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SECTION OF ANADROMOUS AND SHELLFISHERIES

Ralph P. Silliman
Washington, D. C.

The anadromous fishes are those which
spawn in fresh water and spend part of
their lives in the sea. Of these, the Pa-
cific and Atlantic salmons, the Atlantic
shad and striped bass are currently being
investigated. Emphasis in the investiga-
tions depends on the use to which the data
are to be put. In the Columbia River fish
Protection at dams and diversions is the
Primary outlet for application of research
Fesults; on the Atlantic Coast it is reha-
bilitation of the greatly depleted salmon
and shad runs and better utilization of the
Striped bass; in the North Pacific it is
the international conservation of a high
Seas resource.

Because part of their life is spent
in streams the anadromous fishes are ones
that we can "do something about'. Stream
conditions can be improved, pollution
abated, fishways built and adequate spawn-
ing escapements permitted. All of the
Present research is designed to provide the
knowledge needed to do these things success-
fully. Results will ultimately be measured
in terms of the maintenance and rehabilita-
tion of the runs. '

The major lines of investigation
Under the section devoted to shellfish
include studies of physiology, propagation,
8rowth and fattening, ecology, experimental
arming, protection against enemies and
Paragites, and biology and conservation of
edible mollusks.

Investigations of specific problems
Are undertaken to obtain fundamental bio-
logical information which may serve as a
asis for improving farming techniques or
Can be utilized by the federal and state
Tegulatory agencies in formulating laws and
Tegulations pertaining to the conservation
and management of shellfish resources, the
Arvesting of crops and sale.

The keynote of the shellfish investi-
Bations is the adaptation of scientific
Nowledge accumulated through precise labo-
Tatory research to field studies which
intend to provide practical solutions of
Various problems of cultivation, utilization
of bottoms, protection against enemies.
®cause of a marked difference in ecological

conditions within the rangesof distribution
of the oysters and clams some of the phases
of the investigation are carried out simul-
taneously at more than one research labora-
tory.

ATLANTIC SALMON INVESTIGATIONS

John B, Glude
Annapolis, Maryland

The cooperative research program of
the Pish and Wildlife Service, carried out
by the Atlantic Salmon Investigations and
the State of Maine, centers on the Sheep-
scot River. During the past two years they
have oriented their research toward a study
of the nature and the degree of mortality
of stocked salmon.

Counting weir.--An up-and-down stream
counting weir has been operated in the
Sheepscot River since May 18, 1956 to ob-
tain estimates of the river and ocean sur-
vival of salmon. The smolt migration which
was counted by the weir consisted of natu-
rally spawned 2-year-old fish and both 1~
and 2-year-old planted salmon, stocked in
the fall of 1956 and 1955, respectively.
The following table shows the pattern of
migration:

Salmon smolts taken in the weir traps during
the spring migration, 1957

wild Planted Planted
Period 2-year-olds 2-year~-olds l-year-old

April 19-21 44 0 0
22-24 24 0 0

25-27 62 1 0

28-30 121 4 0

May 1-3 147 1 0
4-6 51 0 0

7-9 20 4 0

10-12 8 2 6
13-15 7 2 8
16-18 130 39 73
19-21 148 54 21
22-24 _8 1 9
TOTAL 770 108 117

Tn addition to the numbers shown in the
foregoing table, an estimated 150 smolts
escaped uncounted when a freshet on May 21
loosened a board in the downstream trap.

Data collected in 1956 and in the
first half of 1957 revealed the number of
hatchery fingerlings planted in 1955 and



the number of fingerlings resulting from
natural spawning in 1954 which survived to
smolt migration. Of the 20,000 fingerlings
planted in the fall of 1955, about 173 went
to sea in 1956 as l-year-olds and about 146
in 1957 as 2-year-olds. Practically all of
the wild salmon, over 800, went to sea as
2-year-olds in 1957. Thus, the survival
from the 1955 planting of 20,000 hatchery
fingerlings was about 319 smolts or 1,6
percent,

Measurements of a representative
sample of migrant smolts showed an average
total length of 196 mm. for 2-year-olds of
hatchery origin, 204 mm. for wild 2-year-
olds and 159 mm, for l-year-olds of hatchery
origin. The wild fish were larger and more
robust and vigorous than the planted ones.

Ecological investigations.--Informa-
tion on the movements of salmon in the
estuary is being collected by means of two
fyke nets; one net was set about three miles
below the weir at the upper limit of pene-
tration by saline water, and the other about
two miles below the first, Salmon smolts
were taken in both traps within 48 hours
after their release at the weir, in a ratio
of about 8 for each 200 released. The pre-
sence of a substantial proportion of l-year~
olds in these estuarine traps indicates that
this age group does move into salt water and
not merely into the lower reaches of the
river itself,

Observations on the food preferences
of smolts in salt water were made on two
fish transferred to the aquarium at Booth-
bay Harbor, Maine., Attempts were made to
feed them a number.of estuarine species
which are abundant in the area and appeared
to be potential food organisms, The most
abundant organism, an amphipod, Gammarus
tigrinus, was rejected. Sand shrimp, Crago,
were seldom accepted, Killifish, Fundulus,
were taken readily if smaller than about
1-1/2 inches while brit sea herring up to
2-1/2 inches long were pursued and eaten
voraciously.

MIDDLE ATLANTIC FISHERY INVESTIGATIONS

Gerald B. Talbot
Beaufort, North Carolina

The Service, acting as the primary
research agency of the Atlantic States
Marine Fisheries Cmmission, has undertaken

a coastwise investigation of declining shad
stocks to determine the underlying causes
of the decline, to determine conditions
favoring recovery of the runs and to provide
information for proper management to obtain
a maximum sustained yield. Research is
carried out in designated fishing areas each
year since funds and personnel are not suf-
ficient to permit simultaneous studies of
all fisheries. During the period covered
by this report the shad investigations cen-
tered on the Comnecticut River, the Hudson
River, the Delaware River and the St. Johns
River.

Studies are being made also to better
utilize the striped bass. The Middle Atlan~
tic Fishery Investigations is conducting a
large-scale tagging and recovery program
at various points in Albemarle Sound, North
Carolina, and collecting data on the types
of fishing gear employed there. With the
States of Virginia and Maryland, the Middle
Atlantic Fishery Investigations is tagging
striped bass in Chesapeake Bay to determiné
the percentage of striped bass spawned and
reared through the first two years in the
Bay that take part in the northern coastal
migrations and to measure the rate of ex-
ploitation of Bay stocks by sport and com-
mercial fisheries inside and outside the
Bay. In addition to these studies, the
Atlantic states--Massachusetts, Rhode Island:
Connecticut, New York, New Jersey, Delawar®
Maryland and South Carolina--are making a
coastal investigation of the striped bass.
The Middle Atlantic Fishery Investigations
is coordinating this program,

SHAD INVESTIGATIONS

Comnecticut River.-~-Research on the
shad runs of this river, first undertaken
during 1951, showed that shad production
depends upon the number of shad allowed t©
spawn. If overfishing occurs and the numb€
of spawners is small, subsequent shad runs
are small, When spawning populations are
large, or at least adequate, subsequent run’
are larger. The results of work done in
1951 have made possible predicting the siZ¢
of the shad run one year in advance so th?
proper fishing regulations can be worked
out to provide the proper escapement of
spawners,

Since 1951 a tremendous sport fishefY
has developed on this river. The sport



Calculated, predicted size of Connecticut River shad runs 1940-1957.
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Catch was not important during the 1951
Program and was treated as a constant.
Additional research was conducted on the
Ohnecticut River this year to re-evaluate
Oth the sport and the commercial fishing
SO that proper management can be carried
Sut; results of this work are being ana-
szzed' Data from the 1956 shad records
th°W the total run was 223,000 fish and
ofe commercial catch 53,000 fish., A run
285,000 fish was predicted for 1957.

We During the 1957 season 8,845 fish

fire bassed above Holyoke Dam by the new

sth lift, This wasan increase of 1,115
€r those of last season,

thi. ‘udson River.--Results of work on
18 river in 1050 and 1951 showed that
Dr;s run also is capable of management to
195d“0e maximum continuing yields. Since
O the fishing rate has lowered and the
‘apement of spawners has been higher. As

a result, this run has increased tremendously
and is nearing its previous high levels. Data
for 1957 have not been compiled. In 1956,
the total run was calculated to be 4,106,000
pounds and the commercial catch 1,807,000
pounds while in 1950 the total run was 1,398,-
000 and the commercial catch 992,000 pounds.
From data available in 1955 the size of the
1956 run was predicted to be 5,117,000 pounds
which amount is less than 20 percent error.
Since many male shad were thrown overboard
because of a glut in the market, the actual
run was probably higher than that calculated
from the marketed catch. The run for 1957
was predicted to be 5,956,000 pounds.

There is no sport fishing on this
river,

New Jersey Coast racial study,--
Research on the Connecticut River and the
Hudson River indicated that the large catches
of shad made each year along the New Jersey




Coast and off Staten Island, New York, might
affect the catches of shad in these rivers.
This possibility was investigated in the
spring of 1956 by tagging shad at several
locations along the New Jersey Coast and at
Staten Island to determine the river that
these shad came from. Results have shown
that 76 percent of them were from the Hud-
son River, 13 percent from the Connecticut
River and 11 percent from other areas, such
as the Chesapeake Bay and the Delaware Bay.

The effects of these catches on the
runs to the Connecticut River and the Hud-
son River can be determined from these data.
The coastal catches fluctuated with the
size of the Hudson River run and were not
responsible for changes in its size.

Meristic studies conducted along with
the tagging studies showed that these counts
could be used to separate these stocks of
shad. These counts may be as effective as
tagging and will cost less than the tagging
programs.

Delaware River.--The researchcarried
out in 1951 showed that pollution in the
Philadelphia-Camden area was the primary
cause of shad depletion in this river, The
municipalities in this area are trying to
reduce pollution in the river and recent
studies show that it is slightly less pol-
luted than previously. However, it is still
far below the level needed for restoring
the fisheries.

During the past year a conference was
held with the Corps of Engineers in connec-
tion with the proposed Tocks Island Dam,

The Middle Atlantic Fishery Investigations
is helping to develop fishways for this dam
and similar proposed dams and data are
being obtained and studied for this purpose.

St. Johns River.--Shad catch and
effort data have been obtained on this
river each year since 1953 when the inves-
tigation of the fishery was begun. In
1957 the commercial catch was 261,000
pounds and the sport fishery 75,000 pounds,

BLUE CRAB INVESTIGATIONS

In June 1957 the Fish and Wildlife
Service awarded a contract to the Oyster
Institute of North America, Annapolis,
Maryland, to carry out research on the blue

crab, Callinectes sapidus, of the Atlantic
Coast. The Oyster Institute, which will
conduct its research at the laboratory of
the Middle Aflantic Fishery Investigations,
will seek to provide information on the
causes of fluctuations in abundance and
methods of predicting such fluctuations,
distributions of local stocks of crabs and
yearly fluctuations therein and causes of
the same. The Oyster Institute is recruit~
ing a staff and work should begin shortly.

STRIPED BASS INVESTIGATIONS

North Carolina program.--Albemarle
Sound, North Carolina embraces the greateS
abundance of striped bass in the state.
Present evidence indicates that the Roanoké
River is the most prominant striped bass
production tributary of the Sound. The ¢O%
struction of dams and increased pollution
in the Roanoke River have recently threatent
sustained abundance of the population. T°
resolve the problems confronting the fishery’
a cooperative study for developing this riv
basin by scientific means became necessary:
The U, S. Fish and Wildlife Service was
directed in 1955 to participate in the study
primarily because the Southeastern Power
Administration, administered by the Depart”
ment of the Interior, controls the sale © 4
power generated by the John H. Kerr Dama‘anr
needed information relative to minimum rivé
flows required during the annual striped
bass spawning migrations.

In carrying out” this program the Mid~
dle Atlantic Fishery Investigations during
the past two years has conducted a large~
scale tagging and recovery program at wmﬁgus
points in Albemarle Sound, and collected
data on all types of fishing gear employed
there. The purpose of this study is to
determine the annual population magnitude
and, hence, changes in size, related to
alteration of river conditions in spawniné
areas. Catch and effort data have also beea
tabulated for two years since North Carolin,
recently abandoned its system of gear 1ic€
ing. This was carried out by contacting
dealers and fishermen throughout the Soun¢
and fixed gear was counted by airplane tO
check the validity of information obtained
by direct contact with operators of this
type gear. Commercial striped bass catche®
were sampled two to three times weekly for
age and size class omposition by gear.

Two years' data relating to the above



ONE METHOD USED TO MARK BLUE CRABS TO DETERMINE MIGRATION AND FISHING MORTALITY

Categories are being analyzed.

A study of sex ratios among Albemarle
s?uﬂd striped bass was necessary to deter-
Mine the effects of selectivity of gill
Nets on both sexes in spawning populations
Prior to their entry into the tributaries.

is cannot be accomplished on striped bass

Y visual observation. Furthermore, this
SPecies is shipped out of state in the
Iound, making internal inspection impossi-
le. A new technique has been developed

85 part of this investigation to facilitate
Sex ratio studies which allows sex deter-
M™nation of fish in commercial catches
¥ithout impairing market value.

Striped bass, weighing 20 to 40
pounds, were tagged at Oregon Inlet on the
ocean in. December 1956 to determine their
relationship to Albemarle Sound populations
or to those of other areas. Several of
these fish have been recaptured in Albe~
marle Sound, Chesapeake Bay and off Sandy
Hook, New Jersey, showing that in some
cases there is a rather long-range coastal
movement and that coastal populations are
exploited by several Atlantic Coast states.

In the spring of 1957, a second year
study of the Roanoke River population was
made, encompassing an estimate of the size
of run and a compilation of catch-effort



TAGGING OPERATIONS ON CHESAPEAKE BAY DURING COOPERATIVE STRIPED BASS TAGGING PROGRAM



data, Embryological and morphological
Studies were made of eggs and larvae under
controlled laboratory conditions to test
the degree of survival under varying river
conditions and for facility in distinguish-
ing larval striped bass from other related
Species.

Preliminary results from adult striped
bass population data show that the spawning
runs of 1956 and 1957 were almost identical
in size, 1In 1957, however, there was a
decrease in catch of approximately 10 per-
cent and a detrease in fishing rate of
approximately 1.5 percent.

Spawning ground studies have shown
that the bulk of spawning in the Roanoke
River takes place from river mile 60 to
Tiver mile 137, the upper segment being in
the zone of heavy concentration of indus-
trial and domestic sewage pollution. Striped
bass use the entire river from its mouth to
Roanoke Rapids Dam (mile 137) for either
Spawning or developing larvae., Post larvae
have been collected as far downstream as
Tiver mile 6 in a polluted area heretofore
believed to be avoided by young fish.

Chesapeake Bay program.--In February
1957 the Fish and Wildlife Service and the
States of Virginia and Maryland organized
2 Chesapeake Bay striped bass investigation.
he primary objectives are to determine the
Percentage of striped bass spawned and
Teared through the first two years in Chesa-
Peake Bay that take part in the northern
Coastal migrations and to measure the rate
of exploitation of Chesapeake Bay stocks
by sport and commercial fisheries inside
and outside the Bay.. The initial tagging
Program was begun as a one-year pilot ex-
Periment to obtain information as to avail-
ability of fish for study, to select the
Most satisfactory tag types and procedures,
and to study striped bass movement both
Within and outside of Chesapeake Bay. The
Partijcipating agencies have tagged 2,700
ish and 400 tags have been recovered.
en analyses of the 1957 data are completed,
2 more detailed study of biological and
fishing effects upon these populations will
be possible.

PACIFIC SALMON INVESTIGATIONS

Clinton E. Atkinson
Seattle, Washington

In California and the Pacific North-
west, research on behavior patterns and
survival of fish under extremes of environ-
ment is designed to understand fluctuations
in abundance of the coastal stocks. Basic
and developmental research is directed
toward the safe passage of fishes at water-
use projects. In the critical international
North Pacific fishery involving Japan,
Canada, the United States and, lately,
the Soviet Union, some unique research tools
are being developed to distinguish the
Agiatic and North American stocks of salmon
and determine their distribution and to
learn the life history, distribution and
abundance of the king crab in the Bering
Sea, Major research is integrated with that
of other organizations in the United States,
Canada, Alaska, Hawaii and Japan through
treaty, cooperation and contract.

DEVELOPMENTAL RESEARCH AND
GUIDING OF FISHES

Blectrical stimuli have shown in-
creasing success in efforts to guide fishes
safely past dams. At Brownlee Dam, under
construction on the Snake River in Idaho,
an electrical barrier was installed, tested
and evaluated to protect upstream migrating
anadromous species of fish,

This barrier had to be capable of
creating and maintaining desirable electri-
cal fields in the water at all river dis-
charges up to 40,000 second feet. This
structure had to be flexible also so that
desirable biological results could be
obtained at minimum power consumption and
maximum hydraulic efficiency.

The initial installation was two rows
or electrodes anchored in a vertical posi-
tion and spaced four feet apart with the
electrodes two feet apart in the rows. A
series of tests with fish showed that the
spacing could be increased to six feet
between elements in the rows.

The electrodes were sequentially
energized with square-wave pulses of direct
current in a manner that created maximum
voltage gradients on the long axis of any
fish attempting to swim upstream,



ELECTRICAL BARRIER FOR THE PROTECTION OF UPSTREAM
MIGRAT ING ANADROMOUS SPECIES OF FISH AT BROWNLEE DAM

TRANSISTORIZED FISH COUNTER IN USE. THE ELECTRONIC APPARATUS |S HOUSED IN THE BOX IN THE UPPER

LEFT AND IN THE VERTICAL PIPE, THE FISH ARE COUNTED THROUGH TUNNELS IN WEIR, POWER 1S CARRIED

TO COUNTER THROUGH CONDUIT FROM NEARBY LINE; HOWEVER, THE COUNTER CAN ALSO BE USED WITH DRY OR

WET CELL BATTERIES. THIS INSTALLATION LOCATED AT BONNIE FALLS, SCAPOOSE CREEK, OREGON, DiS-
COVERED A FAIR RUN Of STEELHEAD THIS SPRING



Few adult salmon or steelheads were
available at the time the Snake River was
first diverted to flow through the elec-
trical barrier. Therefore, preliminary
biological tests were carried out with fine
scale suckers, the only fish available in
Numbers. They were introduced into a large
box~shaped net that was held against the
electrodes. The two sides, the bottom and
the downstream end were of dacron webbing.
Fish could leave this net only by swimming
upstream through the electrodes. In four
tests involving 143 suckers, four escaped
from the holding net when the power was on;
they may have escaped from the net through
holes torn in the web by debris. In two
tests with the power turned off, one out of
120 suckers stayed in the holding net.

In a second series of tests, 2-year-
0ld hatchery-reared steelhead fingerlings
were forced through the electrical field to
Simulate the passage of downstream migrants.
The most rigorous test conditions possible
failed to produce any signs of lasting
effects from exposure to the electrical
shocks on the steelheads which were held 24
hours for observation.

Observations indicate that the elec-
trical barrier is operating at an economical
Power consumption level and as an effective

arrier. However, additional tests must be
Made to complete the evaluation.

Engineering research pertaining to
fish guiding problems in general advanced
also, Progress was made in the study of
electrode geometry, the nature of the elec-
trical fields created and in predicting the
Power demand of different electrode arrange-
ments, Ways of simplifying and lessening
the cost of construction of rather complex
€lectronic pulse generating equipment were
found while the efficiency and stability of

e operations increased.

Blectrical stimuli are used also to
tontrol the squawfish, Ptychocheilus orego-
lensis, a salmon predator in the Columbia
R%Ver. The data from laboratory tests in-
dicate that practical electrical trapping

evices for controlling squawfish predation
Can be constructed. Testing in the labora-
tory demonstrated that adult squawfish will
Tespond and orient to direct current and
€an be 1ed by sequentially pulsed direct
Current fields through an electtode array
Mto a trap. The frequency of the square-

wave pulses of direct current and the
voltage were the two most critical charac-
teristics of the electrical field for
controlling squawfish movements.

In developmental research, electrical
fish counting is rapidly advancing toward
better counters through improved modifi-
cations of the present instruments and
increased field experience. Counters have
been installed in Bristol Bay, Alaska; at
Lake George, Minnesota and on Scapoose
Creek, Oregon. Installations are planned
for Mill Creek, California; Bagle Creek and
Sandy River in Oregon; Coweman River and
Rock Island Dam in Washington; and at Little
Port Walter, Alaska. These installations
are part of a testing program carried out
in cooperation with four state agencies and
two other branches of the Fish and Wildlife
Service. In Alaska, it was found that pro-
perly designed installation can by a statis-
tical means correct errors resulting from
multiple passage to high levels of accuracy,

Modifications and additions to the
original transistorized version have made
it versatile and have simplified operation.
These innovations, which are available
through manufacturers, include modified dry
cells, a voltage tester for easier balancing
of the instruments, various sizes and shapes
of tunnels, a charger for wet cells, a re-
mote tally, a time-of-count recorder and two
special testing instruments,

Projects were started in which elec~
trical fish counters were used for large
numbers of fish, One project is for Alaska
and may lead to the elimination of counting
weirs and towers on large red salmon, Oncor-
hynchus nerka, streams. The second project
is at Rock Island Dam in Washington and may
supplement the current system of sample
counts at Columbia River dams.

One of the most useful developments
in recent fisheries research is the sonic
fish tag. It is approximately three inches
long and one inch in diameter. Smaller tags
are being developed; the ultimate goal is a
tag approximately half an inch in diameter
and one inch in length. Such a tag will
reduce to a minimum the effects of the tag
while attached to the salmon, The effects
of tagging with the tag now in use has been
studied in the field and the laboratory.
The results indicate that salmon in spawn-
ing condition recover within an hour while



THE SONIC TAG USED IN FISH TRACKING EXPER{| MENTS
1S SHOWN HELD BY THE MODIFIED PLIERS USED FOR
ITS ATTACHMENT TO THE FISH

salmon at a stage of spawning maturity
require a longer period of time,

Tracking experiments were conducted
in Portage Bay, Seattle, Washington. Adult
salmon carrying sonic tags were tracked
for periods up to eight hours. They tended
to follow the shoreline. The maximum swim-
ming speed was two miles per hour.

The Pacific Salmon Investigations
cooperated with the Washington State
Department of Fisheries in studying the
vertical distribution of adult sockeye
salmon, Oncorhynchus nerka, in Baker Lake.
Through use of the sonic tag and equipment,
the researchers found the majority of sock-
eyes at depths between 20 and 40 feet.

BEHAVIOR, SURVIVAL AND FLUCTUATIONS
IN ABUNDANCE

The reactions of over 10,000 adult
salmon and steelheads were measured at the
Fisheries-Engineering Research Pacility
at Bonneville Dam during 1956 to find more

economical methods of providing safe
passage of fish over dams. These fish were
diverted from one of the main fishways into
the laboratory where their performance in
full-scale fishway situations was recorded.

Tests with a short 6-pool segment of
a fishway indicated that a 1:8 gradient
fishway with pools 8 feet long and with a
1 -~ foot rise between pools can pass fish
as well or better than a 1:16 gradient fish-
way with a similar rise between pools.
Purther tests will be made to find out if
this holds true in longer fishways. The
studies in 1:8 gradient fishways with a
rise of 1.5 feet and 2 feet between pools
suggest that these jumps may be excessive
for chinook salmon but not for steelheads.
Unstable water conditions (i.e., changing
hydraulic patterns from plunging flow to
streaming flow) seriously interfere with
fish passage in a pool-type fishway. The
introduction of human odor into a fishway
also interferes temporarily with fish pas-
sage. Experiments to measure fishway
""capacity"” or the maximum number of fish
that can be passed through a fishway per
unit time showed that large numbers of fish
were not reluctant to enter and pass through
a fishway of restricted width, In recent
tests, up to 40 fish (averaging 14 pounds)
a minute passed through a pool-type, 1:16
gradient fishway that was only four feet
wide.

Studies on the reaction of adult
salmonoids to a variety of water velocities
indicate that large chinooks and steelheads
tend to select higher water velocities when
given a choice in the range of two to eight
feet per second, The rate of fish movement
relative to the test channel in these
experiments appeared to be independent of
the velocity of the water.

Upon completion of modifications to
Rock Island Dam fishways in 1952 a tagging
experiment was initiated to study the effi-
ciency of the fishways. The field phase
of this study was completed during the sum~
mer of 1956. Last year 885 chinooks, 1,174
bluebacks and 23 steelheads, totaling 2,082
were tagged and released above and below
the dam, The percentage recoveries on the
spawning grounds were 19.0 for chinooks,
30.1 for bluebacks and 17.4 for steelheads.

Although fish count records showed
that only 10 to 17 percent of the fish used
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INTERIOR OF THE FISHERIES-ENGINEERING FACILITY AT BONNEVILLE DAM PRIOR TO A FISHWAY

EXPERIMENT , THIS FACILITY

1S ALSO USED TO CONDUCT EXPERIMENTS ON A FISH'S REACTION

TO KNOWN VELOCITIES OF CURRENTS

the right bank fishway, tag observations at
the dam indicated that the fish which did
ot find and use the ladder experienced no
deleterious effects. The majority of the
tagged bluebacks observed passed by way of
the left ladder and 69.0 percent of right
ank releases and 76.0 percent of left bank
Teleases passed by way of the left and
Center ladders. Of the tagged bluebacks
Observed at the right ladder 12.3 percent
Were of right bank releases and 11.6 per-
Cent of left bank releases. Left and right
ank releases passed the dam in equal time
Periods after tagging. The peak "days out”
OCcurred on the third day after tagging
luebacks and summer run chinooks. Spring
Tun chinooks passed the dam earlier after
tagging, peaking after one "day out".

Tag returns upstream from below-dam
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releases were slightly less than from
above-dam releases; however, for the sample
sizes obtained the difference was not stat-
istically significant. Thus, no significant
loss could be attributed to the dam or,
specifically, to a failure of fish to find
and use the right ladder. The above-dam
releases arrived at upstream points two to
three days earlier than the below-dam
releases. This difference in arrival time

“between the two lots corresponded to the

time period required for the majority of
the fish to pass Rock Island after tagging,
and was termed the delay offered by the dam.

Above Rock Island Dam, on the Wenat-
chee River system, a study is in progress
in relation to the proposed Chelan County
Public Utility District hydroelectric power
project. This research is being directed



"THE ALASKA FISH DETECTOR" IS USED (N
THE NUMBER OF FISH PASSING THROUGH ONE SPECIFIC TUNNEL

toward ascertaining the magnitude, the
timing and the spawning areas of anadromous
fish runs into the system and the timing of
the downstream migration of the young fish,
The studies on the adult phase of the pro-
gram will continue during 1957,

During 1956 approximately 2,400 chi-
nooks, 26,000 bluebacks and 400 steelheads
were counted through the Tumwater fish trabp
bound for the spawning areas in the upper
river system. During the spring of 1957
‘an unprecedented run of spring chinooks
passed Tumwater Dam. By June 30, over
2,900 chinooks were tallied, with two months
of the counting season remaining. This
large chinook run will be observed to deter-
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FISH COUNTING TO RECORD

mine its distribution over the spawning
areas.

Spawning surveys were made last suT’
mer on all of the tributaries and the mail
stem of this system. The surveys have
shown the spawning areas now utilized
salmon in relation to the areas to be
dated by the impounded waters. Under
present Public Utility District plans
spawning areas in the main river used
chinook salmon and steelheads will be
dated.

by
inun”
the
someé

by
inun”

Another fishery research project
partially financed by the Chelan County
Public Utility District concerns the RockY



Reach hydroelectric project on the Columbia
River. Chinook salmon of the late summer

or fall run were tagged at Rock Island Dam
to determine their spawning areas in rela-
tion to the Rocky Reach Dam site. Surveys
of all tributaries resulted in no recoveries
from this lot. In contrast, recoveries of
tagged spring and summer run chinooks from
every experiment occurring from May to
August at Rock Island were made in the vari-
ous tributaries. Therefore, by inference,
these late run chinooks may be Columbia
River or main stem spawners.

Spawning ground surveys were conducted
on all tributaries above Rocky Reach. It
was determined that, aside from the Columbia
River, no major spawning areas will be inun-
dated by impounded waters resulting from
the new dam. Spawning areas were determined
for chinook and blueback salmon. Because
of high waters during the spring the spawn-
ing areas utilized by steelheads could not
be determined.

This spring saw the largest runm of
spring chinooks ever recorded over Rock
Island Dam and their distribution on the
Spawning grounds will be observed.

In addition to the previously men-
tioned Chelan County Public Utility District
impoundment projects, the Grant County Pub-
lic Utility District is constructing the
Priest Rapids Dam on the Columbia River and
Proposes to build the Wanapum Dam upstream
from Priest Rapids. The University of
WaShington, under contract to the Fish and
Wildlife Service, is investigating the
Water quality of the Columbia and Wenatchee
River systems which the new impoundments
wWill affect.

Physical and chemical water quality
data have been collected during the past
Year from five stations on the Columbia
River between Chelan Falls and McNary Dam,
from the mouths of the Snake and Yakima
Rivers and from Crab Creek which collects
the return flow from the Coulee Irrigation
System, pata have also have been collected
from six stations on the Wenatchee River
System,

Instrumental in understard ing salmon
biology is determining the number of young
fish surviving from a season's spawning run
to migrate to the sea and form the next
Beneration. A study involving chinook and
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silver salmon was begun this
Yakima River, a major salmon
butary of the Columbia River.

spring on the
spawning tri-

A trapping station was established at
the Prosser Canal bypass, Prosser, Washing-
ton, and was operated from early April until
the end of June. A daily and a seasonal
trend of migrating fingerlings was estab-
lished by operating the trap 24 hours daily.
Approximately 40,000 chinook fingerlings
were tallied at this trap with the peak
occurring at the end of April. Periodically,
at various water flows, samples of finger-
lings were marked by tattooing and released
above the canal intake. This was done to
determine a ratio of the number of finger-
lings trapped and the number swimming freely
down the river. The production of young
salmon from a specific year's spawning run
may be determine in this way.

Studies on the survival of the Colum-
bia River blueback salmon, Oncorhynchus

nerka, have been under way for several years.

The majority of these salmon spawn in the
Okanogan and Wenatchee River systems in
Washington and at Redfish Lake in Idaho.

In 1956, the spawning escapements for these
areas were 26,000 fish in the Wenatchee
River; an estimated 40,000 in the Okanogan
River system; only 1,381 of the 10,000 blue-~
backs available to the Snake River reached
the Redfish Lake weir. The adult migrants
in the Okanogan and lower Snake Rivers
encountered excessive high water tempera-
tures.

Inthe area of the Okanogan flood con-
trol project, heavy spawning occurred in the
newly channelized sections of the upper
river, Construction was permitted in the
river below Oliver, B. C., Canada, during
the winter to allow completion of the pro-
ject by July 1, 1957. The egg cartridges
planted last year and recovered this spring
and the fry trapping operation indicate a
successful hatch of eggs and emergence of
fry. Large numbers of migrating fry were
in the river from April 1, 1957 to May 10,
1957.

The downstream fingerling migration
was sampled below Lake Osoyoos by means of
a newly developed fyke net. At Redfish Lake
the fingerling migration was enumerated at
the weir. Data from these areas on the age
and the size of the fingerlings at the time
of migration are being compared. Coluwbia



River blueback smolts migrate seaward in
their second year. This year's data show
almost 100 percent of the Okanogan migrants
in the second year, whereas 44 percent of
the Redfish Lake migrants were in their
third year. In comparison of length and
weight, the Okanogan fingerlings fall mid-
way between the Redfish Lake 2's and 3's.

The fingerling migration study con-
ducted at Bonneville Dam terminated on
June 30. Species, age and size and migra-
tion, time of migration, numbers of marked
fish and identity of marks are some of the
information collected during the ten-year
period that this study was conducted.

Several experiments were conducted
during the course of the program., An exam-
ple was an attempt last year to test the
effectiveness of the fingerling bypasses in
conducting fish downstream from the auxil-
iary water chambers at the dam., One thou-
sand small chinook salmon were tattooed and
introduced into the auxiliary water pits
ahead of the bypasses. The recovery of 1
to 8 percent of the fish in the bypass traps
indicated that the other fish either swam
out of the area into the spillway forebay
or remained in the pit area or escaped
through defective screens in the pits.

Thougsands of migrants are fin clipped
at hatcheries above Bonneville Dam. Three
Service hatcheries released approximately
4,000,000 fish above Bomnneville Dam during
the last week of August 1956. In the course
of recording fin marks observed on trapped
silver salmon, Oncorhynchus kisutch, finger-
lings at Bonneville Dam, a close similarity
was observed between incidental loss of fins
and the results of experimental fin clip-
ping. The loss of fins probably resulted
from nipping by other fingerlings during
feeding at hatcheries or disease. Finger-
lings trapped at Bonneville Dam during 1956
were 31,426 chinooks, 494 bluebacks, 3,049
silvers and 921 steelheads. Reports are
being prepared on the age and the size of
chinook salmon migrants and the silver salm-
on migration,

Another program in fisheries research
being conducted in the Columbia River Basin
deals with the various roles of resident
game and non-game (scrap) fishes in respect
to the survival and the growth of the impor-
tant anadromous fishes. The past year has
seen the evolution of the program from a
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preliminary planning stage to one of active
and standardized field operations, The
Yakima River was chosen as the pilot-study
watershed. Aerial photographs were used

to locate accurately sampling stations at
five river-mile intervals from the mouth
of the Yakima River at its confluence with
the Columbia River to Easton Dam, 178 mile$
upstream, the limit of anadromous fish
migration,

With the successful development of 2
portable pulsed direct current electro-
fishing device, collections were begun in
April on a systematic sampling schedule.
One complete sampling trip was completed
and over 4,000 fishes were collected. The
specimens ranged from a 20 mm., red-sided
shiner fry to a 12-pound carp. The speci-
mens are being "processed" for length,
weight, sex, degree of maturity and identi”
fication of stomach contents. Scales were
collected from representative samples for
age analysis,

These data are being punched on IBM
cards for sorting and analyzing, Prelimi~
nary results list the following species,
listed in decreasing numerical order, as
being the most abundant, chiselmouth chub,
Acrocheilus aleutaceum; carp, Cyprinus
carpio, an introduced species; sculpins,
Cottus spp.; suckers, the fine-scaled,
Catostomus syncheilus, and the course-
scaled, Catostomus macrocheilus; r:ed—sided
shiner, Richardsonius balteatus; various
species of dace of the genus RhinichthySi |
and the squawfish, Ptychocheilus orezoﬂgﬂizg'
reputedly one of the worst predators on
salmon in the river. Less abundant speci€®
were the Rocky Mountain whitefish, Proso~
pium williamsoni, rainbow trout, Salmo .
gairdneri, small-mouthed black bass, Miﬁfgg
terus dolomieu, and crappie, Pomoxis Bigi8
maculatus, the bass and the crappie comiPé
from the lower reaches of the river. CO%"
spicuous by its small number was the Colu™
bia River trout-perch, Columbia traqgﬂgﬂﬁgg’
of which only two specimens were collected

near the city.of Yakima.

The data collected under this prograT
will be utilized in life history and ec©
gical studies on the fishes of the Yakim?
and Columbia Rivers and their relationshiP
to salmon production. Sampling is beins
conducted on a monthly basis for at leas
one year to determine the seasonalpatferns
of distribution and relative abundance ©



PORTABLE ELECTRO-FISHING DEVICE USED FOR COLLECTION OF
FISHES BY RESIDENT FISH STUDIES PROUECT

the resident fishes, Plans call for
€xpanding the geographical scope of the
Studies to other salmon-producing waters
Of the Columbia River Basin.

Stream fluctuation is an important
factor in the survival of king salmon,
Qﬂcorhznchus tshathscha, in Mill Creek, a
tributary of the Sacramento River in Cali-
fornia. Through the progress made in
Studies of survival, the wide fluctuations
in the abundance of Sacramento River king
Salmon can be understood and corrected.

. Silting is the predominant contribut-
ing factor in the survival of the king
Salmon spawn at the Mill Creek Experimental
Station. For example, last year heavy silt
Oads after 67 days of incubation reduced
the survival in the channel more seriously
han in Mill Creek proper. After 67 days
Of incubation, survivals dropped from 85
Percent in the channel and 87 percent in
Mill Creek to 4 percent in the channel and
3.5 percent in Mill Creek at 126 days (fry
Stage). FPiltered water in two gravel filled
Toughs containing eggs resulted in reduced
Survivals from 96 percent at 67 days to 73
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percent fry when silting overtaxed the
capacity of the filters,

Methods have been devised for alle-
viating silt in the control flow channel
where assessment of factors contributing to
mortality of salmon spawn is being made.

One method for reducing silt in the
channel recently accomplished is enlarging
the settling pools. Another attempt at
silt control has been the establishment of
250 feet of oxbow in the channel where low
velocity flows will absorb silt and sand
loads. A third method involves an experi-
mental installation which is in effect an
artificial spring. A perforated culvert
has been placed under the Mill Creek stream
bed which is connected to the culvert lead-
ing into the controlled channel. The
filtering effect of gravel covering the
buried intake will reduce silt introduction.
The flushing effect of freshets in Mill
Creek may keep the intake of this system
self-cleansing.

Laboratory tests are continuing to
perfect the measurement of seepage rates



comparable to those in actual salmon redds
through use of polyvinyl chloride stand-
pipes in which salt dilution is detected
with a conductivity meter. A manuscript
covering standpipe description and applica-
tion with survival comparisons in the field
is in progress.

The behavior studies in progress con-
stitute another important phase of research
for better understanding the biology of
anadromous fishes. A study of the factors
affecting the rheotactic response of salmon
fingerlings was begun at the Fish Behavior
Laboratory in Seattle after exploratory
tests in the use of a water jet as a means
of collecting fingerlings gave incomnsistent
results. The experiments thus far show a
positive rheotactic response at holding
temperatures and a change to a negative
response with an increase of temperature,
By controlling the level of dissolved gases
the threshold of the change from positive
to negative can be raised or lowered. The
response appears to relate to dissolved Op
levels rather than to temperature alone,

The importance of spatial relation-
ships to behavior patterns of young salmon
was demonstrated in experiments with sock-
eye smolts that consistently schooled in
large water areas but exhibited aggressive
territorial behavior in restricted areas.

The reactions of chinook salmon
fingerlings to an overfall, an orifice and
a siphon were compared at the Fisheries-
Engineering Research Pacility. Most of the
fingerlings that were recovered had entered
through the orifice. More passed through
the siphon than over the overfall. There
was evidence that fingerlings delayed longer
before going over the overfall, even when
the overfall was the only exit. Echo
ranging equipment used during the tests
revealed that fingerlings upstream from
the collection devices being tested were
generally distributed from the surface to
an 8-foot depth, a few were scattered be-
tween depths of 8 feet and 11 feet and no
fingerlings were below 11 feet.

Washington State College, under con-
tract to the Fish and Wildlife Service,
is conducting research on the relationships
of certain physiological factors to prefer-
ences in salmon, The research is directed
toward learning the relationship between
metabolism and temperature preference,
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through use of 2-4 dinitrophenol (DNP) to
influence metabolism; the response of DNP
treated and control groups of fish to 11
light wave bands noting the relation of
light and dark adaptation to preferences;
and the responses of DNP treated fish and
fish treated with other chemicals to dif-
ferential salinities.

Three hundred and ninety silver salmo?
were divided into 10 groups, five experi-
mental and five control. The experimental
groups were immersed for 45 minutes in .004
percent DNP; the control groups were handled
similarly but were immersed in clear water:
Four hours after handling the groups were
tested in a Y-maze for temperature prefer-
ence in water of 1, 2, 3, 4 and 5° C. Al-
though the treated fish seemed to prefer
slightly cooler water than the control fish,
the investigator believed that response to
flow might dominate the temperature prefer~
ence.

Silver salmon fingerlings treated with
DNP avoided sodium chloride solution (70
percent strength of sea water) to a slightly
greater degree than did untreated finger-
lings.

Blueback fingerlings treated with DNP
and tested for light preferences moved to~
ward red or neutral lights and away from
blue-green light. In recent tests in whicP
blueback and silver fingerlings were used,
preferences for light were less apparent,
probably resulting from the illumination
level provided in the gradients used.

INTERNATIONAL NORTH PACIFIC
SALMON RESEARCH

Through the intensive research prOG’;'am
outlined by the International North Pacif3®
Fisheries Commission, formed by Japan, Can?
da and the United States, the location O
salmon in the ocean will be known. Progres®
is being made in determining the patterns
of distribution and in distinguishing raci?
stocks of salmon. The responsibilities ©
the American Section of the International
North Pacific Fisheries Commission are 1O
define the distribution of salmon in the
North Pacific Ocean, tracing the seasonal
movements and locating the areas of concen”
tration; measure oceanographic conditions
related to the distributional pattern; ar
collect and preserve samples of salmon 2%



Steelhead trout for racial analysis, wi?h
the objective of ultimately distinguishing
Asiatic and North American stocks.

Four chartered research vessels were
Operated in the North Pacific and the
Bering Sea during the summer and fall of
1956, RBach vessel fished 18 shackles of
Dylon gill net and obtained oceanographic
data on a prearranged station pattern ex-
tending from the North American coast to
Attu in the Aleutians and from 46° N. lati-
tude to 60° N. latitude. The fishing
Season from mid-May until mid-September
include 195 sets and produced 3,522 reds,
3,767 chums, 486 pinks, 115 silvers and 73
kings, totalling 7,963.

The vessels MV Pioneer and MV Attu
departed Seattle in May 1957 to continue
the distribution studies and the collection
°f racial samples. To assure adequate
Sample size, the number of shackles of gear
%as increased to 24 and on certain primary
Stations the number of sets increased.

etween May 27 and June 24 the vessels had
Made 23 sets and captured1,420 reds, 723
thums, 3,055 pinks and 15 kings, totalling
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5,203. Compared with the same period of
fishing in 1956, reds declined and pinks
increased, The MV Paragon will join the

Pioneer and Attu in July to augment the

sampling effort for the remainder of the
season,

Modifications were made in the 1956
program to more closely relate enviromnmental
conditions to the distribution and movements
of salmon populations. The revised program
includes oxygen and phosphate determinations
and a more detailed study of the surface
layers of the ocean,

The principal objective in a sampling
program is to collect adequate, standardized
and representative data. To fulfill this
objective, sampling of the major red, chum
and pink salmon populations, except in ter-
ritories of the Soviet Union, is being con-
ducted at inshore stations to supplement the
charter vessel catch samples. The whole
frozen samples requested from Japan, Canada,
Alaska and the United States for 1957 will
total approximately 25,000 salmon., Each
frozen sample will consist of 200 to 235
reds, 135 chums and 135 pinks, except in a



few isolated areas, From each whole sample,
25 salmon of each species will be furnished
for parasitological studies and ten of each
species for osteological studies, The re-
maining samples will be used in the morpho-
logical studies. In addition to the frozen
samples, 50,000 scales and measurements
will be taken from the commercial fishery
and spawning grounds.

Blood samples are being collected
also for serological studies from 30 areas
in Japan, Canada, Alaska and the United
States.

The samples collected for the racial
studies are placed in cold storage in
Seattle until needed. Since November 1956,
7,849 salmon sampled from 32 areas in
Alaska, Canada, Japan and the high seas
have been examined.

Analysis of data obtained from red
salmon in the 1955 collection demonstrated
various degrees of differences between
samples with respect to several meristic
characters, The lack of sufficient numbers
from many areas in the 1955 collections
preclude a statistical comparison of meris~
tic characters of the various components.
Preliminary analyses of the 1956 data have
been completed for the areas where collec~
tion of all data pertinent to racial
amalysis work were complete and sample siz€
was sufficient. In all cases analyses
involved a detailed statistical study of
the effects of sex, age and, where possiblé:
sampling time within any one sampling ared-
Since many areas are to be completed, no
attempt at generalizations has been made.’
Present results are summarized in the
following tables:

Table 1,-~Results of F-test for differences between sexes, 1956 samples.

No. of Pos. of Total No. of No. of No. of
scales on 1st haemal gill branchio~ pect. anal
Area lat. line arch rakers stegal rays fin rays fin rays
Ugashik None None None None None None
Naknek 11" " 1" 1" " "
KViChak " "t 1" " " "
Egegik " " " " l% 1eve1 "
Wood River " " " " None !
Attu " " " " 1" "
Adak " 1% level 5% level " " "
Unalaska® " None None ' " "
Red River " " " " 5% level "
Karluk Weir " " " " 1% level "
Fish Creek v * " 5% level None "
Chignik " " " None 1% level "
Copper River " " " " None 1"

* Seven sampling localities combined.

Table 2.--Results of F-test for differences

among age classes, 1956 samples.

No. of Pos. of Total No. of No. of No. of
scale on 1st haemal gill branchio- pect. anal
Area lat. line arch rakers stegal rays fin rays fin rays
Ugashik None None None 5% level None None
Naknek " " 1" None " "
Kvichak 14} ” 1" 1 1" 1"
Egegik 11] " 1" " it "
Wood River " " 5% level 5% level " "
Attu " " None None 5% level "
Adak 1 1t 1" 1" None "
Unalaska* 1% level 1% level 1% level v " "
Red River None None None 1% level " "
Karluk wcir " 1" H 11 " "
Fish Creek " 5% level " None " '
Chignik 1 1 " 0" 1" " "
Copper River " None " " " "

* Seven sampling localities combined.

l/ Not done.

Sample of 63's only,
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Scale studies play a vital part in
fisheries research, particularly in deter-
mining the racial origins of salmon in the
North Pacific Ocean. Scales from the salmon
of the 1955 collections taken for meristic
Studies have been aged and supplemental
scale data obtained. Through intensive study
of red salmon scales frequencies of various
Scale characters have been documented for
Several mainland areas. By means of a sys-
tematic evaluation of the intensity of occur-
rence in various areas of any given scale
character from a fish of unknown origin,
the most probable area from which the fish
Came can be determined with a high degree
of accuracy.

In a series of tests, fish from the
Mmainland samples were used. The area iden-
tification was removed or blocked out.
Depending on the test and the setup of the
localities, biologists allocated the fish
to the correct area in from 60 to 90 percent
of the cases. Samples of offshore red
Salmon were analyzed for racial origins.

These analyses showed for the 1955
Season a progressively larger percentage of
Asiatic high seas type fish the farther the
Samples were taken to the westward out to
the longitude of Attu. No fish of the typi-
cal Asiatic high seas type were found east-
wWard of the longitude of Kodiak Island.

These findings were based entirely on
the results of scale analysis studies and
While they appear to be definitive they were
based only on the data for 1955 which were
Scanty in certain areas.

Analysis of the more extensive collec-
tions of 1956 is under way. Over 5,000 red
Salmon from the meristic collections have
been aged and complete scale data obtained;
abproximately 1,000 more remain uncompleted.

Pon completion, the frequencies of scale
characters will be determined and compared
With those of the 1955 data. Additional
tests will be conducted for the accuracy of

€ 1956 data for racial determination,

Uch comparisons as have been made to date
thr°“8h use of the 1956 data show that the
Scale characters resemble closely the same
Characters for 1955 for the tested areas.

In studies of the physiology of scale
deVe10pment, the University of British Colum-
%a completed its contract and presented a
1nal report to the Pacific Salmon Investi-
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gations. While the results of the use of
hormones for altering the pattern of scale
growth were not as clearly defined as
desired, certain indications were found
which, with further research, could lead to
productive results. Under 16 hours of con-
trolled light fish grew better on the same
amount of food than those under only & hours
of light, or under continuous light, There
were indications that the light was linked
to growth through the activity of the thy-
roid or pituitary glands.

Studies were begun to discover the
serological properties which are charac-
teristics of species and geographic races
of salmon and other fishes. When antisera,
which detect these properties, have been
prepared in sufficient quantity and of suf-
ficient potency they can be used in studies
of speciation, migration and of management
problems concerning races. Incidental to
this study one can expect to accumulate
knowledge concerning the immune process in
fish,

Considerable progress was made in
various lines of this research., In immuni-
zation experiments which were conducted on
rainbow trout at Hagerman, Idaho, it was
demonstrated that salmonids, like other
animals, possess considerable antigenic
diversity, One antiserum, made by injecting
the blood of one trout into another, was
shown to be capable of distinguishing five
different antigenic types of individuals,
Antisera of similar specifidty have been
prepared successfully in several other trout.
Through use of this technique, preliminary
evidence has been obtained for the existence
of blood types in sablefish and Pacific cod
at the Deception Pass Marine Research Sta-
tion.

The major part of the experimental
work on a study of species differences in
the serum proteins of salmonids has been
completed, This study utilizes the tech-
nique of double diffusion in agar. The
same technique has been applied at the indi-
vidual and racial level to red salmon., PRive
antigenic variations between samples from
idivi dual red salmon have been detected.

All of these appear to vary significantly
between areas in their frequency of occur-
rence.

In a collaborative investigation,
significant serological differences were



s
s}

Y g

FOR TESTING IN SALMON SEROLOGICAL STUDIES.

PREPARAT ION OF BLOOD SAMPLES
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AN AGAR DIFFUSION DISC USED
THE CONTAINER
SALMON,

demonstrated between populations of red
Salmon with a natural antibody found in pig
Serum, This system has been studied fur-
ther ang used to demonstrate blood types of
Chum salmon and in Pacific herring.

The use of rainbow trout and sablefish

38 antibody producers has supplied new evi-
®Nce concerning the immune process in
ishes. The sablefish, while held at tem-
Peratures not exceeding 5° C., have produced
SOme of the most potent antisera that the
aCific Salmon Investigations has obtained.

is process, while extremely slow, requir-
Rg months rather than weeks, indicates that

€ conventional immune response must be of
COnsiderable importance in the survival of
Uch cold water species.

IN THE SEROLOGICAL STUD!ES,
IN THE CENTER ARE USED
THIS SHOWS THE REACTION OF SPECIFIC ANTISERA

IN DETERMINING THE DIFFERENCES
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THE LINES FORMED AROUND
{N RACES OF
IN SAMPLES FROM SEVERAL AREAS

King crabs are another fishery
resource of high economic importance to the
United States and Japan. The bulk of the
Japanese-American fishery occurs in Bristol
Bay and the Aleutian Islands. Determination
of whether joint Japanese-American conser-
vation measures are needed in the eastern
Bering Sea fishery has been approached in
several directions. The research on king
crab has progressed at an increased rate
during the last year.

Continuing the plan of systematically
sampling and tagging crabs in the Bering Sea,
the Pacific Salmon Investigations chartered
a vessel again for 1957, Equipped with
otter trawls, beam trawls, oceanographic
equipment and live tanks, the vessel Mitkof



departed Seattle, Washington on May 6, 1957
and proceeded to the Bering Sea, where

small crabs were caught and sample trawls at
predesignated stations are being made. A
method of computing the numbers of commer-
cial size male crabs by these sample trawls
throughout the area is being refined and
shows promise of providing a minimum popu-
lation estimate.

Crabs caught in the sampling and
tagging efforts have been measured to fol-
low the changes in size frequency. This
will not only help to better understand the
need for conservation measures but may also
show rates of growth through the progression
of dominant size classes.

During the tagging efforts aboard a
chartered vessel in the late summer of 1956,
4,063 male crabs were tagged. This added
to 2,458 crabs tagged in previous years
made a total of 6,521 male crabs tagged and
released by this investigation. The re-~
covery of 422 tags has provided valuable
information on migrations, distributions
and fishing rates. At least 20 crabs had
shown growth, Plans have been made to tag
and release 30,000 crabs during the 1957
cruise,

Oceanographic observations have also
been recorded on these cruises., There are
indications that temperatures may influence
the distribution of king crabs in the Bering
Sea. Areas with near zero degrees centigrade
bottom temperatures contained fewer crabs
than adjacent areas where the temperature
was slightly higher in the summer of 1956.
Information was callected during June 1957
to determine the water movement and may pro-~
vide indices to the movements of king crab
larvae which are believed to be carried by
currents.

Observations were made on the moulting
and the size increase at moulting of female
crabs in the Pavlof Bay area. Crabs in live
boxes cast off their old shell by retracting
through a break in the membrane adjacent to
the first abdominal segment. The carapace,
abdominal plates, gills, mouth parts, and
parts of the eye, antenna and stomach were
cast off intact. The average growth exhib-
ited by the female crabs under live box
condition was 4.0 mm, in carapace length,
Because meat content is related to moulting,
observations were made on the relation of

various body parts to the total weight., It
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was determined that the meat from the merus
of the right third walking leg might be used
to test the meat content of various size
crabs. A report on this study has been pré”
pared.

A bibliography on the king crab is
being prepared.

Complete log records of the United
States king crab fleet's operations and the
Japanese catch and effort data in the Beriné
Sea from 1953 through 1956 have been assem”
bled. Gross examination shows no decline
of fishing success during these years.

SHELLFISH LABORATORIES

I. WOODS HOLE SHELLFISH LABORATORY

Paul S. Galtsoff
Woods Hole, Massachusetts

Manual on Biology and Cultivation
of American Oysters

Preparation of the manual on oyster
biology proceeded satisfactorily. About
half of the part of the manuscript dealiné
with the structure and the functions of th€
oyster body was completed, including illus”
trations and a bibliography. A portion ©
the section dealing with ecology was preé-
pared during the preceding fiscal year.
chapter on the nerve system and embryology
remains to be written,

In connection with the studies of th¢
structure of the oyster shell, a distinct
difference was found in the organic matriX
of the prismatic and lamellar layers of *
shell, Both components consist of conchi®”
lin, but the staining reaction of the two
parts is different, indicating differencé
in chemical composition. Conchiolin of 1
prismatic layer secreted by the mantle
groove is stained red with triple Mallory
stain while the conchiolin secreted by the
outer surfaces of the mantle is deep blu€-

The attachment of muscles to the o
shell presented another interesting proble
A study of the sections made across the
decalcified shells and the muscle showed,
that the muscle fibers are not anchored *
the shell substance but are cemented to *
by a thin layer of organic compound abou®



two microns in thickness. Assuming that
collagen secreted by special cells found

at the tips of the muscle fibers is involved
in gluing the muscles to the shells appeared
reasonable. This suggestion was confirmed
by experiments in which minute amounts of
collagenase, an enzyme digesting collagen,
dissolved in a buffer solution of pH 8.2 was
injected into the muscles of live oysters

or when pieces of shells with the muscles
Were immersed in this solution. In all cases
there was a complete separation of the
adductors from the shell. Muscles treated
with trypsin remained unaffected.

In contrast to the adductor muscles,
the muscles involved in the movements of
oyster gills are not cemented to the gill
skeleton but form root-like processes which
are embedded in the chitinous gill rods.

The distribution of these muscles was studied
in detail and the mode of their operation
was deduced from an histological examipation
of numerous preparations.

A study of the function of the ciliary
apparatus of the gills showed that the lat-
eral cilia which surround the gill openings
(ostia) are capable of rejecting particles
of relatively large size by throwing them
back to the surface of the gill. The pre-
Vailing view of oyster biologists has been
that this type of sorting is accomplished
exclusively by the latero-frontal cilia.

bservations on live oysters in which the
8ills of one shell were exposed to view
Showed that this is incorrect. The opera-
tion of the lateral cilia was recorded by
the artist in a series of drawings made
from living material.

A system of ciliary currents along

the surfaces of the mantles was studied by
Using phosphorescent powders and colloidal
Carbon and by tracing the path of the par-
ticles inside the shell cavity. Minor
Corrections were made in the existing descrip-
ions of the currents and of the location

°f "discharge areas" at which the particles
Collected by the gills and found unsuitable
3 food are rejected.

Raft Culture of Oysters

The purpose of this study was to
determine the suitability of the raft cul-
‘Ure of oysters to the conditions prevailing
n Cape Cod. Studies made at Oyster River,
Matham, consisted in recording the rate of
8Towth and the natural mortality of oysters
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kept above sea bottom and in determining
the principal ecological factors affecting
them.

The raft was constructed by using two
25-foot painted cedar logs with 5-foot long
pieces of galvanized telephone wire attached
by staples. -Shells with 1956 set attached
to them were strung on wires; each shell was
separated by a piece of plastic tubing five
inches long. The logs, held together by
metal crossbars, were moored by two anchors,
Two logs were completed by the fall of 1956
and two more are being added this year.

The logs were anchored in the Oyster
River until the first threats of river
freezing appeared. On December 5, 1956 they
were moved into Oyster Pond and remained
there until April 1, 1957, when they were
returned to their old mooring in the river.
An examination of the shells in April found
little mortality., Only two strings with
shells were lost.

In the spring the shells became heavily
fouled., Samples of fouling organisms were
periodically preserved, oyster stomachs
examined and plankton hauls taken to deter-
mine the source of the oysters' food. Foul-
ing film comprised several varieties of
algae, Bryozoans, Obelia, tube worms, mus-
sels, barnacles, detritus and many bottom
diatoms including Navicula, Lycmophora,
Thalassiothrix and Gyrosigma, some of which
were found in the stomachs of the oysters.

The temperature at the Oyster River
ranged from 23.2° C. on June 17, 1956 to
4,4° C. on December 5. The salinity ranged
from 31,06 to 32.68; pH from 7.9 to 8.2 and
05 from 8.00 to 8,84 p.p.m,

Measurements of small oysters grown
on the raft were compared with those of
oysters kept in trays at Woods Hole, Massa-
chusetts, and with those left on the bottom
in their places of origin. On October 11,
1956 the median length of the Oyster River
oysters was 10 mm.; on April 12, 1957 it
had not changed; on May 6 it was 12 mm, and
on June 27 it was 15 mm. Youngoysters taken
the Weweantic River and placed in trays at
Woods Hole grew from a median length of 3
mm, on September 10, 1956 to 9 mm, by the
end of the year; on June 19, 1957 the median
length was 9 mm. The Wareham River set,
also placed in trays at Woods Hole, grew
from a median length of 8,00 on September 19,
1956 to 12 mm., by the end of the year; on



June 28, 1957 the median length was 13 mm,

Oysters remaining in the Weweantic
River at the end of 1956 were 2 mm, smaller
than oysters from the same set growing at
Woods Hole. Since these oysters are killed
by winter icing, the measurements cannot be
continued,

The median length of Wareham River
oysters at the end of 1956 was 11 mm. This
is 1 mm. smaller than the same set growing
at Woods Hole and 1 mm. larger than the set
grown in the Oyster River. Because the
Wareham River set was sold early in the fall
of 1956 no further measurements could be
taken,

Whelk Trapping

On May 15, 1957 many whelks were prey-
ing on oysters in the Oyster River. The
local oyster growers and the Laboratory
attempted to control them by trapping. The
traps were constructed of wood 24' x 19' x
8", The sides were perpendicular to the
base while the ends were sloped. The trap
was covered with chicken wire and an 8-inch
diameter hole cut in the top. Four bricks
were used for weights. The traps were
placed in two rows on the beds.

The best bait was chopped horseshoe
crabs which were wired to the bottom of the
traps. They were changed every two or three
days if the green crabs had eaten much of
them.

The traps took 1,122 channel whelks
and 4 knobbed whelks. The knobbed whelk is
as abundant in the Oyster River as the chan-
nel whelk but apparently does not enter the
traps. From 5 to 12 traps were used for the
month of trapping. The rate of trapping per
24 hours decreased from 11,34 channel whelks
per trap at the beginning of the trapping
period to an average of 1.60 channel whelks
when the trapping was discontinued.

Twenty channel whelks were marked and
released on May 31, 1957; two were recap-~-
tured on June 5 and 13, about 200 feet down
the river from the point of release, and a
third whelk was recaptured on June 17 at the
place where it was first caught.

To obtain some idea of the destruction
of oysters caused by channel whelks, a live
car was placed on the Oyster River on June 3,
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1957 with 6 whelks, 12 oysters and 6 quahogSs-
By the end of the month the shells of 8
oysters had been broken and the meat eaten;
the 6 quahogs were alive although 1 quahog
showed signs of whelk chipping,

Of the 1,122 channel whelks found in
traps, 100 were sexed and measured; 43 wereé
males and 57 females. The sizes ranged from
7.3 to 18 cms, The females appeared to be
larger than the males; the largest male wa$
14,9 cm. long and 13 females exceeded that
length,

IT. MILFORD LABORATORY

Victor L. Loosanoff
Milford , Connecticut

Long Island Sound oyster4§pawnigg_222
setting.--Studies of various aspects of th€
spawning and setting of oysters in Long
Island Sound were continued during the sum™”
mer of 1956. Setting was the heaviest in
the Bridgeport area and relatively good if
the Milford area, but the New Haven sect%on
suffered another failure. As compared wil
previous years, since 1936, the setting ©
1956 ranked in ninth place. Observation§
indicated once more that no general predic”
tion of intensity of setting can be made £°F
the entire oyster-producing area of Long
Island Sound,

Data on the intensity of setting in
different years in the same areas of Long
Island Sound were analyzed. The conclusi®
were based on observations made during the
years 1944 through 1956 in ten representa”
tive areas of Long Island Sound, The re~
sults indicated that none of the stations
kept under observation during the 13-yeaf 1
period, and representing a relatively Sm?l
bottom area, consistently occupied a pos?”
tion among the five best producing stati?ni;
However, if larger areas, instead of indiV
dual stations, were compared, the Br idgepo*
area would show a definite tendency to b€
more productive than the others. There W&°
no evidence that the stations located at ¢
different depths, such as 10, 20 or 30 feer;
consistently produced better sets of oysté
than the stations at other depths.

At the mouths of certain rivers the
laboratory and the State of Connecticut
Department of Shellfisheries e$tablish€d
spawning beds which the laboratory will
observe,



The set of European oysters, Ostrea
Ldulis, secured under laboratory conditions,
Brew well last summer in Milford Harbor and
Survived a relatively cold winter without
appreciable mortality. Practically no mor-
tality was noted among the adult European
Oysters which are two years old or older.

. To continue its studies on hybridiza-
tion of different species of the genus Cras-
izstrea, the %aboratory obtained seYeral

ndred C. rhizophora from Puerto Rico. Good
Spawn has not been obtained from these oysters
which, in their behavior under Milford, Con-
Necticut conditions, greatly resemble, C.
Yirginica of the Gulf of Mexico with which
experiments have been made at Milford. The
laboratory will continue its studies on

Crossing them with C. rhizophora.

The laboratory cooperated with the
Oyster Institute of North America, Annapolis,
Maryland in developing methods for utilizing
Salt-water ponds for shelfish culture. Last
Summer several ponds on Martha's Vineyard
Were observed and the behavior of the oysters
;n these ponds, as well as changes in environ-

ent, was studied. Because the salinity in TESTING
the ponds fell during the summer to appZoxi— PLAST&$S$2;L§§;ORS TO SECURE
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CHANGING WATER CONTAINING OYSTER LARVAE IN EXPERIMENTS DEVISED TO DETERMINE
THE QUALITATIVE AND QUANTITATIVE REQUIREMENTS OF THESE LARVAE

mately 5.0 p.p.t., practically no set
occurred. This occurrence intensified the
laboratory's research on the effects of
different salinities upon larval and juve-
nile oysters and other mollusks. This sum-
mer the salinity in the Martha's Vineyard
ponds has been higher and an excellent set
of oysters has been reported there.

The laboratory has undertaken also a
study of the propagation of the European
oyster, Ostrea edulis, and the Japanese
clams, Tapes semidecussata, in an artificial
pond on Long Island. This study promises
interesting results which may help in manag-
ing salt-water ponds.

Plastic collectors are being tested
to collect oyster set. They may have exten-
sive use in pond culture.

Ecological requirements of lamelli-
branch larvae,--In continuing studies of the
factors that affect the survival and growth
of larval clams and oysters, many new forms
of microorganisms were evaluated as foods.
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Extensive studies of the effects of reduced
salinities on the development of fertilizé®
eggs into straight hinge larvae and the
growth of larvae after they reach the
straight hinge stage, were also conducted:
Among the new foods tried were 4 genera ©
diatoms, 1 dinoflagellate, 2 chrysophytess
4 green algae and 1 blue-green alga. Non¢
of these was a particularly good food.
Several diatoms were fair foods for clam
larvae, but not for oyster larvae. TheYy
were either poor foods or else the oyster
larvae did not utilize them,

During the past year, at times, th€
laboratory's mass cultures of good forms
such as Isochrysis galbana and Monoqggzéig
lutheri became toxic to oyster larvae.

Whether the toxin is produced by these

chrysomonads or by bacterial contaminants
was not determined.

The optimum salinity for developmen?
of egg and growth of straight hinge 1arvel
of the hard clam, Venus mercenaria, of pot
Sound is about 27.5 p.p.t. If the sali®




A BATTERY OF LARGE GLASS CONTAINERS IN WHICH
VARIOUS TYPES OF LARVAL FOOD ARE GROWN

is reduced to 20.0 p.p.t.,usually less
than 20 percent of the eggs develops.
None of the straight hinge larvae placed

RIPE OYSTERS INDIVIDUALLY MARKED AND EACH IN A SEPARATE

in a salinity of 15.0 p.p.t. reached CONTAINER READY TO BE INDUCED T0 SPAWN. 10" Phgy bn

y 3
Metamorphosis At 17.5 p.p.t. some grew MATERIAL FOR STUDIES ON PHYS!OLOGICAL AND ECOLOGICAL
to that stage but were weak and all died REQUIREMENTS OF OYSTER LARVAE

after setting. ..
The optimum salinity for growth of larvae

The optimum salinity and salinity of Long Island S9und oysters conditioned and

Tange for development of straight hinge spawned in a salinty of 26.0 to 27.0 p.p.t.

arvae from eggs of the American oyster, (normal environment) was near 17.5 p.p.t. Some
Crassostrea virginica, is governed by of the larvae of these oysters developed, how-
the salinity at which the parent oysters ever, in salinities as high as 35,0 p.p.t. and
develop gonads. The optimum salinity as low as 12.5 p.p.t.

for developing eggs of oysters from Long ' .

Sland Sound, Peconic Bay and Hodges Bar, Several chemicals used to kill mosquitoes

aryland, when parent oysters of these or other undesirable arthropods and which the
Areas are conditioned at . 27.0 p.p.t., is laboratory successfully used to control crabs
bEtween 20.0 and 22.5 p.p.t. When oys- which were destroying oysters and clams were
ters,such as those of Hodges Bar, were tested for their effect on the survival and
conditioned at 8.7 p.p.t. (their natural growth of oyster and clam larvae. The labora-
®nvironment), the optimum salinity for tory was interested'in the chemicals it found
deVeloping their eggs was between 10.0 useful for controlling copepods, which are

and 15,0 p.p.t. usually great competitors in natural ponds to
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BIOLOGIST, WORKING ON DEVELOPMENT OF METHODS

FOR CONTROL OF SHELLF(ISH ENEMIES, IS SELECT-

ING CHEMICALS TO BE USED IN THE NEXT
EXPERIMENT

oyster and clam larvae. The 1laboratory
found that it could kill these copepods by
using light concentrations of the chemicals
and wanted to ascertain what would happen
to molluscan larvae exposed to the same
concentrations,

Guthion, a potent toxic agent for
arthropods, was the least toxic of the group
tested on oyster larvae. A concentration
of 1:20,000,000 stimulated the growth of
larvae instead of harming them. Parathion,
another powerful toxin to arthropods, caused
no appreciable mortality of oyster larvae
even at a concentration of 1:1,000,000, but
slowed their growth. Dipterex only slightly
retarded the growth of oyster larvae at a
concentration of 1:1,000,000, but in lower
concentrations caused no apparent ill ef-
fects. Lindane caused no appreciable mor-
tality even at 1:1,000,000, the highest
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concentration tested, but slightly retarded
the growth of both oyster and clam larvae.

DDT was the most toxic of the sub-
stances tested. In concentrations of 1:
1,000,000 it killed oyster larvae within
few days and at a concentration of 1:
40,000,000 it seriously decreased the rate
of growth and mortality of larvae. This
finding may indicate that spraying with
DDT near areas where setting of oysters 15
taking place is undesirable.

a

Development of methods for growing
Juvenile clams and oysters.--Studies were
conducted to determine the effect of vari®
ecological factors, including temperature
salinity and foods upon the survival and
growth of juvenile clams. This informatio?
is needed in connection with planned mass
production of hatchery-bred clams and oys”
ters.

Winter mortality of juvenile clams:
Venus mercenaria, was investigated, Youné
clams kept in water of Milford Harbor fro®
October until May survived, regardless ©
how often they were disturbed or whether
they were permitted to dig in., However,
clams that were kept in the laboratory 2
water temperature ranging between 15.0° 2
20.0° C. and the transferred directly to
cold water of Milford Harbor during the oP
winter were apparently affected by this,sh
change and began to die later on, someti™®
several months after the change, For exa™
36 percent of the clams transferred to ¢°
water in December died in May, A1l of th¢
clams transferred tq water of a temperatt
about 1.5° C. in mid-winter died in May.

thé

nd
the

In a recent series of experiments 2"
early set of V. mercenaria was grown at a5
different constant temperatures. The Clare
kept below 10.0° C. died. At 10.0° C. th®
was practically no growth. Some growth
occurred at 15.0° C., while the clams 8%€
well at 20.0°, 25.0° and 30,0°C, Somewn?
larver V. mercenaria were kept at the Sa"
condition. Ten point zeroc degrees C. Wa%
again the minimum temperature at which
growth occurred, and the clams grew wel
between 15,0° and 20.0° C.

Juvenile V.mercenaria kept at a ‘€™
perature of 20.0° C. or higher for nine S
months grew continuously. Apparently c}?
can grow continuously if conditions ar€ .
favorable; this knowledge is important fo



BIOLOGIST WORKING IN CLAM HATCHERY

Matchery practice.

Similar expermments were conducted on
Tecently set oysters. They all died when
the temperature was below 10.0° C. and at
this temperature only 7 percent survived
for three months.

““Over 20 species of microorganisms,
Brown in mass cultures, were tried in study-
ing the food requirements of juvenile clams
and oysters. Three species of cryptomonads
Were the best foods for juvenile clams and
Oysters. In relation to the other micro-
Organisms, however, the requirements of
Clams and oysters may differ.

Since many salt-water ponds that are
available for cultivation of mollusks are
°ften threatened by periods of low salinity,

earning more about survival and growth of
Clam and oyster larvae under different
salinity conditions was necessary.

The optimum salinity for the develop-~
Ment of eggs of Long Island Sound clams,
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V. mercenaria, was about 27.5 p.p.t. No
normal larvae developed at salinities of
17.5 p.p.t. or lower. The upper salinity
limit for development of clam eggs appeared
to be 35.0 p.p.t. and only an occasional
normal larva developed at this salinity.
Straight-hinged clam larvae grew reasonably
well at 17.5 p.p.t. and many reached meta-
morphosis, although the optimum salinity
for their growth appears to be at least
27.0 p.p.t. At 15.0 p.p.t. none of the
larvae reached metamorphosis, although some
lived for ten days or more and showed appre-
ciable growth. At 12.5 p.p.t. straight-
hinged clam larvae showed no growth and all
were dead by the eighth or tenth day.

The optimum salinity for the develop-
ment of eggs of the Long Island Sound
oyster, Crassostrea virginica, that had
developed gonads at salinities of 26.0 -
27.0 p.p.t., was found to be 22.5 p.p.t.,
although some normal larvae developed in
salinities as low as 12,5 p.p.t. and as
high as 35,0 p.p.t. The optimum salinity
for growth of larvae of all ages, however,




was 17.5 p.p.t., although older oyster
larvae grew well and set at salinities
ranging from 27.0 to 12.5 p.p.t. Growth
evenof older oyster larvae, at 10.0 p.p.t.
was considerably slower than at 12.5 p.p.t.

The salinity tolerance of eggs and
larvae of Maryland oysters, from low salin-
ity areas, did not differ from that of eggs
and larvae of Long Island Sound oysters
when both groups of parent oysters developed
gonads at 26,0 - 27.0 p.p.t. However, when
these Maryland oysters developed gonads in
their normal habitat (salinity 8.74 p.p.t.
at the time of collection) and were spawned
at salinities of 7.5 p.p.t., 10.0 p.p.t. or
15.0 p.p.t., the eggs developed into normal
straight-hinged larvae at 10.0 p.p.t. and
larvae, normal in shape and only slightly
smaller in size, developed at 7.5 p.p.t.
Even at 5.0 p.p.t. many of the eggs devel-
oped into early shelled stages before they
died. The upper salinity limit for devel-
opment of normal larvae from these low
salinity eggs was also appreciably lower
than for eggs from comparable oysters that
developed gonads at 26.0 - 27.0 p.p.t.

None of the low salinity eggs developed into
normal larvae at salinities above 22.5 p.p.t.

Whether eggs from Long Island Sound
oysters or from oysters in other high salin-
ity areas would behave in the same manner
if conditioned and spawned at similarly low
salinities is not known. The optimum
salinity for subsequent growth of larvae
developing to straight-hinged stages at
these low salinities needs to be known.
Their requirements may not differ appre-
ciably from larvae developing at higher
salinities or they may grow so slowly at
the low salinities that they will tolerate
that they will have little probability of
reaching metamorphosis.

Progress was made in developing
hatchery practices for cultivating clams
and oysters. A method, for example, was
found to reduce the mortality of recently
set clams which has been high in the past.
Ultra-violet-treated water is widely used
to prevent diseases. Infection of the lab-
oratory's clam cultures or populations of
recently set clams with the fungus Sirolpi~
dium is prevented by raising the water tem-
perature to 33.0° C, for two or three days.

A fungus, believed to be Labyrinthula,
was observed in larval cultures o V.

30

mercenaria and 0. edulis.

mercenaria and V., campechiensis were spawr€

Some of the
latter were affected with Sirolpidium.

Japanese clams, Tapes semidecussata,
were conditioned and spawned and their .
larvae successfully reared to metamorphosiS:
Photographs and length-width measurements
of the larval stages of this clam were made
and distributed to interested biologists.
If planted at mean low water in Milford Har~”
bor, these clams survive the winter with
almost no mortality.

Clams resulting from the cross of Y- d
and their larvae raised to metamorphosis.
Several hundred of these F, generations ar¢
being raised in the laboratory,

III. BEAUFORT LABORATORY
(FISHERY RADIOBIOLOGICAL INVESTIGATIONS)

Walter A, Chipman
Beaufort, North Carolina

The studies of the past year at the
Fishery Radiobiological Laboratory continu€
those of previous years on quantitative
measurements of accumulated radioactivity
from the uptake of fission products by f3#
ery organisms, the nature of the radio-
activity accumulated in the various parts
of the body,and the levels that could be
passed to man through the use of seafoods
or marine products. Preparation has beel
made for including in the investigations
studies of the accumulation of radioactiV
in those organs and tissues of fishery
organisms that are critical to the well~
being and the reproduction of these forms
and an assessment of the damaging actio® 5.
from radiation from the contained materi?
Some studies of the biology of plankton
shellfish through the use of radioisotop€®
as tracers have been undertaken also. ned
present studies along this line are concer
with the planktonic food organisms and_the
feeding mechanisms of molluscan shellfisP:

ity

FPission Product Mixtures

The fission product mixture used i%
the tests during the year was of such &P
age that the greater part of the total pe
radioactivity resulted from isotopes of *
rare earth elements present, particulafly
to cerium-144 and its radiocactive daughfees,
product, praseodymium-144, Other nuclliwy
including niobium-95, zirconium-95, yttr



91, strotium-89, strontium-90, yttrium-90,
cesium-137 and barium-137, made significant
contributions. Because of hydration and
formation of insoluble particles following
the addition of the mixture to sea water

the greater part of the radioactivity slowly
settled out or was adsorbed to surfaces,

Observations on a number of species

of marine phytoplankton which were exposed
to the fission product mixture and added to
the culture medium showed a rapid and great
uptake of radioactivity. A great part of
this took place within the first 15 minutes,
but uptake continued with time. The accumu-
lation of radioactivity by the cells was
apparently chiefly related to surface area.
From determining the maximum energy of the

particles, Cel44 was found to be the major
contributor to the total radioactivity asso-
ciated with the planktonic algae, including
that of its radioactive daughter, Prl44. A
more rapid decay rate of the activity of the
cells re: ved soon after adding the mixture
indicated a rapid uptake of isotopes of
short half life, such as Y90, and a slower
Uptake of those of long half life.

A rapid uptake of radioactivity from
the mixed fission products was likewise
observed for marine copepods and other
srazers on phytoplankton, However, uptake
was less marked than that by phytoplankton
Cells which were of smaller size. Aside
from surface adsorption there seemed to be
an uptake from filtration of radioactive
Particles. This soon leveled off when the
losses from excretion equaled the uptake
from feeding.

The uptake and the accumulation of
Tadioactivity by marine fishes, croakers
(Eigggggggg undulatus), bluefish (Pomatomus
Saltatrix) and a dolphin (Coryphaena hippur-
Us), were observed following immersion of
the fish in sea water to which had been
added the mixture or in tests in which the
Material was administered orally. Only
Single doses were given orally while immer-
Sion allowed continuous exposure. With
continuous exposure the fish increased "in
Tadioactivity with time, and there was evi-
dence that the fish would become considerably
More radiocactive than the water, The uptake
of radioactivity by the fish was rapid at

irst, with large concentrations appearing
farly in the internal organs on a unit of
Weight basis. Bone gradually increased in
ts radioactivity and accounted for the
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greater part of the radioactivity of the
fish minus the internal organs. The muscle
tissues slowly took up small amounts of the
radioactivity. The internal organs had a
major part of their radioactivity resulting
from Cel44 and Prl44 while these were not
present in the bone samples in an amount to
be apparent in the analyses. There was a
great accumulation of sr89 and Sr% by bone.
From oral administration only small amounts
of the radioactivity given were ever present
in the fish tissues. Of the small amount
present, 96 percent was accounted for in
the muscle, bone and integument, chiefly in
the bone and integument. On a unit of
weight basis, however, liver showed the
greatest accumulation., There was accumula-
tion also in some other internal organs.
Muscle tissues were always low in radio-
activity. There was a slow rate of decay
of the radioisotopes of the liver and almost
no change in those of the muscle tissues,
This probably resulted from an accumulation
of the long lived cs137 Bone samples, and
those of the integument, increased in radio-
activity for approximately 20 days or more
and then a slow rate of loss occurred. This
indicates an accumulation of Sr90 in those
tissues and a slow formation of its radio-
active daughter, Y90, $r89 was present and
its decay resulted in a slow loss of radio-
activity of the bone following the 23rd
day. The accumulation of these specific
isotopes by different tissues was confirmed
in tests of the aluminum absorption of their
particles.

Cerium-144

The greatest percentage of the total
radioactivity of fission product mixtures
at the age of a year results from rare earth
nuclides, Consequently, one of these,
Cel44, was obtained and its metabolism by
marine fisheries organisms investigated.

Adding cerous nitrate in acid solu~-
tion to sea water resulted in the formation
of particles. The cel44 of fission product
origin added to sea water probably exists
in the water in the form of particles, This
fact has considerable bearing on its uptake
by marine organisms.

Adding Cel44 to the medium in which
phytoplankton was suspended resulted in a
rapid initial wtake by the cells., Tests
demonstrated that this resulted primarily
from adsorption of the celd4 particles to



the cell surface. When the nuclide was
present chiefly in an ionic state, uptake
by the cells was much less marked. Plank-
tonic algae grown in the presence of Celd4
had a high radioactivity. Repeated resus-
pension of the cells in non-radicactive sea
water removed a small percentage of the
Cel44 each time.

Scallops immersed in sea water to
which had been added Cel?*4 immediately
became radioactive and continued to become
more radioactive during the observation
time of 20 days. At that time their shells
and bodies, excepting the adductor muscles,
were at least 100 times more radioactive
per gram than the surrounding sea water.
Undoubtedly a great part of the uptake re~
sulted from adsorption to the surfaces of
the scallop, but uptake from filtration was
probably important.

Blue crabs, Callinectes sapidus, were
given cel44 by mouth. Only a small amount
of the nuclide passed through the walls of
the digestive tract into the blood and the
tissues. There was marked accumulation in
the hepatopancreas, or liver, and some in
other internal organs. No accumulation in
the shell was observed.

Zinc-65

Previous reports have described the
uptake and the tissue distribution of Zn65
accumulated by marine fishes and other
marine organisms. This nuclide, although
not a fission product, was found in marine
fishes following the testing of nuclear
weapons in the Pacific Ocean and accounted
for a large percenptage of the total radio-
activity of their tissues,

Further observations on the uptake
and the loss of accumulated Zn®5 by marine
fishes demonstrated that high concentrations
of orally administered zinc appeared early
in the blood with a rapid uptake by the
kidney and the spleen. There was consider~
able accumulation by the liver. A rapid
loss took place from the internal organs
accompanied by a slow and long-continued
accumulation in the bone and the muscle
tissues. When fish that had accumulated
Znb5 from exposure to the nuclide in sea
water were returned to flowing sea water,
there was initially a marked loss of the
zn%5, Only about 20 percent remained after
one day. However, 7 to 8 percent of that
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originally present was retained with almost
no decrease in amount throughout the 25 day$
of observation.

Gill Efficiency of Clams

The efficiency of filtration of phyto~
plankton cells from sea water by clams was
observed and measured in experiments in
which two species of planktonic algae were
present in the suspension, each labeled wit
a different radioisotope. It was, thus,
possible to measure the removal of each
species over a period of time from the same
water passed through the filtering mechanis™s
of the clams,

Although there were a few observatioP$
indicating that clams could exercise some
selectivity in filtration of different spé”
cies of phytoplankton cells from the waterl:
in most instances the clams removed the
cells of each of the two species in the sa™
ratio as they were present in the suspensio®
The cells of small species, however, were
removed less efficiently than those of 2
larger species present and seemed to bring
about an increased secretion of mucus.
Species of dinoflagellates affected the
clams and appeared to interfer with their
water filtration activities,.

IV. PENSACOLA LABORATORY
(GULF OYSTER INVESTIGATIONS)

Philip A, Butler
Pensacola, Florida

Oysters

All phases of the oyster's life are€
studied to aid the commercial oyster fish~
eries. Research on the biology of local
oysters continues to demonstrate that theYy .
are more responsive to fluctuations in waté
temperature than to other measurable hydro”
graphic features (assuming the overall
suitability of the environment). The tim
of the 1957 reproductive cycle and the
setting intensity have duplicated the pat” s
tern of 1956 when similar water temperat“rerl
occurred, although salinity levels have
decidedly lower this year. Setting staftg/
early in March, attaining a peak of 30/¢™
week in mid-May and practically stopped at
the end of June when water temperatures
reached 85 - 95° F,

ing



During the past year the experimental
results, as well as the hydrographic data
collected routinely, indicate the importance
of water stratification to the biota even
in areas where the total water depth is less
than three meters. In both open bays, as at
Apalachicola, and in constricted sounds, as
the laboratory, salinities at the bottom
may be five to seven times those at the sur-
face at different tidal stages. On occa-
Sion, at a depth of two meters, differences
of 13 parts per thousand were found. Dif-
ferences in water temperatures while not as
8reat may equally indicate environmental
differences in the same general area. Such
conditions resulted this year in the total
mortality of some of the laboratory's experi-
Mental clam plantings and trays of scallops
while vertical plantings only a few feet
away were undamaged. Additional evidence
along this line of inquiry appears in the
laboratory's analyses of plankton pigments
Which indicate enormous differences in chlo-
rophyl concentrations from top to bottom
and perhaps, therefore, in shellfish food
as well. The laboratory's data also indi-
Cate the extent to which wind may modify
this marine environment.

Oyster Drills

Researchers observed that a majority
of young drills first differentiate as males
and during their first winter some of these
Teverse their sex to become females so that
2 1:1 gsex ratio is established among mature
Snails, The laboratory sexed 300 mature
Snails and isolated the males and the females

N separate trays. Six months later the
Snails were examined again and one male was
ound in the female tray. Seven months
later they were re-examined and the male
8roup was still all male whereas there was
2 second male in the female tray which was
Also filled with capsules of fertile eggs.
ince there were no reversals in the male
Yay and only two apparent reversals in the
femaye tray, which might have been contami-
Nants from drifting seaweed, sex reversal
®ither does not occur in mature Thais or to
2“°h a slight degrée that it is insignifi-
ant

Conclusive experiments with the chemi-
3l metaldehyde, widely used as a control
Or terrestial snails, showed that it is
3electively toxic to marine snails as well.
Uch high concentrations of it are required
d its insolubility in water make using
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this chemical impracticable for drill
control in oyster producing areas. Final
experiments with hermit crabs show that
they are of relatively little, if any,
importance as natural predators of the drill
in this area,

CLAM AND CHESAPEAKE OYSTER
INVESTIGATIONS

John B. Glude
Annapolis, Maryland

SOFT CLAMS

Sagadahoc Bay.--Size and growth data
were obtained from all clams taken from the
1956 census. Statistical determinations
from the material will be completed in the
fall of 1957.

The population is still decreasing;
its rate of decline was so low that the
census was omitted in 1957 and will be taken
biennially in the future until a definite
change in the population is indicated, where-
upon annual studies will be resumed.

Interviews withdiggers were continued
to maintain the records of the volume of
clams being removed from the bay. During
1056 the average catch dropped to a half
bushel per man per tide. In the spring,
however, because of the survival of a set
in the outer part of the bay where crab
predation is low the catch increased to one
bushel per man per tide.

Monthly sediment samples were con-
tinued for the purpose of judging the suc~-
cess of setting in the bay. While the 1955
set was almost completely destroyed, a fair
1956 set occurred in the near shore areas.
This set survived in numbers up to 60 clams
per square foot up to the early spring of
1057, When the clams in this set exceeded
the 5 mm. size, green crabs destroyed many
of them,

Sam's Cove.--Monthly sampling at five
stations within this area, which a low
fence protected from crab predation, indi-
cated a good survival of the 1955 year
class. An excellent set occurred in 1956
and has survived well. The average concen-
tration for the area in the spring of 1957
was about 100 clams per square foot and the
highest concentration sampled was 324. Growth
rates slowed down, showing the influence of
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a greater than optimum concentration of
clams. The first of the 1957 set was found
during the last week in June 1957. These
clams ranged around .5 mm. in size.

Influence of Gemma on Mya set.--In
several instances it has been pointed out
that where the small bivalve Gemma gemma
occurs in numbers, the soft clam will not
be found, though the substrate may be suit-
able for its existence. In the spring of
1957 an experiment was started to test
whether this may result from direct compe-
tition between the two species.

Several plots of sand were secured
from Sagadahoc Bay, an area in which both
Gemma and Mya occur, and were placed in
Sam's Cove, an area of reliably heavy Mya
set. Half of these plots contained Gemma
and half only sterile sand.

Throughout the summer of 1957 weekly
samples will be taken in these test plots
to determine when and in what numbers young
soft clams appear and to follow the inter-
action between the two species.

In addition to the above, a large area
of Sagadahoc Bay was sterilized by steaming
the flats at low tide with a common weed
burner as a portable heat source.. The area
is probably large enough to prevent new )
gsﬂﬂg from being washed into the plot. Since
this organism, unlike the soft clam, does
not have a planktonic stage, any repopula-
tion will occur only from the migration of
young Gemma. If a set of soft clams also
appears in this area, then a natural segment
of the flats will be available for studying
the relationships of the two organisms,

GREEN CRABS

Tagging,~--0f 250 crabs, Carcinides
Maenas,, tagged with internmal tags and held

over winter in a submerged cage at Wickford
Harbor, only 62 survived to spring. Up to
June 28, 12 of the 62 died without.shedding,
6 shed and 4 of these retained their tags.
Because of the high winter mortality and the
Slow rate of shedding no conclusions can be
drawn as to whether crabs bearing tags for
long periods of time retain internal tags
through molting. On May 2, 1957, 59 crabs
Were tagged and 12 of them shed. Ten of them
lived through the molt, 8 retained their
tags while 2 did not. Another group of 34
Crabs tagged on June 12, 1957 yielded ©
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shedders of which 3 retained their tags and
6 did not, Placing each crab in a plastic
berry box reduced the numbers of crabs that
can be held in the cage. However, the berry
boxes eliminate canabalism.

Field studies.--The results of a 2-year
study of the stomach contents of green crabs
obtained from Plum Island Sound, Massachu-
setts, was presented at the March staff meet-
ing. Emphasis was placed on the techniques
employed in obtaining samples of the crabs.
The largest numbers of crabs and the largest
numbers having food in their stomachs were
found in the early morning collections rather
than in the late afternoon collections; this
fact indicated that the crabs are primarily
nocturnal animals, Data were presented to
show that the crabs probably select small
foods rather than large ones. Thus, new
sets of Myaand Mytilus may be preyed upon
heavily, especially since large numbers of
small animals, such as Gemma and Hydrobia,
appeared so frequently in the crabs' stom-
achs. A difference because of size or sex
could not be demonstrated in the food habits
of crabs which were over 30 mm.

Laboratory studies.~--During the sum-
mer of 1956 approximately 250 green crabs
were starved in the laboratory and then
selectively fed over given time periods.
Data were collected on sex differences in
regard to food taken, volume of food mate-
rial consumed and certain food preferences,
Observations were made on rates of shell
regurgitation and defecation in an effort
to measure digestion rate. Some of the more
important conclusions drawn from the study
are:

1. No appreciable difference in food
habits obtained between sexes of similar
size.

2. Shell is both regurgiated and
given off with the faeces.

3. Stomach analysis is not a com-
pletely accurate quantitative measure of
food consumption since in the majority of
the cases the umbones of bivalves are not
taken in,

4, No cases were noted where a clam
over 4 mm. in length was consumed whole,

5, Crabs under 20 mm. can crush
softshell clams of a length equal to their



S00'FT. GREEN CRAB CONTROL FENCE ENCLOSING ABOUT FOUR ACRES
OF CLAM FLATS [N SAM'S COVE, BREMEN, MAINE

carapace width. Crabs over 20 mm. can open
clams of increasingly greater length than
their carapace width and the largest crabs,
around 70 and 80 mm., can handle any large
softshell clam,

6. Starved crabs consume the entire
soft parts of the clams, Crabs supplied
with an excessive number of clams consume
anly the visceral mass and, after having
consumed their limit, break up all remain-
ing clams.

7. Crabs show little preference
among small Mya, Mytilus and Macoma; how-
ever, when the clams are large, the crabs
usually prefer Mya.

Tolerance to low temperatures.--
Under laboratory conditions simulating the
exposed intertidal zone green crabs were
exposed for various periods of time up to
12 hours to temperatures of approximately
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10° F., 0° F, and -10° F. Within this
temperature range in nature, the majority
of crabs wintering in the intertidal zoné€
would be safe, Since most of these crabs
are buried in the sediments near the low
water mark, their location is exposed to
no more than twp or three hours of air
temperature. Although a high rate of mof~
tality occurred among crabs exposed for 2
long period of time at the lower tempera~
tures, good survival occurred among crab$s
exposed to even the lowest temperature
range for periods up to four hours.

During 1956 good evidence was accy”
mulated from ten localities in Maine and
two in Massachusetts which indicated either
heavy mortalities of green crabs during th
winter of 1955-1956 or reduced population®
in 1956 or both. In several of the cases
of definite winter mortalities the death’
apparently occurred during the extremelY
cold periods of late December and early



GREEN CRABS DEAD AFTER FEEDING UPON CHOPPED ALEn;VT&;
TREATED WITH LINDANE IN A CRAB CONTROL EXEERIM
UPPER LANDING CREEK, WELLS, MAIN

January, During the winter of 1956-1957,
hOWever, numerous field observations in
Central and eastern Maine during the coldest
Part of the winter failed to reveal any
Widespread crab mortalities. A few instances
of crab mortalities were reported during a
thaw following an extended period of heavy
icing, 1In the spring of 1957 several areas
formerly supporting fairly high crab popu-
lations had a considerably reduced popula-
tion, These areas too had extended periods
Of heavy icing during the winter. These
findings, together with the results of the
1aboratory experiments, indicate that low
temperatures alone cannot account for mass
Crab mortalities. Since oxygen is the only
Other environmental factor to which the
Breen crab is known to be sensitive, a study
Will be made of its oxygen requirements to
determine whether natural circumstances may
arise which lead to oxygen deficiencies.
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Control of green crab
predation.--The improved model
of anti-crab fence erected in
1956 kept the crabs from Sam's
Cove throughout the 1956 season.
Trap catches of crabs within
the fence remained relatively
low. A gradual increase in mean
size accompanying a gradual in-
crease in catch indicated that
the crabs being caught were
small ones which were growing
within the enclosed area. These
limited numbers were soon reduced
to a low level, however,

Using the Clam Investiga-
tions' basic anti-crab fence
design, the Maine Department of
Sea and Shore Fisheries, mostly
in cooperation with clam-produc-
ing towns, in 1956 installed
over 7,000 feet of fencing.

In late November, when
the crab activity had greatly
diminished, the fence was taken
down for the winter. The new
design, incorporating removable
panels of fencing, greatly fa-
cilitated the disassembly. The
fence was reassembled during
April and a trapping program is
again being carried out as a
check on crab concentrations
both inside and outside the
fenced areas.

Another method of controlling green
crabs is with Lindane (gamma isomer of ben-
zine hexachloride)., Expermments reported
in fiscal 1956 indicated that Lindane was
extremely toxic to green crabs in dilutions
as low as one part in 10 million parts of
water,

Two large-scale experiments were con-
ducted in the Upper Landing Creek and Popes
Creek systems in Wells, Maine during the
summer of 1956. Frozen alewives saturated
in a 20 percent commercial solution of
Lindane were used as bait and distributed
along the shoreline. Costs amounted to $21
per mile for materials and $22 per mile for
labor. Both experiments resulted in mass
mortalities of green crabs which brought
about temporary reductions in populations.
The trapping program indicated that the
catch fell from about 100 crabs per trap



per day before the operation to a maximum
of seven crabs per trap per day afterwards.
Green crabs remained in low numbers during
the remainder of 1956. However, preliminary
surveys in the spring of 1957 indicated that
the crabs had migrated back into the areas
and the population numbers seemed as high

as ever,

The temporary reduction occurred at a
critical time in the annual cycle of the
soft clam population when the crabs are
extremely active and when the small clams
are reaching a size readily available to
the crabs. The reduction was probably re-
sponsible for the good survival of a dense
1956 set of clams,

Annual estimate of greem crab abun-
dance.--The .trapping method consisted of
fishing three standard traps in each loca-
tion for two days during the first part of
each month for the period May through Octo-
ber. Fresh herring, a standard bait, was
used whenever possible. Trapping in Maine
was done with the cooperation of the Maine
Department of Sea and Shore Fisheries and
in Massachusetts with the Division of Marine
Fisheries and Town Shelifish Officers. The
following table shows the results of four
years of trapping:

Table 1,-~Mean catches of green crabs for comparable
periods-~catch per trap per day.

1953 1954 1955 1956

Maine:
Jonesport 300 153 235 332
Trenton 152 155 239 3
Southport 79 113 175 190

Kennebunk River 37 125 47

Massachusetts:
Plum Isiand Sound

Rhode Island:
Narragansett Marine Lab, Basin
Narrow River
Potter Pond

Connecticut:
Niantic River

215 129 238
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Predators of green crabs.--To test
the suggestion that populations of green
crabs may be checked within their natural
range by a heavy predation by fish, the
following studies are being conducted:

A beam trawl having a 6~-foot mouth
and a 12-foot bag was constructed to obtain
fish specimens from shallow water areas
south of Cape Cod, Rhode Island, inhabited
by green crabs. The stomach contents of
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eef
the fishes will be examined to see if %r
crabs are being preyed upon. Much of 0
sampling has been exploratory in nat“rzﬂ
the results of stomach analysis have bﬂﬂw
meager. Samples of fish have been oPY? " f
also by trawls from the deep water 3reno
Narragansett Bay but they have yielde® s
fishes having green crabs in their Sﬂuiﬂ
The beam trawl has been useful in 105”’a
green crabs in salt ponds about Nafraght
sett Bay. Large numbers have been Ca“nd
in Fox Hill Pond on Conanicut Island :o
others have been dredged from Charles
Pond.

”

ortn
The collection of fish in water®
of Cape Code, Maine was begun in J“ne;g
Various types of fishing gear are beieﬂ
employed near shore in areas where 8%°
crabs abound,

HARD CLAMS

Ry
Productivity in Greenwiqﬂ_Eilbﬁ;Eﬁ‘

Island.--Two biologists of the Cla® ££icf
gations continued on detail to the Oand 7
of River Basin Studies of the Fish i ﬂa
Wildlife Service during most of fisc%pﬂ%
for studies in connection with the Pﬂﬂto
hurricane control barriers. As a resf
these studies, the hard clam census 2110f
Greenwich Bay was expanded to cover wh“hy
upper Narragansett Bay. These dat? dyﬁﬂ
showed the present distribution and ¢t/
of hard clam stocks can be correlat® ne
the same data after construction ©
barriers.

y
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From April to November 1956,
bottom samples were taken. This n¥ i
included the annual census of GreemW p
In addition, 305 samples taken in 1aet
and early 1956 in the Providence RiV

Mount Hope Bay were used also.
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¥
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The total abundance of hard C:twiﬂ
Greenwich Bay declined to the lowe8' “fof
in seven years of study., The dens**’ 41
1956 was about 0.38 per square footé ey
though the total population decliné édft!
sublegal population slightly incré nfﬂw
the low point in 1953. This is iP o
to a steady decline in the legal P°
from the high point in 1953. The
cal distribution of hard clams if 7",
Bay remained in general the same
vious years, with the high and 10% 4.4
areas in approximately the same Poseyﬂ
The total catch of hard clams in

co



Bay, based on interview data, was the lowest
of any year since the study began. The
catch, however, in 1956 was made up of nearly
equal numbers of "necks' and "large'. This
is in contrast to all previous years when
the catch of "necks' was greater than the
catch of '"large'. This indicates a shift

in the fishery to concentrate on the accu-
mulated stock of "large” hard clams.

The other parts of upper Narragansett
Bay showed some contrasts with Greenwich
Bay, The density of hard clams in the Pro-
vidence River was much heavier than that of
any other locality. The density for 1956
Wag 1,56 per square foot; this is nearly
twice the next most dense area and nearly
20 times the least dense area. It is five
times the average density for upper Narra-
gansett Bay. Providence River showed the
heaviest densities for '"sublegals", '"necks”
and "large" size categories. The Hope '
Island area had the lowest hard clam densi-
ties. Greenwich Bay ranked close to the
average for upper Narragansett Bay %n all
Size categories. A series of distribution
diagrams were plotted for total all sizes,
"Sublegals", "necks" and '"large". These
Charts which show the areas of high and low
concentration in upper Narragansett Bay have
evoked much interest from the fishermen.

Clams planted in the subtidal area of
Greenwich Bay in the fall of 1955 to study
Browth were redug in the spring of 1957.

Of the 550 hard clams planted, 364 were re-
Covered by tonging and SCUBA diving. Growth
in the 20 months was 16.7 mm, The mean
Planted length was 42.8 mm., and the mean
Tecovered length 59.5 mm.

Seasonal abundance of Venus larvae
Ys. density of set-of-the-year in Wickford
Harbor,-—Under the right circumstances 2
felationship would probably exist between
he seasonal abundance of Venus larvae in
4 area and the abundance of set found in
e area at a later date. Perhaps the prime
Prerequisite for this relationship is t?at
the area have an independent or nearly inde-
Pendent water circulation. During fiscal
1957 the data for 1953-1956 from Wickford
arbor were analyzed for this relatio?ship.
Summary of these data is presented in
table 2. values are presented as index
Numberg showing relative abundance between
Years in each column. EBach column uses 1953
3 the base value for that column. The
table shows that while the relative abundance
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of both categories of larvae fluctuated
within a narrow range during the years under
consideration, the relative abundance of

set increased markedly each successive year.
Apparently there is no comnnection between
larval abundance and set density in Wickford
Harbor.

Table 2

Index numbers

Year Barly larvae Mature larvae Set
1953 1 1 1

1954 2.4 1.4 2.3
1955 2.1 2.1 6.7
1956 4.4 1.3 32.3

Spat_trap studies.--Results of pre-
vious attempts to collect hard clam seed
by using the "tidal spat-trap" showed that
the larvae could successfully be retained
and would settle out as spat. However, the
numbers collected were small and no greater
than could be found in the field. The quan-
tity of larvae bearing water filtered by
the trap appeared to control the abundance
of seed. Consequently, during the 1956
field season two dock traps were operated
in addition to the tidal trap, Pumps sup-
bPlied these spat traps with water, During
the spawning season an estimated 5,400
mature Venus larvae were introduced into
dock trap #1 and 3,500 into trap #2. Subse-
quent sampling of the resultant set yielded
24 seed per square foot in trap #1, 808 per
square foot in trap #2 and 4 per square foot
in the tidal trap. The number of larvae
taken into the tidal trap could not be esti-
mated but it was undoubtedly much lower than
that in either dock trap. A bronze pump
supplied dock trap #1. The toxicity of cop-
per may account for the low initial number
of seed in dock trap #1. Subsequent heavy
mortality in dock trap #2 reduced the abun-
dance of seed to 4 per square foot. No
explanation can be offered for this., The
fact remains that an initial set far exceed-
ing any hitherto obtained either in a spat
trap or in the field had been caught.

A pumping procedure similar to that
used in 1956 was set up for the 1957 season,
but two important differences must be men-
tioned: (1) the pumps were new, all-iron
construction, with plastic intake and dis-
charge lines and (2) because of a fortuitous
circumstance, many more mature Venus larvae
were available. Sampling for the resultant



set will be done in the near future.

Predation studies.-~Five experiments
were started and four completed during
fiscal 1957. Experiment #1 involved three
plantings of 900 hard clams each (less than
15 mm. in length). One planting was pro-
tected by a covering of 8 x 8 meshes to the
inch Saran plastic screen. Another planting
was made inside a wooden frame about 3-4"
high with a horizontal 3-4" flange directed
outward.
The experiment ran from May to the end of
October. The results follow: wunprotected,
31 percent survival; wooden frame plot, 62
percent survival; and Saran-covered plot,
82 percent survival,

Experiment #2 consisted of five plant-

ings of 1,000 Venus each (3-13 mm. in length).

These plantings were made within barriers
of the following material and design: (1)
straight wood sides, (2) straight wood sides
with a strip of copper around the top to
discourage entry of oyster drills, (3) alu-
minum flashing, (4) heavy gauge linoleum
and (5) ingot iron sheet metal. These bar-
riers stood off the bottom from 6-10". The
plantings were made in mid-~August and on
October 30 the ingot iron and the aluminum
flashing plots were dug up. The results
follow: ingot iron, 63 percent recovery,
and aluminum, 61 percent recovery. All
barriers were left in place to test their
durability to winter conditions. Icing was
severe in January and the linoleum barrier
was crushed almost to the level of the sub-
strate., The remaining barriers were either
torn loose or settled until their tops were
nearly level with the substrate by spring.
Because of the fate of these barriers no
attempt was made to redig the plots.

Experiment #3 consisted of a planting
of 405 hard clams (12-23 mm.) with no pro-
tection against predation. This planting
also was made in mid-August and dug up in
late October. Recovery was 84 percent. This
demonstrates the rapid decline in the preda-
tory efficiency of crabs in Wickford Harbor
when the length of the hard clam exceeds
about 15 mm.

Experiment #4 consisted of planting
600 Venus (13-24 mm.) with no protection to
test the degree of predation on this size
range of Venus. The planting was made on
November 6, 1956 and a few clams died during
the winter. As of June 30, 1957 no evidence
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The third planting was unprotected.

of crab or drill predation had been noted.
This planting will be dug up in the fall of
1957.

Another experiment was set up in mid-
June 1957 and is being maintained. It
utilizes a combination of mechanical and
chemical control methods, Thirteen plants
of 1,000 Venus each (4-11 mm.) have been
established. There are nine different trest”
ments and four replicates, The experiment
will be examined in the late fall of 1957.

Parasites of the green crab.--A survey
of the parasites of the green crab which
might be used to effect biological control
resulted in identifying two of its princip?
parasites. The first, a crustacean paras te
found in the egg masses, was identified bY

Professor Martin Johnson of La Jolla, cali~

fornia, as a harpacticoid copepod Chonio-
sphaera cancrorum n.g., n.sp., described bY

C. J. Connolly in 1929 from eggs of the fOC’
crab, Cancer amoenus, along the North Atlan
tic coast of America.

Harpacticoid nauplii abundant in the
haemocoele of apparently healthy crabs may
be a stage of this same species, but this
remains to be established.

The other principal parasite is & tre”
matode, Microphallus similis J#gerskidld o
(1900), which passes from snails of the S?n
Littorina to the green crab to gulls, Th3®
parasite has caused the death of crabs bY o
heavy infestations produced in the 1aborat®
but such conditions would probably mot oct"
in nature.

The survey of parasites showed no si6
nificant difference in degree of infectio?
of specimens taken north and south of Capewe
Cod. The most frequent and abundant pafa51
was the trematode mentioned above, It W25
found both north and south of the Cape 809
sometimes abundantly in crabs from Boothbaf
Harbor, Maine. Crabs are often heavily in
fected in nature but do not appear to b€
seriously harmed.

No protozoan parasites have been :$
that could serve as effective control 28€"

In the continuing study of the par?”
sites of Mya arenaria, an effort is beingia
made to work out the life cycle of Cerc2:
myae and the metacercariae from Sagadaho® th
Bay soft clams and to determine if they



May be stages of a single species of
Symnophallus. In the spring of 1957 speci-
Mens of adult trematodes were obtained

rom adult eider ducks from the vicinity of
B°0thbay Harbor, The eggs from these adult
Worms were fed to both Hiatella and Mya
wWhich will be examined later for the pre-
Sence of Cercaria, BRider duck eggs were
Obtained also in the spring of 1957 and the
Young ducks hatching from them were fed a
Sterile diet and then infected with meta-
Cercariae from Mya. These ducks will be
&xamined for adult worms; if found, they
Will be compared with those from ducks in
Nature and from ducks similarly raised and
fed metacercariae from Mytilus.

BOTTOM SURVEY

. This program, started in 1955, was
Intended to ascertain the typical common
auna living on and in the level areas of
he 1ocal sea bottoms., The information
Bathered in conjunction with cooperative
Projects in Burope and along the Atlantic
and Gulf coasts is expected to lead to the
delimitation of world-wide animal communi-
les in relation to marine ecological
‘onditjons. A manuscript dealing with the
More than 13,000 individual orgm isms iden-
ified from the 1955 samples is nearing
Completion. In 1956 samples were taken in
€ Boothbay Harbor area. All organisms

ave been removed from the samples and
Sorted,

CLAM INVESTIGATIONS IN THE
CHESAPEAKE AREA

Soft clam projects.--Two soft clam
®Xperiments were set up at Warehouse Creek
°n Bastern Bay during June 1957. In one
$Xperiment eighteen 1' x 2' x 7" deep trays

®re dug into the bottom, Six trays were

COvered with 1/4" asphaltum-painted galva-
2ed mesh screen, Six were uncovered and

© six trays a strip of 1/4" mesh screen

a5 attached around the outside edge which

Xtended three inches above the tray sur-
ace, The purpose of this strip was to

Prevent any movement of the clams from the
Tays and to eliminate displacement of clams
Y wave action.

a Into each tray 100 small clams, aver-
8ing apout 25 mm. in length, were intro-
cuced and all trays protected with screen
Overs until the clams buried themselves;

¢ covers were then removed from the
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unprotected trays and the trays with sides.
In the fall of 1957 a series of three trays
from each group will be removed and the
other series of nine trays will be removed
in the spring of 1958. The objective is to
measure the natural and predator mortality
and growth during various periods of the
year, The other experiment consists of two
8' x 8' plots, one of which was fenced with
1/2" mesh screen extending above high tide
level and the other unfenced. Clams were
introduced into each plot at a concentration
of 50 to the square foot. Protection was
placed around the unfenced plot until the
clams buried themselves. Sampling within
these two plots will be conducted in the
fall of 1957 and in 1958 to measure natural
and predator mortality and growth of clams.

Hard clam projects.-~Studies on the
hard clam are being conducted at Chinco-
teague Bay. Three experimental plots were
established: one plot in mud substrate at
Franklin City, one in the subtidal zone
(mud substrate) at Watts Bay and another omne
inshore in the intertidal zone in sand sub-
strate.

At Franklin City three groups of four
trays were buried in a random block design.
Bach tray contains two compartments with an
area of 1.5 square feet per compartment.

In a manner similar to the plot of trays set
cut at Warehouse Creek some of the compart-
ments were covered with screen, some uncov-
ered and others with screen sides, Clams
used in these plots were hatchery reared at
Milford, Comnecticut laboratory. Three sizes
of clams were planted in order to measure

the natural and predator mortality and growth
by size groups.

At Watts Bay similar plots were estab-
lished and, in addition, at each plot two
covered trays were set out with 1956 set
Rhode Island clams obtained from a natural
clam bed. Two covered trays of small and
medium size clams were also set up in which
a substrate different from that placed in the
plot was used. The objective of these ex-
periments is to measure the growth and the
natural mortality by substrate and to assess
the effect that substrate, tidal zone and
size of clams have on predation. The re-
seachers hope to determine if a singificant
difference exists between the natural mor-
tality and the growth of hatchery-reared and
naturally reared clams,



OYSTER DRILL CONTROL

Drill trapping in Chincoteague Bay.-~-
Trapping oyster drills with 40 oyster-bait-
filled wire bags per acre removed 100,000
of them from 12 acres in two years. The
removal of this number of drills was suffi-
cient to permit a survival of approximately
1,200 oyster set per bushel of planted
shells in 1956, This is a set of oysters
of commercial significance in this area.

In 1955, the first summer of these experi-
ments, the planted shells on this plot
failed to catch a commercial set of oysters
although shells in wire bags held off the
bottom caught oyster set at the rate of 500
or more spat per bushel of shells., An adja-
cent plot from which no drills were removed
showed no catch of oysters able to survive
the season of 1955 or that of 1956. 1In
fact, a line of oyster baited traps was set
out in 1956 to test the rate of destruction
of bait and in two weeks the drills killed
every oyster on this plot. Nevertheless,
drill trapping at the rate described, per-
sistently carried out even in the presence
of new oyster set, can remove enough oyster
drills to save many seed oysters which
would not have survived had no control been
exercised.

Another factor of significance devel-
oped from the trapping program. That was
the importance of the current recruitment
on the maintenance of the drill population,
Unless the young drills of the year are
killed or removed a trapping program is
only partly effective. The trapping results
of 1955 and 1956 illustrate this. Until
August 20, 1955 the catch records on each
of the three plots were quite alike but
after that time plots #2 and #3 began to
show increasing numbers of small Urosalpinx
in the catch while plot #1 lacked this size
group, Small drills constituted 63 percent
of the catch on plot #3, 51 percent on plot
#2 and 29 percent on plot #1,

There must be a reason for such a
difference in the rates of recruitment on
these plots. On plot #1 a definite step to
control the recruitment of young drills was
made by immersing all traps in a weak cop-
per sulfate bath at the peak of the drill
egg case deposition. No such step was taken
on plots #2 and #3 in 1955,

All plots in 1955 and 1956 were trap-
ped alike to remove juvenile and adult
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drills. The copper sulfate method of
killing drill embryos used on plot #1 ap-
peared, therefore, to be a significant
agent for reducing the number of drills
contributed by the current hatching. This
method of control was proposed and tested
by Engle in 1940 and reported to the oystérf
industry in 1941 and confirmed by Newcombe€
in Virginia in 1941-1942 and Lindsay and
McMillin in Washington in 1945, 1949 and
1950.

A plot trapped in 1955 yielded 8,000
Urosalpinx of which 3,200 were young of the
year caught in September. These young of
1955 were the bulk of the early 1956 seaso’
catch of drills. All traps were dipped i
a copper sulfate solution when the egg c25¢
appeared during the summer of 1956, At the€
end of the summer, when the current recruit”
ment of young drills would normally appeaf
in great numbers, only 665 were caught orf
only 20 percent of the number caught the
previous year when the plot was not treatéc

Another testing of the effectivenesS
of the copper sulfate dip to kill drill
embryos was performed on another plot in
1956, 1In 1955 a plot receiving the dip
treatment at the proper time yielded onlY
330 young drills or 7 percent of the total
catch. In 1956 this same plot was trapped
but not dipped and 1,834 young drills or
33 percent of the total catch was caught.
On a plot undipped in 1955 but dipped in
1956 the number of small drills dropped
from 41 percent to 5 percent from June t©
August,

From a plot trapped each year but not
dipped in copper sulfate either year the
catch of young drills was 1,150 for 1955 &%
and 1,200 for 1956 or 25.2 and 24,8 perce?
of the total catch. Trapping at the rate
used here appears to be able to hold a
population of drills at a certain level P
is not effective in reducing the numbers
unless the annual recruitment is reduced #
the same time. The combination of the tr2P
ping and the dipping of traps appears t© 1y
effective in controlling drills sufficient ¢
to produce seed oysters. Oyster seed caug
on planted shells on these plots will be
protected by these methods during 1957 t°
determine how many can be brought to har”
vesting size.

ut

Drill trapping in York River, Vif~

ginia.~--Oyster drills areabundant in lowe’




Chesapeake Bay and its tributaries whose
Salinities remain above 15 parts per thou-
Sand during most of the year. York River

1S one of these. Wormly Rock, a natural
Oyster bar in lower York River, was chosen
48 a place in which to perform trapping
€Xperiments because it had drills and sup-
Posedly the stable salinity needed to main-
tain a drill population. Two areas of three
acres each were reserved for the drill con-
trol experiments, One area was trapped with
93 oyster-baited traps per acre and the
Other was untrapped. Clean shell was plant-
ed on each area in the spring of 1955.

The results of these protection ex-
Periments follow:

1955. On planted shells 75 percent
of the total oyster set survived
the first season on the trapped
area while 53 percent survived on
the untrapped area; 5.9 percent
of spat were drilled on the untrap-

ped area.
1956, On the planted shell 80 percent

of the total oyster set survived

on the trapped area while 62 per-
cent survived on the untrapped area;
5.8 percent of the oyster spat were
drilled on the trapped area while
19.0 percent of the oyster spat were
drilled on the untrapped area.

Drills were much less numerous on

th?Se beds than in the Chincoteague Bay beds

ich account for a moderately good survival
°f the spatfall even on the untrapped area.
' € observations on trapping showed that
emoving oyster drills at the rate possible
With 93 traps per acre helped to save 20-25
uetcent of the oyster set of the two years
Mder observation.

Freshets following a hurricane radi-

ally changed conditions in this area and
€ natural population of drills was reduced
Y lowered salinity, a most effective con-
0;01- To continue the study on the value
op trapping as a drill control method, the
®ration in lower York River was terminated
U May 1, 1057 and transferred to the Chin-
Oteague Bay to increase the effort there

to consolidate the project where drills
d Oysters were more abundant.

o

o Future plans.--The excellent set of
YSters during 1956 in Chincoteague Bay
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provided an opportunity to obtain good seed
which could be used to evaluate the economic
aspects of drill control by trapping. The
State of Maryland Department of Research and
Education made available 700 bushels of seed
caught on planted shells in the vicinity of
Ocean City, Maryland, and is cooperating in
the following experiment. This experiment
includes three methods of drill control
either practiced by the industry or advocated
by the United States Fish and Wildlife Ser-
vice and will be continued until the winter
of 1959-1960 when the oysters are expected
to be of market size. The experiment con-
sists of seven plots, each containing four

‘acres and separated by untouched strips of

native oyster land, In the control area,
100 bushels of seed oysters were planted in
the center of the 4-acre plot, the planting
covering almost a half acre.

In two 4~acre plots the bottom was
cleaned by repeatedly dragging a commercial
oyster dredge lined with a fine mesh bag
over the plot until practically no shells
or debris were obtained, The seed oysters
(100 bushels in each plét) were planted in
the center of each 4-acre plot, the plant-
ing covering almost half an acre.

In two additional plots the bottom was
cleaned as described above and the oysters
were planted in the same way, However, oys-
ter drills will be trapped in these plots
by using 40 bags of seed oysters distributed
throughout the area in which the seed oys-
ters were planted. These traps will be
fished once a week during the warmer months
of 1957, 1958 and 1959,

The final two plots were cleaned,
planted and will be trapped in the same way
as the two plots described above except
that the drill traps will be immersed peri-
odically in a copper sulfate solution
throughout the spawning season to destroy
drill embryos in the egg cases. This treat-
ment will continue for the summers of 1957,
1958 and 1959,

At the end of the experiment the oys-
ters will be harvested by commercial oyster-
men and production determined. Cost account
records will be kept for the entire operation
to determine whether these methods of drill
control are commercially practicable.

Drill control by copper fencing.--In
the first 40 days of an experiment at




Chincoteague Bay, Virginia 539 Urosalpinx
entered the control area, which was fenced
with a galvanized iron hardward cloth fence
four inches high. During the same period
only 14 Urosalpinx were found inside the
enclosure which was fenced by a brass screen
of the same height and two of these were
believed to have crawled under the fence
through a hole dug by crabs. Only two Uro-
salpinx were found inside a third experi-
mental area which is surrounded by a plastic
screen fence with a 3/4-inch wide copper
strip around the outside. Both drills were
believed to ‘have crawled under the fence
when wave action washed one corner of the
fence clear of the bottom.

There was no indication of less set-
ting or greater mortality of oysters which
might have been caused by copper in the two
experimental plots as compared with the
control.

The brass screen fence has remained
in place in the intertidal zone for a year
but is less effective in repelling drills
than it was in the summer of 1956, This
experiment will be continued to determine
the maximum time which a brass screen fence
can be used under the severe conditions of
the intertidal zone.

One of the limitations of copper bar-
riers is that the dissolved copper may
change the color of the oysters immediately
adjacent to a fence to a bluish-green. In
the Chincoteague Bay experiment during the
summer of 1956, 92 percent of the oysters
within 18 inches of the 4-inch brass screen
were greenish after four months., Only 8
percent of the oysters within 18 inches of
the plastic and copper fence were greenish
at the end of this period and none of the
oysters in the control plot was green.
Later fence designs use smaller quantities
of copper which reduces the discoloration
of the oysters as well as the cost.

A test was made at the Boothbay Har-
bor, Maine laboratory of a snail fence
which was made of chain, Saran plastic
screen and styrofoam floats; a l-inch strip
of copper screen was used as a chemical
barrier. This fence resembles a miniature
seine with the chain as the lead line and
the styrofoam floats holding the screen
erect. The copper screen is stapled to the
outside of the fence approximately 1/3 of
the way down from the top. The height of
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this fence is approximately 6-1/2 inches.
It is hoped that the flexibility, ease of
construction and installation of the fencé
will make its use economical since testS‘1n
the laboratory and in a tidal area have 1P~
dic ated that it is effective in design and
as a barrier. Six 1/100-acre plots were 5¢€
up at Watts Bay, Virginia during June 1957
to test the flexible barrier and to compaf®
it with the designs used in 1956.

In line with the work on copper bar~
riers, nine anti-fouling paints were testé?
at the Boothbay Harbor laboratory for effe¢
tiveness as barriers for drills. Six Of
these paints proved to be effective barrief
to oyster drills, Urosalpinx and Eupleuf?:
in laboratory experiments. Field experi~
ments are being set up in Watts Bay to t€S
the effectiveness of these six paints unde®
natural conditions.

Laboratory and field observations of
barriers raised the question whether the
repelling properties of copper resulted
from its electropotential or the chemica
release of copper ions. In laboratory €*”
periments at Boothbay Harbor, fences of
inert carbon were connected to a 12-volt
battery through a variable resistor and
given an electropotential of 270 millivol®s
which is similar to that of metallic coPP€*
in sea water (240 millivolts). Drills
readily crossed this carbon barrier but
were repelled by the copper barrier.
voltage in the carbon fence was then in-~
creased to 1,300 millivolts and later t© o
12,000 millivolts without repelling ggglsgf
Urosalpinx and Nassa. The electropoteﬂt1a
does not explain the repelling action © i
copper and, therefore, the release of tO**
copper ions probably causes the effect.

The

Control by suction dredging.--The
small-scale model being tested removes
drills from the bottom at the rate of 80
per hour when the drill population is 25
per acre. The drill dredge at this rat®
can remove in a 10-hour day about the sam
number of drills as 93 traps tended weeklf
can remove in a season, While this SPecu_
lation is based on limited dredge infor™?
tion, it is encouraging because trapping
at this rate can remove enough drills tothaﬂ
permit a better survival of oyster Sp2
was found on an untrapped area,

000

The drill dredge in tests in 1956 )
showed a maximum efficiency of 15 perce®



To examine the gear while in operation,
Fish and Wildlife Service SCUBA divers
Observed the action of the dredge on the
bottom at different towing speeds for sev-
€ral hours. As the speed increased the
dredge was inclined to jump or bounce.
When the towing speed was reduced to two
knots or less, the cutting blade tended to
Pile up bottom material in a rolling heap
ahead of it, and only a small amount passed
Over the collecting screen of the dredge,

To maintain a constant movement of
Dottom material over the collecting screen,
& towing rate of three knots was needed.

At that rate, however, the dredge did not
€ep a constant contact with the bottom.
DiVing blades were designed and attached
dhead of the cutting blade to overcome this
‘Onditjon., This addition increased the
®fficiency of the dredge by 3 percent,

OYSTER SPAT COLLECTORS

Standard cultching practice in the
OYster industry consists of broadcasting
Shells on suitable bottom. The setting
Potentjal of the mid-depth water mass is
M0t utilized commercially on the Atlantic
Coast, although such utilization has proven
COommercially feasible in Japan and on the

acific coast of North America.

Various test surfaces, in addition to
®YSter shells, which are believed to be
cceptable to setting oyster larvae were
€Xposed on the bottom and at mid-depths in
‘WO different places in Chesapeake Bay hav-
‘Ng dissimilar hydrographic characteristics.
Ne of these was a protected, shallow depth,
otﬁw current, good setting tributary;.the

er was the opposite of this in environ-
"ental factors.

Test surfaces include coated 2" x 2"
Poles, strings of pierced oyster shells
r:ng on wires and oyster shells in wire bags
Costins on the bottom. Some poles were
t ated with fragmented shells known to poul-
COV farmers as "large grits"; others with
Or?Crete, While shells on strings were
elented the same on each string, shell bags
Ye filled haphazardly. Some strings were
U8 with shells with the smooth inner face
PWard; others with shells with the smooth
€r face downward. The coated surfaces
he poles and the shell strings were five
long installed vertically from the
Ce to the bottom at mean low water.

feet
SUrfa

Shells on the bottom in wire bags
caught an average of four spat per shell
at the deep water area and one spat per
shell in the shallow water area, Commercial
cultch in the shallow water area also ob-
tained an average of one spat per shell.
In general, this indicated a low setting
rate at each of the testing sites. This also
reflected the low setting results reported
from other parts of the upper Chesapeake Bay,

Mid-depth studies were made on sus-
pended shell strings and poles coated with
concrete and shell grit stuck in the bottom,
The low setting rate made conclusive evalu-
ation difficult. Spat setting on poles
showed a slight preference for shell grit
coatings to concrete coatings. Pouling was
about equally abundant on each type of coat-
ing. Coated poles did not seem as good a
setting medium as shells.

Spat setting was slightly more abun-
dant on lower than on upper portions of
poles and shell strings. 1In the shallow,
or 5-foot depth area, spat occurred from
the bottom to the 4-foot level and in the
deep or 10-foot area spat occurred from the
bottom to the 7-foot level.

A spectacular differential setting
according to depth zones appeared on sus-
pended shell strings. Measuring up from
the bottom better than 50 percent of setting
was found within the 1-foot zone and fully
80 percent within the 2-foot zone.

Tests of setting preferences between
cleaned and dirty shells were inconclusive.
In one instance the spat count on cleaned
shells was eight times the count on dirty
shells similarly suspended nearby. In
another instance, the spat counts on clean
and dirty shells exposed together in bags
showed no clear preference for original
cleanliness.

The physical texture of shell surfaces
appeared effective in setting frequency.
Despite shell orientation more spat attached
to the rough outer surfaces of shells on
strings and in bags than to the smooth inner
surfaces.

Shell orientation appeared a factor
in setting frequency. In spite of surface
texture spat were more numerous on the
under surfaces of the shells on strings
than on the upper surfaces.
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Other trends appeared in the spat
counts. General setting frequency decreased
up the creek with station location, Spat
survival decreased also in the same direc-
tion, These differences obtained both on
test shells and commercial cultch,

The spring and summer program of 1957
under this investigation is a pilot appli-
cation of the utilization of the mid-depth
zone for seed collection on a streamlined
commercial basis. The mid-depth collectors
Will be compared in all phases of effort
with the regular broadcast system of dis-
tributing cultch.

SECTION OF INLAND FISHERIES

William F. Carbine
Washington, D, C.

Fresh-water fishery research includes
Studies on the Great Lakes sport and commer-
cial fisheries; fish in federally controlled
Waters and improvement of fish culture.

The research is designed in part to
assist other governmental agencies and
Stress resource conservation common to many
States. Most of the research is designed
to provide the facts and principles required
by these agencies for the proper management
and utilization of their fishery resources.
The research in physiology, pathology and
Nutrition of trout and salmon assist federal,
State and private hatcheries in increasing
their efficiency, thereby providing better
fishing and ensuring the perpetuation of

Mportant sport and commercial species.

GREAT LAKES FISHERY INVESTIGATIONS

James W. Moffett
Ann Arbor, Michigan

The Great Lakes are producers of the

Choicest fresh-water fishes in the United
tates, The production fluctuates much more

an it should and fisheries for certain
Species collapse or sporadically expand to

€ ultimate disadvantage of all concerned.

ese fluctuations and their underlying
Causes are incompletely understood although
s?ecific causes, such as sea lamprey inva-
Siong, have received considerable attention.
Olution of the problems of sustaining pro-
Uction and development and application of
€conomical methods for control of such known
Causative factors as sea lamprey predation
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are the ultimate objectives of these
investigations,

SEA LAMPREYS

Background.--For more than 80 years
fishing in the Great Lakes has been a size-
able industry and a popular recreation for
fishermen of the United States and Canada.
The most prized fish, and the backbone of
the fishing industry, has been the lake
trout. Ingood years the trout catch amounted
to more than 15 million pounds, worth nearly
$8 million. But in 1939 the lake trout in
Lake Huron suddenly began to decline in
numbers and within 14 years they had all
but disappeared from that lake; the catch
dropped from more than 5 million pounds a
year to 344,000 pounds in 1953. The same
fate began to overtake Lake Michigan's trout
in 1946, and the catch there fell from more
than 5-1/2 million pounds to 402 pounds in
1953. Sea lampreys, mot overfishing, weather
or disease, caused the disappearance of the
lake trout.

The lampreys are old inhabitants of
the St. Lawrence River and Lake Ontario.
Until 1829 the Niagara Falls blocked their
migration into the other Great Lakes, Then
the building of the Welland Ship Canal pro-
vided passage around the Niagara Falls to
Lake Erie. In Lake Erie the lampreys did
not flourish because the waters were too
warm and spawning conditions poor. By the
late 1930s they had penetrated into Lake
Huron where because of a favorable environ-
ment they multiplied rapidly and made great
inroads into the fish of that lake. At the
same time they spread through the Straits
of Mackinac into Lake Michigan, where they
rapidly increased. The locks and dams at
the head of Saint Marys River apparently
slowed their migration into Lake Superior,
but they finally cleared that hurdle and
are now well established in that lake.

Because of the lamprey predations
commercial fishing for lake trout in Lakes
Huron and Michigan ended several years ago.
As the lake trout gave out, the lampreys
turned more and more to other fish--white-
fish, suckers, walleyes and so forth,

To try to save the lake trout and
other fish, the United States Fish and Wild-
life Service, the Great Lakes states and
Canada have been carrying on research and
testing measures against the lampreys. On
September 10, 1954 the United States and
Canada signed a treaty for joint action.
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Initial efforts at comtrol of the
lampreys focused on the prevention of theif
spawning, Electromechanical weirs and 4
traps and electrical barriers were develoP¢
which successfully block or destroy spawni’
runs of adult lampreys. When installed 1B
spawning streams, these devices provide an
effective method of reducing the numbers ©
lampreys. Unfortunately, a lamprey contfol
program based on the prevention of spawnlng
will not show results for seven or more
years. At least six generations of larva€:
spawned before the electrical blockade of
the streams, must grow, transform, migrate
to the lakes, prey on the fish and enter
spawning streams before the blockade is
effective. Such delay may prove disastrous
in Lake Superior, where there is evidenceé
that lamprey predation will cause the col”
lapse of the lake trout fishery, as has e
occurred in Lakes Huron and Michigan, befof
weir control measures can become effective:

Because of these facts the pr:mcipz"1
problem became one of developing technique®
for attacking the lampreys which might Pro”
duce more immediate control of the specieS’

SEA LAMPREY RESEARCH LABORATORY AT HAMMOND BAY NEAR ROGERS CITY, MICHIGAN
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If the larvae in the streams could be
destroyed, the populations might be reduced
Substantially in the lakes in less than two
Years. 1In an attempt to locate chemicals
Which would be lethal to larval lampreys
but relatively harmless to other fish, more
than 4,000 chemicals were tested.

Current research.--The establishment
Of the Great Lakes Fishery Commission in
June 1956 made possible an improvement in
Operation and in coordination and planning
of sea lamprey control and research in the
Great Lakes. The Commission contracted
With the Fish and Wildlife Service to exe-
Cute the lamprey program in United States
Waters and with the Fisheries Research

Board of Canada as the agency in Canadian
waters.

Lamprey control was confined to Lakes
Superior and Michigan with the exception of
an experimental barrier on Lake Huron. Dis-
covery of large runs in Wisconsin tribu-
taries of Lake Superior required the instal-
lation of five new electrical control devices
A sixth new structure was operated on the
Little Two Hearted River. By June 28, 1957
the take of lampreys amounted to 53,887
from 39 control devices along the south
shore of Lake Superior. The 1957 take ex-
ceeded that of preceding years in most major
streams. The five new barriers in Wiscon-
sin took 19,555 lampreys.

SEA LAMPREY CONTROL BARRIERS ACROSS THE TWO HEARTED RIVER, LUCE COUNTY, MICHIGAN,

15
1S

THE ALTERNAT ING~CURRENT STRUCTURE
DEVICE
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IN THE LEFT BACKGROUND AND A DIRECT -CURRENT
IN THE FOREGROUND



To support the expansion of the
lamprey control program on Lake Michigan,
new field stations were established at
Oconto, Wisconsin, and Ludington, Michigan.
Eighteen electromechanical devices were
added to Lake Michigan's control network
and construction was well advanced on eight
others. By June 30, 1957, 64,102 lampreys
were taken from 37 units. The single weir
on Lake Huron took 8,163 lampreys. These
figures show a continued high abundance in
Lakes Michigan and Huron,

Research activities were directed
toward testing specific larvicides and
experimental operation of direct-current
electrical diversion devices. Tests of
two larvicides were carried out in raceways
designed to stimulate stream conditions.
The results of the tests of both a chlori-
nated and a fluorinated nitrophenol were
highly encouraging and indicated that

actual "pilot" treatment of streams should
be initiated. These two chemicals were
selected as the most effective after many
experiments with more than 4,000 compounds
over the last several years,

Preliminary surveys of 13 streams
selected for test treatment were compleiied
and the States of Michigan and Wisconsin
have authorized the Great Lakes Fishery
Investigations to treat them.

The installation and operation of
seven experimental direct-current devices$
in combination with alternating current
control barriers in Lake Superior streams
reduced fish mortality from 85 percent t0
8.5 percent. A new type of relaxing pulsé
generator developed under contract for
this project produced pulsed direct curren®
through the season. Previous equipment
frequently broke down.
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FISHERY INVESTIGATIONS

Research vessels.--The vessel Cisco
during May-November 1956 made a hydro-
graphic and fishery survey of Saginaw Bay
and southern Lake Huron. Experimental
trawling revealed that the alewife made up
about one-half of the fish population in
shallow areas of the Bay (up to 10 fathoms)
and smelt a third of the take in both shal-
low and deep water. Neither of these
Species is of significant commercial value
in the Saginaw Bay fishery. Yellow perch,
the only other species taken abundantly in
the experimental fishing, made up less than
20 percent of the trawl catches in shallow
areas and about 50 percent at depths over
10 fathoms. While the yellow perch is
important in the commercial fishery, gener-
ally less than 1 percent of the catch of a
Small mesh trawl was above the minimum
legal length of 8-1/2 inches. Inshore
areas, where usually shallow-water species
Such as carp and catfish are found, were
Mot gsampled in the Cisco studies.

In deeper areas (25-50 fathoms) of
Southern Lake Huron, chubs were not nearly
35 abundant as in Lake Michigan. In Lake

Uron, 40 chubs were taken in 500 feet of
Nylon gill net with equal length of 2-1/2-
and 3-inch mesh, while the same experi-
Mental unit fished in Lake Michigan at com-
Parable depths and periods in 1954-1955
took 80 chubs in the north portion and 250
Chubs in the south. The relatively large
Size of Lake Huron chubs, however, makes
them valuable to the fishery as small fish
are unmarketable., Of the fish taken in
500-foot gill nets, 10 chubs (42 percent)
In southern Lake Huron were over 10 inches
long, but only 9 (12.6 percent) and 8 (6.1
Percent) exceeded this length in northern
34 southern Lake Michigan, respectively.

us, marketable chubs are slightly more
3undant in southern Lake Huron than in
ake Michigan.

The 1956 survey included extensive
Studies of the physical and chemical charac-
€ristics of Saginaw Bay and southern Lake
OE‘OH and the collection of numerous samples
Planktonic and bottom inhabiting fish-

b°9d organisms. Preliminary reports are

¢ing made on much of this material. The

.rchigan Department of Conservation assisted
Carrying out a large part of this work.

Starting the last week of April 1657,
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the Cisco has been surveying Lake Erie to
learn the distribution and relative abun-
dance of various species of commercial and
non-commercial fish in different areas and
times of the year, Their early life history
is receiving particular attention.

The vessel Musky participated in spe-
cial synoptic studies of Saginaw Bay,

Lake Superior investigations.--Prior

to the establishment of the station at
Ashland, Wisconsin, in May 1957, fishery

SETTING 1/2-METER TOW NET FROM RESEARCH VESSEL

C18COo. THIS CLOSING NET 1S USED TO STUDY THE

VERTICAL DISTRIBUTION OF LARVAL FISH AND LARGER
FOOD ORGANISMS



research on Lake Superior had been on a
highly restricted and intermittent basis.
The work had been limited chiefly to sur-
veys of the Cisco in 1952 and 1953, to an
annual sampling of lake herring spawning
runs at selected ports and to observations
of lake trout landings at Marquette. The
newly organized staff will continue and
broaden the work on lake trout and lake
herring and undertake a program of study on
the whitefish, a species that may be able
to withstand greater exploitation and, thus,
be valuable to the industry in surviving

the anticipated scarcity of lake trout over

the next few years,

Lake Erie investigations,-~Staff
members at the Sandusky station established
in mid-June 1957 are acquainting themselves
with local fishing methods and problems.
Otherwise, the fishery research on Lake
Erie was limited to the annual fall sampling
of the commercial landings at various ports
and a continuation of the inquiry into the
age, size and year-class composition of
walleye and blue pike.

Green Bay-Saginaw Bay investigations,
--A major advance was made in the knowl-
edge of the fisheries of Saginaw Bay with

completion of a study of the fluctuation
of the yellow perch population based on
material collected in 1943-1955, The aver-
age age of fish in trap-net samples col-
lected in the spring increased between 1929~
1930 (3.8 years) and 1943-1955 (4,3 years)
and growth declined sharply. Yellow perch
of the 1929-1930 samples reached legal
length (8-1/2 inches) in 3 years but those
taken in 1943-1955 required more than 5
years to attain the same size. The modal
length dropped from 8.5 - 8.9 to 6.5 - 6.9
inches and the percentage of legal-sized
fish from 74 to 11. 1In both periods, the
females averaged larger than the males and
grew more rapidly.

The growth in length and weight of
Saginaw Bay yellow perch in 1943-1955 was
the lowest yet reported from any Great
Lakes waters, The decrease was believed
to have resulted from a more than sevenfo
increase in the population density. A

" "space factor" rather than competition fof

food may account for the decline in growt?
rate. Fish of the 1943-1955 samples did
not evidence a scarcity of food; on the co%
trary, they were heavier for their length
than fish caught in 1929-1930,
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. Males were relatively more plentiful
in 1943-1955 (62 percent) than in 1929-1930
(25 percent). Both males and females
attained sexual maturity at a small size
(nearly all males were mature at all lengths
of 5 inches and greater; 80 percent of
females were mature at 7.0 - 7.4 inches).

The strongest year classes were those
of 1939 and 1952 and the weakest were those
of 1941 and 1945, Year-class strength was
Correlated significantly with production 4,
S and 6 years later, but not with the abun-
dance of legal-sized fish in the year of
hatching or with temperature, precipitation,
Water level and turbidity.

The annual fluctuation of growth in
length in the first year and in later years
of life was dissimilar. Pirst-year growth
Was poorest in 1942 but tended
Strongly to improve in subsequent
Years, First-year growth was cor-

Telated negatively with turbidity 16
10 June but was not correlated

With year-class strength or other

factors investigated. Fluctuations 14
°f growth in later years of life
Were largely without trend. Growth
I these years was not correlated
With the abundance of legal-sized
fish, temperature, precipitation,
°F turbidity, but varied inversely
With the water level for May to
October,

o

The accumulation of material

°n the yellow perch of Green Bay
Started in 1948 is nearing the point
Where an inquiry into factors of
Change gimilar to the one made for
3ginaw Bay soon may be possible.
€rtain preliminary analyses have

€en started and a paper is in

Press on the question of scale struc-
Ure and growth.

WEIGHT (OUNCES)
@

brs The routine sampling of other
Tinciple species of both Green Bay
d Saginaw Bay has been continued. 0

an .Deep watexrs of Lakes Huron
;;%_Mlchigan.—-ln addition to obser-
ions made by the Cisco in southern
a%ke Huron in 1956, work has con-
lNued on the analysis of materials
d data on the chubs of Lake Michi-
8an. This study is directed princi-
DallY at a comparison of 1930-1932
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and 1954-1955 with respect to age, growth,
distribution and local and regional abun-
dance.

A study of the distribution, migration
and life history of the fish-food organism,
Mysis relicta, formed the basis of a doc-
toral dissertation accepted by the University
of Michigan.

WESTERN INLAND FISHERY INVESTIGATIONS

1. CALIFORNIA-NEVADA INLAND
FISHERY INVESTIGATIONS

Reed S. Nielson
Reno, Nevada

Pishing pressure on high mountain
lakes and streams in California and Nevada

<L

3 4
YEAR OF LIFE

AVERAGE CALCULATED WEIGHTS AT THE END OF EACH YEAR OF
LIFE FOR YELLOW PERCH FROM DIFFERENT GREAT LAKES WATERS
(SEXES COMBINED).
DOTS AND DASHES;

DASHES; SAGINAW BAY, 1929-1930, LONG DASHES; SAGINAW

LAKE ERIE, SHORT DASHES; GREEN BAY,
NORTHERN LAKE MICHIGAN, TWO DOTS AND

BAY, 1943-1955, SOLID LINE
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has more than doubled in recent years.

There has been no comparable increase in
the fundamental knowledge needed to maintain
the fishery resources of these waters in
relation to increasing angling pressure.
These investigations, through pilot studies,
are designed to determine the basic produc-
tivity of these lakes and streams, to devel-
op new techniques for assessing the stream
and lake productivity, to evaluate the pre-
sent extensive and expensive practice of
stocking hatchery-reared, catchable-size
trout in streams, to assess the physical
vitality of hatchery-reared trout, and to
determine the effects of seasonal climatic
conditions on trout and on their stream and
lake habitats. This information will be
used as a guide in formulating improved
management practices and procedures and in
developing methods to increase the produc-
tive capacities of these waters.

TROUT SURVIVAL

Trout survival in streams.-~In July
1956 experiments were begun in a l-mile,
4-section experimental stream to determine
the survival of five groups of catchable-
size rainbow trout which had been reared in
California hatcheries. Of the two groups
of rainbows from Darrah Springs, one group
had been fed pellet food and the other a
regular meat diet control, The groups from
San Joaquin, Pish Springs and Hot Creek had
been given the regular diet. A check on
November 1 found an average of 90 percent
recovery from the stream habitat. This 3~
month phase of the experiments demonstrated
that 95.1 percent from four of the five
groups would have been available to anglers
three months after the midseason planting
in the stream., The survival of the pellet-
fed trout was 73.3 percent.

The trials were continued through
April to determine the share of fall survi-
vors from one summer's stocking which would
be available at the opening of the next
angling season to compare winter vitality
of the various lots and to attempt to find
sound reasons for any differences in per-
formance. 1In the November-May period, the
mean recovery from all four stream sections
was 69 percent for San Joaquin trout (better
than expected in consideration of the pre-~
vious winter experience), 48 percent for
Darrah Springs regular-diet trout (about as
expected) and an average of 21 percent for
the remaining three groups. As in the
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summer-fall phase, the dry-food group
suffered the greatest mortality in the
stream sections. The trout of all groups
lost 30 to 36 percent in coefficient of
condition over the entire nine months, which
was comparable to reductions experienced

in earlier survival experiments. Although
there were some differences in distributio?
of deaths in the winter-spring period, thes¢
could not be linked with differences in
initial vitality except in the case of the
pellet-fed trout which had demonstrated
their weakness in the first three months.
Examinations in January and March revealed
moderate parasitism and intestinal disordef
in all groups, but no serious mortality
factors, Winter conditions were about aver~
age for the area and the stream sections
were bridged with ice and snow for about
three weeks., Air temperatures, however,
were about six degrees below average in
January with many subzero days.

Trout survival in a pond.--Trout fro®
the above-named California hatcheries sur~
vived nine months in a 1200-sq. ft, pond,
containing some natural food, at rates
ranging from 53 to 100 percent. Although
no periodic counts of the survivors were
made during the test, the pattern of know?
mortality indicated that most of the death’
occurred in the final two months, S$light
gains in length, losses in weight and 25
to 40 percent reductions in condition faf
occurred in all groups except that the find
mean weight of Fish Springs trout indicat€
an increase. The increase probably result®
from greater mortality among the smaller
trout--these fish were oversize leftoverS
from the stream~planted lots and could not
be graded closely for uniform length. )
general comparison between tabulated Surv”
vals of stream and pond experiments indi-
cated an advantage in the quiet water .
situation, despite a 3-month ice cover Whlf
for several weeks sagged almost to the bot
tom of the pond as a result of low water.
In this test the San Joaquin and Darrabh
Springs trout, which had been fed the reg"
lar diet, survived best.

tof

Starvation test.-~Pifty fish from
each of the five groups were held 162 day®
in food-tight, indoor hatchery troughs.

In this stringent test a distinct lack © s
vitality was observed in the Darrah Sprid8
trout with the history of dry feed. Heagy
mortality of this group, apparently caus®
by malnutrition, began in September and




eliminated 62 percent of the lot after
three months. Mortalities in the other
groups were rather evenly distributed over
the total time and were light among the
Hot Creek and Fish Springs trout. Because
of the difference in the length of the
tests and less exercise by the trout in the
Starvation troughs, loss of body condition
in the starved trout was less than in the
Stream or the pond. A freezeup of the
Water supply terminated this experiment on
January 10.

Experiments in 1957-1958.~-On May 15
€xperiments, similar to those described
dbove, were begun with two groups of catch-
able-~size rainbow trout from the Moccasin
Creek Hatchery of the California Department
°f Fish and Game. One group was reared on
Tegular hatshery diets while the other was
Yeared on a diet of fortified pellets. Pive
trout from each group examined at the hatch-
ery prior to transportation were in good
conditjon except for teo much visceral fat;
this condition was most pronounced among
the pellet-fed fish. Bpistylis and gyros
Were moderate to abundant on the body sur-

aces of all trout examined. The trout
arrived in good condition after a 13-hour
hayy amd, sustained negligible loss through
2 l-week Iolding period during which fish
tOr the various tests were selected accord-
ing to uniform total length and marked for
ldentification by amputation of the fins.
SEIected regular diet fed trout averaged
3.75 per pound, had an average length of
.6 cm,, a weight of 120,8 grams and a
Condition factor of 1.040 as compared with
00 per pound, a length of 22.1 cm., a
Weight of 103.5 grams and a condition fac-
tor of 0,954 for the pellet-fed group. At
e end of June 30, losses in the various
€sts were small but more pronounced among
the pellet-fed fish. There were no losses
0 the pond test; 3 regular diet and 4
Dellet-fed trout died in the starvation
test ang 1 regular diet and 5 pellet-fed
Tout died in the stream test.

The regular diet trout from tne Hot
Creek, Fish Springs and San Joaquin hatch-
ffies will be used beginning July 23, 1957
m° Tepeat the 1956-1957 tests. The experi-
®nts concluded with trout from these
Atcheries disclosed differences in vitality
;:d ability to survive but the reasons for
N €se differences are not clear. Therefore,
¢ next year's program will include the
10assay, histopathological and disease
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examination of representative specimens of
all groups of trout at the begimming, check
points and conclusion of each experiment.
In addition, the habitat of each experimen-
tal stream section will be evaluated to
determine the influence of stream quality
on trout survival,

Hatchery evaluation.--A chemical
analysis of some California hatchery water
supplies and some unusually productive
natural trout waters has been accomplished
as orientation work preliminary to a study
of associations among water quality, other
hatchery conditions and production and
quality of trout. This will embody an eval-
uation of hatchery waters (physical-
chemical-biological characteristics and
methods of use) in relation to trout stocks,
feeds, growth, losses, vitality and other
factors relating to trout produced at the
major hatcheries in California, Nevada and
elsewhere.

PRODUCTIVITY OF HIGH SIERRA LAKES

Periphyton sampling was conducted on
eight of the nine lakes in the upper Con-
vict Creek Basin in August and on Convict
Lake in November and April. Constance Lake
was not sampled because snow and ice closed
it. Quantitative results were similar to
but did not (on a ranking basis) duplicate
the results of the previous year, although
six of the lakes appeared fairly stable
with approximately the same amount of mate-
rial formed at various levels during com-
parable periods of the two years. Analysis
of these samples continues to indicate a
general linear relationship between periphy-
ton production and physico-chemical factors,
but no specific limiting or controlling
factors have yet been identified. Work on
the identification, relative abundance and
conditions of existence of the periphyton
organisms is continuing. Bxperiments in
culturing the organisms under controlled
laboratory conditions is proceeding at the
Cortland, New York station. A sampling
apparatus involving the use of preweighed
glass substrates was tested but was imprac-
tical for field use.

Partial chemical analyses of water
samples from the lakes in Convict Creek
Basin, Mammonth and June Lake groups and
Lake Crowley were completed,



ROCKY MOUNTAIN FISHERY INVESTIGATIONS

Oliver B. Cope
Logan, Utah

IT.

Increasing numbers of anglers visit
Yellowstone Lake each year, The active
hatchery program formerly carried on in
these waters took large numbers of cut-
throat trout eggs from this drainage each
year, and the effects of the program are
being assessed. This study is designed to
determine the best control procedures to
be used in perpetuating this population
and this fishery in accordance with the
policies of the National Park Service.

Activities this year were devoted
chiefly to population work on Yellowstone
Lake and its tributaries, to stocking
experiments in the Madison River system,
to the grayling problems on Grebe Lake
and to cooperation on DDT-fish problems
with other agencies.

Yellowstone Lake.-~-The population
of the cutthroat trout in Yellowstone Lake
must, on the basis of measurements made
this year, be considered as being in no
immediate danger for overexploitation.

Despite increased fishing pressure in 1956
over that in 1955, fishing success remained
high. The spawning runs in the spring of
1957 were high in numbers of fish up to

June 30. Pelican Creek spawner counts sinc€
1957 have been
1947 - 19,163 1953 - 12,418
1948 - 9,531 1954 - 10,340
1949 - 32,431 1955 - 12,368
1950 - 15,076 1956 - 7,000
1951 - 7,423 1957 - 16,027
1952 - 6,521

Indications are that other spawning streams
are also supporting sizable spawning runs
this year. These trends suggest that the
present practice of relying on natural
reproduction alone may be entirely appro-
priate under present fishing pressures.

The problem is to predict its adequacy for
the predicted increases in the numbers of
fishermen as of 1966.

In the spring of 1957 beginnings
were made on an intensified program of 1lim~
nological measurements on Yellowstone Lake-
This program will feature smaller numbers
of stations and more observations at each
station.

The aim of the study is to secur€

THE BOAT FISHERY IN 600 YARDS OF THE YELLOWSTONE RIVER AND NEAR THE OUTLET OF YELLOWSTONE LAKE
TOOK AN ANNUAL AVERAGE OF 54,000 CUTTHROAT FROM 1950 TO 1955
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information on the basic productivity in
this water. The data collected indicate
differences in water quality from place to
Place in the lake.

Madison River system.~~Fishing in the
Madison River and the Firehole River in
1956 was below average. This lack of suc-
tess cannot be associated with the inter-
ruption of stocking except in the case of
the legal-size rainbows formerly planted in
the Madison River. The 1957 program
emphasized careful measurements of effort
and catch to keep track of trends in these
Waters, Thus far in 1957 fishing appears
to be better than it was in 1956, when high
Water affected the fishing for several
Weeks.

COUNT ING CUTTHROAD TROUT

IN THEIR UPSTREAM SPAWNING MIGRATION

Grebe Lake.--The experimental
manipulation of grayling planting schedules
on Grebe Lake continues. The sizes of
egg planting into this water have been
reduced from year to year; no planting was
done in 1957. The spawning runs of gray-
ling have been sustained at high levels,
averaging about 6,000 spawners into Hatch-
ery Creek, and angler catches have been
at the same general level. The only major
change in fish populations in the past
five years has been an apparent reduction
in numbers of hybrid trout entering the
traps on the spawning streams, A disserta-
tion on the grayling of Grebe Lake is
being completed for the University of Michi-

gan.

IN GROUSE CREEK,

YELLOWSTONE NATIONAL PARK
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DDT-fish studies.~-The Rocky Mountain
Fishery Investigations, the United States
Forest Service and the Montana Fish and
Game Department in the summer of 1956 coop-
eratively observed several Montana streams
which were affected by airplane spraying of
DDT for the control of the spruce budworm.
This study suggested that the spray did not
either directly or indirectly affect the
fish. Reduction in the numbers of stream
bottom organisms resulted, but by the end
of the summer these populations were re-
covering.

Plans have been made for spraying in
Yellowstone Park. The Rocky Mountain Fish-
ery Investigations has made pre-spray
measurements in seven streams to assess the

effects on aquatic animals. This program
will continue through the summer of 1957
and probably into 1958,

FRESH-WATER BIOLOGICAL LABORATORIES

TROUT NUTRITION LABORATORY

Arthur M, Phillips, Jr.
Cortland, New York

I,

The increasing costs of hatchery foods
and the unavailability of many products
used in the past have necessitated the study
of nutritional requirements of trout to
find a better basis for formulating hatchery
diets. Studies upon fat, protein, carbohy~
drates metabolism and vitamin and mineral

USiING AN ELECTRIC SEINE TO SAMPLE TROUT POPULATIONS IN THE MADISON RIVER,
YELLOWSTONE NATIONAL PARK
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Tequirements of trout provide data that may
be applied in preparing their diets which
Will result in better growth, lower produc-
tion costs and reduced fish mortalities.

understanding of the nutritional require-
Ments of trout permits the development of
New feeding techniques that will reduce the
¢ost of food storage, food preparation and
labor of feeding fish., Many of the mortali-
ties of trout in hatcheries are of nutri-
tional origin, and the application of
Rutritional findings prevents the occurrence
°f nutritional disorders.

Vitamin requirement of trout.--In
tests to determine the vitamin requirement
°f trout, vitamin omission studies with a
Synthetic diet established the need of lake

Tout for riboflavin, pantothenic acid,
biotin and pyridoxine., Over a 34-week
Perjod no need was shown for five other
Members of the vitamin B complex. Tests
aFe in progress to further study the vita-
"in B complex requirement for rainbow trout;

OWever, no conclusions can be reported now.

Absorption of minerals by trout.--
Studies were made to determine the ability
°f trout to absorb minerals. After absorb-
g dissolved cobalt, brook, brown, lake
aNd rainbow trout revealed their metabolic
activity. The brooks, browns and rainbows

2 a higher rate of metabolism at a water
temperature of 51° F. than at 36° P.; the
QIOWHS had the highest rate of metabolism

f these three species. The lake trout had

lower rate of metabolism at 51* F. than
at 36° B,

t Studies on incubating brown trout eggs
t° determine their intake of calcium from
® water found that they absorbed a greater
Mount of radioactive calcium as the period
incubation lengthened. The total calcium
Ontent of the egg increased also as incuba-
lon progressed.

%01 Brook trout made a greater use of dis-

Witved calcium when the waters were enriched

R h_Dhosphate than when they were not.
®rtilization of water with phosphate seems
O benefit the fish directly and not solely
Tough the food chain.

in Twenty-four hours after feeding food

of g §elatin capsule, at a water tempe;ature

wag 1* B, 60 percent of the food calcium

20 Unabsorbed, 20 percent assimilated and
Percent excreted. At a water temperature
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of 36° B., 90 percent of the food calcium
was unabsorbed, 7 percent assimilated and

3 percent excreted. The rate of utilization
of calcium depended upon the metabolic rate
of the fish which in turn depended upon the
water temperature,

Through use of the absorption of radio-
active cobalt as a measure, the effect of
various drugs upon the metabolic rate of
trout is under investigation. Data, however,
are not sufficient for reporting now,

Feeding trials.-~Pellets as food for
hatchery trout have resulted in reduced
conversions, labor cost of feeding and food
preparation, The efficiency of pellets in
terms of growth, mortalities and conversions
of fish equals that of the standard diets.
Tests were made to determine the value of
standard hatchery pellets and pellets highly
fortified with vitamins as food for hatchery
trout. After four months, fish which had
been fed a pellet highly fortified with
vitamin concentrates became weak and could
not be handled without a high mortality.
Because the mortality of the fish increased
the experiment was discontinued after an
8~month trial, Samples of the fish were
preserved for analysis to determine if a
hypervitaminosis had developed. The control
diet, consisting of the standard hatchery
pellet, fed to the fish without supplemental
feeding produced different results. After
ten months without fresh meat, the fish
showed excellent growth rates, normal mor-
talities and no anemia. These experiments
will be continued,

Comparison of hatchery diets and
natural food of fish.-- Studies partly con-
firmed earlier conclusions that natural
food is more efficient than hatchery diets
in producing fish. Natural food contains
about 12 percent of protein and hatchery
diets 28 to 35 percent. Natural food gives
evidence of producing equal growth rates
and conversion factors when fed to fish.
Beef liver supplemented with cod liver oil
and living brine shrimp for brook trout fry
were superior to a control diet of beef
liver alone. In terms of protein conversion,
brine shrimp was superior to both of these
diets,

In terms of calories usable by trout,
natural food contains about 70 calories per
100 grams. Hatchery diets vary from 90
calories per 100 grams (all meat diet) to



279 (pelleted types of food). Even hatchery
diets producing equal growth and conversion
rates will vary widely in their calorie con-
tent. In the hope that the calorie content
may be the missing key, as it was in chicken
nutrition, a series of experiments have been
designed to provide a wide variety of calo-
rie and protein contents in diets that more
nearly approach natural foods. Since these
experiments have been under way only six
weeks, the results, while promising, are too
inconclusive for reporting.

Composition of trout blood.--For basic
studies upon the physiology and pathology of
trout, the composition of the blood of the
trout must be known. The blood of brown
trout was analyzed for nine inorganic com-
pounds and values were established for iron,
chloride, sodium, magnesium, potassium, cal-
cium, phosphorus, sulphate and copper. The
levels of these elements in the blood of
brown trout were similar to those reported
for carp amd human beings.

" Studies are under way to establish the
normal level of several of the organic com-
pounds of fish blood. No data are available
at this time for reporting.

The experimental results of this
laboratory are described in detail in the
annual report of the Cortland Laboratory
which the State of New York Conservation
Department published. This work is done
under a cooperative agreement among the
Fish and Wildlife Service, the State of
New York Conservation Department and Cor-
nell University.

II. SALMON NUTRITION LABORATORY

John E, Halver
Cook, Washington

The nutritional requirements of salmon
in terms of the basic nutrients, amino
acids, carbohydrates, fatty acids, vitamins
and minerals have not been completely estab-~
lished. A prerequisite for determining
which of these nutrients is required and
in what amounts must be the establishment
of a test diet for each group in which the
nutrient to be studied can be experiment-
ally controlled. Application of these test
diets then can be used to determine the
qualitative and quantitative nutritional
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requirements, and adequate experimental
control of the diet ingredients is possiblé
for extended studies in advanced biology ©
the animal,

Research in the fields of human medi-
cine, biochemistry and nutriton has emph2~
sized the importance of histological studies-
Histology offers one of the best, and in
some cases the only, tool for detecting .sub”
clinical syndromes, diagnosis of neoplasms,
cellular location of biochemical constitu-~
ents, studies of the etiology of disease
and characterization of subtle physiologic?
changes, Similarly, comparative biochemis~”
try, serology, physiology and genetics offer
individual and complementary tools for par~”
ticular problems in advanced biology, OnlY
by understanding the body functions of the
animal, the requirements and limits of each
chemical and physical reactions and the
organization of these functions within the
body can the physiological behavior of fist
be comprehended,

NUTRITION AND BIOCHEMISTRY

Chinook salmon vitamin requirements.
--Through use of the experimental Facilitie®
at Hagerman, Idaho, experiments were com~
pleted on the quantitative vitamin require”
ments of chinook salmon. Por the first Set_
of experiments large increments of one vit?
min at a time were deleted from the complé
vitamin test diet and the growth response
was measured. At the completion of the
20-week feeding period, the fish were indi~
vidually weighed and measured and reptesen'e
tative 50-fish samples from each trough We*
eviscerated. The livers were removed from®
the anesthetized fish while they were stil
alive, quick frozen in liquid nitrogen an
stored at dry ice temperatures in small
ampoules until subsequent vitamin analysiS’
and the carcasses were frozen at dry ice
temperatures and similarly held, Blood
counts and hemoglobin determinations wer€ ¢
run on 20-fish samples from critical lots ois
vitamin-deficient fish with special emPhased
on those lots which previously had indic2
an abnormal blood picture. Post-mortem
observations were conducted on 10-fish 58"
ples from each lot of vitamin-deficient
fish. Chemical and histological samples job
were preserved at each biweekly weigh per ce
and transferred to the laboratory for f“tuly
analysis. Histological analysis of seria}i,
sectioned tissues will be surveyed for d€
ciency syndromes. Proximate analysis WS




completed on each lot of fish at the
termination of the experiment. From the
information currently available based on
growth response and mortality studies,
tentative quantitative vitamin levels were
determined for thiamine, riboflavin, pyri-
doxine, pantothenic acid, biotin, folic
acid, choline and nicotinic acid. Incon-
Clusive results were obtained, at least in
the growth response, for inositol and
Vitamin By,. When the feeding studies were
Completed, the frozen livers were assayed
or their respective vitamin content. The
Microbiological assays in general supported
the growth results and, with the possible
€Xxception of nicotinic acid, tentative safe
levels of vitamin content for chinook
Salmon diets umler these experimental con-
ditions were determined. Again, inconclu-
Sive results were obtained with vitamin

12 and inositol, although the inositol
assays indicated an intermediate point of
Maximum liver storage.

Silver salmon vitamin studies.--A
Cooperative research program was begun with
tﬁe State of Washington Department of
Fisherjes to test the qualitative vitamin
fequirements of silver salmon. Groups of

1sh deficient in thiamine, riboflavin,
Pyridoxine, pantothenic acid and biotin
€xhibited specific vitamin deficiency syn-
dromes similar to those observed in chinook
Salmon and have been separated for testing
_heir .recovery when the missing vitamin

1S returned to the ration, A low level
Ncidence of octomitis disease (Hexamitus
§§1$§nis) was observed in most lots of fish

e Issaquah Hatchery water supply, but

Mo serious epizootic appeared.

Sockeye salmon vitamin studies.--An
®Xperiment to test the qualitative vitamin
EEQUirements of sockeye salmon was initi-

ted at the Willard Laboratory, BEach of
¢ ten water-soluble vitamins has been
meleted one at a time from the vitamin
ixture in the complete vitamin test diet;
02638 diets are being fed to individual lots
Sockeye salmon in an aquarium. The fisgh
ave completed the introductory preparatory
€eding program and are being fed the speci-
ic vitamin deficient diets. No disease
T Dathology has been observed and the spe-
a 1c vitamin deficiency syndromes should
PPear in August 1957.

s Salmon protein level studies.~-Two
&ts of experiments were conducted at two
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different water temperatures to test the
protein requirement of chinook salmon when
percent gain is plotted against protein
content of the diet. From different lots
of fish fed a reasonably balanced protein
in their diet at different protein levels,
a curve was obtained which has an inflec-
tion point at the optimum protein intake,
The inflection points occurred at approxi-
mately 40 percent protein for the spring
water temperature (7.7° C.) at the Willard
Laboratory and at approximately 50 percent
protein in the Hagerman water supply (14.4°
C.). These experiments were repeated and
confirmed the tentative protein require-
ments of chinook salmon as approximately

40 percent protein at the Willard Labora-
tory spring water temperature and at appro-
ximately 50 percent protein at the Hagerman
temperature. This difference in protein
requirement versus water temperature may
furnish critical data in interpreting
divergent results from different hatcheries
feeding the same diet and will become impor-
tant when various hatchery diets are being
formulated. Since the protein component

of the diet is the most expensive ingredient
and the most critical to keep balanced,
testing the optimum protein intake at each
water temperature to assure efficient utili-~
zation of the diet and production of high
quality fish may be necessary.

Amino acid quantitations.--Through
use of the facilities at Hagerman and
advanced chinook salmon fingedings a clear-
cut separation in growth response was
obtained between the .6 percent and .8 per-
cent methionine diet and between the .8
percent and 1.0 percent threonine diet.

All diets containing amounts of methionine
and threonine diet. All diets containing
amounts of methionine and threonine greater
than these figures resulted in comparable
growth between lots of fish, Calculated

on the basis of a 5 percent body weight
dietary intake per day, the quantitative
requirements for methionine and threonine
would be approximately .4 gm/kg/day and

.6 gm/kg/day, respectively. These amino
acids were quantitated with the protein
component in the diets consisting of appro-
ximately one-half the casein-gelatin mix~
ture used in the vitamin test diet, and

the other half, crystalline amino acids.
Using the casein-gelatin mixture for other
amino acid quantitations is impossible
since even at half-level protein require-
ment the remaining eight essential amino




acids are present in considerable quantities
and may be of sufficient magnitude to satis-
fy the particular amino acid requirement of
one or more of these indispensable amino
acids, Therefore, various other proteins
are being used to supply the protein compo-
nent of chinook salmon diets. Corn gluten,
which is low in lysine, is being studied.
Drackett (soybean protein) is being fed,

and various amino acid mixturescontaining
some inexpensive DL forms are being tested.
As the first approximation of the quantita-
tive amino acid requirements of chinook
salmon for the other eight essential amino
acids, a tissue projection technique is
being employed through the use of the levels
obtained for methionine and threonine re-
quired in the diet. Tissues are being
analyzed and from the threonine and methio-~
nine content an estimate of the other eight
essential amino acids based on tissue com-
pletion is being projected. These projected
values will be confirmed with feeding
studies which may eliminate the need for
many increments widely separated to deter-~
mine the specific amino acid requirement.

Salmon protein metabolism,--At Willard
Laboratory the arginine-ornithine-citrulline
cycle was investigated by feeding arginine-
depleted chinook salmon crystalline orni-
thine and citrulline to test the possibility
of the other two intermediates in the cycle
effectively substituting for arginine.
Growth responses and general biological
observations indicated that citrulline could
substitute for arginine in the arginine
requirement of chinook salmon, but that
ornithine was ineffective. These results
substantiate the introconvertibility of
citrulline and arginine in both the fish
and the chick. Three sets of experiments
designed to test the possibility of using
only the ten esgsential amino acids as the
protein component of the diet indicated that
under the experimental conditions at Willard
and Hagerman the animal can maintain body
weight but cannot deposit new tissue if the
protein component consists of only these
indispensable amino acids. This is in con-
trast to the rat which can grow when the
protein component consists of only the
essential amino acids. The fish seems cap-
able, however, of utilizing large quantities
of arginine as a nitrogen component in the
diet. Tests with glutanic acid, diammonium
citrate, and glycine urea failed to give
any growth response, but the fish seemed
capable of utilizing arginine readily.
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Digestive enzymes of salmon.--A study
of the digestive enzymes of chinook salmon
has been initiated. Some specific substrate$
which will be used to test the activity of
protein-digesting anzymes of chinook salmon
have been made. To characterize the diges-
tive enzymes of salmon, procedures must be
developed for isolating the individual com~
ponents. Assay methods are needed to folloW
the activities in various fractions and in
the crude extracts of organs. Specific sub”
strates necessary for these assays are being
prepared. Specimen organs will be collected
from salmon in their natural environment
and preserved until used, Various tryptic
enzymes will be characterized by physical
properties and by specific activities to
help fish physiology and to compare with
mammalian analogues.,

Chinook salmon ovarian sex hormones.
--Studies have been completed on isolating
and identifying characteristic ovarian seX
hormones from chinook salmon. Through use
of column chromatography techniques with
silicic acid columns, all estrogenic activit!
from salmon ovarian tissue has been sepafﬂte
into one small fraction, Tests of both
mature ovaries and spent ovaries from the
spawning operations on the Columbia River
found that the greatest estrogenic activity
per unit weight was in the spent ovaries ©
chinook salmon. This material was ground,
extracted and separated with the automatiC
fraction collector using silicic acid col¥
and various eluents with each set of solve?
systems. The technique of collecting all
activity in one small fraction offers the
possibility of developing a practical coll€C
tion procedure for these steroids. Rat
screening assays for estrogens confirmed
these findings and further indicated that
the female sex activity of salmon ovarian
tissue steroids must act similarly to that
of mammalian steroids.

mns

D-amino acid oxidases.--The D-amin®
acid oxidase study indicated that either
low levels of the enzyme were present duriné
the summer feeding period of the salmon 0%
that the isolation technique used was eith¢
inactivating the enzyme present or was not
efficiently extracting it from the medium-
A preparation of hog D-amino acid oxidase€
being used as a control for further method®
of extraction and identification of this
enzyme. As soon as chinook salmon D-amif® .
acid oxidase can be prepared in suffi‘_:ien
quantity the 18 common amino acids fed 1P




the test diets will be surveyed for rates
of oxidation. When critical amino acids

are found, such as D-valine or D-isoleucine,
they can be eliminated from the diet and
feduce considerably the cost of the amino
acid test diet feeding studies.

Paper chromatography of free and
Yissue amino acids in salmon.-- An intensive
Study of paper chromatography techniques of
free and tissue-bound amino acids in various
Salmon tissues has been conducted. Stand-
ardized chromatography techniques have been
developed which will separate and detect
Qualitatively and quantitatively the amino
acid content of various eluents and extracts.
A number of satisfactory solvent systems
have been developed for separating various
Broups and specific amino acids in tissue
extracts. Various physical changes in
techniques and methods have been developed
for use with fish tissues. A number of
Sampling techniques have been tested and a
Tather unique method was devised which
Seemed most satisfactory for the trying con-
ditjons encountered in field sampling. A
Cylinder of flesh slightly posterior to the
dorsal fin and just above the lateral line
Was removed with a cork borer. This cylin-
der contained a sufficient sample for in-
Vestigating free amino acids, lipid, carbo-

Ydrate and/or pigment components. The
CYlinder was removed from the borer, wrapped
in aluminum foil and deposited in a rapid

Teezing area. Liquid nitrogen was the most
Satisfactory as some autolysis of the tissue
Was observed even at dry ice temperatures.

control portion of the frozen cylinder
Was later dissected and the free and tissue
Acids were extracted. Such critical pre-
Servation techniques would not be necessary
With tigsue amino acids, but histological
investigation of those samples obtained for

Tee amino acids indicated considerable
2utolysis and a corresponding change in the

¥ee amino acids extracted. DPressed tissues
Were also used with varying degrees of suc-
€ess; however, subtle differences in the
Mixture of components present in the tissue
JUices crushed on the paper were not deteci-
€d.  Through use of available standardized
Paper chromatography techniques the specific
Mino acid content of fish tissues can be
Teadily detected, both qualitatively and
Wantjitatively, by means of the densitometer.

Specific amino acid assays studies.-~
s New rapid method for amino acid assays of
Mall amounts of tissue has been initiated.
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Specific amino acid carboxylases have been
obtained and experiments initiated to develop
a stahdardized procedure for rapid amino
acid assays with these anzymes. Through use
of a small amount of a substrate or hydroly-
sate in a Warburg flask, together with a
buffer and a known amount of the specific
amino carboxylase, the amount the specific
amono acid metabolized by the enzyme in the
Warburg apparatus can be measured. Since
the reaction is stoichiometric and rapid,
the entire assay can be completed in from

30 minutes to one hour.

Protein and carbohydrate studies with
practical diets.-~Assays have been completed
on dietary ingredients:and feeding studies
initiated at the Salmon Culture Laboratory
at Bntiat, Washington, which is using iso-
caloric diets with a constant carbohydrate-
protein ratio. Various levels of protein
in the diet have been calculated and diets
containing 65, 60, 55, 50 and 45 percent
protein and approximately 5, 10, 15, 20 and
25 percent carbohydrate have been prepared
which consist of a practical hatchery meat
mixture, purified carbohydrate and carbohy-
drate from a low-cost meal. These experi-
ments are designed to test the optimum
protein intake of chinook salmon under prac-
tical hatchery feeding conditions where
practical <hatchery diets are used to furnish
the nutrients to the animal . The fish have
been on the new diets approximately four
weeks,

Inorganic requirements.--To determine
if salmon can satisfy all their inorganic
requirements from the water in which they
live, a feeding trial was conducted on
advanced chinook salmon fry in which a diet
essentially free of inorganic elements was
compared with a complete testdiet in both
relatively hard and soft water. Results
based on growth rate and mortality during
the l4-week feeding period were inconclusive.
Analysis to determine the effect of the diet
on body composition will be conducted. Feed-
ing trials to determine if the ratio of
dietary calcium and phosphorus affects their
availability, as with mammals, are being
conducted. The dietary calcium~phosphorus
ratio is varied in five steps from 10:1 to
1:10 to determine if the calcium content of
water affects the dietary requirement. The
trials are being conducted simultaneously
at Willard with soft water and at Hagerman
with hard water.




Survival studies.--Two of the factors
involved in survival, stamina and ability
to withstand starvation, have been investi-
gated, Various devices for obtaining a
reproducible measure of stamina are being
investigated. Fish from various completed
nutritional studies are being used in the
starvation studies. With fish from various
quantitation studies, the optimal level
found on the feeding trial showed signifi-
cantly greater survival time. When vitamin-
deficient fish were used, a significant
variation was noted between different defi-
ciencies.

HISTOLOGY

Normal histology of salmonids.--The
collection of normal histology slides of
wild and hatchery salmonids compiled during
the past several years is available to
investigators on a loan basis.

Histology of salmonids under defined
nutritional conditions.-~A program has been
initiated to prepare for histological exam-
ination of fish samples taken under defined
nutritional conditions. Materials prepared
were, first, 14, 28, 42, 56 and 70 percent,
and, second, 25, 30, 35 and 40 percent pro-
tein, methionine and threonine and the
water-soluble vitamin quantitation groups.
Examinations were made of all the materials
except the vitamin group. The pathological
characteristics seen most frequently in the
first and second protein samples were fatty
infiltration of the liver and fatty degen-
eration of the pancreatic area. The degree
of pathology in the tissues on all levels
varied considerably. Purther analysis will
be made.

In the methionine and threonine mate-
rial, two levels from each group were
examined, .80 and .30 from the former and
1.00 and .40 from the latter. The most
prominent histopathology noted in the study
was the pronounced hyperplasia of the gills
which was most noticeable in the .30 methio-
nine and 1,00 threonine levels. The his-
tology of these gills, with hyperplasia
starting from the basal cells of the fila~
ments and in extreme cases resulting in com-
plete fusion of the lamellae, is similar to
that observed in pantothenic acid-deficient
fish, Fatty liver and fatty degeneration
were also observed in all levels of the
threonine and methionine material but here
again the degree of pathology varied as in
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the protein quantitation samples, A more

detailed survey is planned.

Riboflavin and thiamine groups from
the water-soluble vitamin study material
have been sectioned and stained and are
ready for examination.

Histological comparison of wild and
hatchery-reared salmonids.-~To investigate
the histological changes that may occur
after the planting of hatchery-reared fish,
the Minter Creek Biological Research Statio®
of the State of Washington Department of
Fisheries and the Willard Laboratory con-
ducted a study on a group of hatchery silver
salmon by observing these changes at various
periods in fish after planting and comparing
them with wild fish from the same parent
stock. For a follow-up study on the above
groups adult silvers returning to spawn
after two years at sea were collected and
prepared for subsequent analysis,

Histophysiology and histochemist;!_9£

salmonids.~-~The fall chinook salmon in theif

fifth year in fresh water continue to sur-
vive. Between September and December 1956
the majority of the mortality occurred in
the mature males. The few females which
died during this same period were charac-
terized by underdeveloped ovaries. Begin~
ning in the latter part of January 1957,
kidney disease plagued the remaining fishb.
Since the attempt to check the disease by
feeding sulmet was unsuccessful, an experi”
ment was set up to determine the effective”
ness of antibiotics. The fish were divided
into two groups. One group was inoculated:
intermuscularly, with 15,000 units of peni~
cillin per pound of fish; and the other
with 10,000 units of combiotic (penicilliP
plus streptomycin) per pound of fish. M1
fish from the combiotic-injected group Sub”
sequently died while only one mortality
occurred in the penicillin group.

A second series of penicillin at
30,000 units per pound of fish was given
the remaining fish when the presence of
kidney disease again became apparent. Al~
though it is too early to predict the effé®
tiveness of the antibiotic as a prophy1atic
against the diplobacillus, the indication$
are encouraging. Of the 30 deaths since
the last mortality of the mature male in
December 1956, 25 were immature females @
the remaining five immature males.

nd



Neoplasms of salmonids.--Offsprings
of the initial group of guppies anesthetized
With urethane were given similar anestheti-
zations. 1In this second experiment, how-
ever, 25 successive treatments over a period
of 3-1/2 weeks were given. No gross pathol-
0gy was observed. Histological examinations
of the two groups will be made later.

111, WESTERN FISHERY DISEASE LABORATORY

Robert R. Rucker
Seattle, Washington

Pish diseases are a limiting factor
in the numbers of fish produced by hatcher-
ies. Some diseases are of unknown etiology,
Some are without control measures and some
are recognized and have control measures.
The goal of this laboratory is to make more
fish available to the sport and commercial
fishermen. This can be accomplished by
Understanding the etiologic agent and deter-
Mining therapeutic and prophylatic measures,

Bacterial and virus-like agents con-
tinue to plague the fish populations. The
aboratory's etiological study is being
expanded by cooperating with fishery groups
in Oregon, Idaho and Washington and the
International North Pacific Fisheries Commis-
Sion to determine the sources of infections,
bout 1,000 kidney smears from salmon in the
orth Pacific showed the presence of acid-
ast bacteria in only three adult sockeye
Salmon. One of these salmon came from Lake
Cories on Attw Island and the other two
from about 75 miles west of Juneau, Alaska.
e acid-fast bacteria cause fish tuberculo-
Sis. This disease is probably contracted
Mainly through the food at hatcheries and
1S found in returning adults. On occasion
1t is associated with high losses among
inger1ings but it is generally chronic.

An effort is being made to develop a
"edium that will give consistent results for
iSolation and growth of the acid-fast organ-
ism, Such a medium will facilitate bacte-
Yiological studies, the determination of

€rapeutic agents and aid in diagnosis.

Ome drugs used successfully on tubercular
Uman beings have been tested on infected
1sh, but in no case has a satisfactory con-
*ol been found.

A tuberculin test for fish tuberbulo-
iis would be advantageous as a diagnostic
®0l. While no success has been realized,
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the outcome of present experiments may
prove successful.

The possibility of fish tuberculosis
being transmitted in the egg is under
investigation. Crosses between infected
and non-infected female steelhead trout
with infected and non-infected males of the
same species were made, The fingerlings
are being reared for observation,

Corynebacterium sp. cause kidney
disease, another serious disease of salmon
and trout. Antisera from eastern and west-
ern strains were developed. Cross reactions
were obtained with the heterologous strains
but at a lower titer than with the homolo-
gous strains. Kidney disease antisera did
not agglutinate diphtheroid organisms of
human origin,

To test the theory that the kidney
disease organism might be the same as the
salmon poisoning rickettsia, comparatively
electron microscopic studies of the two
organisms were made. They indicated that
these organisms are entirely different,

A disease or family of diseases
characterized by their ability to pass
through a bacteria-proof filter is being
studied. Material from chinook salmon
fingerlings at the Coleman, California and
Willard, Washington stations is being
investigated, Similar material from the
sockeye salmon fingerlings at the Leaven-
worth and Carson, Washington stations was
maintained in the laboratory but was lost
in passage, possibly caused by a loss in
virulence. The filtered material normally
causes a mortality in healthy fish about
six days after inoculation. No therapeutic
measures have been found for this type of
disease and prevention has been the only
control measure,

The survey of parasites of adult chum
salmon, a part of the International North
Pacific Fisheries Commission research pro-
gram, shows promise that parasites may
indicate the geographical origin of the
host fish. Analysis of data from the 1955
and 1956 collections has been completed.
The results strongly indicate the practica-
bility of the separation of the continental
races of chum salmon based on the differen-
tial distribution of three parasitc species.
A survey of the 1957 collections is in pro-
gress.



MICROBIOLOGICAL LABORATORY

Stanislas P, Snieszko
Kearneysville, West Virginia

Iv,

GENERAL

Fish diseases in hatcheries are a
problem of long standing. The federal
government has $28 million invested in 98
hatcheries which cost approximately $4 mil-
lion annually to operate. There are 495
state hatcheries, over 100 private hatch-
eries, numerous minnow farms and a rapidly
expanding farm pond program. Fish culture
is a major business in the United States.

As a result of the research done in
the United States and in other countries,
chiefly in Germany, Prance, the Soviet
Union and Poland, much is known about the
nature and control of some of the diseases
caused by protozoan and higher animal para-
sites. In fact, because of improved con-
trol measures, worms and other parasites
are causing little trouble in trout and
salmon hatcheries. In the warm-water fish
hatcheries, farm ponds, minnow farms and
natural waters, parasitic diseases are
still of great importance.

The Pish and Wildlife Service has
studied intensively diseases caused by bac-
teria and fungi only during the past decade.
New bacterial and fungal diseases have been
identified during this period., Sulfa drug
therapy developed by this research per-
mitted the control of furunculosis, one of
the bacterial diseases which formerly killed
millions of hatchery fish. During the past
four years the Service has learned to treat
successfully other bacterial diseases with
the newer antibiotics. Chemicals have been
discovered which successfully treat fungus
infections. The diseases for which there
is little control still exceed in number
those we have learned to treat. These in-
clude infections caused by the pathogenic
bacteria, many of the fungi and most of the
viruses, They are most likely responsible
for sudden and "unexplained" epidemics
which have frequently destroyed great num-
bers of fishes in various hatcheries, The
role of virus diseases in the propagation
of salmon became apparent only recently,
Nothing is definitely known about the in-
fluence of environmental factors on the
incidence and the cause of infectious and
parasitic diseases of fishes. Significantly,
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environmental factors are considered of
paramount importance in human and animal
medicine and plant pathology.

The Microbiological Laboratory serves
the eastern United States as a center for
research on the nature, treatment and pre”
vention of infectious fish diseases. It 18
also a center for information for federal,
state and private fish hatcheries on diag” _
nosis, methods of treatment and general cont
trol of fish diseases. In addition, courses
on fish diseases are conducted for federals
state and privately employed fishery biol0~
gists and fish culturists.

RESEARCH

Kidney disease.--Kidney disease is 3
scattered in trout and salmon hatcheries al
over the United States and is still spread”
ing. It is a slow progressing disease, ?“
the mortality rate of infected fish is hig?l
as far as it could be established on expef*
mental fish and by losses occurring in
hatcheries. Research onkidney disease haS
shown that Mueller Hinton (MH) medium with
0.1 percent L-cysteine hydrochloride is
slightly better than Ordal's blood agar for
routine cultivation and isolation of the n
kidney disease organism. Modified MH medi¥
is used for stock culture and sensitivitY.d’
testing purposes. Three strains of the ¥?
ney disease organism, the drug sensitivity
of which had been determined on blood 2g3*'
have been similarly tested on MH medium.
There were no gross differences between t
results obtained on the two media; the
results, however, were more easily deter”
mined on MH medium. New strains are beinf
sought from different parts of the countfy

Kidney disease transmission trials
were terminated 101 days after initiatiol:
The results indicated that under the conéi
tions of the experiment the eastern strai?
was virulent and the western strainmon-
virulent for the eastern brook trout used:

Results of attempted disease transmission with aZ
eastern strain of kidney disease bacteria

3
PFirst Pcfc‘"tift
Treatment mortality KD _mortZ
Bacteria in diet - -
Bacteria + bile salts in diet - .
Bacteria + glass splinters in
diet - -
Self-abrasion in brick-studded 4%
troughs 96 days 5%
Periodic manual abrasion 48 days 6_
Control -



Fish which survived either method of
abrasion were held for observation. At the
end of six months the residue of these lots
was killed and examined.

Total mortality due to kidney
disease bacteria

Treatment Western strain Eastern strain
Self-abrasion 4% 32%
Hand abrasion - 68%

The results of this experiment show that
kidney disease was not transmitted to fin=
gerling brook trout by feeding. A distinct
difference was observed in the relative
Virulence of the bacterial strains, The
eastern strain was the more virulent to the
experimental fish; this strain caused the
first mortality at 48 days and continued to
do so until 288 days after the trials were
Started. Of the trout used in this experi-
Mment 13 which had been challenged with east-
ern strain bacteria survived and were killed
296 days after the trials were begun; kidney
disease bacteria were not found in the kid-
Neys of these fish. Mortalities among the
fish challenged with western strain bacteria
did not occur until 109 days after the trials
Were started but continued to do so until
the 296th day. Nearly half of the fish
challenged with the western strain bacteria
Survived the 6-month period of observation,
and the kidney disease organism was presump-
tively identified in the kidneys of about

2 percent of them.

The kidney disease was a slow-to-
develop infection, It ran an extended
Course and without treatment continued to
Cause mortality for months after the period
of deliberate attempts at infection.

There is no assurance that the strains
of bacteria used in this experiment are
Tepregsentative of the etiological agents of

idney disease in the West or in the East.
here ig good reason to believe that there
Are no essential differences in the condi-
tion called kidney disease as it occurs in
he West and in the Bast except that in the
est it is predominantly a disease of salmon
and in the Bast the species of fish most

affected so far is the eastern brook trout,

. The successful transmission of kidney
diseage by methods of abrasion suggests that
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a similar portal of entry may be involved
in hatchery occurrences. The direct agency,
however, could be mechanical or biological
(parasite). ’

The results of the in vitro sensitiv-
ity testing of various strains of kidney
disease bacteria were examined, and the most
promising agents selected for in vivo trials,
Brook trout were tested for their tolerance
of these agents at dosage levels recommended
for warm-blooded animals., Similar fish were
given a .2 cc. intraperitoneal inoculation
of kidney disease bacteria in a suspension
standardized turbidimetrically. Within 48
hours bacteria were found in the kidneys of
some fish and by the eighth day all fish
sampled had bacteria in their kidneys.

Toward the end of the quarter defini-
tive kidney disease therapy trials were
initiated. Susceptible brook trout were
hand sorted, distributed in aliquots in
replicated randomized lots,weighed and ino-
culated with a .2 cc, of turbidimetrically
standardized suspension of kidney disease
bacteria. Sampling established that the
fish were uniformly affected with kidney
disease and treatment was started during
the latter part of June.

Many antibiotic and chemotherapeutic
substances have been used in the in vitro
sensitivity testing of the kidney disease
bacteria. Donors have been given the appro-
priate results. Where agents showed promise
samples were requested and received. Price
quotations were solicited for those showing
most promise in the in vitro work,

Fish furunculosis.--Research was car-
ried out on two projects: (a) a rapid and
reliable method of determining the drug
sensitivity or drug resistance of Aeromonas
salmonicida and (b) differences in patho-
genicity and in other characteristics be-
tween the sulfonamide sensitive and resistant
strains of this bacterium, The results of
the first project are in press. As the re-
sult of this research, the resistance or
sensitivity of A. salmonicida to sulfona-
mides and antibiotics can be determined in
vitro within 24 to 48 hours. During the
experiments on the first project sulfonamide
resistant strains of A, salmonicida were
less virulent to fingerling eastern brook
trout than the drug sensitive strains. This
finding shows that sulfa therapy may reduce
losses even when the disease-causing strain
of A. salmonicida becomes sulfonamide




resistant, A Teport on this experiment is
in preparation,

Blue~sac disease,--In a joint project
the State of Pennsylvania and the Micro-
biological Laboratory investigated the
hereditary aspects of the blue-sac disease.
The following table shows the results:

Parent species

Rainbow Rainbow Bastern brook
Type of incubation x x x
Rainbow RBastern brook Bastern brook
Percentage
hatched 100% 25,5% 96%
Normal
Percentage
blue-sac fry 18% 61% 62,5%
Percentage
hatched 66% 2% 28%
Closed-system
Percentage
blue-sac fry 100% 100% 100%

These results indicate the following:

1, The closed-system type of incuba-
tion uniformly resulted in blue-sac disease
among all three replicated lots,

2. Under the normal type of incuba-
‘tion in the experimental trials not all
hybrids of eastern brook trout and rainbow
trout developed the blue-sac disease, Chi-
square (X2) = ,064; degrees of freedom =
1 P = 80%, therefore, the percentage of
hybrid fry having the blue~sac disease is
not significantly greater than the percent-
age of disease that occurred in the eastern
brook trout half-siblings,

Various fish pathogenic and saprophy-
tic bacteria.--There are at the Microbio-
logical Laboratory more than 100 cultures
of bacteria isolated from fish with miscel-
laneous pathological conditions, Some
cultures were received from foreign coun-
tries, There are also on hand several well-
described type-strains of Aeromonas lique-
faciens (synonyms: Pseudomonas punctata or
Proteus hydrophilus), In past years all
characteristics of these strains were deter~
mined, This work was recently completed by
determining the sensitivity of these cul-
tures to many antibiotics and sulfonamides,
The results will be evaluated later. They
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may give a tool for rapid typing of bacteri2
which are causing low-grade or sometimes
explosive mortalities in trout and warm-
water fish hatcheries.

Pancreatic necrosis.-~Preparations
are in progress for an all-out effort to
determine the nature of this disease., The
tissue culture technique will play a predo-
minant role in this research. In prelimin~
ary work, eastern brook trout fry which had
symptoms of infectious pancreatic necrosis
were ground and extracted with saline, The
resulting fluid was clarified by centrifugd”
tion, Seitz~filtered and inoculated into
growing cultures of eastern brook trout
swim bladder at 1/40 of the volume of the
fluid phase present in the culture flask.
In three separate trials the replicated
inoculated cultures displayed degeneration
of epithelial~like cell sheets, This chang€
becameevident at about four days at 19° C.
The uninoculated controls did not evidenc®
this change, A transfer of pooled fluid
from cultures displaying degeneration into
new cultures of brook trout swim bladder
resulted in similar degeneration, This
inoculum was calculated to contain 1/1600tH
of the original inoculum., These results
are cautiously interpreted as supporting
the hypothesis of a virus etiology.

Diagnostic service.~-An employee of _
the Microbiological Laboratory visited perd
odically the federal hatcheries in Region®
3, 4 and 5 of the Fish and Wildlife Servicé
to routinely diagnose dise ases and to reco®
mend routine treatments, Much of the work
was directed toward accumulating data on
the distribution of kidney disease. AS 2 11
result of this information, experiments wi
be performed at the Berlin, New Hampshire
station and possibly at one of the trout
hatcheries in Region 4 to determine the
conditions favoring outbreaks of this dis~”
ease and to test various control methods.

SAIMON-CULTURAL LABORATORY

Roger B, Burrows
Entiat, Washington

V.

The objective of this laboratory 45
to increase the survival rate of artifici®
ly propagated salmon in the hatchery and
after release in the stream, To achievé
this objective, the laboratory is develoP”
ing economical, practical diets for salmof’
exploring factors influencing artificial



Propagation and developing techniques and
€quipment for more efficient fish-cultural
Operations than the present ones,

Feeding trials.~--The feeding trials
for 1956 were made to evaluate the effect
°f varjous types of binding agents on diet
Utilization. The results indicated that no
Commercial binding agent was superior to
Salt for increasing diet utilization but
that, with one exception, all of the binding
3gents increased the food utilization by
100 percent when compared to fish fed an
Unbound control diet. A report on this
&xperiment has been prepared.

The feeding trials for 1957 are being
Conducted in cooperation with the Fish and
Wildilife Service's Salmon Nutrition Labora-
tory, Cook, Washington, and are designed to

etermine the optimum protein level for
¢hinook salmon,

Acceleration of sexual maturation of
2dult Salmon.--Studies show that a reduced
l%ght exposure will accelerate the matura-

ion of sockeye salmon, Sockeyes subjected
%0 9-1/2 hours of light, normal sunlight

Or October 1, spawned 19 days ahead of the
fontrol fish after 36 days of the shortened
1ght exposure. The light exposure this
Season will be shortened to onme hour per
92y and the acceleration measured.

Pituitary glands were collected from
Ch?m salmon, frozen and forwarded to the
Miversity of California Medical School for
Yophilization. The lyophilized glands
Were then sent to the University of Buffalo
Or fractionation. The attempt to isolate
thTH-free gonadotrophins from a portion of
€se glands has failed as indicated by the
3k of gonadotrophic activity in gonadec-
OMized trout. Other fractions will be
PTepared but field trials will be delayed
Ntil 1958,

. The acceleration experiments are
€ing conducted to find a practical method
fgr Teducing the holding period required
mir long-run fish trapped on their upstream
8ration, A reduction in the length of
ti§ h91ding period should result in a reduc-
N in the adult mortality.

sa1 Diversion and retention 9f adu%t '

§;$52¥-~~Testing of the electrical diversion

fO;r is complete. Results indicate that
efficient operation the weir should
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have a barrier strength of 0.5 volt per
inch with an effective field length of 10
feet in which the voltage gradient may vary
from 0.3 to 0.7 volt per inch, The minimum
water velocity at the weir site should be
three feet per second. This type of weir
has proved practicable for the diversion of
adult salmon and a report on it has been
prepared.

An experiment to determine a more
efficient method for trapping impounded
salmon as they approach ripeness is in pro-
gress. The late run adult salmon which
spawn in late October and early November do
not readily enter an upstream trap. These
large fish have a predominantly downstream
movement on their spawning migration,
Downstream adult traps have been constructed
to determine if these fish may be trapped
effectively in this manner.

Bvaluation of rearing pond design.--
The rectangular recirculating rearing pond,
developed as a result of these investiga-
tions, was tested under actual operating
conditions during 1956. These preliminary
tests indicate the superiority of this pond
over other pond types. A more detailed
evaluation to determine the carrying capa-
city of the pond and the environmental con-
ditions in it is in progress. The full-
scale prototype and the 8-1/4 scale models
will be evaluated in the second half of 1957,

An intensive investigation of the
environmental conditions in various pond
types and the response of salmon to these
conditions is being made. Studies show
that extreme differences in environmental
conditions develop in a raceway pond stocked
to near capacity with chinook salmon fin-
gerlings. Oxygen, carbon dioxide and ammo-
nia determinations were made at 10-foot
intervals, surface and bottom, in a Spring
Creek Station raceway pond 115 feet long
by 10 feet wide carrying 1.52 pounds of
fish per cubic foot of water or 14,2 pounds
per gallon of inflow. Under these condi-
tions a highly favorable environment existed
in the first 25 feet of the pond, good con-
ditions in the next 50 feet, and near lethal
conditions in the last 40 feet. At these
intervals abrupt changes in environment
occurred as indicated by drops in the oxygen
content of the water from 10,3 p.p.m. at
the head of the pond to 4.8 p.p.m. at the
foot and increases in the ammonia up to 0.57

p.p.m,



In a 30-foot circular pool operating
under similar conditions carrying 1.51
pounds of fish per cubic foot of water and
20.2 pounds per gallon of inflow, no abrupt
oxygen gradient existed but near lethal con-
ditions were evidenced by an oxygen content
of 5.1 p.p.m, at the periphery and 3,1
p.p.m. at the center outlet,

Both pond types were stocked beyond
their optimum carrying capacities as indi-
cated by the fact that the fish were not
consuming their normal amount of feed. The
circular pond was carrying 42 percent more
fish per gallon of water inflow than the
raceway pond. In the circular pond, oxygen
was the limiting factor. An increase in
the amount of water introduced or in the
oxygen content of the pond water by other
means could have alleviated this condition.
As the water supply was being fully utilized
the only alternative would be to increase
the oxygen content by other means. 1In an
incidental experiment the oxygen content was
increased 13 percent in 73 percent saturated
water by means of an aspirator installed in
the inflow pipe of a circular tank. The
installation of similar aspirators at the
Spring Creek Station would probably increase
the oxygen content of the circular ponds in
excess of 13 percent,

Conditions which limit the capacity
in the various pond types will continue to
be explored.

Development of an effective algicide.
~--Tests of potential algicidesare continu-
ing. Lignasan X, a 6.25 percent concentra-
tion of ethyl mercury phosphate, is the
most satisfactory algicide tested to date

for controlling green algae in rearing ponds.

A 1:1,000,000 concentration for a l-~hour
exposure at weekly intervals has proved
effective for experimentally controlling
algae. Tests are being conducted on a pro-
duction basis.

Thre sholds of normal development of
salmon eggs.--Previous experiments demon-
strated that chinook salmon eggs subjected
to constant water temperatures below 42.5°
F. or subject to increasing mortalities
until at 35° F. experience a loss in excess
of 95 percent. The experiment this season
was designed to determine at what stage in
development chinook eggs could tolerate
temperatures of 35° F. with impunity. The
egg mortalities indicate that when develop-
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ment has progressed to the forepart of the
blastula stage, 6 days at 42.5° B., eggs
can tolerate temperatures of 35° F. for the
remainder of the incubation period without
abnormal mortalities. The experiment is
not concluded and significant differences
in fry mortalities may develop in the lots
which were subjected to 35° F. temperatureS
in the blastula stage, 6 days at 42.5° F.
and the forepart of the gastrula stage, 9
days at 42.5° F. These lots of fish are
showing evidence of coagulated yolk and an
abnormally high mortality is anticipated.

SPECIAL INVESTIGATIONS

I. BIOLOGY OF GREAT LAKES FISHES

John Van Oosten
Ann Arbor, Michigan

Since 1921 materials have been col-
lected on the Great Lakes fishes and fish-
eries but these data have remained largelY
unworked. Now that the Great Lakes investi”
gations have been greatly expanded, this
valuable, older material is being analyzed
so that it may form a basis for comparison
with current data, A preliminary report 07
the fishes taken in experimental and commer”
cial gill nets in Lake Erie in 1927-1932
has been prepared, and studies were begun
on the trap-net experiments on the same
period.

The expanded biological program has
created a demand for complete references
on the biological researches on the Great
Lakes. To meet that demand a bibliography,
of the Great Lakes fauna and flora and the?
environment, which lists approximately
3,040 papers, has been completed.

II. EASTERN FEDERAL WATERS

Robert E. Lennon
Kearneysville (Leetown),
West Virginia

The federal lands in the southeaste®®
United States include the Great Smoky Mou?”
tains National Park in North Carolina an
Tennessee and the Shenandoah National Par
in Virginia. The numerous streams in thes€
parks drain some of the highest and mor€
remote slopes of the southern Appalachia?
Mountains, The courses of these streams



are generally short, steep and rough and
the waters are among the softest in North
America.

The most important fishery resources
of these areas are the eastern brook trout
and the rainbow trout, Many factors have
contributed to their depletion, Bishing
Pressures became great and are increasing
and severe droughts and floods have affected
the productive capacities of the waters.
Liberal fishing regulations and haphazard
Stocking procedures in the past altered the
Status of the fishery resources and the
fishing pressures.

To remedy the depleted fishery re-
Sources, a program was established in 1953,
Its objectives are to define measures to
arrest the decline of wild trout populations
in the face of increased fishing pressures,
Testore or reestablish trout, especially
brook trout, in streams where populations

ave been reduced or destroyed by severe
floods or droughts, determine factors govern-
ing fish production, formulate fishing regu-
ations based on the potentialities of the
fiShery resources and develop methods and
Cquipment for surveying streams and collect-
ing fish in the mineral-deficient waterxs,

SHENANDOAH NATIONAL PARK

Precipitous declines in fish popula-
tions occurred in the Shenandoah streams in
1952 and 1953 and the lowest levels of abun-

ance occurred in 1954, Because of severe
Tought many of the more important trout
Streams were largely dry for most of the 3-
Year period. Extensive surveys showed that
“Year and l-year age groups were almost
®ntirely missing, the 2-year and older trout
Were in poor condition and disappearing and
he production of food organisms in the
Streams had beenbadly damaged. The National
ark Service, acting on recommendations of
;?e Fish and Wildlife Service, prohibited
1shing in the Park in 1954 and 1955.

t Water conditions improved in 1955 and
Tout populations rapidly improved through
sarly 1957. Small numbers of adult survi-
OIS produced strong year classes in 1955
Td 1956, A good distribution of trout occur
Toughout the courses of the streams,
T;‘Efches of which were previously barren,
the improved condition of the trout reflects
® Breat increases of food organisms,
Mual surveys on representative streams

S
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indicate, however, that
much more rapid in some
others, as shown below:

recovery has been
streams than in

Estimated number of
brook trout per acre

Stream 1954 1955 1956
Big Run 15 529 363
Jeremys Run 13 624 1216
Moorman River, North

Fork 8 48 76
Piney Run 91 245 943
Rapidan River 94 292 426

The National Park Service opened all
streams of the Park to fishing in 1956 and
1957 and extended the seasons to conform
to the State of Virginia's seasons on trout,
Restrictions specified the use of artificial
lures and a minimum legal size of nine inches
to permit continued recovery of the fishery,

The Moorman River is important because
of its proximity to Charlottesville and
Waynesboro, Virginia. On surveys last fall
and this spring of the North Fork of this
river young-of-the-year brook trout and
rainbow trout were collected, No O-young
fish were taken there in 1954 and 1955,
Since this river is more marginal for trout
than other major waters of the Park, the
recovery of the trout fishery will probably
be slow, The collection of the small rain-
bows was the only instance in which exotic
trout were found in the Park. No doubt
Virginia-stocked rainbow trout have become
established in Charlottesville Reservoir
and will spawn in the North PFork when water
conditions permit. Anglers on Moorman River
took adult fish up to 20 imc hes long in the
spring of 1956 and 1957, The overwinter
survival of young-of-the-year rainbows was
good and their growth for the period exceeded
that of brook trout in other streams; speci-
mens average 3,49 inches long on November 29
and 5.49 inches on April 12,

GREAT SMOKY MOUNTAINS NATIONAL PARK

Brook trout.--Marked fingerling brook
trout of native Appalachian strain have been
stocked in several barren or near-barren
streams since 1954, Trout stocked as 3-inch
fingerlings in Alum Cave Prong in 1954 and
1955 survived well and now range up to 10
inches long while those stocked in West Prong
Little Pigeon River in the same years range
up to 10.2 inches long. There are sowe



natural reproduction by these fish in 1956,
Mcasures of fishing success for brook trout
seven inches or more in length were made

in June and catches ranged from 2.8 to 11.4
fish per hour of effort. Both streams,
however, are restrocted to sport fishing
only and no possession of fish is per-~
mitted.

The 3-inch fingerling brook trout
stocked in Ramsey Prong in July 1956 made
excellent growth., The Greenbrier creel-
checking station found that specimens seven
inches or longer are entering the legal
catch, Porters Creek showed similar re-
sults.

Racial studies on native brook trout
collected in remote headwaters have been
continued. Data on meristic characters
and condition factors are complete and
observations on egg production, age and
growth are being continued. The frequent
occurrence of diseased ovaries in adult
females may be related to the fewness of
small trout and to a sex ration two to one
in favor of males.

Hazzard-plan streams.~-The improved
populations of brook trout and rainbow
trout have resulted from protection afforded
by the Hazzard plan, Contacts with anglers
on West Prong Little Pigeon River and Brad-
ley Fork indicate that use of these sport-
fishing~only streams has increased in 1956
and 1957. An estimated 610 anglers were
on the West Prong and 1,319 on the Bradley
Fork in 1956, Surveys on the West Prong,
the poorer of the two streams, showed 8.0
pounds of brook trout and 10.6 pounds of
rainbow trout per acre in 1955 in contrast
to 12.9 pounds of brook trout and 23.6
pounds of rainbow trout per acre in 1956,

The increasing numbers of visitors
in the spring and fall seasons will have
opportunities for good sport fishing,
Under the Hazzard plan the West Prong and
Bradley Fork, beginning September 1, 1957
will be open to fishing the year round.
Up to June 30, 1957 they had been open to
fishing only during the regular season.
In addition, long and easily accessible
sections of Little River and Oconaluftee
River also will be open to year-round fish-
ing beginning in the summer of 1957, The
Hazzard-plan restrictions will apply from
September 1 through May 15, but general
regulations which permit possession of five
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fish per day will apply from May 16 through
August 31.

Electrofishing.-~Alternate-polarity
electrode systems built of No. 8 welding
cable have proven more durable and less
subject to breakdowns than systems built
with braided shielding and will replace
them,

During winter resistivities in stream$
which ranged from 100,000 to more than
200,000 ohms per cubic centimeter greatly
reduced the efficiency of electrofishing.
Extensive tests with 50-pound blocks of
cattle salt showed that these resistivitiés
could be lowered by as much as 82 percent
in the immediate vicinity of survey sites.
Spring and fall trials made to test the
value of the salt blocks found that the
effectiveness of the shocker is greater if!
salted water than in salt-free water. IR
salted water the shocker stuns the fish
more completely, making them easier to col”
lect than in salt-free water. A greater
proportion of available fish, thus, can b€
removed on single passes through test areas:
The chief advantage of the salt, however:
is making efficient electrofishing possibl®
in winter when extremely high resistiviti€S
prevail, A block lasts about four hours in
a stream, making its cost about 20 cents
per hour.

Creel census.--Creel census station$
were operated on Little Pigeon River and
Big Creek in 1956 and are in operation of
the Little Pigeon and Little Rivers this
season, In addition, the mobile checks_
begun on four streams last year are agail
being made. Station records show that 1P
1956 there were 11 percent more fishermenl
on Little Pigeon River and 54 percent moT¢
on Big Creek than in 1955, Increases iP
fishermen of the magnitude recorded on Big
Creek reflect partly improvements in acce$
to streams. Non-residents from 8 states
and Canada were recorded on Big Creek 125"
year, from 17 states on Little Pigeon RiV€
and from 22 states and the District of
Columbia on Little River.

Catchable-size rainbow trout which
were stocked in creel census streams iP
May, June and July 1956 received distinc”
tive fin clips. Returns from fish stoc ke
in June exceeded those stocked in May a7
July., Of 6,000 rainbow trout stocked P
Oconaluftee River in 1956, anglers took at



estimated 4,010. Records of the first two
weeks of the 1957 season indicate that a
substantial number of carry-over fish may
be taken this year.

Reclamation of streams.--Indian Creek,
a tributary of Deep Creek, was selected for
an experiment in reclaiming a mountain
stream. Rotenone (PRO-NOXFISH, PFormula 56
for Cold Water) was applied at selected
Streamns between April 22 and May 1 to
eradicate rainbow trout and longnose dace
from the lower six and a half miles of main
stream and one mile of Georges Branch.
Results were successful and no escapement
was observed. Five hundred and ninety=-two
rainbow trout, 0.9 to 13.7 inches long, and
85 longnose dace were collected for measure-
ments., A potassium permanganate solution
was added to Indian Creek Falls near the
mouth to reduce the toxicity of the rote-
none,

Methods for determining stream velo-
cities, flow volumes, concentrations of
toxicants needed at various flow rates,
frequency and concentrations of strengthen-
ing doses and the spreadout and dilution of
a toxicant moving downstream were developed
through repeated trials with blocks of
cattle salt used in conjunction with an
electric conductivity meter. The results
Obtained with salt were confirmed by tests
With malachite green dye and comparator
tubes. Tests were also made with rotenone
in streamside troughs on rainbow trout and
longnose dace to define minimum toxic con-
Centrations and required durations of expo-
Sure to kill fish,

Indian Creek and Georges Branch were
Testocked with 12,000 fingerling brook
trout, Appalachian strain, in late June,
Both streams appear to offer an excellent
Opportunity for reestablishing the native
Species, The growth and survival of the
fish will be closely observed.

The near completion of the Chilhowee
Dam at Chilhowee, Tennessee, under construc-
tion by the Aluminum Corporation of America,
has prompted the largest reclamation job
Yet attempted in the Southeast. The new
17,000-acre impoundment on the Little Ten-
Nessee River will be managed for rainbow
trout, The lake will inundate the lowermost
FWO to two and a half miles of Abrams Creek
in the park and nine miles of the Little
Tennessee upstream to Calderwood Dam. Since
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both Abrams Creek and the river contained
abundant trash fish, an agreement was made
in May 1957 among the Tennessee Game and
Fish Commission, Tennessee Valley Authority,
Aluminum Corporation of America, National
Park Service and the Fish and Wildlife
Service to reclaim the waters before the
lake is created. The date for the wark was
originally set for July 1957 but was sud-
denly advanced to early June,

Abrams Creek is a large stream with
an average discharge of about 90 cfs. Sur-
veys showed that carp and other trash fish
occurred throughout the entire 17-mile
lower section between Abrams Falls and the
mouth; short cascades and long deep pools
characterize this section. The terrain is
so rough that the area is one of the most
inaccessible areas in the park. Round-the-
clock tests were made with salt blocks and
a conductivity meter to determine the
velocity of the stream over long distances,
its discharges at various levels and the
factors of spreadout and dilution. High
turbid water precluded confirmatory tests
with dye. Tests were made with rotenone in
streamside troughs to determine their toxic
concentrations and effective durations of
exposure, Some carp, for example, survived
a 3-hour exposure to rotenone at 1 p.p.m.
while others died only after exposures up
to six hours at 0.1 p.p.m.

For the poisoning job to be success-
ful the Fish and Wildlife Service's bolt of
rotenone in Abrams Creek had to meet the
State of Virginia's bolt in the Little
Tennessee River at the confluence exactly
at noon on June 9. Therefore, rotenone was
introduced continuously from 12:20 to 6:20
P.M. on June 8 at Abrams Falls. Strengthen-
ing doses were applied in the main stream
and in the tributaries as the bolt moved
downstream, Eight hundred and eighty-eight
pounds of rotenone were used, and the bolt
arrived at the mouth of Abrams Creek on
time.

Counts and measurements were obtained
on 3,233 fish picked up during thetoxicity
tests and reclamation operations. These
included larval and adult lampreys, gizzard
shad, 448 rainbow trout, several species of
suckers, 45 carp, blue and channel catfish,
sauger, smallmouth bass, rock bass, bluegill
and other sunfishes and drum, The non-
appearance of small carp indicates that carp
cannot spawn successfully in Abrams Creek,



Fingerling rainbow trout will be
stocked in Abrams Creek. The main stream
and tributaries below the Falls are too
warm for brook trout.

National Park Service persomnel gave
excellent assistance during the operations
on Indian and Abrams Creeks. They contri-
buted greatly to the successful program on
Abrams Creek by establishing a work camp,
clearing trails, packing in supplies, fur-
nishing vehicles and participating in the
poisoning job.

Water quality in streams.-~A program
was begun in December to collect all-season
data on water chemistry, temperatures,
levels and discharge rates, and electrical
resistivities at selected sites in three
of the major watersheds in the park.

SECTION OF MARINE FISHERIES

Howard H. Eckles and Harvey L. Moore
Washington, D. C.

The Marine Section is studying the
causes of the great fluctuations in abun-
dance, both natural and man made, which
occur in the major ocean fisheries in order
to recommend such conservation measures as
will effectively maintain continuing produc-
tion without unduly hampering fishing opera-
tions and to predict changes in abundance
sufficiently in advance to minimize their
effects on dependent industries. Increasing
yields from existing fisheries are being
sought by such means, for instance, as
establishing the appropriate age and the
time of capture. Efforts are being made to
define through oceanographic surveys the
area variations in fertility within the
oceans for the purpose of making more effec~
tive the search for new fishery resources
and the solution to such specific problems
as the cause of the destructive ‘red tides".
The areas under study encompass the waters
of the Atlantic Ocean from the Grand Banks
to Florida, the entire Gulf of Mexico, and
the western and central Pacific.

NORTH ATLANTIC FISHERY INVESTIGATIONS

Herbert W, Graham
Woods Hole, Massachusetts

The New England fishery is one of the
most valuable in the world and is being
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fished with an ever~increasing intensity.
The purpose of this investigation is to
obtain the information necessary for sound
management of this important resource.

After a period of years some of the
important questions concerning the dynamics
of the haddock population are nearing solu-
tion. Now, the program must be re-oriented
to study the ecology of the banks in order
to -understand the effect of the various
species on one another and the role of the
physical factors in causing fluctuations
in abundance.

The management of the offshore fish-
eries in the North Atlantic is the concer®
of the International Commission for the
Northwest Atlantic Fisheries. Acoordingly,
the research of the North Atlantic Fishery
Investigations is directed in large part
toward supplying the Commission with infof~
mation necessary for the international
control of fishing in this area.

As in past years, research planning
has been conducted in close collaboration
with the Atlantic States Marine Fisheries
Commission and the International Commissio®
for the Northwest Atlantic Fisheries.

INTERNATIONAL COMMISSION FOR THE
NORTHWEST ATLANTIC FISHERIES

An active program of research con-
tinued in Subarea 5 (Georges Bank and the
Gulf of Maine), Subarea 4 (Nova Scotian
Banks and the Gulf of St. Lawrence) and
Subarea 3 (Grand Banks). These studies
were directed toward the cod, haddock, red”
fish and halibut,.

The recommendations for a long-rangé
program to be conducted in the Convention
Area, made by the Committee on Research &P
Statistics at Biarritz, Prance, in 1956
were reviewed at a Joint Scientific Meetin
of the Commission, the Food and Agricult“re
Organization of the United Nations and th€
International Council for the Exploratio®
of the Sea which followed the 1957 annual
meeting of the International Commissioft.
Remarkable progress in furthering the Bidf
ritz recommendations was noted for all
Commission countries.

Progress of especial interest to the
United States was the publication by the ne
Commission of the current statistics of f



total catch by species and value of fish
taken from the Convention Area by the
Buropean countries. At least one of the
Buropean countries conducting extensive
fishing in Nova Scotia, Newfoundland and
Greenland waters is attempting to obtain
from its fishing companies the complete

Statistics of catch over the past ten years.

This information is valuable in assessing
the condition of the fishery resources on
this side of the Atlantic.

The United States contributed sub-
Stantially to progress in futhering the
Yecommendations made at Biarritz, France.
Among these steps were standardization of
Methods of measuring fish, studies of the
effect on fish abundance of the drift of
€ggs and larvae, successful tagging of
redfish, measuring the natural mortality
Tate of haddock, standardization of methods
°f measuring net meshes and the development
°f a new mesh gauge.

INTERNATIONAL PASSAMAQUODDY
FISHERIES BOARD

The International Joint Commission
Appointed the International Passamaquoddy
isheries Board to conduct a 3-year study
Or determining the possible effects on
he fishery of the construction of a tidal
Power project in the Passamaquoddy area of
the Bay of Fundy. The Board set up a
Tesearch committee composed of biologists
anq oceanographers from the Biological
tation at St. Andrews, N. B., Canada, and
Tom the laboratories at Woods Hole, Massa-
Chusetts, and Boothbay Harbor, Maine.

Since herring is the principal com-~
Mercial species in the area, the research
°n this project is closely integrated with

he Atlantic Herring Investigations cen-
tered at Boothbay Harbor.

ATLANTIC STATES MARINE
FISHERIES COMMISSION

. At the fifteenth annual meeting of
t@e Atlantic States Marine Fisheries Com-
1ssion at Atlantic City, New Jersey, in
®Ptember 1956 progress on the investiga-
lons conducted within the jurisdictional
rea of the Commission (the 3-mile limit)

as reported . The reports included the
3ddock mesh regulation, redfish studies,

the yellowtail flounder fishery, the whit-
8 or silver hake fishery, the industrial
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fishery and the Maine herring fishery.
Summaries of the activities in these fields
will be found elsewhere in this report.

VESSEL OPERATIONS

Albatross II11.--The 18 scientific
cruises included several haddock and cod
tagging trips, measurement of fish escape-
ment, studies of the distribution of several
species, bottom sampling, plankton work,
gear testing and underwater television
experiments.

Two of the cruises were of interna-
tional interest. The first cruise was a
joint operation with the Canadian research
vessel J. J. Cowie. The second was for the
purpose of comparing C.P.S. Emitron and
Image Orthicon underwater TV equipment,
Representatives of the Scottish Marine Bio-
logical Laboratory operated the British
equipment. A joint cruise, "Pair Tows Two',
involved the Albatross III and the Delaware
to determine the comparative fishing powers
of the 41 "Balloon" and the 41 "Standard"
trawls and to make simultaneous tows with
different mesh sizes.

The staff members of the Woods Hole
Oceanographic Institution collaborated in
several cruises throughout the vyear.

T-79.~-The activities of the T-79
were largely confined to investigating the
flounder and the industrial fisheries off
the southeastern coast of New England.
This investigation included hydrographic
work, trawling, underwater photography and
tagging.

BOTTOM ECOLOGY

The survival, growth, migrations and
distribution of the commercially important
groundfish depend substantially upon the
kinds and the quantities of food availabie
to them., The food organisms, in turn, flour-
ish or fail according to the suitability
of their environment, The groundfish feed
predominantly on the bottom-dwelling organ-
isms. Many of these organisms are inti-
mately associated with the sea bed, and their
geographical distribution and abundance
depend to a greater or lesser extent upon
the type of substrate, Thus, the relation-
ships of food organisms to the physical and
the chemical composition of the substrates
are a significant phase of the groundfish



production cycle. One aspect of the bottom
ecology work is being investigated by a

survey of the substrates on Georges Bank

and vicinity.

Particle size composition.--Particle

size analyses were made from 99 stations

on Georges Bank and in adjacent waters.
The Scoopfish bottom sampler and other

dredging gearwere used to obtain the sam-

ples.

The substrate samples were sifted

through a graded series of screens and the

quantity of eash size-fraction was measured.

SCOQPFISH BOTTOM SAMPLER

A large portion of central Georges Bank is
composed primarily of medium sand (particle
diameters between 0.50 and 0.25 mm.). A
rather wide band along the southern edge of
the Bank consists mainly of fine sands (0.25
to 0.62 mm,). Granules, pebbles, cobbles
and boulders with admixtures of medium to
coarse sand cover the bottom on the norther®
edge and parts of the northeast peak of
Georges Bank. Silt-clay deposits (0,062 mm.)
are located south of Nantucket Shoals and
in the deep water in the northern portion
of Great South Channel.

Chemical composition.--Fifteen substra®

W oranuie - soucorn MR rine sano

very coanst sano  (lififIf veay rine sano
COARSE 8AND G LT & cLay ”
B33 weotum sano @ STATIONS
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ORGANIC MATTER
EOGRAPHICAL DISTRIBUTION OF Y.
|ﬁ THE SUBSTRATES ON GEORGES BANK AND VICING

Five substrate types

e

Organic Ca P NO; Mg K Mn Fe Al Number
Substrate Particle matter N of

type size~ (percent)  (Bxtractable quantity in parts per million) samples
Silt-clay 0.03 3.6 2115 30 6 1225 700 48 3 6 2
Very fine sand 0.09 2.6 2750 19 6 658 338 16 4 1 3
Fine sand 0.19 0.8 1000 11 2 303 92 11 2 1 3
Medium sand 0.38 0.2 1662 4 2 179 170 18 1 1 4
Coarse sand 0.75 0.3 337 5 2 187 70 16 3 1 3

i

1/ Mid-point of the predominant size category.
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samples from the Georges Bank area were
analyzed for organic matter and extractable
calcium, phosphorus, nitrate nitrogen,
magnesium, potassium, manganese, iron and
aluminum. In general, these elements and
the organic matter are inversely related

to the particle size composition of the
Substrates.

The geographical distribution of the
Organic matter in the substrates expressed
as percent weight on and adjacent to Georges
Bank is illustrated below. The chemical
constituents tested had distributional pat-
terns similar to t hose for organic matter.

Off the northwest side of Georges
Bank, where the substrate is a silt clay,
the organic matter and the elements tested
for were abundant. Along the southern
Periphery of Georges Bank, where the sub-
Strate is primarily a flne sand, the organic
Matter and the elements were present in
moderate quantities. On the central and
the northeast portions of Georges Bank,
where the predominant substrate is a medium
sand, the organic matter and the elements
were present in small qfantities.

(0.0)))

The major effort during the
Past year was devoted to identify-
ing stocks in the New-England area.

3

— T T0* [T [ [Tad

ORGANIC MATTER IN
NK AND VICINITY.
RCENT WEIGHT .

GEOGRAPHICAL DISTRIBUTION OF
THE SUBSTRATES ON GEORGES BA
VALUES ARE EXPRESSED IN PE
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Tagging was used because of its simplicity
and the '"fringe benefits" that .may be
obtained, such as information-about popula-
tion size, mortality and growth rates.
The figure below shows the numbers of fish
and the locations of all tagging to June 30,
with approximate percentages of returns
from each operation.

Observations on the incidence of
Lernaeocera, a copepod parasite, were
started and will continue through the sum-
mer. In other areas this parasite has
proved useful as a biological tag in iden-
tifying races of cod.

At this time tag returns combined
with the results of the United States
Bureau of Fisheries' marking experiments
from 1890 to 1930 allow the formation of
the working idea that there are four major
stocks in the New England region. There
are two relatively stationary groups, one
group on the offshore part of Georges Bank
and the other in the Gulf of Maine. A
third group, fish which winter in inshore
Cape Cod waters, apparently moves to the
Great South Channel in the summer, where

they are joined by a migratory stock that
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spawns and spends most of the year in Long
Island and New Jersey coastal waters.

A preliminary analysis of records of
large otter trawlers fishing primarily for
haddock on Georges Bank indicates that the
local changes in abundance of cod may be
related to the long-term hydrographic con-
ditions. In recent years there has been a
change in the relative abundance on Central
and Western Georges Bank and a similar
change may be demonstrated for the shallow
and the deep zone of the Eastern area for
the same period. This has been a period in
which the winters were considerably milder
than they usually are.
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‘ A further examination of these data
‘shows that the differences in the abundance
are related to the size of the fish, as
evidenced by the market categories caught.
Large cod seem more affected than small cod;
this finding supports the concept that this
is a temperature-associated phenomenon,

The similar abundance and the temperature
curves, particularly since 1946, suggest
more than a casual relationship.

An attempt, made in conjunction with
the Woods Hole Oceanographic Institution
scientists, to find a relation between the
abundance of inshore cod and the amount of
fresh-water runoff was unsuccessful.

Work centinued on a bibliography of

cod biology with emphasis on the Northwest
Atlantic. Over 500 papers have been ab-
stracted to punch cards which may be sorted
mechanically for authors, subjects, dates
and geographical areas.

A synoptic collection of all pub-
lished cod growth rates, plotted on trans-
parent paper at a uniform scale, is being
made from bibliographic sources.

Efforts are being made to improve th¢

. collection of landing statistics on cod.
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The collection of length-frequency samples
was adequate this year for the first time
to report to the International Commission
on the size distribution of cod in the
United States otter trawl landings.

FLOUNDERS

State of the fisheries.--The landing®
of the principal flounder species, yellow”
tail, blackback and fluke, at southern Ne¥
England ports in 1956 did not differ sign?”
ficantly from the 1955 figures. The sligP
increases in the Rhode Island yellowtail
and blackback landings appear to have bfen
caused by the high abundance of small fiS
in the catches from the Rhode Island waters:
There is evidence that strong year classeé®
of both species are moving into the fishef
which may increase the 1957 catch.

Research.-~The growth studies havé
been concentrated on the yellowtail duriff
the past year, but some fluke and blackbac
data have been collected also for future
work. When possible, yellowtail otoliths
were obtained at monthly intervals during ¢
1956 to provide evidence of the validity ow
their use for age determination and to SP%"
the seasonal sequence in annual ring formd
tion in otoliths. Only one complete rins:
consisting of an opaque band and a hyalil
band, is laid down each year, although the
beginning of the second annulus is foun
before the fish have reached the end of
their first full year of life.

There is good correspondence betw?ez
the size of the fish and the age detefmigngs
from otoliths, indicating that otolith T
are laid down in a regular manner. Modes
in the length-frequency distributions of
1- and 2-year old fish coincides with thiith
model lengths of age groups based on oto 1y
readings, These modes corresponded c105¢
during the course of a year and the aver?



Sizes within the young age groups increased A growth curve for male and female

Yegularly through the growing season. This yellowtails fFom the fourth quarter.of the
information furnishes evidence that only 1956 cgtches.ls shown: The growth in length
One annulus is laid down each year. is rapid d?rlng‘the first two years of life
44 . ; = o and the weight increases at a rapid rate
et for another year. Following the second
40[- P ] year the females grow at a significantly
,/, greater rate than the males. The current
36 /7 7 work indicates that growth is faster at
32l // y present than it was during the 1940s. The
E // length-frequency samples of the commercial
Eoesl / - catches show a smaller proportion of old
= y/ fish in the present catches than in the
S et ‘ former catches. The work is planned to
8 determine whether a real change in the
z 20 ] growth rate and the age structure of the
z | southern New England stocks has taken place.
2 16 e MALES
S0 m = FEMALES . In addition to counting the number of
complete annual rings in the otoliths exam-
8k . ined, the extent of the development of the
ring being laid down on the otolith edge at
4 7 the time of the collection was recorded for
. . ) ! the purpose of tracing the ring development.
% : 2 3 4 5 6 The amount of edge growth was designated by
R AGE 1N YEARS letters: A, where the.beginnings of a new
OFTH CURVE FOR YELLOWT 1L FLOUNDER, BASED ON opaque band could be distinguished; B, where
LITH AGE DETERMINATIONS FROM THE FQURTH an opaque band of considerable width was

QUARTER OF 1956 CATCHES FROM SOUTHERN NEW
ENGLAND GROUNDS

APRIL I-B JULY I-B AUGUSTI-C Few. I APRILIT-A JULY T0-A

0oL

SEPT [.¢ 0CT. I-C NOV. 1-C DEC. I-C AUGUSTII-B  SEPT.II'B NOV. III-¢ DEC. HI-C

present; and C, where the peripheral opaque
band was complete and the development of

MARCH |

FEB.O-A  APRILL-B  JUNE DB FERIV. WUNE IV JULYIV-A
AUSUSTIIn  sppr oc octoC DEC. I0-C ACUSTIVA ST IV O0T Y- f DEC. IV-©
OToL v . OTOLITHS FROM 3- AND 4-YEAR-OLD YELLOWTAIL
Flogo!THS FROM 1- AND 2-YEAR-OLD YELLOWTAIL
vEsQUNDER, CAPTURED AT DIFFERENT TINES OF THE FLOUNDER, CAPTURED AT DIFFERENT TIMES OF THE

s SHOWING DIFFERENT IAL GROWTH ON THE EDGES YEAR, SHOWING DIFFERENT AL GROWTH ON THE EDGES
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they hyaline band of the annual ring was

in evidence. The annulus formation was con-
sidered complete after January 1 and no
letter designation was assigned to otoliths
between January 1 and the time of the begin-
ning of a new band.

The photographs of the otoliths from
1-, 2-, 3- and 4-year-old fish, showing the
various stages of band development (no edge
growth, A, B or C condition) are shown.
The otoliths for the photographs were chosen
to represent the stage of the development
shown by the greatest proportion of otoliths
examined from a given age group in a parti-
cular month. January 1 was taken as the
birthday here in order to keep the age and
the number of annuli the same.

The band laid down d uring the second
year is the broadest in all of the otoliths.
This corresponds with the period of most
rapid growth in the fish length.

The first otolith of age group I,
collected in March, has one complete annulus
(center white opaque kernel plus the sur-
rounding hyaline band), and in addition it
shows development of a substantial part of
the second opaque zone. It was, therefore,
classed as age group I-B. The fourth oto-
lith of age group I shows a completed second
opaque band and the beginning of the second
hyaline band. It was assigned to age group
I-C. The first otolith of age group I1
shows no evidence of the beginning of the
third opaque zone and it was classed as age
I1 with no letter designation. The stage
of the edge development was determined for
the other otoliths in the same manner.
Since the stages used to classify the edge
growth are somewhat subjective, they allow
no ironclad classification of the ring
growth. They do serve to describe what is
reasonably apparent when the otoliths are
examined.

The young fish evidently begin to lay
down the bands for the succeeding annual
ring earlier in the season than do the older
fish, The otoliths from the fish of age
group I show stage B in late winter, 1In
age group II stage B appears in mid-spring
and in age groups III and IV it does not
appear until August and September, respec-
tively. Stage C also makes its appearance
earlier in the otoliths of the young fish
than in the older fish, It was evident in
age group I fish in late summer but was not

80

apparent in the otoliths from age group IV
until the fall and the early winter,

Since the annual bands on the otoliths
in later years are narrow compared with
those of the first two years, detecting the
beginning of a new band on the otoliths
from the older fish is more difficult than
from the young fish, This offers a partial
explanation for the apparent time difference€
in the beginning of the otolith growth be-
tween the young and the old fish. It does
not, however, seem sufficient to account
completely for it, The possibility that
young fish resume fast growth earlier in
the season than old fish appears reasonablé:
If this is the case, it could account for
part of the more rapid growth during the
early years of life,

The opaque and hyaline zones of the
annual ring of otoliths have sometimes been
referred to as the summer and the winter
bands, respectively. The foregoing informéa~
tion suggests that for the yellowtails theY
might be more accurately termed the spring
and the summer band and the fall band.

As a part of the yellowtail study,
over 1,000 fish were tagged from commerci?
draggers on southern New England grounds
in early 1957. These tagging experiment$s
were designed to help delimit the separaté
yellowtail stocks, if such exist, for ind1~
vidual consideration in future study, In
addition, the growth of recaptured fish
should contribute substantially to the
validation of the otolith age and the grow
studies.

th

HADDOCK

The haddock landings from Georges
Bank in 1956 were the largest since 1948.
They resulted from an increase in the amoY
of fishing and a considerable increase in
the catch of large haddock.

nt

The large haddock landings, higher
than in any year since 1950, failed to Suf~”
pass the scrod haddock landings, The late
arrival of the scrod on Georges Bank pre-
sented increases in their landings compal”
able to those for the large haddock. FoT
the past nine years scrod dominated the
landings from May to November., 1In 1956,
the scrod were dominant from July to Nove™
ber.



LANDINGS OF HADDOCK FROM GEORGES BANK The regulation 4-1/2" mesh has

wf, T T T T T T T T TTTTTTT T a conservation value. It releases
@ \\ most of the unmarketable haddock
Z sl \ 1 which weigh less than a pound, re-
2 N\, e tains the most marketable fish weigh-
5 s \\//-//\V/’ P sct:/*\kw_ ing over 1-1/2 pounds and catches
g r'\/l \\ /? slightly more fish weighing over
i N /r”"{ ) \ /f Camoe 4 three pounds than does the preregula-
R LA A tion 2-7/8" mesh. These findings
TRV OO AN TS ST S ST WOV W SN N ST VAT SN N U WA T N resulted from a comparison between
1931 1938 1940 1948 950 1985

four to eight large Boston trawlers
which used the 2-7/8" mesh and other
large Boston trawlers which used the
4~1/2" mesh.

Underwater television increased
our knowledge of the capture, the
8ol - behavior and)the escapement of fish
through the trawl meshes. The camera
unit, housed in a waterproof case,
is rigged inside the cod end of a
standard otter trawl. Shock-aborbing

8 springs protect the camera from

x jarring when it is towed over uneven
n bottom.

& The net, with the camera in

the cod end, was set out and towed
on the fishing grounds.

The TV camera, mounted verti-
cally in a mesh-covered cage, gave
a clear picture of the behavior of
[— trawl-caught haddock. Lowered to
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various depths, including the bottom at.49
fathoms, the TV camera recorded the activi-
ties of the tagged fish in the cage.

Through use of the camera in the cod-
end, the fish can be identified and counted
as they enter the net. In addition, many
Small fish, including scrod haddock, are
Seen escaping through the meshes of the
trawl, Movies and still photographs of the
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image are taken for permanent records.

The picture of the haddock (bottom,
page 84) shows how easily fish can be scen
and identified on the television screen.

Tagged haddock (above), observed with
the TV camera, recovered when they were
quickly returned to the water. ‘Thus, with
the help of underwater TV, direct appraisal
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Of the effects of trawling and tagging of
haddock has been possible.

Bggs.--Counting the eggs in the ovaries
Of the haddock gives an index to the number
of eggs spawned by each female. For example:
2-1/2 pound fish contains about 170,000
eggs; a 5 pound fish contaiuns about 635,000
eggs; a 9-1/2 pound haddock nearly 2 million
€ggs. This information is used with other
data to help predict the future abundance of
haddock on the banks. The eggs to be studied
and counted are removed from the ovaries. A
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hand counter is used to tally the number
of eggs while they are examined under a
microscope (see opposite page).

When greatly magnified (above), the
mass of tiny eggs may be seen to contain
three different kinds. Xach kind is a dif-
ferent size. The large whitish eggs (A),
to be spawned first, are about 1/16 inch
in diameter. The eggs (B), to be spawned
later in the season, are yellow and about
3/64 inch in diameter. Eggs (C), less
than 1/064 inch in diameter, are clear and



They will probably be spawned
the next year,

colorless,

Sex determination,~-The swim bladder
muscle, located in the body cavity of mature
haddock, is examined as a means of separat~-
ing the male haddock from the female haddock
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iné
after the fish have been gutted. Sep?rag;u
the sexes of gutted haddock had been imp
sible in the past because the sex Ofgansdif
were removed with the other viscera ai
carded at sea.

The color and the size of the swir



bladder muscle are different for the two
Sexes, 1In the males it is dark, almost
black, and larger than that of the females
which is light to dark gray.

. Since this organ is easily seen dur-
ing the spawning season, it may be related
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— e,
most returns.

FEMALE

Its function

activities.
is not completely understood.

to the spawning

Tagging.--Three new tag types were
tested on haddock in 1957 aboard the Alba-
tross I1I to see which tag would give the
Tag A (see next page), made







of plastic tubing, is inserted through the
fish's back with a needle and tied. Tag B
is a gill cover tag to which has been added
a loop of plastic to provide increased
visibility. Tag C consists of two plastic
discs held on each side of the fish with a
Stainless steel wire inserted through the
back muscles. Types A and B gave promising
initial returns. These results are encour-
aging because otter-trawl-caught haddock
have not been tagged successfully previous
to these experiments.

Improved tagging methods have contri-
buted to the increased returns from otter-
trawl-caught fish. The fish are taken in
short hauls from the shoalest water, placed
in a large tub of sea water and speedily
tagged. Tagging has been carried out during
the winter and the spring when the ocean
water is cold; it has not been successful
in the summer., The studies of the various
Spects of the behavior of the haddock with
Underwater television will make further
improvements possible.

INDUSTRIAL FISHERY

Point Judith is the only New England
bort geared to the industrial fishery. Its
fleet of about 60 ships varies from vessels
of less than 5 net tons fo those of 50 gross
tons, Most of these vessels catch fish for
both human consumption and reduction. How-
Sver, on a few trips catches of market or
industrial fish only are made; different
Vessels make these trips.
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The present study of the fish commu-
nities of southern New England waters is
largely based on the catches of the Point
Judith fleet. This report is concerned
with some of the characteristics of this
fleet, economic and otherwise, that will
aid in interpreting the landing data col-
lected.

The farther away from port the fish-
ing ground, the higher expenses are likely
to be and the larger a vessel must be,

This will be reflected in the size of the
catch. Even within the range of vessel
sizes at Point Judith, this shows up clearly
when the catch per trip is compared with

the distance from port to the various fish-
ing grounds. The relationship found is
shown in the figure below. Roughly speak-
ing, this is 1,000 pounds of fish for each
mile away from port. This reflects abun-~
dance, it may be said, in that many more
smaller vessels consistently fish on the
nearer grounds and reduce the population
accordingly while larger and more seaworthy
vessels venture farther offshore where the
fishing is better. This seems to be a part
of the answer, but involved also is the
weather and the fact that the crew, when a
greater distance from home, are less tempted

T T T T —r
800 4
('Y
o 400 4
«
et
u
S 300 .
[+
®
=
5 200 J
z
100 i
I L 1 ek 1
o
A] A 1 L] a ]
8
z Yor INDUSTRIAL :
g
% eof N
L
°
8 o 4
MARKET
A 1 |
J FM A M J J A S OND
MONTH

NUMBER OF TRIPS FOR EACH MONTH OF 1956 (ABOVE).
TOTAL POUNDS LANDED OF MARKET AND INDUSTRIAL
FISH FOR EACH MONTH OF 1936 (BELOW)



to return before the vessel has been filled
to capacity.

The number of trips made depends in
part on the weather but mostly on the avail-~
ability of the industrial fish. The number
of monthly trips is graphed above. The two
peaks represent those periods when indus-~
trial fish, particularly the red hake, are
most available. The close, although inverse,
relationship of the catch of market fish to
the catch of the industrial species is in-
teresting.
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RELATIONSHI P BETWEEN THE POUNDS LANDED
OF MARKET AND INDUSTRIAL FI1SHES

The data were replotted to show
better the relationship between the indus-
trial and the market proportions of the
catch figure. Despite the fact that the
catches are usually not pure trips, i.e.
fish for human consumption or reduction but
not for both uses, the volition of the skip-
per shows clearly. At those times of the
year when the industrial species are most
available, April through June, and September
through November, they are the prime inter-
est of the industry. Below a certain level
of abundance, industrial fish are still
captured, but the trips are oriented more
toward market species., The situation is
not either this or that however, although .
the graph suggests that where the industrial
catches average less than 20,000 pounds, the
interest in market species is predominant,
In July and August the vessels are rigged
with nets made especially for catching
industrial fish but they are more interested
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in increasing the level of market species
in the catch. December and March are monts
of transition and net changing. In January
and Pebruary, many of the vessels are rigg€
with nets designed to catch market species
which these vessels pursue to the inner
edge of the continental shelf. This is a
relatively long trip and many of the vessel®
do not save what industrial fish they do
catch. With the large cod end mesh, theif
industrial catch is reduced. There are
other influences and no one simple explana”
tion will adequately explain all that is
going on.

The relative monthly value of the
catch per trip is shown for the market and
the industrial portions of the catch, as
well as the relative total value of the
trip. Although the absolute quantities of
the market species are often only a small
percentage of the total catch, it is obviov®
that their value largely determines the
overall value of the catch per trip. HoOw~
ever, the total catch per trip value is | .
surprisingly constant when the marked vari?
tions in the changing proportions of the
catch are considered. During those period®
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when the value of the catch per trip is
relatively low, the actual number of trips
is high and the fleet is really making much
more money. It is not surprising that the
total catch per trip value changes also in
pProportion to the number of trips made at
any one time.

PLANKTON ECOLOGY

The area of the maximum haddock
Spawning on Georges Bank during 1953, 1955
and 1956 coincided with the area of minimum
drift bottle returns. A few of the bottles
Treleased in this area were recovered in
Burope and the indications are that the eggs
and the larvae were carried off the southern
edge of the bank and lost to the fishery,

To study this surface drift pattern in more
detail, the work in 1957 was confined to a
limited area of Georges Bank and attempted
to maintain contact with a particular body
of eggs and larvae. Transponding drift
buoys, developed by the Woods Hole Oceano-
graphic Institution, were released in a
concentration of haddock eggs and their
drift and the drift of the eggs and larvae
hatched from these eggs were followed for '
two months., The data obtained confirmed

the previous conclusions regarding the gen-
eral non~tidal drift pattern in the area,

but revealed hitherto unsuspecteddetails.

Tests were made with new type high-
Speed, self-closing plankton samples designed
to obtain detailed information about the
depth distribution of larval and juvenile
fish and its diurnal variations. Through
Use of a 60-pound multiplane kite otter as
4 depressor and a 1/2-inch towing cable,
Sampling at 60 meters with but 93 meters of
Wire out at a towing speed of seven knots
Was possible. Further modifications of this
Sampler and the towing methods are necessary;
however, the gear appears ideally suited for
Sampling fast moving organisms.

Analyzing the Hardy Plankton Recorder
Material and rearing and identifying larval
fish continue. No further success was
Obtained in rearing haddock beyond the yolk-
Sac stage.

POPULATION DYNAMICS

An early assessment of the effect of
the mesh regulation on the yield of Georges
Bank haddock shows that the observed results
are close to those predicted prior to enact-
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was 65,8 million pounds,

ment of(fhe regulation.

A comparison of the haddock catch by
small mesh study vessels to the catch by
vessels using the regulation mesh shows that
the effective selection of the large mesh
net is identical to that predicted on the
bdsis of mesh experiments. On the basis of
this result, the study vessel program is
being suspended for one year.

. The discard of small, unmarketable

-sizes of haddock by vessels using the large
»mesh is negligible, as was also predicted
on the basis of mesh experiments.

The selective action of the large

‘"mesh has resulted in an average increase of
‘about 15 percent in weight of the fish

“’landed at each age.
“"eliminate the possibility that this could

The data on growth
result from a change in the growth rate,

The catch and the effort data for

. both the licensed small mesh vessels and
‘the large mesh vessels show that the 1952

year class equaled in magnitude the 1950
year class and about S0 percent of the 1948
year class. The 1952 year class was the
first class to come completely under regu-
lation, During its first three years in
the fishery its yield was 86,8 million
pounds while that for the 1950 year class
This .indicates a
benefit of 32 percent. The amount of fish-~
ing expended on the 1952 year class was
less than that expended on the 1950 year
class. When corrections are made for simi-
lar amounts of fishing, the actual benefit
resulting from the use of the large mesh

is 42 percent,

A preliminary study of the dynamics
of the southern Gulf of Maine redfish stock
was completed to determine whether the pre-
sent data are adequaté to indicate the
conditions for optimum exploitation. Since
information on the rate of natural mortality
was lacking, assessments of data were made
for values of M ranging from 0.0 to 0.20,
While increases in yield were indicated by
increasing the age of capture, these in-
creases were small, amounting to a maximum
of about 9 percent. The study showed, how-
ever, that at higher ages of capture the
stocks would be more resistant to increases
in fishing pressure and that substantial
increases in the amount of fishing would
notsubstantially reduce abundance. At the



age of capture effected by the.mesh size in
use the level of abundance responds quickly
. to the amount of fishing.

20 .

YIELD: |SOPLETH DIAGRAM FOR GULF OF MAINE: REDFISH,
THE NATURAL MORTALITY COEFFICIENT 18 0,10,  THE
PRESENT AGE OF CAPTURE IS 8 YEARS AND AT A NATURAL
MORTALITY OF 0,10 THE PRESENT FISHING MORTALITY
COEFFICIENT: 1S 0.29. :

PORT SAMPLING

Dur1ng the past yeax a new approach
to the,p:oblem of collecting statistical
and biological data at the. fishing ports:
was taken. In, the past. the individual pro-
jects supported their own collectors at the
ports, Pishery aids are stationed at Point
Judith, Rhode Island; New Bedford, Boston
and Gloucester, Massachusetts; and Portland
and Rockland, Maine. These persons ‘are:
under the direction of a port pool supervi-
sor who directs the collections of routine
information on fishing activities. and .
assigns additional duties accotdzng to the
need of the project leaders..,

During the past twelve months merdbersw; '

of the port pool collected the.following.
biological data:

'Length ) , o

Fish frequencies Scales  Otoliths
Haddock " . - 43,300 6,450 "760
-Redfish 26,530 o 7,200
Whiting . 52,900 8,920
Scallops (bhells) 24,784
Industrial fish 19,100
Cod '6|437

TOTAL 173,051 6,450 16,880
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.. estimates based on ‘the combined port sam
are-a; good measure of trends in abundancé
-of redflsh ‘on: the fishing grounds.

oAy

REDFISH

d
. Abundance studies --Redflsh are 13nde

.,ét Gloucester, ‘Massachusetts, .and Portland
..and Rockland, Maine.

‘Since there is Llittl¢
interchange of vessels between the. ports 1
and since the vessels fish the same geﬂerahe
grounds at the same seasons of the year, ¢
statistics of catch and.effort collected 2
each port provide independent estimates ©
the: abundance .of redfish on.the various
fishing grounds. . = | ; »
Abundance. estlmates by f15h1ng ar€d
based on-data collected at the three ports

< .are compared in:the figure below, The ce
. similarity of ‘the individual port abunda®

estimates. .indicates that a reliable measV
of ‘abundance: is being obtained and that ples

Ty The estxmates of - abundance varY
the ‘season and: are. affected by vessel S
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5
COMPARISON OF REDF|SH CATCH PER DAY EsTlMggE
* FROM THREE MAJOR BEDFISH PORTS DURING 19
(THOUSANDS OF POUNDS)



CATCH PER DAY

There is a considerable range in the size

of vessels fishing for redfish. The large
trawlers fish the more distant grounds while
the medium and the small trawlers fish as
far from home as their conditionsallow. The
highest catch per day is made by the larger
vessels fishing the more distant grounds.
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SEASONAL VARIATIONS IN CATCH PER DAY OF REDFISH
FOR FOUR AREAS DURING 1956

The habits of the fisherman
and the effect of the weather
influence the seasonal changes in

€ catch per day. The Gulf of St.
awrence fishery is limited to the
gﬁriod when ice is not present in

€ Gulf, The first fishing in May
:nd June usually results in a high
cgtCh per day which diminishes as
N fNcentrations of fish are thinned
Ntil cold weather again closes the
aTea to fishing.

£ While the Grand Banks are
el§hed throughout the year, a slack-
Ning of effort occurs during the
reak season in the Gulf of St. Law-
®Nce, The highest catch per day

THOUSANRDS OF PQUNDS

28h /
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is likely to occur at the resumption of
fishing after the summer layoff.

The seasonal changes in the catch per
day in the Gulf of Maine are caused by the
changes in the efficiency of the fishing
fleet. The larger and more efficient ves-
sels fish outside the Gulf of Maine during
the better weather and return to the Central
Gulf during the winter. The data are less
clear than for the more distant grounds,
although the trend of lower mid-summer values
in the Central Gulf is evident. The fleet
fishing the northern Gulf of Maine is more
stable and shows comparatively little sea-
sonal change.

The catch per day for the Gulf of St.
Lawrence has remained fairly constant as
the Grand Banks value has dropped and the
Nova Scotia Banks values have increased.
The Gulf of Maine has shown a slight annual
increase to a point above 10,000 pounds per
day's fishing. The fishery in this area
has been stabilized at between 7,000 and
9,000 pounds per day since 1949. Under the
present fishing conditions the fishery will
probably be maintained within the limits
which have prevailed since 1949,

Tagging .—-Redfish were successfully
tagged for the first time at Eastport,
Maine, during 1956. From the end of July
until mid-November 3,385 redfish were tagged.
The continued study of this group of red-
fish will produce valuable data on age and
growth, migration and natural mortality rate,
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Age and growth.~-The successful
tagging of redfish at Eastport, Maine, has
provided the first direct evidence on the
growth rate of redfish, Almost 200 tagged
fish were recaptured during nine months.
The bulk of the recaptures was made during
the first three months of the experiment.
The growth of the recaptured fish was ex-
tremely slow. The average growth recorded
at the end of nine months was less than
4 mm. The greatest growth recorded for a
single fish was 10 mm., These findings are
in accord with the earlier estimates of
growth from otoliths,

Tagged fish reappeared at the tagging
site in May 1957. A sufficient quantity
will probably be recaptured during the sum-
mer to further substantiate the present age
and growth findings.

Racial studies.~-A large number of
redfish specimens from all areas within the
New England-Newfoundland region were exam-
ined for racial comparisons. This study
includes enumerating the meristic charac~-
teristics and measuring a series of various
body proportions., In some instances the
meristic characteristics are compared to
similar data from small samples of the
eastern Atlantic redfish.

The following statements summarize
our present knowledge of the North Atlantic
redfish stocks and indicate the direction
of future work:

1, The original description of
Sebastes marinus is too general and encom-
passes all of the redfish of the North
Atlantic.

2. Sebastes viviparus and Sebastes
mentella are not described precisely enough
to permit their positive separation from
the main Sebastes group.

3. Two general body shapes are
recognized as extremes with a great range
of intermediate variations. European
workers roughly group these as marinus and
mentella types. The limits of these differ-
ences are not established.

4. In recent taxonomic work, differ-
ences introduced as specific characteristics
(eye size, length of jaw appendage, body
shape) may be influenced by environmental
factors, such as water depth or temperature,
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mentella group is not clear.

5. Some of the greatest differences
observed are in characteristics such as
growth rate, body color and size at maturity’
These tenuous characters are suitable for
identifying stocks of fish but are not exact
enough for taxonomic classification and ma¥
be influenced by environment.

Because of the inexact nature of the
present taxonomy of the Atlantic redfish,
evaluating the observed variations in the
known redfish stocks is difficult or impoS~
sible. The Sebastes marinus group must Dé
defined before a mentella group can be
described.

The body proportion studies in the
western Atlantic indicate that the majorlty
of the fish are of the same type, Whethe?
this type is closer to the marinus or the
Most of the
body proportion relations are similar to
those of the standard length-body depth.
There are slight differences in the slop€
of the regression lines for different ares’
but the deviations around the lines are
almost identical. Relationships involviDé
the eye size are similar for all areas 18
the western Atlantic except the Gulf of St
Lawrence. Abouttwo thirds of the specimer®
there display eye size relationships simi”
lar to those of the specimens of the Gul
of Maine and adjacent areas, The other
third of the population consists of largé”
eyed fish that are generally larger than
the average for the fish from that area.

Migration.--The fish tagged at East”
port, Maine, during the past year showed
evidence of migration; all returns were
from the original tagging site. Barlier
studies indicated no organized migrations
of redfish, such as are observed among C°
fish, for example. In the Gulf of Maine,
the size composition of the redfish remai’
stable from year to year within the 1im?
of what appear to be separate populations'

A study of the incidence of the coP¢
pod ectoparasite, Sphyrion lumpi (Kroyef
shows that the distribution of the para~
sitized fish is not homogeneous throughoV
the Gulf. The pattern is consistent fro® n
year to year, Most of the parasitized fis
are in the western part of the Gulfy the
count decreases toward the east until it
becomes zero around the Cape Sable regio® g
of Nova Scotia., The localized distribut?
of the ectoparasite suggests that the r€
fish do not move much in the Gulf,
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SEA SCALLOP

The fishery.~--During 1956, 19 million
Pounds of the sea scallop, Placopecten
Magellanicus, were landed in the United
States and were worth about 10.5 million
dollars as landed. About 50 percent, 9.6
Mmillion pounds, of the total catch came from
€astern Georges Bank. The average catch
Per boat per day for Georges Bank declined
to 1,440 pounds, 9 percent below that for
1955 and 14 percent below that for 1954,

New Bedford, Massachusetts, the main
Port for the Georges Bank fleet, received
landings of 14.0 million pounds. Catches
Made on trips from Georges Bank were also
lE}Hded at Gloucester, Massachusetts (1.0
Million pounds), Rockland, Maine (0.5
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million pounds) and Nova Scotian ports (0.7
million pounds).

The exploitation of the Georges Bank
stocks by the Canadian vessels is increas-
ing. Since 1951 the Canadian offshore sea
scalloping fleet has expanded from two to
‘ten boats which fish more or less regularly
on Georges Bank. Three new vessels are
reported to be under construction for this
fishery.

Sizes in the commercial catch.-~-Dur-
ing the year some 46,000 measurements of
sea scallops were made from 93 commercial
trips. Six of these were sampled at sea,
There has been a general decrease in size
since the previous year; fewer large scal-
lops and more small ones were landed in
1956,

Dynamics of the scallop populations.--
The concern of the industry over the decline
in the catch per unit of effort and in the
average size of the scallops being caught
has led to a consideration of the available
data on the Georges Bank fishery in the
light of possible management procedures. On
the basis of these data the following rela-
tionships and parameters have been derived:

Growth in
length
Length-weight
conversion
Instantaneous
total mortality
rate

Lp + 1 = 38,5+ 0.780 L

Log W= 2,72 Log L - 4,379

0.67

To compute yield curves, a rate of
natural mortality had to be assumed. The
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yield isopleths were calculated through the
use of a natural mortality rate of 0.15,
The asterisk is at the point which was
thought to most closely approximate the
present condition of the fishery.

Considerable increases or decreases
in the fishing effort apparently would not
have a great effect on the yield. On the
other hand, a 30 percent increase in the
yield is indicated if the age at first cap-
ture is increased three years beyond its
present value.

These data and conclusions were pre-
sented to the scientific advisors to Panel
5 of the International Commission for the
Northwest Atlantic Fisheries for their con-
sideration. They decided that while the
data indicate the direction which management
measures are likely to take they represent
too short a time period to be a sound basis
for management recommendations and that fur-
ther information is needed.

Savings gear.--The Canadian investiga-
tions have shown that controlling the size
of the rings and the links in the bag of
the scallop dredge will control the minimum
size of the scallops caught. Their results,
however, do not strictly apply to our prob-
lem because the tests were conducted with a
type of dredge different from that used by
our fishermen,

To determine the selectivity of
dredges with various sizes of rings in the
bag, the scalloper Whaling City was char-
tered in June 1957. The present standard
ring used by the New Bedford fleet, 3
inches with a 1 1/8-inch link, was compared
with 2-, 3 1/2- and 4-inch rings. Each of
the experimental bags had a netting section
of the same size square mesh as the inner
diameter of the rings. The results of the
cruise have not been fully analyzed. An-
other cruise is planned for July.

Growth rate.--The growth rate used in
the population dynamics calculations was
established from an analysis of the modes
of length frequency distributions. Two
other methods of estimating the growth rate,
tagging and shell reading, are under inves-
tigation, Some 3,000 scallops were tagged
and released on Georges Bank last year.
Bnough recaptaures have not been made to
warrant any conclusions on the rate of
growth, The Canadian investigators have
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SCALLOP DREDGE

been able to determine the age and the

growth of sea scallops from their stocks by
counting and measuring the annual rings 0265
or

the shells., The annual rings on the Ge
Bank scallops are much less distinct tha?
those on the Canadian scallops and are
usually masked by many extraneous shock.
rings. These conditions make them diffic
to read. Efforts will be continued to V2
date the shell reading method of es timatiné
the growth rate.

ult

Mortality rate.--The total mortalitY
rate was estimated by separating the lené
frequency distribution of the catch sampl®
into year classes on the basis of the €5
mated growth rate. The accuracy of th15
estimate depends upon the accuracy of th€
growth rate. The mortality rate will D€
tested during the coming year by a 1arg€”
scale tagging experiment. Several thouS
scallops will be tagged and released ift 2




area that is being actively fished. The
tate of return of the tagged shells will
Provide an estimate of the fishing mortality
Tate and may furnish data on the magnitude
of the natural mortality.

Life history and ecology.--Last year
the date and the duration of the spawning of
the Georges Bank sea scallop population was
Observed for the first time. The spawning
began on September 21 and 95 percent of it
Was completed by September 24, This year an
attempt will be made to follow the newly
fertilized eggs through at least a part of
their life in the plankton.

This phase of the scallop's life his-
tory is also being investigated. An artifi-
¢ial spawning in the laboratory was success-
fully fertilized and was under culture for
three weeks. This is seventeen days longer
than any previous attempt. Compared to the
Shaliow water bivalves, the development has
been slow., As of June 30, the larvae were
Still in the straight-hinge stage.

WHITING

The fishery.--The total annual catch
°€ the silver hake or whiting, Merluccius
Ellinearis, from the productive inshore New
?ngland fishing grounds has declined from
1ts all-time high in 1951 and 1952. In 1956,
4 fishing ground on the northern slope of

€orges Bank was heavily exploited, as it

ad been in the previous year, to contribute
Over 30 percent of the total New England

andings, These offshore landings combined
With the inshore landings raised the total
learly to the level of the 1951-1952 peak.

NEW ENGLAND LANDINGS OF SILVER HAKE
1946-1956

Thousands of pounds

Year Inshore Offshore
1946 51,080

1947 61,982

logg 80,468

1949 90,036

1950 65,464

1953 118,467

1952 105,955

1953 90,550

1954 90,118

1955 88,745 24,255
1956 63,118 26,633
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An analysis of the catch-per-hour for
the inshore and offshore waters show that
the latter are more productive than the for-
mer. Sampling by the Albatross III since
1948 has shown that the silver hake is one
of the most abundant species in the Gulf of
Maine and on Georges Bank. There may be
offshore areas, other than the area being
exploited, where commercial quantities of
silver hake are available,

While the number of medium otter
trawlers in the silver hake fishery is in-
creasing, the number of small trawlers is
decreasing. This trend reflects the shift
to exploitation of the offshore grounds and
the small otter trawler is not suitable for
them.

Growth.--The growth studies indicate
that the silver hake in the Gulf of Maine
grows rapidly. The growth rate for the
males and the females is similar through
age IV; after that the females grow larger
and live longer than the males. Maturity
occurs for both males and females at about
age IV, The maximum length of the females
in the commercial samples is generally 52
cm., while that of the males usually does
not exceed 36 cm,
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LENGTH IN CENTIMETERS

TENTATIVE GROWTH RATE FOR GULF OF MAINE
SILVER HAKE

Racial studies.-~At the present time
the racial studies of the silver hake, based
on the measurements of the body proportions,




suggest that there are northern and southern
stocks in the New England waters. A line
extending southeast from Cape Cod roughly
separates them.

ATLANTIC HERRING INVESTIGATIONS

The Atlantic Herring Investigations
is financed by funds provided by the Sal-
tonstall-Kennedy Act and the United States
Department of State. The Department of
State is interested in the possible effects
that a proposed tidal dam would have on the
fisheries of Passamaquoddy Bay and Cobscook

Bay. These are important fishing areas,
particularly for herring. The investig2~
tions are closely coordinated with the
herring research of the Fisheries Resear¢
Board of Canada since the herring occur 1P
the ocean area that bounds both the north~
eastern coast of the United States and the
maritime provinces of Canada.

Population studies.--Vertebral Countsn
of the fish of the same year class have D€
attempted to determine if there are difféf”
ent races of herring. Difficulties in ag®
determination have hampered efforts to

COLLECTING BLOOD FROM HERRING ANALYSIS
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Separate the large fish into various year
Classes; this problem must be solved before
the vertebral count data can be analyzed.

Serological studies offer promise of
Providing identification of the populations.
These are being approached through the use
of erythrocyte antigens, serum proteins and
egg proteins of herring. The work to date

as concentrated on the erythrocyte antigens
of spawning fish. Definite individual vari-
ations in erythrocyte antigens of herring
have been found. The next phase of this
Work is to determine whether quantitative
Or possibly qualitative differences in
Occurrence of these variations exist in the
erring from different geographic areas.

A survey of the distribution and the
abundance of parasites of herring conducted
during the past two and one-half years indi-
Cates that certain parasites may be useful
3S "natural tags'. The remarkable lack of
lomogeneity in the occurrence of the fungus
infection, Ichthyosporidium hoferi, and
the 1arval cestodes, Trypanorhyncha, in the
Mature herring sampled from Newfoundland to
New Jersey during the past three years indi-
Cates 1ittle, if any, interchange of the
adult fish between the Gulf of St. Lawrence
and the Gulf of Maine and a possible dis-
Continuity of exchange between the Gulf of
dine adults and those from south of Cape
Cod. An incidence of myxosporidian, Kudoa
flupeidae, and the larval nematode, Anisakis
SP., in the Gulf of Maine immature herring
Which were sampled for two and one~-half
Years suggests the existence of at least
WO subpopulations of such immature fish,
1th a transition area at Penobscot Bay,
3d with only minor straying of fish during

€ second year of life from the western to
the eastern Maine coast.

Holding cxperiments have been carried
°D at Boothbay Harbor, Maine, to determine
.1¢ feasibility of the various types of
iNternal and external marks. Plastic oper-
®le tags and tattooing appear to be promis-
;Qg, particularly for the small fish that

111 be handled individually by the sardine

gaCkerS. Internal metal tags, which are

%€d successfully elsewhere on large fish

a a? are handled in bulk for fish meal, have
limited value for small fish for the

c Ances of recovering such tags at a sardine
SMnery are slight.

Disease studies.--Since 1947 a con-
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tinuing examination has been made of a
systemic fungus disease of the herring of
the Gulf of Maine where at the present time
the disease is at a low endemic level, with
the incidences well under 1 percent. The
opposite situation has prevailed in the
Gulf of St. Lawrence however, where an epi-
demic peak of this disease occurred in 1954-
1956, With the cooperation of the Fisheries
Research Board of Canada and the Department
of Fisheries of the Province of Quebec,
biologists of the Atlantic Herring Investi-
gations have followed this epidemic closely
since information gained during this period
may apply in the Gulf of Maine. The out-
break has seriously reduced the herring
population of the Gulf of St. Lawrence.
Sampling disclosed that one fourth of the
herring of that area was affected in 1955
and a smaller percent in 1956. The landings
of herring declined sharply during this
period, probably because of the effects of
the disease.

The experimental work conducted during
this period at Boothbay Harbor indicated
that the incubation period of the disease
is from 15 - 30 days, the severity of the
infection is directly related to the infec-
tive dose, the virulence of the disease
organism does not differ at the epidemic
peak from that in the trough of the epidemic
wave, and the disease may occur in either
acute or chronic phase, the acute phase
being terminal before 30 days, and the chro-
nic being progressive and sometimes fatal
after longer periods.

Year class fluctuations.--The strengths
of the year classes directly affect the sar-
dine industry which depends on the supply
of the small herring that are available
between the ages of about 10 and 22 months.
Thus, the poor survival of a year class
before it reaches the canning size at an
age of about 10 months results in a mediocre
pack and a resultant economic disturbance
throughout the industry.

In September 1956 the Fisheries Re-
search Board of Canada and the Fish and
Wildlife Service began an intensive larval
herring study. The plankton collections
of cruises from September 1956 to February
1957 yielded considerable information about
the distribution of herring larvae. The
results of the larval cruises show that the
Georges Bank area was a most important spawn-
ing ground and that the movement of herring



during the larval period can be
treated.
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In conjunction with the
plankton work and with the coop-
eration of the Woods Hole Oceano-
graphic Institution, over 4,700
drift bottles were released by
the research vessels. The returns L
from these bottles have confirmed
the general theory of circulation
in the Gulf of Maine. There are
definite limitations in the use
of drift bottles, and the use of
transponding drift buoys is
desirable for a clearer under-
standing of the surface current
patterns.
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PASSAMAQUODDY INVESTIGATIONS

The International Passama-
quoddy Fisheries Board was estab-
lished by the International Joint
Commission in October 1956 to
report to the Commission on the
possible effects upon the fisher-
ies in the area of the construc-
tion of dams across the outlets
of Passamaquoddy Bay to develop i
tidal power. The responsibility |
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for determinining these effects
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has been delegated to the herring
investigations that are being carried on by
the Fisheries Research Board of Canada and
the United States Fish and Wildlife Service.

Statistics.~-Detailed catch-and-
fishing-effort statistics are being collec-
ted for the Passamaquoddy area so that the
past and the present status of the fisher-
ies may be determined.

Behavior studies.--Plans have been
made for studying the reactions of the
herring to the various environmental changes,
such as light, temperature, salinity and
water currents. How the fish react to these
factors may influence the effect of the pro-
posed dams on the herring movements and,
consequently, both laboratory and field
experiments are being designed to measure
the effect of these factors.

Ecological data.--The records of air
temperature, precipitation, wind velocity
and river discharge are being studied, The
monthly plankton collections which have
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been made since 1930 are being examined-
Relating the fluctuations in plankton W*
the herring catches, climatic factors 3%
the river discharges may be possible.

Populations.--An extensive fish-
sampling system has been established a0
from these collections observations ©
parasite incidences, meristic charactefs
and growth are being made. These may pfos
vide clues as to the population identitie
of the herring that visit the region.

Explorations.--A series of cruises
throughout the area at two-week intervd
provide data on the plankton, hydrograP ¢od
and distribution of the fish. The pian¥
is examined for herring larvae and herr
food. The hydrographic observations 97
clude temperature, salinity and current
measurements at various depths, drift
bottle and drift buoy experiments.

Migrations.-~In the Passamaquoddyn
area, several thousand herringshave be®



INTERIOR OF LABORATORY, SHOWING EXPERIMENTAL TANKS

Marked with plastic opercle tags. The
Preliminary experiments demonstrated that

€ tagging mortalities were low and that
he tags could be recovered during the pro-
Cessing of the fish. Tagging the herring
Oth inside and outside the Bay to deter-
Mine the extent of their movements has been
Planned,

SOUTH ATLANTIC FISHERY INVESTIGATIONS

William W. Anderson
Brunswick, Georgia

As the initial step toward a better
UNderstanding of the waters adjacent to the
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South Atlantic coast of the United States
from Cape Hatteras to lower Florida, with
respect to potential productivity, the
United States Fish and Wildlife Service,

in cooperation with the Navy Hydrographic
Office, the Office of Naval Research, the
Georgia Game and Fish Commission and the
Florida State Board of Conservation under-
took a general survey of the area. Field
work was initiated in 1953 and continued
through 1954. Nine cruises were completed.
Work has progressed since that time on pro-
cessing and studying the data and material
collected.

The program has three major projects:
(1) Biochemestry - the objectives are to



establish the distributions and concentra-
tions of nutrients and the relations between
these and the abundance and distribution of
marine forms; (2) biological inventory - the
objectives are to determine the presence,
identity, distribution and interrelation-
ships of the marine forms (special attention
being directed toward identity, distribution
and abundance of fish eggs, larvae and juve~
niled and the early life histories of fishes
of the area; and (3) physical oceanography -
the objectives are to establish the flow
patterns of the currents of the region and
trends in temperature and salinity.

The active participants in the program
during the year were the Fish and Wildlife

Service, the Navy Hydrographic Office and
the Woods Hole Oceanographic Institution.

BIOCHEMISTRY

Profiles showing total phosphorus,
inorganic phosphate and nitrate-nitrite by
seasons and yearly averages were completed:

An analysis of bottom sediment sam”
ples, obtained during cruises of the
Theodore N. Gill, by means of flame phot©

metry and other methods, was begun. TO °7
determined are percentages of loss on ig?‘m
tion, insoluble residue, chlorides, calcit
oxide, ferric oxide, phosphorus pentoxid®
and manganese dioxide. All analyses ©

LABORATORY ANALYSIS OF BOTTOM SEDIMENTS
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samples from cruises 1 and 2 and some of
the analyses of samples from cruises 4 and
5 have been completed. This work completes
about two thirds of the analyses of the
bottom samples.

Physical and chemical data for
Ccruises 2, 3, 4, 5, 6, 7, 8 and 9 were pro-
Cessed for publication, except for a final
check on physical data from three cruises.

BIOLOGICAL INVENTORY

Sorting the plankton samples from the
Theodore N. Gill cruises for fish eggs and
larvae and determining the wet volume of
Plankton were continued. A few samples of

one cruise remain to be examined,

Identifying major plankton organisms

in high-speed and half-meter samples for
cruises 2, 3 and 4 and continous plankton
sampler material for cruises 3 and 4 was
completed and the data were processed for
publication.

Identifying and cataloging dip-net
and stomach contents specimens of fishes
from all cruises were completed and the
data processed for publication.

Samples of mollusk shells were re-
moved from bottom sediment samples taken
Gill cruises for identification,

SORT ING AND 1DENTIFYING PLANKTON AND F ISHES
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LARVAL AND JUVENILE FISH STUDIES

Fishery Bulletin 110 was published on
the early development of the Atlantic sail-
fish, Istiophorus americanus, and an uniden-
tified istiophorid. Manuscripts were
prepared on the silver mullet, Mugil curema,
fresh-water mullet, Agonostomus monticola,
the jack crevalles Caranx spp., the ten-
pounder, Blops saurus, the striped mullet,
Mugil cephalus, and Dikellorhynchus tropi-
dolepis (Family Malacanthidae), a new
species of fish,

PROCESSING DATA FOR THEODORE N. GILL
CRUISE REPORTS

Efforts were directed toward preparing
physical oceanographic, chemical and biolog-
ical data for publication in the Special
Scientific Report-~Fisheries series. The
Woods Hole Oceanographic Institution, Woods
Hole, Massachusetts, prepared the profiles
of temperature, salinity and density for
all cruises. The Navy Hydrographic Office
processed the physical oceanographic data
for all cruises and furnished them as IBM
runoffs to the South Atlantic Fishery Inves-
tigations which completed the final tabula-
tion on data and assembled the reports.
During the year the reports for cruises 2
and 3 were prepared; the report for cruise
4 is in preparation,

COLLECTIONS OF LARVAL AND
JUVENILE FISH

The biweekly seining for larval and
juvenile fish in open ocean, marsh and
fresh-water habitats continued for the
fourth year. The collections supplement
material taken offshore and have provided
developmental stages (not found in offshore
waters) of several marine fishes that have
been studied in detail (Caranx, Mugil and

Elops).

A preliminary study of the biology of
the royal red shrimp, Hymenopenaeus robus-
tus, is being made off the South Atlantic
coast. Pield collections of specimens and
data were begun late in fiscal 1957,

106

GULF FISHERY INVESTIGATIONS

Albert W. Collier, Jr.
(July 1, 1956 - February 25, 1957)
Thomas J. Costello, Jr.
(Acting, February 26 - June 15, 1957)
Galveston, Texas

Except for shrimp, the Gulf of Mexic?
is not yielding the poundage of fishery
products to be expected from such a largeé
body of water. Because knowledge of the
potential productivity of the region is not
extensive, these investigations were de-
signed to determine the Gulf's productivlty
as a guide to the possibilities of extend~
ing the present fisheries and of developins
new ones,

The Gulf Fishery Investigations is
concerned with the fisheries over the vast
area stretching from Key West, Florida, Fo
Brownsville, Texas. The chief emphasis 1%
on the shrimp fishery, the most important
in point of value in the United States.
The menhaden fishery is expanding and
requires biological investigation to deteér”
mine the extent of the resource and to
discover the causes of fluctuations in £0
abundance. Another important problem is
find means of predicting and controlling
the abundance of the organism, sznodiﬂiﬁg
breve, that occasionally causes extensive
fish kills commonly known as red tides-

SHRIMP

Three species of shrimp in the Gulf
of Mexico are of commercial importance.
These are the white shrimp, Penaeus ggﬁl’
ferus, the brown shrimp, Penaeus aztecu2s
and the pink shrimp, Penaeus duorarum.
The seabod, Xiphopeneus kroveri, is se€
exploited outside Louisiana waters. In B
most areas of the Gulf, however, the catC
included at least two of the mmaining
species, the relative abundance of each
varying according to the time of year 2%
the locality.

1dom

As with other exploited populatiof$’
the maximum yield in the weight of shri™
cannot be achieved by restricting fiShlngn
unless during the effective fishing 533590,
the total weight increase of the popul2t®
resulting from recruitment and growth €*~
ceeds the decreese by mortality and BY .4
migration beyond the effective range of

0
In the shrimp fishery, where ©*

fishery,



or more species are often caught together,
the determination of maximum use is complex.
The differences between species in spawning
Season, spawning areas, growth rates, dis-
tribution, movements and behavior must be
considered. In short, the biology of the
individual species that comprise the commer-
cial catch and their interrelationships must
be evaluated before any valid conservation
measures can be formulated.

Shrimp bait fishery.--A complex fish-
ery of this type, primarily on the white
and the brown shrimp, is being studied in
the Galveston area. White shrimp or brown
shrimp dominate, depending on the time of
the year, while occasionally a few pink
Shrimp and seabobs enter the catch. In
Cooperation with the Branch of Commercial
Fisheries of the Fish and Wildlife Service,
the Gulf Fishery Investigations is collect-
ing detailed statistics of both commercial
and bait fisheries in this area. The bait
fisheries have been overlooked in former
Statistics but, since over 200 bait dealers
in the Galveston area sell an estimated one
Mmillion pounds of shrimp annually, the status
of the shrimp bait fishery should be accu-
Tately established.

The Galveston Bay area has been sub-
divided into smaller statistical areas than
those presently employed by the Branch of
Commercial Fisheries to obtain a more de-
tajiled survey for this purpose. Samples of
live shrimp are also being obtained from
both the commercial and bait fisheries.

The statistics and samples are being
analyzed to determine for this area the
Telative abundance of each species by size
and species composition, to learn more about
the movements of each species, to attempt
to define spawning seasons and spawning
grounds by gonadal examination, to develop
a method of following discrete shrimp popu-
lations and to determine the growth of
Shrimp under natural conditions.

Suitability of shrimp nursery areas.--
Studies were initiated in Lufkin Bayou, a
Natural inlet on Galveston Island, to deter-
Mine the effects of various environmental
factors on the growth and abundance of
Shrimp in a nursery area and the interrela-
Fionships between brown and white shrimp;

10 particular, the study of comparative
Movements within the estuary and the degree
°f competition between species.
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Movements of young shrimp.--The final
report on shrimp marking under the contract
with the University of Texas is in press.
Since marking methods developed under this
contract were developed chiefly on large
shrimp, work in the Galveston laboratory
emphasized the feasibility of marking small
shrimp.

Seven feedings of chopped fish stained
with Trypan Red were required before a pink
coloration of the gills was detected in
white shrimp of 30 mm. Eleven feedings pro-
duced a bright red color in the gills. Al-
though this bright red color was lost after
two months, 90 percent of the shrimp showed
a recognizable pink color.

Two other dyes, F.D.C. Green No. 3
and F.D.C. Blue No., 1 were similarly tested,
and although each stain caused an abnormal
color in the digestive tract and heart of
the shrimp, neither produced a persistent
color.

Shrimp immersed in a dilute solution
of riboflavin and shrimp fed with mullet
previously soaked in riboflavin became
luminescent for approximately three days.

The staining method is being tested
in field holding tanks before trial releases
of marked shrimp are commenced.

Effect of aerial spraying of insecti-
cides.--In the fall of 1956 mosquito control

workers of Galveston County, Texas, received

several reports from bait dealers in the
Galveston Bay area that several days after
aerial spraying of the surrounding marshes
with insecticide considerable mortality of
live shrimp occurred in their bait pens.
Throughout the Gulf of Mexico live shrimp
sold for bait are commonly held in wooden
pens suspended in the water of the bays and
bayous.

Toxicity of various insecticides,
especially DDT, to fish and wildlife was
investigated by a large number of workers,
but the studies were confined largely to
fresh-water fish and crustaceans, birds and
mammals. Little information is available
concerning the effects of insecticides on
the estuarine flora and fauna. Since con-
siderable aerial spraying is done over salt-
water marshes, which many fish and aquatic
invertebrates use as nursery grounds, such
studies are especially appropriate.



As shrimp spend several months in the
bayous and estuaries shortly after hatching,
a limited study was conducted to determine
if the material used by the Gulf Fishery
Investigations could be considered toxic to
shrimp.

The insecticide used in this area is
Tri-6 Dust No. 30 (Thompson-Hayward Chemical
Company, Kansas City, Missouri). It con-
tains 3.0 percent gamma isomer of benzen
hexachloride, 5.1 percent other isomers of
benzene hexachloride and 91.9 percent inert
ingredients. Benzene hexachloride and BHC
are common names for 1, 2, 3, 4, 5, 6~
hexachlorocyclohexane, a chemical commonly
used in commercial insecticides.

Lethal levels were determined in the
laboratory for two size groups of shrimp,
The specimens ranging from 29 to 50 mm. in
length consisted almost entirely of white
shrimp, Penaeus setiferus, and those rang-
ing from 11 to 13 mm. in length consisted
entirely of brown shrimp, Penaeus aztecus.
A mortality of 83 percent of 50 parts per
billion was noted for the larger shrimp
compared to 50 percent at 75 parts per bil-
lion for the smaller shrimp. The apparent
greater sensitivity of the larger shrimp
to the insecticide was also demonstrated by
estimated 24-hour median tolerance limits
of 35 parts per billion compared to 400
parts per billion for the smaller shrimp.
Differences in sensitivity were tentatively
attributed to size rather than species
differences.

The stability of the toxic factor or
factors was also investigated. Up to 18
days of exposure to sunlight had no effect
on the toxicity of the insecticide. A
field test was inconclusive, but the results
of the laboratory experiments show clearly
that the insecticide tested should be con-
sidered extremely toxic to shrimp,

Anatomy and histology of shrimp,--The
Tulane University contract on the anatomy
of Penaeus setiferus was completed and the
atlas of illustrations of this work will be
published in the near future. Another con-
tract was formulated with Tulane University
to describe the anatomy of Penaeus duorarum
and Penaeus aztecus, the other two commer-
cially important Penaeids of the Gulf.

The Texas A, and M. Research Founda-
tion under its contract for histochemical
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and histological studies of shrimp has
determined the flow of blood through the
gills of shrimp and completed detailed
histological studies of the gills. 1In
related studies it established that volume€
is a more sensitive index of growth than
length. Volume measurement can be more
easily established with live shrimp and th€
percent ircrease is three times greater
than the percent increase in length.

MENHADEN

According to the commercial operatof$’
the 1956 menhaden season was excellent bul
because of adverse weather during the past
few months the current yield is below that
of the same period in 1956,

Emphasis was placed on determining
whether ages of the Gulf menhaden can be
derived by scale analysis coupled with
length, weight and sex data. The result$
indicated that this criterion can be useéd:

During the 1956 season (June-October)
32 samples of menhaden were obtained from
the commercial catch at Moss Point and
samples from commercial vessels at Sabin€
Pass from which scale mounts were prepare
and read. Porty-five additional collec”
tions were obtained from commercial beach
seiners and through the seining, cast-net
and dip-net operations in 1956 (April-
October) of the Gulf Fishery Investigatl
The last-named collections include larva:’
post-larval and juvenile specimens. PZé”
adult forms were taken throughout the win
ter at Bast Lagoon. Local collections 3%
being continued and commercial samples 3F
being collected weekly from Sabine PasS:

pdie®
ear¢

ons:

Contracts for special research st
were negotiated with the Gulf Coast ReS
Laboratory, Ocean Springs, Mississipp1:
racial and stock studies of Gulf menhadene
and with the Department of Zoology, Tulaiuz
University, New Orleans, Louisiana, fof o
history studies. Both contracts were 3¢
vated by late spring.

ZOOPLANKTON

Zooplankton forms the basic f0°d,gf
most fishes. Being higher than algae lthe
the food chain, it is a step closer t°
fishes and, therefore, its abundance
distribution are much more likely tha?
algae to be reflected in the abundancé:



growth and distribution of fish. This
applies especially to the herring-1like
fishes that depend directly on crustaceans
to a marked degree. However, over wide
areas, their distribution may also coincide
with that of the larger piscivorous fishes,
Such as tunas, which utilize the smaller
fishes.

A preliminary analysis of the abun-
dance of the calanoid copepods indicated
both the geographic and the inshore-offshore
Categories of species. In the deeper waters
are found vertical associations of species.
The number of calanoid species found in the
Gulf of Mexico has been increased to 115
and new species have been discovered.

At present the chief emphasis is on
Completing the study of the copepod material
Collected by the vessel Alaska; this mate-
rial, however, is being supplemented by
additional material when available,

RED TIDE

Por the second consecutive year, the
Ted tide organism, Gymnodinium breve, re-
Sponsible for mass fish kills near the
Florida Gulf coast, has not been present in
lethal concentration. A number of red tides
Were reported during the year, but with one
€xception all proved to be false or harmless
Phytoplankton blooms. The exception occurred
during December 1956 when a small number of
dead fish were observed in the vicinity of
the Ten Thousand Islands, but the fish kill
%as not associated with a G. breve bloom.

The incidence of occurrence of G.
gisxg increased during the latter part of
Ctober and early November 1956, but the
Concentration of organisms remained low.

N April 1957 the incidence of G. breve
egan to increase and this trend continued
8radually through May 1957. While the con-

Centrations were small compared to those

°f a fish killing bloom, fish killing con-
Centrations could develop in the next four
O six months if the trend continues. The
Otcurrence of fish killing blooms apparently
depends on a delicate balance of several
faCtors, and the trends of increasing inci-
€nces and concentration of G. breve have
©llowed a trend of higher than normal pre-
c1Ditation, which is considered a primary
Prerequisite of red tides.

The float type aircraft was used to
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good advantage during the past year,
Numerous reports of fish kills were inves-
tigated by aerial reconnaissance and plane
sampling and the results are normally
known in three or four hours, although the
reports may be from any area of a 250-mile
sector of the southern Florida coast.
Weekly aerial surveys detected suspected
areas of trouble much faster than would
otherwise have been possible.

Red tide forecasting.--Studies on the
association of red tides with certain cli-
matic and hydrographic conditions were con-
tinued for the purpose of developing a red
tide forecasting method. Although a method
was not developed, the climatic and hydro-
graphic conditions were followed closely
during the past year and some tentative
conclusions were depicted. This limited
study indicated that accurate red tide
forecasting may depend to a great extent on
accurate long-range weather predictions.

The accurate assessment of the effect
of each factor and the interaction between
factors was rendered difficult by the in-
ability to determine accurately the fluc-
tuations in abundance of G. breve at low
concentrations. This problem is being
attacked from two directions; first, from
the angle of improvement in sampling and
counting techniques and, second, by attempt-
ing to discover a method whereby G. breve
can be preserved. At present these naked
dinoflagellates must be counted while they
are alive since they disintegrate almost
ins tantly on dying.

Experimental control of red tides.--
During the past year no experiments on con-
trol were attempted since the abundance of
G. breve was too low for accurate assess-
ment of results. Since concentrations have
increased somewhat in recent months experi-
ments are planned to measure the effective-
ness of powdered copper sulfate, This will
most probably be spread with crop dusting
airplanes. Because preliminary tests indi-
cated that the toxicity of copper may vary,
laboratory studies were conducted on the
factors which may increase or retard the
toxicity of copper to G. breve. The out-
standing results were that the presence of
certain other metal ions, especially iron,
nickel, silver, mercury and zinc, increases
the toxicity of copper, whereas the presence
of suspended matter, chelating substances,
s0il extract and sulfide ions, decreases the




toxicity of copper. A combination of
several factors could drastically change the
concentration of copper required to kill G.
breve. The results show that a preliminary
laboratory test can be conducted in less
than 24 hours whenever G. breve concentra-
tions approach the danger point, and it
should give an index of the amount of copper
sulfate required to effectively kill G.
breve in that particular bloom,

Work with chemically defined media to
establish the nutritional requirements of
G. breve continued during the past year,
especially on testing factors which cause
erratic growth of replicate aliquots of cul-
ture media. Although the results of these
tests are inconclusive, they show that con~
flicting results between experiments result
primarily from differences in sea water and
also that extreme care must be used in
cleaning reagent and culture containers.
Quasi-artificial media were developed for
the growth of bacteria-free G. breve. The
media, all basically the same, are composed
of known components except for oneaddition.
The additives that contain the unknown sub-
stances are peptone, yeast extract, casein
digest, extract of a culture of the dominant
bacterium of unialgal G. breve cultures,
aged red tide water, extract of an unialgal
G. breve culture, Caloosahatchee River water
and compost extract. The amounts of these
added substances are small and results of
experiments testing components of some of
the materials (prepared by extraction pro~
cesses) indicated that the active components
are high molecular weight organic compounds.

Studies on the toxic substance or sub-
stances produced by G, breve indicate that
the toxicity of a culture increases if the
cells cytolyse. Preliminary experiments
indicated that the toxic components are heat-
labile organic compounds. Because the tox-
icity of the water increases after the death
of G. breve organisms killing the organisms
before they reach concentrations that kill
fish while G. breve is alive may be impor-
tant in any control work.

A second proposed method for control-
ling red tides would take advantage of their
extreme susceptibility to copper ions, In-
stead of trying to destroy heavy concentra-
tions, this method would attempt to prevent
their forming by raising the copper content
of the coastal sea water by placing copper
ore in jetties. There are certain difficulties
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in assessing the value of this method sincé
the copper content of the sea water may
often be a poor index of the quantity of
copper ions. Galveston Lagoon was selec‘»‘ed
for testing this method and a physical and
partial biological survey of the Lagoon Wa$
made.

The waters of Galveston Lagoon differe
considerably in quality from those along tg
Florida coast. Preliminary tests indicat€®
that- because of the presence of more chel?
ing substances and organic matter in the
Galveston water than in the Florida water
the copper in the Galveston water is not asn
toxic as that in the Florida water. To 2P
the results attained in the Galveston waté’
to the Florida water, bioassays will havé
be made at different copper concentration$
and water qualities. Laboratory studies oat
the toxicity of copper to the organisms ¢
occur in the Lagoon indicated that a copPé
concentration of 0.25 p.p.m. reduces the
life expectancy of young pinfish, 5359222
rhomboides, by at least 50 percent. Y°?"g
croakers, Micropogon undulatus, and strip®
mullet, Mugil cephalus, were similarly

affected by 0.5 p,p.m. of copper. In ?1Tzd
lar laboratory studies, G. breve was kil

X jon
in 24 hours by 0.02 to 0.07 p.p.m. Dfl‘,’:‘
of sea water seems to augment the toxicl ¥

of copper. Grass shrimp, Palaemonetes Spﬁ’
were more tolerant of copper than the fisno

tested-~a concentration of 10 p.p.m. ha day®"
apparent effect on the shrimp after ten

The ova of Palaemonetes sp. were tolerad
copper concentration as high as 20 p.p.™

The study of the method will be Con;
tinued by means of bioassays of the eff€c
of an artificial ore-dike as more and MmO
ore is added, on the survival of typic2
species, on the setting of larval forms
cement board plates and on the occurrenc®
in the Galveston Lagoon of Gymnodiniuft et
splendens. Although non-toxic, G. gElng’/
is similar to G. breve in sensitivity an o
will serve to show the ranges of coppe®f =~ _
centration, if any, that are lethal t© —lﬂe
nodinium without causing significant damz
to other organisms. To obtain an inde* _y
total plankton production, an attempt wital
be made to measure chlorophyll and/of
plankton volume.

SPONGES

1~

3

. . i qves?
The Florida commercial sponge 1?v the

gation was performed under contract w2



Marine Laboratory of the University of
Miami, Coral Gables, Florida.

Sponging up to December 1956 was suc-
cessful, but poor weather in the Everglades
area from January through March 1957 pro-
hibited fishing. Good sponges in quantity
were also taken in 7 to 9 fathoms of water
off Anclote Key, but good sponge producing
areas are widely scattered.

The effects of sponge disease con-
tinued to cause serious deformation of the
sponges throughout much of the area, and
the price of sponges was increased during
the past year,

Growth curves were made for sponges
of specific areas. It may be possible to
Project the growth data to estimate the
yYears required to obtain sponges of any
given diameter, to examine the productivity
of sponge beds and to assess the validity
of conservation recommendations,.

Present data indicate that the range
of spawning temperatures is from 73° to 83°
F. A temperature cline appears to be
associated with minimum reproduction size.
Thus, the minimum diameter of reproducing
Sponges is 5-1/2 inches in the northern part
of their range and 4 inches in the southern
areas.

Data on environmental factors which
affect the growth, reproduction and distri-
bution of sponges have been compiled and
Preliminary analyses completed.

SOUTH PACIFIC FISHERY INVESTIGATIONS

John C, Marr
La Jolla, California

. The long record of catch statistics,
information on length and age composition,
on fishing intensity, on the relation of
€conomic conditions to yield, and the his-
tory of divers biological studies make the
Sardine or pilchard, Sardinops caerulea, one
of the best-known economically important
fishes in the world. Because of this infor-
Mation, the perplexing problem connected
With the population dynamics of pelagic
fishes seem most likely to be solved through
Continued studies of sardine biology. A
Tecent decline in landings has increased
Support for such research.
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The primary objective of the South
Pacific Fishery Investigations is the
description and the understanding of varia-
tions in the distribution and abundance of
the population of the Pacific sardine. As
an aid in gaining this understanding several
ecologically associated species also are
being investigated in a lesser degree. These
include the anchovy, Engraulis mordax, the
jack mackerel, Trachurus symmetricus, and
the Pacific mackerel, Pneumatophorus diego.

The South Pacif ic Fishery Investiga-
tions is working cooperatively with four
other research groups in the California
Cooperative Oceanic Fisheries Investigations.
The Marine Research Committee sponsors the
research which is carried out by the SPFI,
the Scripps Institution of Oceanography of
the University of California, the California
Department of Fish and Game, the Hopkins
Marine Station of Stanford University and
the California Academy of Sciences. The
Scripps Institution of Oceanography and SPF1
carry out extensive oceanographic-biological
investigations.

PACIFIC SARDINES

Subpopulations.--One of the results of
the sardine spawning surveys has been to
show the existence of several spawning areas
which are more or less discrete in space
and/or time. These are a spring spawning
area off central Baja California, a spring
spawning area off southern California and
northern Baja California, a warm-water fall
spawning area off central Baja California
(particularly in Sebastian Viscaino Bay),
and a large area in the Gulf of California.
The first two areas may not be inhabited by
separate subpopulations, as there appears
to be considerable exchange between the two
areas in different seasons; the other two
areas may be inhabited by separate subpopu-
lations.

Genetic studies of subpopulations of
sardines were initiated during the past
year. Research is directed toward deter-
mining whether genetically isolated or par-
tially isolated groups exist along the
Pacific coast. As pointed out above, defi-
nite discontinuities are known for spawning
areas, but whether these discontinuities
are reflected in measurable genetic differ-
ences between the individuals which occupy
the spawning areas is not known.



Two approaches are commonly used in
studying the genetical makeup of biological
populations. These are breeding experiments
under controlled conditions and the study
of discrete inherited individual differences,
such as pelage color, erythrocyte antigens,
etc., in natural populations. Of necessity,
the SPFI is following the latter approach.

A serological study is being under-
taken in an attempt to characterize subpopu-
lations of sardines. A large body of pre-
cedential information is available in this
field, mostly developed on domestic animals.
Several species of fish have also been
investigated and individual differences with
respect to erythrocyte antigens have been
shown to exist in catfish (Cushing), gold-
fish (Hildemann), salmon and trout (Ridg-
way), opal eye, Girella migricans, and kelp
bass, Paralabrax clathretus (Sprague and
Stormont). Recently the existence of dis-
crete individual differences with respect
to erythrocyte antigens was demonstrated
for the Pacific sardine, Sardinops caerulea,
by means of antibodies found in the serum
of certain wild and domestic animals
(Sprague). (The investigation has not pro-
ceeded far enough to determine whether such
differences can be used to characterize
subpopulations.)

Methods and facilities have been
developed for capturing and maintaining
laboratory stocks of live pelagic fishes
for use in the immunological studies as
well as in other projects of this investi-
gation.

Collection of spawning sardine.-~The
August and September 1956 cruises of the
Black Douglas were devoted in part to sam-
pling adult sardines for use in fecundity
and subpopulation studies and in part to
egg and larval surveys of fall sardine
spawning. During both months sardines were
sampled, mostly by gill nets, in the area
between Point San Eugenio and Point Agreo-
jos. Age determinations were made on 89
sardines taken in August and on 70 taken in
September. The August material consisted
of fish 0 to 4 years old and the September
samples of fish 0 to 6 years old. Only
about 5 percent of the fish were over two
years old, however.

A summary of the age distribution follows:
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Fish sampled off central Baja California
in August and September 1956

No. rings No. fish Size range

Year-class (age) sampled (mm.) Me22
1956 0 46 86-168 12;
1955 1 60 124-196 L
1954 2 45 162-226 185
1953 3 2 178-192 109
1952 4 3 196-226 20
1951 5 1 170 179
1950 ¢ _2  _ire-12 *

TOTAL  0-6 159 86-226

The fish were markedly smaller in 5i2€
than of the same age taken in the Califor~
nia commercial catch. Two-ring fish (1954~
cl ass) in the commercial catch ranged in
standard length from 208-242 mm,, with an
average length of 224 mm.; this is 42 mm.
larger, on the average, than the two-ring
fish sampled off central Baja California.
The differences are even more marked for
some of the older fish.

The material was examined to deter~” £
mine the state of maturity of the fish. e
the fish collected in August, only a Sanl
of 22 fish from Hipolito Bay were maturifé’
All females in this collection had yolked
eggs and several contained ova in fairly
advanced stages of development,
Twenty-seven males and 23 females weré
examined from the September collections
stage of maturity. Of the females, 17 D? ¢
yolked eggs and two contained ova that We®
becoming translucent.

In August, the females containing
yolked eggs were between 177 and 222 mm.
in standard length; in September they wer€
between 160 and 188 mm, Thus, smaller-
sized fish were maturing in the Septembérf
collections; these fish were mostly oné€
year and two years of age. The high P€r”
centage of females that were maturing 1P
September indicated that most of the fiS
sampled were definitely part of the fall
spawning population. The marked differ”
ence in size between these sardines and
fish of the same age taken off souther?
California is evidence that they did not
enter into the commercial catch in any
numbers in the 1956-1957 season. It 31?3g
supports the thesis that the fall-spaw!*”
sardines constitute a separate subpopul?
tion.



Population size.--A preliminary
estimate was derived of the amount of sar-
dine spawning during 1956. The number of
eggs spawned was estimated to the approxi-
mately 200 x 1012, similar estimates are
given by area for the preceding five years
for comparison,

population. The upswing in 1953 and 1954
reflects the effect of the somewhat more
successful 1951- and 1952-classes, The
1951~ and 1952~classes are the best of the
series since SPFI has been investigating
spawning in relation to subsequent year-
class strength (although it is not particu-

Estimate of number of sardine eggs spawned (x 1012)

Central Northern Central Southern
California Southern Baja Baja Baja

line 77 California California California California
Year and above lines 80-93 lines 97-107 lines 110-137 and below Total
1951 0 15.7 18,7 576.4 0.1 610,9
1952 0 2.7 1.6 131.7 0.1 136.1
1953 0 0.7 3.2 436.3 - 440.2
19054 0.1 47.2 89.6 202.6 15.9 355.4
1955 0 18.1 67.7 75.4 1.5 162.7
1950 0 28.3 61.6 116,7 0.1 206.7

The values given for 1956 are preliminary
Cstimates only while those for the previous
Years are final estimates.

The ups and downs in the egg esti-
Mates appear fairly reasonable when con-
Sidered in conjunction with year-class
Strength, The 1949- and 1950-classes were
the poorest on record., The sharp decrease
Detween 1951 and 1952 reflects the decrease
in spawning strength that occurred when
these year classes entered the spawning

1952

1951

10,068 TONS 4,449 TONS
(]
1,900

BILLION KGGS

L3
4300
BILLION EGGS

34,400
DILION EGGS

130,400
BILLION 1GGS 436,300
BILLION #GGS
BILLION EGGS

1953

2,634 TONS

larly strong when compared to good year
classes such as those of 1938, 1939, 1947
and 1948). The decrease in 1955 and 1956
reflects in turn the effect on the spawning
population of the weak 1953- and 1954~
classes,

In recent years the SPFI has become
interested in the relative abundance of
sardine spawning in different parts of the
spawning range since there appears to be
a direct relation between the distribution

1954

CATCN {iiTeD
Y My

7,000 TONS

$8,000

oo BILLION EGGS

WLLION §603

- 90,000
MLLION EGGS

73,000
| BILLION EGGS

117,000
BILLION MGGS

182,500
MLLION EGGS

EGGS, 1950-1956
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of California in late 1852, no work
had been done on sardine spawning

in the Gulf prior to February 1956.
Since then cruises were made in
February, April and December 1956
and in February, April and June 1957
The station grid in the Gulf consist®
of 12 lines on which stations are
spaced 15 miles apart, together with
a fairly large number of inshore )
stations located between the statio?
lines. On some cruises, between-1in¢
stations are placed in the deeps
rather than inshore.

Sardine spawning in the Gulf
is heaviest in the middle third,
between Carmen and Tiburon Islands-
In this area spawning occurs com~
pletely across the Gulf, The dis-
tribution of spawning in February
1957 was strikingly similar to that
in February 1956, with the heavy
spawning occurring on the two stat
lines immediately south of GuaymaS:

ion

The Gulf cruises were spaced
at bimonthly intervals during the
current spawning season so that an
estimate of the sardine spawning

ot nr no "

SARDINE EGG, 1956

of the population at the time of spawning
and the subsequent availability of sardines
Yo the commercial fishery. When there is
considerable spawning off southern Califor-
nia and northern Baja California, the avail-
ability is markedly better than in the years
when there is little spawning in these areas.
In 1956, about 43 percent of the spawning
occurred in the 'northern"” center off south-
ern California and adjacent Baja California
(station lines 80-107) and the remainder in
the "southern" center off central Baja
California (station lines 110-137). The
1956 distribution was similar to that in
1954 and 1955, except that a larger portion
of the spawning in the "northern" center in
1956 occurred south of Ensenada (Baja Cali-
fornia) than in 1954 and 1955,

Sardine spawning in the Gulf of Cali-
fornia.-~Except for a cruise of the Black
Douglas into the southern part of the Gulf
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- population in the Gulf could be ob~”
" tained. The results of the 1956
surveys show that the sardine spaw®
ing population in the Gulf must haVe
been large.

Reliability of estimates of is-
sardine eggs,--Studies dealing with the ?
tribution of sardine eggs in a 20 x 20 M
grid have yielded several estimates of €Ff
The grid consisted of 25 equally spaced
stations which were occupied on five su
sive days. An analysis of the variance
the sardine egg counts indicated that th¢, p
variation between the several days®' samp
was highly significant, The variation
between N-S sections was also significa“t’
whereas the variation between E-W sectionz
was not significant, The close grouping,on)
stations (four miles apart in each directd
permits a more refined estimate of errof
than was possible from past data. The s
pooled residual variance of the 1ogarithmo
is 0.458, which represents a coefficient
variation of 321 percent. This value i8
less than the residual variance of 0.687
calculated by Silliman (1946), A strikiné
feature of the data was that though the

mean level of the area fluctuated widelYs
the E-W gradient did not change.

rof:

cces”



Relation between fish condition and
Population size.--A relation often investi-
gated by fishery biologists is that between
fish weight and fish length, This weight-
length relation is generally expressed by
the formula W = CL", in which W = weight,

C = a constant determined from the data,

and L? = length raised to an exponent deter-
mined from the data. Clark has dealt with
this relation in the sardine in several
Papers. Clark (1928) gives a value of 3.15
for n in the above formula; Clark (1934)
reduced the value to 3.07 by omitting fish
Smaller than 150 mm., from the determination,
It will be noted that n approximates 3.

Allied to the weight-length relation-
ship is the concept of "condition factor"
or fatness. Thi; is derived from the for-
m - W x 10

ula K < ma
factor, W = fish weight, L3 = cube of the
Standard length and 107 converts K from a
decimal to a more easily handled three-digit
Whole number. Under SPFI sampling proce-
dures, fish weight represents the mean weight
of a 50-fish sample, fish length and the
average length of the fish in the sample.

in which K = condition

The condition factors were determined
from the data of 15 fishing seasons at San
Pedro, 1941-1942 to 1956-1957, The principal
Months of each season, October through Janu-
ary, were compared. Monthly condition

actors generally decrease as the fishing
Season advances, In each of the 15 seasons,
the highest monthly condition factor was
Obtained for October. During the 15 years
he range in condition factors for October
was from 126 (1941-1942 and 1942-1943 sea-
Sons) to 144 (1953-1954 season). The lowest
Monthly condition factors ranged from 117
(1941-1942) to 135 (1952-1953), and occurred
in ejther December or January. During

hree seasons there was an increase in Janu-
ary to as high a condition factor value as
1n Qctober.,

There appears to be an inverse corre-
lation between population size and both fish
length and condition factor; high popula-
tion levels (as indicated by the California
Catch) are associated with low condition
factors and small average length of fish,
“hile, conversely, low population levels
afe associated with high condition factors
and greater average lengths of fish, The

WO lowest average condition factors of
1 and 122 occurred when the population
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was at its highest level (1942-1943 and
1941-1942), The highest condition factor
of 139 occurred during the season of poor-
est catch (1953-1954) and the next highest
value, 137, occurred during the 1952-1953
and 1956-1957 seasons which rank just above
the 1953-1954 season, The high degree of
inverse correlation between population size
and condition factor may represent a cause
and effect relationship; high population
levels result in less available food per
fish and lower condition factors, while low
population levels result in more available
food per fish and higher condition factors.

Age composition of the commercial
catch for the seasons 1938-1939 through
1940-1941.--Age data based on scale samples
are available for San Pedro and Monterey
from 1941-1942 to date, and based on oto-
1ith samples are available for the period
1932-1933 through 1937-1938. A gap remains
in the age data for these ports for 1938~
1939 through 1940-1941. Considerable age
data are available for these seasons and
an age composition of the catch was derived.
There are few scale samples for the 1938-
1939 season; hence, the age composition
derived for this season is probably less
reliable than for the other two years,

A manuscript containing a summary of
all age data (1932 to date) is being pre-
pared.

Causes of variations in year-class
strength.~-~The 1949~ and 1950-classes of
sardines were the poorest on record and
were apparently of about equal strength,
Each has furnished less than 130 million
fish to the commercial fishery. The 1951
class has furnished to date three times
this number of fish, the 1952 class four
times. Such is the relative strength of
four year classes that the California Coop-
erative Oceanic Fisheries Investigations
has studied intensively. None is a suc-
cessful year class when compared to the
1939 class which contributed over 55 times
as many fish as either the 1949 or 1950
class, the 1947 class which furnished 24
times as many or the 1948 class which con-
tributed 16 times as many,

The 1946 and 1950 classes were not
poor because the size of the spawning
stock was low, The 1946, 1947 and 1948
classes were all fairly successful. As a
result, the spawning population in the



1949 and 1950 seasons was considerably
larger than in the three preceding seasons
when successful year classes were produced
or in any subsequent season, The moderately
successful 1952 class was produced with per-
haps the smallest-sized spawning stock in
recent years.

"Accumulated age'" estimates of the
size of the spawning population since 1949
are given below. These values are based on
fish two years and older that must have been
present on the spawning grounds during each
year listed since they were subsequently
caught. The estimates are minimal; the
actual population size must have been sev-
eral times as large in every season listed.

Accumulated age estimate of population

size (fish two years and older)
Year Billion Year Billion
1949 4.5 1953 0.5
1950 3.7 1954 0.9
1951 1.2 1955 0.7
1952 0.4

The 1952 class had a higher survival
rate as larvae and showed up stronger in
the young fish surveys (conducted by the
California Department of Fish and Game) than
any recent year class. It was known to be
more successful than adjacent year classes
even before it appeared in the fishery, If
a moderately successful year class can be
identified as such early in its history,
apparently a really successful year class
should be obvious. The SPFI has had no
chance to test this particular point, as it
has not had a successful year class since
the initiation of the California Cooperative
Oceanic Fisheries Investigations.

This lack of a successful year class
has made difficult determining the causes
of variations in year-class strength. The
SPFI has a mass of information from seasons
when spawning was unsuccessful but nothing
from seasons with successful sardine spawn-
ing.

However, there have been successful
year classes of other pelagic species during
this period. The anchovy population has
shown a marked increase in size, and the
year classes between 1952 and 1954 were
large. An outstandingly successful year
class of Pacific mackerel was produced in
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1953. During its first three years in the
fishery (ages 0, 1 and 2) it contributed

43 times as many fish as the 1951 class ¢o%”
tributed in five seasons and 27 times as
many fish as the 1950 class contributed 1B
six seasons.

The fact that pelagic species spaw?ing
in the same general area do not necessarily
produce successful year classes in the sam
years makes impossible deriving any simple
correlation between productivity (as deter”
mined from intensity of upwelling, phyto-
plankton production or zooplankton volumeS
and the survival of pelagic fish larvae.

Determining mortality rates frgm_fiﬁg—
ing and other causes,--Total mortality i? ?Y
fish population consists of fishing mortal?
and natural mortality. Total mortality *2
can be estimated from year-class catch cYf”
ves, Pishing mortality can be derived from—
the relation between the size of the popul?
tion (based on egg censuses) and the numbé
of fish taken in the commercial catch;
natural mortality rates can be estimated _
from the above estimates of total and fisP
ing mortality,

The total mortality rates for the
1955-1956 to the 1956-1957 seasons as €3
mated from the year~class catch curves
follow:

ti~

Total mortality rate

Year class (percent)
1954 -25
1953 3
1952 68
1951 85
1950 90
1949 94
1948 67

More individuals of the 1954 clas$
were taken as 2-year-old fish than a5 .4y
l1-year-olds, hence, the '"negative" mor t2 -
The 3-year-old fish show only a slight mo
tality, probably because this year CI?ssezy
was only partially available to the f15n5e5
as 2-year-old fish. All other year clastly
show a high mortality rate, This is P3%’
an artifact resulting from different Pre
portions of the total population being oiS*
available to the fishery in the two 5€2%
Estimates of total mortality which aré
derived from the year-class catch curvé®. .

are much influenced by the factor of 2V?
ability.



The total population of sardines in
1956 (based on egg censuses) was about
4 x 109 fish. The total catch in the 1955-
1956 season was slightly more than 1.9 x
108 fish. Fishing mortality, consequently,
was less than 5 percent.

Causesof variations in availability.
~-~In October, November and December 1956
the Black Douglas made nightly plankton and
temperature collections in areas scouted
and fished by the San Pedro sardine fleet.
As soon as the area of most intense fishing
was ascertained on any given night, the
Black Douglas executed a pattern of obser-
vations that included the fishing area as
well as some portion of the surrounding
area that had been scouted without success.
Once started, each pattern was continued
until a half hour before dawn.

This survey is a field approach to
the problem of sardine availability. Large
concentrations of sardines do not necessar-
ily appear in the same spot on successive
nights and do not necessarily appear within
Operating range of the fleet on successive
nights, Hypothesizing that such fluctua-
tions are related to variations in one or
more features of the environment is reason-
able, Not knowing at the outset which
environmental factors might be critical,
the fishery scientists decided to measure
the plankton and the temperature which have
been related to fish distribution in a few
Other fisheries, The plankton was collected
With a Hardy continuous plankton recorder,
approximately 1-1/2 linear miles being
Sampled per each 2-inch length of the col-
lecting silk, The surface temperature was
Tecorded continuously and bathythermographs
Were taken at frequent intervals,

The plankton collections and the tem-
Perature data are being processed but the
data are not complete enough for analysis,
Sixteen to 20 categories of organisms are
identified and counted in each collection,
Small copepods less than 2 mm. in length
are by far the most numerous organisms and
they fluctuate by a factor of three to four
during a night. In one case the area of
highest density for the more abundant cate-
Bories appeared to be associated with a
Beographical feature of the adjacent coast-
line. The center of fishing, however, was
in an area of lower plankton density about
four miles away.
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Distance from shore

Since this was a relatively poor
season, no really large sardine catches were
made while the Black Douglas was operating,
Obviously, the significance of plankton and
temperature distributions as factors in
sardine availability cannot be determined
until collections are obtained on some num-
ber of good nights as well as poor nights
of fishing.

The Scripps Institution of Oceanog-
raphy's vessel Orca covered a regular grid
of hydrographic-biological stations off
southern California each month during the
period that the Black Douglas was working
with the commercial fleet. A striking fact
brought out by the Orca cruises was the
marked lowering in temperature, amounting
to about two degrees over much of the area,
that occurred in the southern California
area between the October and November
cruises., This cooling was associated in
time with the southward movement of sardines
from the southern California fishing grounds
to areas off the coast of Baja California.

PLANKTON

The plankton volumes in 1956 were
exceptionally large, averaging 461 cc. per
haul. The average volume per haul was over
twice as large as the 1951-1955 average.
The large volumes were taken throughout the
area between Point Conception and San
Juanico Bay.

The plankton volumes followed the
usual pattem of increasing from spring to
summer and dropping off in the fall. The
highest average volumes per haul were taken
in May (648 cc.), June (655 cc.) and July
(783 cc.) and the lowest were taken in
March (190 cc.) and December (160 cc.).

Inshore-offshore distribution of plankton
(February - August) in 1956

Point Conception
to Punta Baja
(lines 80-107)

Punta Baja to
San Juanico
(lines 110-137)

Inside 100 fm, curve 214 804
40 - 60 miles 215 586
61 ~ 100 miles 539 371
101 - 140 miles 589 363
141 - 180 miles 483 563
181 - 220 miles 314 608
221 - 260 miles 514 -



Because of the unusual oceanographic A PP

features off southern California and Baja Area Station lines Number  Percent
California, plankton volumes do not neces- -_ S — 0.03
sarily decrease as one proceeds seaward, §§L’§“ﬁféiﬁ‘f’§?ﬁa gg:;; % 1:3 21,51
In faCt, the opposite situati‘on prevailed Nort :tn Baja California 97-107 30:092 21.47
off southern California and northern Baja Cedrhs area (cen:tal 110120 o6 568 4891
California. The plankton volumes average Loweh noction (eentral ' o
smaller within 60 miles of the coast than Bpja California) 123-137 11,269 gbs
farther seaward Southern Baja California 140-157 69 e
) TOTAL 140,183 100.0
SPECIES OF FISH ECOLOGICALLY ASSOCIATED The number of anchovy larvae taken
TO THE PACIFIC SARDINE during the first half of 1956 was 107,600
while 129,500 were taken during the first
Anchovy.~-One of SPFI's continuing half of 1955,
series of reports deals with the basic data . .
on sardine eggs and larvae and other fish There was a marked difference in dis”
larvae. In this report, larvae of sardine, tribution between 1955 and 1956, Insteaq
anchovy, jack mackerel and Pacific mackerel of the southern Baja California area naviné
are reported by size for each station negligible numbers, nearly 24 percent of
occupied during the year; those of hake the larvae obtained during the first siX
and rockfish by number only. The report - months of 1956 were from this area., Thes®
for 1955, submitted during the year, was were taken on three cruises and undoub*v‘edly
expanded to include a partial analysis of the percentage would have been larger '_
the results, this area had been covered on every cruiseé-

This was the first year that many larvae
The most striking feature of the 1955 were taken south of line 137, and they mus

collections is the marked predominance of represent a southward shift of part of the
anchovy larvae which is over 39 percent of spawning population, Most of the larvae
all larvae collected. The.comparative were obtained on lines 140 and 143, soO the
abundance of the other larvae is given in shift probably represents a distance of 40
the following tabulation: to 80 miles. In contrast, the number ©

larvae obtained off southern California N
northern Baja California (lines 80-107) ¥
only a third as many as during the samé

Standard haul period in 1955,

Larvae total for year Percent 1
Anchovy 140,183 39,03 Jack mackerel,--Although jack maCkere
Sardine 14,121 3.93 larvae are routinely identified and meas”
Jack mackerel 13,246 3.69 ured, jack mackerel eggs are not enumera®
Pacific mackerel 1,950 0.54 routinely. The collections of fish eggs
Hake 60,090 16.73 are being rechecked for jack mackerel €88
Rockf ish 29,341 8.17 for selected seasons. Jack mackerel eggs
A1l other fish larvae 100,224 27.91 . R * 951~

EE— — have been identified and counted for 1

TOTAL 359,155 100,00 1954, The estimated number of jack mack”
eral eggs in the survey area (the comple?
spawning distribution is not covered) f°
these years follows:

The distribution of anchovies in the

survey area is interesting, Few were taken Eggs
north of Point Conception on the four Years (billion)

cruises that extended into this area and

few were taken off southern Baja California 1951 850,000

during four cruises. The area between 1952 583,000

Point Conception and San Juanico, Baja 1953 808,000

California, was covered on nine cruises, 1954 439,000

excluding NORPAC, and partially on two addi- a1f
tional cruises, The relative abundance The lowest estimate is more thaf h
within the survey areas was as follows: as large as the highest, The coveragé w
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less extensive in some years, particularly
the latter ones above. The estimates of
jack mackerel eggs are approximately double
those for the sardine,

The rate of development of the eggs
in relation to temperature was determined
from both rearing experiments and from a
Study of the routine collections through
use of the method developed by Ahlstrom
(1943) for the sardine.

The growth of the larvae during the
Yolk sac stage was investigated, along with
the prolarval growth of four other species.
A 2-phase growth curve was obtained for all
Species studied. The increase in length
was between five and ten times as rapid
during the first two or three days of lar-
val life as during the succeeding week.

Pacific mackerel,--The cruises in the
Gulf of California, which were started in
1956 (Pebruary, April and December) and con-
tinued at bimonthly intervals in 1957, show
the distribution and abundance of Pacific
Mmackerel eggs and larvae in the Gulf. In
the cruises of February and April 1956 and

Pebruary 1957, which have been sorted,
Pacific mackerel eggs were obtained at the
majority of stations occupied. Spawning in
February 1957 was most abundant in the area
between Guaymas and La Paz. The average
number of eggs per haul in this area is 842
as compared to an average of 24 per haul
north of Guaymas and of 9 per haul south of
La Paz.

]

Number of Number of  Average number
stations "on stations of eggs
Area with eggs stations occueied per haul
North of Guaymas 4 9 13 24
Between Guaymas
and La Paz 28 4 32 842
Southern Guif ] 15 21 9
TOTAL 38 28 66
o 19

The center of abundance of larvae was
below that of the eggs. No larvae were
taken above Guaymas; the average number per
haul in the area between Guaymas and La Paz
was 68 and 31 in the southern end of the
Gulf., 1In the latter area, the larvae oc-
curred near the mainland side of the Gulf,

S

{UPPER) PACIFIC MACKEREL;
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The distribution of eggs and larvae in
February 1956 differed little from that
described for February 1957, except that
larger concentrations of eggs and larvae
occurred at the southern end of the Gulf,
Eggs and larvae were taken throughout the
Gulf in April 1956.

MARINE MAMMALS

Gray whale census.--The count of gray
whales made at Point Loma during their
annual southward migration was the highest
since the census was instituted. An actual
count of 1,782 whales was made during the
day watches. An unknown number of whales
passed by Point Loma during the night or
were beyond the range of the observers dur-
ing the day. The counts were too low
during overcast days or rainy weather A

conservative estimate places the number of
whales that were not observed at half the
migrating population, Hence, the gray
whale population before calving would total
about 3,600 individuals.

Whaling operations at San Francisc®
Bay.--The total catch of the whales off
central California in 1956 was 145, includ”
ing 133 humpbacks, 9 sperm and 3 finbacks:
During the season three visits were madeé '
the whaling station at Point San Pablo,
Francisco Bay. Twenty-seven whales weré
examined for physical characters, anatomy:
reproduction and age.

Other marine mammals,--Specimens of
sea lions, porpoises and, occasionally,
whales were examined. Anatomical studi€S:
skeletal preparations and stomach content
analyses were made,
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PACIFIC OCEANIC FISHERY INVESTIGATIONS

Albert L. Tester
Honolulu, T.H.

The Pacific Oceanic Fishery Investi-
gations operates under Public Law 320
(80th Congress) which authorizes the United
States Fish and Wildlife Service to inves-
tigate the high seas fisheries resources of
the territories and island possessions of
the United States in the tropical and sub-
tropical Pacific Ocean.

In addition to investigating the dis-
tribution and abundance of tunas in equa-
torial waters, POFI began in 1955, under
authority of Public Law 466, 83rd Congress
(Saltonstall-Kennedy Act), to study the
albacore resources in the waters to the _

north of Hawaii.

During fiscal 1957 POFI's efforts
centered around three large programs. The
first was a descriptive survey designed to
ascertain the tuna resources, especially
t he skipjack, of the southeastern Pacific.
The second major area of operations cen-
tered around the skipjack population in the
Hawaiian waters. Here, the Hawaiian fishery
is being used as a laboratory situation for
studying oceanic skipjack in general. Most
of the effort during the year revolved
around understanding the nature of the popu-
lation of the skipjack and completing field
work designed to show whether fluctuations
in the fishery can be rationalized on the
basis of changes in the environment. The
third major subdivision, albacore research,
focused on the newly discovered mid-ocean
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resources lying between Hawaii and Alaska
and the development of an elaborate survey
program off the Pacific coast during the
summer of 1957. In addition, a number of
important studies were conducted independ-
ently of the major programs. These projects,
aligned by discipline, such as tuna larva
studies, are designed to produce results
applicable to tuna in general,

A study of tuna behavior was started
in a small way by devising a system that
permits direct observation of tuna behavior
during chumming, This opens the way to
developing an intensive research program in
this field, which holds great promise of
contributing directly to raising the effi-
ciency of tuna fishing.

EQUATORIAL TUNA PRQGRAM

The equatorial program in the vicinity
of the Line Islands was drastically
curtailed. Emphasis was shifted to

s s . . ‘4 t
indicated that their availability was abo!
three times greater during the summer thaf
in winter, '

5. Surprisingly, one index of thé
productivity of the area, the volumes ©
zooplankton from the surface to 200 meter
indicates a picture contrary to general cet
expectations: the volumes obtained in Wil
in the general area of the Marquesas wer®
aboyt twice as large as those collected ¥
summer. To the east of the Marquesas:
gitude 130° W., the volumes in winter &%
summer were about equal. The area Southive'
18° S. appears to be extremely unproduct s5
with volumes from the 0-200 meter tows 1€
than 10 cubic centimeters per 1,000 cubi¢
meters in both summer and winter,

6. Another index of productivitys

the concentration of inorganic phosphaté
the surface, confirms the picture derivé

/

begin evaluating the tuna resources

of northeastern French Oceania, with
concurrent broad-scale oceanographic
coverage of that area.
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Multiple~vessel surveys were “
conducted during August-September
1956 and January-March 1957, the
southern hemisphere winter and sum-
mer, respectively, The times of the
cruises were selected to afford the
greatest contrast of environmental
conditions and of tuna availability,
The preliminary results of these
cruises reveal that:

-

1. 1In the immediate vicinity
of the Marquesas Islands, skipjack
were abundant during the summer. ;
Approximately three times more schools
were seen during the summer than
winter.

|

RATE OF SIGHTINGS, SCHOOLS 8 BIRD FLOCKS / HOUR

2. During the times of the
surveys surface schools of skipjack
greatly outnumbered surface schools
of yellowfin in the Marquesas area,

3. There are supplies of live
bait (Marquesan sardines) in the bays

 LAWSON BANK

¥S

n

©

140 ™ N
[N
\,

%

N,
N CLARK BANK
N \
\
\
h\

\
\
\

{
MARQUESAS ISLANDS
-MOTU /T “\'-‘" sanK

J
% UKY HIA

OF
FRENCH OCEANIA
|
\“ - BANK
Qlua Hura
\\\
\\

957

{— jpe—

h
1

N,

9

HOA POU
~

N\

- FATU HUKY

- N,
N,

)

L~~~_~~ p '04
“\\@ ‘
R \%ﬁ% - a)(amvzm. o
N ]

N\ I

1

-
-
~.
S

N

\,
I,

|
10"5]

o rwomassEl

\,
{ ‘\\% Fary MW

FEBRUARY SEPTEMBER |

m‘r-w ____/

140° W

of the Marquesas adequate for a fish-

ery of limited size.
TRACK

4., Catches of deep-swimming
tuna in the Marquesas area also

FISHERY SURVEYS IN MARQUESAN WATERS,
RESULTS OF THREE SUCH SURVEYS ARE SHOWN BY THE

(DASHED LINE) FOLLOWED BY POF| VESSELS DURING
SOME OF THE

HISTOGRAM
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from the study of zooplankton volumes. In
the whole broad area covered these values
Were appreciably lower in the southern
hEmisphere summer than in winter. The
Breater variability of inorganic phosphate
Concentration in winter, especially around
Yhe Marquesas-Tuamotus area, than in summer
1S probably significant. It may indicate
the role that these land masses play in
:ringing enriched water into the euphotic
one,

7. Water flow at the surface through
tﬁe Marquesas was from the southeast during
Winter., There was a large clockwise eddy

etween the Marquesas and Tuamotus. The
Variability and significance of this feature
are not fully known.

The August-September cruises also
fepresented POFI's participation in Opera-
tion EQUAPAC, which was a quasi-synoptic
Oceanographic survey of the entire central

and western equatorial Pacific. EQUAPAC
was conducted by 11 oceanographic vessels,
representing Japan, the United States and
France, and included two POFI vessels.

At a conference in Kyoto, Japan, on
March 5-6, 1957, POFI was designated Edi~
torial Coordinator for preparing an atlas
of data collected by the BQUAPAC cruises,
The data from POFI's participation were
published as Special Scientific Report--
Fisheries 217, "Summary, oceanographic and
fishery data, Marquesas Islands area,
August~September 1956." A report contain-
ing the meteorological, oceanographic and
biological data from another quasi-synoptic
survey, Expedition EASTROPIC, was published
as Special Scientific Report--Fisheries 201,
"Preliminary report on Expedition EASTROPIC"

POFI's contribution to the Interna-
tional Geophysical Year (IGY) began on
June 21-23, 1957 with the preliminary

KAGOSHIMA MARU
KEITEN MARU

SATSUMA

30

20°

10°

[

20°

TRACKS OF VESSELS WHICH PARTICIPATED IN OPERATION EQUAPAC, THE AUGUST ~SEPTEMBER 1956,
QUASI -SYNOPTIC, OCEANOGRAPHIC SURVEY OF THE EQUATORIAL PACIFIC
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occupation of an oceanographic station between two skipjack seasons. During the

offshore from Oahu. The plan is to occupy 1956 skipjack season (May-September) meafl
this station once each month during the temperatures off windward Oahu were 1° -
18-month period of the IGY. This station F. colder than off leeward Oahu, Saliniti€®
involves determining density conditions were 0.11 /o0 -~ 0.28 ©/00 higher in the
between the surface and 300 meters at the leeward areas. During the off season teér”
time of high and low tides on the day of perature and salinity on the two sides ©
each station. Biological observations in- Oahu were similar, The time at which the
clude the rate of carbon fixation as deter- divergences in temperature and salinity 956
mined with the Cj;4 isotope, and the standing occurred was also the time at which the 308
crop of zooplankton. skipjack landings increased sharply. pust

the early 1957 season no such divergences.
MID~OCEAN SKIPJACK PROGRAM

The fishery.-~The commercial fishery

had a slightly better than average year in 82 4———r’T’1//
terms of total pounds landed. Between L A R L L A 4

January 1 and December 31, 1956, 11,132,222 8l |- Y URE |
pounds of skipjack were landed in the Terri- 80 - é%% SURFACE TEMPERAT
tory of Hawaii. .Since 1948 there have been
only three years (1951, 1953 and 1954) in
which more skipjack were caught. Estimated
landings for January 1 to June 30, 1957 were
considerably lower than those of last year
or even 1952, the poorest of the past nine
years, "Season'" skipjack (18-22 pounds) did
not appear in quantity in Hawaiian waters

up to June 30, 1957.

DEGREES FAHRENHEIT

Bxisting catch records show only the
weight of skipjack landed, the area in
which the catch was made and the value of
the catch, To obtain more information con-
cerning the skipjack fishery, log books
were placed aboard five skipjack sampans,
In these books the fishermen record all
schools sighted, whether fished or not, and
estimates of the fish and school size. From
these records information may be gained on
the proportion of schools fished and an
estimate of the number of schools of small
skipjack. Obtaining an estimate of the num-
ber of schools of small skipjack is impor-
tant because the fishermen make considerable
selection as to the size of skipjack caught,
These books have been on the sampans six
months and a preliminary examination shows
that most of the desired information is
being obtained.
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Environmental studies.~~The collection _4955
of environmental data in the area of the
fishery adjacent to QOahu continued. During
fiscal 1957 two comprehensive surveys and

of
PANELS (A) AND (B) SHOw SOME OF THE RESULT®

a number of monitoring surveys by POFI and POF1'S ENVIRONMENTAL MONITORING SURVEYS |l

the Territory of Hawaii Division of Fish WATERS ADJACENT TO THE ISLAND OF OAHU. ¢

and Game were completed. POFI has observa- SR paoN PATTERN 1S ANt e INSER w1 SHED
. X - . IPJACK CATCH DATA (PaNEL (c}) WERE F

tions covering a 20-month period and can BY THE TERRITORY OF HAwA[f 0Iv(sfon OF FISH

discern differences in the environment AND GAME
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in temperature and salinity occurred and
the skipjack landings were low, with small
landings of "season" skipjack (18 - 22
Pounds). There was, thus, a strong indica-
tion that the appearance of "season' skip-
Jack in 1956 was casually associated with

2 change in the environment.

Cooperative temperature and salinity
Sampling program,--During February and
March 1957 the collection of sea surface
Water temperatures and salinity samples was
begun at the following locations by the
agencies indicated: (1) Ocean Weather
Station Victor at 34° N. latitude, 164° E,
longitude (United States Weather Bureau);
(2) Midway Island (United States Navy);
(3) Prench Frigate Shoals (United States
Coast Guard); (4) Upolu Point, Hawaii
(United States Coast Guard); (5) Johnston
Island (United States Air Force) and (6)

/WEATHER

/ STATION
7/

FRENCH FRIGATE SHOALS-A

WAKE—& 1 e

T

JORNSTON-A gg""ﬁ

Wake Island (United States Weather Bureau).
Observations and collections made at these
points should enable POFI to anticipate
changes in the general circulatory pattern
of the waters which bathe the Hawaiian
Islands, and the results should eventually
permit long-range prediction of mid-ocean
skipjack.

In addition to the new sampling sites
listed above, observations were continued
near Koko Head, Oahu, Temperatures at this
site were 0.5° - 2,0° F, colder in 1957
than in 1956 during February to June, 1In
June 1957 water temperatures were higher
than in June 1956, Salinities between
February and June were from 0.0 ®/oo - 0.5
0/00 higher in 1957 than in 1956. This
increase is a further indication, in addi-

tion to the data from the monitoring sur-
veys, that there was a distinct difference
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#SEATION OF COOPERAT!IVE TEMPERATURE AND SALINITY SAMPLING STATIONS, ALSO SHOWN ARE THE TRACKS OF
TWO COMMERCIAL VESSELS FROM WHICH SURFACE TEMPERATURES ARE RECORDED AND SALINITY SAMPLES TAKEN
ONCE EACH FOUR HOURS



in environmental conditions between 1956
and 1957,

Tagging.--During June 1956 new all-
plastic dart tags were placed on a small
number of skipjack. In October one of these
tags was recovered, The tag was modified
and in April and May 1957, 1,978 skipjack
were tagged with the D~-2 dart tag and re-
leased in Hawaiian waters., As of June 30,
1957, nine of these tags had been recovered.
This rate of recovery is slightly better
than that observed in previous years when
the spaghetti-type tag was used.

Previous taggings did not show the
movement of the skipjack from one island to
another. The skipjack which were tagged

this year moved from Oahu to Kauai and from
Bach year of tagging

Molokai to Hawaii,

ALL-PLASTIC DART TAG (LOWER PANEL) USED BY POF| AND Of THE POSITION OF THE TAG

has added to POFI's knowledge of tag
construction and growth and migrations of
skipjack.

During the period of skipjack taggi®é’
the stomachs of large tuna and marlin wer®
examined at one Honolulu auction market t©
find out whether there was a loss of tégge
fish because of predation. Seven skipjack
were found in 176 stomachs and none weré ¢
tagged fish. Of the seven three were abo¥
one pound and four were 3~5 pounds in
weight. These results showed no evidencé
of predation on tagged skipjack.

ALBACORE INVESTIGATIONS

The third year of albacore investi”
gations in the North Pacific under the
Saltonstall-Kennedy Act (Public Law 466/

WHEN INSERTED IN THE TUNA (UPPER PANEL)
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83rd Congress) was completed. The keynote
of these investigations has been coordinat-
ing efforts with those of other interested
Bovernment agencies through the Albacore
Steering Committee of the Pacific Marine
Fisheries Commission. This committee has
been particularly effective in facilitating
the integration of field work and in making
efficient use of available vessels and
Personnel.

Albacore distribution.--Studies were
Primarily oriented toward (1) mapping the
€arly summer distribution of albacore; (2)
further defining the concentrations of
albacore lying in a band between Hawaii and
the Aleutians during the summer and (3)
Surveying the fall distribution of albacore
from approximately 145° W. eastward to the
Pacific coast. Primary emphasis during the
Year was given to gill netting and surface
trolling, both of which have been shown to
effectively catch albacore.

During the summer the John R, Manning
took albacore in a narrow zone between 175°
W. and 145° W. Bast of 145° W. the John N.
9222 conducted surveys from there to the
Coast, capturing widely scattered albacore
As is well known, commercial fishermen
following up these catches and in part
Buided by the successful fishing of the
%%2&155 off the coast during the summer of
955, moved offshore and located albacore
0 commercial quantities. Thus, the first
Sizable albacore landings developed off the
0regon coast in several years.

The results of the survey of the
Miﬂﬂigg between Hawaii and Alaska are sum-
Marized in the figure below. The Manning
took large numbers of albacore from the
Most western leg of her survey (175° W.)
bY gill net and trolling; the region of

1gh abundance extended as far east as 160°
« longitude, PFrom this point to 145° W,
Ongitude abundance progressively decreased.
Uring the first part of the survey along
175° W, albacore were most abundant between
41* N, and 46° N., with centers of abundance
aound 43° N. and 45° N. The second por-
lon of the survey, the eastward trolling
and gjll net leg, yielded relatively abun-
dant catches somewhat farther north,

The Manning caught 602 albacore,

Weighing approximately 4-1/2 tons., Of
hese, 451 were taken in gill nets, 104 on
Toll lines and 47 in trammel nets. The
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fish ranged inweight from 7 to 30 pounds.
Particularly noteworthy was the large catch
by gill net despite the fact that the 12
shackles were not all of suitable mesh size
for optimum catch. High catches such as
these, made on small amounts of gear, sug-
gest that there are commercial possibilities
in this area. These possibilities are en-
hanced by the proximity of Aleutian bases
for logistic support and the fact that the
area is readily available to halibut fisher-
men who have experience with fishing con-
ditions in this general area,

Trolling, which was conducted from
dawn to dusk each day, produced fewer alba-
core than gill netting. However, the
catches in general verified the centers of
abundance as revealed by the gill nets.

The success during this summer cruise
was believed to have resulted at least in
part from an exceedingly shallow thermo-
cline in this region., During some days the

layer of warm surface water in which the
albacore live was so snallow that the ship's
propeller brought up the deeper, colder
water,

Under such environmental conditions

JJOHN R MANNING CR. 32 |#o*
JULY 17 -~ SEPTEMBER 12,1958

T
CATCH \ \
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SUMMARY ALBACORE SURVEY



albacore were thought to be restricted to

a thin surface layer of water and were
particularly vulnerable to gill nets. Some
of the evidence for this belief lies in the
observation that following a storm, which
deepened the thermocline, the gill net
catches dropped off. Later, during the fall
surveys, when the thermocline was about 200
feet below the surface, the gill net did
not catch appreciable numbers of albacore.

The fall surveys by the Manning and
Gilbert were designed to describe the dis-~
tribution of albacore between Hawaii and
the west coast at a time when the coastal
fishery was diminishing. Trolling was
conducted throughout both cruises., When
the weather permitted, gill nets were set
at night., If the weather were too adverse
for gill netting, the vessels either jogged
or reduced the speed at night to avoid
large gaps in the trolling coverage.

Albacore were taken in significant
numbers over a wide area extending from the
western border of the survey to the coast
a few miles north of San Prancisco., The
results are gratifying because the distri-~
bution of albacore can be rather logically
associated with the distribution of envi-
rommental properties. All catches were
made in an area with well-defined 1limits,
To the north and east catches were confined
by the 57° surface isotherm. The southern
limit was the northern boundary of the bar-
ren, blue, central, northeastern Pacific
water as indicated on the chart. This
boundary could be readily determined from
the bathythermograph sections and also from
the clarity of the water,

In the barren central water the color
was an intense blue and the Secchi disc
could be seen to a depth of 18 fathoms.

In the more productive transition zone where
albacore were caught the transparency as
measured by the Secchi disc was reduced to
10 or 12 fathoms and the color became blue-
green. In the coastal water, which did not
contain albacore, the Secchi disc could be
seen only to depths of 7 to 9 fathoms and
the color was green.

The fall distribution of albacore
extending from the coast to well offshore
in a fairly continuous band suggests that
a migration away from the coast is taking
place and that it is a gradual exodus
rather than a rapid purposeful migration
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FALL ALBACORE SURVEYS

were
as may have occurred when the albacor®

approaching the coast in the spring.

An analysis of data collected since
the start of the program in 1954 enabl€
the postulation of a general hypothesis ¢he
concerning the migration of albacore if
North Pacific. 1In the spring these f3%
perform a rapid and purposeful migratloia‘
from mid-ocean to the coast of Calif?f“es
During the summer the migration contlnﬁe
with the route gradually shifting t© t oW
north., At the same time the albacore ®
in the coastal waters also tend to move
northward following optimum temperat“fera.
conditions. Toward late summer the migi
tion toward the coast ceases and ther®
a gap in the oceanic distribution f‘°mabout
about 140° W, to 160° W, longitude 2 in
45° N. latitude. This gap coincides 1ekﬂ”d
time with the formation of the well'?ggc
thermocline in the central North Pacl
and the associated high concentratiof®
surface albacore. In the eastern NOF



Pacific the albacore are scattered along

the entire west coast of the United States.
During the fall they undertake a gradual
westerly movement away from the coast
bridging the gap and ultimately appearing

in the Japanese winter fishery. The tagging
results partly confirmed this hypothesis.

The future field studies will be
largely in the areas which have shown com-
mercial promise. Surveys will be continued
to ascertain the migration routes into
these areas and the oceanographic and bio-~
logical parameters which govern these move-
ments, Within the areas emphasis will be
on the microdistribution and ecology of the
albacore.

The Northeastern Pacific Albacore
Survey (NEPAS), a concentrated survey of
the waters off northern California, Oregon
and Washington during the summer of 1957,
marks the beginning of such studies. The
Nanning has begun a survey of the offshore
Waters and will be joined by the Smith on
July 1, 1957, 1In addition, nine commercial
Vessels will be utilized in late July and
€arly August 1957 to make a concentrated
fiShing survey of a band approximately 350
Mmiles wide off the coast between Point
Arguello, California, and Grays Harbor,
Washington. During this phase of the sur-
Vey the Smith and the Manning will patrol
the area collecting detailed oceanographic
and biological data in an attempt to deter-
Mine the conditions which govern the occur-
Tence and movement of the albacore.

e JOHN R MANNING CRUISE 36
--- COMMERCIAL VESSEL TRACKS

no‘ Iib' I?O’ Iﬁb'

NEPAS SURVEY

Tagging.--Four albacore tag recover-
ies were reported, the period of release
ranging from 259 to 471 days. As shown in
the figure below, all four fish were tagged
in mid-ocean; three were recovered off the
coast of Japan and one was recovered in
California coastal waters, The recoveries
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give considerable support to the contention
that there is only one albacore population
in the North Pacific. In particular, the
two recoveries from fish tagged in 1955
should be noted. Although they were re-
leased within a few miles of each other,

one fish was gecaptured by a Japanese live-
bait vessel about 1,000 miles off Japan on
June 24, 1956 and the other one was
recovered off Baja California, Mexico, on
August 1, 1956. The two recoveries were made
about five weeks apart; the distance between
the points of recovery is about 4,350 miles.
These returns may not seem to be strictly
in accord with POFI's hypothesis of migra-
tion but their interpretation depends on an
unknown factor--their movements in the
interval between tagging and recovery,

In line with the policy of attempting
to tag albacore over the entire North
Pacific, POFI sent two biologists to Japan
to conduct tagging and to instruct Japanese
technicians in tagging methods. The Japan-
ese showed great interest in this work and
with their help POFI tagged 270 albacore in
the area indicated in the lower figure on
page 129. As a result of this motivation,
the Japanese initiated a tagging program in
their 1957 albacore live-bait fishery with
a goal of 1,500 releases. POFI has no data
on the success of this program,

Spawning and maturity.--An examination
of all ovary samples collected in the North
and Equatorial Pacific was completed, There
was no evidence of albacore spawning in the
temperate waters in which the Japanese
coastal and American coastal fisheries are
conducted or in the temperate waters north
of Hawaii, In these three areas all of the
fish taken were either sexually immature
or, in the case of the larger winter-caught
fish, without evidence of ovary development.

Good evidence was found of albacore
spawning in the subtropical Hawaiian waters
and those to the south of the Equator. In
these areas the small, immature albacore so
typical of the temperate waters were not
found.

A hypothesis was made from the above
that albacore spawn in subtropical or tro-
pical waters. During their second year of
life they migrate to feeding grounds in
temperate waters where they remain for two
or more years, Following this they return
to the tropics to spawn. Thus, an adequate
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understanding of the albacore fisheries
may involve studies of the albacore populad”
tion and its environment which encompasseS
the waters of the Pacific Ocean extending
from 50° N, to well south of the Equator.

An analysis of the landing records
from the tuna cannery in American Samoa O
the Van Camp Sea Food Company, Inc. shows
that considerable albacore were landed each
month from the area, ranging from the Equd”
tor south to 28° S, latitude between long?”
tude 160° W, and 180°, These landings
offer an opportunity to determine whether
and at what season albacore spawn in this
area, Arrangements are being made to get
a sampling program under way in Samoa.

Age and growth.--Albacore growth

studies based on hard parts forced POFI t©
conclude that the age of albacore cannot
told from their scales or bones for the
following reasons: (1) The rings found 92n
the scales and bones cannot be counted Wi
reasonable consistency; (2) the incremf-‘“tsr
that are noted do not appear to give eithe
a reasonable or a consistent pattern Of‘ -
growth and (3) the e sults are mt conslsns.
ent with growth as evidenced by tag retuf

The best estimate of albacore grovth
stems from the tag recoveries, Even thiS
evidence is not as good as POFI would 1ik€
for there have been few recoveries anq
there is always the problem of obtaining
reliable measurements at the time of tag;
ging and recovery. The best rea:lts th? s
POFI has (upper figure on page 131) S“ggeal
a moderately rapid growth rate. The anf!
r ate of increment for the several fish age
ranges from 6 to 27 pounds with the ave’,s
closer to the lower value, Checking thit
material against hard parts shed no lighe
on the interpretation of the rings on th
vertebrae and scales.

Perhaps telling the age of albacor:_
from the hard part should not be exPectes
They are not subject to the same extreme
of summer and winter conditions as ar€
fish of the north temperate zone for tth
migrate to areas where food is availablwth.
and water temperatures suitable fOf'gro
Thus, as they seem to spend their 1if€ "
under fairly uniform conditions, "Wintetheir
r ings would not necessarily develop OF
scales and vertebrae.

; e.”"”
North Pacific weather and climaté
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Two studies of North Pacific weather
and climate were conducted as a part
of the albacore program., They should
be of general interest to fishermen
and research workers in the North
Pacific. The operational analysis

of the winds was completed and a
pilot study made to determine the
feasibility of preparing synoptic
charts of the sea surface temperature
from the data contained in the ships'
weather reports.

The wind analysis was prepared,
with the operational requirements of
a small research ship or fishing ves-
sel in mind, from unpublished data
from the United States Weather Bureau,
The aim was to show the expectation
of suitable fishing weather in the
North Pacific in all areas and months
of the year. Sample contour charts
for January and July showing the per-
centage of wind observations of 20
knots or less are illustrated in the
lower figure,

As an example of their use, it
may be determined from the July chart
that in the area from 145° W, to 175°
W. longitude between 43° N. and 49°
N, latitude, suitable fishing weather
is present during 90 percent of the
month, i,e., nine out of ten days.
The Manning made excellent gill net
catches in this area during July and
August 1956. Her records showed
that 109 out of 121 or 90 percent of
the 6-hourly wind observations made
on board were 20 knots or less and
also that 23 out of 26 or 89 percent
of the nights were suitable for gill
netting, thus illustrating the reli-
ability of the charts.

The quasi-synoptic charts of
sea surface temperature are the
result of an attempt to utilize synop-
tic weather data for mapping the
seasonal and annual changes in oceano-
graphic conditions. Surface tempera-
ture was selected rather than other
parameters, such as wind and pressure,
since it appeared to give a more
direct measure of the net effect of
climate and weather on the ocean.
The intensified program of the United
States Weather Bureau during recent
years to increase the quality and



number of ships' reports made possible SPECIAL STUDIES
preparing accurate and detailed charts, such

as the sample chart (below) for the North- Larval tuna.--Drawings of larval
eastern Pacific April 11-20, 1957 period. Auxis and Euthynnus and a rough draft of
This chart is based on 1,883 individual the species descriptions were completed.
observations and shows up both ocean-wide All specimens were sorted by area of cap-
and local deviations from normal in detail. ture and work was started on a world-wide
The chart is confined to the Northeastern distributional study. 1In general terms,
Pacific since the Japanese are issuing the larvae of Euthynnus lineatus are dis~

similar charts for the Northwestern Pacific. tinctive from those of E. yaito and E.
alletteratus, but the last named two are
not easily separable from each other. S0
far as is known, there are at least two
species of Auxis, only one of which occur$
in the Atlantic, but both species occuf
together in various parts of the Pacific.
Two types of Auxis larvae were found in 2
oceans but these become indistinguishable
at a certain size. In addition, larval
Scomber japonicus were identified, reducinié
the number of unknowns by one.

An effort was made to develop moreé
efficient means of sampling larvae in the
field. The following special larval tun?
tows were made: 14 surface tows between
Hawaii and the Aleutians; 71 single, doub f
and quadruple night surface and 19 day SYf
face tows in the Marquesas; 22 surface to¥
between Hawaii and the West Coast; 88 _
paired surface and other tows in the south
east Pacific; and 12 surface tows bracket~
ing sunset at the Hawaiian IGY station.

All of these except the sunset series haveé
been sorted, along with numerous samples
from other times and places,

Tuna forage organisms.--The 53 mid-
water trawl collections obtained on the
EASTROPIC expedition and about half of tD€
collections made on EQUAPAC were analyZz€
in the laboratory. An initial examinatio?
of the EASTROPIC data showed a peaking in
volume of forage ‘drganisms in the regiol
of convergence and the southern boundary
of the Countercurrent, between 3° N. and
6° N. latitude and about 300 miles north 3~
of the peak in zooplankton abundance. LOP8
tudinally the largest catches occurred 1%0
the central region between 125° W, and an
W. These results, after further study £
analysis, should increase understanding ©
both the time and space aspects of troph*
succession from basic productivity to tP€
tunas,

Food of skipjack.--A first drafto;f
C

QUAST -SYNOPT IC CHART OF NORTHEASTERN PACIF(C a report on the food of skipjack was wing
SURFACE TEMPERATURE IN F, AND DEVIATIONS FROM pleted. This study produced the foll®
NORMAL IN F. FOR THE APRIL 11-20, 1957 PER|OD' interesting results:

‘
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YELLOWFIN

SKIPJACK
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1. By volume 703 skipjack ate 73 yellowfins and bigeyes. In all three
Percent fish, 22 percent mollusks and 4 species of tuna fish formed 60 to 75 per-
Percent crustaceans., Mollusks, particu- cent by volume,
larly squid, were much less important in
the food of skipjack than in the food of 2. In respect to composition of the
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food, the main fish families represented in
the food of skipjack were Thunnidae, Caran-
gidae, Molidae and Gempylidae; of yellowfin:
Bramidae, Gempylidae, Thunnidae and Sudidae;
and of bigeye: Gempylidae, Bramidae and
Sudidae, in order of importance. Larval or
juvenile skipjack composed 8 percent of the
food of skipjack. Juvenile tunas also were
prominent in the food of yellowfins but
scarce in that of bigeyes.

3. The average volume per stomach
increased from 15,5 cc. for skipjack of
less than 60 cm. to 27.4 cc. for skipjack
over 60 cm, With an increase in size, the
feeding shifted from crab larvae to the
more pelagic amphipods and euphausiids and
from chaetodonts, acanthurids and synodonts
to Decapterus, molids and gempylids, the
gempylids being the most oceanic in distri-
bution. :

4. There was no definite trend in
respect to distance from land when captured
from land and average volume per stomach,
but there was a shift in composition with
littoral forms being replaced by more
pelagic forms in an offshore direction.

5. Differences associated with the
method of fishing were apparently most
closely related to the distance from land
of the place of capture and the depth of
fishing. FPor example, the frequency of
occurrence of fish dropped from 89 percent
for surface-caught skipjack to 33 percent
for subsurface (longline) caught skipjack.
Mollusks (mostly squid) increased from 9
percent for the surface to 59 percent for
subsurface~caught fish and Crustacea
were less plentiful at the subsur- ’

ing depth and vertical migration.

Vertical and horizontal distributiof
of zooplankton,--Laboratory measur ements Of

approximately 450 zooplankton samples col-
lected on the EASTROPIC expedition were
completed and the data published. Although
the results have not been thoroughly studi€
the following points were evident:

1. The day-night variation was onlY
important in hauls that sampled near the
surface, and the great bulk of the plankto?
occurred in the upper 60 meters,

2. The effects of enrichment from
such features as the equatorial upwelling
and the shallow thermocline along the
northern boundary of the Countercurrent
were more pronounced in shallow hauls thef
in deep hauls, and in night hauls than 37
day hauls,

3. Within the divergent and conver~”
gent zones (1-1/2° S. to 5° N, latitude)
the abundance of zooplankton decreased fro"
east to west, varying directly with the
drop in winds and the degree of upwelling:
but inversely with thermocline depth (s€€

figure below).

4, Within the South BEquatorial Cuf’s
rent between 1-1/2° S. and 8° S., there W&
an increase in abundance from east to Wes M
thus discounting the importance of the P’
Current as a factor contributing to the
enrichment of these latitudes in the céf
Pacific.

tral

et

face level. The average volumes by
method of fishing were purse seine ~
35.2 cc., pole and line - 23.9 cc.,
longline ~ 15.6 cc. and surface
trolling ~ 9.9 cc.

—EASTROPIC NIGHT HAULS 0-~60M (CGC/1000M3) —T

T T T ]

20*1

6. Judging by the volume of
food remains, fishery scientists
found that the highest rate of feed-

ing in skipjack took place just
before noon and again in the late
afternoon. The lowest rate was

during early morning and early

o

afternoon, The highest percentage
of squid was found in the early
morning and late afternoon hours.
These data upon further analysis
may contribute information on feed-
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Tilapia culture.--In the spring of
1956, the Hawaiian Tuna Packers, Ltd, and
POFI jointly seined supplies of small bait-
Size Tilapia and tested them at sea to
determine their qualities as skipjack bait.
Seven full day and 2 1/2-day seining expe-

ditions yielded 630 pounds of small Tilapia.

fhese were obtained principally from fresh-
Water ponds and, therefore, had to be
acclimated to sea water before the sea

tests.

The effective use of Tilapia as skip-
?ait was examined on 1l4-vessel days at sea
in waters off Oahu. The prime objective
of these tests was to compare the ability
of nehu, the standard bait, and Tilapia in
attracting and holding schools of skipjack
at the stern of the vessel, A summary of
the results shows that 21 (56 percent) of
the 37 schools first chummed with nehu sur-
faced and responded to the bait and that
10 (56 percent) of the 18 schools first

-
LLAPIA REARING TANKS LOCATED ON THE GROUNDS OF
OF THE POFt LABORATORY IN HONOLULU

chummed with Tilapia gave a favorable
response to the bait.

Skipjack were caught from nine schools
at the rate of 3.5 fish per minute and 12,2
fish per bucket of Tilapia used. This is
not as good as the catch rate of 4.8 skip-
jack per minute and 15.3 per bucket of bait
obtained with nehu from 23 schools. There
is, however, reason to believe that with
experience chummers will learn to use
Tilapia more effectively.

POFI reached the conclusion that
Tilapia is an adequate bait for catching
skipjack. In some respects it may be
slightly inferijor to nehu, but it has sev~
eral compensating qualities, It is an
exceedingly hardy fish and can survive in
bait tanks for much longer periods than
nehu, The larger Tilapia tend to sound
when thrown out as chum, but this trait
does not prevail in fish 1-1/2" to 2" in
length, which is the optimum size for skip-
jack bait. POFI's studies indicate
that if economically feasible rearing
methods can be developed, Tilapia
can alleviate the great need in the
Hawaiian skipjack fishery for addi-
tional bait supplies.

POFI's experiences during the
past summer showed that the culture
of Tilapia in '"natural" ponds or
reservoirs is not an efficient method
of rearing them. Such ponds do not
provide enough natural food for the
fish, extra feeding is necessary,
cannibalism is a major problem and
removing the fish is not easy., Sort-
ing the bait-size fish from the large
ones is also a problem.

In October 1956 POFI constructed
three redwood tanks on the laboratory
grounds to determine if a hatchery-
type operation would be biologically
and economically feasible in rearing
Tilapia as bait. FProm December 20,
1656, when production of the young
fish started, until June 30, 1957,
126 adult females produced about
77,000 fry. A fairly high mortality
among the young fish resulted because
of cannibalism and probably low oxy-
gen concentrations; both of these
factors will be reduced in importance
by the improved and enlarged fry
rearing facilities which are being
constructed.



The practicality of rearing Tilapia
as bait in available fish ponds and reser-
voirs received further study. In February
and March 1957, 8,749 adult Tilapia in two
ponds, one a natural brackish-water pond
and the other an artificial, fresh-water
reservoir, were marked by fin~clipping.
Seining will be carried out at intervals
during the summer of 1957 to determine the
production of young and to obtain estimates
of the total adult population in each pond.

In December 1956 POFI instigated the
formation of a 'Bait Fish Research Coordi-
nating Committee". Membership on the
Committee includes representatives from
POFI, the fishing industry, the University
of Hawaii, and the Territorial Division of
Fish and Game, The purpose is to coordinate
the activities of the various groups in the
Territory that are working on different
phases of the general bait fish problem and
to keep members informed on what the other
agencies are doing.

Oceanographic and biological observa-
tions.-~At the request of the Chief of
Naval Research, the Hugh M. Smith made a
cruise to the Eniwetok area between Novem-
ber 17 and December 23, 1956 and carried
out oceanographic and biological observa-
tions. The Scripps Institution of Oceanog-
raphy, Office of Naval Research and POFI1
collaborated in executing the cruise. The
major accomplishments include 26 hydro-
graphic stations, 29 bottom cores, 11 under-
water camera stations, 2 current stations,
13 zooplankton hauls, 38 phytoplankton
samples, 41 carbon-14 determinations, 4
midwater trawl hauls, 4 night light collec-
tions, 169 BT lowerings, 55 samples (which
were frozen for phosphate determinations)
and continuous fathometer and thermograph
records.

All biological properties measured
indicated a low level of productivity for
the region, A report was prepared on the
biological results of the Eniwetok cruise
and submitted to the Office of Naval
Research.

Sea birds.~--A chart showing the dis-
tribution of the sea birds in the North
Pacific was prepared for NORPAC records for
possible use in the NORPAC Atlas.

Sea Scanar.~--In July-September 1956
the Sea Scanar was put through series of
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experiments and sea trials. Under ideal
sea conditions good returns were received
from manufactured triplane targets at 2
maximum distance of 2,180 ft., a dead skiP~
jack at 1,070 ft. and a dead herring at

470 ft. Records of aggregations of skip-
jack, dolphin (Coryphaena), porpoise and
blackfish were obtained. Returns from af
albacore school were recorded in the Octoba:
December period. The failure of the instf"
ment prevented its further use,

Hawaiian longline fishery.--Bigey¢
and yellowfin data from the Hawaiian long”
line fishery for 1948-1956 were analyzed
and a draft of the manuscript was complé
The results show that the increase in big”
eye landings and the decline in yellowfil
landings during this period were associat®
with the differential availability of the%®
t wo species in the windward and lee areds
and also with a shift in the fishing are2
by the larger vessels from the lee of the€
northern islands to the windward waters ©
the southern islands.

ted.

Bigeyes were more available in the
windward areas than in the lee, while the€
reverse was true with the yellowfins which
were more available in the lee areas.

The larger vessels showed an annual 4
increase of effort expended in the windwe’
areas of the southern islands from 22 Pe€r”
cent of the total trips made during 1948~
1949 to 88 percent during 1953-1954.

Introduction of Marquesan sardiES';—
Approximately 175 pounds of the Marques?

sardine, Harengula vittata, were releas€
in two lots near shore om Oahu. The fir$
lot containing 2,500 individuals was €~
leased in Hanauma Bay, Oahu, on Septeém~ .49
ber 26, 1956, and the second of about 1 " 22
individuals in Pokai Bay, Oahu, on March
1957. Eight sardines were recovered bY s
tuna-bait fishermen; the last sardine w2
recaptured on June 4, 1957, There is nf
evidence that the species has been est
lished in Hawaiian waters.

CONTRACT RESEARCH
(University of Hawaii)

. ctol-
Tuna vision,--A report on the hl:Ip'

ogy of the retina of small and large S both
jack has been received, The retina 1P
instances appears to differ little fro®
general vertebrate eye.



Green tuna.--This work is in its
closing phases, and a final report for pub-
lication has beend rafted. There appears
to be a well-established relation between
"greening" and the presence of fat peroxide.
There is some evidence that a green pigment
may actually exist in "'green" tuna.

Electrofishing.--Some experiments
looking toward controlling the field and
Pulsing with an amplidyne were completed.

MENHADEN INVESTIGATIONS

Fred C. June
Beaufort, North Carolina

The menhaden fishery of the Atlantic
and the Gulf coasts is the largest in the
Western hemisphere in terms of tonnages
landed. The seasonal and the annual fluc-
tuations in its yield considerably affect
the economy of the Atlantic and the Gulf

.States. Knowledge of the causes and the
Magnitude of such fluctuations will greatly
assist the menhaden industry in developing
and planning its fishing operations.
Accordingly, a program of biological re-
Search of the Atlantic menhaden resource
Was undertaken in 1955 to determine the
Causes of fluctuations in the catch and the
€xtent to which these may be predicted.

Populations,--Detailed examination of
Many thousands of juveniles and adults,
Collected over the presently known range of
the fish, indicated that two species of men-
haden occur along the Atlantic coast of
North America, the Atlantic menhaden, Bre-
Yoortia tyrannus, and the yellowfin menhaden,
§£gyoortia smithi., The Atlantic menhaden
Comprises the vast bulk of the landings of
?he commercial purse seine fishery and only
1solated individuals of yellowfin menhaden
Occur in the catches south of Cape Hatteras.
The yellowfin menhaden rarely, if ever,
Occurs in the middle Atlantic states and
Northward. It reportedly was common in the
Catches around Beaufort, North Carolina,
three or four decades ago, but has not
Occurred in the landings in this area in
Tecent years.

Atlantic menhaden presently are known
to occur from Casco Bay, Maine, to Indian
iver, Florida. Yellowfin menhaden now
Tange from Sapelo Marsh, Georgia, to Indian
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River, Florida. In the latter area yellow-
fin menhaden support a commercial bait
fishery which operates throughout the year,

As both species occur together in
Florida waters during the spawning season,
the possibility of hybridization cannot be
overlooked; in fact, a number of juneniles
resembling both forms were taken from sev-
eral locations. Because of its restricted
range and infrequent occurrence in the
purse seine fishery the yellowfin menhaden
is now of minor importance to the Menhaden
Investigations.

Knowing whether each species is fur-
ther subdivided into independent or semi-
independent populations is necessary. A
single population of menhaden freely inter-
mingling, spawning and migrating along the
coast would mean that fluctuations would be
widespread. If there is a number of semi-
independent populations, fluctuations would
tend to be localized, and differences in
spawning time, feeding grounds and nursery
areas would likely result in differences in
rates of growth, recruitment and mortality.
A great deal, thus, depends on the existence
or the non-existence of distinct or semi-
distinct populations.

There are two lines of approach to the
solution of this problem: the indirect
method of counts of various body parts or
meristic characters and the direct approach
by means of tagging. The problem so far has
been attacked from the point of meristics.

During the past two years samples of
juvenile fish have been routinely collected
from 36 estuarine nursery areas along the
Atlantic coast from Gloucester Harbor,
Massachusetts, to Indian River, Florida.
Meristic data on l-year old fish also have
been collected.

Comparisons of the average numbers of
vertebrae, fin rays and ventral scutes of
juveniles revealed rather large differences
between the juveniles in the estuarine nur-
sery grounds north of Long Island and those
in the nursery grounds south of Long Island,
Since the juveniles from the northern nur-
sery areas are considerably smaller than
those from the nursery areas south of Long
Island, they could not have originated from
the same spawning.

These findings indicate that the adult



fish segregate into at least two major
groups for spawning, and the differences
exhibited in the body structure of juveniles
are induced either by inherited tendencies
which are preserved or differences in envi-
ronmental conditions at the time of spawning
or by both,

Studies of the distribution of spawn-
ing in space and time, based on the degree
of sexual maturity of the gonads of the
fish, increase the knowledge bearing on the
identification of population structure.
Differences in temperature and other factors
during spawning may give rise to identifi-
able differences in morphological and
physiological characters. Hence, knowledge
of the time and the place of spawning and
the nature of related environmental factors
will aid in interpreting the results ob-
tained from these meristic studies. The
results of spawning studies are discussed
in a later section of this report.

Persistent differences in the size
of menhaden of the same age also are evi-
dent. One, 2- and 3~year-old fish are
considerably larger, on the average, in the
northern 1limit of the range of a year class,
intermediate in size in the central part of
the range and smallest farther tovard the
south, Studies of the growth pattern in
scales also show differences among fish of
the same age inhabiting different locali-
ties. Thus, there is evidence that the
fish are not randomly mixed throughout their
life span.

Counts of meristic characters of
spawning adults also are being made to
determine the extent to which they resemble
juveniles from adjacent nursery areas.

This work continues and within the next
year or two reliable estimates may be made
of the degree to which fish.in various
places along the coast intermingle,

Age and size composition.--Knowledge
of the age of menhaden is essential for
determining growth, recruitment and mor-
tality rates, which are requisite in solv-
ing the problem of fluctuations. A large
part of the efforts of the Menhaden Inves~-
tigations during the past two years was
devoted to establishing the validity of the
marks on the scales as age indicators.

The examination of the scales of many
thousands of fish of various sizes showed
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that clearly defined marks or "rings"
occurred on these structures with certain
regularity. By following the pattern of
scale growth each month that fish of the
1951 year class were available over the
past five years researchers established
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that one "ring", or annulus, is laid down

on the scale for each year of life. Similar
findings for subsequent year classes further
confirmed the interpretation of scale '"rings"
as being reliable annular marks. The new
annulus appears on the scales in the spring.

To discover whether fluctuations in
the fishery result from variations in the
Year class strength, the age or size compo-~
Sition of the menhaden population from year
to year must be known in order to connect
fluctuations in the catch with changes in
the structure of the population. Age compo-
Sition is being determined routinely from
representative samples of the commercial
catch. Samples are taken daily throughout
the season that vessels are fishing at 10
locations between Portland, Maine, and
Fernandina, Plorida. The number of daily
samples is roughly proportional to the
Catch in each locality,

Results of this work show conclusively

that an unusually abundant or "domimant"
year class hashad a terrific impact on the
fishery in recent years. The figure on
page 138 shows the age composition of the
catch in the middle Atlantic area from 1952
through 1955, the only area where ages are
available for several years., The progres-
sion through the fishery of the dominant
1951 year class is obvious, Its contribu-
tion was clearly reflected in the commercial
catch in 1953 when production in this area
reached an all-time high of over 378,000
tons. The continued effect of this year
class on the fishery in 1956 is shown in
the figure below where the age composition
of the summer fishery north of Long Island
and the late fall and winter fishery off
the North Carolina coast (the two areas
where the 1951 fish were present in the fish-
ery) are presented. Record catches were
made in both areas in that year. The con-
tribution of this year class to the 1956
catches can be fully appreciated when it is
realized that individual fish in this age

50
SUMMER FISHERY NORTH
OF LONG ISLAND
40 I~
19

30 = 23
[
z 20
w
QO |() =1
@ 1954
w o 2|
a FALL AND WINTER FISHERY AT BEAUFORT, N.C.

1955 1951
20 1953 -
1954
10 1956 J
0
0 i 2 3 4 5 6 7
AGE

AGE COMPOSITION OF THE MENHADEN PURSE SEINE FISHERY, 1956:
UPPER PANEL - SUMMER FISHERY NORTH OF LONG I1SLAND;
LOWER PANEL =~ FALL AND WINTER FISHERY OFF NORTH CAROLINA

139



group averaged about 1-~1/3 pounds. In

other words, the contribution of this year
class to the northern fishery comprised

over 50 percent of the total catch by weight
while in the North Carolina fishery it com-
prised nearly 40 percent,

The continued study of the annual
variations in abundance of age groups for
several years may make possible forecasting
a year ahead the scarcity or the abundance
of the fishery. Such information would be
of great value to the industry in indicating
the extent of preparation needed for the
forthcoming season.

Movements and migrations.--One of the
most outstanding characteristics of menhaden
is their tendency to congregate in dense
schools at the surface at certain times. A
second characteristic is the tendency of fish

of similar size to school together. FinallY:
so far as is known, menhaden are generally
restricted to the littoral, or coastal,
waters inside the 20-fathom contour during
the warmer months of the year. Detailed
knowledge of these basic features is essen”
tial for understanding the seasonal and the
annual changes within the populations and
their effect on the fishery. Data for fol-
lowing such changes are being obtained rou~
tinely from representative sampling of the
catch in each locality where the purse seiP€
and pound net fisheries are being pursued.

Results of this work showed a rather
consistent pattern in the distribution of
the fish. The age composition of the catch
in 1955 for each locality along the coast
is given in the figure below. The summer
fishery in the Gulf of Maine was supported
exclusively by fish four years of age an

older while the south Atlantic fish~

ery was based on fish in the first

AGE COMPOSITION OF THE ATLANTIC MENHADEN PURSE SE|INE

FISHERY, BY LOCALITY, 1955
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North Carolina. The 2-, 3- and 4-year-old
fish contribute substantially to the catches
in May; however, by the end of the summer
the smaller l-year-old predominate.

A southward migration of spawning
fish from northern waters and sexually
immature fish from Chesapeake Bay and the
middle Atlantic areas takes place in early
autumn when they disappear from the fish-
€ries north of Cape Hatteras, They later
Yeappear off the North Carolina coast where
they support a sizable fishery in late fall
and early winter, The juveniles which
emigrate from the estuarine nursery area at
that time also migrate southward for they
appear for the first time in large numbers,
in the North Carolina winter fishery.

Slight variations in this generalized
Pattern of distribution and movements occur
from year to year. During the winters of
1952-1953 and 1953-1954, for example, 1-,
2- and 3-year-old sexually immature fish
and older sexually mature fish in non-spawn-
ing condition apparently did not all move
Southward for great numbers were taken in
the pound net and the gill net fisheries
Off the Maryland and New Jersey coasts. The
Tange of distribution of l-year-old fish in
the fishery also varies slightly from one
Year to the next. This age group may occur
in the northern New Jersey fishery in some
Years while in others it appears no farther
Northward than Virginia,

The foregoing findings show that
adequate knowledge of the intra- and inter-
Seasonal movements of the fish is one of
the more important aspects of the problem
Of fluctuations, Information bearing on
this problem is being gathered routinely
from many sources, including logbook records
kept aboard menhaden purse seine vessels,
Yecords of airplane spotting pilots, inter-
Views with fishermen and samples of catches
°f various types of fishing gear, such as
fyke, pound and gill nets. A great deal
Yemains to be learned and sufficient data
are being gathered to provide rather de-

ailed knowledge of these features of the
ishery,

Spawning and early life history.--An
®xamination of the gonads of fish sampled
?rOm the purse seine and pound-net fisher-
les throughout most of the year furnished
Information on sex ration, age and size at
Sexual maturity, time and place of occur-
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rence of spawning and reproductive capacity
of different age groups. A method, based
on measurements of ova diameters and ovary
weight, was devised for objectively deter-
mining the stages of ovarian development,

The results of these studies indi-
cated that the sexes are about equally
distributed in all age groups throughout
the range of the fishery. Some individuals
are capable of spawning at two years of age;
however, the bulk of the population reaches
sexual maturity in the third year of life,
The number of eggs extruded by individual
fish vary from, roughly, 40,000 to about
700,000, the number depending on the size
of the fish,

The data collected over the past two
years indicate that spawning takes place
over a wide range throughout most of the
year. In the northern area some spawning
apparently occurs over the entire period
during which fish are present in the fish-
ery; however, it appears heaviest in spring
and again in early fall., In the southern
area spawning is apparent only in the late
fall and early winter when spawning fish
from farther northward have moved into the
area. These findings indicate that spawn-
ing largely occurs from September through
May. Commencing in northern waters at the
time that a southward movement of the fish
takes place in the fall, spawning reaches
a peak in southern waters in winter and
continues through late spring when the fish
reappear in northern waters.

Plankton sampling conducted over the
past four years indicates that the hatching
of eggs and the early larval development
take place entirely in the ocean. Follow-
ing absorption of the yolk sac, the larvae
enter estuaries and bays and spend the
following several months in these nursery
areas. Routine collections are being made
at several localities along the coast to
obtain estimates of relative numbers of
larvae entering the nursery areas and the
period of entry. Size distributions of
larvae entering the nursery grounds during
the period January to April 1956 at Beau-
fort, North Carolina, show considerable
variation, particularly those entering in
January and February. This may result from
differential spawning in the area. However,
during the peak of larval recruitment in
March and April a much more uniform size
group is evident.



Studies of the early life of the
fish, following their entry into the estu-
arine nursery areas, are being carried out
at the field laboratory on the Indian River,
Delaware. The work is designed to deter-
mine the growth rate of juveniles within
and between the estuaries, the amount of
mixing of juveniles within an estuary, the
feeding habits and food preferences, the
responses of estuarine populations to
changes in physical and biological factors
in the environment and the natural mortality
rate.

Results show that, following their
entry into the estuary, the larvae first
appear in the upper limits of the inter-
tidal zone where they congregate in groups
of many thousands of individuals. Here
they soon undergo metamorphosis into juve-
niles. During this transformation the body
deepens, scales are laid down, all of the
fins become developed and the fish assumes
the color of the adults. This transforma-
tion commences at a body length of about
33 mm. (1-1/4 in.) and is completed at
about 43 mm. (1-3/4 in.). As the fish
increase in size, the schools gradually
spread out from the initial intertidal
areas and move downstream. Menhaden have
been observed schooling at the smallest
sizes encountered in the intertidal areas.

After spending the summer in the
estuaries, the schools congregate in larger
bodies in the fall and move out into the
ocean. The time of their departure follows
roughly the pattern of disappearance of the
adults from the fishing grounds in the
ocean, This emigration generally commences
in early September in the northern estuaries
and in late September and October in the
middle Atlantic region while in the south-
ern estuaries they may remain throughout
the winter and spring. At the time of their
departure from the estuaries the juveniles
may range in size from about 50 to 160 mm,
(2 to 6~1/2 in,) in length, depending on
the locality.

Two important problems concerned
with the estuarine work deal with the esti-
mates of the relative size of a year class
while it is in the estuary and the mortal-
ity sustained during its stay there. 1In
attacking these problems techniques have
been developed at the Indian River station
which will be extended to other areas
along the coast,
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A method which gave initial succesS$
consists essentially of marking large num-
bers of juveniles and estimating the size
of the nursery population from the propof-
tion that is recaptured. By this method a0
index may be established eventually for
estimating the initial success of a year
class. The reliability of this method 15 |
being tested by comparing this derived estl”
mate with measures of abundance of the yeaf
class in the following summer when it ent€r®
the commercial fishery as l-year-olds. TP¢
value of the first estimate is that it will
provide a measure of the relative size of ae
year class before the class enters the purs
seine fishery.

Marking individuals also has furnished
an estimate of the mortality rate of juveé~”
niles in the estuary. It does not, howeveT:
cover mortality sustained during their
entire estuarine life but only that over
the last three or four months of their st2Y°
Results of the first year's work suggest
that mortality during this period is 1loW-

A technique of estimating the total estu~
arine mortality is being worked out. TH¢
method demands a tremendous amount of effor™’
is subject to a number of sources of erro¥:
and can be applied only in smaller estu~ -
aries. However, it can provide the infof"
tion necessary for determining whether tP€
conditions in the estuary are responsibl€
for the size of a year class. Once the
stages in the life history where the gré?
est mortality occurs are known, attentio?
can be directed to those factors which maY
be responsible.

Growth, recruitment and mortalities:
~--Knowledge of the growth rate of meﬂ?ade
is important because of its many appllca'.'ng
tions, It is essential to an understaﬂd;e
of the general biology of the fish and t
fluctuations in the fishery, It is als® .
one of the basic variables which detefmlx.lon
the total weight of the menhaden populatlth
and the yield from the fishery, The g%
of menhaden varies a great deal betweén
sexes, localities, seasons and years.
bimodal nature of the length-frequency i
distributions of fish of the same age €V
dences that mote than one population ©
fish may be represented.

For estimating the size of the menh®
den population, the amount of increas€
resulting from the entrance of young £i8
in the fishery (recuitment) and losseS$



the fishery caused by fishing and natural
causes (fishing and natural mortalities)
need to be known. Since knowing the rela-
tive abundance of the population at the
beginning of the purse seine fishing season
is desirable, knowing the relative contri-
bution of the l-year-old fish to the fishery
and their fluctuations from year to year is
important. Mention was made in the previous
sections of this report of an estimate of
probable recruitment of a year class into
the fishery, based on estimates of the size
of the population in the nursery areas.
Further estimates of the relative size of
an incoming year class are being obtained
from measurements of its relative abundance
in the winter fishery at Beaufort, North
Carolina, and the spring pound net fishery
in Chesapeake Bay. The reliability of these
estimates is not known well enough to per-
mit drawing any conclusions at this time,

A preliminary estimate of the total
mortality rate was computed from available
age data; however, accumulating data for a
number of years before any reliability can
be placed in such estimates will be neces-
sary,

Measurements of catch.--Fluctuations
in the catch cannot be measured and inter-
bPreted without adequate records of the
catch from year to year. The menhaden
industry has willingly furnished such
records.

The preliminary look at the current
condition of the fishery is based on empir-~
ical methods, i,e., measurements of total
catch, apparent abundance, as deterwmined
by catch per unit of effort and total fish-
ing effort. Such measurements have been
completed for the middle Atlantic fishery
from 1939 through 1954, The calculated
catch per unit effort (measure of apparent
abundance) showed a general upward trend
until 1947, when it was followed by a
decline which lasted until 1951, A marked
increase occurred in 1952 and 1953, doubt-
less resulting from the impact of the
Superabundant 1951 year class. The fishing
effort increased over the period, reaching
4 peak in 1954, Similar measurements, to-
gether with the total catch, are being
completed for other areas by means of auto-
Matic computing machine methods. A second
measurement of apparent abundance is being
Calculated based on logbook data furnished
by the vessel captains and pilots. The
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two series of measurements will be compared
to determine whether they lead to the same

conc lusions,

OCEAN RESEARCH

0. E. Sette
Stanford, California

Many important ocean fishes fluctuates
widely in abundance or in availability to
fishermen. Albacore tuna, for instance,
disappeared from the west coast of North
America in 1928 and reappeared in 1938,
Other important fisheries, such as those
for Atlantic mackerel and the Pacific sar-
dines, have suffered less extreme but still
serious failures due to fluctuations, Dis-
tinguishing between failures resulting from
overfishing and those from natural causes
is difficult, Through research on broad-
scale changes in ocean conditions and their
meteorological causes, this project attempts
to recognize the naturally caused fluctua-
tions in abundance and distribution of the
important stocks of ocean fish and even-
tually to predict them., Defining man-made
and natural causes of fishery fluctuations
would materially aid conservation programs
and prediction of them would reduce the
effect of such fluctuations on the industry.

A new attack on the problem of natu-
ral fluctuations in the abundance of the
important food fishes of the Pacific Ocean
was started in 1955, A major difficulty
in discovering the causes of these fluctua-
tions has been the fragmentary nature of
oceanographic observations. Those having
continuity over considerable sea areas
pertain only to conditions during a brief
visit or several brief visits by research
vessels to a given area, Those having con-
tinuity in time are from isolated coastal
or island stations and pertain only to
local shoal water conditions.

The new attack proposes to overcome
this dif ficulty by using the great volume
of weather data reported daily over many
years by the world-wide network of weather
stations. The ocean is heated by radiation
received through the atmosphere and cooled
by giving off heat to the atmosphere, The
winds, directly or indirectly, drive the
major ocean currents., By using the weather
data on an ocean-wide scale, the Ocean
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geSearch staff expectsto infer the changes
0 amount of ocean heating, cooling and
Circulation which may be expected to affect
the 1iving conditions for sea fishes and,

t::letefore, cause their abundance to fluctu-
ae.

To this end, during fiscal 1957, sets
of unpublished data for these studies were
icquired, These include monthly-mean sea-
lever atmospheric-pressure charts for the
Northern hemisphere for the period 1898 to
1957 from the United States Weather Bureau
and a set of nearly two million observations
°f sea surface temperatures of the Pacific
Ocean for the 10-year period 1936 to 1945
from the United States Hydrographic Office.

ata on fluctuations in a number of Pacific
isheries were secured from published and
Unpublished sources.

A plan was developed for deriving

from monthly~mean atmospheric-pressure
Charts a set of indices to describe fluctu-
tions in the intensity of atmospheric
Circulation over the Pacific Ocean, These
ire‘designed to reflect the vigor of circu-
ation for the North Pacific Ocean as a whole
and also, as may be desired, over its sev-
€ral components, namely, the California
Current, the North Equatorial Current, the
Uroshio and the North Pacific Drift. Acces-
Sory elements of the plan provide similar
COverage for the peripheral system, such as
he Gulf of Alaska Gyre and the Oyashio.

o Pilot tests employing small segments
i Fhe pressure data were made by comparing
Odices with sea surface temperature series.
€ results reinforce the hopes of the
cCean Research Unit that its plan, when
arried out fully, will give a quantitative
€Scription of atmospheric fluctuations
ich influence the ocean circulation and
Wa: pPhysical characteristics of the ocean
ca €r masses over large areas of signifi-
Nce to the food fish populations.

th The upper chart (on page 144) shows
€ average July air pressures over the
Orth Pacific Ocean (after U. S, Weather
e:rEau "Normal Weather Charts for the North-
. N Hemisphere' 1952). The wind blows
Pbroximately along the isobars in the
slrection indicated by arrowheads (actually
Omewhat to the left). The lower chart
Ows the main ocean currents (adapted from
%i§ChOtt' Geographie des indischen und
len Ozeans, Hamburg, 1935 and U. S.
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Hydrographic Office, Stream Drift Chart of
the World, July). Shifts from month to
month and year to year in the weather pat-
tern produce changes in the ocean currents,
sea temperatures and. other qualities of the
water which may strongly influence the dis-
tribution and abundance of our important
commercial fisheries along our Pacific coast
from Alaska to the tropics. Better under-
standing of how the weather-sea-fishery
system operates could lead to successful
predictions of fish abundance.

ICHTHYOLOGICAL LABORATORY

Giles W. Mead

United States National Museum
Washington, D. C.

This laboratory conducts research on
the classification, distribution and life
histories of American fishes and performs
service functions related to such studies.

While no research papers resulting
directly from the work of this laboratory
were published during fiscal 1957, several
research projects are in progress and manu-
scripts are being prepared on them, These
projects concern:

1. The morphology, homologies and
evolution of the anterior sensory lateral-
line system in the American gobies.

2. The taxonomic status of several
nominal species of American Atlantic trig-
1id fishes of the genus Prionotus.

3. The Taractes asper and the system
atic position of the Steinegeriidae and
Trachyberycidae. The Curator of the Museum
Municipal do Funchal, Madeira, is collabo-
rating in this work, which is a revision
of a subfamily of pelagic fishes.

4. The fishes of the Western North
Atlantic--families Chlorophthalmidae,
Aulopidae, Ipnopidae, Harpodontidae and
Bathypteroidae.

A series effort is being made to
jdentify, relabel and catalog into the col-
lections of the United States National
Museum a large collection of animals assem-
bled by the Fish and Wildlife Service dur-
ing the last 20 years.



Collections of certain groups of fishes

were loaned to independent fishery workers,

The laboratory cooperated with the

Fish and Wildlife Service's Exploratory
Fishing and Research programs, especially
in areas in which the fish fauna is poorly
known or in situations in which the facili-
ties of the library and reference collec-
tions of the Smithsonian Institution and
the National Museum were needed,

Much effort was devoted to identifying

material sent in by individuals and commer-
cial and governmental organizations, check-
ing research literature for individuals who
are without access to adequate libraries,

reviewing manuscripts, preparing unpublished

research work, etc.
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Chesapeake
POFI

Pacific Salmon
North Atlantic
Great Lakes
Pacific Salmon
Great Lakes
South Atlantic
Marine Section
Great Lakes
South Atlantic
Gulf

Pacific Salmon
Pacific Salmon
Pacific Salmon
POF1

North Atlantic

POFI

POFI

Pacific Salmon
POFI

Chesapeake
Pacific Salmon
Middle Atlantic
Middle Atlantic
North Atlantic
North Atlantic
Calif.-Nev.
Milford Lab.

South Pacific

Location

Woods Hole, Mass,
Beaufort, N. C.

Honolulu, T, H.
Marquette, Mich.
Seattle, Wash,

La Jolla, Calif,
Oconto, Wis.
Seattle, Wash,
Seattle, Wash,
Boston, Mass.
Marquette, Mich.
Honolulu, T. H.
Woods Hole, Mass.
Marquette, Mich.
La Jolla, Calif.
Woods Hole, Mass.
Galveston, Texas
Seattle, Wash,
Honolulu, T, H.
La Jolla, Calif.
Seattle, Washington
Galveston, Texas
Washington, D, C.
Annapolis, Md.
Honolulu, T. H.
Seattle, Wash,
Woods Hole, Mass,
Marquette, Mich.
Seattle, Wash.
Ann Arbor, Mich.
Brunswick, Ga.
washington, D. C,
Marquette, Mich.
Brunswick, Ga.
Naples, Fla.
Seattle, Wash.
Seattle, Wash,
Seattle, Wash,
Honolulu, T. H.
Woods Hole, Mass.

Honolulu, T, H.
Honolulu, T. H.
Seattle, Wash,
Honolulu, T. H,
Annapolis, Md.
Seattle, Wash,
Beaufort, N. C.
Beaufort, N. C.
Woods Hole, Mass.
Woods Hole, Mass,
Reno, Nevada
Milford, Conn,

La Jolla, Calif.



Name

Ordal, Erling ]J.

Otsu, Tamio

Parker, Philip S.
Parsons, John W.
Patten, Benjamin G.
Paulus, Jo Ann
Pearson, Roger E.
Perkins, PFrank E.
Peterson, Alvin E.
Philbrook, Charles L,
Phillips, Arthur M., Jr.
Podoliak, Henry A.
Posgay, Julius A,
Prafke, Verlon E.
Price, Thomas, Jr.
Pugh, John R,

Purvis, Harold A.
Pycha, Richard L., Jr.

Raney, Edward C,
Ray, Sammy M,
Raymond, HOward L.
Reid, Charles F,
Reimers, Norman
Reintjes, John W,
Rice, Theodore R.
Rick, Alan J.
Ridgway, George L.
Rinkel, Maurice O.
Robertson, Oswald H.
Rockwell, Julius ]J.
Roithmayr, Charles
Ropes, John W,

Ross, Avron ]J.
Rounsefell, George A.
Royce, Rodney D,
Rucker, Robert R,

Sakuda, Henry M.
Sanderson, Imogene A,
Scattergood, Leslie W.
Seckel, Gunter R.
Seidl, A James

Sette, Oscar E.
Shanks, Warren E.
Shaw, William N,
Shea, John F.
Shearer, Lloyd W.
Sherman, Kenneth
Shippen, Herbert H.
Shomura, Richard S,
Silliman, Ralph P,
Sindermann, Carl J.
Skud, Bernard E.
Slusser, George F,
Smith, Bernard R.
Smith, Manning A.

Title
Collaborator
Fish. Biol.
Fish. Biol.
Fish. Biol.
Fish. Biol.
Biol. Aid
Fish. Biol,.
Fish, Aid
Fish. Biol.
Fish. Aid
Fish, Biol.
Chemist
Fish. Biol.
Fish, Biol,
Fish. Biol.
Fish. Biol.
Fish, Biol.
Fish. Biol,
Fish., Biol,
Fish. Biol.
Fish. Biol.
Fish., Aid
Fish. Biol.
Fish., Biol,
Fish, Biol,
Fish, Biol,
Chemist
Oceanography
Collaborator
Fish, Biol.
Fish, Biol.
Fish. Biol.
Bacteriologist
Fish, Biol,
Fish, Biol,

Fish, Biol,

Fish, Biol,
Phy, Sci. Aid
Fish. Biol,

Oceanographer
Fish, Biol,.
Fish. Biol.
Med. Biol, Tech,
Fish., Biol,
Fish, Biol,
Fish, Biol,
Fish, Aid
Fish, Biol,
Fish, Biol,
Fish, Biol,
Fish, Biol.
Fish. Biol,.
Fish., Biol.
Fish, Biol,
Chemist
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W, Pish. Diseases
POFI

Bast. Fed., Waters
Great Lakes
Pacific Salmon
Great Lakes
Pacific Salmon
Atl. Herring
Pacific Salmon
North Atlantic
Trout Nutr.

Trout Nutr.

North Atlantic
Great Lakes
Beaufort Lab.
Pacific Salmon
Great Lakes

Great Lakes

Middle Atlantic
Gulf

Pacific Salmon
South Pacific
Calif,-Nev,
Menhaden
Beaufort Lab.
Great Lakes
Pacific Salmon
POF1

Sal. Cult. Lab.
Pacific Salmon
Menhaden

Clams

W. Fish, Diseases
Marine Section

W. Pish, Diseases
W. Pish, Diseases

Pacific Salmon
Gulf

Atl, Herring
POFI

Great Lakes
Ocean Research
Sal., Nutr. Lab,
Woods Hole Lab.
North Atlantic
Milford Lab.
North Atlantic
POF1

POFI

Anad, & Shell,
Atl, Herring
Pacific Salmon
Pacific Salmon
Great Lakes
Great Lakes

Location

Seattle, Wash.
Honolulu, T. H.
Gatlinburg, Tenn.
Ann Arbor, Mich.
Seattle, Wash.
Rogers City, Mich-
Seattle, Wash.
Boothbay Harbor, M€
Seattle, Wash,
Rockland, Me.
Cortland, N, Y.
Cortland, N. Y.
Woods Hole, MasS.
Marquette, Mich.
Beaufort, N. C.
Seattle, Wash.
Marquette, Mich.
Ann Arbor, Mich.

Ithaca, N. Y.
Galveston, Texas
Seattle, Wash.
La Jolla, Calif.
Reno, Nevada
Beaufort, N. C.
Beaufort, N, C.
Rogers City, Mich
Seattle, Wash.
Honolulu, T. H.
Stanford, Calif.
Seattle, Wash.
Beaufort, N. C.
Kingston, R. I.
Seattle, Wash.
Woods Hole, Mas8-
Seattle, Wash.
Seattle, Wash.

Seattle, Wash.
Galveston, Texas
Boothbay Harbof,
Seattle, Wash.
Marquette, Mich.
Stanford, Calif.
Willard, Wash.
Woods Hole, MasS.
Woods Hole, Mass.
Milford, Conn.
Boston, Mass.
Honolulu, T. H.
Honolulu, T. H.
Washington, D. c.
Boothbay HarboI,
Seattle, Wash.
Seattle, Wash.
Marquette, Mich.
Lewisburg, Pa.

Me.

Me.



Name

Smith, Rebecca J.
Smith Robert R.
Smith, Stanford H,
Snieszko, Stanislas F.
Sprague, Lucian M.
Starr, Theodore J.
Stewart, Dorothy D.
Stickney, Alden P.
Stoddard, Ruth R.
Strasburg, Donald W.
Stringer, Louis D.
Stroud, Charles W,
Stunkard, Horace W.
Sullivan, Leo J.
Sutherland, Doyle F.
Sykes, James B.

Taft, Bruce A.
Tagatz, Marlin E.
Talbot, Gerald B.
Tanonaka, George K.
Taylor, Bonnie Jean M,
?aylor, Clyde C.
Temple, Robert F.
Tester, Albert L.
Tetzloff, Clifford L,
Thibodeau, Albert E.
Thompson, Clark S.
Thompson, Paul E.
Thompson, Richard B.
Thorne, D onald L,
Thrailkill, James R.
Torblaa, Richard L.
Trefethen, Parker S,

Uchida, Richard N,
Uzmann, Joseph R,

Van Campen, Wilvan G,

Van Landingham, John W,

Van Meter, Harry D.

Van Qosten, John
VanHaagen, Richard H.
Vlckery, Roy N.

V012, Charles D.

Von Ark, Ruth L.
Orobiov, Alexander V,
Tooman, Andrew M.

Wan1, Roy J.
alburg, Charles H.
walford, Lionel A.
waldron, Kenneth D,
ard, George E., Jr.
w&tson, Clinton E.
atson, Prank H.
faver, Charles R,

Title

Fish, Biol,
Fish. Aid
Fish. Biol,
Bacteriologist
G€neticist
Fish. Biol,.
Fish, Aid
Fish. Biol,
Stat, Clk.
Fish. Biol,
Fish, Biol,
Phy. Sci. Aid
Fish. Biol,
Fish. Biol,
Fish. Biol,
Fish, Biol,

Stat,

Fish, Biol,.
Fish. Biol,
Fish. Biol,
Fish, Aid
Fish. Biol,.
Fish, Biol,
Fish, Biol,
Fish. Biol,
Fish, Aid
Fish. Biol.
Fish. Biol.
Fish. Biol.
Lab. Elec.
Fish, Biol.
Fish. Biol,
Fish, Biol.

Fish, Biol,
Parasitologist

Translator
Phy. Sci. Aid
Fish. Biol,

Fish, Biol,
Elec. Sci.
Fish, Aid
Fish, Biol,
Illustrator
Fish. Aid
Fish, Biol.
Fish, Biol,
Fish, Biol,
Rish, Biol,
Fish, Biol.
Fish. Aid
Fish, Aid
Fish, Aid
Fish. Biol,
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Beaufort Lab,
Sal, Nutr, Lab,
Great Lakes
Micro. Lab,
South Pacific
Gulf

POFI

Atlantic Salmon
North Atlantic
POFI

Clams

Gulf

Clams

Great Lakes
Menhaden
Middle Atlantic
South Pacific
Middle Atlantic
Middle Atlantic
Pacific Salmon
South Pacific
North Atlantic
Atl, Herring
POFRI

Great Lakes
North Atlantic
Pacific Salmon

Pacific Salmon
Pacific Salmon
South Pacific
Great Lakes
Pacific Salmon

POFI
W. Fish, Diseases

POFI

POFI

Great Lakes
Great Lakes
Pacific Salmon
Menhaden
Pacific Salmon
Woods Hole Lab.
South Pacific
South Pacific

Pacific Salmon
Middle Atlantic

POFI1
Chesapeake
North Atlantic
South Pacific
Pacific Salmon

Location

Beaufort, N. C.
Hagerman, ldaho
Ann Arbor, Mich,
Leetown, W. Va,
La Jolla, Calif,
Galveston, Texas
Honolulu, T. H.
Boothbay Harbor, Me.
Woods Hole, Mass,
Honolulu, T, H.
Kingston, R, I,
Galveston, Texas
New York, N. Y.
Ludington, Mich.
Beaufort, N. C.
Beaufort, N, C,

La Jolla, Calif.
Beaufort, N. C.
Beaufort, N. C.
Seattle, Wash,

La Jolla, Calif,
Woods Hole, Mass.
Boothbay Harbor, Me,
Honolulu, T, H.
Marquette, Mich.
Portland, Me.

No. Bonneville, Wash,
Washington, D, C.
Seattle, Wash.
Seattle, Wash.

La Jolla, Calif.
Ludington, Mich,
Seattle, Wash,

Honolulu, T. H.
Seattle, Wash,

Honolulu, T. H.
Honolulu, T, H,
Sandusky, Ohio
Ann Arbor, Mich,
Seattle, Wash,
Cape May, N. J.
Seattle, Wash,
Woods Hole, Mass,
La Jolla, Calif,
La Jolla, Calif,

Seattle, Wash,
Beaufort, N. C.
Washington, D. C.
Honolulu, T, H.
Franklin City, Va,
Boston, Mass,

La Jolla, Calif,
Seattle, Wash.



Name Title Investigation Location
Weber, Douglas D, Fish Biol, Pacific Salmon Seattle, Wash,
Weber, Kingsley G. Fish, Biol,. Pacific Salmon Seattle, Wash.
Webster, John J. Fish. Biol, Chesapeake Annapolis, Md.
Welch, Walter R. Fish. Biol, Clams Boothbay Harbor, Me:
Wells, LaRue Pish. Biol, Great Lakes Ann Arbor, Mich.
Wentworth, John Philip Fish. Biol, Atl. Herring Eastport, Me.
Wheeler, Ray S. Fish. Biol, Gulf Galveston, TexaSs
white, Effie L, Fish, Aid Sal. Nutr. Lab. Willard, Wash.
Wieberg, Nels R. Fish, Aid Great Lakes Marquette, Mich.
Wigley, Roland L, Fish, Biol, North Atlantic Woods Hole, Mass.
Williams, Ray G, Fish. Biol, Great Lakes Marquette, Mich.
Wilson, Alfred J. Phy, Sci. Aid Gulf Oysters Pensacola, Fla.
Wilson, Melba C. Fish, Aid South Atlantic Brunswick, Ga.
Wilson, Robert C. Fish, Biol, POFI Honolulu, T. H.
Wilson, William B, Fish. Biol, Gulf Galveston, Texas
Wise, John P, Fish. Biol, North Atlantic Woods Hole, MasS.
Wolf, Kenneth E. Bacteriologist Micro. Lab. Leetown, W, Va.
Wolf, Robert S. Fish. Biol. South Pacific La Jolia, Calif.
Wong, Stanley H, S. Mech, Engr. POFI Honolulu, T. H.
Woodall, Arthur N, Chemist Sal. Nutr., Lab. Willard, Wash.
Worlund, Donald D. Statistician Pacific Salmon Seattle, Wash,.
Yamashita, Daniel T. Fish. Biol, POFI Honolulu, T. H.
Yasutake, William T, Histologist Sal. Nutr. Lab. Willard, Wash.
Yoshida, Howard O. Fish, Biol. POFI Honolulu, T. H.

Yuen, Heeny S. H.

Zein-~-Eldon, Zoula P.

Fish, Biol,

Chemist

POFI

Gulf

Honolulu, T. H.

Galveston, TexaS

FISHERY RESEARCH VESSELS

SECTION OF INLAND FISHERIES

Cisco: Great Lakes Pishery Investigations
Built in 1950 at Kewaunee, Wisconsin,
Steel construction; 60' long; 74 gross tons; 175 HP; diesel-powered,
Home port: Grand Haven, Michigan.

Musky: Great Lakes Pishery Investiations
Purchased used (1951),
Wood construction; 55' long; twin-screw, gasoline-powered; trap-net type.
Home port: Cheboygan, Michigan.

Siscowet: Great Lakes Pishery Investigations
Purchased used (1952)
Steel construction; 50' long; diesel-powered; gill-net tug model,.
Home port: Marquette, Michigan.

SECTION OF MARINE FISHERIES

Albatross III: North Atlantic Fishery Investigations
Built in 1926 at Boothbay Harbor, Maine.
Purchased used (1939); rebuilt by Navy 1942; converted by FWS 1946;
commissioned 1948,
Steel construction; 179' long; 400 gross tons; 800 HP. converted trawler.
Home port: Woods Hole, Massachusetts.
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Black Douglas: South Pacific Fishery Investigations
Built in 1930 at Bath, Maine,
Purchased by FWS in 1941 for fur seal research; transferred to Fishery Biology
1949,
Steel construction; teak decks; 118" long; 371 gross tons; three-masted schooner,
Home port: San Prancisco, California.

Theodore N, Gill: North Atlantic Pishery Investigations (herring)
Built in 1941 at Antioch, California; transferred from Office of Foreign
Activities,
Wood construction; 97.08' long; 186. 85 gross tons; 800 HP,
Home port: Brunswick, Georgia.

Kingfish: Gulf Fishery Investigations
Built in 1954 at Algonac, Michigan.
Wood construction; 43' long.

Home port: Pt. Myers, Florida.

Charles H. Gilbert: Pacific Oceanic Pishery Investigations
Built in 1952 at Tacoma, Washington,
Steel construction; 84.16' long; 640 HP.
Home port: Honolulu, T. H,

John R. Manning: Pacific Oceanic Fishery Investigations
Built in 1950 at Seattle, Washington,
Wood construction; 86.6%' long; 231 gross tons; 320 HP,
Home port: Honolulu, T. H,

Hugh M, Smith: Pacific Oceanic Fishery Investigations
Built in 1945 at Seattle, Washington, Transferred from Navy (1948).
Steel construction; 128' long; 700 gross tons; 560 HP,
Home port: Honolulu, T. H,

SECTION OF ANADROMOUS AND SHELLFISHERIES

FWS 1227: Middle Atlantic Pishery Investigations,
Transferred from Branch of Game-fish and Hatcheries.
Wood construction; 35.4' long; 30 HP; gasoline-powered.
Home port: Beaufort, North Carolina,

Alosa: Chesapeake Shellfish Investigations.
Built in 1941 at College Park, Md. Transferred from Navy,
Wood construction; 48' long; 25 gross tons; 77 HP; diesel-powered,
Home port: Annapolis, Maryland.

Phalarope II: Clam Investigations
Built in 1932 at Newport, R. I. Transferred from Milford Shellfish Laboratory.
Wood construction; 40.5' long; 12.5' beam; 225 HP; diesel-powered.
Home port: East Greenwich, Rhode Island.

Shang Wheeler: Milford Shellfish Laboratory.
Built in 1950 at West Haven, Connecticut,
Wood construction; 50' long; 140 HP; diesel-powered.
Home port: Milford, Connecticut.

INT.-DUP. SEC., WASH., D.C 44515
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