. Tibbo

No. 48
HERRING LANDINGS IN THE PASSAMAQUODDY REGION

The collection of daily records of herring catches
by individual weirs and seines in Charlotte and Sain% Johr Counties,
New Brunswick, was continued and improved during 1;0&. Catches
have been tabulated according tc gear, sub=-aiveas; anc months.
They have also been arranged by reg¢on@ in relaticr. to the
proposed Passamaquoddy dam siteg

In 1958, 376 weir licences were issued, 5 mors than in
1957. However, 107 weirs (81 in 1957) were not built. Of the
269 built, 66 were in the high-level pool, § in the low-level
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pool, 76 in the approaches to Passamaguoddy Bay, A7 in *the
eastern section of Charlctte County, 64 at Grand Manar, and 17
in Saint John County. There were 13 purse seilners and 21 drag

seiners licensed in 1958 as compared to 17 and 22 respectively
in 1957.

The total herring landings in Charlictte and Sain% John
Counties in 1958 amounted to about 36 miilion pcundz o onliy
slightly more than 40% of the 1957 satch. Tue .$53 landings
inside Passamaquoddy Bay were approximately ¢ milillocn pounds or
slightly more than 25% of the 1957 catsh in this awea, In come
parison the average long=term (1937-~57) landings were approms
imately 77 million pounds for the whole area and 1. million pounds
for Passamaquoddy Bay.

i

Yoot

A compariscn of 1957 and 1958 landings
shows that, whereas weir landings decreassd consi
seine and purse=seine catches were only slightly bhelow
figures.

as

ace
re
-

Landings from welrs began in February and increased to
a peak of 9.25 million pounds in September with 55% of the total
weir catch (25.5 million pounds) being made in July, August, and
September. Drag seining wag confired %o the psricd July to Octe
ober and about 2.4 miliion pcunds were lended by thiz mesacd.
Purse seining was carried on for 4 months hegiv > 2 Januaxy
with a peak landing of 3 miilicm pounds in Mar notal of
3.8 million pounds for the pericd. The purss—:: fishery began
again in July and continued tTo the end ¢f the yez Landiags
reached a peak of sbout 3.5 million pouads in Sepuezmbsr with a
total catch for the year of 7.9 million pruncz,

ool @il

In respect tc the Passamaquoddy dam sites, the tetal
landings in 1958 were approximately 9.0 million pourds ir the
high-level pool, O.% million pounds in the low-levei poHoi, 3.7
million pounds immediately outside the Bay, 8.2 miilic: pounds
in the eastern section of Charlotte County, 6.9 millizn pounds

at Grand Manan,and 6.9 miilion pcunds in Saint John County.

The average landing per weir varied from 28,300 pounds
in the low=level pool to 91,700 pounds in the high~ievel pcol as
compared to 90,000 and 511,G0C pounds respectively in 1957. The
average landings for all weirs inside the propesed damg was
84,400 pounds (457,000 pcunds in 1957) and for thoze cutside
100,000 pounds {207,060 pcunde in i957).

Rolo MoXenzie
No. 49
THE ECONOMICS OF THE "SARDINE™ FISHERY OF CHARLQITE COUNTY

A surveK'of the primary fisheries of Charlcutte County
for the period 1946~57 was conducted in 1957 ard 1958, The
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purpose of the study was to prcvide invesgtment-insome LnIorNe
ation for use in the assessment of the impac? 0i reposed Passamas
quoddy Power dams cn the fisheries of the axea. M-, ¥.¥, Doucet
of the Economics Service, Department of Fisherieg¢, had major
responsibility for the surwvey. Special emphasis wag pilaced on

the herring weir and purse-seine fishery, Most 7 Ths

T othw date
collected was of an inventory nature but for the vears 1956 and
1957 considerable detail was obtained covering landirgs., receipts,
fixed and operating expenses as well ag capital assets such as
boats, weirs,and other fishing equipment.

Ihe sample of the herring weir fishery surveyed was
slightly in excess of 50% of ths weirs licensed in 1958 and 1957
and was stratified according *to logcality. One half cof the purse
seiners operating in 1656 and 1657 was surveyed bu% because of
the smallness of this universe, the remainds: % The Jileet will
be included.

Compiete records were obtained for 62 heyring welrs,
partial records for 10, and inventories fev . 0F the 571 weirs
licensed in 1957, 284 were cperative but on <& gaught fish,
Complete records were obtained for the & pursze gelusres thait were
surveyed.,

The results of the stuay showsd that th:
placement cost of a weir is §4,766, By far, the u.
weir components are the stakes and the nets, De
are 21.5% and 40.2% of the entire welr cos%, The averzge
ge

of gear associated with the weir is $i,216. The awsy

o~

ment per weir with asscciated gear is therefcore $5,30

The average gross ineccme irn 1957 for ¢4 wais enber
prises (about 116 individual weirs) was $2.6L5 and the average
net cash return was $2.779. The main expenditure¢ weve for
weir material, netting,and labour,

In contrast to weir fishing, the average replacement
cost of purse seiners is $2i,fo€, However, the average net
return in 1957 was $27,263 per seiner-=$22.07% asyruzing o labour
and $4,990 teo capital. Thus, from the standpoint of bot: labour
and capital, purse seining is significantly mcre profitable than
weilr fishing.

S, M, Tibb:
No. 50
HERRING TAGGING EXPERIMENTS
From March 3 to September 2%, 1958, 34 herring taggings
were carried out. The United States Fish and Wildlife Service at

Boothbay Harbor, Maine, assisted in many cases and a tctal ol
79, 79% herring were tagged (see tatiel.
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Herring taggings and recaptures, 1958

Area Tagged Regaptures
no. %
Western Nova Scotia 2,531 o o1
Point Lepreau 174,159 17 1.0
Entrance to Passamaquoddy 13,567 Vs 5eQ
Passamaquoddy, Canada 24,692 1y2%3 5.0
Passamaquoddy, United States 8,569 RETY! 4.0
Grand Manan 4,871 i0 o2
Wolves Islands 2,966 43 k.9
Coast of Maine 4,439 33 o7
Totals 79, 79% 2,979 3 b

Returns from these taggings varied from O te 24%. Alto-
gether, 2,739 (3.4%) were recaptured. Complete information on time
and place of recovery of 100 tags was not provided, but of the other
2,639, 24% were recaught within a week of release, 35% during the
next week, 19% in the third week, 7% in the fourth wesk, 4% in the
fifth weekyand the remainder (10%) spread chiefly owver a period of
6 to 16 weeks following release. One tagged herring was at large
165 days. Over 80% of the recoveries were made in 7he packing
plants and the remainder from fishing boats and ecarriers. Ne
recoveries were made from United States reduction and pen food
plants that purchased more than 30% of the Canadian ca®ech in 1958.

About 61% of the recaptures were made withir 5 miles of
tagging site, 26% between 5 and 10 miles away, 10% between 10 and
15 miles away, and the remainder (3%) from 15 to 5% miles from the
tagging site. The numbers of distant recoveries declined with in-
creasing distance. Three were retaken on opposite sides of the Bay
of Fundy-=two went from Passamaquoddy to Digby Neck and one did the
reverse, '

) In 1957, no tagged fish crossed the Bay of Fundy. The
three recorded in 1958 probably did, but landings at the time of
recovery were being made from both sidss of the Bay and some con-
fusion as to origin of the fish may have occcurred.

No recaptures of fish tagged in Charlotte County were
made westward along the coast of Maine, although one did go into
Cobscook Bay and one from Cobscook Bay went southwesiward along
the coast of Maine. Many recoveries were made tc the eastward in
Charlotte County from herring tagged in Cobscook Bay and off the
coast of Maine.

Recoveries from taggings in the Charlotte Ccuaty area
showed that herring move both in and out of Passamagucddy Bay
throughout the season. About midsummer, however, there was a
fairly pronounced mcvement from the Passamaquoddy area to east
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Charlotte and tc Saint John County. This shil» o
coincided with substaniial increases in landings

Receoveries from purss—seine operaticus 1 m.ddisg
of Passamaquoddy Bay in Septemher-Octchber showsd * ﬁkwﬂ tagbed
earlier around the shores of the Bay had moved oI ro doeper

water., Herring taggeu in the central area ¢f the BPar in Septe
ember-0ctober moved intoc the northeast part of the EBav & | 2
later in the seasosn.

Ag in 1957 mors vrecaptures were made nzar ths zastern
than the western passages cf prsamdquoddy Bayv,

A test of the mest suitablie colour for tags zonducte
at Connor's Bros, plant in Blas k@ Harhour gave 75% matins for
scarlet tags and 5i% for marocn tags. 4 itsr e i
the field using about L. 030G ua.\,‘n cf scarist,
tags resulted in recoveriss of 12 searlet., 3

tags.

Tank exper imenrits wi ’Gperﬁular and dors
11% of the opercular tags un¢ 16% of the dorsal
after 3 months. Thirty three per cent of the p

fell off as the operculum uhwe“ the tag wore awev.
urethane as an anaesthetis made tagging easier buz
the proporticns surviving.

No. 51
HERRIRG MI”hAI~ONS AND SURFACE DRIFT

During 23 of the 3% herring tagging eviariments 3in 1958
(Appendix No., 50). drift bottles were released 2% ths same time
as the tagged fish in an attempt to discever whethuer there wag a
relationship between herring migrations and the cr % ¢f surfeace

waters. In each of 31 tagglngbq 48 bottles wers relea iy the
other two,44 and 49 hot’t es ware released, makiig % © of L.561
bottles altogefhero For these expeﬂlnentw\ tre nuzte herring
tagged and released was 7”f84f There were 2,732 her tags

and 499 drift bottles rezovered.

A comparison of the recoveries showed that T-r esight
releases, the tagged herring and the drift bottles wen® in the
same direction {Fig. A and B); for four releasesz, tag and bottle
recoveries were made in cpposite directions (Fig. © ars D): for
twelve releases, there was no uniformity in the dlﬂ"ﬁTlun of tag
and bottle movements arnd in the remaining nine reisasssz, there
were insufficient recoveriss of either tags or tattles for any
conclusiecns.
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Herring migrations and surrace 4drifx

These experiments have indicated that tagged fish do
not always move in the same direction as the surface currents.

Sometimes the surface layer may

effect on the movements of fish,

evidence to establish a pattern
a suggestlion of random movement
against the current. There are
ing migration, such as enemies,
distribution, etc., and further

be very shaliow and have nc¢
While there is insufficient

of herring migration, there is

with some tendency tc swim

undoubtedly other factors affect-

reactions to light, wvertical

investigations are necessary.

R. A. MecKenzie
R. W, Trites
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No, 52
STUDIES OF HERRING BEHAVIOUR

Herring groups confined in a cage ¢rientated with =
component upstream when the cage was towed. With inoressing
current speeds, the orientation upstream became more pronounced
and finally the fish were displaced downstream *tail firsi,

Under these conditicns the maximum swimming speed of herring
was found to vary from 1.8 knots for fish ¢f mearn .ength 15.2 cm.,
to 2.8 knots for 26.7 cm, fish at about 12°C,

Underwater televigion crulises

'y

Two cruiseg using underwater televisior squlipment were
made during 1958. The first, from May 16 to May 22, used equip-
ment belonging to the United States Fish and Wildliife Ssrvice,
Woods Hole, supervised by Mr. R. Livingstoane. The second, from
September 18 to October 1, used the National Ressavsia Council's
unit developed by Mr. W.M. Camercyn.

During the lstter partv of the first

whole of the seccnd cruisey observations wers w of

freshly~caught herring placed in a mesh-coveredl =i

lon feet wide,and + feet dzen., The camers was 3.n A B
9 9 o

one end of the cage g that & clasr view of mest 2F The incericr
of the cage wag obtained on the moniior wsan, The cage, with
its attached frame supporting the camers. was sliucg Do above

and in front from boums o the M.V. Harengus so 14 eowld be

lowered, held or towed at any Jepth., Whea towing tha upis, the
cage acted as a fin 30 that the camera end of the cage always

moved first through the water. A current meter wag attached
inside the cage, haif-way back,and in the upper part. Later
calibration of this magter meter with a second curssent meter
supported in the position occupied by the fish during the experi-
ment, allowed the welocity <f water movement past the fish to be
calculated. In the fcllowing account only resultg cohtained from
September 26 onwards are given as ealibraticn for the eariier
days has not been completad.

Behaviour of herring in water currents

The responss of the herring to low natiral currents
was investigated by observing the behavicur of the figh in the
cage while the boat was anchored in warious tidal streamg, The
response observed in no way differed from their responge o the
apparent current set up in the cage when it was towz®, This
suggests that the response was not to water currents as
but based elther on the displacement of fish relativa
visual field or perhaps to minor turbulence sst up ¢ the passage
of water through the front mesh. This latter exp.anation seems
unlikely as when fich were lowersd to 100 feet, they maintained
their orientation upstream while the cage was Lit oy artificial
light, but drifted downstream when the light was tuived off fer

Y




Underwater television camera and cage used to determine
the maximum swimming speed of herring.
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5 to 10 sezonds., Failure of the televizicn zawerz preventsd the
intended experiment of keepﬁn the herring w*tb;rf wight at this
depth for a long enocugh period to allow Light zlaptaviorn. Ir the
absence of light adaptaticn, the icss of orienkatlon mentioned
above must not be taken ag evidenvs that herring ratuwrally cceuarre
ing at 100 feet are at too low a light intensity for visuval orient-
ation in current to cccur.

‘BU's

r\
b

At current speeds hLelow a certzin micimux walie, the
herring circled the cage. their path determined by the wal

not related to the current. A minimur value fcr the urientation
by current of .8 ft./sec, was indicatsd by *he talervision experi-
ments but this riceds to be investigated furthar, AR the speed of
the cage through the water increaged. the heﬂrlng formed a ngup
in the upstream end of the cage pear the b d g b?gan wo gwdn
from side to side, always turning upsitraam w;an e :
The orientatiocn of the herrlng into the cuwrens "
nounced as the welocity increased ané the g.ds "
decreased until they were slight and irregtler
velocities the swimming speed of Tha nerring .o
reached a maximum when the fish, gtill ﬂ@aCLLE
swimming vigerouszly, siowly lost ground %ail fivah o
were swept against the mesh ¢ the cage.

gsurrent
4101t

Maximum swimming speed

To determine the maximum W¢mmLLg bpeed a group of us
to 50 herring selected by sye for unifoerm size war ed in the
cage. The cage was then lowered to 20 fa:t and hel e for 15
minutes, Tides or wind drift of ths boat wesuslly a minor
current to pass through the wage under thess condl but, the
flow remained belew 1.2 ft../sec., At 1% miruvbes the e was towed
at a gradually increasing speed. A v ’ﬂovi was kep® the bcharloua
of the herring and ¢f the number of Pl y tha® nad ”alged %0 keep pace
and were on the back mesh, as seen on fhe televisien sareen during
each minute. A second observer recorded ths current velgnity on
a minute by minute basis. The increase 1n speed < nued until
all the fish had failed, when the cage was rai&eﬁv placed on deck,
and the fish remcved for measuring. A fem graturs mzading av

20 feet wags taken between esch tow.

From grapbs of vercentage of Tigh failed and current
speeds plotted against time the current speed at which 25%, %0%,
and 75% of the fish failed has been determined and iz shown irn
the accompanying table. The speed at which 50% of the herring
failed to keep pace with the cage may be taken as the maxinum
swimming speed which may be maintained cover cne minute by fish
of these sizes at these temperatures when swimming at an Increas-
ing rate. Such conditions might be focund ia natt*c ere herrirg
near the bottom were stemming an ;

g sp=ed wiif be shle to move
the herring in the direction cof Ilow,.



Details and results of experiments to determine the maximum swimming speed of herring.

Hours

Mean Size after
length range No,

Cloe (53 (S

15.2 12.2-17.5 31 7%
18.5 15.5=21.5 50 3%
18,5 15.9=21.1 M3 9
20,7 18.7=23.3 35 6
22.0 19.6=27.1 30 5%
25,8 23.5-29.3 U6 if
26,7 H4.9-30,0 22 32

Average Time to
Temper- increase

in speed fallure

cggture ature

°C .

ft./sec./ min.

min,
C.l6 *
0.10
0,11
O.12
0.11
0,11 *
0,08

Current speed at 50% Date and
which fish failed failure experiment
ft./sec, _in knotg  number
25% 50%  75%
2.8 3.0 3.2 1.8 Segﬁ;?é
3.8 .0 ko3 2.4 59€t§26
2
205 301 301 108 S@I(:‘ESQG
549 b0 Lol 2.4 Sept .59
(32
303 3.7 B0 2,2 Sapt .2
. . (33
%0 §+°5+ Ll'o5 206 Sep‘i‘»’ggf)
(1)
Yol 4, L, 2.8 Sept .29
(2)

* Lo 79% failure only

TRy

f
1
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In the second and third columns of the table. results
have been given for two groups of herring c¢f the :umz mearn length
and of the same stock which were tested at the bezinning and the
end of the day. Strong winds at the end of the day, making handling
more difficult and necessitating an increase in s.3ed tefore the
tow and not just the increased holding time a2’ v to be the
cause of the difference in swimming speed of the £TOUPSE.

The results have beern given in the tabie in crder of
mean length., There is a statistically significant puaitive
correlation between mean length and maximum swimmirg ;peed the
larger herring overcoming higher current velceitiss before 50%
failed,

V.¥. Brawa
53
THE SURVIVAL OF HERRING UNDER ENVIRONMENTAL EXTREMES
Upper lethal temperature
The upper lethal temperature was determined for five
groups of unacclimated herring during Jure, Ji Angizgt. and

October. Of these only the June and Octoder ¢ ianlonv
gave consistent increments of mortailty with % gﬁd orly

the October determination is considersd nnxko r, herring
were tested in an area 3 feet squars by 18 i carated
by a galvanized wire screen frcm thie dCrabﬁw‘ te*~,uh¢

water inflow. The fish were taken from a welr °l., Transge

ported at 9.2°C., and within tihree hours all the fis. wers ia
the experimental Tanks, never having been broughs oul of water,

The herring used in the October determination fell
into two distinct size groupsz and 10 large and 0 small herring
were selected to make up each test group. When tae fizst 20 fish
to die at 23° and 21°C., were considered, it was found that there
was a significant difference in the mean length of :hc first 10
to die in each tank and the second iC. In a group ¢f herring
ranging from 9.5 to 30.4 ¢m, o there is thus a differential mortal-
1ty with temperature; the larger fish dying mors quickly at high
temperatures than the smaller cnes.

Length-frequency distribution of the whole test group
showed a discrete pepulaticn having a mean lengith of 1..1 er
with S.D. of C.68. This corresponded to the 30 small fish 1nitially
assigned to each test temperature group. In the acccipanying table,
the percentage mortality of fish of this group and of the larger
fish has been given separately., It can be seen that the upper
lethal temperature of the small G to 12 cm. herring a% 48 hours
is close to 21°C,and for the .7 to 30 em. herring is beiow this,
falling between 19° and 21°C,



Determination of upper lethal temperature of herring
. _taken from a weir at 9,6°C, in Octobsr 1958,

Temperature 9=13 ¢m. herring 17=30 cm. herring
Temperature variation | No. % mortality No. % _mortality
°C, °Co 6 hr. 12 hre 2% hro 36 T, 48 hrd at 48 hr,.

23 +0,2 =0.5 |29 76 90 100 100 100 10 100
21 +0,2 =0.9 |31 13 23 39 k5 ¥5 1 10 100
19 +0,3 =0,3 |30 0 0 4] 10 17 6 33
17 +003 =0.3 |29 0 0 0 7 31 9 33
15 0 0 28 0 0 0 0 11 9 22
“ﬁ‘gontroﬁo:u =0.7 | 28 0 0 0 0 0 10 0

= TOT =

SOYUYSTJI OTfeIed
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The ability of herring to withstand sudden changes in depth

The herring to be tested were enclosed in the inner
of two mesh=covered cages in about a cubic yard of water. The
outer cage was closely covered to reduce water movement through
the cage as it was rapidly lowered or hauled through the water.
On the first run, 86 herring were placed in the cage, the 1id
was closed and the cage was allowed to drop as guickly as it
could strip wire off the winch, until it reached 150 feet. The
rate of descent was 1,7 ft./sec. The cage was left at 150 feet
for five minutes and then hauled at a rate of 2.6 ft./sez. to
the surface. At the surface, the behaviour of these fish was
seen to be normal and there was no mortality in the fcllowing
two hours. A second run with 58 herring descending at 1.9 ft./sec.
to 145 feet; and after five minutes being hauled 2%t 2.2 it../sec.
to the surface, gave the same results. These fish were caught
on the same day that they were tested and ranged in size from
1% to 21 em. It is concluded that suden changes ir cdepth from
the surface to 150 feet have no i1l effects on thaszs fish.

V.M, Brawn

No. 5%
THE DISTRIBUTION OF HERRING LARVAE IN THE

BAY OF FUNDY AND THE GULF OF MAINE

The great concentration of young herring in the
Passamaquoddy region presents a problem of explaining why such
a fishery should be centered in this area, I% ‘is pertinent
therefore to determine the source and methods of recruitment
that are responisible for this fishery, Intensive sampling
for larval herring provides information on these pcints.

As in 1957, plankton collections in 1958 were made
on a co~operative basis by the Fisheries Regear~h Board of
Canada and the United States Fish and Wildlife Serwice, During
the year, 14 stations were occupied on each of 22 cruises
carried out in the Passamaquoddy area., In addition. collections
made by the Fisheries Research Board at Prince staticns 5 and 6
for the years 1941-46 inclusive have been examined. There
were 3 special spring cruises from Grand Manan to St. Mary Bay,
3 offshore cruises in the Bay of Fundy and Gulf of Maine, 15
exploratory cruises at the entrances to Passamaquoddy and bi=
weekly surface tows from early April to the end of December
at the Lurcher Lightship,

The results indicate that herring larvae are not
produced in Passamaquoddy Bay. A few larvae have been found
in the area and the indications are that they move in on the
flood tide, probably through Western Passage.



- 103 =

| [ I [ I I T ]

- DISTRIBUTION b i
HERRING LARVAE (4 - 9MM.) 7
NEW BRUNSWICK :
LIGHT {50 PER TOW .
B HEAVY D50 PER TOW |
&efp ]

— Euo%scnv BaY -] 44°
| NH. GULF OF MAINE __
STELLWAGEN ]

BANK

—42°
- C -
. -

L. —{40°
| 11131 | 11111 I 11111 I | T | I 1111t l 114 11 l 1011 l-

72° 70° 68° 66° 64°

Pelagic

Herring spawning areas in the Bay of Fundy

and the Gulf of Maine estimated from the

distribution of newly-hatched (4~9 mm.)

larvae,

fishes



Pelagic fishes = 10% =

LQ} and the

Outside of Pazsamaguoddy in the Bay of B
ripg L2SVAas ware
Cu

Gulf of Maine, the major concentrations of i
found near Brier Island In Sseptember, In Oct
centrations cof larvae were found on the ncrihs
Bank and in the vicinity of Trinity Ledges off
Scotia, While herring larvas were werl disp
Fundy during October, the heaviest LODGPH*“?T
Digby. In Ncvember, Jarvas ware still heavily oo
the northern edge of Georges Rank hut some were £
there and Nova Scotia., The large October concentratiocns of
larvae in the Bay of Fundy were followed by a more general
distribution in the northern part of the Bay and along the west
coast of Nova Scotia. Herring larvae were very sparsely distri-
buted in the Bay of Fundy and Gulf of Maine in December, In
January and February, the larvae were still mors wides.y Jdispersed
and fewer were *takeu,

”ga 20
”QP of Georges
suhawesbarn Nova
tre Bay of
208 found off
trataed on

0

Three specia al gpricg croises around Grand Manan and in
St, Mary Bay failed to produce any newly-hatched herring larvae,
but the capture cf one ycung larvas in Jure on tinse Lurcher Shoals
supplied evidence of sume spring spawning in this reglon,

The results indicabs that wajor herr
off the southwest cosst of Nova Santis and on
of Georges Bank, The drift o the larvae, as
tidal surface current:s and increasing gize a8
the spawning areas Increases, guggests tnat
spawnings contribute substantially %o the ¢
herring in the inzhore arsas of gouther:s New Br

niings occur
1arn edge
DY nore
from

55
THE DISTRIBUTION OF PLANKTON IN THE QUODRY REGION

The biclogy of pliankton populations in PT?S magqueddy
Bay and its apprcaches is of szpecial importance ho the production
and distribution of the young herr ing which support ‘nP large
"gsardine®™ fishery of the area,

Plankton collecticonsg have been made ogn a Uhmuoufnlv
basis over a two-~year pericd and a study of Thes
indicates a wery compliex problem with a greatl mdny
involved and their distribution and abundance VETY
out a season and from one year to the JPXuo The =nz nk+on
population of the regicon c¢onsisting chiefly of 1iv ..;mh
such as crustaceans, molluscs, ete, may te congsiderad te belong
to the neriftic group. Only the more commen and most abundant
forms are discussed hers,

11“6UWP=-

In January, February, and Marahg the <opepcd Calanus
finmarchicus was the most abundant form at most staiticne, although

7
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Tortanus discaudatus made up mest of the collecti t Gtation 8
in the St. Croix River. Plankton tows during tni oG were
rich in adult chaetognaths, supnausiids, and annelids In March
there were aiso large numbers of crab larvae, From Mar:h through
July, larval forms of suphausiids, crabs. cladocersns., barnacles,
fish, chaetognaths, and annelidz made up most of the wollections,.
Large numbers of diatoms, eggs, siphonophores, and medusze wers
also found. Pulses of Q@lgnuc finmarchicus, Metridia éyﬂenm9
Tortanug discaudatus, Acartia clausi,and TemOWa tongicornis were
indicated at cne or mure stations on severa. occasjons., The
copepod taken most reguiarly in large numbers during this period
was Pseudocalgnus minutus. GCopepods were abundantv atv a few
stations in August with Faﬁan 3 making up most ¢f the catch. At
the same time large numbers of Elggggpxaphig were found throughout
the Quoddy region. In September and October, the curepcd Centropages
sz;gng dominated the catch with smaller numbesrs of suphausiids,

and amphlpud particularly in October, 'l‘M nLAnKLon
colleetions in November and December were mads up a“ﬂnst entirely
of Calanus finmarchicus although Centrogages aund Topisnus were
abundant at a few stations.

S

The average volume of plankion pﬁr bow Ls glven by
months for 1957 and 1958 in the accompanying figure. The values
for Passamaqueddy Bay and for the adjacent areag are shown separ-
ately. The differences belween the quantities ta keﬂ i the two
years are obvious, particularly for the sollecticas in Jaavary,
July, August, October, and December.

!F‘JQ*

Special plankton collections to study the depth dise
tribution of herring food c¢rganisms showed that ia mid merning
the majority of the plankton were in the deep-water layers while
at night the largest quantities were taken near tha suxfansa,

Tides appear to play a major role in the norizontal dise-
tribution of plankton in the Quoddy region., Plankton concentrations
were consistently larger in areas adjacent to the Bay and most of
the forms found inside the Bay were alsc evident znd in gresater
abundance immediately outside. Flood tides were generally assog-
iated with an influx of plaak*on te Pagsamaguoddy Bave. The most
important endemic copepcds in Passamaquoddy Bay in 1938 were
Iortanug discaudatug. Acartia glausi, and Buryiemore herdwanl in
that order.

56
THE FOOD OF HERRING IN PASSAMAQUODDY BAY

Various authors have discussed the rich feeding grounds
of the Passamaqucddy area. - As early as 1898 Mcore wrote "Ihe
remarkable abundarnce of herring in the vicinity of Passamaquoddy
Bay is doubtless a direct re=ization to the rich supply of
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nutritious food"., There has, however, been very lLitvhtie evidence
presented in support .of this centention,

During the summer and autumn of 1958, an investigation
was carried out in an attempt to relate the feeding hahits of
herring to the food available in the Quoddy region. Samples of
freshly-caught herring were preserved in 5% formaJLh and brought
to the laboratory for examination. A total of 1,696 herring from
Passamaquoddy Bay and its approaches were examined., The number
of herring with food was 1,098 or 64,7% of the total. Each
stomach was examined separately for types of organisms. Average
displacement volumes were calzulated for eacin samplie cf about
100 fish,

The focd of the herring was guits diversified and about
50 different organisms were identlfled and reany i, (opepods,.
eggs, cypris Balanus larvas, mussel larvae, 2ladc ccv g and crab
zoea occurred most frequently. Also appearing irn LarTgs numbers
was the parasitic trematode qumhgphalluq Cfpnaﬁ?%o There was a
direct relationship between the size of ihe hezﬂiug and the size
of the food in their stomachs.

The relative importance cof plankton organisme in the
diet of herring wvaried according to the avaiiability of food in
the different localities., Inside Passamaquoddy Bay herring were
feeding more actively than ocutside the Bay and the dominant organ-
isms found in the stomachs were species of copepods endemic to
the Bay such as Burytemora herdmani. Assrtia siau 3,awd “ortanus
discaudatus. Outside Pagsamdquoddv Bay neriti specles of ¢ copepods
such as Pseudeggalapus minutus and Calanus finmarstois and large
numbers of harpacticid copepeds and barnacle larvae were the
main food items.

The pattern of feeding activity follows clusely the
relative abundance of plankton in the region. Heavy Zeeding in
June was follewed by a fairly regular decrease in July and
August; a sharp increase in September followed by another decrease
in October. In late November there was a slight renewati of feed-
ing activity which corresponded with an increass in anundance of
plankton at that time.

JoEo.H, Legare

57
EXPLORATORY FISHING FOR HERRING

Explorations for new areas and new methods of catching
herring were continued in 1958. As for many of the Passamaquoddy
projects, resources of equipment and personnel were poclied with
the United States Fish and Wilidlife Service for more extensive
and efficient operation, The present fishery in both socuthern
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New Brunswick and in Maine ig zarried on- cnlefly
bar seines close to the shore and 1ibtle is kacwn
shore distribution and abundances of herring.

Bottom=trawi fishing was carried cut cn the rorthern
edge of Gecrges Bank in January. For .3 tows with & giandard
No. 41 trawl with a smallemnesh codend, the averags calch amounted
to approximately 150 pounds. Some herring were taken in every
tow but the maximum was cnly 350 pounds. These hersing were
large, maturs fish that had reccvered from spawning. presumably
during the previous autumno.

Duteh herring trawls and gill nets were used from the
M.V, Harengus in Kennebecasis Bay. Small quantities of herring
were taken in both. In the gill mets., which were approximately
50 feet deep, the asrring catches were eveniy distributed from
top to bottom.

In an attewpt to digeover the entrance
herring to and from Passamaguoddy Bay, gill cet
trawls, Dutch herring trawls,and Larsson {traw.
out success. Thers wag no dilfizulity with bthe
trawls but it was found te be impossible to ansi

tad

144
i withe
of the

the Passages. These expsriments were combinasd wil: ng
operations and 10,000 marked terring were relsssed Lte

Passage., None of the marksd fish were recaplurad,

On October 7, the M.V. Harengug fished with bottom
trawls on the northern adge of Georges Bank. Moderats caiches
of herring were taken and sampled for biolcgical studies. This
is now the fourth consecutive season that successiul bottom-
trawl fishing has been carrisd ocut on Georges Bank,

Throughout the summer months, scnlic-sounder crulses
were carried out weekly im Pagsamaquoddy Bay. These showed that,
in general, the largest concentrations of herring are in the open
areas away from the small coves and inlets where the welrs are
located. Large gquantities (at least 2,25C,00C poundsi of herring
were taken by commercial purse seiners in the zentra ¢f the Bay
in September,

SeNs Tibbo
No, 58
HERRING CATCHES IN RELATICNS TO ENVIRONMENT

Attempts to explaip fluctuations in catches «f herring
in the Passamaquoddy region on the basis of wvariations in meteoro-
logicaly, hydrographic,and bivclogical conditions weres continued
during 1958, Mr., H.D. Henderson, a summer student, was responsible
for this assignment. '
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The project is of prime importance toc ths Psssamaquoddy
investigations. An understanding of the causes of present fluct-
uations in catch would assist materially in the prediction of
changes in herring fisheries should power dams be Znstaliled at
the entrances to Passamaquoddy and Cobscook Bays,

In 1957, efforts were directed chiafly Sowerds com-
parisons of catches with temperatures and river discharge. In
1958, emphasis was placed on winds, sunshine, and plankion pro-
duction although additional data on air and sea temperatures
and river discharge were alsc examined.

The results of these studies were disappcinting. Sign-
ificant correlations have beenn demonstirated beiwsen cateh in some
years and in some districets with certain physical factors, but
it has not been possible t¢ establish any consistent correlation
between catech and physical conditions over the period 1947 to
1956, For example, in only twe of the ten years was there any
significant relationsnip between catches and overzll sovundance
of plankton in the area: comparisons of river discharge and catch
per weir in the same year and for one and two years ilater proved
fruitless; unusual catch years (high and low)} compared with river
discharge, salinities at variocus levels, plankton wolumes, and
cloud cover gave rc significant results,

An overall appraisal of these studies suggests that
while the abundance ¢f herring in this area is provably related
to the physical conditiong of the environmeniy thers is little
or no relationship between abundance and catch, Perhaps this
is not surprising in view of an extremely variable market demand
and the faet that the weirs and bar seines are only efficacious
on the fringes of the area of distributiocw,

S8.N, Tibbo

No., 59
THE LENGTH AND AGE COMPOSITION OF CHARLOTTE COUNTY ®SARDINES®

The major responsibility in the International Passama-
quoddy Fisheries Investigations feor the age and growth analiyses
of the herring in the Passamaquoddy Region has been delegated to
the Unites States Fish and Wildlife Service. Samples ¢f herring
were collected from all Quoddy areas except Quoddy Roads and
eastern Campobello. In addition, there were two samples from Grand
Manan and one from Gsovges Bank, Lengths avd wertebral ciunts were
recorded and forwarded %o the Bocthbay Esrhor laboratory,.

Fifty~twe samples were obtained and 8,563 fish measured.
Mean lengths varied from $6.7 %to 188.4 mm. The accompanying figure
gives an example of the length composition of the herring from
catches in March, June,and September. During this pericd mean
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Sizes increased from approximately 125 mm. in Marcia to 1M% mm.
in June, and to 186 mm., in September.

Examination of scales from 18 samples showed that 49%
of the scales were unreadable, Of the 968 fish, whose ages were
determined 83% were 1+, 15% 2+ and 2% 3+ years olé. A comparigon
of the average size of these age-tlasses month by month showed
that most of the growth took place from May to August.

In contrast to the difficulty experienced in reading
herring scales, Mr. Basil Parrish, Marine Laboratory, Aberdeen,
aged some Passamaquoddy sardines by means of otoliths and exper=-
ienced "no difficulty whatsoever with age readings, All otoliths
easily read®. He also indicated that "all otcliths (indicate)
clear-cut autumn spawned. Centres (are) large and clear®.

A change from scales to otoliths thus seems warranted,
not only for age determinationg but also for distinguishing
between spring-and autumn-spawned figh,

Bel . McKenzie
No. 60
LENGTH-WEIGHT RELATIONSHIPS FOR "SARDINES®

In most of the samples of "sardines" that have been

examined from the Passamaquoddy region, the only size measure-

ment recorded has been the length frcm the end of the lower jaw
to the tip ¢f the longer lobe ¢f the tail extended straight back

Sardins
210} Length-weight relationship

180t
150

120

Weight in gm.

60 [

3 6 9 12 15 18 21 24 27 30

Length in em.



Pelagic fishes = 112 =

in line with the bedy. This is adequate for descriptions of
comparative sizes of fish in an area but has little or no

reference to the commercial fishery where the custom is teo
refer to landings in pounds or some other measure of weight,

In order to provide a convenient means of converting the length
of ®"sardines® in a sample to weights and hence to detarmine the
actual numbers of fish caught, a length-weight relationship has
been established., Samples were obtained during 1958 and the
fish measured to the nearsest millimetre and weighed tc the
nearest gram. All of the samples were examined fresh and in
most cases individuals of the same length were weighed together
and an average weight calculated.

Altogether, 2,052 "sardines" were examined. Lengths
varied from 90 to 299 mm, and average weights from %.3 to
215.0 gm. There were few individuals longer than 220 mm., but
for the smaller sizes,average weights are based on 10 or more
fish,

In the accompanying figure, average weights are
plotted by centimetre length groups,.

R.b, MoKenzis



TROUT SUMMARIES

General summary of trout investigations

Alteration of a lake environment to improve trout angling
Control of the eel population cf a lake

Pond formation on streams to improve angiing

(a) With pond relatively large in relation to
size of stream

(b) With pond relatively small in relation to
size of stream

Annual variations in standing crops of trout in relation
to environmental changes and other factors in a Prince
Edward Island stream

Adequacy of natural seeding to utilize fully the trout-
producing capacities of artificial ponds on Prince Edward
Island streams

Rainbow trout in Prince Edward Island waters

Relative value of rainbow and brook trour in utiiizing
the productive capacity of New Brunswick lakes

Evaluation of conditions for trout production in & ficcded
estuary

Alkalization of a farm fish pond

Tolerance of immature trout and salmon to salt water



PRINCE

Fowarp
/SLAND

"?E’;j\"' A. 5/777,052/: Pond
» )ﬁ\,
P.ﬁ?‘n.o -*‘//" T ﬁ
Vond
" ,\."l‘
( o l*)%
*e\.’e, O
v/ Q\\A
~. e
'/}/"' \\;_;'\St‘\-_,\ 7 -">
“y TR D g g
R A, % ~
I> Ny T < ~— TV
AN s S 7
A V ' » L‘\C' Tormeniine S
MeEw g
Q
Brunswick ‘ / S
AT ‘Af/}h

GuLF
OF

ST LAWRENCE

Chariottetonn
*Southport

/A

J""\J‘ “ S‘v\

/‘f’cﬁ.f'cfue#:-
I\ Sl s
é M @
v

WA,




= 113 = Trout

No. 61
GENERAL SUMMARY OF TROUT INVEST IGATIONS

Fresh waters can be altered physically, chemically, and
biologically to provide better environments for trQut and o?per
sport species. Industriai, agricultural, and forestry operatlions
may also alter fresh waters, but often adversely for fish produc-
tion. Research to maintain and improve the trout fishery must
accordingly deal with both these opposing facets of habitat
alteration. Concurrently, research must also be concerned with
the development of procedures to make best use of the fish, and
with providing information for regulation to achieve this end.

Fresh waters of the Maritime area can be usefully
classified on a regional basis with respect %o quality of water
for trout production. This regional classification is primarily
based on the character of the rock formations and the nature of
the overlying soils. Research should be sufficientily diversified
to overcome natural deficiencies in trout production and utiliza-
tion peculiar to the several limnological regions.

Investigations have shown that stocking Maritime fresh
waters of low to high production ievels increased the supply of
trout for anglers only tc a minor degree. Concurrent application
of fertilization, control of fish-eating birds and mammals, and
control of cannibalism to a shallow non-productive soft-water
lake, representative of many in the Maritime's mainland, resulted
in a higher productive level and a marked increase in yield of
brook trout to anglers. ©Stocking was necessary and effective,
Control of non-sport fish in Maritime lakes by poison increased
trout production, but only commensurate with the trophic level
of the waters. Ponds formed on hard~-water, spring-fed streams
are highly productive of trout. The availability and yield of
trout to anglers from a stream system is improved by pond forma-
tion, but introductions of trout are needed in some situations to
realize the full productive capacity of the ponds. Where brook
trout move to salt water, a pornid formed on a stream markedly
reduces the sea runs, especially where size of pond is large in
relation to size of the tributary stream and stock of young fish.

Currently, and for the near future, emphasis is placed
on the following projectss

l. Pond formation to increase stocks of trout, their
availability and utilization by anglers, as a public endeavour,
and by private enterprise for sale of angling privileges.

2. Comparison of rainbow and brook trout ir their
abilities to utilize the varied productive capacities of Maritime
fresh waters.

3. Improvement of nursery streams to increase the
supply and survival of young trout.
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4, Assessment of the effects of forestry operacions
on trout (and salmon) streams.

M, W. Smith

No. 62

ALTERATION OF A LAKE ENVIRONMENT
TO IMPROVE TROUT ANGLING

The infertility of the waters in the majority of lakes
in New Brunswick and Nova Scotia conditions a low to mediocre
fish production. Angling success in most lakes declines when
they are subjected to a continued and increasing fishing effort.

Commercial fertilizers were added to Crecy Lake,
New Brunswick, as a means %o improve the growth and production of
brook trout. OCrecy is a 50-acre headwater lake similar to many
others in the Maritime provinces., Trout were planted to supplement
a low natural production of young in order to insure sufficlent
stock to demonstrate any improvements in producticr that might
result from the fertiiization.

Fertilization improved the growth prate of trcut in
Crecy Lake. The favourable result was largely millified, however,
by increased predation by fish-eating birds and mawmmals, which
were apparently attracted in great numbers to the iake by the
consistent annual stocking. GControl of these predators was
undertaken, and attempts made to reduce the numbers of eels and
older trout in the lake. Deferment of the opening date for
angling was made in cne year (1956) to learn if better summer
angling could be realized, The results of these actions are in
part illustrated by the accompanying figure and may be summarized
as followss

l. PFertilization resulted in a hetter growth rate of
trout in Crecy Lake, to the point that fingeriing trout (about
3 inches in length) planted in early September attained a suitable
angling size (7 to 9 inches) by the next spring and early summer.
A comparable rapid growth is not made by trout in other lakes of
the area, :

2, Fertilizatiorn, stozking, and predator control when
applied together resulited in a marked increase in the survival of
trout and in the yield to anglers. An increased survival of
planted fingerling trcut to the anglers® catches from less than
one to a maximum of 42 per cent was realized,

3. The majority of the planted trout were taken by
anglers during the tf'irst year after stecking. Almost rone
survived to be angled during the third year after their introduc-
tion into the lake.

L, Deferment of the opening of the angling season from
April 1 to June 1, 1956, resulted in better catches %to later dates
in summer, but the total cateh was smailer,
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5. The favourable effects of the feriliilzation on the
quantity of trout foods were translitory, belng max.iuh ié the
fourth year after fertilization, to fall rapidly tc pre~iertiii-
zation levels in the fifth and sixth years.

‘ 6, From the inception of predator control in late
1950, the average cost of each trout taken by the anglers
approximated 75 cents. The lcwest cost, 45 cents. obtained when
all management procedures were appiied and the yield of trout

was highest. The costs were for guardian services throughout the
yvear and for stocks of trout,.

M, W, Smith
No. 63
CONTROL OF THE EEL POPULATION OF 4 LAKE

The American eel is a common predetcr snd competitor of
trout in Maritime fresh waters. Controi of its numbers ILn trout
lakes is desirable. The eel 15 zatadromous. Accordingly, Long-
term control would best be accouplished by preventing the antrance
of the young eels {(eivers,) into lakes,

In 1951, a barrier was erected, and has since been
maintained, in Crecy Lake ocutlet, New Brunswick, at 3 point within
25 yards of the lake. The barrier consists of a low dam and

sluice over which all of the overfliow from the lake is channelled
to drop about two feet into the stream bed below. Crscy is a head-
water lake of 50 acres; thus the outlet is a small stream,

Bels leave lakes at approaching matuirlty,. Outward-moving
eels have been captured in a trap maintained iun Orecy Lake outlet
throughout each year since 1950, The nuambers of maturing eels
taken in this trap serve as a4 gauge of the control measure, Eels
have also been captured in Crecy Lake proper by haited traps and
set-lines during the summer months. This effort gives information
on the eel population persisting on the lake and on the effective~
ness of such fishing methods.

The majority of eels leave Crecy Lake when six to eight
years of age. The barrier was installed in 1935L. 1f the barrier
has been effective against the entrance of elvers, the numbers of
large eels captured as they left the lake or by fishing in the
lake should have declined in late years, The numbers of large eels
taken in the ouftlet trap in 1957 and 1958 were 201 and 237 respect-
ively. The average number per year from 1951 to 1%55 inclusive
was 320, In 1955 eels were taken in the lake at a daily rate of
1.1 per 10-hook set-iine; in 1958 the rate was 0.5. The apparent
reduction in the number of large eels in the lake may be ascribed
to the effects of the barrier on the entrance of alvers, It is
perhaps too soon to experisnce a desired colliapse of the eel
population in the lake.

Mo W, Smith
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No., 64
POND FORMATION ON STREAMS TQO IMPROVE ANGILING

Ponds formed on spring-fed trout streams usually provide
good angling areas. Pond formation on Prince Edward Island is
viewed as a management procedure to improve availabili®y and
utilization of brook trout stocks. Where trout run to salt water,
their movements are obviously curtailed by forming ponds.

(a) With pond relatively large in relation <©o
size of stream.

~ The effects of pond formation on the moverents of brook
trout between and within fresh and salt water, and on the yield to
anglers from the entirs stream system, have ceen studied at
Ellerslie Brook, P.E.I. The brook has an effective length for
trout production of about 43 miles. Movements of trout have
largely been followed by installing two-way fish traps (1) near
head of tide at mouth of brook in 1646 and (2) 650 yards up-stream
in 1950. A 7-acre poud was fcrmed between the two sets of traps
in 1952.

The traps have been operated throughcut “he year and
tended daily. Trout taken in the traps have begen measured and jaw-
tagged. Trout moving from salt water were released into the pond
‘until December 3, 1955; thereafter they have been excluded. A
census of the trout taken by anglers has been kept sanually.

Pond formation reduced the movements of trout between
fresh and salt water markedly. In the years 1946-195., the numbers
of movements into and out of the stream were 10,273 and 10,472
respectively. After the pond was formed, 1952-1958, the inward
and outward movements numbered 3,322 and 2,429. During the same
period, 1952-1958, the number of movements by trout down-stream
into the pond was 7,551, but only 2,429 out to salt water. For a
majority of the trout moving down-stream the pond was apparently
:s sgitable a habitat as the estuary had been previously, and held

rout. ~

Angling records are illustrated in the accompanying
figure. In the second year after pond fermation, the total catch
moved up sharply. The total effort increased commensurately so
that the catch per rod-hour was 1.2 as compared to an average of
1.9 for the pre-pond years. In 195%, 79 per cent of the total
catch came from the pond. Since 1954 the total cateh for the
stream system has declined but most particularly that for the pond.
?he gond was drained in September 1958 and only 73 trout were

ound,

A major objective of the investigations was to determine
if pond formation resuited in & better harvesting of trout by
anglers from a stream system. This occurred, largely as a result
of the attraction of more anglers to the pond. The annual average
pre-pond effort was 810 rod-hours on the stream system; with the
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pond the average was 1,55% rod-hours. Apparenglybaﬁ %he higher
level of effort the trout-producing capacity of whe swreanm gystem
was not able to sustain appreciably higher catches az welil,

The brook is a good nursery for trout. '?hepe 1z no )
evidence that pond formation has adversely affected the population
of yearling trout in the stream (Summary 65)0 To satisfy the
higher level of angling effort, with sustained hig%ex zatches,
two actions are possible to meet the situaticn: .1 improve the
stream for greater production of young fish, or gz) augment the
stock by plantings. What may very well occur is %hat effort will
decrease with poorer angling success, permitting natural production
to recoup the angling losses. particularly in the pond,

(b) With pond relatively small in relation to
size of stream,

The Government of Prince Edwaréd Island has c¢reated a
number of fishing ponds by damming streams at suitacie sites with
earthen embankments. Overflows from these poands are directed into
new channels around one end of the embankment., Trouvw 2an move
freely up or down the overflows. Movements of trout Inteo and out
of one of these ponds on Wiimot stream have been @ ied over a
three-year period. Trout captured in a twc-way wurs installed
at the head of the overflow stream, have been entmerzied, measured
and tagged. A thorcough creel census has been maintained on the
. pond.

Wilmot pond is apprcximately 15 acres in arez, but much
of the area has a depth of water less than 5 feet, The tributary
streams have a length of about 20 miles. The pond 1s relatively
small iIn relation tc the size of the tributary streaus.

The traps were maintained from June througn December in
1956, and from April through December in 1957 and 1952, A record
of the movements through the traps followss

Up~stream Down-strean
1956 2,497 LY
1957 2,061 1,295
1958 1,787 1,338

Dominant up-stream movements were in June and July and
outward in April and May. The low number of down-gtresm movements
recorded in 1956 resulted from ro trapping in April and May of
that year. ;

The recorded numbers of trout taken by the anglers from
the pond were 1,397 in 1956, 1,880 in 1957, and 1,948 in 1958. The
proportion of tagged trout in these catches wvaried fyom 12 to 19
per cent, A thorough analysis of the movements of tagged trout at
Wilmot has not been made. However, the low proportion of tagged
trout in the catches from the pond in relation to untagged individ-
uals taken, and in relation %o the number of tagged trout that
entered the pond, suggests that the Wilmot pond did not hold trout
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to the degree experienced at Ellerslie. There 1is ggpporting
evidence for this view in the recorded capture of 66 tagged trout
in the tributary streams in 1958 with an incomplete census, as
against 231 taken in the pond with a thorough.ﬁenﬁuso The move-
ments of tagged trout suggest that to maintain 2 higher population
of trout in Wilmot pond for greater angling success. screening
against outward movements is required.

M, W. Smith

No. 65

ANNUAL VARIATIONS IN STANDING CROPS OF TROUT
IN RELATICON TC ENVIRONMENTAL CHANGES AND
OTHER FACTORS IN A PRINCE EDWARD ISLAND SIREAM

Investigations begun in 1947 have been continued to date
to evaluate the stocks of trout and salmon in Eilerslie Brook and
its tributaries and to determine ultimately the effect of pond
formation upon them.

When making the annual summer populaticn estimates the
same sample sections of the stream were used in each year, With
the exception of the 450-yard section in the tribulary Hayes, each
section was 50 yards in length,

Results

Marked annual fluctuations have been observed in the
numbers of fingerlings (fish of the year) and older troud
(yearlings and older) in Bliersiie and Hayes Brooks. Fluctuations
between years in the numbers of trout in the samplie sections have
also occurred. The factors, acting to bring about the observed
fluctuations, may be grouped under two main headingss

(A) - Climatic factors,
{B) - Environmental factors.

(A) ~ Climatic factors

The following chservations illustrate some of the effects
of climatic factors on the production of trout: 1. Annual varia-
tions in the numbers of fingerlings in Hayes and Ellerslie Brooks
were of much the same order cof magnitude. 2, In years when stocks
were low in the Ellerslie system they were found to be low in many
other streams of the region. 3. When frazil ice 2onditions were
severe in the winter and spring, stocks of fingerlings were low the
following summer.

(B) - Environmental factors

Shifts in the stream environment. Silting and scouring
have, in some years, brought about marked changes in certain
sections of the brook. When an area of the brook becomes covered
by silt the trout population falls off. The effects of scouring are
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usually beneficial tc older trout production, Ppols are deepened
and banks are under cut. This results in a greater rumber of
hiding places or homes for older trout.

Brush in the stream also proviles excelilent hiding _
places for trout. On the other hand, arter cover had been removed
from areas of the stream a decrease in trout stocks was noted.

Population density. Older trout are limi%ted in their
distribution in the stream by the number of availabie hiding places
in the habitat. What happens when a trout population is substant-
ially increased in number is illustrated by the following cbserva-
tions. When the older trout population in a pool was doubled by
stocking, about 50% of the stocked trout moved out of the pool
within 48 hours. Few of the resident population moved from the
pool.

) Competition with other species. There was no evidence
to show that there was competition between trout and salmon for
living space. The two species occupy different types of habltats
in the brook.

Impoundment. Trout older than yearlings move from the
stream into the pond. There has been 1little movament from pond
to stream. This has brought about a decrease in the average
lengths of the older trout in the stream. The prodaucitivity of the
stream has not been affected by pond formatiom. During the past
summer stock of fingerlings and older trout were 2% pre-pond levels.

+o W. Saunders
No. 66

ADEQUACY OF NATURAL SEEDING TO UTILIZE FULLY
THE TROUT-PRODUCING CAPACITIES OF ARTIFICIAL
PONDS ON PRINCE EDWARD ISLAND STREAMS

An important question in the management of ponds formed
on trout streams for increased production and availability of fish
to the angler is whether the tributaries provide sufficient stock
to utilize the full trout-producing capacities of the pond. Ponds
on Prince Edward Island streams are highly productive of trout.
Because they are spring-fed even small tributary streams effectively
maintain pond levels and suitable temperatures for %“rout during the
summer periods. Although these tributary streams &re good nurseries,
their size presents a physical limitation upon the guantity of young
trout that can be produced,

Information on the above question is being sought at
Stevenson's Pond, P.,E.I., Initially the extent to whizh the native
stock, produced in the tributary stream is populating the pond is
being assessed.

Stevenson'’s Pond has an area of 6.2 acres. I% is fed by
a stream of approximately 3 miles in length. Yearling and older
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trout are prevented from moving down-stream from the pond by self-
cleaning screens maintained throughout the year at the dam. ‘
Standing erops of trout in the pond are assessed by draining and
the removal of the fish. The pond is closed to angling.,

The pond was drained in June 1956 and ail trout removed.
The population was again assessed in September 1957 and the trout
again removed. A second assessment was made in September 1958 at
which time, however, the trout were returned to the pond after
counting, measuring, and weighing.

Data on the number and lengths of trout in the standing
crops are given in the accompanying table. In September 1957 the
standing crop was 59 pounds per acre. In September 1958 it was
less at 33 pounds per acre.

It has previously been determined for Stevenson's Pond
that with initial densities of introduced yeariing brook trout from
40O to 800 per acre, no significant differences were found in
growth rate. The higher density was apparently below the carrying
capacity of the pond. The density of trout in 1957 was of the
order of the higher populations previously studied. The trout that
were removed from the pond in 1957 and 1958 were in excellent
condition. The results indicate that the contributions from the
tributary stream, in this case small in relatiocn to the size of the
pond, were 1lnadequate to utlilize the full trout-producing capacity
of the pond. Supplement from introduced stock appears needed. It
is proposed to determine to what extent stocking is required to
supplement native production to provide maximum yields from the
pond.

Length frequencies of brook trout from Stevenson?s Pond

Fork length Number Percentage of total number
in inches 1957 1938 1957 +258
Under 6 233 3k 17 5
6 = 7 201 &l 15 13

7 -8 193 128 it i

8 -9 217 169 16 25
9 - 10 202 145 15 22
Over 10 298 103 22 16

1,344 663
' M. W, Smith
No. 67
RAINBO4 TROUT IN PRINCE EDWARD ISLAND WATERS
The rainbow trout is not native to Maritiue waters.
By introductions, the species has become locally established. 1In

the Prince Edward Island area it is anadromous, and increasing
numbers of steelheads are being taken. The rainbow trout musk
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" now be considered as an established sport fish in Island waters.,
There the rainbow trout has been superimposed con populations of
native brook trout, either occupying ecological niches not .
utilized by the latter, or entering into direct competition with
it, or both.

Preliminary studies have been made a% Simpson's Pond
(2.3 acres), P.BE.I., to ascertain how well rainbow trouf survive
and grow in such situations. In October 1955, 1,172 underyearlin
rainbow trout were planted in Simpson's Pond. The pond was o
sereened to prevent escapement down-stream. Each year since 1956
the survival and growth of these planted fish have bsen determined
by draining the pond at approximately the same time in early fal}.
The pond has been closed to public angling. DRata ars presented in
the accompanying table,

Survival and growth of rainbow trout in Simpson’s Pond

Average Averags Annual
Number fork length weight survival

{in.2 {07.) .
Planted 1955 191?2 5o2 :!.:01. b
Removed 1956 305 10.0 £o8 26
Returned 1956 300 10.0 EoB -
Removed 1957 167 12.6 134D 56
Returned 1957 130 12.6 13.0 L o=
Removed 1958 72 16.5 2863 55

Survival of rainbow trout from underyeariings to yearl-
ings was only moderate., Growth at all ages was good, and
appreciably surpassed that for brook trout in the same pond. On
September 22, 1955, yearling brook itrout removed rrom Simpson's
Pond averaged 8.5 inches in fork length and 4.3 cunces in weight.
By comparison, rainbow trout attained an average Llength and weight
of 10.0 inches and 6.8 ounces as yearlings.

During the years that rainbow trout werz held in
Simpson's Pond it was not found possibtle to exclude brook trout
from the tributary stream. On draining the pond in 1956, 1957,
and 1958, the fcllowing numbers of brook trout were removed
respectivelys 249, 671, and 750. Both brook and rainbow trout
inhabited the pond witLout apparent effects upon each other.
However, the total fish population in the pond was below that
which could be supported, and there was no strong competition
between the species for living space or fcod.

M. W, Smith
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No., 68

RELATIVE VALUE OF RAINBO4 AND BROCK TROUY IN
UTILIZING THE PRCDUCTIVE CAPACITY OF
NEW BRUNSWICK LAKES

The rainbow trcut grows faster, reputedly =an withstand
higher water temperatures, and utilizes zooplankion fcood more”
effectively than brock trout. One might judge that tha rainbow
trout could compete better and utilize more of the fish-producing
capacity of soft-water lakes of low to mediocre productivity. The
possible superiority of the non-indigenous raimnbow trout is being
tested in two soft-water lakes of Charlotte County. New Brunswick.
These lakes are representative of many othkers in the Maritime area.

Underyeariing rainbow trout were introdiuzed incto Kerr
and Crecy Lakes in September 1953. The survivali to angliers'
catches and growth of planted brook trout in these iakes is known.
In Crecy Lake the environment was altered by fertilization and
predator controi. The survival and catches of brock Zrout were
markedly increased by these actions. There was no attvempt to
alter the natural conditicns in Kerr Lake, and s-oz7°ng with brook
trout was unsuccessful in producing better angl Tnder these
two sets of conditions, (1) replication of fert zanion and ‘
predator control at Crecv Lake and (2) with an unaitered natural
environment in Kerr Lake. will more angling success ne realized
from stocking rainbow trou:? A positive auswer o tals question
would materially aid in the future management of many Maritime
lakes for improved fishing.

M, W. Smith
No. 69

EVALUATION OF CCNDITIONS FOR TROUT PROBUCTICON
IN A FLOODED ESTUARY

The causeway carrying the Trans-Canada Highway over the
mouth of York River, Prince Edward Island, has formed a small
(500 acres) artificial lake on what was formerly a %Lidal estuary.
Salt water can enter the lske at high tide via & sruit chrough the
causeway., The sluit is provided with a siuice tha” parmits trout
to move into or out of the lake.

_ At the request of the Provincial Government. a prelimin-
ary survey was made in 1956 to determine how well ¢rout move
through the sluice; and to determine the suitability of the lake as
a trout habitat. Further cbservations were made ia 1357 and 1958,

Findings

In 1956 and 1957 it was found that the waiers of the
lake were sharply stratified with respect to salinisy and
temperature in summer. Decomposition of organic mas
salt water, stagnated below about 6 feet in depih,
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depletion of dissclved oxygen. Fairly compleve mixing cof water in
the lake took place in the fall,

Trout moved into the Lske thrpugh‘the sivirze, Ip i
summer they were found oniy in the shallow layer petween vne lower
oxygen-deficient strata and the warm surface waters,

Recommendatjons

As a remedial measure it was reccmmended @ha@ the inflow
of salt water be stopped. The Provincial Govesnmen® aiosed the
sluice in October 1957.

Hydrographic surveys in 1%%8

o

Conditions in the lake in summer diLifered
those observed in other years, Salinity detsrminat
the lake through the tidal cycle showed that salit w
flowing in through the sluice at high tides.

There is little to be gained in na«ging f L]
on the lake until such time as the salt water iz prsvented from
entering the lake.

J. W. Saunders
M. W, Smith

No. 70
ALKALIZATION OF A FABM FIEE 20ND

Alkaline waters are generally more produziive than soft.
Most lakes in New Brunswick and Nova Scotia have soft waters.
Liming sueh areas is indicated as a possibility ror raising their
productive levels. Preliminary observations hsve tesn mad2 on the
effects of adding agricultural lime to a small farm fisbh pond
(approximately cne acre) at a sub-station of the Departmant of
Agriculture, Tower Hill, Charictie County, N.B.

Four hundred pounds of land iime wers =zdded o the pond
at the mouth of the small inlet stream. Applisation cf 100 pounds
each were made at approximately two-wsek intervals from late July
into September 1958. A nminor increase. 6.5 to 6.8. in pH value of
the water was noted. Conductivity rose from 25 to 39 reciprocal
megohms. Colour from humic materials was moderately reduced.

The high buffering capacity of the water, plus run-off,
apparently dictated that large quantities of lime, well above those
used (130 1b, per acre - foot), were necessary %o increase the
hardness of the water appreciably.

The quantities of lime necessary to have an appreciable
effect would apparently limit practical treatment of Maritime soft
waters to those of only a few acres in srea at the most.

Mo, W, Smith
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No. 71
TOLERANCE OF IMMATURE TROUT AND SALMON TO SALT WATER

Fingerling and yearling trout have been observed in
estuaries on Prince Edward JIsiand. At Ellerslie Brock some salmon
parr descend intc the estuary in fall, To date iittle 1s known
regarding the tolerance cf immature trout and salmon to'sa%t water,
A series of preliminary observations, designed %o provide informa-
tion on the tolerance of young trout and salmcn to sait water, was
made at Ellerslie Brook, Prince Bdward Island, during 1958.

Methods

Fish were heid in battery Jjaws iapprow. & gal., capacity)
and supplied with air from an aguarium puwp. Chservaltions were
made on 155 fish in different salinities ranging from 1O <o 23
parts per thousand. The range irn size of the diiferent groups of
fish tested was as foliowss

Salmon fry funderyesarlings) ol to To9 cm,
Salmon parr {(vearliings & older) £,0 wo i+.0 cm.,.

Trout fingerlings {underyeariings) 4.5 wo 7.9 em.,
Older trout {yearlings & older) &.0 o 17.5 cm.

Dbservations

1. 1In general, the larger the fish the more resistant
it was to high salinity (284},

2. Salwmon fry and trout fingerliings did not appear to
have been adversely affectved by water of low saiinity (10%).

' 3. Salmon fry were more resistant toc high salinity
(28%) than were trout fingerliings. Some trout firgerlings were
observed to die after 9 hours in water of 28%4: salwon fry were
able to withstand 13 hours exposure to the same szalinity before
any deaths occurred.

4, Fish showing signs of distress--repid swimming
followed by loss of eguilibrium--in salt water, recovered when
placed in fresh water.

5. There was a marked change in the outward appearance
of both trout and salmon shortly before death. The fish became
very thin, probabliy as a result of dehydration of the tissues,
This change tock place in 3 relatively short times.

6, Trcut (fingerlings and clder) and salmon (fry and
parr) survived in simulated estuarial conditions..salt water (28%)
changed to fresh water and alternating these wwo at b-hour
intervals,
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7. After a week in simulated estuarial conditions,
salmon fry were able to live in high salinity (28%£) without any
apparent adverse effect,

8, Trout fingerlings heid for 2Zi hours in water of
low salinity (10%4), survived better in water of high salinity
(28%) than did non-acclimated fingerlings.

9, Fish from which scales had been removed died before
uninjured fish when both groups were held in salt water under
‘similar conditions. Care should be taken when marking or handling
trout or salmon near an estuary, not to injure the fish,

The above observations show that trout and salmon of all
ages can adapt to life in estuaries where the water varies from
near fresh up to salinities of 28 parts per thousand.

There is an obvious need for a better understanding of
the present or potential value of the estuary in rearing young
salmon and trout.

J. W, Saunders
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No, 72
ATLANTIC SALMON RESEARCH

The research program for Atlantic salmon is simed at
obtaining information to aliow the varicus commercial and sport
fisheries to be maintained. through management. at the most
profitable level for all concerned. Snnce 194G it has been under
a review by a Federal-Provinecial Co=-ordinating Ccamittes, Through
annual meetings of the Scientific Sub-committee of that group,
and frequent liaison, the work of the St., Andrews Staticn is
closely associated with the management program of the Department
of Fisheries and research and management programs in Newfoundland
and Quebec. In 1958 the research program included a variety of
projects that may be considered under several broad headings.

1. Ayvailability. Catch statistics obtained by Protection staff
of the Department since L944 indlcate the aveilability of adult
Atlantic salmon to commerclal fishermen and anglers in the
Maritime Provinces. They are reviewed at St. Andrews along with
statistics from Quebec and Newfoundland and summarized annually
in "Trade News"

In 1958 ccommercial land*ngb were gensrally much higher
than in 1957, although still beliow the average lewvel of the past
30 years. Angling catches in 1958 irn the Maritimes as a whole,
and on many individusl rivers. were the highest recorded since
collection of statistics began nine years ago. Water conditions in
the rivers were particularly favcourable for eariy and sustained
ascent of fish in 1958,

2. Distributicn and migrat LS. +he distyd 'ution in fresh water
of young salmon from fry to Larve pre~smolt parr csn be determined
by electro-seining techniques dnve¢oped main ¢V at the Pollett River,
N.B., field station, In 1958 rcutine assessments were made at
series of seining staticons cn the Poilett, M;ramiohin and St. John
Rivers, N.B., and the Margaree River, i, Soq to learn the effects

on smolt producuion of experimental plantlnﬂb of hatchery stock,
forest spraying with DDT. hydroelectric development, predatory

bird control, and other factors.

As they descend to the sea on a few representative rivers
smolts can be trapped, counted and marked by fin- clipping or
tagged, for identification after they have reached the adult stage
as grilse or older salmon., In 19%8 a record high of 30,000 smolts
were counted and marked at the Pollett trap; these were produced
jointly by a natural spawning experiment that has heen in progress
for several years, a plan*lng of hatchery stock in 1956 that was
calculated tc give maximum smolt production zt the rate of five
smolts per 100 square y&rds, and experlmen:a& prantings of "smolts"
and "post=smolts®. In the Miramichi area 18,000 smolts were marked
at Curventon on the Northwest Miramichi. and 8,100 at & new trap
on the Cainsi neither of these traps were opurateu to capture zail
the smolts produced in the waters above, but only to provide a
supply of fin-clipped fish ¢f known origin.



Salmon w 130 =

In the Miramichli estuary Swedisli type tags wer2 applied
to 1,000 smolts in June, 1953, It is hoped that these or other
tags will be found suitable for identification cf fish from smolts
to adults, as an improvement over fin-clipping. Ia 1$59 it is
planned to tag 10,000 Miramichi smolts,

With facilities avallable at pressat i% is impossible
to learn the whereabcuts of calmon between the smoit stage and
the adult stage when they are catchable by commercial gear,
angling, and adult research traps. In 1953 the usual data on
catches of marked and unmarked adults were obtained by technicians
at North Sydney, N.S., and Saint John, N.B.. for New{oundland
commercial landings, at Escuminac for the local drift-net fishery,
in the Miramichi trap-netting and angling areas, and by fishery
officers throughout the Maritime Provinces. Analysis of the 650
recaptures of marked fish including scale readings is not yet
completed.

An adult sampling trap was cperated throughout the open-
water season in the Miramichi estuary at Millbank for the fifth
consecutive year; adult traps were maintained on tne Northwest
Miramichi for the ninth year a% Curventon and for the second year
33 miles upriver at Camp Adams. These research traps give a
useful record of the occurrence of salmon oefore, during, and after
the public fishing seascns and help in evaluating present fishery
regulations. In 1958 the runs of both grilse and large salmon
into the estuary in the fall far exceeded the numbeyr entering
during the public fishing season, and far more grilse entered than
in any year since ssmpling started five years ago.

Special attention was given tov tihe recapture data obtained
up to 1955 on adult salmon that had been marked az swmclis at
Curventon on the Northwest Miramichi and Pinevilie on the
Dungarvon, tributary to the Southwest Miramichi. Many fish of
Miramichi origin were taken in Newfoundland waters and it is
estimated that over 1/4% the total catch of Miramichi fish by
rods and nets occurred in the Newfoundland and Latrador nets.

A few Miramichi fish were taken in Maritime netting areas, but
not in fresh water of rivers other than the Miramichi. In the
Miramichi, mixing of fish from the two branches occurred in
estuarial nets, but in fresh water there was marked segregation,
with an average of $9.6% correct return tc the Curventon trap
and 98.4% correct return to the Pineville trap over a five-year
period.

Adult salmon have been tagged at the Millibank estuarial
trap and at the Curventon counting fence to learrn *he migration
patterns, within the river, of individual fish. 1in 1957, 16%
and in 1958, 23% of the fish tagged at Millbank weve recaptured
by commercial and sport fishermen and research gear. The rate
of movement through the river and into the estuary was highly
variable. Some were caught 70 miles upriver within two weeksj
others were retaken near the tagging site after two months,
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Production of young.

Since 19%1 an experimental stretch of the Pollett River
has been used for smolt production studies because it has been
inaccessible to spawning adults, unless it was desired to introduce
them. Experiments with introduction of hatchery-reared under-
yearlings under various conditions were completed in 1957. Now
an experiment to give the amount of natural spawning required for
optimum smolt production is in progress, and field work on it
should end in 1961, Data aiready available suggest that 250 eggs
deposited in the river by wild adult salmon are equivalent to 3%
planted hatchery underyearlings, per unit area of 100 square yards,
in producing five smolits,

Recently the Pollett has been used also for an experiméhtal
planting of underyearlings calculated to supplemens a below-ncrmal
native population., This situation would oftei: exisht in practice,

Since some avallable freshwater rearing areas are
decreasing in size and suitability through hydroslectric developments
and other environmental changes,; experimental releases of large
hatchery-reared fish that m1ght migrate promptly as smolts have
been made in 1957 and 1958 in the upper parts of the Pollett and
Miramichi Rivers. Checking the downstream migrations at smolt
traps below, showed that fish at least 5 1/2 inches long in May
of the year of planting will migrate without delay if planted
during the regular period of smeclt descent. Their contribution as
adults to local or other fisheries should be known scon, since a
fraction of the planted fish were marked.

The Pcllett and Miramichi smolt production studies are
made in areas provided with experimental merganser control. Removal
of mergansers was shown to greatly benefit smolt production from
planted underyearlings on the Pollett, and later, %to have similar
effects in improving parr survival on the Narthwest Miramichi. In
1950 it was hoped to demonstrate the effects of merganser econtrol
in improving the return of adults to the Miramichi system, but
adverse effects of DDT spraying from 1951 to 1958 interfered with
the experiment. A suitable experimental river is being sought
elsewhere, and in 1957 and 1958 a preliminary census of young
salmon was made on the Margaree River, N.S., accompanied by
merganser census and banding operations by the Canadian Wildlife
Service. Margaree merganser populations in the two years were of
similar density to those of the Pollett before bird eontrol.

Only a small fraction of the smolts produced on the
Miramichi system can be trapped and counted on one or two
tributaries. Estimates of total Miramichi smolt production are
possible 1n years when adeqaate numbers of smclts can be marked
at the upriver weirs, to mix with smolts from other branches, and
be sampled at smolt traps operated in the estuary near Millbank.
The 1958 estimate was 2,79 mllllon as compared tc estimates of .
1.7 million (1951), 0,8 million (1953), 1.5 millicn (195%), 1. 3
million (1955), 2.0 million (1996), 1.3 million (1957).
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Effort was continued in 1958 %0 assess the elfecis on
salmon of environmental <changes that are associated with industry
and which are expected to have unfavourable results Forest
spraying with DDT insecticide to contrel an Gutureah of spruce
budworms has been investigsted since 154 in the Miramichi area.
In 1958 previous findings were confirmed., Additioral studies were
made in 1958, co~operatively with the Department of Agriculture
in the Richibucto area. in the hone of finding alternatlwve
insecticides that would have less harmful effects on young salmon
and their food than the regular DquLQrU¢} applied a%t a rate of
1/2 1b, DDT per acre. There were indications that 1/% 1lbt. of DDT
per acre had little short-term effect on elther young saimon or
aquatic insects, yet gave subgtantial contrel oFf hwudworms. The
budworm epideric has ccllapsed in an Brunswicr and ac Murither
sprayings are scheduled as part of the foresiry urogram,

Hydroelectrice development of the bSt., Joha River was
increased recently by completion of a power dasm a2t the mouth of
the Tobique in 1953 and at Beechwood on the main shen in 1957.
Both dams have fish passes, in coantrast to the dam at Grand Falls
which has barred the upper St. John to salmon spavmiing for many
years. Concern of Tobique anglers over effectsz of the new dams
lead to new fishery investigations in 1957 bv Department and Board
staff. These included in LQ 583 (13 assessment of voung salmon
populations above the foblque dam which shewed mapy more under-
yearlings than last year, probably resulting lergely from hatchery
plantingsj (2) study of smolt holde-up at Beechwocd and of methods
to by-pass smolts; (3) establishment of systematic creel census
in the Tobique flowage to assess effects of the dam on abundance
of other species, pth;oudIlY predatory ficsho

At Ellerslie Brock, P.B.l.. pond formavion has been
studied by the S5t., Andrews Trout Investigation as 2 means of
increasing trout stocks and their availability o anglers. Salmon
also enter the stream and young salmon have bkeen studied in
relation to the changed environment. Adults and swolts have been
held up by the pond. Such information should #help analysis of
effects of water impoundments elsewhere.

Contrcl of predatory birds, discussed eariier, is also

an environmental change but on the positive side as far as young
salmon production is concerned.

Plans are being made to assess the .ngnTmrm effects of
lumbering operations on salmon and t%out production, using the
upper waters of the Miramichi as the experimental area.

Behaviour studies.

Since behaviour studies are new recognized Lo have
fundamental importance in longe-term salmen investigatlons. a
comprehensive outline of desirable "esearch projects has been
- prepared. These come unaéw the headings: distribution of salmon,
tolerance limits, movements and migrations, social behaviour,
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feeding, escape behaviour and spawning. To date the work has
consisted mostly of observations and experiments in the field,
but it is planned to begin laboratory research in 1959, using
space and equipment in the new wing at the Station.

In 1958 progress was made in developing the use of skin-
diving equipment for studying the distributicn and.behaviour of
both young and adult salmon in shallow upriver areas of fthe
Miramichi River. This would permit confirmation in the field,
of laboratory behavioural studies,

Liaison.

Since the salmon research program enlarged in 1949 in
conjunction with the organization of the Federal-Provinecial Coe
ordinating Committee, a major responsibility of the salmon staff
has been to provide information to the public and maintain liaison
with other agencies involved in Atlantic salmon research and
management. In 1958=59 senior staff participated in one or more
scheduled meetings of the following groups:

Co~ordinating Committee on Atlantic Salmon - Ottawa,
(February, 1958), Quebec City, (March, 1958)

Scientific Sub-committee on Atlant;c Salmon and Trout =
St. Andrews, N.B., (February. 195%)

Regulations Sub-committes on Atlantic Salwen - Moncton,
(March, August, 1958), Montresl., (December, 1958)

Interdepartmental Committee on Forest Epraying Operations =
Ottawa, (January, 1958}

Investigational planning group of Department of Agriculture,
Forest Protection Limited, Fisherigs Research Board staffs -
Fredericton, (February, March, 1958)

St. John River-Beechwood Study Committee - Fredericton,
(March, April, May, June, October, 1958, January, 1959)

Anadromous Fish Committee, International Passamaquoddy
Fisheries Board - Augusta, Me., (August, 1958), Crono, Me.,
(December, 1958}

In addition, many informal discussions were held with
commercial fishermen and anglers, mostly during field trips, to
discuss salmon fishing problems. Contact was maintained with
officers of the Departmentis Protftection Service and Fish Culture
Development Branch as frequently as time permitted, particularly
where investigations of mutual interest were in progress.

Valuable contacts with salmon investigators in Burope
were made by Dr. Elson in September, 1958, when he attended the
ICES meeting in Copenhagen and macde side trips to Sweden and the
British Isles.

Co . Kerswilli
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ATLANTIC SALMON STATISTICS

Catch statistics on the commercial salmoen fishery in
Quebec waters are obtained from published Iepor ¢s of the Provinecial
For our amnalysis they have bDeen assembled

Bureau of Statistics.
under four areas.

Fisheries.

Data on commercial and angling catches in the
Maritime Provinces are provided by the Federal

epartment of

The latter are grcuped under three arsacs cof the

"Maritime Region%-~the Gulf, Fundy, and aAtlantic Areas. The
Gulf Area includes Quebac luﬂdlﬂgb cn the Gaspe” coast as far
north as Cape Gaspe and extends around the Gulf of 5t. Lawrence
to the Richmond-Victoria County line of the east znast of Cape

Breton Island.

The Atlantic Area extends from there around the
outer coast of Nova Scotia to Cape Sable, N.S.

The Fundy Area

extends from Cape Sable to Grand Manan Island, N.B.

Commercial g¢catch, Quebec and Maritime Begion,

Commercial landings in 1957 and 1998 are compared in

Figure 1.

Similar btatisthb for the 1949-1957 period were shown

graphically in Appendix No, 62 of the Annual Report for 1957-58.

Table 1. Comparison of commercial catches of salmon in
1957 and 1958 in Quebec and Maritime Region.
1958
compared to
15957 2.956 1957
Pounds Pounds - +
Quebec Total 33%,?09 JOg)ﬁQ_ &E%
(a) Chaleur Bay 124,400 219,400 7
(b) South Shore
St. Lawrence 24 ,h00 36,100
(¢) North Shore
St. Lawrence 185,900 24k 400 31
(d) Anticosti 3.500 2 80u 20%
Maritime Region Total 832,200 1,108,600 33%
(a) Gulf Area
(incl. Que. (a)) 654,700 834,500 27
(b) Atlantic Area 38,500 +1 bOO 8
(¢) Fundy Area 129‘000 4?? 500 67

In 1958 the total commercial catch in Quebec was the
highest since 1953, when it also just exceeded 500,000 pounds.
In the Maritime Region the 1958 total landlngs of over 1, 100,000

pounds continued a steady upWaId trend since 1955,
fell below 760,000 pounds, the lowest level =
The last peak production in the Maritime Region

past 88 years.

when the catch
ecorded there in the

occurred in 1930 when landings exceeded 5,000,000 pounds.,

The Quebec landings in Chaleur Bay were infiuenced by

the 1998 change in the opening of the season

from June 5 to May 15.

in the Gulf Ares

Many large salmon entered the area

unusually early in 1958,



Table II, Comparison of angling catches of salmon in 1957 and 1958, Maritime Region.

l9g8 catch-
1957 catch
1957 1958 &% of 1957
No. Effort C/ No. Effort C/ catch
Fish Rod=-days E Fish Rodmgggs E__= +
Maritime Region Total 39,106 104,831 0,38 65,048 157,38 0. 41 66%
Gulf Area Total 35,207 51,926 0.68 56,764 74,383  0.76 61
Miramichi Svstem 29,972 40, 965 0.73 45,067 58,135 0.78 50
Restigouche System 3,437 1,552 2.2 9,268 2;%12 3.8 170
Nipisiquit 725 3 ;130 0.23 oh8 3,540 0.30 Lg
Margaree 185 1,215 0,15 334 1,275 0.26 81
Atlantic Area Total 1,237 43,905  0.03 4,500 66,468 0,07 265%
St. Mary | 143 1,440 0,10 735 4,392 0,17 415
Moser 81 h 696 0,02 207 6,475 0,03 156
Lahave 118 95” 0,12 807 2,265  0.36 580
Medway 295 gz 0. 06 1,038 7,668 0.1k 252
Sheet Harbour 283 lO 5 0,03 368 14,945 0,02 30
Fundy Area Total 2.662 9,000 0,30 3,784 16,997 0.22 4%
St, John (main) 2,010 3,222 Q.52 2,518 6,401 0,39 25
Tobique 65 260 0,25 "186 539  0.35 186
Nashwaak 66 877 0,08 218 3.021  C.07 230
Petitcodiae 123 976  0.13 337 1.250 0.27 174

= GET -

uomyTeRy
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There wag no appreciable change in fishing effort in 1958,
The increased catches may be attributed to salmen besing more
plentiful in the vicinity of the nets during the fishing season than
in recent years.

Angling catch, Maritime Rezion.

The total angling catch and the effort in rod-days for
the three Areas (exclusive cof the Quebec portior of the Gulf Area)
in 1957 and 1958 are given in Table II. Also shown are the total
angling catches on several of the principal rivers of each Aresa.

In 1958 the total angling catch was higher in all three
Areas of the Maritime Region than in 1957, and was the highest
recorded since 1949 when the present system of collecting statistics
was instituted.

In Table II the angling effort on rod~days in the three
Areas as a whole and on a few of the more productive rivers in each
Area can be compared, as well as the catches per rod-day. Everywhere
the angling effort was greater in 1958 than in 1957, and on most
rivers the catch per rod-day was higher in 1958. Heavily fished
rivers of moderate size in Ncova Scotia like the Lahave and Medway
provide about one fisgh or less per ten days of angling, whereas
large rivers in New Brunswick like the Miramichi may give seven
or eight fish per ten days. The Restigouche gave hest returns for
angling effort with two fish per rod-day in 1957 and almost four
fish per rod-day in 19°8.

Throughout the 1958 angling season water conditions on
most rivers were favourable for the ascent of saimon and for
angling. This may have been largely responsible for the improved
catches rather than a significant increase in the abundance of fish,

C., ¢, XKerswill
No. 7%
RUNS OF ADULT SALMON INTO THE MIRAMICHI RIVER

In 1958 an adult sampling trap was operated in the
Miramichi Estuary at Millbank and two counting fences were maintained
on the Northwest Miramichi River at Curventon and Camp Adams as
in 1957. The estuarial trap, similar to regular commercial set-
nets, has been operated through the open~water season each year
since 1954. Annual operation of the Curventon feiice began in 19503
the upriver Camp Adams fence was installed first in 1957. Past
records were summarized in Trade News, June, 1958, page 6.

The following comments are offered on the data shown in
the table:s

Millbank trap. In 1998 over twice as many grilise were taken as in
1957, mainly because of a very large catch fellowing the commercial
fishing season. Only a small increase in large salmon occurred in
1958, also mainly during the late run. Neither the catches of grilse
norlarge salmon in the sampling trap during the 19%8 mid-season
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Numbers of grilse and large salmon recorded in 1957 and 1958 at
three Miramichi locations (Millbank estuarial trap, Curventon,

and Camp Adams counting fences).

Grilse Large Salmon
1957 1958 1957 195
Millbank (Estuarial)
sampling trap, 21
miles below head of
tide)
Totals 3825 QﬁOZ 3867 h;ZO
Before commercial 0 0o 3 17
season
During season 1335 1559 520 438
During mid-season -- 593 -em 111
closure
After season 2520 6250 334k 3821
Curventon (8 miles
above head of tide
Northwest Miramichi R.)
Totals 875 2419 706 579
Before angling 0 0 O 0
season ‘ .
During season %00 1945 16i 312
After season 475 L7k 5442 267
Camp Adams (41 miles
above head of tide, .
Northwest Miramichi R.)
Totals 560 2033 191 102
Before angling 0 0 4 0
season )
During season 534 1987 145 96
After season 26 46 6 6
Perio ions ; 1958
Millbank May 8 -~ Nov. 8 May 12 - Nov. 6 except 4
days mid-June, 5 days
early October
Curventon June & ~ Nov. 5 May 23 - Nove. 5
except July 16-21
Adamg May 29 = Nov, 5 May 24 . Nov. 5

Open _fishing season for publics |
Millbank area (Commercial

Curventon and Camp Adams
(4ngling)

June 5-Aug. 31

May 15-July 63 July 22-
Aug. 31

June 5-8ept., 30 May 15 - Sept. 3C.
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closed period appear toc have been affected sigriiicantly by the
absence of other gear in the Estuary (as shown on chart of daily
counts, not reproduced hers),

Curventon fence. The grilse count wasabatt three times higher in 1958
than in 1957, the increase occurring during the angling season. The
increase was unexpected because the estimated population of large
parr in the Northwest Miramichi in 1956 was smaller “han in 1955 as
a result of DDT spraying. Ordinarily these fish would have produced
the grilse (age 3.1) returning in 1958 and 1957 respectively.

Recent scale readings have indicated that many young salmon which
were classified as small parr in 1956 and were very abundant, later
grew rapidly enough to become two-year smolts in 1957. This, combined
with excellent conditions for ascent of adults in 19953, could
account for the abundance of grilse in 1953.

Fewer large salmon were counted in 1958 than in 1957, and
the level was about 50% below the 1950-1955 average, an expected
result of DDT spraying.

Camp Adams fence. As at Curventon, griise in 1958 wereower three times
as plentiful as in 1957, the increase occurring mostly in the
angling season. Large salmon were fewer in 1958, and again most
ascended during the angling season. The 1958 increase in large
salmon during the angling season at Curventon was due to a large
late run in September; few of them ascended a5 far as Camp Adams.
The low total run of large salmon at Camp Adams reflects the low
early run past Curventon.

C, §. Kerswill
M. Ho. Ao, Keenleyside

No. 75
‘EVIDENCE FOR HOMING OF ATLANTIC SALMON

Several tagging projects by various agencies prior to 1950
in Canadian Atlantic waters showed that (1) many kelts move from
Maritime estuaries to be caught cne or two years later in the sea
around Newfouridiand as well as near the tagging site; (2) many virgin
fish tagged in the sea off Newfoundland move westward and are subject
to capture both in the sea and rivers of the Maritime Provinces.
There is only one published record of a fish marked in 1938 at the
smolt stage on the Northeast Margaree River, N.S8.., making a round
trip to Newfoundland (tagged at Bonavista, June 194%0) and back to
the Northeast Margaree {(recaptured by angler, September 1940). The
early marking and tagging projects were not designed to provide
information on the general pattern of migration znd homing of
salmon whose river of origin was known. Recent smolt marking
projects on several rivers, combined with a widespread search for
marked adults, have helped to clarify the picture.

Recapture data obtained in 1955 on salmon that were marked
at the smolt stage on two Miramichi tributaries were given special
study in 1958. In both 1953 and 1954 good numbers of smolts were
fin-clipped at both marking sites--abcut 25,000 at the Northwest
Miramichi (Curventon, N.B.) and about 20,000 at the Dungarvon
(Pineville, N.B.). It was to be expected, therefore, that many
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one-sea-year adults (grilse) and two~ges-year adulis (the most
commonly caught large salmon) would appear in the 19%% catches,

The recaptures of marked fish by the fishing puhlic classified as
grilse and older salmon are summarized in Table T. The examination
of Newfoundland commercial catches were all made at Noxrth Sydney,
N:S., and Saint John, N.B., where the fish are repacked before
further shipment,

The following poilnts are shown by these data

(1) Salmon known to be of Miramichi origin are caught both
as grilse and older salmon in the commercial sea fisheries over a
wide area and many are ftaken around the coasts of Newfoundland and
Labrador. To correct the proportion of the total Newfoundland catch
examined at North Sydney, N.S., and Saint John, N.B., in 1955 the
55 marked salmon caught around Newfoundland weuld be multiplied by

3.35 giving 18%. In the Miramichi drift® ne*tlng area, all the

landed fish were examinedj; in the Miramichi tirap netting area most
of the catch was examined carefullya It is estimated that about 1/4
of the total catch of Miramichi fish by rods and nets occurred in
the Newfoundland and Labrador nets.

(ii) Miramichi fish from both tributaries were taken by shore
nets in Chaleur Bay, but not in fresh water here or anywhere else
outside the Maritime System.

(iii) The commercial fisheries near and in the Miramichi
System took a mixture of salmon produced in the two tributaries.

(iv) In freshwater areas of the Miramichi watershed, recaptures
of 69 angled marked fish showed pronounced segregation of the stocks
in the two tributaries where they originated. Some straying occurred,
as indicated by two Dungarvon marks taken in the Northwest Miramichi
(4% of the 51 marks reported here), andtw Northwest Miramichi marks
take? in the Southwest Miramichi watershed (12% of the 18 reported
here).

Information on the precision of homing to the natal stream
is given by the returns of marked fish o adult counting traps
operated at the Curventon and Pineville smolt marking sites from
1951 to 1956, These data are summarized in Table II.

From a total of 93,102 smolts marked at the N.W. Miramichi
trap in the five years L950 to 1954 inclusive, 895 (O. 067) have
returned. Orlytizee of these went to the wrong tributary, giving 99.6
correct return. From a total of 55,900 smolts marked at the
Dungarvon trap, 362 (0. 65%) returned., Onlysixof these went to the
wrong tributary, giving 98.4% correct return,

These data show a very preonounced segregation of marked
returning adults to the streams in which they were produced,

There is still no proof that the large number c¢f salmon
that are available to commercial gear far away from theilr rivers
of origin in the Maritime Provinces can be expected to return to
their home streams. To clarify the problem an intengive tagging
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Table I. Miramichi marked salmon recaptured in 1955
by commercial fishermen and anglers,.

Marked on

Northwest Marked on
Miramichi Dungarvon
(Ad + LV) {Ad_+ RV) Total
2=3sea=~year 2« 3ea=year
Place of recapture Grilse (+) Salmon Grilse (+) Salmon
Commercial Nets
Newfoundland 8 19 6 22 55
Quebec 1 1
New Brunswick
Chaleur Bay 2 6 2 L 14
Drift Nets off Escuminac 67 61 128
Trap Nets, Miramichi
Below Derby Junction 32 27 10 23 92
Northwest Miramichi 5 1 6
Southwest Miramichi 4 1 9 3 17
Ncocva Scotia Z 2
"Total by Nets 51 12k 27 113 315
Angling
Miramichi River
Northwest M., below
Curventon 8 1 i 11
Northwest M., above .
Curventon 28 3it
Sevogle (lower) 6 6
Southwest M., upper Renous 1 i
Southwest M., Dungarvon 1 7 7 15
Southwest M., main river 1 1 2
Total by Rods ghn 7 11 vi 69
Total Nets + Rods 95 131 38 120 38k

Newfoundland total, corrected for fraction examined = 55 x 3.35=18%

Estimated fraction of total cateh of Miramighi
fish taken by Newfoundland nets = i = . <. L
385+ 129 approx 1/
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Table 1I. Returns of marked Atlantic salmon Lo two
Miramichi traps where part of smolt run
was marked annually, 1950-1956.

No. of
No, returns Per No. at Per cent
smclts grilse & cent other correct

marked older salmon returns trap return
Northwest

(Curventon)

1950 79969 65 0.8 0 100.G
1951 33,407 366 1.1 3 99.2
1952 848 29 3.0 0 100.0
1953 25,218 238 0.9 0 100.0
1954 25,660 197 0.8 0 100.0
Total 93,102 895 0,96 3 | 99.6
1950 253 0 0.0 0 1.00.0
1951 14,966 127 0.8 1 99.3
1952 461 1 0.2 0 180.0
1953 19,966 149 0.7 2 98,7
1954 20,254 85 0.4 -3 95.5
Potal 55,900 362 0,65 6 98 .kt

program 1s indicated, involving the release, at many distant points,
of large numbers of tagged fish known, through marking, tagging

or other criteria, to have originated in particular Maritime

rivers.

Co J. Kerswill
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TAGGING OF ADULT MIRAMICHI SALMON . 1457 AND 1958

A. Estuarial tagging. In 1957 and 1953 Petsrson-type tags were
attached to large salmon caught in the estuarial <{trap at Millbank,
N.B., as they entered the Miramichi River. Some of these fish
were later recaptured by commercial and sport fisiermen end at the
Curventon counting fence on the Northwest Miramichi River., In 1957
tagging was done from May to Augusty in 1958 from Mav to November.
Data are presented in Tzble [l

The major point of interest is the inc¢reacsed total per
cent recapture in 1958, due mainly to a five-.fold increasse in per
cent recapture by commercial fishermen., This may be due to:

a) lower tagging mortality and/or tag loss ir 19338: &) better co-
operation by fishermen in reporting tag recoveries In 1G58 or

¢) a higher rate of expleitation of salmon in 1958, a) and b)

are unlikely because the tagging and search for recovered tags has
been done by the same experienced persomnel for several years.

Also, these factors should lead to greater recoveries from anglers
as well as set-net fishermen, which was not the case in 1858,
Greater exploitation seems the most likely explanaticn. Salmon were
more readily taken in set~nets during the 1998 seasoun., due probably
to a combination of envirommental factors (frequent increases in

river discharge, moderate summer temperztures, zte,!,

few tagged salnon wers retalken downstream
is may reflects a) fish moving in and out
of the river mouth before entering fresh wabter; b} fish moving into
the Miramichi Estuary and then out again on thelir way io other
rivers to spawnji or ¢) disturbance of upstream migration by the
tagging procedure.

In both years =z
from the tagging site. Th

The length of time between tagging and recapture shows
that the rate of movement of salmon through the estuary and into
the river is highly variable. ©Some tagged fish were recaptured 70
miles upriver within two weecks; others were retaken a few miles
from Millbank two months after tagging. Three salmon tagged on
September 18, 1958 were retaken 30 miles upriver at Curventon 2,
12, and 43 days later.

Table I. Recaptureszs during year of tagging cf large salmon tagged
at Millbank, N.B. Per cent recaptures by commercial and
sport fishermen based on numbers tagged in respective
open seasons.

Total _Commercial Spery Bescarcn gear

Year of No. % rec. Noo. %"}ecc No, % rete o, % rec.
tagging tagged (nce) tagged {n0.) tagged irg.. Gagged (no.)
1957 146 15,7 146 7.5 146 6.6 e Lokt
(237 (11) : {30} (2)

1958 221 23.1 89 37.1 20C 5.0 201 3.6
(51) 133) (10) (8)
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B, Freshwater tagging - Northwest Miramichi River. Upsiream
migrating grilse and large salmon were tagged from May to November,
1958 at the Curventon counting fence. A small vinyiite tag was
attached with stainless stecl wire below the fish's dorsal fin.

Some tagged fish later passed through the Camp Adams counting fence,
33 miles upstream; other tags were recovered by anglers., Data

are shown in Table II.

A higher proportion of grilse than of large salmon was
recaptured, but few large salmon were tagged. The per cent recap-
ture of tagged grilse by anglers {(8.4%) should szpproximate the
proportion of the entire grilse run taken by angling, 1f the
following assumptions hclds a) an adequate proportion of the migrat-
ing grilse was tagged (about 10% in 1958), b) tagged fish mix with
untagged, continue their migration and react to angling similarly
to untagged fish, c¢) all recovered tags were turned in. d4) ail
grilse passing Curventon were trapped {(unlikely in early spring
before fence installed). The validity of b), ¢) and &) is question-
able, due to lack of informatlcn. The proportion of grilse taken.
by anglers is therefore probably higher than 8S.4%

The average rate of travel ol grilse hetween the two
fences is about 20 days. Except for a very few fish this rate varies
little from June to September. No grilse tagged after Sepltember
reached the upper fence.

Table II. Recaptures during 1958 of salmon tagged =v Curventon,
N.B., in 1958. Per cent recaptures by anglers hased
on numbers tagged during open seasoN.

Toteal Angleprs Ganp Adams Othér
Type of  No. % rec. Ro. 7 rec. No. # res. HNo. % rec.
Lish tagged (no.) tageed (no.) tagged {po.! tagged (nDo.)

Grilse 259 30.1 203 ,8,4 259 22,8 259 0.8
(78) (177 (59) (2)
Large 24 12,5 = 12 8.3 2 8.3 - -
salmon (3) (1) (2)
M, He A. Keenleyside

No.77

USE OF HATCHERY AND NATIVE SALMON STOCKS FOR BEZST PRODUCTION

OF SMOLTS
Comparative smolt production from stocks of hatchery and

native origin. A particular section of the Pollet%t River nas been
used for the past 17 years for studying smolt production under
various conditions of predator control and seeding. Control of
mergansers and kingfishers has formed an integral part of the
studies of seeding requirements reported below.
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Field work for a study of the amount of hatchery under-
yearling stock (about 4% cm. long) needed to give the besgt smolt
production was completed in 1957. The results are shown graphically
in Figure 1.

The most reasonable rate of smolt producticn to aim for
proved to be about five smolts per 100 sqguare yards of river bottom.
This required planting underyearlings at a rate cf about 35 per
100 square yards,

Field work for a study of the amoun® ci spawning required
to give similar production will be completed in 196l. However, in
1958, the final year-class of native underyearlings to be involved
in this study was assessed. It seems reasonable thervefore, to make
a tentative prediction as to the final result from this study. The
data required for such a prediction are shown in Figures 2, 3, and k4.

The unknown guantity which it 1s desired to establish is
the "potential egg deposition®™ required, To estimate this, 1t is
necessary to work back from the figure for best smolf production
established by the studies of planted stocks. Rates of production
below are given as numbers per 100 square yards of stream bed,

The number of parr required to get five smoits is indicated
by the data plotted in Figure 2. About eight parr are needed.

In Figure 3 are plotted the numbers of parr resulting
from various populations of native fry (underyearlings). A
survival rate cf about 65% is indicated, This is %he best figure
available until the 1959 parr census is completed. The eight parr
required would necessitate a preceding population of 12 underyear-
lings.,

In terms of potential egg deposition, 12 unlderyearlings
would arise from soumething like 250 eggs per 100 sguare yards being
brought into the river, as shown by the egg-underyearling relation-
ship pictured in Figure 4,

The comparison between the hatchery stock requirements
and natural spawning requirements is thus that about 35 hatchery
underyearlings have equivalent velue to 250 eggs brought to the
river by wild adult salmon,

Effectiveness of a supplemental planting. In 1956, the
native fingerling population in the Pcllett was estimated tc have
a density of 6.8 fish per 10C square yards. This weas expected to
produce, at previously observed survival levels, just under three
smolts per 100 square yards. With the maximum cavacity of the
stream set at six smoclts per 100 square yards, this meant that a
supplemental planting to produce three to four smolts per 100 sguare
yards was needed. With the optimum hatchery underyearling-to-smolt
survival rate calculated as about 15 per cent, & planting ¢f about
25 fry per 100 square yards, or 109,000 in the experimental area
was indicated. In practice, 99,000 (23 per 100 square yards) were
planted in late September of which 9,000 were marked before planting
by removal of the adipose fin, The fish received from the hatchery
were larger than stocks used in earlier experiments (mean lengths
7.2 £ 0.9 cm. as against 3.6 & 0.5 cm.) and even slightly exceeded
the indigenous underyearlings (6.5 F 0.7 wm.).
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Table I.

fall plantings of "post-smolts".

Date of

planting Place

A. Spring plantings
May  22/57 Pollett
May 29/57 Miramichi
May  29/58 Pollett

May  28/58 Miramichi

B. Autumn plantings

Sept. 11/57 Pollett
Sept. 5/57 Miramichi
Aug. 29/58 Pollett
Sept. 2/58 Miramichi

Sept. 11/58 Pollett
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Survival rate of the planted stock through the parr year
was excellent, apparently exceeding that of the native, In 1958
the bulk of this mixed population migrated as smclts. Judging by
the number of adipose=-marked smolts the 1958 smolii run was composed
of 19,008 planted fish (survival rate from plantsd uwnderyearlings,
19 per cent) and 4,139 native fish (survival rate 7:om July
underyearlings, 14 per pent). The rates of producu.on ner 100
square yards amount to L.4 and 1.0,

Production from this hatchery planting was greater than
anticipated.. The extra production appears to have been made at
the expense of native stock already present-~nci a desirable
feature., This may be accountable, at least in part; totwfactors:
(1) the planted stock was extra large in size as compsred to that
used in experiments from which survival rates were derived; (2)
the late fall planting, with low temperature contributing to less
urgent need for adjustment to a new environment, may have affected
survival. It would appear also that the design involved an over-
estimate of smolt rearing capacity, thus necessitating loss of
some stock, either native or introduced.

Planting smolts. Under certain conditicns, it may be
desirable to liberate larger hatchery-reared fish which will migrate
to sea promptly and on return supplement expectved deficiencies of
adult stocks. A series of experiments in which gelected fish were
liberated about 12 miles above counting weirs was carried out on
the Pollett and Northwest Miramichi Rivers in 1957 and 1958,

Results are summarized in Table I. The following conclusions have
been drawn.

(1) Fish should be selected for size, prefersbly a
minimum Y-inch total length in the previous fall, tut perhaps
equally well at 5 1/2=inch minimum length in May of the year of
planting.

(2) Those planted during the current loczl smolt season
will migrate seaward almost immediately.

(3) Smolts, or more properly "post-smolts®, held in
hatcheries until late summer will not migrate in large numbers until
the following spring, with interim mortality approximating that for
pre-smolt parr planted in the autumn.

Ultimate values of planted stock. Useful information has
accumulated on the means of using hatchery stock for increasing
smolt runs. Large scale, practical confirmatiorn that such enhanced
smolt runs will have commensurate value to the desired fisheries
has still to be obtained. Some 125,000 marked smolts were liberated
from the Pollett River between 1949 and 1956. Of these about 110,000
were of hatchery origin, mostly planted as underyearlings. Under
15,000 were from native spawned fish. The approximate observed
values of these smolts have been as follows: for hatchery-reared
stock originating in other rivers 0.02% returned to the planted river,
none being recorded in other rivers, and 0.5% were taken in distant
commercial fisheries; for native stock in the same stream, 4% have
returned to the river of egg origin, none being reccrded in other
streams and no commercial returns being available as yet,

P, ®, Elson
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No. 78
YOUNG SALMON POPULATIONS IN THE MARGAREE AREA

The Margaree Area of Cape Breton, N.S.; is being considered
as the site for a co-~operative test of the practical value of
controlling mergansers for Improving salmon fisheries,

As part of the groundwork the second annual assessment
of young salmon and other fish in selected sample areas of the
Margaree and Middle Rivers was completed in 1958. Comparison of
the numbers found in the two years can be made from Table I,

Table I, Young salmon and other fish found in selected
sample areas of Cape Breton streams, given as
average numbers per 100 square yards of stream

bottom,
Salmon Trout Bels

Year & under-
Stream yearlings barr

1997
Forest Glen Brook 20 32 7 2
N.E. Margaree 22 36 3 2
Middle River 46 34 3 2
1958
Forest Glen Brook 12 31 21 3
N.E. Margaree 16 17 5 11
Middle River 7 26 2 1

In 1958 the populations of underyearlings found were
relatively low in both the Margaree, where the experimental
procedure is to be applied,; and in the Middle River, which is to
serve as a control stream for the study.

The Margaree has apparently had an improved run of adults
in 1958, which may well lead to improved populations of young,
quite aside from any experimental procedure., In 1957 the mouth of
the Middle River was partly blocked to spawners by highway
construction., Young salmon there should increase as this is
alleviated, which would obscure its immediate wvalue as a control
stream.

From the point of view of sound experimental procedure,
delay in the application of merganser control until at least one
more census of fish can be made seems to be indicated.

P. F. BElson

No. 79

EFFECTS OF FOREST SPRAYING WITH INSECTICIDES ON AQUATIC INSECTS,
MIRAMICHI AREA

In 1955, the year after DDT spraying began in the Miramichi
area, systematic cuilecting of emerging aquatic insects was started
on tributaries within the spray zone, and on a contrcl stream just
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outside., The work has continued anmuaally. with e of
Dr. F. P. Ide, University of Tcronto, whose teu! collecting
and qualitative and qudnflqative anzalyses have 1 The data
provide a useful means of assessing the extent and Juracvion of
effects of insecticide spraying on the food of re salmonid fishes.
Aquatic insects appear to be more geasitive asg wtors of the
effects of spraying than do fishes., The vechniquuz uv;¢ Likely

play an important role in future studies of effects ¢f zhemical
insect control on fisheries,

In 1958 collections were continved a®% the same four sites
as in 1957, using 3 yard-sgusre emergence traps in similar rapid
sections at each sgite, lwentymfour qour collections were ootalned

) Lfbm late

through daily servicing of the traps. 5 days per week.
May through August. F“gur L shows the weekly change
of all insects at the four sites through the E‘W

The main points shown by the 1555 o T BIE R

(1) Spraying c¢f the Sevogle for tne wuivd time in June,
1958 was followed by typical reduction irn emevgence all aguatic
insects for several weeks Then a large smergens chironomids
(midges) occurred in Auvucto (2) The Northwes:? izhi, sprayed

only once, 4% years ago, still shows a low volume, witih chironomids
predominating, but caddisfiiles show a ccmebach re cage-trap.
Mayflies were numerous in 195 at this station, ;i which was
noticed on a smal“Pl scaile in LQS/Q the first yvear 3f shmpllnb here.
(3) Trout Brook, sprayed in 1956, showed signs of 1 '€ CIVeTy in 1958,
with more oadiisfilew than in Lorﬂu Postesperay recovery of caddis-
flies appears to have been much more rapid at Trecus Brook than in
the Northwest Miramichi.

Studies of the fuvod of young salmen have shown that fry
normally consume the immalure stages of smaller winds of insects
like chironomids, and smaller fwxn of mayflise swﬁ steneflies, The
larger forms, like caddisflies and large stone :flies, are more
commonly taken by parr. Lack of these specles could have serious
effects on the growth of the later stages ol pre~smilt parr.

80
GROWTH OF YOUNG SALMON IN MIRAMICHI STRIAMS SUBJECTED TO DDT

The heavy mertality of young saimon in Miramichi streams
subjected to DDT spraying has been reported befors, This amounted
to roughly 9C per cent for underyearlings; 8C per cent for small
parr (mostly yearlings) and 60 per cent for large parr [mostly
2-year-0lds).

Aside from these primary effects on survival, DDT spraying
has secondary effects on smolt produczzion ¢vﬂn such axoagy pecause
of altered growth rates which prooﬂuly result from change in
the composition of agquatic insect iaund'uaea as food, and (2) change
in competitive conditions resulting {rom primairy mmrvn'.d“ i g




w 151 =

Studies of growth have been made
young fish taken in the same areas before,
The assumption has been mede that a direct

Salmon

by examining scales of
during, and ofter spraying.
proporticonality exists ’

between the total length of a fish and the length c¢f the anteriocr
radius of a scale, but allowing for the fact that young salmon are
about 2 1/2 cm. long at the time of scale formation. Information
thus derived is summarized irn the table.

Average lengths of young salmon taken in the

Northwest Miramichi River from 1953 to 1957,

as calculated from scale reading.
Calculated length

Time relative Measured lLengul

Lo DDT spraying ist vear 2nd year 3rd veay
(cm.) (cmo ) {em,
Before 5.5 8.5 1i.0
Same year 562 7e7 10,3
After 5.8 9.5 1l.%
Two tentative conclusions emerge: (1) growth is notice-

ably curtailed in the year of sprayings (2) growth i1s increased
above normal, i.e., there is “compensatory growth", in the year
after spraying. There was some indication, not appearing in the
table, that by 2 and 3 years after spraying. with you ng salmon
populations back to normal numbers but insect fauna not fully
recovered, growth may again be curtailed below ncrmal. These
considerations suggest the following generalizations about smolt
production for sprayed streams where. as in the Northwest Miramichi,
most smolts normally run as J-year-olds,

(1) Survivors of fish sprayed as underveariings will be
below normal size at the end of their first year. Compensatory
growth in the next year may give a higher than normal proportion
of 2-year smolts.

(2) Survivors of fish sprayed as yearlings will be below
normal size at the end of their second year, so the proportion of
2-year smolts from such year-classes will be reduced. Compensatory
growth in the third year should result in a greater than normal
proportion of 3-year smolts.

(3) Survivors of fish sprayed as 2-year-cids will be below
normal size at the end of their third year, reducing the proportion
of 3-year smolts, but should nearly all make re. aulvely large year

smolts.
(%) Survivors of fish sprayed in more than one year would
be subject to corresponding effects on growth,

P. Fo Elson

No, 81

EFFECTS OF DIFFERENT ThSLuTILIDEb ON AQUATIC INSECTS, SALMON AND
OTHER FISHES, RICHIBUCTC AREA, 1958

In 1958 & field experiment was undertaken in the vicinity
of Richibuctoy N.B.3; in the hope of finding an insecticide that
would be less harmful than regular DDT-in-cil to young Atlantic
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salmon, but still give adequate contrcl of spruce budworms. It was
a co-operative effort by the Forest Biology Division of the Depart-
ment of Agriculture and the Fisheries Resecarch Board.

The fisheries part of the project included: (1) observing
the survival of caged hatchery~reared yearling salmon, 2 to 3 inches
long, held at the lower ends of 5 streams flowing through woodland
sprayed with different insecticides, and in an unsprayed control
stream; (2) observing the survival of similar fish planted above
barrier fences erected at the lower ends of the 6 streams, and the
survival of native brook trout and other fishesj (3) qualitative and
quantitative analyses of adult aquatic insects collected 5 days
per week throughout the season in square~yard cage *raps installed
on the 5 sprayed streams plus an unsprayed control. Unfortunately
an experimental area was not available anywhere in New Brunswick to
provide adequate supplies of native salmon fry, budworm-infested
woodland and no previous DDT spraying.

The insecticides were DDI=in~0il applied at concentrations
of 1, 1/2 and 1/% 1b, per acre and DDD-in~o0il at 1/2 and 1/4 1lb. per
acre, ©Spraying of the insecticides by a pailr of Stearman planes
occurred from June 12 to 21. Observations on fishes and aquatic
insects extended from early June to mid-August, followed by
occasional checks on wild fish in the streams until freeze-up.

The data on fish survival show: (i) sgprayings with DDT
insecticide at rates of 1 1lh./acre and 1/2 1lb./acre were followed
by the death, within three weeks;.of many hatchery-reared young
salmon both cage~held and free~living., With the highest concentra-
tion of DDT (1 1b./acre) 35% of the caged salmen died; with 1/2 1b./
acre DDT, 20% died. (2) with these two insecticides many native
brook trout, sticklebacks, and sculpins died withh afew days of
spraying. (3) spraying with DDT at 1/% lb./acre and with DDD at
1/2 1b./acre and l/i]hy&ae had no observable effects on either
introduced or native fish within a short post-spray periocd of three
weeks. Observations on the caged specimens were more reliable than
on free-living fish., Aftertimee 7jeeks deaths began to occur in the
cage in the unsprayed control stream, presumably from starvation.

The data for the period June 5 to August 6 on aquatic
insect emergence in the 5 sprayed streams plus control, indicate
that (1) DDT at 1/2 1b./acre was more toxic than 1/2 1b./acre DDD,
but both insecticides had observable effects, particularly in
reducing the number of larger forms, e.g., caddisflies, and causing
great increases in production of chironomids; (2} DDT at 1/4% 1lb./
acre was much less damaging to the insect faune than were the
heavier concentrations of DDT,.

DDD was ineffective in controlling budworns, as were two
other products, Korlan and Sevin, checked at Richibucto on budworms
but not on fish. It appears that in future tests of this kind,
emphasis should be placed on improving the DDT formulation, for
example by trying still lower concentrations., Although the recent
budworm epidemic has collapsed, further experiments should be
undertaken soon to improve control techniques in preparation for
future outbreaks,

C. Jo Kerswill
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No. 82

SMOLT PRODUCILION FROM THZ ST. JOHN RIVER IN BELATICH IC HYDRO
ELECTRIC DEVELOPMENTLS

The problems raised by hydroelectric development of
the St. John River are important because of *the wvalue of St.
John salmon and also because c¢f the implications that future
developments may have for salmon stocks elsewhere, The Department
of Fisheries and the Rescearch Board have set up a co~ogperative
program of study, with the New Brunswick Electric Power Commission
maintaining a close liaison and co~operating in some fields.

(1) Assessment of young stocks. In 1957 the Board
established a continuing program of censusing young salmon stocks
in the rearing aress of the Tcbique systex.

" Native underyearlings were virtually absent in 1957,
probably the result of extensive spraying of the watershed with DDT
in that year. Yearlings and older parr wvere present in 1/2 or less
of the numbers usually found in similar areas.

In 1958 underyearlings were present in about 1/3 of normal
density. These represent the progeny of 569 adults ascending the
Tobique Narrows fishway in 1957. That a relatively small number
of adults (average run,; 1953~ -1956 was %,LdS) should prcoduce such a
good showing of underyesrlings is asncouraging. An increase by one-
half in the larger parr found in 1958 probab$v represents primarily
the contribution of hatchery plantings, but also any inaccuracles
inherent in the sampling method,

In 1958 Departmental biologists establicshed that the lower
main stem of the river supports young salmon of all stages. The
potential importance of such areas is suggested by the production
of a Swedish river which was comparable in size and general
physical characteristics before power development, to the St. John.
The main stem of that river produced all the salwmon for fisheries
taking about 100,000 1b, a year in fresh water and an equal amount
in associated tide water.

(2) Effects on smoltsg. Swmelt delsy either in upper
impounded waters or at dam faces could be a sericus factor if up-
river rearing areas supply much of the young stocks. In 1958
the Department was unable to establish, with a counting weir across
a tributary, the existence of s dcwnward migration either at normal
smolt season or later in the year. A few smolts were tzken by
nets in the head pond. A systematic creel census on the head pond
failed to reveal more than a few young salmor being caught by
anglers in late May and early June. The Tobique smolf run of 1958
was probably less than half of normal because of earlier spraying
of rearing areas with DDT.

At Beechwood there was an accumulaticn of smclts in the
head gate slots of the dam, which at least estzblished the
existence of a normal smeolt run from some parts of the St. John
system above.,



Salnon = 15% =

Table I. Size and condition factor (k) of yocung saimon collected
in Beechwood head gate slots, summer 1955,

Date of Number Per cent Average Average
collection gollected in sample length {cm.. zondition (k)
sumolts parr smolts parr  swelts  parr
June 4 6 100 0 15,7 e Qo H7 com
21 50 100 0 15,2 - 0,71 -
July 5 100 8¢ 20 16.8 10N 0,53 0,84
12 104 100 0 16.0 s 0.57 -
21 31 o - s o e -
Aug., 2 16 bl 56 16,3 104 CoH7 0,89
10 31 33 7 16.8 12,k T1.85 0.87
16 7 0 100 —— 10.2 ren 0.95

Changes in the size of these fish indicate that there was
some shift in populations, cne group passing out c¢i the collections
as another entered. The normal condition factor for smolts is
about 0,7 to 0.9 and of parr about 1.0 to l.2. Seasonal changes in
condition factor of tne Beechwocd specimens indicats gradual
starvation, either in the slots or as new groups entered. The last
"smolts" to enter (dug. 10) had apparentiy delayed long enough
above the dam to revert towards the parr state, were in improved
condition and might beiter be described as "post-smolts®,

About 1/4% of the smolts colleched appeared to have passed
through a smolt stage in 1997. About 1/3 also showed slow growth
associated with DDT spreying in 1 or 2 parr years,

The Beechwood head gate slots induce clrceuiations in the
surge towers whicn tend to catch and hold some smolts there.
Similar qualitative observations have been noted for similar
installations in Europe. An unmeasured amount of vredation by
large eels occurs in the Beechwood gate slots,

It has been fcocund that most smolts prevented from making
an early summer migration will not move seaward in iate summer or
in autumn. Thus; there is increasing evidence of an important
hold-up in impoundments.

Studies to solwve this problem were initiated in 1958.
The N.B.E.P.C., and the Board co~operated in an exploratory study
of means to provide more rapid passage of smolts over dams. An -
experimental system of water jets and DC electric fence was set up
at the dam on the Pollett River, where smolts were delayed in
1958. The scheme was successful in transporting into a small
opening about 1/4% of the smolts placed manually within the influence
of the experimental "fish path". In 3 hours of night.tme operation

this opening accepted only & free-swimming smolts., Eowever, without
the fish path in operation no smolts entered., - :
(3) Upward migration of adult salmon. The Conservation

and Development Service of the Department has accepted primary
responsibility for studying the upward movement of adults--required
both for maintenance of stocks and for angling. The Board has
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participated in an advisory capacity in respect to studies concern-
ing fishway entrances. Salmon entered gallery ports over operating
turbines more readily than other ports. No important difference
could be established between the value of entrance orifices at the
surface and those submerged several feet deep.

P. F. Elson
No. 83

THE EFFECTS OF IMPOUNDMENT ON THE PRODUCTION AND MOVEMENTS OF
ATLANTIC SALMON IN A PRINCE EDWARD ISLAND STREAM

In connection with a study of the effects of impoundment
on the trout populations of Ellerslie Brook, Princs Edward Island,
data concerning the movements and production of saimon have been
gathered.

A two-way counting fence (estuarial fernice) has been in
operation at the mouth of Ellerslie Brook since the spring of 1947.
A second fence (stream fence) was located 650 yards upstream from
the estuarial fence in the fall of 1950. In the fall of 1952 a
pond was formed in the area between the two fences. In 1953 and
1954 adult salmon captured in the estuarial trap were placed in
the pond.

Movements of adult sslmon.

From 1947 through 195%, 102 spawners entered Ellerslie
Brook. Females outnumbered males in all years. Some of the observed
effects of the pond on the movements of adults were:

1l. The pond tended to restrict upstream movements of
spawners. In 1953, 19 adults were placed in the pond, five mdved
through the stream fence into the stream spawning areas. Again
in 195%, 5 of 17 spawners moved into the stream.

2. Some females shed their eggs in the pond but there was
no evidence of successful spawning there,

3. There was a marked tendency for saimon to remain in
the pond following spawning. Szalmon netted in the pond in late
summer following spawning were in extremely poor condition.

o] nt f salm °

In some years salmon parr moved in numbers through the
stream fence in the fall. Some features of these movements are
presented belows

l. Parr in the fall movements appeared %o be all males.

2. Before impoundment parr moved in both directions

through the stream fence. Following impoundment practically all
movements were down into the pond.
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3. Few parr that mcved down through the stream fence
continued on into the estuary. In 1950, 210 went dcwn through the
stream fence, During the same period only 13 moved into the estuary.
The end result of the fall movements was a concentration of male
parr in the lower part of the system.

4, Following impoundment there was an increase in the
number of parr moving into the estuary in fall.

Movements and production of salmon smolts.

Following pond formation smolts descending into the
estuary were, on the asverage, larger than thoss descending into
the pond from the stream., Angling records obtained on the pond
showed that smolts were being retained in the pond. All smolts
that descended through the stream fence in 1957 and in 1958 were
marked. The results obtained from these marking programs were
as follows:

1. Of the 95 smolts marked at the stream fence in 1957
only 28 were recaptured at the estuarial fence in the same spring.

2. ©Smolts retained in the pond were, for the most part,
the smallest fish in the run,

3. In 1958 there was no evidence of smolts being retained
in the pond. The run in 1958 zonsisted of large smolts.

4. Marking showed that smolts, produced from parr in the
ond, made significaent contributions to smolt rurs into the estuary.
9

5. Smolts produced in the pond were predeminabtely males.

Survival of pary and smolts in the pond.,

Smolts. The 67 smolts held in the pond in 1957, suffered
heavy mortalities. Five were angled there the following summer and
two moved into the estuary in 1958. The pond was drained in
summer 1958. No marked smolts were found,

Examination of scales fromtwoof the angled smolts showed
that there was an abrupt checlk in growth after the fish had entered
the pond. This was followed by a period of relatively slow growth.

Parr. In the fall of 1956, 192 parr moved into the pond.
Data on their subsequent movements are presented below:

Into estuary as parry, fall 1956.ecoscconcsscacooces3?
Into estuary as smolts, spring 1957...ccccovnoccooosb9
Angled in pond, summer 1957.coococesosoonossoecoeoscld
Into estuary as parr, fall 1957.cecoocccscas-ceoeno3d
Into estuary as smolts, spring 1958c.csccocovonoonoil
Captured when pond was drained 1958cccoeocsconccusse L



= 157 = Salmon

Survival of parr in the pond was good., Of the 192 parr
in the pond, 80% descended into the estuary, 4% of the salmon
that left the pond did so as parr.

To date there is no explanation for the aecar total
mortality of the smolts held in the pond.

J. Wo Saunders

No. 84
UNDERWATER OBSERVATIONS OF ATLANTIC SALMON AND BROOK TROUT

During August, 1958, a series of observaticns was made
of salmon and brook trout in the Northwest Miramichi River, N.B.
Using flippers, face mask, snorkel breathing tube and a rubber
skin-diver's suit fish were studied in water from a few inches to
about six feet deep. When approached slowly and quigtly the young
fish could be observed from as short a distance as two-tmee feet. Adult
salmon resting in pools during their upriver spawning migration
could be aaproached with care to within three ffet, Cbservation periods
lasted 30=40 minutes during which time student assistant D. G.
Maddison recorded observatiocns made by the swimmer and kept records
of water temperature, light intensity, water flow, etc., A total of
about 12 1/2 hours was spent in swimming.

Several types of observations are possible with this
technique:

1) The species and general abundance of fish in an area
can be determined quickly. This is especially useful in rapids and
pools, where fish are difficult to observe from above the water's
surface. The numbers and kinds of fish can then be correlated
with environmental factors.

2) Several features of the behaviour of salmen and trout
can be observed: a) the means by which fish hold position,
b) intra- and interspecific reactions, e.g.; aggressive encounters
during defence of territories, c¢) feeding.

Observing fish directly in their natural surroundings
has its limitations (uncontrolled environment, occasional turbidity
of water, difficulty of rapid recording of observations), but it
can be an extremely valuable addition to the study of a species’
behaviour. Confirmation of laboratory findings in the field is
vital to a behavioural investigation and swimming underwater in
their natural habitat is one of the most efficient ways of study-
ing the behaviour of fish in the field,

M., H, A Keenleyside
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No. 89
POLLUTION

The program of research on peliution is new in 1958.
Its primary aim is to investigate pollution which affects
fisheries in the Maritimes area. Also within its scope are
other man-made changes in the physical habitat of fishes.

During 1958, main emphasis was placed o a "base=line"
survey of part of the Saint Johm River sysier, Tinls is designed
to serve as a reference point for assessing future changes. In-
creased use of this river for disposal of wastes and other
purposes seems likely. Some of the largest municipalities in
New Brunswick are located on its banks, and both pupuiatcion and
industry are expanding at present. It is the largest river in
the Maritimes, and plans are under way to develop more of its
hydroelectric potential than the present 40% uti_ization.

During the survey, some cases of poliution were en-
countered, and a report is gilven below. Beechwood dam was within
the study area, and two effects of this new construction on
fisheries were investigated.

Sampling stations are indlicsted on the accompanying
map. Investigation at these points was limited to the physical
nature of the river, and the bottom-living invertebrates., Study
of the latter provides a rapid and meaningful method of estimat-
ing the seriousness of pollution and other envircnmental change.,

Base-line survey of the Saint John River

of the

This section deals only with unimpounded paris
T nted here.

a part

main river. Only high lights of the Tindings are press

Sampling stations spanned 60 miles, and were chosen to
represent typical portions of the river. Findings were similar
at all points. The profiles of the bottom in Figure 1 show that
the river bed is fairly flat for a great proportion of its total
width., Other conditions were also fairly uniform across the river.
The bottom was almost wholly of rocks. Rates of flow were mostly
3 to 5 feet per second, and depths were 6 to 18 feet, excluding
the immediate edges of the river. Because of high water during
sampling, these rates and depths are greater than is normal during
summer,

The bottom fauna was also uniform, and dominant forms
were caddisflies (Hydropsychidae) and midge larvae (Tendipedidae).
The former were mostly of the Hydropsyche bifida group, and the
latter mostly a species of Calopsectra. Beth of these animals
obtain their foocd by spinning nets, and are indicaiors orf
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continually fliowing water., Numbers of individusls swe given

in the following table. The biovolume of the caddisllies was
much greater than that of the mldgesQ Other organi ns present
were leeches, oligochaete worms, iimpets, and D ifes, Total
biovolume averaged 2.2 ml. per squars meter, AT J81ks were
occasionally encountered during sampiing, ard wer: parwven of
invertebrates or neariy so.

Total volumes of invertebrates, and pumdears o dominant srganisms,
for various habitats im the Saint Johm Hiver system, (All figares

are averages for one square mster of bovtorm, A dash indicates
absence, or small numbars, of the organism.,

Numper of Lndiv iga'a

Biovelume Hydro- Giig@u

Habitat Bl . EB&Y¥enidaz  chagls Asellus
Free-flowing

Saint John N ’ .

River 202 il 005 380‘3 99 - i‘)bo o .1,5’0 (X3
Beechwood N \ . 2y

impoundment 10.5% 1.9 o 1,400 TH80 oct ¥360 6502330
Tobique .

impoundment  3.5°0.3 - 280 F 150 -

These results are not cif great p”aotlaai importance at
present. However, the uniformity cf fin ) them & useful
yardstick for investigating future ‘vey from
pollution and other causes.

Qeccurrence of poilution

Routine sampling disclosed slight poliuticon by food-
packing wastes at East Flcrenceville. Sludge devposits wera heavy
on the bank near the outfall, but were light in *he Miver9 and
restricted to a mile=long strip on one side. Tne bottom fauna
indicated that reduction of dissolved oxygen was negligible.

The Meduxnekeag River, which joins the Saint John River
at Woodstock, was reported locally to be poiluted. Ynvestigation
showed that organic matter from sources in Mairne rendered the
portion of stream negr the border unsuitable for fisn. Seven
miles downstream from the border, the bicts indicated hemvy
enrichment. but only mild deoxygenation. OSeining showed that
good populations of normal stream fishes were present.

Sampiing in the Arooustook RiV*' one mile upstream
from its mouth, indicated mild organic ation. A% that place,
conditions could not be considered delet 1ous o Pish life,
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Woodstock was the largest municipallty 1o the area
studied. Sewage from Woodstock did not have an arpreciable
effect on water quality of the Saint John River as it affects
fisheries,

The impoundment at Beechwood

The Beechwood headpond is about 18 miles long. An
important question at present is whether this body of water will
be useful as a habitat for young salmon or other species of fish.
Accordingly, some work was centred on this section of the river.

Permanent closure of the dam oceurred less than a year
before this survey, but considerable change had oczurred in that
time. PFrom the fisheries standpoint, silt had bscome the most
important feature of the bottom along the whole impounded section.
The layer of silt will undoubtedly become thick over several years.
This has happened in the adjacent impoundment on the Tobique River,
which is now five years old. No oxygen deficit is to be expected
in the deeper water above Beechwood, This is begause the dam 1is
essentially of the "run-of-the-river® Lyps, znd beczuse outlets
are near the bottom of the dam.,

, An estimate was made of production of invertebrates
suitable for fish food in the Beechwood and Tobigue neadponds.
Over the length of the Beechwood impoundment, the biovolume of
bottom organisms averaged 1C.5 ml. per square meter, This figure
is about five times greater than the biovolume for free-flowing
parts of the river. A large portion of the wolume was contributed
by the crustacean Asellus intermedius, which enjoyed an explosive
increase in numbers following damming of the river. An additional
large contribution to the total volume was made by midge larvae,
mainly Tendipes decorus. Numbers of these organisms are given in
the accompanying table. Both are readily used as food by small
fish, A smaller proportion of the biovolume consisted of
oligochaete worms, which are generally not important as fish food.

Such heavy fertility is common immediately following
impoundment of a section of river, and may be expected o decline
in a few years. An estimate of future production of fish food
is given by the Tobique headpond. Here the diovoliume of bottom
fauna was only 3.5 ml. per square meter, Almost 90% cof this
volume consisted of oligochaete worms, not desirable as fish food.
Thus the impoundments do not seem to hold great promise for the
future production of fish,
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Drying of river bottom by operation of Beechwood Dan

There has been some concern about the eifects of
"peaking" operations at Beechwood dam during times cf low flow
in the river. At such times, more water flows past the dam at
periods of peak demand for electricity. Overnigh%t and on week-
ends, when demand is low, water is conserved hehind the dam.
Such operation affects long stretches of the river. For
instance; week=-end pericds of low flow past The dam at Grand
Falls have caused sharp weekly fluctuations ia warer ievels at
a point 95 miles downstream. This periodic lowsmliag »F water
level below the dam may damage salmon populztions. which use the
river as a rearing area and as a migration routve. It is possible
that areas of bottom containing eggs may be émied., 2nd that fish
may be stranded in shallow water. exposing theln vo nredators,

A first step in assessing the seriocusnsss of such
damage is to estimate the amount of river bottom iikeLy to be
exposed by peaking at Beechwood Dam., Such an estimate 2an be
made at East Florencevillie. A gauging station is located there,
and the relation of water level to rate of discharge is known.
(Data kindly supplied by the Department of WNorthern Affairs
and National Rescurces.) This relation can be sppiizd to the
profile of the river bed obtalned at East Fiorencsviile, shown
in Figure 1G. This proiile seems to be repressntative of the
free-flowing sections of the river, although ths water is a
little shallower.

It has been suggested that rlow throigr Beechwood
should not fall below 1,000 e¢.f.s, The emouwat of mothom
exposed at this flow may be compared with that £+ cnreguiated
river flow. Inspection of flow charts reveals thet cnce ow
twice a year, flows at East Florenceville may be e.pecced to
drop to levels of 3,000 t3 $,000 @.,f.5, for peris’s o7 several
weeks. In the five years for which records arec swaileble, the
lowest average monthly flow was 3,100 ¢.f.s. The agctual
minimum daily flow was itself & result of manipulations at
dams., However, a 10=day average of flows at this time yields
an estimate of 2,500 ¢.f.s. as the S5-year minimum if no
regulation had occurred. From this, it seems that & reasonable
estimate of expected minimum flows is about 3,000 2.f.5,

Exposure of bottom at this "normal" minimum flow is
compared with exposure at 1,000 c¢.f.s. in Figure 2, Considering
the vertical exaggeration of 7.5, it is seen that lcwering the
flow to 1,000 c¢.f.5. exposes conly a small addi¢icnzl portion of
the bottom. The amount is a strip of approximately 10 or 20
feet at either side, less than 5% of the total hottom area at
normal low flows. Thus, if a minimum of 1.300 ¢,¥.3, were
maintained through Beechwood, the extra sxposure of bdoivtom in
typical parts of the river is insignificant,

This conclusion must not be construed to mean that
the effect on saimon would be insignificant. FRowewrzr, it serves
to direct attention to other considerations whizsh aze probably
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Figure 1. Cross-sectional profiles of the Saint Johnr River.
Section A is above the entrance of the Arcostook River.
Sections B, C, and D are above Beechwood dam at distances

of 17.3, 5.6, and 0.6 miles. Sections E, F, and G are 3.1,
6.9, and 10.2 miles below the dam, G being at East Florence-
ville. Vertical exaggeration: 3 times.

1
\ 190,000 CFS 5-YR _MAKIMUM ,
/
'
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Figure 2. Water levels at East Florencevillie for various
rates of discharge in the Saint John River. Vertical
exaggeration: 7.5 times.
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more important. For instance, the areas utilized by salmon for
spawning and rearing may be atypic portions of the river, such
as shallow gravel bars around islands. or riffle areas. The
actual velocity of flow in the river may be an important factor
in survival of salmon eggs and food organisms of young salmon,
To assess the effects of flow manipulaticn in %he Saint John
River on salmon, research is clearly indicated along the
following lines:

(1) path of migration of large salmon, wlth regaré
to likelihood of stranding;

(2) extent of spawning and rearing in the main
river;

(3) the specific portions of the river used for
spawning and rearing,

J. B. Sprague



SEAWEED SUMMARIES

Seaweed investigations
Rate of growth of Irish Moss

Constitution and productivity of a population of Irish Moss

ALEWIFE
Preliminary alewife investigations, 1958

FAUNAL RECORDS

Records of unusual species from the Atlantic coast, 1958
Bulletin of Canadian Atlantic fishes

MATHEMATICAL STATISTICS
Mathematical statistician--A summary of activities
Does it pay to controluthe lobster fishery at Tignish?



Cuir
of
Orlawrence

7
T

o

Frinvce LonaRrD 1StanD




- 165 = Seaweed

No. 86
SEAWEEDL INVESTIGATITONS

The main object has bheern a study of the nacture and
continuity of the crop of Shondrus crigspus. irish Moss, This
has been done by measuring ithe rate of growith ia awves for
individual specimens, by examiaing the population oil “he
north shore of Prince Edward Island in cerms <f developmental
classes, and by estimating the productivity of the hottom. In
addition, collecticns of marine slgae have bsen made at numerous
localities in order t¢ increase ocur knowiedze of the marine flora
of the Maritimes.,

fin Do Sie LAYLOT
No. 87
RATE COF GROWTH COF IBISH MO8S

The rate of growin of individuail Irish Mcss planis
was studied again this vear by phctoprinting indisiiuzl plants
with Ozalid paper., The individual planis were on »ou4s partly
embedded in large concrete biocks., Ab intewvalg The nioecks were
hauled to the surface and the areas and lengths of plisnts were
measured. The methods have been degcribaed in the 1955 and 1356
Annual Reports, The main series of messursments was made av
Curtain Island in Malpegus Bay and a sesond series at Doyle's
Cove on the Guif of 5%. Lawrence shore ol F Bdward Tsland.
Hydrographic conditicns at both places are = war bos the
Curtain Island position is less axposed. &lightly warmer in
summer and often covered by i1 and snow iy wiater:; the plants
were about ten feet deep at M.L.T. on fiavw rock ledges. A third
group of plants was measured in the Eay ol Fundy &t Aloa
i

=

{
k4

[
&

2]

New Brunswick, where the hydrographic con e
different; the tidal ampiitude is large.
all year and is more turbid.

The growth rates of Irish Moss in LC%8 averaged some-
what less but were generally of the same magnitude as in previous
years., Growth rates at Curtain Island are summarized snd compared
for different periods of the year and for different size-develop-
ment classes in the accompanying table. This has beern done for
Curtain Island plants oniy. These results show that growth is
most rapid in the period from May to July and falls cff through
the remainder of the summer. Also, there iz 1 ttle consistent
difference between the growih rate of smsiier. 1ittle-nraached
and of larger, much-branched plants. Asthougs the womnber of
observations 1s small, one might infer thal urbranched specimens

of classes 1 and 2 grow most rapidly.

C Fé
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Seaweed
Seasonal growth rates of Irish Moss at
Curtain Island, P.E.I.
Year-
Class Mean growth in area per plant during seasonal period
Winter May-June June-July July-August
1958 0.0021 cm®/em?/day  0,0062 0. 0074 $.0050
All +0,004 (s.d.) +0.0035 +0.0039 +0,0037
n=22, 251 days 62, 36 51, 30 57, 33
1957 0.0025 0.,0118 0.0108 0,.005¢6
All io 00013 i00006 5 :!:O oOOLFF :;:(. 00028“
n=79, 240 days 55¢ 26-31 59, 3845 40, LC-42Z
1956 0.0118 C. 0066
All +0.0058 +0,0035
169 30 74 39
1958 0.0085 0.0148 00,0110
1-2 5, 36 5. 30 3¢ 33
3-4 0.00018 0,0061 0.0073 0.,0060
n=6 251 days 22, 36 13, 30 13, 33
5=6 0.00019 0,0054 00,0068 0.0038
n=4 251 days i, 36 25, 30 3z, 33
7 0.00274 0.0053 0.0031 0. 007
n=3, 251 days 59 36 e 30 39 33
1957
1.2 0.0087 0.,0121 0.0126
3-4 0.0139 0,0116 0.0052
11, 2631 23, 38-45 17, LO=L42
5-6 0.0116 0.0110 00,0059
18, 26-31 27, 38-45 26, H0-h42
7 0.0112 0.0096 00,0051

25, 26~31

LO-l+2

Classes: 1 and 2,
3 and 4,
5 and 6,

7

23, 38-%5 9,

small, unbranched specimens;
small, slightly branched (1-3X);
medium large (<10 cm.), more branched (>§X);

large (>10 cm. tall), much branched (ruiX

A. BR. A, Taylor
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No, 88
CONSTITUTIONVAND PRODUCTIVIT¥7OF A POPULATION OF IR.JSH MOSS

Quadrats, marked by one-metre squares of pipe. were
established in 1956 at Doyle’s Cove, on the nocrth shore of
Prince Edward Island near North Rustico, in watesr aboyt 10 feet
deep at M.L.T. Selected quadrats, at first of 1.0 m.” area
(1956) and latterly of 0.25 m.® (1957~1958), were cropped of the
algae growing on them by diving and plucking all specimens
greater than about 2 cm. iong (some were missed and some lost),
This treatment was meant to simulate raking. Other species of
algae were separated from the Chondrus, fresh weights were
determined, and the Chondrus specimens were sorted into size-
development c¢lasses. The Chondrus and otner algae wers dried in
an oven at 105°C. and weighed., Several of the quadrats were
harvested two and three years in succession. The yield of Irish
Moss and other algae from the quadrats is recorded in Table I,

Table I. Yield of Irish Moss -~ Doyle's Cove quadrats,
north shore, P. E. I,

Yield per sguare metre

Prior Quadrat __Lhondrus __ Gther algae
Year treatment _size No. Individs. Doy wWi..2m. Doy wi.-gm.
{X) (S.C.iin) ‘
1958 none 0.25 m.2 5200+14%00 6 5%0C+295 & 150+30 6
1957 ¢ 0.25 3B00+1630 12 370+190 12 80 *35 3
1956 " 1,00 2550+ 720 3 LOO+il% % L07+70 L4
1958 cropped 0.25 2100+11%0 & 108+ 76 b  196+88 &
in 1957 '
1957 cropped 0.25 2700+1770 9 180+330 4 121478 8
in 1956 -
1958 cropped 0.25 1670 1 74 1 397 1
1956 and i
1957

The density of Irish Moss on the bottom is variable, and
this is reflected in the variation in yield recorded in Table I.
A yield of 400-500 gm. of Irish Moss (oven-dried) per square metre
was usualj; there were about 2500-5000 individual specimens per
square metre. Cropping the area may reduze the number of
individuals present next year only sligh%ly. but there is a
pronounced reduction in the weight of the c¢rop ohtained in this
next year (to about one-half to one-fifth)., This confirms the
result reported last year. Another result of cropping is a
consistent increase in the number and weight of obther slgae.

The size-development classes set up in 1956 are pased
gn length of the individual specimen and the degree of its branch-
ng.
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Class (1) unbranched, shorter than 5 cu..
(2} unbranched, longer than A CWo o
(E) branched 1-3%, shorter than & c¢u.,
(4) branched 13X, ionger than & um.,
(5) branched more than 3X, shorter than & cm.,
(6) branched more than 3X, longe: Ghan 6 2m.,
(7) much branched, more than &X. longer than 10 cm.

These classes were set up to make possible an analysis of the
distribution of smaller {younger! and larger {older) specimens in
the population, and a comparison of the constitution of crops after
different treatments. Three years® results are reported in Table
II. The majority of individuals are always distributed in classes
1, small unbranched young specimens, 3, small slighfly branched,
and in 5 and 6, more-branched, medium-iarge plants. The main mass
of the crop is in classes 5, b,and 7. Specimens in classes 5-7

are the ones most likely to be removed by raking. About 85% of the
total weight in all samplies is accounted for in these three classes,
whereas they represent about 50-57% of the individusls removed.

As pointed out last year, even fewer of the smaller plants would

be taken in actual raking than in these tests, and thcse that were
would come off as parts of the large clumps,.

Many specimens are left behind in viucking the samples
from the quadrats. Attempts were made to ¢lip off all the specimens
with scissors this year from 6 gquadrats in crder to Yesw %the possible
effect of a mechanical ¢lipping harvester on the ability of the
population to regenerate. The yield of Irish Mcss as oven-gry
weight, 4O4,.8+203.7 gm./m.= (n=6) was of the same order as that
obtained by plucking the specimens. The weight of specimens left
behind after plucking is not great.

To determine the distribution of size-deveiopment classes
in the actual populaticn on the sea-bottom, whole clumps or clones
were removed from the rocks, separated into the size c¢lasses,
counted, and oven-dried. The result of a determination based on
20 clumps taken in June 1958 is recorded in Table IIY. Only 37%
of the individuals in the natural population were of "rakeable!
size (classes 5-7), but this percentage acecounts for 8%% of the
welght of the natural population. Collecting storm-tocssed moss
does not deplete the crop in any way. Raking will not do so
permanently either, unless an excessive removal of clumps occurred,
or unless the same area were raked intensively every season so as
to remove all larger specimerns.



Table II. Composition of Irish Moss crop from Doyle's Cove quadrats; north shore;, P.E.I.

Year Quadrat No. A. -- Mean % number of individuals per size-development class
obsd, _size gds. 1 2 3 L 5 6 7.
m.2  (n) % +s.d.%

(a) natural population -- no prior harvesting

1958 0.25 6 20.,8+7.6  0.4+0,1 25.1+17°% 5.3+2.8 21.1+10,5 23.7+2.9 3'E:3°2

1957 0.25 12 22,1%¥10.3 0,6%0.6 21.5%11.6 8.8++.1 10.9%¥7.5 32.0%8.3 1¥2.5

1956 1.00 . 3 17.2¥1.9 0,1%0.1 13.5+6.9  3.1+0.4 23.5%¥3.2 37.3+5.9 5.316.7

{b) harvested also during previous year )

1958 0.25 5 26,2+17.0 0.05 37.2+4.3 1.741.0 23.0+10.8 11l.5+%.9 0.k+0.2
Be. == Mean % weight of Irish Moss per size-development gclass

(a) natural pecpulation -- no prior harvesting )

1958 0.25 ' 2.44+0,1 0.2+0.3 8.,6+5.0 2.8+1.7 18,0+10.,7 UW4.1+16,0 23.8+21.9

1958* 0025 6 302 0.2 803 309 ) 1597 )+801+ Z}t3

1957* C.25 12 2.8 C.1 6.3 5.8 72 57.8 20,0

1956 1.00 3 1,0+0.6 0.04+0,02 3.3+2.1 1.440.3 13.1+5.9 62.2+8.6 17.9+9.2

(b) harvested also during previous year

1958 0.25 5 5.74+5.5 0.,03+0,07 21.9412.9 2.1+1.6 27.,8+10.,2 37.6+9.9 L4.,9+6.1

* Bach of these series was derived by multiplying the mean % number of individuals for the
corresponding series in A (a) above by the mean weight per individual for the class
(p.189 of the 1957-58 Annual Report) and then expressing each class value (weight) as a
percentage of the total.

....69"[.”

pesmMBag
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Table III. Composition of the natural popuiation by slze-
development classes; Doyle's Cove, P.E.T., June
1958. (Determination from 20 clonal «lumps)

Size-development classes
Mean % of total 1 2 3 L 5 6 7

A. By number of
individuals 38,0 O.4 18.4 5.9 3.9 2%
0 0

B. By weight 4,2 0.1 6.1 3.4 4,

4, B, £, Taylor
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No. 89 -
PRELIMINARY ALEWIFE INVESTIGATIONS, 1958

The Fish

' The alewife, gaspereau, mulhadén or kyak (Pomolobus
gseudoharengus) is anadromous along the coast of the Maritime
Provinces and Quebec and has become established in fresh water in
Lake Ontario. Bearing a great resemblance to it, but considered
by some authorities to be a different species, (Pomolobus
aestivalis) is the Dblueback.

The Fishery

Adults have long been fished commercially by gill nets,
traps and other methods including dip nets during thelr &scent in
brackish and fresh water to spawning areas. Tliey have been used
as food fish in the fresh, smoked, or salted state and as bait for
the lobster fishery. However, since 1949 with the opening of a
market in New Brunswick for alewives as raw material for the pet
food industry, they have ©been in great demand., This demand is
reflected in the course of the fishery in two large alewife-
producing river systems in New Brunswick between 1943 and 1958.

Alewife landings (°'00C cwt,)

Miramichi
Saint John River __River New_ Brunswick
Harbour Area Head-cr-Tide Area
(Grand Lake)

1943-46 25 O,k 5 74
1951-54 25 56 180 290

1955 9 90 80 200

1958 7 31 - -

Excellent catches were made in the period 1951-54 stimulated by
the pet food market. But this was followed by & steady decline from
1953 and 1954% to the present,

Results of a more detailed examination of the fishery
from 1947-1958 in the head-of-tide area of the Saint John River
system showed the following:

Alewife fishery - head-of-tide area in Saint John River

Trap nets
Lendings licensed = Value to fishermen
000 cwt. No. $'000
19?7;48 3  (gill nets only) 5
o9 3 7 5
1951-94 58 50 €9
1959 88 75 152
1958 31 107 Gl



Alewife - 72 -

The decrease in landings suggests increased effort may be using
up the accumulated spawning stocks and causing a decrease in
abundance in the Saint John River system.

Investigation

The Department cf Fisheries and Fisheries Ressarch Board,
recognizing the need for biclegical information upon which to base
sound management policy, planned early in 1958 a limited co-opera-
tive program of observation and sampling of alewives in the Saint
John River system at (1) harbour area, {2) head-of-tide (Grand Lake)
area, and (3) upriver {Beechwocd) area; and in the Miraunichi River
system at Newcastle. Circumstances prevented carrying out the
program at Beechwood and Newcastle, From each of ths other areas,
weekly samples of fish were taken for biological ztuuy, weekly
catches were recorded, daily catches were recordead from selected
nets along with water %temperatures, wind direction ané force, amount
of rainfall and water heights,

Analysis of catch records in the
Saint John River system

Best catches were made in the harbour area in May when
water temperatures were 44° to 46°F. After May 21 there was a
diversion of fishing sffort to taking the higher priced salmon.
In the head-of-iide aresa., first good catches were made when water
temperatures reached 46°F, <Catches increased steadily to a maximum
in the last week of legal fishing (June 23 to 26), suggesting the
run was not yet over. Fishery cfficers estimated from observations
that only half the run was fished. Experiments bty Maine biologists
show that only 5% escapement for spawning is adequate o perpetuate
the run,

Analysis of samples from the Saint John
River systenm for biological study

Results of examination of fish from the eariy, middle,
and late part of the runs intc Newcastle Creek in the head-of-tide
(Grand Lake) area showed the followings

Alewife characteristics

April 29 May 27 June 2k
Mean vertebral number 49,01 L, 64 48,56
Mean fork length (mm.) 268,78 259.88 260,00
Eye/head (%) 29.85 27.58 27 .48
/3 (%) 48/52 56,/ 44 €8/32
Maturity (%) 8/86/4/2 W/12/68/16  2/30/60/8
(a/b/ec/d)
Age composition (years) 28/50/8/0/1% - I8/46/10/4/22
(4/5/6/7/%)

Mean age (years) 4,76 - 5.0
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Mean vertebral numbers, fork lengths,and eys %o head propciticns
of early-run fish differ significantiy from thiose for middie- and
late-run figsh., These characteristics in middle- and late-run fish
do not differ significantiy. This suggests that ths early run
may be P, pseudoharengus and the middle and late runs be

P. aestivalis or that early-run fish begot eariy-run fish.
Further analyses are necessary. Females increase in proportion
as the run progresses (50% to 70%). This contradicts beliefs of
United States biologists. Five per cent of the eariy.run fish
had ripe gonads with water temperatures below 40°F,. while 70% of
the middle~ and late-run fish were ripe with water temperatures
55 to 65°F, Early- and late-run fish range in age from 3 to

7 years with 5-year-olds dominant. Scales suggest a good
proportion of the fish mature at 3 and 4 years of age and spawn
each year, With 5~year-0ld fish dominant, these have presumably
spawned at least once previously.

Considerations

There is opportunity to keep a watching byief on the
course of the commercial fisheries in the Sain®t Joha aad
Miramiehi River systems through the Departmeni «f Fisneries
perscnnel. Howaver, tield studies by a biciogist are needed to
determine whether there is adeguate recruitment. This involves
a detailed study of the biology of the alewife from first adult
appearance to the descent of its progeny.

L. R, Day
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No. 90
RECORDS CF UNUSUAL SPECIES FROM THE ATLANTIC COAST, 1958

The following species of unusual inveritebra%es, fishes
and mammals have been reported or identified in 1958,

Crustace

Neolithodes grimgldi (A. Milne-Edwards and Bouvier).

A specimen of this spider crab was caugnt by a ilong-
liner while fishing in deep water bhetween Banquereau and Sable
Island Bank, in September 1957, The carapacz lengih is 12 cm,
(rostrum broken)., The spesimen was procazed » Mr, 6, T, W
Sullivan. Identification was =onflirmed at “he United States
National Museum.

Mol lusca
Chrysodomus (Beringius) g¢ssiani (Frielel.
Egg cases of thilg gastropod were found near Harrington

Harboury, P.Q.. in 1997, by Mr, G. M, Scmerville, Identified by
Dr. Gunnar Thorson, Copenhagen, Denmark.

Pisces
Cetorhinus maximus (Gunnerus). Basking shark.

A 40-foot shark, that was caught in a wseir at the
southern end of Grand Manan and reported in the "St. Croix
Courier", July 17, 1958, was doubtless this species.

Hydrolagus affinis (Brito Capello)}. Chimaera.

A 109 c¢m. specimen was caught in early June, 1958, by
the vessel Harry B. Nickerson III, Captain Warren 3. Levy, off
the southwest corner of St. Pierre Bank at Lat. &%® 7' N,,
Long. 55° 56! W. in 750 fathoms. The specimen was sent in by
Fisheries Inspector J. Lockman and is now in the collection of
the Royal Ontario Maseum.

Acipenser brevirostrum Le Sueur., Short-nosad sturgson.

A small sturgeon, 639 c¢m, long, was caught by the M, V.
Harengus in the Long Reach,Sziut John River, N.B., on May 30,
1957. It was placed irn the Museum of the Biological Station by
Miss Sheila Duff,; who identified if as a short-nosed sturgeon.
This determination was subssquently confirmed by Dr. V. D.
Vladykov; it appears to be the first authentic rscord of this
species fqr Canada.
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Btrumeus sadina (Mitchill). Round herring.

About 3 hogsheads of this fish were caught in a weir
at Maces Bay, N.B., on Seplember 3, 1958, A few specimens were
brought to the Biological Station by Mrs. Esther Lord.

Coregonus clupeaformis Mitchill)., Common whitelish,

Two specimens wers sent to the Biclogiecel Station in
1958, The first, 29 cm., long., was ﬁaugnt in a herring weir at
Halls Harbour, Nouo? on May 31, 1958. &4 largev oS 4% om, long,
was caught in a weir near Blacks Harbour? N.B., in J4une or July
1958. Both identifications were confirmed by Dr, W. B. Scott,
Royal Ontaric Museum,

Salmo gairdneri Richardson, Steelhead trout.

This species. known as rainbow trouc, is established
in Prince Edward Island. In September 1958 two sea=-xun specimens
were caught in a trap at Wilmot Brook, P.B.I., Dr, M. W. Smith
states that these are the first sea-run specimens reported in
eastern Canada, One, M+ cmo long and caugh® September 17, 1958,
is in the Biological Station ¢ollections.

Omochelys cruentifer (Goode and Bean), BSnake zel.

A specimer, 5o om. long. was Found e fwordfish
stomach in late July 19583, The swordfizh was zaugu: at Lat. L 5o
30 N., Long. 57° 10" W.: where it ats whe snake eel is open to
doubt. The specimen was sznt in by Fisneriss Inspector W. N.
Duggan and it was identified by Dr. W. B, Scoth and Mr. Wrm. C.
Schroeder. It is a first Canadian record: the specimen was also
of record size.

Notacanthus nasus Bloch., ©Spiny eel.

One specimen, 99 cm. long, was caught by the trawler
Acadia Snowbird on the Grand Banks in 70 fathoms in April 1958.
It was sent in by Fishervies Inspector J. M. Meagher, Another
spiny eel was reported by Mr. M., F. Fraser as hav! ng been caught
by the trawler Cape Aker+ on the southern edge of vthe Grand
Banks in 100 fathoms. a.sc in April 1958. It was approximately
75 cm. long.

Paraglichthys obloneus Mitenill). Foum-spoited flounder,

This species has not been reported from Janadian waters
previously. Two specimens were received in 1958, The first,
37 cm, long, was trawled in Passamaquoddy Bzsy. N.E.., on June 7,
1958, by the boat Cagmpobelic. Captain J. Fitzgerald. A second
specimen, 43 cm, lcng, was sent in by Fundy Cold bto"agn Company
Ltd., Beaver Harbour. N.B. IL was reported as having deen
trawled in the nearby Bay of Fundy in early JLlyu
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Zenopsis ocellats (Storer), John Dory.

A young specimen, 11 c¢m. long, was caught on August 19,
1958, by the M. V. Harengus off the western end of Sable Island
Bank at Lat. 42° 587 N., Long. 61° 56' W. in about i00 fathoms
depth.

Pglinurichthys perciformis (Mitchill). Barrelfish.

A specimen, 30 cm. long, was taken by dipnet about
August 25, 1958, near Ryder‘’s Ledge Buoy, between Cape Sable and
Bon Portage Island, N.S. The fish was sent in by Fisheries
Inspector J. E. Daley through Mr. M. Fraser.

Roccus saxatilis (Walbaum). Striped bass.

Three unusually lazrge specimens hgve been reported in
the press. (1) A 2C-pound specimen was caught in Grand Lake, N.S.
It was reported in the "Halifax Mail-Star®" Cetober 28, 1957: there
was a supporting photograph. (2) A 75-pound specimen was caught
near the junction of the Belleisle and SaimtJohn Rivers. It was
reported in the Saint Johm "Telegraph <Jcournal® Feoruary 5, 1958,
(3) A 29 1/2-pound specimen, i04% cm., long, was taken at the
Reversing Falls, Saint John Harbour. It was reported, with a
supporting photograph, in the "Telegraph Journsi” on ~uly 15, 1958.

Sebastes marinus (Linnasus). Redfish.

An unusually large redfish, that was exhibvited at the
Lunenburg Fisheries Exhibition, has been sent to the Biological
Station by Mr. M. F. Fraser. It is 80 cm, long and weighs 23 1/2
pounds: it is believed to be a record. It was czught by Captain
Russell Decker at Lat. 42° 38! N., Long. 62°¢ 56% W, (offshore
from Emerald Bank) in 275 fathoms on August 13. 1358.

Careproctus longipinnis Burke.(?) Sea snail.

A specimen, 23 cm., long, taken by Captain Orlando Lace
in 90 fathoms at the western end of Banquereau, in late April
1958, probably belonged to this species. Only & drawing and
description were submitted through Mr. B. M. MacPherson and
- positive identification is not possible.

Tautoga onitis (Linnaeus), Tautog.

It is worthy of note that a sport fishery for this
species developed in 1957 in Eel Brook Lake, Yarmouth County
N.S. (salt water) About 2,000 fish were zaught in 1957 and 450
in 1958, This information, with specimens., was suppiied by Mr.
E. G, Sollows.
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Remora remora (Linnaeus). Remora.

A specimen, 23 cm., long, was caught by tne trawler
Cape Bonnie southwest of Sable Island in Augast 1958. It was
forwarded by Dr. W. J. Dyer.

Mola mola (Linnaeus). Sunfish.

A specimen, weighing about 300 pounds, was caught off
Eastport, Maine, in mid July 1958. Information from Mr. P.
Wentworth, U.S5. Fish and Wildlife Service. It is uncertain on
which side of the international boundary the fish was caught.

Ceratias hBlbolli Krdyer. Deep sea angler.

A specimen, 24 cm. long, was caught by the trawler
Cape Sggx on July 7, 1958, in 150 fathoms &% Lat. 49° 1C' N.,
Long. 60° 20" W, {(east of Anticosti in the Gulf of St. Lawrence).
It was forwarded by Mr. R. M. MacPherson,

Mammaiia
Delphinapterus leugas (Pallas). Beluga or white whale.

A specimen, 8 1/2 feet long, was captured on the shore
of Bedford Basin at the north end of Halifax, N.S., in late May
1958. It was reported, with photograph, in the "Halifax Mail-
Star" of June 2, 1958. Dr. V. D, Viadykov concurs in the identi-
fication.

A, H. Leim
No. 91
BULLETIN ON CANADIAN ATLANTIC FISHES

A general account of the Atlantic Coast Fishes is sought
by administrators, educators and the general pubiiz, The
preparation of the text of such a Bulletin has reached an advanced
stage. The area being covered is the east and northeast coast
of Canada from the International Boundary tc Hudsom Strait; and
from the shore line to the 500-~fathom contour at the edge of the
continental shelf. Anadromous species involwe contiguous fresh
waters.,

For each species the text will include a description of
the fish, with distinguishing features indicated separately, and
a statement of its range; with the Canadian distribution in more
detail. When information is available, the life history is dealt
with under headings of migrations, breeding, growth rate, food,
enemies, abundance, and, if commercially valuable, its importance
is stated.
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As of February 6, 1959, drafts have been prepared for
180 species., All of the commercially important ones have been
covered, with the exception of the wolffishes; that are of minor
importance. About a dozen moderately common species remain to
be treated; however, there are several times as many northern
and deep water forms still to be dealt with; it is anticipated
that the total number will reach about 250 species. Following
completion of this portion of the Bulletin a key to the species
will be developed.

Illustrations; on a trial basis, have been prepared on
12 species; other sources are being explored.

A. Ho Leim
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No., 92
MATHEMATISAL»STETISTICIAwaA SUMMARY OF AQTIVITIES

A variety of work was done in 1S58, Part of whe year,
from September on. was spent on educasiona. .ledv¥a.

The long connection with groundiilsh research has ied to
two new methods of estimating natural and fishing mortalities.
Explanations of these methods were prepared and azcepted for
publication.

In 1957 the work with lobster statistics was started.
The statistical assessment cf the data is not yst finished but
important results can be reported. Thus in Summary No. %4 the
information pertinent to the management of the lobster [ishery at
Tignish is summarized,

The lobster work has alsc given new impetus tc additional
theoretical work. The concepts of catchability and resulting
fishing mortality are being studied with a probabilistic model.
This work when completed will help to solve the problem as to how
to estimate population size frowm cabch, effort, z2nd catchability
data.

A program for an electronic cowputer 7o salowlate fishing
and natural mortality rates has Ddeen preparsd
to assess the accuracy of the available 7Tis:
mortality studies.

Teohae will be used

A large share of the time was szpent witin smaller
th leszs sclentific
projects. The latter inciude studies of card systems to record

fisheries data.
J. E. Palicheimo
No. 93
DOES iT PAY TO CONTROL THE LOBSTER FISHERY AT TIGNISH?

The lobster fishery at Tignish, P.E.I.. has been
intensely studied by the lobster investigation since 1945, Some
of the accumulation of statistics and inforwation haz now been
analyzed, -and we can make a preliminary report of tnose results
which are pertinent to the management of the fisnzry.

Mortalities. In Table T the fishing moritalities are
listed for the years 1947-1956, The figures are rased an the

estimated removal of legal-size lobsters bty fishing during the
lobster season (May-June), and on the pecpuiatiorn zize estimates
at the start of the season as determined from tagging-recapture
data. The wariations encountered, wnile not completeliy under-
stood, are correlated both with seasonal water temperatures and
with the amount of fishing effort expended. It shcoulid be noted
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that the catchability and thus the fishing morsality asso depend
on the size of the iobs

Table I. The mortalily estinmates The minus sign “ront of
the natural mortality raie indicates thnat survival
rate was over 100% by the amocunt shown,

Year Mortality estimates Year Mortality estimates
fishing patural ek navaral

% %

2 % oS G
l9h7 72 1952 L5 =70
1948 77 1983 28 17
1949 59 w58 - L9594 : L3k
1950 73 - 1955 A3
1951 73 1596 o 27 3D

Ho davermine the
L»markfﬁg experi-

There bﬁve
natural (between sea
ment put it at about ; , to ecalculate
this mortality indirectiy by comparing the caLcrﬂated vopulation
at the start of the season w;tb estimated popguiation ileft in the
water at the end of the »reviocus season. Filgure & illustrates the
situation. The solid line represents the estimated siz
compoesition of the 1@g3i*b¢’P male stock at the gvart of the 1953
seascn. This has been ovtained by employing the pzpuLauion size
estimate, the lengih frequency sampiss of i“rﬂlmr:, a1id the known
relative Ldtﬁhthiitz,u of different-sized I The broken
line represents the eztimatel leﬁgth.@ompo ition dn the start of
the 1953 season of that maie pupulat*un which was iseft in the
water and was of legal size &t the end of vhe previous (1952)
season. This length cowmrosition has been azxtimetsed by applying
the growth data to the estimated length zompesiting of legalw
size male lobsters at the end of the 1952 season; no allowance is
made for natural mortality.

For each length group we nave now owo abuldance
estimatess one at the start of the season (solid Lines, and the
other one representing the abundance at the end of ths previous
season of those lobsters whiﬁh.would grow into the size group
considered. To estimate the natural mortality we consider only
those groups which are unaffected by recruitment and which fsli
within the range of reliable growth dataj in this case the 22- 2k
cm. group has heen selected. The ratio of the abuadance of the
lobsters in this group at the start of the seaszcn {3¢lid 1line) to
the estimated abundance of The sesme lobsters at the 2nd of the
previous season {(broken line) gives the survival rate (%) and
hence the natural mcrtality rate. This way tne natural mortali-
ties as listed in Table I are obtained., The minus sign indicates
the estimated survival rate was over 100%.
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Figure 1 - Comparison of the length composition of the 1953
' population (&) with that of the 1952 population
§ as estimated at the start of the 1953 season.
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Figure 2 = Relative yield and catch per effort by weight
from a group of legal-size lobsters for vary-
ing fishing mortality and for two alternative
natural mortalities.
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The natural morsality figures in Tablz % are affected
by out of season fishing. Since *his illegal f;;ming may be
quite extensive in scme years the figures in Tsble [ appear,
even as variable as they are, quite low. Thus we suspect that
there is recruitment to the area or that part of the stock is
unaccessibie but becomes accessible through 1ts movements; some
bias may also be present in the estimates,

Growih. Growth studies of Tignish iobsters were
completed in 1957. We have employed these data to determine the
growth by weight of the legal-gsize lobster stock. In Table II
the estimated total weight of legal-size lobsters at the end of the
season 1s tabulated for the years 1948-1953 along with the
estimated weight of the same populavion at the start of the next
season, should thers be nc mertality between Lis asons. The
growth as calculated from these figures wvaries bavveen 39% and

]+l% [

Table II. Totali estimated weight of the population of legal-size
lobsters at the end of the season and the %otal weilght
of the same population affer one year'’s growth has

o

been applied to it,

Total weight aliter

Total weighv one year's growth
Year OO0 1b, P00 L, Growth
g G . U, N S

1948 165 232 40
1949 397Y 559 41
1950 300 L ol L1
1951 297 hz; L2
1952 376 5% ;9
1953 27 385 +0

Can we construct a model of the fishery? The informa-
tion on growth, recruitment, wmovements,and especially on natural
mortality is still too sketchy %o construct a sgtatilistically sound
model of the Tignish lobster fishery., Thus, for instance, the
natural mortaiity estimates are guite variable and apply only to
a small section of the legal-size pcpulation. Nevertheless, some
conclusions which are of practical importance can be drawn. Indeed,
many fisheries are being regulated on the basis of weaker statis-
tics.

Does it pay to contrel the total effort? To calculate
the yield for different total fishing efforts &t Tignish, we have
considered a group of legal-size lobsters and assumed that it
remains in the fishery at the maximum for 3 years. The first year
these lobsters have the same length frequericy as the average
length frequency of legal-size (over 2% in. carapace length)
lobsters at Tignish at the sbtari of the seaszwn. For & given
number of trap hauls the fishing mortality and the vield by

th by welght

-~

"L
different size groups can be caloulated. The gzrowth

()
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between the first and second year (season) is given in Table II,
The fishing mortality during the second season per given effort
is obtained by estimating first the length frequency at the start
of the second season. The growth between the second and third
season is assumed, quite arbitrarily, to be the same as between
the first and the second., Similarly the fishing mortality per
given effort during the third season is assumed Yo be the same
"as during the second. Two alternative natural mortality rates
are considered, namely, 20% and 30%.

The above assumptions provide a basis for calculating
the relative yields at different levels cf fishing., The calcula-
tions are presented graphically in Figure 2, The solid lines
exhibit the relative yields per given number of trap hauls for
assumed 204 and 30% natural mortalities respectively. The broken
lines represent the relative catch per effort figures. The present
level of fishing mortality (on an average ciose to 70%) is brought
-about by a very high fishing effort. It appears, e.g., that if
the total effort were reduced by 50% from the present level of
fishing, the yield would be reduced by only about 15% while the
catch per trap haul {(effort) would almost docuble.

Does it pay to increase the size limit? To evaluate
the efrfect of increasing the minimum legal size for lobsters,
calculations similar to the above can be made., We nave evaluated
the effect of an increase from 2 1/2 to 2 %/8 inches carapace
length. No appreciable benefits are noted excep% when the lower
20% natural mortality rate and the very high level of effort
corresponding to 70% fishing mortality are assumed,

This may seem surprising since growth is about 40% by
weight per year. However, with the assumptions made, those
lobsters which are between 2 1/2 and 2 5/8 inches carapace length
the first year are, in our calculations. being fished only for
2 seasons with the higher size limit., If we knew that the life
expectancy of lobsters at Tignish is higher than assumed, worth-
while benefits would be realized. However, with the present high
level of fishing effort there are very few lobsters in the samples
which could be considered having been legal size more than 3

years, Thus the data are missing to draw any more definite
conclusions,

We rnote that the assumed short life expectancy was not
critical when we considered the effect of restricting the total
effort expended on the fishery. In the case of a higher true
life expectancy, the expected yield would be relatively still
higher at lower levels of effort,

J. E. Paloheimo:



