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WE LCONE

Jim Edenso

Office of the Governor

Bottomfish Coordinator

Juneau, Alaska

Welcome to the Alaska Herring Symposium. On behalf of
Governor Hammond, it is my pleasure to present thes~ opening
remarks.

Herring is a very important element of Alaska's marine
resources. The passage of the Fishery Conservation and
Management Act of 1976, creating the 200-mile fishery
conservation zone, has focused attention on all marine
resources. Ala.ska has a vast  indeed the largest! fishery
conservation zone. A recent report prepared for Governor
Hammond in the establishment of an Alaska bottomfish develop-
ment program indicates that "Alaska's continental shelf and
upper slope to 200 fathoms  excluding the Arctic Ocean!
covers 477,000 square land miles."

While I have recently been introduced to Alaska's
groundfish, or bottomfish, species, I have had a long and
tasteful acquaintance with Alaska's herring resources I,
like many Alaskan Natives, have utilized the herring and
herring roe as important subsistence food sources and trade
commodities. Alaska's social and economic fabric is very
closely entwined with the marine resources found in the
waters adjacent to its coastal communities. Indeed, this
environment impacts the communities located hundreds of
miles up the major river systems of the state.

With the exception of Fairbanks, Alaska's major communi-
ties are located on its coasts. The harvesting, processing
and marketing of seafood represent the second largest indus-
try in the state behind the oil and gas industry. The
seafood industry provides more jobs on an annual basis than
any other private sector industry. The 1979 revenues generated
in the private sector by the seafood industry exceeded $1
billion. These revenues were generated exclusive of two
largely undeveloped major fisheries: the bottomfish industry,
and the Bering Sea herring fishery. The interest of the

1!
area of

2!
amounts

areas.

tude of

federal

Alaskan

This area is equal to 81 percent of Alaska's land
600,000 square miles.

Finally, for the entire northern hemisphere, this
to approximately 19 percent of similar fishing

The vast area alone is a good indicator of the magni-
the marine resource management problems for the
and state governments as well as for the resident



state lies in two oftentimes conflicting policy areas: the
marine resource biomass management category, and the social
and economic categories for deriving benefit from the utili-
zation of the state's marine resources.

While it is understandable that biomass management and
socio-economic utilization management policies and goals may
occasionally conflict, it is also apparent that both share
the same common objective: The benefit of the Alaskan
resident. The purpose of this symposium is to share infor-
mation pertinent to the biomass management. area. The importance
of this meeting and the agenda topics cannot be overemphasized.
The wealth of experience of the symposium participants, as
well as the data and information., will help the herring
fishery resource management personnel to prepare better
resource management plans for both the preservation of
Alaska's herring resource stocks and the socio-economic
benefits derived from the utilization of this important
marine resource. Alaska's Bering Sea herring fishery is in
the embryonic growth stage. It is vitally important that
every effort be made to create and foster the environment
for the exchange of scientific marine information to help
manage these stocks.

Alaska has adopted a policy for fishery management
which provides its residents with opportunities to benefit
from the resource utilization. Ten of the 12 Native regional
corporations have major coastal property. Five of the
Native regional corporations have investments in the fishing
industry. These same corporations are the largest private
landholders in. the state. Most of the Native populations
have depended on marine resources initially for subsistence
and also for income and employment. Historically, marine
resources have played an important part in the state' s
economy. The results of your participation in this symposium
will assist Alaskan policy makers in assuring that the
herring resource will continue to provide benefits in the
long-term.
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MANAGEMENT QF PACIFIC HERRING

IN THE EASTERN BERING SEA

Jeffrey R. Skrade
Alaska Department of Fish and Game

Dillingham, Alaska

ABSTRACT

Man has fished for herring in the eastern Bering
Sea for over 2,000 years, but until very recently,
there has been little or no effort to manage the stocks.
Stocks have historically demonstrated great fluctuations
in abundance, but there is little biological knowledge
concerning the cause of these year class failures or of
the total biomass. Evidence suggests that stocks were
depleted in the early 1970s, but presently appear to be
recovering. Current world market conditions favor
exploitation by the domestic industry and in a period
of three years fishing effort and processing capacity
have rapidly expanded in the near shore areas. The
North Pacific Fishery Management Council is responsible
for management of herring offshore �00 mile limit!,
and the State of Alaska manages the stocks within three
miles of the coast as they move near shore to spawn.
Current management efforts and future strategies are
discussed.

INTRODUCTION

During 1977, 1978 and 1979, there has been rapid expansion
of the domestic commercial harvest of herring in the eastern
Bering Sea. This increase in domestic participation was
affected by world-wide shortages of herring believed to be
the result of over-exploitation in traditional areas and
from recruitment failure or adverse environmental changes.
These shortages were further increased after implementation
of 200 mile fishing zones by several nations, thus curtailing
some countries that were targeting on herring outside their
home waters. In the case of the United States, the Fishery
Conservation and Management Act of 1976  Public Law 94-265!
gave additional protection and incentive to domestic fishermen.

At this same time, the value of the United States
dollar dropped relative to the Japanese yen. The Japanese
are the primary consumers of herring sac roe and roe-on-kelp



on the international market. This combination of factors
spurred the domestic fishing industry to pioneer exploratory
efforts in Bristol Bay and other areas further north.

SUBSISTENCE

Archaeological excavations in the Cape Denbigh area of
Norton Sound indicate a strong reliance on net fishing for
subsistence as far back as 500 B.C.  Hemming et al., 1978! .
This tradition continues among coastal Eskimos even today
 Table 1! . Villages between the Yukon and Kuskokwim rivers
depend heavily on herring as a major food source, having few
alternative subsistence foods  Figure 1, Barton 1978!.

The importance of subsistence has been recognized as
the highest priority use by the Legislature, the Alaska
Board of Fisheries, and the North Pacific Fishery Management
Council. A large area of the coast around Nelson Island has
been closed to commercial fishing by the State of Alaska,
and the North Pacific Council has included specific language
in the Bering-Chukchi Sea Herring Management Plan to further
protect the subsistence way of life.

HISTORY OF COMMERCIAL EXPLOITATION

Early commercial fishing for herring in the northeastern
Bering Sea dates back to the gold rush days at the turn of
the century. Marsh and Cobb �910! reported that a small
fishery developed in Grantley Harbor on the Seward Peninsula
about 1906 to supply salt herring to Nome. Prior to 1909,
another small herring fishery developed in Golovin Bay,
Norton Sound  Rounsefell, 1930!. The Grantley Harbor opera-
tion lasted until 1917, but Golovin Bay continued to pack
herring until 1941.

A salt herring operation began on the Alaska Peninsula
in 1928 at, Unalaska. The peak harvest occurred in 1937 when
2,277 metric tons were processed  Barton, 1978!. This
fishery ended in 1946 when prices fell and demand for salt
herring declined  Wespestad, 1978a!.

FOREIGN FISHERIES

During the period from 1946, when the saltery operation
at Unalaska terminated, until 1959 there was no major commercial
effort for herring in the eastern Bering Sea. In 1959,
Soviet trawlers began operating when they located wintering
herring northwest of the Pribilof Islands  Figure 2!. They
were followed by the Japanese who began a trawl operation
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Figure l. Average annual subsistence herring harvests  in metric
tons! by eastern Bering Sea coastal villages, 1975-1978.
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targeting on the wintering stocks in the late 1960s. Japan
also established a nearshore gillnet fishery off the western
Alaska coast in 1968  Wespestad, 1978b!.

These foreign harvests reportedly peaked in the 1969-70
fishing year  Table 2!, but precise information is lacking
or unavailable on the early years of the Soviet operation.
In 1977, an area closure on foreign operations was initiated
east of 168 W longitude and north of 58 N latitude to0 0

protect Native subsistence fisheries. This closure was
extended in 1978 to include the Alaska Peninsula  i.e.: east
of 168 W longitude!.

With the advent of the 200 mile limit promulgated under
the Fishery Conservation and Management Act of 1976, an
allowable catch of about 21,000 metric tons of herring was
established under a preliminary management plan. This
served to further reduce foreign harvests which are depen-
dent upon any surplus subsequent to the domestic fisheries.

The Bering-Chukchi Sea herring draft fishery management
plan is presently in the final stages of preparation.
Contingent on the final management plan, foreign allocations
will be made yearly, based upon estimates of remaining
biomass and in season performance of domestic fisheries. It
is presently proposed that allocations will be ranked in the
following order: 1! subsistence, 2! near shore domestic
roe fishery, 3! offshore domestic food and bait fishery, 4!
foreign fisheries.

SAC-ROE HERRING FISHERIES

RECENT DOMESTIC CQMMERCIAI HARVEST

There have been limited domestic commercial harvests of
herring in the Norton Sound area since 1964 and in Bristol
Bay since 1967. These catches averaged less than 100 metric
tons per year until 1977 when over 2,500 metric tons were
taken primarily for the sac roe market. Economic conditions
on the world market and additional incentive afforded by the
"200 mile limit" encouraged the domestic industry and fisher-
men to experiment in this fishery. At this same time it
appears that the stocks were beginning to rebound from the
lows of the early 1970s and several strong year classes
emerged  Figure 3!.

As a result of the successful 1977 season, catching and
processing efforts greatly expanded in 1978 and 1979 in the
Togiak area of Bristol Bay  Table 3!. Security Cove, Goodnews
Bay, Norton Sound and Port Clarence also had commercial
herring operations in 1979 and harvested a total of approximately
1,600 metric tons.

10



Table 2. Annual herring catches  mt! by Japan and the USSR
in the eastern Bering Sea  from Nespestad 1978!.

Total trawl and

gillnet catch--
calendar year

Total trawl

and gillnet
catch--fishing

ear

Gillnet

fishery

Japan
Fishing year Trawl fishery
 July-June! USSR Japan Year Catch

b/b/a/1964-65

1965-66

1, 362

3,117

2,831

9,486

1965

b/a/ 1966

b/ 1967 b/1966-67

1967-68

1968-69

1969-70

1 970-71

a/

65,8051968818

1969 130,117

1970 145,547

1971 46,130

1972 60,458

50,857 1,949

23,901 1,585

24,236 4,603

47213, 1431971-72

1972-73

1973-74

1973346 1,878

219 3,337

36,274

25,435

16,015

23,330

18,737

1974

19757362,6631974-75

1975-76 19763,119 2,668

22,097� 19771976-77 5513,449

2,3534, 888� a/1977-78

Not available.
a/

b/ Incomplete.
c/

Preliminary.

Preliminary USSR and Japanese catch through December 1977.d/

Data Sources: To 1977 � Japanese fisheries- � Japan Fisheries Agency Data.

USSR fishery--196/-1977, furnished by the USSR under provisions
of US � USSR fisheries agreements.

1977 � Data provided to the US by Japan and the USSR in
compliance with provisions of P. L. 94-265.
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9, 800

75,379

92,228

60, 126

67, 546

39,999

16,810

15,039

9, 518

18,097

20,104

128,185

117,714

88,965

81,162

42,223

20,366

18,438

14,914
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Table 3. Inshore commercial catch of sac roe herring in the
Togiak district, Bristol Bay, 1967-l979l/.

Units of GearNumber of

Year Processors
Catch in Pounds

Gill Net P. Seine Gill Net P. Seine Total N. Tons

1977 6

78 16

792/

43

40

437

6 614,839 4,974,610
25 1,240, 158 14,261,821

208 8,939,528 13,364,102

5 i 589,449

15,501,979

22,303,630

2,535

7,030

10,1153/

Average 5 55 19 891,559 2,540,550 3,432,109 1,556

1/
Catch not entirely comparable, as harvest prior to 1973 reflects females only;
most males were discarded and not weighed. The 1973-79 catches include both sexes.

2/
Preliminary. Estimates of effort are from fish tickets and are not consistent with

aerial survey counts and/or on the grounds effort estimates  Fish ticket effort is
higher than in-season estimates!.

3/
Includes 817 metric tons taken for bait.

1967

68

69

70

71

1972

73

74

75

76

27

35

22

16 0

18

26

10

39 0

268,902

136,900

36,231

37,195

0

64,929

102,147

38,256

111,185

0

0

44,865

58,250

18,000

0

97,505

0

208,000

0 0

268,902

181,765

94,481

55,195

0

162,434

102,147

246,256

111,185
0

122
82

43

25

0

74

46

112

50

0



HARVEST BY AREA AND GEAR TYPE

An apparent trend of a gradual westward shift of the
Togiak herring fishery has been observed. In 1977 approxi-
mately 90 percent of the harvest came from Kulukak section,
in 1978 over 75 percent came from Nunavachak section, and in
1979 Togiak section contributed 39 perce~t of the catch and
accounted for the largest portion in the district  Figure
4!. However, this is difficult to quantify because of low
effort levels in 1977 and 1978. The westward shift in
fishing effort may be the result of heavy stresses exerted
on the stock by the presence of so many vessels in a relatively
small area. Another indication of possible stress was the
large number of small fragmented schools in the near shore
area at Togiak during the 1979 season. This may have contri-
buted to the marked changes in catch by gear type  Table 3!.
Evidence suggests that large schools were broken into smaller
segments due to boat traffic. These small schools weren' t
as available or attractive to the purse siene vessels,
dependent on spotter aircraft for direction, so gillnet
efforts were enhanced.

It may be possible to correlate changes in catch location
with fleet activity, weather patterns, substrate conditions
or other environmental changes as more data becomes available.

ECONOMIC VAI UE OF THE SAC-ROE FISHERIES

In calculating the value of these fisheries, the usual
method is to multiply the average price paid to the fishermen
by the quantity harvested. In 1979 in Bristol Bay, this
ex-vessel value was approximately $6,500,000 for sac roe
herring and $180,000 for bait. In the Security Cove, Goodnews
Bay and Norton Sound areas, the ex-vessel value of the
herring was an additional $1,550,000.

The $8,200,000 received by the fishermen was only part
of the total value. In Bristol Bay alone there were an
estimated 4,000 people on the grounds who were directly
involved in the fishery. This did not include the support
people who were indirectly employed. The expanding domestic
effort in the Bering Sea herring fisheries has generated
considerable income for some of the nearby coastal villages
through various support activities, including fuel and food
sales, air support and some employment in processing the
harvest.

F IS HERY MANAGEMENT P ROB LENS

The biggest problem facing herring managers in the east-
ern Bering Sea is a lack of knowledge about the stock.
Three years ago in Bristol Bay, the total regulations concern-
ing this resource read as follows: "There is no closed
season on herring."
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In 1979, Bristol Bay had the largest sac roe fishery in
the state of Alaska with several hundred boats participating.
The Fish and Game staff was faced with "instant management"
of a complex resource in a large remote area with very
little historical data concerning the stock.

The Alaska Board of Fisheries has enacted several

regulations concerning herring during the past three years
at the request of the staff and the public. Most of these
regulations concern boundaries, gear specifications and
catch reporting. A required "on the grounds" registration
of all processors will enable the staff to accurately assess
the catch by area and gear type on a daily basis.

In the interest on conservation, the Board of Fisheries
has directed the Commercial Fisheries staff to manage this
resource at a harvest rate of 10 to 20 percent of the avail-
able biomass. Because there is currently no method of
determining a pre-season forecast of abundance, the staff
must assess the stock "in-season." In Bristol Bay a guide-
line harvest range of between 20,000 and 40,000 metric tons
was adopted, based on the biomass estimate from the l979
season. The fishermen and the industry are advised that if
the herring run is strong and the spawning is widely distri-
buted, the harvest could be within this range. Iiowever, if
it is determined that the run is weak, or if survey conditions
prohibit adequate assessment, the fishery would be curtailed
or closed. A "guideline harvest range" guarantees no fixed
quota. The total harvest, therefore, will be determined in
season as the run develops.

North of Cape Newenham, the areas open to commercial
herring fishing have guideline harvest levels and can also
be adjusted in season via emergency order, depending on the
aerial biomass estimates of the stock and performance of the
fleet.

Presently, biomass estimates of herring are based on
aerial surveys. Due to the open exposure of the entire
coastline, weather conditions can dramatically affect the
ability to make aerial estimates as well as limit the perfor-
mance of the fishery.

The State has also adopted a policv of a "single stock
management approach",  i.e.: to harvest the fish near shore
where the stocks are segregated rather than on the high
seas!. This technique is used to avoid possible inadvertent
over-exploitation of an individual population whi1.e the
herring are mixed on the wintering grounds. This appears to
be in conflict with a permit recently issued by the North
Pacific Council for an offshore trawl effort in the Pribilof
area. Unless there is close coordination between state and

federal agencies, management of this fishery will be very
difficult.



FISHING EFFORT AND PROCESSING CAPACITY IN 1980

Fishing effort will be difficult to estimate until the
spring pre-season processor survey is completed, However,
with the number of inquiries received daily by the Depart-
ment of Fish and Game and the National Marine F'sheries
Service, there is continuing interest in this fishery.
There was considerable discussion concerning Bering Sea
herring at the State Board of Fisheries meeting in Anchorage,
Alaska in December l979 and a large audience particiapted.

In view of the extensive preparation by the Bristol Bay
herring marketing association in Dillingham and several
village cooperatives in communities further north, the
Alaska Department of Fish and Game anticipates that a large
number of gillnet units will be present in 1980. The
possibility of marketing problems during the salmon season
is an added incentive for local fishermen to become involved
in the herring fishery. The number of non-local fishermen
will not. be known until just prior to the season and will
depend heavily on the success or failure of the sac-roe
fisheries in California and British Columbia, and the prices
that evolve from them

With the tremendous increase in fishing effort, there
has also been a large increase in the number of processors
 Table 3!. In 1979 it was estimated that the on-grounds
processing capacity in the Togiak area was in excess of
36,000 metric tons. Due to an expected poor market for
salmon in the 1980 season, many domestic processors are also
looking at the developing herring fisheries as a possible
source of additional revenue. If the market for sac roe
herring remains strong this spring, processing capacity at
Togiak will likely exceed 40,000 metric tons during the 1980
season.

There is also considerable interest in the development
of expanded fisheries north of Bristol Bay with herring
operations planned for Security Cove/Goodnews Bay, Cape
Romanzof, Norton Sound, Port. Clarence and the Kotzebue
district.

FUTURE MANAGMKNT STRATEGIES/POLICIES

The basic staff policy concerning management of Bering
Sea herring is "to encourage full utilization of the resource
while maintaining and enhancing the condition of the affected
stocks." The number one priority use of all resources is
for subsistence purposes, as defined by the Legislature and
the Board of Fisheries. Recognizing that information concerning
Bering Sea herring is very limited necessitates a conservative
approach to management.

17



Within the constraints of our presently limited data
base and management capabilities, Alaska Department of Fish
and Game intends to implement measures to maximize the
harvestable surplus of herring by the domestic fishery and
reduce the foreign catch to an incidental level. Whenever
possible, management. measures will attempt to maximize the
economic value of the harvest, reduce the interception of
mixed stocks, and allow all runs to build to peak production
levels.

Previously, no attempt has been made by Alaska Depart-
ment of Fish and Game to allocate catches to a given user
group. Allocation would be difficult without a pre-season
forecast, but the Alaska Board of Fisheries has offered a
policy directive designed to more evenly distribute the
catch,  see Appendix A!.

ROE-ON-KELP FISHERIES

FIISTORY OF EXPLOITATION

The first Bering Sea herring roe-on-kelp fishery
originated in Bristol Bay in 1968 and has operated annually
since that date  Table 4!. In 1977, a small roe-on-kelp
operation was initiated in Norton Sound and processed less
than one metric ton. This gradually increased to three
metric tons in 1978 and 12 metric tons in 1979.

The majority of the Bering Sea kelp harvest is produced
in Bristol Bay and the primary species picked is rockweed,
 Fucus sp.!. Other varieties of flora are present in the
intertidal zone, both Zostera ~s . and Lamineria sp., but do
not appear to be the preferred spawning substrate. Future
research is planned to identify and quantify sub-tidal
plants and any spawning.

As indicated in Table 5, there has been a steady
increase in the harvest. In 1979, the number of pickers in
Bristol Bay decreased but the number of buyers was four
times higher than average. The majority of the effort was
concentrated in the Netervik Bay area  Figure 4! because it
offers the most protection from the weather and is the main
area of historical harvest. This large concentration of
effort in a relatively small area resulted in two emergency
order closures in 1.979 to protect Fucus from over-harvest.

In-season analysis of the harvest conclusively demon-
strated that present levels of effort., when not regulated,
are capable of significantly depleting individual kelp beds.
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Table 4. Yearly harvest and effort for the Bristol Bay herring
roe-on-kelp fishery  from Alaska Dept. Fish & Game 1979!.

Number of

Fishermen

Harvest

 pounds!
Harvest Per

FishermenYear

1968

1969

1970

1971 12

1972

1973 10

1974 26

1975

1976

751977

1601978

1979 100

455Total

Table 5. Comparison of the relative value to the fishermen
of the Bristol Bay herring roe-on-kelp and sac roe
fisheries between 1977 and 1979.

Percent of Total Value:Value:

Roe-on-kelp Roe-on-kelp Sac RoeSac RoeYear

$116,000

120,000

269,000

$446, 000 791977

1978 2,635,000

8,200,0001/

96

1979 97

1/ includes a harvest of 817 metric tons of bait herring.
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54,600

10>100

38,900

52,000

64,200

11,600

125,600

111,100

295,800

275,800

330,000

414, 700

1,783,900

54,600

3,400

7,800

4,300

5,300

1,200

4,800

2,500

6,000

3,600

2,100

4,100

3,920
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KELP MANAGEMENT P ROBLEMS

Little is known of the kelp density in areas north of
Bristol Bay, but evidence suggests that the habitat is
heavily impacted by wave action and ice scouring, and that
there are lesser quantities of commercially marketable
product. A continued increase in the harvest will require
close monitoring to protect the kelp flora of this region.

Studies of the inter-tidal plant community in Bristol
Bay have resulted in a management plan to better distribute
the harvest  Appendix B!. Further research is needed to
define the recovery rate of the affected beds and to monitor
overall spawning to allow for sufficient returns of adult
herring in subsequent years.

Another management responsibility of the Department of
Fish and Game is to provide for the greatest economic return
from the resource. To allow the roe-on-kelp harvest to
expand to the point of limiting the economically more important
sac roe fishery would not be in the best interest of the
total resource. The relative value of the two fisheries is

expressed in Table 5 ~

FOOD AND BAIT FISHERY

At the time of this writing, there is a controversy
concerning a proposed joint venture between a Soviet processor
and a group of American fishermen. A permit allowing a
harvest of 5,000 metric tons of herring to be taken north of
the Pribilof Islands has been issued by the North Pacif.ic
Fishery Management Council. A Native group from the Bethel
area has filed suit to block this fishery, maintaining that
trawling on a mixed stock on the high seas could unknowingly
damage local spawning stocks in areas heavily dependent. upon
herring for subsistence' The Alaska Board of Fisheries and
the North Pacific Council are also in disagreement over this
issue

During the 1979 season, 8l7 metric tons of bait herring
were taken in Bristol Bay; this amounted to over 8 perce~t
of the total harvest. These fish were caught near the end
of the fishery in an attempt to utilize processing capacity
in excess of the available sac roe herring. Bait herring is
less attractive economically and it is likely that future
harvests will also be taken after the herring have spawned.

This late season harvest is unfortunate from a biological
standpoint because the sampling data indicates that the
older age class fish arrive first to spawn and the younger
year classes follow later in the run. Ideally, the bait
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harvest would occur on the earlier older fish that will
suffer higher natural mortality during the winter months,
rather than younger fish with better potential for sub-
sequent spawnings.

CAPELIN FISHERY

Three times during the brief history of domestic fish-
ing effort on herring in the Togiak area there has also been
a harvest of capelin  Mallotus villosus!. These catches
occurred in 1974, 1977 and 1979 and were all taken by purse
seines. The largest catch was made in 1974 when 47 metric
tons were taken.

Aerial observations of capelin schools have been
recorded on the north side of the Alaska Peninsula, in
Bristol Bay, and in some areas north of Cape Newenham  Warner,
Barton, 1976!. No estimate of biomass has been attempted
and this would be difficult due to the close proximity of
herring chools and the absence of positive species identifi-
cation. However, the biomass of capelin in Bristol Bay may
even exceed that of herring.

The three small harvests of capelin taken irr Bristol
Bay were reportedly an attempt by the industry to "test the
market." Indications are that this species separates by sex
until the time of spawning. If this is verified and a
market for capelin roe is establ.ished, the potential for a
viable fishery does exist. Very large capelin fisheries
exist in the Atlantic Ocean and Barents Sea, indicating that
under the proper circumstances, capelin are a highly rnarket-
able species.

ENFORCEMENT OF REGU LAT I ONS

Because these are new and developing fisheries, enforce-
rnent of regulations on domestic operations has not as yet
been a serious problem. With the increase of processors in
both Bristol. Bay and Norton--Sound, there has been some
difficulty with catch reporting. This issue was addressed
by the Alaska Board of Fisheries in 1979 and the resulting
new regulation will assist the Department of Public Safety,
Fish and Wildlife Protection in their enforcement effort.

Some pollution problems were evident in the small bays
near Togiak where large numbers of vessels were present in
close proximity to each other. Several minor oil slicks
from bilge pumping were noted and large quantities of
improperly disposed trash drifted up on the beaches. The
Department of Fish and Game has requested the presence of
the U.S. Coast Guard on the grounds in 1980; it is hoped
that they will be able to more selectively monitor these
problems. The largest difficulties facing enforcement
officers will be on the high seas. If the domestic fleet



moves offshore, distances, surveillance costs, and overlap
of federal and state jurisdiction will compound any problems.

Unconfirmed reports of severe under-reporting of herring
harvests by the foreign vessels operating within the Fishery
Conservation Zone pose further concerns for resource managers
and federal en.forcement agents.
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APPENDIX A

BRISTOL BAY HERRING MANAGEMENT PLAN

The following policy was given to the
Department of Fish and Game by the Alaska
Board of Fisheries at their December 1979
meeting,

The Bristol Bay herring fishery is still rapidly developing.
Harvest trends by gear type are not well established between
seine and gillnet gear. Run timing, distribution and magnitude
cannot be predicted from past data in this new fishery and
most forms of in-season or pre-season regulation to achieve
any predetermined gear catch allocation are not feasible.

It is the Board's feeling that resource size and relative
gear numbers and efficiency of the two gear types will
insure that all users will have ample opportunity to satisfy
their economic requirements. Nevertheless, it is desirable
to try to insure that neither gear group is totally disadvant-
aged. The Board therefore directs the staff to take the
following actions given the specified circumstances:

Nhen the total reported harvest reaches
20, 000 metric tons, the Department shall
determine the reported tonnage for gillnet
and seine  purse and hand purse! gear. If
the harvest for either gear type has not
reached 6,000 metric tons, the fishery
on the gear with the higher reported catch
shall be closed for 24 hours.

APPENDIX B

MANAGEMENT PLANT TO REGULATE THE

HERRING ROE-ON-KELP HARVEST IN THE
BRISTOL BAY AREA

The following policy was given to the Depart-
ment of Fish and Game by the Alaska Board of
Fisheries at their December 1979 meeting.

Management of the Togiak herring roe-on-kelp harvest
should center upon a predetermined level of exploitation of
Fucus sp. The Department recommends the establishment of a
conservative exploitation objective of 10 percent of the
available Fucus sp. biomass.

The Department has estimated the total Fucus sp.
biomass within nine beach areas studied at 4,135,000 pounds.
These areas were chosen on the basis of beach surveys such
that individual kelp beds could be described and such that
harvest could be monitored by individual area. A 95 percent
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confidence interval has been calculated for the biomass
estimate for each beach area. To be conservative, 10 per-
cent of the lower range estimate for each area will be
emphasized as the management objective. Actual harvest
quotas of roe-on-kelp product have been derived by assuming
that the reported weight of commercial grade roe-onkelp is
composed of 25 percent plant weight Fucus sp. The 1980
total allowable harvest of roe-on-kelp is calculated at
934,000 pounds.

In the Department's opinion, individual kelp management
areas should be kept open to commercial harvest until that
harvest reaches the allowable harvest quota. At that time,
particular kelp management areas should be closed by emergency
order for the remainder of the fishing season.

Realization of this management plan is dependent upon
monitoring of effort and harvest levels and upon enforcement
of the quota system. The harvest needs to be monitored on a
daily basis in-season for each kelp management area as the
commercial fleet already has the capability of attaining the
proposed quota for several management areas in a single day.

The primary effect of this management strategy is to
provide protection to those kelp beda that have historically
sustained a large harvest. The Department is not recommending
that the kelp harvest be reduced as the 1980 total allowable
harvest is roughly double the 1979 harvest of 479,000 pounds.
Since 1978, the Department has conducted studies to determine
specific regeneration rates of Fucus sp. in the Bristol Bay
area. Utilization of this management strategy will minimize
potential negative effects of the roe-on-kelp harvest on the
kelp resource until on-going biological studies of Fucus sp.
in the Togiak area are completed.
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ABSTRACT

Herring wintering northwest of the Pribilof
Islands migrate to the Alaska coast in spring
and spawn from Bristol Bay to the Yukon River.
Al.though some of the stock may spawn in the
eastern Aleutian Islands, Alaska Peninsula and
Norton Sound, herring in these areas may also
winter inshore near spawning grounds. Northward
of Norton Sound some herring may winter in brack-
ish lagoons and estuaries. Spawning commences
from late April to mid May along the Alaska Pen-
insula and Bristol Bay and progressively later
to the north. Spawning occurs at temperatures
of 5 to 12 C and the time of spawning is0 0

related to winter water temperatures with
early spawning in warm years and delayed spawn-
ing in cold years. Eggs are deposited in
intertidal and shallow subtidal zones of
rocky headlands or shallow bays and hatch in
two to three weeks. Most eastern Bering Sea
herring mature at ages three and four coincid-
ing with ages of recruitment to the fishery.
Little is known of larval and juvenile stages.

Fastern Bering Sea herring stocks declined in
the early 1970s due to a series of weak year
classes and high offshore catches. However,
abundance has apparently increased in recent
years based on spawning stock assessment. The
current estimate of spawning biomass ranges
from approximately 260,000 to 640,000 mt, which,
together with a series of strong year classes
since 1972, suggests a favorable outlook for the
1980 herring sac roe season.

Further research is required to refine estimates
of abundance and biological characteristics of
stocks, to improve the capability for predicting
changes in resource abundance, composition and
availability, and to identify the origin and
distribution of herring in offshore areas.
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INTRODUCTION

Pacific herring are an important part of the Bering Sea
food web and form the basis of a major commercial fishery.
Until recently, Japan and the Soviet Union have been major
exploiters of eastern Bering Sea herring stocks. Catches
peaked in 1970 at 145,579 mt, and then. declined in response
to overfishing and poor recruitment. On!y within the last
three to four years has an apparent increase in herring
abundance in the eastern Bering Sea been observed, and the
United States has become the dominant exploiter. Most
foreign catches of herring now occur as incidental to other
species such as pollock.

The domestic herring fishery has developed in response
to favorable market conditions and prices created by a
worldwide herring shortage. Additional stimulus has been
provided through incentives given American fishermen under
the Fisheries Conservation and Management Act  FCNA! of 1976
which established a Fisheries Conservation Zone  FCZ! seaward
to 200 miles.

Although Cushing �975} indicates that herring stocks
have been extensively investigated in areas where they are
commercially important, research on Pacific herring has
occurred primarily in southeastern Alaska and British
Columbia  Reid, 1972; Taylor, 1964!. In contrast, research
on herring in the Bering Sea has been limited and most has
occurred only very recently. Present knowledge is rudi-
mentary and inferences on many aspects of life history must
be drawn from other more thoroughly studied populations.

HISTORY OF RESEARCH

AMERICAN RESEARCH

In the 1880s, exploratory surveys of the Bering Sea and
western Alaska were begun by various departments of the
federal government. These surveys, which continued into the
20th century, generally included a naturalist or fishery
biologist who noted the occurrence of herring in the Bering
Sea  Bean, 1887; Cobb, 1907; Gilbert, 1895; Jordon and
Gilbert, 1899; Nelson, 1887; Tanner, 1890!.

The first biological investigation. of herring in the
Bering Sea occurred in the late 1920s  Rounsefell, 1930!.
Rounsefell collected herring samples from Unalaska and
Golovin Bay  Norton Sound! in 1928, the year commercial
herring fisheries developed at Unalaska. The Bering Sea
samples were included with samples from the Gulf of Alaska
for investigation of Alaska herring stock relationships.
Since 1928, outside of limited sporadic sampling by the
Alaska Department of Fish and Game  ADFaG! in the 1960s and
early 1970s, no American investigations occurred in the
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Bering Sea until the advent of the Outer Continental Shelf
Environmental Assessment Program  OCSEAP! in 1975.

Intensive investigations on distribution, relative
abundance and history of herring spawning stocks in addition
to determination of subsistence use levels were begun by
ADF&G in 1975 under OCSEAP in an area from the Alaska
Peninsula to Kotzebue Sound. Much of the research in
addition to stock identification and spawning biomass
estimates is being continued by ADF&G through State of
Alaska and North Pacific Fishery Management Council  NPFMC!
funding.

The National Marine Fisheries Service  NMFS!, under
OCSEAP, investigated herring in Norton Sound and the Chukchi
Sea and also reported on the occurrence of herring in
southeastern Bering Sea demersal fish surveys  Wolotira et
al., 1977; Pereyra et al., 1976!. Winter hydroacoustic
surveys were conducted by NMFS in 1978-79 and 1979-80
northwest of the Pribilof Islands to estimate distribution
and abundance of herring on their winter grounds.

In recent years, NMFS has placed observers on foreign
vessels fishing within the FCZ to monitor catch rates and
collect biological samples. The ADF&G has collected bio-
logical data from the domestic herring sac roe fishery in
north Bristol Bay since 1977.

FOREIGN RESEARCH

When western Bering Sea herring stocks declined in the
late 1950s, the Soviet Union began exploration of the
eastern Bering Sea for commercially exploitable stocks.
They were successful in locating a major wintering stock
northwest of the Pribilof Islands in 1959, and thus ini-
tiated investigations to determine the extent and distri-
bution of that stock. Specific investigations dealt with
winter abundance and distribution  Shaboneev, 1965!, summer
abundance, distribution and migration  Rumyantsev and Darda,
1970! and with eastern-western Bering Sea stock relation-
ships  Prokhorov, 1968!. The main purpose of these surveys
was determination of the extent and potential uses of the
resource prior to commercial exploitation by the Soviet
fleet. Most of the present knowledge of offshore distri-
bution and behavior of eastern Bering Sea herring is based
upon Soviet research.

Japanese research in the eastern Bering Sea began in
the mid-1950s with limited exploratory trawl fishing.
However, major effort on herring in the eastern Bering Sea
did not. occur by Japan until 3.964. Since that time, they
have been collecting catch and effort statistics and occa-
sionally length frequency data from their herring fisheries.
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These data have been provided to the United States through
the International North Pacific Fisheries Commission  INPFC!.

DISTRIBUTION

STOCK DISTRIBUTION

Three major herring wintering grounds have been identi-
fied in the Bering Sea: northwest of the Pribilof Islands
 Shaboneev, 1965!; in the Gulf of Olyutorski  Prokhorov,
1968!; and near Cape Navarin  Kachina, 1978; Naumenko, 1979!
 Figure 1!. Different growth and maturation rates, and

dissimilar age structures reported by Prokhorov �968! occur
between herring wintering northwest of the Pribilof Islands
and those in the Gulf of Olyutorski  Karaginski herring!,
suggesting that there is little or no mixing between these
stocks. Both Kachina �978! and Naumenko �979! indicate
that the location of wintering concentrations is directly
related to water dynamics in the Bering Sea. They state
tha+ herring usually keep within vast anticyclonic eddies
where relatively stable conditions of warmer and salty water
occur, as apparently form in various years northwest of the
Pribilof Islands and near Cape Navarin. However, they
suggest that in years when no eddies are formed or where
they occupy vast areas in the Bering Sea, the result is a
wide and relatively uniform distribution of wintering herring
along the continental shelf from 58 N to 62 N latitude.0 0

Under such conditions, Kachina states that mixing may occur
between the larger wintering stocks of the Pribilof Island
area and smaller Cape Navarin stocks, while Naumenko indi-
cates that the bulk of the Pribilof stock may concentrate in
areas south of the Pribilof Islands.

Wespestad and Barton �979! believe that differences in
the pattern of migration between the coast and the outer
continental shelf have effectively isolated Asian and North
American herring in the Bering Sea. They conclude that the
bulk of herring which winter near the Pxibilof Islands mix
very little on the wintering ground with western Bering Sea
stocks and spawn in Bristol Bay and. in areas between the
Yukon and Kuskokwim rivers, based upon Soviet research,
similarities in age composition, and the distribution of
Japanese trawl catches during the spawning migration.

The relation. of spawning herring in Norton Sound and
northward to herring further south is unclear. Herring in
Norton Sound are genetically similar to those in the south
 Grant, 1979! and. appear in inshore waters in 3.ate May and
June  Barton, 1978! which suggests they may winter in off-
shore regions. Kachina  l978! indicated herring in Norton
Sound may mix and winter with those near Cape Navarin. Both
Kachina and Barton point out the smaller sizes and lower
abundance of these northern stocks in comparison to those in
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Figure l. Range of Pacific herring wintering area northwest
of Pribilof Islands and average winter location
of Pribilof, Gulf of Anadyr and Olyutorski Gulf
herring stocks � and 3!. Possible wintering
areas in Norton and Kotzebue Sounds and north of
Unalaska Island �!; migration routes to spawning
areas: routes reported by Soviet researchers �!;
routes shown by Japanese trawl catches during
April and May  l!; small arrows--possible routes
to Norton Sound and Cape Romanzof.  Modified
from Wespestad and Barton l979!.
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the Pribilof area. However, parts of Norton Sound may be
the northern spawning range of the Pribilof Island wintering
stocks. Further, it is possible that at least a portion of
Norton Sound herring remain in the vicinity all year.
Barton �978! reported that in autumn, a non-spawning run
occurs in Golovin Bay in northern Norton Sound, Port Clarence
and along the Seward Peninsula into Kotzebue Sound. Also
reported was the presence of herring in winter months
captured by local residents while jigging for cod thxough
the ice and the presence of winter herring in seal stomachs
from Nome northward.

Herring north of Norton Sound are believed to remain in
the irnrnediate area year-round and winter in ice-covered
coastal lagoons and brackish bays, based upon differences in
behavior, growth rates and maturity  Barton, 1978; Barton
and Steinhoff, 1980!. Further supportive evidence that
herring differ north of the Yukon River from those to the
south is suggested from preliminary findings in scale growth
characteristics  K. Rowell, ADF&G, personal corrununication!.

Herring may also occur along the Alaska Peninsula and
throughout the Aleutian islands. Marsh and Cobb �911!
reported that a large spawning occurred at Atka island in
1910, and that spring and autumn runs  the latter presumably
non-spawning! occurred at Unalaska and Port Heiden. The
fishery which operated at Unalaska in the 1930s and 1940s
harvested herring in summer and early autumn, averaging
1,337 mt between 1929 and l937. The current status of these
stocks or their relationship to other eastern Bering Sea
stocks is unknown. Recent aerial surveys by ADF&G have
found small spawning concentrations on the north shore of
Unimak Island, in Heredeen Bay, and in Port Heiden  Warner
and Shafford, 1977!. Catches by Japanese trawlers just
north of Unirnak Pass in winter indicate that. this may be the
wintering area of herring spawning on the Alaska Peninsula
 Wespestad, 1978a!.

SEASONAL DISTRIBUTION-PRIBILOF STOCK

Temperature may be the major factor influencing seasonal
distribution. Soviet scientists found herring moving through
sub-zero water temperatures in the spring on the way to
spawning grounds, but during summer months they were found
on the shelf in warmer, upper layers of the water column
 Figure 2!. Svetovidov �952! believes that migrations to
the coast for spawning developed because of the lack of
sufficiently warm water in spring and summer in the North
Pacific Ocean. Also, earlier warming of coastal waters
provides an earlier development of phytoplankton and zoo-
plankton and better feeding conditions.
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Figure 2. Monthly distribution of Pacific herring by tem-
perature and depth in the eastern Bering Sea.
May-,"november data from Rumyant'sev and Darda �970!,
December data from Shaboneev �965!.



WINTER

The major wintering grounds of eastern Bering Sea
herring are located northwest of the Pribilof Islands,
approximately between 57 and 59 N latitude representing an

0

area of between. 1,600 and 3,000 square kilometers  Shaboneev,
1965! that shifts in relation to the severity of winter. In
mild winters herring concentrate farther north and west, and
in severe winters they move south and east  Figure 1! .

Dense schools are found during the day a few meters off
the bottom Ht depths of 105 to 137 m and at water temperatures
of 2 to 3 . 5 C  Dudnik and Usol ' tsev, 1964! . Very few were
found shallower on the continental shelf where cooler tempera-
tures prevailed. Distinct diurnal vertical migrations occur
in early winters; however, as the season progresses diurnal
movements diminish and herring remain on bottom during the
day and slightly off bottom at night  Shaboneev, 1965!.

SPRING

Soviet scientists investigating herring distribution in
the mid-1960s found that herring left the wintering grounds
in late March and believed that herring followed two routes
to the coast; Japanese trawl catches in April and May indicate
one major and one minor path  see Figure 1!. The past two
years �977-78 and 1978-79! have been mild winters and
1978-79 especially st In these years, herring arrived on
spawning grounds along the coast several days to two weeks
earlier than average.

SUMMER

Failure of Soviet surveys in the mid-1960s using gillnets
and trawls to locate herring concentrations on the Bering
Sea slope or shelf in the summer suggested that most herring
apparently remain termporarily in coastal waters after
spawning. Annual NMFS summer trawl surveys covering much of
the con.tinental shelf of the eastern Bering Sea support this
conclusion, as very few herring have been taken in summer
surveys  Pereyra et al., 1976; Bakkala and Smith, 1978!. A
pollock hydroacoustic survey conducted along the outer shelf
between Unimak Pass and the U.S.-U.S.S.R. convention line in
June and July 1979 found only one herring in 2,558 nm and 35
midwater trawl hauls. These results indicate that only
small amount of herring may remain or return offshore in
summer and the bulk remains in coastal waters.

Summer distribution may be influenced by the avail-
ability of food and heavy phytoplankton blooms. Rumyantsev
and Darda �970! concluded that herring remained in coastal
waters derring the summer because heavy phytoplankton blooms
�-3 g/m ! occurred on the outer shelf. Those captured on



the outer shelf during the summer were in poor condition and
had been feeding on items of low nutritional value--items
other than their preferred zooplankton diet. Herring are
believed to avoid areas of heavy phytoplankton blooms
because of low nutxitional value and gill cloggirig pro-
perties of certain phytoplankton species which interfere
with respiration  Henderson et al., 1936!.

Concentrations began reappearing in. offshore waters in
the areas of Nunivak and Unimak Islands in August  Rumyan-
tsev and Darda, 1970!. Novement to offshore in the area of
Unimak Island in August appears to be an annual occurrence,
as U.S. fishery observers on foreign vessels first encounter
herring in trawl catches in greater than trace amounts at
that time and area.

Distribution of herring between the time they leave the
spawning grounds and the time they reappear in offshore
waters is unknown. Salmon fishermen report catching large
herring frequently in salmon gillnets in coastal areas of
Bristol Bay in late June and July. Also, Dudnik and Usol'tsev
�964!, using drift nets, found commercial quantities of
herring only in littoral areas along the northern portion of
the Alaska Peninsula. Reappearance of seaward migrants in
late summer in two locations suggests a suromer migration
along the coast  Figure 3!. Migration to winter grounds
continues through September with herring moving progres-

0
sively to deeper water and concentrating in the 2 to 4 C
temperature stratum.

FALL

Concentration on the winter grounds begins in October
and continues into winter. Nature fish were found to arrive

on the wintering grounds prior to the arrival of immature
fish  Ramyantsev and Darda, 1970! . It was also found that
immature fish had a preference or tolerance for the lower
temperature and saline waters of the shelf than did adult
fish  Figure 4!.

GENERAL BIOLOGY

SPAWNING

Herring spawn along the western Alaska coast in late
spring to midsummer  Figure 5!. Time of spawning is gen-
erally associated with climitological conditions, particularly
ice breakup, and in most years commences along the Alaska
Peninsula and in Bristol Bay from late April to late May and
progressively later to the north  Barton, 1978!. It has

0
been recorded over a range of 6 to 10 C in Bristol Bay
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Figure 3. Summer and autumn migration routes to winter grounds. Large solid
arrow--area of reappearance in oftshore waters as determined by
Soviet research and Japanese catches; large white arrow--area of
autumn reappearance in offshore waters reported from Soviet re-
search; small arrows--possible summer feeding routes and autumn
migration routes.  Modified from Wespestad and Barton 1979!.
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Distribution of Pacific herring in October and
the relationship of adults  mature! and juveniles
 immature! to salinity  parts per thousand!
gradients.  Modified from Rumyantsev and Darda
1970! .
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Figure 5. Distribution, average time of spawning and relative abundance of
Pacific herring on coastal spawning grounds in the eastern Bering
Sea. Relative abundance is based upon aerial survey observations
in l978-79 .
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 Warner and Shafford, 1977! and in a range of 5.6 to 11.7 C
0

at spawning areas between Norton Sound and Bristol Bay
 Barton, 1979! .

Prokhorov �968! found that approximate time of spawning
in the western "ering Sea is related to winter and spring
water temperatures with early maturation and migration to
the spawning grounds in warm years and delayed development
and timing in cold years. Barton and Steinhoff �980!
documented that essentially the same phenomenon applies to
eastern Bering Sea stocks from maturation and timing results
observed in spawning stocks from Bristol Bay to Norton Sound
in 1978 and 1979.

Duration of spawning may range from a few days to
several weeks. Generally, older herring are the first to
spawn followed successively by younger fish. There are two
types of spawning habitats: exposed rocky headlands and
shallow lagoons arid bays  Barton, 1978!. Eggs are deposited
on vegetation in intertidal and shallow subtidal waters,
predominantly on rockweed  mucus sp.! and eelgrass  Zostera
sp.!  Barton, 1978; Barton and Steinhoff, 1980!. South of
Port Clarence most spawning occurs in intertidal zones on
rockweeds while north of Norton Sound spawning in shallow
subtidaL embayments appears to predominate. Barton points
out that. herring in the latter area are apparently more
euryhaline and he believes that less available suitable
spawning habitat in areas north of the Yukon River may be a
major factor limiting the biomass of herring in these areas.

Eggs take from 10 to 21 days to hatch depending on
water temperature. Zn northern Bristol Bay hatching has
been observed in 13 to 14 days at 8 to 11 C  Barton, 1979!
and 18 days at 5 to 8.9 C  Barton and Steinhoff, 1980!.
Alderdice and Velson �971! have suggested that optimum

0temperatures for Pacific herring egg development are 5 to 9
C and that below 5 C egg mortality occurs.

Although offshore subtidal spawning has been documented
on occasion from the presence of milt, its extent and signif-
icance to egg deposition in intertidal zones is not known.
Barton and Steinhoff �980! revealed that loss of intertidal
spawn through disruption of habitats from spring storms is
significant in most areas along the west coast. They also
noted heavy losses in the Yukon/Kuskokwim Delta region from
desiccation of eggs and rockweed left exposed to excess.ive
sunlight and wind during periods of low tide. Predation was
also noted as an important source of mortality. Yellowfin
sole, other flounder species and Dolly Varden were among the
primary fish species observed feeding on eggs. Sea birds,
snails and crabs were also noted as predators of herring
spawn.
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LARVAL AND JUVENILE DEVELOPMENT

Little is known about the juvenile stage in the Bering-
Chukchi Sea region from the time herring leave the coast in
their first summer until they are recruited to the adult
population. Rumyantsev and Darda �970! indicate that
juveniles feed in coastal waters in summer and move to
deeper water in winter  juvenile herring in British Columbian
and southern Alaska waters winter offshore and reappear in
bays the following surnrner--Taylor, 1964; Rounsefell, 1930!.
In the western Bering Sea, ages 0 and 1 herring inhabit
areas nearer shore and at lower temperatures than adults
 Prokhorov, 1968!.

Barton �978! reported herring of age groups 0, 1 and
2 present in significant numbers in the Port Clarence area
in 1977 from August through freezeup  October!. Nore than
50 percent of the juveniles were captured in Imuruk Basin,
the brackish forebay gf the Port Clarence-Grantley Harbor
complex in water of 4 �0 salinity. Although juveniles were
present in the spring spawning period  late June-early
July!, significant numbers were not captured until mid-
August. Their presence in Hotham Inlet in November was
indicated by stomach analysis of sheefish  Stenodus leu-
cichthus!. Further, substantive numbers of age 1 herring
were captured in June 1978 in Hagemeister Strait of northern
Bristol Bay  Barton, 1979!.

Wolotira et al., 1977 found both mature pre � spawning
and immature herring in autumn  September-October! trawl
catches made in the offshore waters of the northern Bering
Sea and southern Chukchi. Sea; however, age 0 herring were
only found in the pelagic area of Norton Sound between Cape
Douglas and Golovin Bay.

NATU RAT I ON

Sexual maturity of eastern Bering Sea herring coincides
with recruitment. into the fishery, primarily at ages 3 and
4. Rumyantsev and Darda �970! found that eastern Bering
Sea stocks mature primarily at ages 3 �0% mature! and 4 �8%
mature!. They reported by age 5, 95 percent of the population
is mature. Although Barton �978! found essentially the
same for stocks spawning in Port Clarence and Norton Sound
in 1977, Barton and Steinhoff �980! indicate that when mild
winter and spring conditions persist in the Bering Sea,
attainment of sexual maturity may be advanced. In the
spring spawning season of 1979  following an exceptionally
mild winter!, 74, 97 and 100 percent of age 2, 3 and 4
herring, respectively, from Bristol Bay to Bering Strait
were found to be sexually mature. Further, they report that
herring stocks north of Bering Stra. it may mature and spawn.
for the first time at older ages than those in the eastern
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Bering Sea. This was based on limited sampling in the
spring of 1977 and 1979. The onset of sexual maturity
occurs earlier in the herring's southern range  stocks
mature between ages 3 and 4 in British Columbia and ages 2
and 3 in California--Hart, 1973; Rabin, 1977!.

ABUNDANCE TRENDS AND STOCK STATUS

RELATIVE ABUNDANCE

Estimates of absolute abundance are scant, and even
relative abundance data are rather limited. Attempts have
been made to estimate herring biomass by: 1! a Soviet
hydroacoustic travel survey; 2! ecosystem modeling; and 3!
aerial surveys of spawning biomass.

In 1963, three years after the fishery began, the
eastern Bering Sea herring biomass was estimated to be 2.16
million mt based on a Soviet hydroacoustic survey of the
wintering grounds  Shaboneev, 1965!. Kachina �978!, using
the same data, reduced this earlier estimate to 0.374 mil-3
lion mt by using a loweg mean school density of 0.5 fish/m
compared to 3.38 fish/m used in the original estimate.
According to Shaboneev, schools were surveyed at night and
the area and height of schools were mapped acoustically;
school composition and age distribution were determined by
trawling. The oringinal density �.38 fish/m ! was deter-
mined by comparing acoustic echograms from the eastern
Bering Sea to echograms of schools sampled by purse seines
in western Be~ing Sea coastal water. The revised estimate
of 0.5 fish/m is based on densities observed in subsequent
surveys of herring concentrations on the winter grounds
northwest of the Pribilof Islands during the period 1969 to
1971. Densities derived are questionable but cannot be
fully evaluated because few specific details are available
regarding Soviet survey methods and accuracy. However, data
reported in the literature and from individuals involved
with herring hydroacoustic surveys indicate that the range
of densities used by the Soviets may be extreme and an
intermediate value may be more realistic.

Recently, a numerical ecosystem model was applied to
estimate biomass of eastern Bering Sea herring  Laevastu and
Favorite, 1978!. This model simulated herring abundance
based on the amount of herring needed to sustain the diet of
herring predators at reported rates of consumption. Although
the accuracy of input parameters, such as predator popula-
tion size and consumption rates, has not been sufficiently
evaluated, model results show that a minimum stock size of
2.49 million mt. of herring is required to maintain components
of the ecosystem, including predators, at a 1'evel observed
in the mid-1960s prior to the start of intensive fishing.



Aerial surveys have been flown by ADFaG in the past
sevezal years along the western Alaska coast during the
spawning period and the number of fish schools recorded by
surface area  Barton and Steinhoff, 1980! . Daily counts at
selected coastal index areas are weighted by surface area
�0m ! and an adjusted count derived, which is termed th.
relative abundance index  RAI!. Daily RAIs are evaluated by
index area s! to determine peak fish abundance after equat-
ing yach to biomass using density ranges of 0.02 to 0.10
mt/m . The range nf conversions is based upon commercial
purse seine catches in the Bristol Bay fishery, while the
actual conversion applied varies among index areas reflect-
ing differences in water depth.

Barton and Steinhoff �980! discuss at least three
areas where more research is needed to provide information
which will increase a precision of spawning biomass esti-
mates through aerial assessment. First, methods of deter-
mining peak abundance vary among index areas based upon
present, limited knowledge of the movement and mixing of
spawners and post spawners. Second, biomass estimates are
reduced 25 percent to compensate for the presence of other
schooling fish species which can be observed from the air.
These species include capelin and smelt  Osmaridae! and cod
 Cottidae! . They found these species constituted 25 and 26
percent of inshore test net catches during the spawning
season from Bristol Bay to Port Clarence in 1978 and 1979,
respectively. Lastly, conversion factors for estimating
biomass are based on very limited purse seine samples and
the absence of large scale bathymetry charts.

Zn the late 1960s and early 1970s herring abundance in
the eastern Bering Sea declined significantly as indicated
by the catch and catch per unit effort  CPUE! of Japanese
stern trawlers fishing on the Pribilof wintering stocks.
The CPUE  mt/hr! for large stern trawlers decreased from a
high of 6.80 in 1969-70 to 0.77 in 1973-74  Figure 6! . The
catch and CPUE of foreign trawlers are no longer useful as
indicators of herring abundance, since herring are now
largely captured incidental to other fisheries. This change
was attributed to a decrease in herring abundance, increased
targeting on pollock and low allowable catches in recent
years  Wespestad, 1978a! .

Abundance of herring in the eastern Bering Sea appears
to have increased since 1978 in all major spawning areas.
Total spawning biomass is estimated to have ranged from
187,210 to 334,723 mt in 1978 and from 258,079 to 637,583
mt in 1979; an indicated 27 percent increase at the low
range  Barton and Steinhoff 1980!. Analysis of the dis-
tribution of the spawning biomass in 1979 shows that 84
percent of the total biomass spawned in the Togiak District,
13 percent in the Yukon-Kuskokwim area and 3 percent. in
Norton Sound. Biomass distribution in 1978 was 95 percent,
5 percent and 3~percent, respectively.
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relationship for large Japanese stern
trawlers in the eastern Bering Sea, 1967-
1974.
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Althcugh Barton and Steinhof f �980! point out that
present biomass levels cannot be precisely related to those
which existed from 1968-1971, they state that available
evidence indicates that herring biomass in the eastern Bering
Sea are at their highest levels since that period. They
concluded, in view of the rapid development of Bering
Sea herring fisheries, inadequate knowledge of present
stock status compared to earlier periods of history and
the variables associated with determining herring biomass
from aerial surveillance, that the low range of biomass
be considered as the best estimate of spawning biomass.

AGE COMPOSITION AND RECRUITMENT

Wespestad �978b! points out that herring length and
age frequency data, available from foreign trawl fisheries
from the late 1960s to early 1970s, indicate that herring
catches were composed of larger and older fish than the past
few years. Available data suggests that recruitment was
poor until recently and may have been a major contributing
factor to a lower herring abundance in the early 1970s.
Year-class strength data presented recently by Naumenko
�979! show several years of relatively weak year classes
in the 1960s and early 1970s  Figure 7!. These data suggest
that the peak catches of the fishery were sustained by a few
strong year classes and that future yields of this magnitude
are likely only in the event of a series of much above
average year classes or change in the ecosystem. In recent
years recruitment appears to have increased as evidenced by
the relatively strong recruitment of 1972, 1973 and 1974
year classes at age 4  Figure 8!. The frequency of age 4
herring in 1979  year class 1975! was decreased f'-om that
observed in the 1976-78 fisheries but ADF&G test net records
suggested a fair return of age 3 herring  Barton and Steinhoff,
1980! .

While recognizing the inherent limitations with inter-
pretation of variable mesh gillnet age composition data,
Barton and Steinhoff �980! feel results are sufficiently
sensitive to detect major changes in year class strength,
especially in fully recruited age classes. Their results
with this gear type in 1979 from Bristol Bay to Bering
Strait, inferred strongly that relatively strong year
classes existed from 1974 and 1972  Figure 4!. The 1976
year class appeared strong in both Bristol Bay and Norton
Sound while the 1972 year class appeared strongest in areas
north of Bristol Bay. A relatively strong return from the
1973 year class was also observed in Bristol Bay. That
the 1972 year class contributed more to northern stocks is
possibly a function of less intense domestic commercial
fishing pressure on those spawn.ing stocks. Also, the
increase in spawning stocks from 1978 to 1979 can possibly
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be attributed not only to strong recruitment of the 1972,
1974 and possibly 1976 year classes but also to reduced
fishing by foreign fleets on mixed wintering stocks in
recent years.

These data would suggest a favorable outlook for the
1980 domestic sac roe season with the fisheries concentrat-
ing primarily on herring from the 1974 and 1976 year classes;
i.e. returning as ages 6 and 4. Mild winter conditions
which persisted in the Bering Sea in 1977-78 may have been
favorable to survival and thus contribute to a healthy
recruitment of age 3 herring �977 year class! in 1980. It
is not known how strong the 1973 year class will be, but it
is unlikely that the 1972 year class will contribute sig-
nificantly to any spawning stock in 1980.

RESEARCH NEEDS

Research is required to refine estimates of abundance
and biological characteristics of stocks; to improve the
capability for predicting changes in resource abundance,
composition and availability; and to identify the origin and
distribution of herring in offshore areas.

Biomass estimates by hydroacoustic surveys in nearshore
areas just prior to or during spawning are probably not
practical due to the many widely scattered schools that are
constantly moving through the shallow waters. However,
optimum results can be expected on the winter grounds when
herring are relatively stationary and concentrated. Results
of surveys conducted during late winter-early spring could
be applied in time for management of the roe fisheries,

In spite of limitations due to weather and narrow timo,.
area coverage, aerial surveys may be one of the more cost-
effective ways of measuring the abundance of spawning
herring. Improvement in aerial biomass estimation procedures
needs to be made specifically with the relationship of
herring density and water depth. Intensive coastal test
fishing should be conducted to determine the occurrence of
other schooling species vital to accurate assessme~t of
aerial survey results. Such a program should be designed to
more accurately define entry-exit patterns and extent of
mixing of various spawning units on the spawning grounds.
Satellite technology may be a means of augmenting aerial
surveys in that large schools may be observable at distances
from the coast or spawning  milt! observable nearshore. A
combination of low level aircraft and satellite observations
may provide answers to the effective coverage of tracklines
and time-space distribution of schools. On the other hand,
use of high altitude surveillance may be limited due to such
factors as degree of resolution, cloud cover, and frequency
of coverage made of the Bering Sea.



Spawn surveys convert the amount of spawn deposited to
the size of the adult population, using age-sex-size compo-
sition and fecundity data. Such surveys would have to be
conducted immediately after spawning so as to not be affected
by losses from predation and storms. The vast size of the
area, including distances between spawning areas, 'ack of
subtidal spawning information and various logistical pro-
blems, currently render this method impractical for the
eastern Bering Sea.

The occurrence and extent of subtidal spawning is not
understood and needs further investigation. Particular
attention should be given to its importance compared to
intertidal spawning. The necessity of such a study is
clearly evident considering the vulnerability of intertidal
spawn to mortality directly from snow runoff, pollution,
storm action and commercial harvest. Success of intertidal
spawning may be indirectly affected by destruction of vegeta-
tion from severe ice scouring, winter storms or pollution
from petroleum related activities, The ADF&G is at present
examining revegation rates of Fucus sp. beds which are
affected by some of the above factors.

A need exists for annual pre-recruit surveys  i.e., of
young fish before they enter the fisheries! so that a
measure of their abundance can be used to forecast later
contribution to the exploitable stock. Assessment of pre-
recruit abundance could be made of juveniles in nearshore
nursery areas or at a later age in more offshore waters.
The major limitation for use of this method is the virtual
absence of information relating to distribution of eastern
Bering Sea herring during the first two to three years of
their life cycle.

Basic biological research is needed to systematically
investigate population parameters, such as age specific
morality rates, growth rates and recruitment rates. Investi-
gations are also needed to establish the degree of utiliza-
tion of herring in the diet of marine mammals, salmon and
other predators so ecological effects of harvesting can be
better evaluated.

Lastly, stock distribution needs to be investigated so
that individual stocks within the eastern Bering Sea can be
monitored with regard to relationship to other stocks and
occurrence in fisheries. Also, very little is known about
timeing, distribution and abundance of herring spawning
stocks in the southern Chukchi Sea.
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GULF OF ALASKA HERRING MANAGEMENT

Dennis Blankenbeckler

Alaska Department. of Fish and Game
Ketchikan, Alaska

The following presentation will discuss the herring
fisheries associated with the Gulf of Alaska. Emphasis will
be placed on management of the southeastern Alaska stocks
where I am responsible for the collection and analysis of
data.

The Gulf of Alaska herring fisheries can be divided
into three distinct fisheries based on the type of commercial
product: a winter bait and food fishery, a spring sac roe
fishery, and a spring spawn on kelp fishery. Each fishery
has its own set of management complexities based on the
product desired and the fishery gear used for harvest. For
example, sac roe fisheries are complicated by the physiology
and behavior of herring. The timing of the commercial
fishery opening is critical. Technicians are required to
sample herring prior to the fishery, determining roe percent-
ages to insure a quality product.

management tools include catch sampling for age and
growth analysis, aerial surveys oi herring distribution and
occurrence of beaches receiving spawn, and acoustical assess-
ment of herring biomass and distribution.

The Gulf of Alaska is broken down into the following
areas of responsibility by the Alaska Department of Fish and
Game: Cook Inlet, Kodiak, Prince William Sound, and south-
eastern Alaska.

The rrajority of the bait product comes from southeastern
Alaska. Prince William Sound provides the only roe on kelp
product. The increased price and demand for sac roe herring
is reflected in the harvest of all areas. Herring harvest
for the past five years, including prices paid to fishermen,
is summarized in Tables 1 through 4.

The herring fishery in the Gulf of Alaska in 1979 was
represented by a harvest of 26.3 million pounds valued at
$15.8 million. Roe on kelp harvest. was 472,200 pounds
valued at $633,000. To further evaluate the value of the
fishery, a range of prices paid to fishermen for 1979 is
summarized. in Table 5.

The remainder of this paper will describe the manage-
ment tools utilized, management strategies, and management



TABLE l. Cook Inlet herring harvest in pounds and value per
pound in dollars 1975 � 1979.

YEAR FOOD & BAIT VALUE ROE HERRING VALUE ROE ON KELP VALUE

1975 8,237,100 411,855

9,684,436 968,444

6,397.053 895,587

803,886 200,967

1,068,016 801,012

624

1976

1977

1978

1979

TABLE 2. Kodiak herring harvest in pounds and value per pound in
dollars 1975-1979.

ROE ON KELP VALUEYEAR FOOD 6 BAIT VALUE ROE HERRING VALUE

not

1975 0 0 15,996 available

0 9, 148

0 676,880

79,354 1,242,335

1976

1977

566,816

213,200

1978

42,640 3,470,800 2,429,5601979

12,483

11,625

42,566

297,840

129,541

1,163

5,959

62,546

25,908

1,006

155,682

323,007



TABLE 3. Prince William Sound herring harvest in pounds and value
per pound in dollars 1975 -1979.

YEAR FOOD & BAIT VALUE ROE HERRING ROE ON KE LPVALUE

5, 168,000

4,568,000

2,713,000

8 ~ 272 ~ 000 5 ~ 583 ~ 600

TABLE 4. Southeastern Alaska herring harvest in pounds and value
per pound in dollars 1975 � 1979.

VALUE ROE ON KELP VALUE

820, 000

994,000

1977 12,818,800 769,128 5,315,000 1,594,500

1978 8 084 g 600 485 076 6 124 ~ 800 3 674 t 880

1979 6,970,000 697,000 6,174,200 6,174,200

TABLE 5. Range of prices paid to fishermen by product for 1979.

j SHORT TONRANGE IN DOLLARS PER POUNDP RODUCT

$200 � 400

$660 � 2,000

Food & Bait.

Sac Roe

Roe on Kelp

$ .10

.33

.20

1.00

$1.34

1975 533,400 24,003 11,708,000

1976 0 0

1977 34,000 4,760

1978 2,087,000 394,443

1979 not available N/A

YEAR FOOD & BAIT VALUE ROE HERRING

1975 1 1 ~ 820' 800 472 832 4 100~ 000

1976 11,376,200 682,572 4,970,000

526,860

452,000

639,520

984,520

917,000

485,000

417,000

141,000

472,200

VALUE

605,220

247,350

287,730

175,827

632,748



problems encountered in southeastern Alaska by the Alaska
Department of Fish and Game.

Information collected to manage herring stocks includes
estimating biomass available, determining age and growth,
and evaluating spawning ground success.

Development of hydroacoustics in southeastern Alaska
was initiated in 1969 as a research program. Success in the
program resulted in using acoustical estimates as a basis
for management primarily establishing ha~vest quotas.

Acoustical systems capable of assessing biomass are
installed on four ADF&G support vessels in southeast Alaska.
A state vessel in Cordova is also equipped. The National
Marine Fisheries Service at Auke Bay also utilizes similar
systems. The acoustic systems consist of a Ross 200A echo
sounder modified for collection of data on magnetic tape.
These systems operate at 105 Kki with 7 circular transducers.0

These systems are fully claibrafed. Parameters calibrated
include source level, transducer receiving response, receiver
gain, receiver linearity, time varied gain, and pulse length.
Parameters, except receiver time varied gain, are reasonably
stable and are calibrated once each year. These measurements
are conducted with a specialized field calibration system
developed and built under contract by the Applied Physics
Laboratory, University of Washington. The calibration
system includes a calibrated standard hydrophone on a frame
which is attached by a diver to a special mounting plate to
the transducer on the ship's hull ~

The unstable receiver gain characteristics are monitored
prior to every survey using an internal calibration signal
in the system.

To provide insight into the application of this system,
the following will illustrate ADF&G survey methods for the
1978-1979 season.

Hydroacoustical surveys are conducted in known herring
concentration areas on a monthly time interval from October
through May. September, prior to the field season, calibration
of all acoustical systems is accomplished. Service contracts
are set up at this time with the University of Washington
for computer data analysis and technical, calibration, and
maintenance services during the field season. Three biologists
working full time, plus support from Area Management Biologists,
are required to conduct the surveys.

Surveys include defining an area encompassing a herring
concentration. This is accomplished by previous experience,
or searching with sonar. All vessels are equipped with
Wesmar side scanning sonars. Sea Tec Omni sonars are going



to replace two of the existing Wesmars in the near future.
A series of assessment surveys are then conducted on the
area of herring concentration. A series of transects spaced
evenly over the area is conducted to determine the density.
During surveys, midwater trawl. samples are also conducted to
determine species composition of acoustical targets observed'
ADF&G presently has one midwater trawl with a 20 x 20 foot
spread equipped with a Furuno Model FNR-200 Nark II net
recorder. After the surveys are completed, the magnetic
tapes are sent to the University of Washington. The magnetic
tapes are analyzed and results submitted to ADF&G. It is
possible to have complete analysis in one to two days after
the survey. Data analysis is by echo integration. Using
University of Washington's data analysis system, a PDP ll/45
computer with special software and hardware modifications.

A total of 141 computer analyzed surveys were conducted
during the 1978-1979 season. A total of 91 hours of acoustical
data was computer analyzed. Surveyed areas in 1979 accounted
for 219 million pounds  99,320 mt! used as a biomass index.

Prerequisites to a successful acoustical program are as
follows:

1! Herring are distributed in large concentrations
over a relatively long period of time.

2! Herring are distributed in depths greater than 20
fathoms and above the bottom.

3! Possess seaworthy vessels with high quality electri-
cal systems.

4! Require provisions for maintenance, calibration, and
repair of acoustical system by competent electrical
engineer.

5! Provide provisions for competent computer operators
with experience relating to fish assessment.

6! Possess trawling capabilities to determine species,
composition, and size of acoustical targets.

7! Possess experienced biologists familiar with acoustical
systems and herring behaviors
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Estimated costs, above vessel support, for acoustical
systems are as follows:

1! Modified Ross system including sounder,
oscilliscope, interface amplifier, and
tape recorder .............$15,000

2! Side scanning sonar  Nesmar! ox............. 7,000

3! Omni sonar. ~ .............,.................. 40,000

4! Midwater trawl  net only!.. ............. 3,000

5! Trawl net sounder � Furuno FNR-200 12,000

6! Computer analysis � 100 hours 12,000

7! Maintenance repair, and calibration......... 10,000

Age and growth data is collected from scale samples
taken from the commercial harvest and ADF&G project sampling.
Two to five thousand samples are aged annually in southeastern
Alaska.

This information is valuable in showing year class
strengths. Growth difference from various areas also aids
in stock separation. The commercial fishery selectively
fishes for large herring for market reasons, but the data are
considered comparable in showing relative strengths of
various aged fish.

Since 1960, the Alaska Department of Fish and Game has
conducted annual aerial surveys to monitor herring spawn in
terms of linear miles. Effort and intensity of surveys has
varied considerably over the years. Recognizing the commercial
interest in herring sac roe, ADF&G initiated comprehensive
spawning ground studies in 1976.
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These comprehensive surveys are conducted by divers
collecting samples documenting certain biological and physical
parameters on established transect lines. Spawning areas
are delineated by systematic aerial surveys. Once the
spawning area is known, transects are established at selected
intervals. Transect lines are set perpendicular to the
shore and marked at 5 meter intervals. Divers follow the
transect line until spawn or vegetation disappear. The
transect line is then followed back to the beach documenting
parameters such as depth, temperature, egg density, and
substrate type. In areas where spawn occurs, all vegetation
and spawn is collected in a O.l square meter sample every 10
meters. Nhere egg deposition occurs on rock or where unattached
eggs occur, visual estimates of numbers are made in the



sample frame. Visual egg estimates have been made and
compared to actual laboratory counts of samples to develop a
rapid acceptable method to assess larger areas. In the
laboratory, eggs are separated from kelp by manual scraping,
and/or by using a chemical digestive process for separation.

In the Kah Shakes gillnet sac roe fishery near Ketchi-
kan, egg densities are back calculated to the number of
spawners. This biomass number is used to establish harvest
quotas. Herring distribution, in this area, does not allow
for reliable acoustical assessments.

Prerequisites to a successful comprehensive spawning
dive survey are as follows-

1! A relatively small spawning area since any form of
diving activity is very time consuming.

2! The spawning area is protected from outside weather
to allow divers to work.

3! Spawning takes place over a short period eliminating
survey problems associated with multiple spawnings
over time.

The rnanagernent. strategies for southeastern Alaska
herring fisheries are as follows:

1! Determine harvest rates based on all information
available, including acoustical estimates, spawning
ground analysis, and age and growth information.

2! Establish threshold or escapement levels for
various stocks and allow 10 to 20 percent harvest
of acoustical estimates which meet this level. The
20 percent level will be applied only when stocks
reveal strong building tendencies.

3! Minimize the harvest of immature herring.

4! Promote accurate reporting of catch.

5! Avoid the harvest of mixed stocks.

6! Provide for an orderly harvest.

7! Provide for a high quality roe product of at least
10 percent recovery.



These strategies in 1978-1979 resulted in shorter seasons,
restricted or no harvest to meet escapement levels established,
and restrictions to minimize harvest of immatrue herring.

Management problems for southeast Alaska herring are as
follows:

1! Determineation of the degree to which the harvest of
small herring should be minimized.

2! Splitting of the winter bait fleet to provide for an
orderly harvest.

3! Manpower to assess and manage an increasingly
complex fishery.

62



HERRING RESEARCH IN THE GULF OF ALASKA--

A HISTORIC OVERVIEW

H. Richard Carlson

Auke Bay Laboratory
National Marine Fisheries Service

Auke Bay, Alaska

INTRODUCTION

The themes have predominated in research on Pacific
herring in Alaska: their basic biology and separation of
the different stocks. Other research on herring has focused
on their age, growth, longevity, mortality, behavior, popula-
tion dynamics, and seasonal distribution.

BIOLOGY

In what is still probably the most comprehensive study
of Pacific herring in Alaska, George Rounsefell �930a!
described many aspects of their biology. His studies,
primarily in the 1910s and 1920s, described the morphology
and meristics of Pacific herring in southeastern Alaska and
Cook Inlet. At the same age, Pacific herring in the north-
ern and western parts of his study area were larger than in
the southern and eastern parts of the study area. Spawning,
which takes place in spring in tidal shallows, was later in
the northern and western parts of his study area than in
other parts. Spawning in Alaska typically begins in March
near Dixon Entrance and extends into July in the Bering Sea.
A mature 3-year-old fernale produces about 10,000 eggs, and
an 8-year-old produces about 59,000 eggs  Reid, 1972!.
Rounsefell �930a! also found that half of the herring
matured at age 3 and nearly all of the remainder matured by
age 4.

Later studies show that the maximum age of Pacific
herring is 15 to 16 years, but few rarely exceeds 9 years,
of age  Reid, 1972!. Dominant year classes do not con-
tribute much to a fishery beyond age 7  Reid, 1972!.

Rounsefell �930a! described dominant year classes that
typify the structure of Pacific herring populations in
Alaska. He also analyzed the effects of commercial fisheries
on herring during the 1920s in Price William Sound, Cook
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Inlet, Kodiak, and southeastern Alaska, and found evidence
of depletion of the herring stocks in most areas.

STOCK SEPARATION

Rounsefell �930a! and Rounsefell and Dahlgren �935!
were the first researcher to separate stocks of Pacific
herring in Alaska. They initially used vertebral counts and
growth rates to define the stocks. Vertebral counts increased
significantly from south to north and. from east to west, and
growth rates varied substantially between stocks in summer
feeding areas in southeastern Alaska. Rounsefell and Dahlgren
�935! interpreted their findings to mean that separate
stocks existed, but at the time they did not know the extent
of intermingling on summer feeding grounds of herring stocks
that overwintered in different locales.

In the early 1930s, Rounsefell and Dahlgren began
tagging herring in southeastern Alaska to separate stocks.
Some of the earliest tags were small, magnetic tags implanted
in the body cavity of the fish. Because the herring were
tagged on spawning grounds, they were initially defined a.s
"spawning stocks." The tagged herring were recovered in the
summer reduction fishery that operated on the summer feeding
grounds in southeastern Alaska. These early tagging studies
showed that Pacific herring which spawned near Sitka migrated
to summer feeding grounds near Cape Ommaney and lower Chatham
Strait and that Pacific herring spawned at Auke Bay  near
Juneau! did not make a simliar migration  Rounsefell and
Dahlgren, 1935!. Later work of Dahlgren �936! showed that
Pacific herring which spawned near Craig also migrated to
Cape Ommaney in the summer and mixed with herring from the
Sitka stock. From tag return rates, Dahlgren found that the
fishery took an "appreciable toll" from the Sitka stock and
less from the Craig stock. Skud �963! summarized results
of these tagging studies and estimated total mortality rates
for four different year classes: total mortalities ranged
from 60 percent between ages 4 and 5 to 95 percent between
ages 8 and 9.

During the early 1960s, a tagging study using radio-
active internal body-cavity tags  described by Wilimovsky,
1963! was begun in southeastern Alaska  Carlson, 1977!.
This work reaffirmed previous findings from the 1930s and
provided evidence that a third spawning stock, the stock in
Seymour Canal, migrated to Cape Ommaney and Chatham Strait
in the summer and mixed with the Sitka and Craig stocks on
common feeding grounds. The study also generated evidence
that the Ketchikan spawning stock was isolated and did not
migrate to mix with the other stocks.
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In the 1970s, Grant �979! used electrophoretic starch-
gel tests to separate races of herring on the basis of
allele frequency. Two distinct groups of Pacific herring in
the Gulf of Alaska were identified--an eastern group extend-
ing from Kodiak southward, and a western group that extended
into the Bering Sea.

In the late 1970s, Krieger  unpublished manuscript!
showed that tiny coded microwire tags designed for tagging
young salmon could be used to tag adult herring. The tags
were implanted in a muscle under the lower jaw.

POPULATION DYNAMICS

Population dynamics and relative abundance of herring
stocks around the Gulf of Alaska have historically received
much attention. Rounsefell �930b! demonstrated that Pacific
herring in southeastern Alaska typically had strong and weak
year classes, and he speculated on possible causes of year-
class strength, such as the relationship of spawning success
to water temperatures. After analyzing the variation in
commercial catches in southeastern Alaska during the 1920s
and 1930s, Dahlgren and Kolloen �943! concluded that nine
out of every 15 spawnings failed to produce enough recruits
to replace the adult spawners.

Various methods have been used to estimate abundance of

herring stocks. Aerial surveys of spawning herring and the
length of beach area in which they spawn have been used to
estimate the size of stocks that would be available to the
summer fishery. No correlation has been found between
spawning intensity and resultant year-class strength  Skud,
1959; and others!. Presently, biologists from the state of
Alaska use hydroacoustic surveys of Pacific herring on
wintering grounds to estimate the herring biomass  in
millions of pounds! and set quotas for the spring roe fishery.

For many years, fishermen and other resident Alaskans
have speculated about the existence of a high-seas herring
stock over oceanic depths in the Gulf of Alaska, but no
evidence supports its existence. Attempts were made to
locate this "stock" in the open ocean in the Gulf of Alaska
during the 1920s by using the European method of drift-net
fishing with long gillnets, but this was unsuccessful  Fluizer,
1952! .

A survey of offshore waters of the Gulf of Alaska was
made during the summer of 1957 to locate herring. The two-
month survey covered an extensive part of the Gulf between
southeastern Alaska and Prince William Sound and into the
center of the Gulf, but little echosign was seen and none
was identified as herring  Powell, 1957!. Powell �957!
attributed not finding herring to the searching techniques
 sonar and echosounder! and sampling methods  mid-water
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trawl and gillnets!, but. the results could be interpreted as
evidence that herring do not occur in oceanic waters in the
Gulf of Alaska.

SEASONAL DISTRIBUTION

Seasonal distribution of herring has received some
attention since Rounsefell's �930! early work, which defined
major spawning grounds in southeastern Alaska and Cook
Inlet. Further exploratory fishing in southeastern Alaska
during the winter of 1952-53 demonstrated that herring were
not in locations frequented in summer but were wintering in
areas usually distant from summer locations  Kolloen and
Smith, 1953!.

The annual surveys of winter herring biomass in south-
eastern Alaska conducted by the state of Alaska have identi-
fied wintering areas of major stocks, which are usually
located close to traditional spawning beaches  Blankenbeckler,
1977!. The aerial spawning surveys begun in the 1950s by
the federal government  Skud, 1959! and continued through
the 1960s and 1970s by the state of Alaska have documented
spawning distribution on a comparable year-to-year basis.

During the period 1973 to 1975, the author followed the
month-to-month horizontal and vertical distribution and
environment of adult herring schools of the Auke Bay-Lynn
Canal stock for 24 consecutive months during all hours of
the day and night. Geographic and depth distribution of the
same schools were then monitored each season for the next
from 1975 to 1978  Carlson, 1980!. The Auke Bay-Lynn Canal
herring concentrated along open straits on summer feeding
grounds with moderate currents and abundant copepod concen-
trations. During warmer months, the schools ranged through
the upper part of a stratified water column. In October
each year for five consecutive years, the herring moved from
open straits into the wintering grounds when windstorms and
sinking of cooling surface waters broke up stratification of
the water column. By this time, copepod abundance had
declined sharply, and day length had shortened.

During winter days, the schools remained near bottom
but continued diurnal migrations at night. The herring left
the wintering grounds in late winter, moved out into the
open straits off spawning beaches to the north, and remained
over deep trenches until late April and early Nay when
herring moved into tidal shallows, where phytoplankton
blooms obscured surface visibility, to spawn. After spawn-
ing, the herring gradually concentrated on the same summer
feeding grounds as copepod abundance and day length reached
a peak and the water column again became sharply stratified.
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SUMMARY

Some form of research on Pacific herring around the
Gulf of Alaska has been conducted for nearly 70 years.
During that time, many aspects of their biology have been
worked out, including spawning habits, larval and juvenile
development, age of maturity, fecundity, longevity, growth
rates, feeding habits, and seasonal distribution and migra-
tions. The major stocks of Pacific herring in southeastern
Alaska have been identified and their population dynamics,
fluctuations in abundance, and mortality rates have been
documented.

Future research might. do well to aim at gaining a
better understanding of such things as density-dependent
behavior of herring as it relates to survival, distribution,
and the great flux of interrelated environmental factors.
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THE BIOI OGICAL ASPECTS OF MANAGEMENT
OF CANADA ' S WEST COAST HERRING RESOURCE

A. S. Hourston

Department of Fisheries and Oceans
Resource Services Branch

Pacific Biological Station
Nanaimo, British Columbia

AB S TRACT

Pacific herring spawn in March and April in the
intertidal and subtidal zones in several hundred
localities scattered along the entire coast of
British Columbia. It is during the migration of
adult fish from their feeding grounds on the
continental shelf to their inshore spawning
grounds that a seine fishery has traditionally
exploited the run.

The commercial fishery began at the turn of the
century. It developed initially for the dry
salted market in the Orient, peaking with a catch
of 85,000 tons in 1927. In 1934, the fishery
switched to the meal and oil market and catches
averaged about 100,000 tons until 1946. Catches
then increased sharply, averaging about 200,000
tons until 1965, after which the stocks collapsed.
As the stocks recovered, a seine and gillnet
fishery for roe was introduced in 1971 which has
produced a relatively modest catch of between
50,000 and 100,000 tons since 1972. The landed
value of the roe catch has climbed steadily from
$2 million in 1972 to $122 million in 1979, usually
accounting for over 90 percent of the landed value
for all herring fisheries.

Management measures were initially confined largely
to closed periods and mesh restrictions to protect
spawning and young fish. The introduction of catch
quot. as around 1940 for five of the seven major popu-
lations  identified by meristic and tagging studies!
failed to curb overfishing in the 1960s and stock
assessment procedures in use at the time failed to
detect the critical extent of the decline in stocks
until it was well advanced.
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Building on this experience, the management
policy for the present roe fishery places over-
riding priority on preservation of the resource
and aims to maximize the economic benefits to

society as a whole rather than maximizing the
tonnage caught. Current management strategy
calls for managers in the field to regulate
roe fisheries off individual spawning grounds
 management units! to provide the desired escape-

ment to that spawning ground. The abundance of
fish present is estimated from pre-season fore-
casts updated by sounder surveys and the sampling
of fish on the grounds. The surplus above
spawning requirements is split between the two
gear types according to a predetermined ratio
 currently 55 percent seine and 45 percent gillnet
for the coast as a whole! by regulating the
duration of separate openings for each gear type.
Other minor fisheries, all of which preceed the
roe fishery, are regulated by permits to indivi-
dual operations for set amounts of fish.

Annual monitoring data on catch, spawn depositions
and sampling for age, length, weight, sex and
maturity are entered into a stock assessment
analysis used to determine the abundance of each
cohort in the catch and spawning escapement. for
each management unit. These data form the basis
for pre-season forecasts of abundance by stock.
The desired spawning escapement is also estimated
annually on the basis of estimates of the egg
deposition most likely to maximize the production
of that cohort. Research continues on improving
both the data base and the analytical procedures
for the above. Other current biological research
projects include stock identification  mainly by
tagging!, distribution and abundance on feeding
grounds  mainly hydroacoustic surveys!, gear impact
studies  mainly effects on spawning success! and
small scale studies of various aspects of life
history and ecology conducted in conjunction with
more specifically management oriented projects.

HISTORICAL BACKGROUND

LIFE HISTORY

Pacific herring IC~lu ea ~haren us pallasi! spawn on
vegetation in and immediately below the intertidal zone in
several hundred localities scattered along the entire coast
of British Columbia  Figures lA and 1B!. Spawning usually
involves specific behaviour patterns with individual fish
interacting with the vegetation on which they spawn  Hourston

70



U!

'a

O

7l

j9 I
I

  7

j 
~ gt ~



M
C>

i !
!j 'I

I
Al

r'   

41Al

N

o
Q

~
 

�~~y! - J
g~ 

y'I



et al., 1977; Stacey and Hourston NS, 1980! . The adhesive
eggs are usually attached to vegetation such as red and
brown algae, eelgrass, rockweed or kelp  Humphreys and
Hourston, 1978a!. After an incubation period of 2 to 3
weeks depending mainly on temperature  Alderdice and Velson,
1971!, the eggs hatch into thread-like transparent larvae
about 9 mm in Length. Over the next six days or so, the
yolk sac provides a source of nourishment as the larvae
learn to feed. The larvae are gradually dispersed from the
spawning grounds by the prevailing currents  Stevenson,
1962!. Since mortaLity is high during this stage  99
percent!, differences in the extent. and direction of this
dispersal from year to year may be the major factor in
determining year-class strength. The larval stage lasts
about 6 to 10 weeks, after which the herring metamorphose
into miniatures of their adult form at a standard length of
about 35 mm  Hourston, 1951!. These juveniles school up
into increasingly larger aggregations, and migrate offshore
in the early fail  Hourston, 1958!. They appear to remain
on offshore feeding grounds, mainly on the edges of banks in
depths of 100 to 200 m, until they mature, usually at the
end of their third growth season. They then join schools of
maturing adult fish for their annual inshore migration to
the spawning grounds' It is during the later stages of this
migration, when large schools are confined in relatively
smaLL channels and inlets, that the major herring fisheries
have traditionally taken place  Taylor, 1964!.

THE FISHERY

Commercial fishing for herring began in 1877 and was
almost exclusively conducted by sei~e until the 1970s. The
annual catch remained below 700 short tons until 1902. By
1908, the catch had climbed to 10,000 tons  Figure 2!. The
development of a dry salted market in the Orient brought
catch levels up to about 25,000 tons between 1909 and 1920.
Between 1920 and 1928, catches continually increased to
85,000 tons and then fell to 30,000 tons by 1934 with the
rise and decline of the dry salted herring market. The
introduction of a meal and oil reduction industry in 1935
almost doubled the catch in each of the succeeding two years
and catches averaged about 100,000 tons until 1946. The
catch then jumped to 170,000 tons in 1947 and averaged about
20D,DOD tons until 1965  except for 1953 and 1958 when
industrial disputes tied up most of the fleet!. A sharp
decline in abundance over the next three years led to a
closure of the reduction fishery in 1968. Small catches by
the traditional food and bait fisheries continued and, as
the stocks recovered, a fishery for roe was begun in 1972
when demand arose for this product in Japan. The catch
again rose to about 100,000 tons in a period of peak abun-
dance in 1976 and has remained between 50,000 and 100,000
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tons since that time. The early history of the fishery was
reported in detail by Tester �935, 1945! and Taylor �964!.
The decline and recovery of the stocks in the mid 1960s and
early 1970s was analysed by Hourston �978!.

MANAGEMENT OF THE RESOURCE

Up to the late 1930s, this was a developing fishery
which expanded outward from the processing centers as demand
for the product increased. Management measures during this
period were largely limited to seasonal closures to protect
spawning and immature fish. Concern for conservation of the
stocks led to the establishment of catch quotas on the lower
east coast and the west coast of Vancouver Island �936-1937
season!, the rniddle east coast of Vancouver Island �940-
1941 season!, and the northern and central coasts �941-
1942 season!. Biologically distinct populations had been
identified in these areas  Tester, 1949!. However, these
quotas had a limited effect on the catch as extensions were
frequently granted  but not always taken! . In 1946-1947,
the quota for the west coast of Vancouver Island was removed
to compare the effects of unlimited fishing on this stock
with those of fishing under quota on the lower east coast
stock  the "West Coast Experiment"! . No detectable differ-
ences were noted in the response of the two stocks' Conse-
quently, there was a relunctance to accept the possibility
of overfishing these stocks in the 1960s in spite of major
advances in fishing efficiency resulting from the use of
larger and faster boats, and the introduction of the puretic
block, drum. seining and sonar. Moreover, stock assessment
procedures in use at the time  age composition and linear
miles of spawn roughly adjusted for density differences!
failed to detect the drastic extent of the decline in
abundance until it was welL advanced and the reduction
fishery was finally closed in 1968  Hourston, 1978!.

CURRENT RESOURCE MANAGEMENT

POLICY

Following the drastic decline of all the major herring
stocks in the 1960s, the policy for management of the
resource was revised from maintaining the catch to preserva-
tion of the resource, and from maximizing the tonnage caught
to maximizing the benefits from the catch to the country as
a wholes The latter is seen as involving a diversification
of markets  to avoid the "boom or bust" type of situation!;
maximizing the processing done in Canada  to avoid the
export of jobs!; improving the quality of the product  to
maximize the total economic return from the resource!;
and the return to the country from industry in the form of
payments for access to the resource, which would at least
cover the cost of management and research. The role of the
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research sector is to provide the biological, technological,
and economic basis for implementation of this policy.

STRATEGY

Implementation of this policy required a major overhaul
in the strategy for management of the resource. The basis
for management of the fishery was changed from setting
quotas on catch to setting quotas on spawning escapements,
with the surplus being made available to the fishery. The
available catch would then be allocated to the various
fisheries on the basis of balancing the benefits of main-
taining diversified markets and maximizing economic return.
Within fisheries, catches were to be allocated proportion-
ately to the various gear types on the basis of equalizing
returns to labour and investment in order to provide access
to the resource by various segments of the fleet. Quality
was to be improved by testing and improving methods of
handling and storing the fish at sea  Tomlinson et al,
1975!, and in the processing plants  Boyd et al, 1972, 1980;
Bilinski et al., 1975; Tsuyuki et al., 1975, 1978!. Also,
fish inspection standards would be tightened and more
strictly enforced, and the timing of catches regulated to
avoid having to hold landings in excess of plant capacities
for later processing. Finally, fishing capacity had to be
limited to manageable levels. The measures employed for
this purpose include license limitation  introduced in
1974!, boat quotas  for minor fisheries!, finely controlled
openings and closures  with some seine fisheries as short
as 15 minutes! and limitations on net size.  Seines are now
limited in length to 275 fm. Gillnets are restricted to one
piece of net no longer than 75 fm and no more than 100
meshes deep, with a mesh size no smaller than 2-1/4 in!.

F ISHERIKS

Following a catch of 33,043 tons during the 1971-1972
season  July 1971 to June 1972!, the total catch of herring
in British Columbia waters has fluctuated between about.

50,000 to 100,000 tons  Figure 3!. The major fishery is for
roe. Roe catches have ranged between 38,000 and 87,000 tons
since 1973 accounting for 73 to 92 percent of the total
catch. The landed value has increased steadily from $2
million in 1972 to $122 million in 1979, usually accounting
for well over 90 percent of the landed value for the catches
from all herring fisheries.

The roe fishery is conducted close to the spawning
grounds by seine and gillnet  Figures 4, 5, and 6! with a
coastwide allocation of 55 to 45 percent, respectively, of
the catch. As many as 200 seiners and/or 1,000 gillnet
skiffs may participate on a single fishing ground, giving
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Figure 4. Fishing for herring by table seine.

Figure 5. Fishing for herring by drum seine.
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Figure 6. Fishing for herring by gillnet.

Figur -, . The herring seine fleet in operation.
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the fishery a "gold rush" atmosphere  Figure 7!. The
fishery is opened and closed by radio announcement on the
grounds by the local manager, whose control over the catch
taken is largely limited to controlling the duration of the
opening. The manager is provided with forecasts of the
abundance of the run, the spawning escapement desired and
the "gear split" for his area. On the basis of this infor-
mation, supplemented by sounder surveys of the abundance of
herring present by patrol, test fishing and commercial
vessels, he finalizes his target catch levels and opens the
fishery for the length of time he estimates will be required
to catch that amount of fish. The opening must be timed to
take place after the final stage of ripening  ovulation!
when the roe is in prime condition, and before most of the
fish have spawned  anywhere from a few hours to a few days!.
Test fishing is conducted for several days prior to the
fishery to monitor the ripening process. The fish are
considered ripe when the weight. of mature roe in a sample of
fish makes up 10 percent or more of the total weight of the
sample. Where both gear types are involved, the gillnet
fishery is usually opened first as this gear can fish closer
inshore on the fish which mature and move onto the spawning
grounds first. Because of the crowding on the grounds, the
gillnet fishery is closed before the opening of the seine
fishery, but may be reopened afterwards should further
fishing be considered warranted.

Other fisheries are usually regulated on a permit
system with catch limits for each individual permit. These
i~elude fisheries for food  local and export!, bait  commer-
cial, sport, and export! and aquarium food which are conducted
mainly by seine or trawl. In addition, 29 permits are
issued annually for roe-on-kelp operations with a limit of 8
tons of product each.  One ton of product requires approxi-
mately 10 tons of fish.!

STOCK IDENTIFICATION

For the purpose of present management strategy, a stock
may be defined as an aggregation of fish which is capable of
supporting a geographically distinct roe fishery. Since the
fish on a roe fishing ground are committed to spawning on
adjacent spawning grounds, the amount of spawn deposition on
these grounds will be determined by the escapement from that
roe fishery. Seventeen such management units" have been
identified on the British Columbia coast, with the remainder
of the coast divided into 18 other management units having
few or no herring spawnings on a regular basis  Figure 8!.
Stock assessments and forecasts are prepared annually for
each of the management units which support, or have the
potential to support, appreciable roe fisheries. Other
management units are grouped within the six major "divisions"
on the coast for this purpose  Hourston and Hamer, 1979!.
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Identification of stocks in other fisheries is another
matter. As long as these fisheries remain relatively small,
their catches may be assigned to the various roe stocks on
an approximate basis interpreted from tagging data in the
1950s and from age composition and growth rates. However,
if such fisheries are to be directed toward non-roe stocks
as much as possible  and hence increase the available catch
from the resource!, the stocks from which these catches are
taken wi11 have to be identified more precisely. To this
end, a tagging program was initiated in 1979 with a planned
duration of at least five years. Herring will be tagged on
all the major existing and. potential fishing grounds and
tags recovered from all fisheries. The results of this
program should also demonstrate the extent of mixing between
and horning by the various roe stocks and hence the limits of
precision within which individual stocks can be managed.
This, in turn, is expected to increase the acceptable levels
of exploitation for at least some stocks as safety margins
are narrowed for spawning escapernents. Concurrent with the
tagging program, scale patterns and other biological charac-
teristics will be tested for their potential use in stock
identification.

STOCK ASSESSMENT

Quantitative stock assessments have been conducted
annually since 1973 for the various management units.
Annual monitoring data on catch , sampling and spawn deposi-
tions are processed by computer through an analysis which
estimates, for each stock, the abundance  in numbers of fish
and tons! and the average fish length, fish weight and sex
ratio for each cohort  Figure 9!. The weight, location,
date and gear of each catch is recorded on sales slips when
the fish are landed. Landings for individual fisheries are
checked against hailed landings in the field for accuracy in
reporting location of capture  Webb and Hourston, 1979!.
Random samples of about 100 fish are taken from an appro-
priate number of sets from each fishing area distributed
throughout the period of the fishery  Humphreys and Hourston,
1978b!. For each sample, the individual fish are processed
for age  from scales!, length, weight, sex and maturity
 Hourston and Miller, 1980!. Spawnings are surveyed to
determine their location, date of deposition, length, width,
and egg denisty  layers! by vegetation type  Humphreys and
Hourston, 1978a!.

The sampling data are used to convert weekly landings
by section  subdivisions of rnanagernent units! and gear into
the number and weight of fish, the average fish length and
weight, and the sex ratio for each cohort. These data are
then compiled geographically by management unit and division
and temporally by season.
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The number of eggs deposited in each spawning is
estimated by applying experimentally determined parameters
for the eggs per unit area for the appropriate ~umber of
layers of eggs by vegetation type to the spawn survey data
 Haegele et al., 1979a, b!. These estimates are then total-
led by section and converted to the numbers  and tons! of
fish in each cohort which produced this egg deposition.
This is accomplished by applying the appropriate data on age
compo-sition, average weight at age and sex ratio, along
with parameters for fecundity at age. These data are also
compiled geographically by management unit and division and
added to the corresponding catch data to give assessments by
cohort for the population as a whole  eg. Hourston, 1979a!.

DESIRED SPA~i.ERS

The optimum escapement to a spawning ground would be
that nuniber  or tons! of fish which would provide enough
eggs to seed the available spawning area at a density which
would provide for the maximum potential recruitment from
that year-class. Studies of spawning behaviour  Hourston et
al., 1977; Stacey and Hourston, 1980! have shown that herring
interact with suitable vegetation types when depositing
their eggs. Vegetation maps of the major spawning grounds
 eg. Haegele and Harney, 1976; Haegele, 1975! show the
distribution of the major vegetation types utilized as
spawning substrates. Current studies of the viable hatch
from different densitities of egg deposition show that the
rate of viable hatch decreases at higher egg densities and
that the critical densities vary with substrate type. Once
this information is arrayed, it should be possible to
estimate the number of eggs which, if properly distributed,
would maximize the viable hatch from an individual spawning
ground. Then, the number  tons! of fish from a stock of
known age composition, sex ratio and fecundity which would
be required for this purpose can be estimated. Further
refinements under consideration include taking into account
various degrees of deviation from the optimum distribution
of eggs to various sectors of the spawning grounds, the
cost, in terms of lost catch, of achieving optirnurn egg
deposition, and the effects of density dependent mortality
during the larval stage on recruitment. Meanwhile, desired
escapernents are estimated each year for each rnanagernent unit
on the basis of average spawn depositions over periods of
good recruitment, subjectively modified on the basis of the
associated catch levels and any of the above information
available for that sotck  Hourston, 1979a!.

FORECASTS

The abundance, desired spawning escapement and avail-
able roe catch are forecast annually for each rnanagernent



unit  eg. Hourston, 1979b!. Abundance is estimated in two
parts. The number of returning adults is estimated for each
cohort by applying survival rates  Tester, 1955! to the
spawning escapement for the previous year.  Reassessment of
survival rates on the basis of current data is planned for
the near future.! The numbers of new recruits are estimated
as the average for the preceeding years over a period for
which the data are considered sufficiently reliable. The
number of fish so estimated is converted into tons on the
basis of average weight at age. The desired spawners  tons!
are subtracted from the run to give the available catch.
The tonnage from this management unit allocated to other
fisheries is then subtracted to give the available roe
catch. These forecasts are revised as sampling data becomes
available from other fisheries, test fishing and the daily
analysis of selected samples taken the previous day during
the early part of the fishery. Any indications from sounder
surveys of the diversion of fish from one spawning ground to
another are also taken into account. After the season, the
forecasts are compared with the actual runs and any major
discrepancies analysed  eg. Hourston, l979b!.

AD HOC P ROBLENS AND OP PORTUN IT I ES

Gear Impact

Relatively poor recruitment to most stocks in recent
years has led to concern that. the operation of the roe
fishery is somehow adversely affecting the survival of the
eggs, larvae andjor young herring of the cohort produced
that year and of the adult herring returning in subsequent
years. Pollution on or near the spawning grounds from fish
dropout, outboard motor oil, scales and other refuse from
pumps and/or the noise from fishing vessels is thought to be
diverting fish to less productive spawning grounds. Damage
of spawning substrate by nets may also be involved. Appre-
ciable shifts in some centers of spawning activity are cited
in support of this contention. A few ad hoc observations of
spawning grounds following roe fishing activities have
failed to reveal any evidence of spawners being diverted
from fishing areas or any appreciable damage to vegetation
or egg depositions  eg. Humphreys, 1976!. Moreover, centers
of spawning have also been shifting in unfished areas.
Nevertheless, the potential of gear impact damage to the
stocks is too serious to be ignored and studies directed to
this problem are planned for the immediate future.

Surveys of Feeding Grounds

Knowledge of the distribution, movements, abundance and
composition of herring schools on the feeding grounds  where
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they spend most of the year! is limited to the results of a
few surveys conducted in the early 1970s  eg. Taylor and
Barner, 1974!. An invitation to cooperate with scientists
from the United States of America in such a survey in the
waters of the two countries off Juan de Fuca Strait was
accepted in 1979. Trawl catches from small summer food
fisheries in Hecate Strait and Dixon Entrance have indicated
the presence of large, mature herring after all known spawn-
ings of any consequence in this area have been completed.
The possibiLity of exploiting previously unutilized stocks
could justify more active studies in this area. Such
opportunities for investigative work will be embraced as
resources permit.

Life History and Ecology

A broad understanding of the general biology of the
animal is basic to a wide variety of more specific investi-
gations. While limited resources presently preclude studies
primarily directed toward such areas as life history and
ecology, most other projects provide opportunities to expand
our knowledge in this area on an ad hoc basis. Publications
of studies prior to 1977 have been listed by Hourston �977! .
Recent advances in this field include a detailed description
of spawning behaviour  Hourston et al., 1977; Stacey and
Hourston MS, 1980!, sperm density in natural spawnings
 Hourston and Rosenthal, 1976a!, distribution of eggs on
substrate surfaces  Humphreys and Hourston, 1978a!, viable
hatch from eggs tom loose from substrates  Hourston and
Rosenthal, 1976b!, patchiness of spawnings  Haegele et al.,
1979a, b!, effects of capture and fixation on the gut. contents
and body size of larvae  Hay, 1980!, and predation on larvae

1976; and Westernhagen et al., 1979!. Other subjects under
current examination include starvation periods for larvae
and feeding rates of juvenile herring on larvae. Such
studies will continue as the opportunities arise.
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HERRING MANAGEMENT ACTIVITIES

IN WASHINGTON STATE

Robert J. Trumble
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Seattle, Washington

INTRODUCTION

Washington state appears to be a transitional zone for
Pacific herrirrg along the west coast of North America with
large stocks to the north and relatively small stocks to the
south. Within Puget. Sound, adult abundance is estimated at
less than 30,000 tons, and about half of these fish are from
a single area in northern Puget Sound. Across the Strait of
Juan de Fuca in Canadian waters, spawning escapement for
several groups of herring reaches tens of thousands of
tons. The total population of herring known in Washington
state is less than the harvest by our Canadian neighbors to
the north. The smaller scale of abundance and harvest,
however, does not protect us from management problems; we
face all of the difficulties, uncertainties, and juris-
dictional disputes common in. areas of much larger resource
magnitude.

Two dominant components jointly proscribe the manner of
management in Washington. First is a biological part, which
includes stock assessment, biological analysis and restric-
tions or quotas needed for conservation. The second involves
allocation and the relationships between competing user
groups. Two major actions enacted in the middle 1970s
played key roles in management of herring fisheries in
Washington. In 1973 and 1974, the state legislature passed
bills which limited entry for the herring fisheries of Puget
Sound. In 1974, the Boldt decision was issued, in which
treaty Indian fishing rights were upheld by judicial review.
These two actions are integral in subsequent management.

THE BOLDT DECISION

In February 1974, after several years of litigation,
U.S. Federal District. Court. Judge George Boldt ruled that
treaties signed in the 1850s gave certain Indian tribes of
Washington state fishing rights to salmon and steelhead. In
the treaties, the tribes relinquished claim to much of the
land and consolidated on reservations. The tribes did
retain previously held fishing rights at "usual and accustomed"
fishing locations Although Boldt's original ruling pertained
to salmon and steelhead, subsequent hearings determined that
the ruling applied to herring as well.
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The most controversial and disruptive aspect of the
Boldt decision was that the tribes were allocated 50 percent
of the fish taken off reservations; fish caught on reservation,
for subsistence, or for ceremonial purposes did not count in
the 50 percent. The tribes were given a measure of self
regulatory powers. Tribes proposed their own regulations
and fished accordingly, unless the state could convince a
tribe to change the regulations, or unless conservation
issues were presented. The state could take enforcement
action contrary to tribal regulations only for conservation
reasons.

Non-treaty fishermen rebelled against the requirement
that. could potentially take a majority of the fish from
them. Confrontation heightened when the State Supreme Court
ruled that the state cannot allocate to treaty Indians as a
special user group. Illegal salmon fishing became commonplace
as commercial fishermen realized that the state could not
enforce the Boldt decision allocations. The Federal District
Court assumed direct management control of the salroon fishery
for allocative purposes using federal agencies for enforcemen.t.

In April 1975, Judge Boldt convened a hearing on herring,
especially concerning sac-roe fishing, to establish authority
and responsibility of the tribes and the Department of
Fisheries. Judge Boldt ruled that 11 tribes had established
rights to fish herring. Fishing for herring under guidelines
of the Boldt decision did not reach levels of disarray
experienced in the salmon fishery, but control was barely
maintained on several occasions.

Finally in 1979, the U.S. Supreme Court heard appeals
to the Boldt decisions The highest court upheld the basic
Boldt decision, with the exception that reservation fish
must be counted as part of the 50 percent allocatio~ to
treaty fishermen. Language in the opinion did indicate that
the state was the sole regulatory body, but state action
over treaty Indians generally was limited to conservation
issues. The Supreme Court viewed the 50 percent allocation
as the limit of the treaty right. The State Supreme Court
subsequently followed with a ruling which allowed the Depart-
ment of Fisheries to enforce allocation required by the
Boldt decision.

LIMITED ENTRY

The Washington state legislature passed Senate Bill No.
2918 in 1973 which limited commercial herring fisheries in
Puget Sound to those fishermen who could document landings of
herring between January 1, 1971 and April 1, 1973. Fishermen
could be validated only for the gear with which they made
landings. Following this legislation, several fishermen mounted
a legal challenge to the limited entry legislation; judicial
review upheld the state's position.
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A subsequent bill  Senate Bill No. 3116! in 1974 ex-
tended the general validation period to April 15, 1973. The
bill also established an additional qualifying period for
those persons who had been in the Armed Services during the
general qualifying period. Hardship validations and full
transferability of permits were allowed. The number of
validations stabilized at 34 purse seine  three for bait
onLy!, six gillnet, 42 lampara, 46 dipnet, 10 drag  beach!
seine, and one brush weir  trap!.

When the limited entry legislation was enacted, the
Boldt decision had not been handed down. The Boldt decision
allowed a major increase in the herring fleet as Indians
increased participation. The Indian fleet. is currently
under no growth restrictions.

DESCRIPTION OF THE F ISHERIES

Three commercial fisheries for herring presently occur
in Washington state: the Strait of Georgia sac-roe fishery
in the spring  Trumble, 1979!; the fall-winter fishery in
northern Puget Sound for general purpose use  animal food,
reduction, bait for longlines and pots!; and the year around
herring fishery throughout Puget Sound for use as bait by
recreational fishermen. Landings since 1957 are presented
in Figure 1.

SAC-ROE FISHERY

The sac-roe fish are valuable for their eggs, which are
used as a food delicacy in the Orient. This fishery began
in Washington in 1973, and is restricted to April and Nay in
the Strait of Georgia and adjacent waters  Figure 2!. The
sac-roe fishery exploits the largest herring population in
Washington state. This population ripens sexually over a
several week period, and segments of the population spawn in
irregular runs. The fishery is opened several days per week
on a set schedule; daily fishing success is related to
availability of ripe fish on open days. Nearly all landings
are made by purse seine or gillnet. Yearly landings have
varied from 2,000 to 4,500 tons.

Limited entry has been effective in the sac-roe fishery
only by keeping a too-large non-treaty fleet from becoming
larger. The non-treaty fleet has at, least twice the catching
capacity needed for efficient harvest  Trumble, 1977!. Six
gill netters and 31 purse seiners vie for approximately
1,000 tons of non-treaty allocation. Limited entry does not
apply to the treaty fishermen who had excess catching capa-
city early in the fishery and continues to grow. The exact
size is unknown, but may reach as high as 15 to 18 purse
seiners and 200 gill netters in 1980.
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As a safeguard, no fishing is allowed unless the totaL
population exceeds, or is expected to exceed, 9,000 tons.
The 20 percent harvest rate allows a 1,800 ton catch; smaller
harvest quotas become increasingly difficult to ma~age with
the large catching capacity of the fleet. The remaining
7,200 tons of spawning escapement is approximately one-half
the maximum observed population size, and is an amount
believed to be large enough to produce normal recruitment.

GENERAL PURPOSE FISHERY

Fish caught in the fall-winter general purpose fishery
are utilized for zoo food, halibut bait, crab bait, and
reduction. to fish meal. This fishery, initiated in 1957,
occurs from September through February in specified areas of
northern Puget Sound  Figure 2!. The majority of landings
occur in. November, December and January. An average of four
to six purse seiners harvested from 1,500 to 3,500 tons of
herring of mixed size and age annually until declines began
in l970  Figure l!. The fishery is currently operating on a
Limited scale, harvesting between 300 and 1,000 tons per
year. Large fluctuations in landings common since the
beginning' have been attributed to market demands and weather
conditions. The consistent decline in landings since 1971
may indicate continued poor weather or market conditions
culminating in lack of interest by most of the fishermen.
However, the declines may also reflect change in migration
routes of the herring or a reduction in stock abundance.

Limited entry has had little effect on this fishery.
The fishermen of the general purpose fishery are the same as
those of the sac-roe fishery, but onLy a few of the eligible
fishermen actually participate. Potential for excess effort
is present, but is controlled by market conditions, bad
weather and alternate fisheries. During the fall, nearly
all eligible seiners participate in the salmon fishery.
Many of the herring fishermen leave Washington in November
or December to participate in the California sac-roe fishery.
Treaty Indians do not participate in the general purpose
fishery to a large degree, although eligible tribes have
submitted regulations.

SPORT BAIT FISHERY

The herring fishery for sport bait is directed primarily
toward juvenile fish, as opposed to adult fish in previously
described fisheries. The bait fishery occurs throughout
Puget Sound  Figure 2!, but most catches are taken from
southern Puget Sound and northern Hood Canal. This fishery
is unique in Washington state because herring to be used for
sport bait must be held alive in pens for several weeks
before processing. The bait fishery is conducted primarily
with lampara and dip bag net gear. The past five-year average



The sac-roe fishery has the largest participation of
Indian fishermen exercising treaty rights to herring under
the Boldt decision. In 1975, Boldt ruled that state and
tribal regulations must be compatible. During following
years, the state and tribes have worked closely on manage-
ment of this fishery. However, serious disagreements have
occurred; in several years, court hearings immediately prior
to or during the fishery have been required to settle
differences. The state and federal Supreme Courts' review
in 1979 should ease management difficulties in future
seasons.

Estimates of total sac-roe herring abundance range from
a maximum of 14,500 tons in 1973 to a minimum of 9,000 tons
in 1979. Abundance is estimated from catch records, spawn-
ing escapement estimates, and hydroacoustic techniques.

Biologists representing Washington state, participating
tribes, and the University of Washington agreed that a
target quota should be 20 percent of the total popula.tion.
This harvest rate derived from modification of results from
a simple population model. Gulland �970! and Alverson and
Pereyra �969! suggested that preliminary estimates of
maximum sustainable yield can be obtained by setting instan-
taneous fishing mortality  F! equal to instantaneous natural
mortality  M! . Age composition analysis for the sac � roe
population indicatey tlag N = 0.4. Over a year, total
deaths equal 1 � e = 1 � e = 0.55. One half of
the deaths attributable to fishing = 0.55/2 = .28 or 28
percent. Reduction of the fishing deaths from 28 percent to
20 percent is based on the following considerations:

1! The model applies only under cetain conditions
not fully met by herring. Herring are known to
be susceptible to heavy fishing. Therefore, the
model results should be considered an upper limit.

2! Management of herring in Washington recognizes
that the herring is an important forage organism,
and requires lower fishing mortality than might
otherwise be possible.

3! Assessment of stock condition indicates that a
series of weak year classes are currently in the
fishery, and fishing intensity must be conservative.

4! The 20 percent harvest rate as used since 1975
appears to be effective, and has the support of
industry as well as biologists.



of annual landings is about 600 tons, although landings are
steadily increasing  I'igure 1!. Over 50 percent of the
total is landed in southern Puget Sound.

The present level of non-treaty fishermen is generally
able to meet market demands except during periods of unusual
distribution, such as the 1974 and 1978 Puget Sound herring
shortages, when the fish are not available because of abnor-
rnal migrations. The fishermen have occasionally flooded the
market and generated excess inventory. Low prices which
resulted restricted additional fishing. The fishery seems
limited primarily by market conditions and processing
facilities, and not by actual abundance of fish, although
localized shortages of fresh or preferred-size bait may
occur. Treaty Indians have expressed interest. in the bait
fishery, and the tribes have submitted regulations for this
herring fishery. Several tribal members have tried bait
fishing in the past, but no treaty fishermen currently
participate.

STOCK ASSESSMENT

Nearly all herring research by the Washington Department
of Fisheries is applied to stock assessment needed for
management purposes. Stock assessment efforts are most
intensive for the sac-roe fishery, in which abundance esti-
mates must be available within a day after collection to set
and maintain catch quotas. Population estimates combine
three methods: surveys of the spawning grounds provide
estimates of spawning escapement; hydroacoustic and midwater
trawl surveys estimate pre-spawning herring abundance and
provide biological samples; and a computerized catch reporting
system provides easily updated records of landings. These
methods are applied less intensively to other areas of Puget
Sound. An additional project examines the early life history
of herring in regions where the herring fishery for sport
bait targets primarily on one- and two-year old herring.

JUVENILE HERRING STUDIES

The herring fishery for sport bait targets on fish in
the 4-1/2 to 6 inch size range, which are from 9 months to
l-l/2 to 2 years old. Primary reliance on a single age
group leads to serious disruptions when that. age group has
lower than normal availability. A study of herring early
life history was implemented in 1975 to look at herring
prior to recruitment into the bait fishery  Penttila and
Stinson, in prep.!.
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Research began with intensive plankton tow surveys in
southernmost Puget Sound, south and west of Tacoma Narrows,
with additional surveys adjacent to spawning grounds in
other areas of Puget Sound. High abundance of larvae
resulted from concentrating mechanisms, in spite of the low
magnitude of the spawning abundance. Large catches of
larvae consistently occurred in areas of southern Puget
Sound; in contrast, few larvae were caught adjacent to the
exposed Strait of Georgia coastline, where the most intensive
spawning in Puget Sound takes place.

Larval surveys offered very little predictive information.
Efforts subsequently shifted to nearshore surface trawling
in southern Puget Sound for young-of-the-year � to 6 months!
herring during summer. During this period, these herring
are very shoreline oriented, and reside near surface at
night. Trawling expanded to central Puget Sound, to encompass
the area between Olympia and Admiralty Inlet. Early in the
summer, most young-of-the-year herring were found near
spawning grounds, but dispersed through the summer. Recruit-
ment to the bait fishery in southern Puget Sound appears to
depend on migration from several spawning grounds to the
north, rather than from local production. Duration of the
bait fishery is related to the time the young herring reside
in the fishing areas before migrating out.

SPAWNING ESCAPEMENT SURVEYS

The Washington Department of Fisheries began surveys of
herring spawning grounds on a regular basis in 1972; more
recently, federal and tribal biological staffs have also
participated. The surveys, designed to provide a quantitative
estimate of herring spawning escapement, follow procedures
outlined by Hourston et al. �972!. The basic procedure is
to sample vegetation along the shoreline, and note the
intensity  egg layers! of spawn deposition. Standardized
intensities and lineal distance of spawn are converted to an
estimate of spawning escapement  Trumble et al., 1977;
Meyer and Adair, 1978!.

HYDROACOUSTIC AND MIDWATER TRAWL SURVEYS

Studies to assess Puget Sound herring stocks using
hydroacoustic techniques were initiated in 1971 by the
Department of Fisheries in cooperation with the Sea Grant
Marine Acoustics Program of the Fisheries Research Institute,
University of Washington. Through 1976, the surveys were
largely developmental and exploratory. Since 1976, the
surveys have been more systematic and standardized, and are
now an integral part of herring management  Lemberg, 1978!.
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The hydroacoustic data acquisition system used through
1979 consisted of a modified 105 kH Ross 200A echosounder,

z
an interface amplifier that reduces signal frequency from
105 kH to 5 kH , a Sony TC-377 tape deck which records thez . z'
data on magnetic tape, and an oscilloscope to monitor
system operation  Thorne, Nunnallee, and Green, 1972; Nunnallee
1973!. The transducer is a downward projecting 7-l/2 degree
conical beam model manufactured by Ross Laboratories. In
1980, the Ross 200A was replaced by a Biosonics 101 echosounder,
which offers solid state electronics, higher accuracy, and
improved reliability.

Periodic calibration of the echosounder and transducer
is conducted by the Applied Physics Laboratory, University
of Washington. During field operation a signal generator
built into the unit is used to monitor and calibrate sounder
receiver and tape deck gain.

The acoustic data is processed by the echo integration
method with the aid of a PDP ll/45 computer  Thorne, 1977!.
A mean target strength of -33 dB for one kilogram of herring
 wet weight! is used by the echo integration program to
scale the fish echoes into estimates of absolute density
 Thorne and Drew, 1975!. Since target strength of Puget
Sound herring has not been measured directly, -33 dB is a
best estimate derived from comparisons of net haul and
acoustic density. Direct target strength measurements
conducted on Atlantic herring suggest that -33 dB is a
reasonable mean value for the size range of herring sampled
in Puget Sound  Nakken and Olsen, 1973!.

Computer output is in the form of fish density  kg/m !
3

at preselected depth intervals for each transect' The
bottom is tracked automatically during processing, and
integration is usually terminated 10 meters above the bottom.
Biomass estimates are made by accumulating density within a
depth zone  usually 5 to 40 meters below the surface} for
each transect, and extrapolating the mean value  kg/m } over
representative surface areas.

A midwater trawl series is conducted for each acoustic
survey to obtain species composition and herring biological
data. This information is used to apportion total acoustic
biomass by species and by maturity category.

All trawl work is conducted at night to avoid heavy
daytime concentrations; at night, Puget Sound herring form a
layer which spreads over a wide area. Trawling takes place
from a chartered cornrnercial trawler. Through 1979, the
Department used a four panel midwater trawl with 6.1 meter
by 6.1 meter �0 feet! mouth opening and a 1.27 centimeter
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�/2 inch! stretch mesh codend liner. In 1980, this net was
replaced by a rope trawl with 12.2 meter �0 feet! by 18.3
meter �0 feet! mouth opening.

During the roe fishery, echosounding and trawling are
conducted at the same time using two vessels. Trawling
locations were directed from the acoustic vessel on the
basic target distributions and densities observed along
transects. In other areas of Puget Sound, trawling and
acoustic transecting may be conducted from a single vessel.

CATCH RECORDS

Summary records of daily landings from the sac-roe
fishery, broken down by tr'eaty-nontreaty must be readily
available to all participants in order to maintain alloca-
tions and avoid overfishing. The Department of Fisheries
has a computerized data retrieval system for preliminary
catch statistics. Telephone reports of daily estimated
catch, by noon of the day following the catch, are required
from each buyer of sac-roe herring. These telephone reports
are the primary data source. Telephone reports are replaced
and catch data updated when fish receiving tickets arrive.
Summary reports can be obtained by accessing the computer
 Table 1!.

ABUNDANCE ESTIMATION

Spawning escapement estimates, hydroacoustic and midwater
trawl results, and catch records are combined throughout the
sac-roe fishery to gain information about the progress of
the fishery and the status of the stock. These data permit
several computations of total population abundance. The
simplest and most direct method is the sum of catch plus
spawning escapement. Hydroacoustic surveys allow refinement
of the population estimate. Acoustic-estimated abundance
represents fish remaining to spawn, while cumulative catch
and cumulative spawning escapement account for fish removed
from the spawning population. The sum of the three offers
a point estimate of total abundance. An average of point
estimates through the season represents the best estimate of
total abundance for the season. Figure 3 presents changes
in acoustic estimates, catch, spawning escapement, and total
estimated abundance throught the 1979 season. Point estimates
of total abundance within a year agree closely. Figure 4
summarizes the yearly estimates for 1973 to 1979. For the
four years of the fishery in which hydroacoustic estimates
have been made, the final estimate of spawning escapement
plus catch has been within 10 to 15 percent of the estimate
using hydroacoustics.
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BIOLOGICAL CHARAC TE RI ST ICS

Commercial fisheries and research cruises provide
samples for analysis of biological data. Samples are analyzed
for length, weight, sex, sexual maturity, and age using
scales. With abundance estimates from hydroacoustics, catch
records, and spawning escapement surveys, we can investigate
age-specific abundance fluctuations within areas. Comparisons
can be made for biological parameter differences between
areas.

Age composition data are collected for all areas of
Puget Sound, but are most complete for the intensively
fished sac-roe herring population. Figure 5 shows fluctua-
tions in year class strength for the Strait of Georgia from
1973 through 1979. Three strong year classes dominated the
early years of the fishery. The 1969, 1968, and 1967 year
classes provided the bulk of fish present in 1973 and 1974,
the years of peak abundance. Weaker, subsequent year classes,
especially 1970, 1971, and 1973, led to a decline of the
population that has continued to the present  Figure 4!.
The strong 1975 year class recruited as 3-year-olds in 1978,
while most year classes recruit at age 4; this strong recruit-
ment, a year early, stopped an abundance decline which would
have otherwise prevented the fishery in. 1978. In general,
recruitment has been too low for the population to grow, and
1979 estimates show the lowest abundance on record. These
declines are caused by natural cycles, but are increased by
fishing activity.

Length-at-age data for herring caught shortly before
the spawning season from three areas of Puget Sound were fit
to the von Bertalanffy growth equation, and compared statis-
tically using a least. squares technique  Kimura, in press!.
Analysis included data from two areas of southern Puget
Sound  Case Inlet and Hale Passage-Carr 1nlet! collected by
midwater trawling in November and January, from 1974 to
1977, and data from the Strait of Georgia obtained from sac-
roe herring commercial purse seine catches from 1973 to
1976. Comparison of the data from the three areas  Figure 6!
shows Strait of Georgia herring consistently larger  L
263mm! and continually growing  K = 0.36!. ln contrast,
fish from Case Inlet grow rapidly to age 3  K = 0.59!, then
grow very slowly to a small size  L = 197!. Fish from Hale
Passage � Carr Inlet show intermediate size  L = 230! and
growth rate  K = 0.48!. Two of the three von Bertalanffy
growth parameters, L and K, showed significant differences
between the three areas at the 1 percent level when compared
using least squares analysis.

Growth characteristics previously described for Case
Inlet, Hale Passage-Carr Inlet, and the Strait of Georgia
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also show up on scales. Additionally, the character and
quality of scales vary by area. In general, Case Inlet
scales show rapid growth for early years and very little
growth after age 3; each annulus is very clear and easy to
distinguish from other annuli. Hale Passage-Carr Inlet fish
share the clear, easy to read annuli with their southern
Puget Sound neighbors, but are distinguished by growth
continuing as the fish ages. Fish from the Strait of
Georgia typically have a small diameter first annulus,
relative to later growth rings; growth continues in subse-
quent years in a manner similar to Hale Passage-Carr Inlet.
Strait of Georgia fish are also separated from other herring
because scale quality is very bad in terms of clarity and
reliability. False annuli are common and make age deter-
mination difficult. Strait of Georgia scale quality is
further reduced by blurred or indistinct annuli, and by
scales which have regenerated to replace lost scales. Scale
patterns do not develop consistently enough to identify
individual fish to a distinct population, but an experienced
scale reader can often distinguish samples of fish from
areas for which experience has been gained.

Consistent differences between growth rates and scale
patterns for areas of Puget. Sound strongly suggest that the
areas may contain separate populations of herring. Other
circumstantial evidence supports this conclusion. Spawning
timing and location occurs very consistently throughout
Puget Sound. The magnitudes of abundance estimates for
various areas remain consistent year after year. Infesta-
tion of the roundworm parasite Anasakis occurs much more
heavily for the sac-roe herring than for herring elsewhere
in Puget Sound.

The Department of Fisheries contracted an electro-
phoretic analysis of spawning herring from California to
British Columbia, to determine if biochemical genetics could
identify separate populations. The contract report included
herring from Alaska and Asia, as well  Grant, N.S., 1979!.
The study identified 40 loci. At each locus, likelihood
analysis was used to test for within-and-among-regional
heterogeneity. Nei's index of gene identity was calculated
from allele frequencies at 40 loci for each sample pair,
The study identified major genetic differences between
eastern and western North Pacific stocks, but. showed little
genetic differentiation within the major regions  Figure 7!.

The electrophoretic study does not prove that separate
stocks do not exist in the eastern North Pacific, but strongly
suggests that straying between populations is sufficient to
keep the gene pools mixed. However, the circumstantial
evidence supporting presence of separate stocks indicates
that straying is not great enough to break down the consis-
tent patterns of behaviour displayed by herring in many
areas.
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OFFSHORE HERRING FISHING

At the present time, fishing for herring does not occur
in open ocean areas off the coast of Washington state. Re-
sponsibility for managing fisheries in the U.ST 3 to 200
mile Fishery Conservation Zone  FCZ! off Washington, Oregon
and California falls with the Pacific Fishery Management
Council  PFMC!. Such management, however, cannot occur for
domestic fisheries until a Fisheries Management Plan has
been prepared. by the PFMC and accepted by the Department of
Commerce. Washington state closed its offshore waters to
herring fishing until the PFMC can assume authority.

The team of scientists preparing the Fishery Management
Plant for herring identified a serious lack of information
for the offshore phase of the herring life cycle. Two
experiments were conducted in 1979 to gain data on offshore
herring. The first was a hydroacoustic-midwater trawl
research cruise conducted off the northern Washington-
southern Vancouver Island coasts  Nunnallee, et al., in
prep.!; the second was an experimental offshore herring
fishery along the northern coast of Washington state  Trumble
and Pedersen, M.S., 1980!.

The research cruise took place from late August through
rnid-October as a cooperative effort between the United
States, Canada, and the state of Washington. The survey
design consisted of systematic east-west transects of two to
four mile spacing; when aggregations of fish were located, a
zig-zag search pattern was used to define limits of the
distribution. Approximately 200,000 metric tons of herring
were estimated during this survey  Table 2!, with 80 to 90
percent being adults  age 3 or older!. Over 160,000 metric
tons were located in Canadian waters, primarily on La Perouse
Bank, with smaller quantities at Swiftsure Bank. The majority
of herring in U.S. waters were found at Cape Flattery Spit.

Experimental herring fishing in offshore waters of
Washington state was designed to supplement biological data
from the research cruise, and to add commercially oriented
information such as catch rates, quality, utilization, and
market potential for the offshore herring resource. The
fishery was limited to the northern Washington coast, and up
to four vessels couLd participate at any time by obtaining a
special permit. An observer was required to be on board
during all herring fishing. Almost no herring fishing
occurred during the July to November experimental period,
and only two tons of a L,500 ton quota were landed. Partici-
pating fishermen blamed lack of adequate gear and lack of
market as the reasons for low catches. The experiment was
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Table 2. Estimated mean densities, Std. Dev. and biomasses for tpe
four aggregations of herring defined during the 1979 US
Canadian herring survey.

Std. Dev.
cluster ~sim le

23.2 0. 198 0.033 0 030 15,746

O.l8435.0 0.825 0.062 99,000

Swiftsure Bank

213,539TOTAL

Aggregation
Area

La Perouse

 upper!

La Perouse

 lower!

Cape Flattery
Spit

Arga
 NM !

56.7

54.0

Mean Dgns.
 Kg/m !

0.348

0.168

0.068

0.055

0.045

0.055

Biomass
 MT!

67, 675

31,118



useful to identify factors presently limiting the fishery,
but did not provide useful biological, catch rate, or
utilization data.

The Herring Plan Development Team will use biological
and socioeconomic data relating to herring and herring
fisheries to prepare management alternatives for the PFMC.
Following a series of public reviews and hearings, the
Regional Council will recommend, and the Secretary of
Commerce will adopt regulations to prohibit or allow herring
fishing in the FCZ.
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A REVIEW OF THE HERRING FISHERIES s THEIR ASSESSMENT r
AND MANAGEMENT IN THE GEORGES BANK � GUZ F OF MAINE AREA

V. C. Anthony and G. T. Waring
National Marine Fisheries Service

Northeast Fisheries Center

Woods Hole I,aboratory
Nods Hole, Massachusetts

INTRODUCTION

Atlantic herring  C~lu ea harangue h~aren us L. I have
been harvested from inshore waters along the New England
coast for at least 400 years. The Indians had herring weirs
along the Maine coast before the Europeans arrived and the
Plymouth Colony had a herring weir at least as early as
1641. During the seventeenth century, herring were caught
for trade from North Carolina to Newfoundland. The major
fishery for herring in the Northwest Atlantic during the
early part of the nineteenth century was for large herring
in eastern Maine. The canning of "sardines" began in 1875
and was the leading fishery for herring through the first
half of the twentieth century. The catch in the Northwest
Atlantic  Newfoundland and south! from 1920 to about ~1940
remained fairly constant, fluctuating between 60,000 and
100,000 metric tons  Figure 1!. In 1948, however, the catch
increased to 242,000 tons and then gradually declined to an
approximate level of 180,000 tons through the 1950s.
During the 1960s the catch increased dramatically to over
900,000 tons as new fisheries developed. The very important
Georges Bank fishery began in. 1961, the Nova Scotia adult
purse seine fishery began in 1964-1965, the Gulf of St.
Lawrence fishery intensified after 1965, and the Western
Gulf of Maine � Jeffreys Ledge fishery for adult herring
began in 1967  Figure 2, Table 1!.

There are three adult fisheries in the Georges Bank
Gulf of Maine area and two inshore juvenile fisheries. The
two juvenile fisheries occur, respectively, from Portland,
Maine, to the Canadian border and from the border to St.
John, New Brunswick. The adult fisheries are those on
Georges Bank, Jeffreys Ledge  western part of the Gulf of
Maine! and off southwestern Nova Scotia. All three adult
herring fisheries began as autumn fisheries harvesting
spawning herring of age 4 and older  herring generally
greater than 25 cm total length!. Gradually the fisheries
changed to using various gear types and fishing throughout
the year.

The Georges Bank fishery collapsed in 1977, and catches
were significantly reduced in the Jeffreys Ledge and Nova
Scotia fisheries by 1978-1979  Table 1!.
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Table l. Herring catches in major fishing areas of the Northwest
Atlantic for the years 1950 through 1979
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Juvenile herring of ages 1 and 2 are rarely caught in
the area of the adult fi sl eries. Recruitment to the adult
fisheries begins at about age 3. Juvenile herring are
concentrated in cornrnercial quantities only along the Maine
and New Brunswick coasts  and in limited amounts along the
southeastern shore of Nova Scotia! where they have provided
the basis for important fisheries since 1875.

These fisheries are the major herring fisheries
south of the Gulf of St. Lawrence. ICNAF  International
Cornrnission for the Northwest Atlantic Fisheries! attempted
to manage the three adult fisheries of Georges Bank, Nova
Scotia, and the western Gulf of Maine beginning in January
1972. In spite of catch quotas, the abundance declined
in all three areas  except for the brief period of recruitment
of the 1970 year class!, and the catch from the Georges Bank
fishery since 1976 has been nearly zero.

The purpose of this paper is to review the development,
assessments, interaction, and management of these fisheries.

HISTORY OF THE FISHERIES

The majority of Atlantic herring caught along the Maine
and New Brunswick coasts since 1875 have been of the age
groups 1-3 from a fishery selective to age 2 herring, of
about 17 cm total length. The capture of larger fish has
been of minor importance. Stop seines and purse seines have
been the primary gear type in western and central Maine.
Purse seines are used only for catching the larger herring
which tend to remain in deeper waters or for the small
herring in those years when they are not available to the
inshore gear  stop seines or weirs!. Purse seines tend to
smother the young herring and reduce their quality which
must be kept at a high level in canning young herring as
"sardines." ln eastern Maine and New Brunswick, weirs are
used to take almost all of the juvenile herring for the
"sardine" industry.

The catch of herring in the Maine juvenile fishery has
fluctuated greatly since 1880  Figure 3, Table 1!. From
1896 to 1916, the catch averaged around 60,000 tons, then
declined to around 25,000 tons from 1917 to 1940, after
which the catch increased again. From the late 1940s
through the 1950s, the catch resembled that from 1896 to
1916 at about 60,000 tons per year. From 1964 to 1969, the
catch was consistently low at about 28,000 tons, and from
1970 to 1975, the catch along the Maine coast averaged only
17,400 tons. From 1976 to 1979, the Maine juvenile fishery
began to improve again with catches varying from 30,000 to
40,500 tons.
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The New Brunswick juvenile fishery has fluctuated in a
similar fashion to that in Maine, although at a higher level
of catch. The catch of herring from the New Brunswick
juvenile fishery averaged 55,800 tons from 1964 to 1969,
28,000 tons from 1970 to 1976, and 33,600 tons from 1977 to
1979.

The Gulf of Maine fishery for adult herring  mainly in
the Cape Ann � Jeffryes Ledge area! began in 1967 with
catches of 7,800 and 31,900 tons in 1967 and 1968, respect-
ively. Catches averaged 38,500 tons from 1969 to 1972 as
the accumulated stock was harvested heavily. From 1973 to
1979, catches were dependent on surplus production and
ranged only between 16,000 and 24,000 tons. The adult
fisheries of the Gulf of Maine have employed small side
trawlers with bottom otter trawls, pair trawls, and purse
seines.

Prior to 1975, the fishery was exploited primarily
during the autumn on the spawning grounds by both the
domestic and distant water fleets  Table 2! . Since 1975,
the catch has been taken principally by US fishermen, and
newly-developed pair trawl fishery began during the winter-
spring period. This winter fishery harvests overwintering
and migrating herring from the Gulf of Maine and Southwest
Nova Scotia stocks. The area of fishing was also expanded
to the south into Massachusetts and Cape Cod bays. Catches
during the winter-spring period increased from 5,400 tons in
1975 to 13,000 tons in 1977 but declined to 6,600 tons in
1979. During the period 1975 to 1979, the winter-spring
catches accounted for 43 percent  tons! of the annual catch.

The herring fishery off southwestern Nova Scotia has
been in existence since the 1800s. It began as a gillnet
fishery, with a weir fishery developing around 1820 and a
purse seine fishery about 1940. In recent years, there have
been seven different herring fisheries in the Bay of Fundy
Nova Scotia area  Miller and Iles, 1975!. In addition to
the New Brunswick juvenile weir fishery already mentioned,
there exists a New Brunswick purse seine � midwater trawl
fishery, a Nova Scotia purse seine fishery, a Nova Scotia
weir fishery, a Nova Scotia gillnet fishery, a Grand Manan
purse seine fishery, and a Chedabucto Bay purse seine winter
fishery.

The New Brunswick purse seine � midwater trawl fishery
exploits age 1  less than 12 cm total length! herring in the
late fall and winter months. This fishery supplied the fish
meal and pearl essence market prior to 1970 and produced
catches as high as 42,000 tons annually  Stobo et al ~ ,
1978!. Canadian legislation in 1970 ended the fish meal
fishery except that small amounts of very small herring
 brit! are still taken for food.
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as 152,000 tons in 1962. During this period the USSR diverted
much of their effort away from herring on to silver hake in
1963 and 1964 and on to red hake and haddock in 1965 and
1966. The catch of hake and haddock by the USSR in 1965 and
1966 totaled 422,000 and 371,000 tons, respectively. Their
herring catch in 1965 was only 36,300 tons, although herring
were very abundant. Heavy fishing did not develop on
Georges Bank until 1967 when several other nations began
intensive fishing operations.

Poland began intensive fishing for herring on Georges
Bank in 1966, landing 14,000 tons  Table 3!; their catch
increased sharply to 75,000 tons in 1968. The Federal
Republic of Germany  FRG! entered the fishery in 1967,
taking about 28,000 tons, but in 1968 their catch was nearly
as great as that of Poland. The German Democratic Republic
 GDR! also began fishing for herring on Georges Bank in
1967. Subsequently, herring on Georges Bank were harvested
by the US, Canada, USSR, Poland, FRG, GDR, Romania, Iceland,
Japan, Norway, Bulgaria, and Cuba  Table 3!.

Gillnets were used extensively by the USSR during the
first three years of the Georges Bank fishery. Although
pair trawling was tried in 1964, the bottom otter trawl was
the major gear type used by the USSR from 1964 to 1968. In
1968, the USSR introduced. purse seines, and catches by this
gear increased steadily until 1975 and then sharply declined.
Side and stern trawlers fishing bottom trawls were dominant
in this fishery until the German Democratic Republic intro-
duced mid-water trawling in 1971. The side trawlers were
primarily less than 900 gross registered tons  GRT! and the
larger stern trawlers were generally greater than 1800 GRT.

The herring catch from Georges Bank rapidly increased
after 1966 to 374,000 tons in 1968, and averaged 283,000
tons per year from 1967 to 1971. This fishery was exploiting
three very good year classes �960, 1961, and 1963! that had
increased the stock biomass  ages 4 and older! to over
1,100,000 tons by 1966 This accumulated stock began to
decline almost immediately under heavy fishing  Table 4!.
Stock biomass declined about 25 percent per year during 1969
to 1971, 45 percent from 1971 to 1972, and 42 percent from
1972 to 1973 to only 137,000 tons at the beginning of 1973
 Table 4!. The very good 1970 year class was recruited
during 1973 which supported the fishery until 1977 when it
collapsed.

LIFE HISTORY AND GENERAL BIOLOGY

Adult herring  age 4 and older! occur throughout the
northwestern Atlantic from Labrador to Cape Hatteras, North
Carolina, on both offshore banks and within coastal waters.
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In 1964, a large fish meal plant was built in south-
western Nova Scotia and several other plants expanded their
fish meal operations shortly thereafter due to the presence
of a large body of herring off Nova Scotia and the increase
in fish meal prices. This purse seine fishery rapidly
increased into the largest herring fishery off Nova Scotia
reaching a catch of 178,000 tons by 1970  Table 1!.

The Nova Scotia weir fishery is smaller than the New
Brunswick weir fishery with catches of 2,000 to 12,000 tons
per year of fish ages 2 to 5, compared to as high as 50,000
tons annually in New Brunswick.

The Nova Scotia gillnet fishery exists on the Nova
Scotia side of the Bay of Fundy and along the Atlantic coast
 east coast! of Nova Scotia from Cape Sable Island to Cape
Breton Island. The Bay of Fundy fishery exploits primarily
adult herring in pre-spawning and spawning aggregations'
Historically, catches in this gillnet fishery have remained
relatively constant at about 2,000 to 6,000 tons per year.
In 1977, however, a substantial increase in effort occurred
resulting in a catch in excess of 18,000 tons. The Atlantic
coast gillnet fishery apparently exploits a number of local
stocks, and these catches have never entered into the
assessments and management programs for this region.

The Grand Manan purse seine fishery has existed recently
on an intermittent basis for large herring. Only in 1972
and 1973 were substantial amounts of fish harvested. In the
1800s, this fishery for large herring was one of the largest
in the Gulf of Maine area. By 1875, however, the herring
fishery of New Brunswick changed to a weir fishery inshore
for the taking of sardines.

The Chedabucto Bay  Northeastern Nova Scotia! fishery
is important since it occurs from November through February
when catches are low in other areas. This fishery began in
1969 and annual catches have ranged from 7,000 to 52,000
tons  Stobo, 1974; 1975!. Tagging experiments in the Bay of
Fundy in 1973 and 1974  Stobo et al., 1975! indicated that
the herring fisheries in the Bay of Fundy exploit a stock
complex, part of which migrates to the Chedabucto Bay area
during winter while another portion moves westward as far
south as Cape Cod. Most of these fisheries have declined in
recent years due to the reduction in abundance of large
fish.

In 1961, the USSR began the first intensive fishery for
large herring on Georges Bank, landing 68,000 tons that year
 Table 1!. From 1961 to 1966, the USSR was the only nation
significantly involved in this fishery with catches as high
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Table 4. Management Scenario � Georges Bank Herring

Stock size at

end of year
age 4 and older

�00 tons!

TAC �00 tons ! Catch
Recommended Accepted. age 3 and older
by scientists by ZCNAF �00 tons!

Recruitment

age 3
�00 tons!

Year

ClassYear

10781341962-

1964

1965-

1967

239

150

150

150

150

60

33

Optimum stock level
Optimum catch level
Minimum stock level constraint,
Maximum TAC in ICNAF unless at

optimum stock size

50 MT

100-150,000 MT

225,000 MT
150,000 NT 1973 through 1975

60,000 MT 1976 through 1977
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1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

222

236

149

104

96

496

33

22

16
1"

50-135

83-135

150
90-150

60

50

8

15

373

306

247

263

174

199

146

146

43

2 2 2

752

592

440

240

137

325

203

65

34

40



Herring spawn in waters less than 50 fathoms deep on Georges
Rank, off southwest Nova Scotia, on Jeffreys Ledge just east
of Gloucester, Massachusetts, and all along the Maine coast
to Passamaquoddy Bay  Figure 4!. Spawning occurs during
August to November, with the larvae moving into inshore
nursery areas in the fall or by the following spring. This
movement into estuary areas has been well documented by
Graham, et al. �972!.

The slender scaleless larvae undergo metamorphosis into
the juvenile form  known locally as "brit"! by May. Meta-
morphosis takes place when the herring are about 5 cm long
and involves changes in behavior, development of the scales,
and deepening of the body. These small herring begin to
form large schools during early June, but by mid-summer some
of these concentrations break up into smaller groups. In
autumn, these groups again gather into larger schools and
become vulnerable to the juvenile fishery for the first time
 at about 12 cm in length!. They apparently overwinter in
the deeper waters near the coast. The following summer
these two-year-old juveniles become the mainstay of the
"sardine" fishery.

Juvenile herring  ages 2 to 3! typically begin to move
into the coastal waters of Maine and New Brunswick about the
middle of June where they remain until fall. During summer,
they move only short distances �5 to 50 miles! along the
coast. In autumn, some of these fish move southward into
waters off Massachusetts and Rhode Island and a few move
into waters off southwestern Nova Scotia. The extent and
magnitude of these movements are still uncertain, and it is
known that some herring, which could be migrants from Canada,
also overwinter in the deeper waters off the Maine coast.
Those fish that move to other areas, or into deeper waters,
return to the Maine coast in spring, although some  the
larger individuals at age 3! begin to join the older herring
in the offshore areas at this time. These three-year-old
fish are near spawning size, and a few spawn for the first
time in the fall.

This same sequence of southerly movements in the fall
and northerly movements in the spring occurs every year with
the larger fish remaining offshore. Spawning generally
begins at age 4 although some do not spawn until age 5 or 6.
There is some evidence that larger herring undertake longer
migrations, with very large herring from the Georges Bank
stock being found as far south as Chesapeake Bay in the
winter.

Parrish and Saville �965! have separated Northeast
Atlantic herring stocks into three types of populations:
"oceanic," "shelf," and "coastal." The "shelf" complex of
herring is restricted to the continental shelf, spawns in
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summer-autumn, and has a short life span of 12 to 16 years.
They are small, with an L of 28 to 32 cm and have a high K
value of 0.35 to 0.50. TRe "shelf" group has relatively
high fecundity, small egg size, low vertebral  including the
urostyle! count �5.5 to 57.0!, and hyaline otolith nucleus.
The Georges Bank herring resemble the "shelf" group most
closely. These herring spawn in autumn, have a life span of
about 14 years, an L of about 34 cm, a K of 0.38  Table 5!,
high fecundity, and Tow vertebral count. The egg count for
Georges Bank herring varies from 18,000 eggs at 25 cm
 total length! to 140,000 eggs at 33 cm, according to Perkins
and Anthony �969!, and 40,000 eggs at 25 cm to 132,000 eggs
at 33 cm, according to Schultz �974!. This compared with
23,000 eggs at 28 cm and 90,000 eggs at 38 cm for the Nor-
wegian spring spawners, and 35,000 eggs at 24 cm and 72,000
eggs at 28 cm for the Buchan spawners  Parrish and Saville,
1965!. Of the year classes examined �958 to 1965!, the
vertebral count  including the urostyle! averaged 56 2
Scattergood �952! found that Gulf of Maine herring mature
�0 percent point! at a length of 26.9 cm which, in 1977,
occurred in August at age 4. Boyar �968! found that the
proportion of herring that were mature at age 3 from Georges
Bank varied from 6 to 62 percent for the 1960 to 1965 year
classes with an average of 29 percent. Recent estimates of
maturity are not available.

The "oceanic" group of herring, according to Parrish
and Saville �965!, reaches a large size with an L of 35 to
37 cm with a low K value of 0.17 to 0.30  Table 5! . Herring
from Nova Scotia, Eastern and Western Maine and Jeffreys
Ledge all resmeble the "oceanic" type  Table 5!.

The growth rate  K! increased, beginning with the 1968
year class, in the Georges Bank, Jeffreys Ledge and Maine
areas  Table 6!. The calculated value of K increased from
0.350 �960 to 1963 year classes! to 0.357 �964 to 1967
year classes! to 0.510 �968 to 1971 year classes! for
Georges Bank. The K values for the same year classes from
the Jeffreys Ledge fishery were 0.250, 0.303, and 0.400.
This increase in growth is especially evident in the Maine
juvenile fishery  Table 6!; even the very good 1970 year
class grew rapidly. The reaso~ for the increase in growth
for all recent year classes may be due to the decline in
stock biomass.

Density-dependent growth was exhibited by the 1957 to
1966 year classes  Anthony, 1971! with the good year classes
of 1958, 1960, 1961, and 1963 having the slowest growth and
the poor 1959 and 1962 year classes having the fastest
growth. This density dependence was lost as all year classes,
good and bad, grew rapidly beginning with the 1968 year
class.
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Table 5. Growth parameters of various herring stocks throughout
the North Atlantic  Beverton, 1963; Beverton and Holt,
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Mean lengths  cm! of herring of recent year classes
�968 and latex! compared with lengths of earlier
year classes for two areas  length weighted over
year classes by number sampled!
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The von Bertalanffy qrowth curve for Georges Bank
hcrrinq is shown in Figure 5, based on data from the 1960 to
1971 year. classes. Herring reach their maximum weight each
year in August-September and their minimum in February-
March. The two von Bertalanffy qrowth curves in Figure 5
represent weight at age before spawning  July! and after
spawning  November!.

HERRING RESI.ARCH

Althouqh research on juvenile herrinq had been underway
in Maine and Canada for many years, assessment studies on
the adult herring fisheries did not begin until the late
1960s and early 1970s. Detailed cat< h statistics were
col]ected beginninq in 1947 in the Maine juvenile herring
fishery, and biological sampling began in j963. A fine data
base existed for this fishery by 1970, and much of the data
had been analyzed  Anthony, 1972! IIerring scientists
retired and new scientist" were hired by Canada during the
1960s which interrupted and changed the research on herring
in the New Brunswick juvenile fishery. The first formal
assessment of the Nova Scotian herring stock was in 1974
 Miller and Halliday, 1974!, whereas assessments were avail-
able beginning in 1971 for Georqes Bank herring  Schumacher
and Dornheim, 1971! and in 1972 for the Gulf of Maine herring
 Anthony and Brown, 1972!.

The major assessment problems in 1970 were; 1! the
interrelationship between the juvenile and adult herring
fisheries, and 2! the estimation of changes in stock size
and mortality rates. The ICNPF Standinq Committee on Research
and Statistics recommended serological, biochemical, and
larval dispersion studies combined with carefully designed
tagqinq experiments to solve the stock definition problems,
and surveys of cgg production to estimate stock abundance.
An otolith exchange program was bequn as aqe reading differ-
ences were noted among thc various countries.

HERRING STOCK IDENTIFICATION

Thc definition of herring stocks in the Georqes Bank
Gulf of Maine area has been very diff'icult. Stock definition
has been attempted with larval drift  Tibbo et al , 1958;
Tibbo and Lcgarh, 1960; Colton and Temple, 1961; Boyar,
1966, Das, !968; Graham and Venno, 1968; Tibbo and I,auzier,
1970; Iles, 1971; Graham ct al., 1972; Boyar et al., 1973;
and Davis and Morris, 1976!, parasites in i~shore areas
 Sindermann, 1957!, seroloqical and biochemical methods
 Sindermann and Mairs, 1959; Sindermann, 1962; Ridgway et.
al., 1969!, meristic counts  Anthony and Boyar, 1968; Anthony,
1972! and more recently by taqginq  Stobo et al., 1975;
ICNAF, 1976!.
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Figure 5.
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of juvenile herring could not really be determined fram
these original tagging studies. Tagging studies conducted
by Speirs �978!, however, have confirmed the limited movement
of juvenile herring during the summer months. Juvenile
herring in autumn did move south from Maine waters into Cape
Cod Bay where they overwintered and returned to coastal
Maine waters in the spring.

In 1973 to 1974, 48,000 herring were tagged by Canadian
scientists  Stobo et al., 1975! in the Bay of Fundy and
along southwestern Nova Scotia  Figure 6!. Based on pre-
liminary results of this tagging study, an International
Herring Tagging Program was formed within ICNAF  ICNAF,
1976! to address the stock identification and migration
problem. During 1976 to 1978, 75,000 herring were tagged at
Cultivator Shoals, Jeffrey's Ledge, off Cape Cod, and the
Great South Channel  Figure 7! by US and USSR scientists.
The State of Maine tagged 41,000 herring along its coast
during 1976 to 1978, and Canada tagged an additional 142,000
herring in the western Gulf of St. Lawrence, St. Georges
Bay, Chedabucto Bay, and on the Lurcher Shoals � Trinity
Ledge spawning ground off southwestern Nova Scotia  Figure
6! .

In all the tagging studies conducted in the 1970s,
yellow Floy anchor  FD-68B! type tags were employed follow-
ing the techniques outline by Stobo �976! .

The Canadian tagging studies indicate that herring
tagged in the autumn in the Bay of Fundy and off Nova Scotia
migrate north to Chedabucto Bay  ICNAF Subdivision. 4W[af!
and south to Cape Cod Bay and Block Island Sound to over-
winter  Figure 6!.

Returns from the tagging of spawning fish on Jeffreys
Ledge and Georges Bank have been negligible, probably as a
result of high tagging mortality. Limited fishing in 1976
and 1977 on Georges Bank may also have been a reason for few
tag returns.

Herring tagged in the spring of 1977 in the Great South
Channel and on Jeffreys Ledge have been recovered all along
the coast from Ipswich Bay, Massachusetts, into the Bay of
Fundy and along southwestern Nova Scotia in the summer-
autumn herring fisheries  Figure 7!. During the winter of
1978, recoveries of these fish were made in the winter
fisheries in Chedabucto Bay, Cape Cod Bay, and in Block
Island Sound.

These preliminary results indicate a degree of stock
intermixture, the extent yet to be determined, among the
herring inhabiting the coastal waters from Chedabucto Bay to
southern New England. Herring move north throughout the
Gulf of Maine in the spring  April-May! and remain along the
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Study' es of larval herring movements are not conclusive.
They show an unusual ability of larvae to move upstream in
an estuary, and to avoid being swept of f Georges Bank and
being lost to the fishery as suggested by Colton and Temple
�961!. They have been observed on Georges Bank in the
early spring but are also widely distributed throughout the
Gulf of Maine. Parasitological work on the myxosporidian,
Kudoa clupeidae, larval nematodes  Anisakis sp.! and larval
cestodes suggested some limitations of juvenile herring
movement along the Maine coast and the possible existence of
two groups of fish. The serological and biochemical find-
ings were found to be unreliable as racial indicators.

Of the meristic counts examined  vertebrae, dorsal,
anal, and pectoral fin rays!, only the vertebral counts and
pectoral fin ray counts showed promise of stock discrimina-
tion, with the pectoral fin ray counts the most promising
 Anthony and Boyar, 1968!. Significant differences  pectoral
counts! were. found between adult herring from Nova Scotia
Maine and from Georges Bank � Nantucket Shoals and between
juveniles along the Maine coast and adults along the Maine
coast of the same year class. These differences in counts
existed in the 1958 to 1963 year classes but not in the 1964
to 1966 year classes. Recent year classes have not been
examined.

The movements of the Georges Bank adult herring have
been followed by commercial fishing vessels  Zinkevich,
1967!, and the weekly catches of juvenile herring along the
Maine coast have indicated general movement patterns  Anthony,
1972!. The ability of fishermen to follow large schools of
herring has been very useful in defining migration patterns.

Tagging studies were reinstituted in 1973  Stobo,
1976! in an attempt to clarify movements of Georges Bank
Gulf of Maine herring. Tagging had been conducted in 1957
and 1958 in the Passamaquoddy Bay area  McKenzie and Skud,
1958! and along the Maine coast in 1960 and 1963. Very few
fish were recovered because of apparently high handling
mortality and non-reporting of tags. The majority of fish
tagged were age 2 �5 to 19 cm in total length! and were
tagged in 1957 � 1958 with a celluloid opercular tag  McKenzie,
1950! and with a "spaghetti" dart tag under the dorsal fin
in 1960 and 1963  Watson, 1963!. Of 161,117 herring tagged
and released from 1957 to 1963, only 2.5 percent were recovered
and they all were close to the area of release. A Large
number of the recaptures occurred within one day of release
and, in many cases, within the weir from which they were
tagged. It was assumed that juvenile herring migrated
little during the summer months.

There were no adult herring fisheries during the period
1957 to 1963 off Nova Scotia or in the western Gulf of Maine
and only a limited Georges Bank fishery, so extensive migxations
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Maine coast and off southwestern Nova Scotia all summer and
then return to Cape Ann � Cape Cod Bay or south of Cape Cod
to overwinter from November to April. The fall migration
north from south-western Nova Scotia to Chedabucto Bay is
less understood.

The movements of Georges Bank herring have not been
well defined from tagging results. The overwintering migration
of adult herring in a southerly direction has been documented,
but the movements of the larvae and juveniles are still
unknown. After spawning on Georges Bank, the herring move
as far south as Chesapeake Bay to overwinter, returning to
Georges Bank in May-June. Larger, older herring move further
than young herring. The herring, in fact, that are found
off Chesapeake Bay in the winter are called "Labrador herring"
due to their very large size.

LARVAL HERRING SURVEYS

Larval herring surveys have been conducted sporadically
since the late 1950s and annually in autumn-early winter
since 1971; spring larval surveys began in 1975. The longest
time-series is for selected stations along the Maine coast
and particularly in the Sheepscot estuary of western Maine
where annual larval surveys have been conducted by Graham
since 1963  Graham et al., 1972!. The surveys have been
used to estimate recruitment to the juvenile fisheries,
explain stock distribution, and to estimate the spawning
stock size.

The ICNAF cooperative larval herring surveys, initiated
in 1971, were conducted according to a grid of standard
stations  Lough, 1976!. The standard 61-cm bongo sample
�.505-mm and 0.333-mm mesh nets! was used in a single
oblique tow to a miximum depth of 100 meters and retrieved
at 10 m/ minute while the ship was underway at 3.5 knots.
Production of larvae was determined as the number of herring
larvae caught per 10 m~ summed over the stations in the
Nantucket Shoals � Georges Bank area  Lough, 1976!. Estimates
of larval abundance of the 1973 to 1975 year classes were
considerably greater than for the 1971 and 1972 year classes
 ICNAF, 1975!. Schnack �975! indicated that there were
four to ten times as many larvae caught in December 1973 and
1974 than were caught in December 1971 and 1972. This was
presumed to be due to the recruitment of the large 1970 year
class to the spawning stock in 1973 and 1974. Larval abun-
dance in December 1975 was considerably lower than in 1974
and 1973, but February abundance estimates were similar
during 1974 to 1976  Lough, 1976!. The production of larval
herring from Georges Bank in December 1976 was the lowest
ever observed  ICNAF, 1977!.

The usefulness of these larval surveys remains to be
demonstrated. While the 1971 and 1972 year classes were
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The usefulness of these larval surveys remains to be
demonstrated. While the 1971 and 1972 year classes were
poor, which was indicated by the larval surveys, it is not
yet known whether the 1973, 1974, and 197' year classes are
significantly better. The catches of these latter year
classes in the Maine juvenile fishery are in agreement with
results from the larval surveys indicating that they are
stronger than the 1971 and 1972 year classes. The 1976 year
class, however, appears to be a good year class in spite of
poor larval catches.

RECRUITMENT INDEX FROM MAINE JUVENILE CATCHES

An unusual phenomenon of the herring fisheries in the
Georges Bank � Gulf of Maine area is the consistency of good
and bad year classes throughout the entire area. Figure 8
shows that the 1970 year class was abundant in all three
adult fisheries, Nova Scotia, western Gulf of Maine, and
Georges Bank, and the 1969 year class was very poor in all
areas. The 1966 year class was larger than the three
succeeding and two preceding year classes in all areas. The
1963 year class was larger than the 1966 year class in Nova
Scotia and on Georges Bank and unknown for the western Gulf
of Maine stock. The catches from the Maine juvenile fishery
also demonstrated the existence of the very good 1960 year
class, the good 1963 and 1966 year classes, and the poor
1969, 1971, and 1972 year classes  Table 7 and Figure 9!.
One possible explanation for this correspondence in year-
class strength is extensive mixing of herring from several
spawning grounds.

This agreement in year-class strength also suggests
that the catches in the Maine juvenile fishery can be used
as an index of recruitment. An index of abundance was
calculated for age 2 herring from standardized catch per man
information for 63 stop seine fishermen in Central and
Western Maine  Anthony, 1972! and is compared with the total
Maine catch by stop seines and weirs in Figure 10. The
agreement is a very good indication that the catch is a
measure of abundance and. that the exploitation rate is
relatively stable. The catch of age 2 herring by stop
seines and weirs, therefore, has been used as a relative
index of abundance of age 2 herring along the Maine coast
and of age 3 herring recruiting to the Georges Bank fishery.

Multiple regressions were run on age 2 and 3 catch data
from the Maine juvenile fishery against Georges Bank recruit-
ment for the 1960 to 1969 year classes to predict recruitment
to the Georges Bank fishery  Figure 11!. This relationship
gave a multiple correlation coefficient of 0,90, although
the prediction equation overestimated the abundance at age
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Table 7. Total Maine herring catches in metric tons by age groups
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3 of the 1968 year class by 82 percent, the 1969 year class
by 64 percent, and underestimated the abundance of the 1970
year class by 58 percent. While the relationship between
catches of herring from the Maine juvenile fishery and
recruitment to Georges Bank is quite good, the correspondence
cannot be relied upon to predict the actual abundance of
recent year classes. The availability of age 2 herring to
the inshore fishing gear varies from year to year for
unknown reasons.

YOUNG HERRING SURVEYS

A juvenile herring survey was first. conducted in the
Georges Bank area in early 1972 by the USSR. Large catches
of age 2 �970 year class! herring and the later confirma-
tion of a good 1970 year class indicated that coordinated
juvenile surveys might be valuable in predicting recruitment
to the Georges Bank fishery. The winter period  February-
March! was chosen as the time to conduct the surveys assuming
that herring would be more evenly distributed on the bottom
than at other times and hence be most susceptable to abundance
estimation by stratified random sampling. The area from the
Nova Scotia shelf to Long Island, New York was subdivided
into sampling areas to be covered by research vessels from
several ICNAF member countries  FRG, GDR, and Poland! utiliz-
ing bottom otter trawls. The surveys were conducted from
1973 to 1979. The area was divided into five blocks  Figure
12! for analytical purposes based on the distribution of
juvenile herring catches from the US R/V Albatross IV spring
survey catches during 1968 to 1974  Anthony et al., 1975!.
Two-year-old herring were found in reasonable quantities
only in 1972 and 1978, and it was concluded that age 2
herring may only be found in the offshore areas when they
are very abundant.

The FRG survey data correctly indicated a strong 1970
year class and poor subsequent year classes, although the
estimates of these latter year classes varied greatly. The
1973 year class was estimated to be 13,000 times smaller
than the 1970 year class, and the 1972 year class was esti-
mated to be 229 times larger than the 1974 year class. The
1973 year class was not that poor, and the 1972 year class
was actually smaller than the 1974 year class. The value of
these surveys was, therefore, limited to indicating whether
a year class was very good or very poor.

Since 1968, the US R/V Albatross IV has been conducting
spring bottom trawl surveys, based on a stratified random
sampling design according to depth and area  Figure 12!.
These surveys, mainly due to the area covered and the long
time-series, have been the most useful in predicting recruit-
ment. to the Georges Bank stock. The survey design and
sampling methods are described by Grosslein �974!. Catch-
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per-tow data from Block 1  Nova Scotia shelf! have provided
useful estimates of age 3 abundance  r = 0.92!. Table 8
compares survey predictions of abundance at age 3 with the
year-class sizes calculated from cohort analysis for the
1965 to 1971 year classes and the assumed values of the 1972
and 1973 year classes for Georges Bank herring. These data
and those collected by other research vessels only provide
indications of very good or very bad year classes. Since
the stock on Georges Bank in the mid 1970s consisted largely
of age 3 recruitment, much more precise recruitment estimates
than those obtained from the surveys were required in order
to calculate the recommended total allowable catches  TACs!.

ESTIMATES OF STOCK ABUNDANCE

During the development of the Georges Bank, Gulf of
Maine, and Nova Scotia fisheries, catches in the juvenile
fisheries were declining  Figure 3! which indicated that the
year class strengths of herring during the late 1960s were
also declining. If these year classes were weaker than
those of the early 1960s, then the spawning stocks to which
they recruited must have also declined under the heavy
fishing pressure. Indices of abundance from several sources
were examined to determine the decline in abundance on
Georges Bank. Indices of herring abundance were developed
from US R/V Albatross IV spring bottom trawl surveys for the

New England  Long Island to Nantucket Shoals! areas and from
the fall survey for Georges Bank  Table 9!. All three
surveys indicated extensive declines from 1966 though 1971,
except the Middle Atlantic survey between 1970 and 1971.
The average annual decline from 1966 to 1970 was approximately
60 percent.

In 1963, the USsR began studies to estimate spawning
stock size from estimates of the number of eggs laid on the
spawning beds of Georges Bank  Noskov and Zinkevich, 1967! .
This method likely progressively underestimates the abundance
of the spawning stock as it declines. The rate of stock
decline, as estimated from egg surveys, therefore, was
probably an overestimation of the actual decline.

Figure 13 compares indices used in January 1972 for the
Georges Bank stock calculated from: 1! US research vessel
surveys, 2! USSR spawning population estimates from egg
studies, 3! USSR catch per effort in the spawning month of
September, and 4! the international total catch per effort,
taking into account the fishing power of each fleet. All
indices indicated strong declines in spawning stock from
1964 to 1971.

Catch-per-effort information from the distant water
fleet on Georges Bank was analyzed to obtain estimates of
relative abundance. Catch and effort data were available by
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Table 8. Georges Bank abundance at age 3 predicted from retrans-
formed Albatross IV spring survey data for Block 1 and
corresponding values calculated from cohort analysis1

Age 3 stock s ize
mill ions

F rom

Cohort

Analysis
Year

C lass
Predicted

Values in parentheses based on 1980 assumptions of year class
size.

1965
1966
1967
1968
1969
1970
1971
1972
1973

1411

153S

955

675

~82

3024

201

�31!
~99'

1704
1209
1545

660

63
3301

686
152

3148



Table 9 U.S research cruise indices of herring abundance
 mean NO/TOW!

FALL CRU I S ES

GEORGES BANK

STRATA

13,16,21,22,
23,24

SPRING CRUISES

SO. NEW ENGLAND

STRATA

1,2,5,6,9,10

SPRING CRUI SES

MID-ATLAttTIC

STRATA

61,62,65,66,69,
7o,73,74YEAR

15.5'
41

.021
1.50'
o.28'

19 9l
5.7'
O. 1 1 l
I 88l
3,24'

lYankee 44I trawl
2>36 trawl.

1963
1964
l965
1966
'I 967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

7.02
1.13
6.45

10.41
3.26
1.36
I.14
o. 66
0-55
1.07

0.12

0.12

0. 02

0.01

0.01

120. 62
45. 82
34-72

12
5.7
7.42'
2.072
0.04'
0.682
1.182

17.42
42

I . 22
3 72
2.62
5.64'
1.252

. 012
0 552
0.10
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Figure l3. Indices of abundance of Atlantic herring of
the Georges Bank stock.



country and vessel tonnage class on a monthly basis, but for
rather large areas. Fishing power coefficients were calcu-
lated by month by country for each vessel class by ICNAF
Division or Subdivision  Anthony, 1972!. To obtain the
effective effort on the Georges Bank herring stock, the
individual efforts by each vessel class for each country
were weighted by their fishing power to provide an estimate
of the total standardized effort for each year  Table 10!.
The original catches per standardized day for 1965 and 1966
had to be adjusted for nondirected fishing for herring, and
all efforts were adjusted for "learning factors"  Anthony,
1972! .

Catch per standardized effort provides a good estimate
of changes in stock size  Figure 14! except for 1974 to
1975. The fishing power calculations for 1975 were based on
coefficients in 1974. Most of the effort from 1972 to 1975
was from mid-water trawls whose fishing power coefficients
were determined using 1971 to 1974 data when the stock
abundance was very low. The fishing power coefficients
were, therefore, underestimated because the mid-water trawl
catch per unit of effort data were compared with data from
earlier years when stock abundance was high. The stand-
ardized effort was underestimated from 1971 to 1974 to the
extent that rnid-water trawls were used'

Catch per effort data are often not reliable for
pelagic species but. in this case with large changes in
spawning stock size this method and several others  Figure
13! were adequate to indicate the decline.

FORMATION OF ASSESSMENT ADVICE FOR MANAGEMENT

The ICNAF herring assessments were conducted jointly by
scientists from member nations each year usually in January
to provide advice for management in that year. As many as
four assessment meetings were held in some years as decisions
were postponed or new data or new assessments became avail-
able. The details of these assessments are summarized in
the Herring Working Group Reports in the ICNAF Redbook
series and for Georges Bank in Anthony and Waring �980!.

Scientists were instructed to bring to the working
group meetings catch data from their respective fisheries
for the previous year on a monthly basis. Data were collated
by applying age-length keys to length frequency information
for each country separately on a monthly basis. The country
catch-at-age data were combined to provide a total catch-at-
age table  Table 11!. Virtual population analysis or
cohort analysis  Pope, 1972! was errployed to estimate stock
size and fishing mortality rates. Information from sources
other than catch data was examined to learn the status of



Table 10. Catch-effort statistics of Georges Bank herring

TOTAL

STANDARDIZED

EFFORT

CATCH  THOUSANDS OF
/DAY DAYS FISHED!

TOTAL

EFFORT

 THOUSANDS OF
DAYS FISHED!

CATCH

/STANDARD I ZED
DAY

TOTAL

CATCH

 METRIC TONS!

1
Does not include catches for which no effort data were reported.

2
Not reported, effort was based on ratios of C/E for 1961, 1963, 1964.
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1961

1962

1963

1964

1965

1966

1967

1968

1969
1970

1971

1972

1973

1974

1975

1976

67,550
152,141

97,102
130,758

37,796
135,723
216,185
358,638
290,645
243,516
250,689
171,355
192,625
145,929
141,503

42,760

5.92
21.5'
17.2

18.5

17.3

21.2

25.0

38.7

46 ' 3

36.9

47.9

46.2

33.4

28 ' 2

24.0

5.0

11.40

7.09

5.64

7.06

2.19

6.41

8.65

9.26

6.28

6.60

5.23

3.71

5.77

5.18

5.91

8.53

12.4

117.7

24.4

13.7

4.5

17.6

29.9

99.3
95.1

122.6

136 ' 0

138.4

126.1

46.9

39.5

5.45

1.29

3.98

9. 54

8.40

7.71

7.23

3.61

3.06

1 ~ 99

1.84

1.24

1.53

3.11

3.58
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the fully-recruited stock in the present year, since virtual
populatio~ analysis provides very little information for
recent years. Catch per effort and effort changes were
examined when data were available in an attempt to learn
about the stock status in recent years.

Trends in mortality and abundance declines were examined
for each year class, and values were extrapolated forward to
the current year when possible. All estimates of recruit-
ment were considered, and assessment advice was generally
provided to ICNAF for a range of recruitment levels if
recruitment was a significant portion of the fishable stock.
In 1974, "conventional levels" of recruitment were derived
for poor year classes and for year classes when information
was very limited. For both Georges Bank and the Gulf of
Maine, the poorest year class ever observed was the 1969
year class. When a year class was known to be very poor,
therefore, and its abundance at age 3 was not known, it was
assigned a conventional level equal to that of the 1969 year
class at age 3, as calculated in 1974. A conventional level
for unknown recruiting year classes was also adopted. For
Georges Bank and the Gulf of Maine, this level was approximately
50 percent of the 1966 year class at age 3. For the Nova
Scotia fishey, the conventional level was one-third the size
of the 1966 year class at age 3. These levels were conserva-
tively chosen to be less than the long-term average recruiting
year classy During the 1970s, the recruiting year classes
were generally very poor except for the good 1970 year
class, so this conventional year class was not used very
often. When it was, however, it was designed to reduce the
probability of overexploiting the year class at age 3, since
maximum. yield per recruit occurs at older ages.

ICNAF generally requested advice on catch levels which
would result in certain stock levels in the following year.
Advice was, therefore, given according to Figure 15. This
figure was used in June 1975 for determining the TAC for
1976. The 1976 catch  age 3 and older! and resulting 1977
spawning stock size  age 4 and older! are shown for a range
in fishing mortality in 1976. Catch and stock size were
projected for two levels of recruitment for the 1973 year
class in 1976.

The assessment of herring under ICNAF for management
purposes began when a special meeting was held in June 1971
to produce advice on the allowable levels of herring catches
in the Nova Scotia, Gulf of Maine, and Georges Bank areas.
It was decided that management would consist of setting an
annual total allowable catch  TAC! corresponding to a certain
fishing mortality or to maintain a particular level of stock
size. Since sufficient information for setting a TAC for
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GEORGES BANK �Z . 6! HERRING FISHERY
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F1SHING MORTAUTY  AGE 5 AND OLDER!

Figure 15. Advice presented to the Commission in June
of 1975 for determining the 1976 TAC.
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1972 was not available in 1971, the Herring Working Group
was asked to consider three questions in January 1972: 1!
what is the level of rnaxirnum sustainable yield  MSY!; 2!
what is the current level of the sustainable yield; and 3!
what should the catches be to initiate a program of stock
rebuilding. Because of the uncertainties associated with
certain aspects of herring biology and, in particularly, the
large fluctuations in year-class size, the concept of MSY,
which had proven somewhat useful in the management of other
species, was considered to be less useful for providing
advice on herrings

The yield per recruit. curve for Georges Bank herring
was determined by Schumacher and Dornheim �971! and Anthony
�972!. The curve has no maximum with the right hand side
of the curve becoming asymptotic as fishing mortality  F!
increases. The curve shows a rapid increase in yield per
recruit as F increases to 0.4 to 0.6, but then increases
only slightly for further increases in mortality. An F of
0.6 on a long-tern basis will provide 95 percent of the
yield per recruit realized from an F of 1.6  assuming M =
0.2! .

Herring, therefore, have the potential for producing
very high yields in those years immediately following good
recruitment. Conversely, when recruitment. is poor, a very
high fishing mortality can significantly reduce the spawning
stock. Since the spawning stock is composed of herring of
ages 4 to 8 for the Gulf of Maine � Georges Bank area, a
one-year reduction in spawning stock would require, at
least, four years to rebuild. As early as 1972, then, the
Herring Working Group was opposed to recommending any
sustained level of catch  such as MSY! and certainly not
catches corresponding to the level of fishing mortality
 F ! which would produce rnaximurn yield per recruit, which

was normally used for other species'
max

The Herring Working Group in 1972 attempted to answer
the following questions: 1! what are the average annual
catches possible if the stock is to be maintained at the
level which will provide good recruitment; 2! what values of
fishing mortality would provide a high yield per recruit
while maintaining a proper level of spawning stock; 3! what
would be the changes in spawning stock size following the
adoption of the TACs; and 4! what TACs would be necessary to
restore the stock at different rates.

A "conventional" level of fishing mortality  Fp ! was
0.1derived which was thought to provide a high yield per recruit

and be closer to the economic optimum while maintaining a
spawning stock which would be sufficient to provide reasonable
levels of recruitment  Gulland and Boererna, 1973!. The
fishing mortality level of F0 j is defined as the level of F
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at which the change in yield per recruit with respect to the
change of F will be 1/10 of that which would occur in an
unexploited stock; that is, the point when the net addition
to the total catch achieved by an additional vessel is only
1/10 the yield taken by the first vessel operating in the
fishery. This value of F was about 0.38 for herring of ages
3 to 9, and was used to calculate a total allowable catch
which would provide a reasonable yield per recruit but also
take into account, ta some extent, the spawning stock-
recruitment relationship.

The advice given to ICNAF was nearly always based on
spawning stock size. While the scientists could not deter-
mine a stock-recruitment relationship, we did agree that
some minimum level of spawning stock size should be main-
tained to insure a high probability of providing good
recruitment. The Herring Working Group determined that the
optimum spawning stock sizes for Georges Hank and the Gulf
of Naine were 500,000 and 110,000 to 120,000 tons, respect-
ively. These stock sizes were intended as a guide ta management
and were based on the average stock size in the 1960s which
produced good year classes. Fven though these levels of
spawning stock were estimated from limited information, they
were very useful, especially in January 1973, when catch
quotas were being discussed with a view toward rebuilding
the stock to some optimum level.

Most of the scientific advice on herring given to ICNAF
during 1973 to 1977 dealt with stock abundance and the
effects on the stocks of various catch levels and fishing
mortality rates. The tagging information changed some stack
boundaries and TACs, but generally the assessments consisted
of estimating stock size and recruitment, and predicting
changes in stock size. ICNAF had adopted the goal of
rebuilding both the Georges Bank and Gulf of Maine stocks ta
a level capable of producing NSY. Maintaining the stack
sizes at these levels was considered necessary to reduce the
likelihood of recruitment failures which had resulted in the
collapse of most other herring fisheries. Rebuilding the
stocks could only be accomplished by harvesting less than
the yearly increases produced by growth and recruitment At
the depressed stock sizes, the annual surplus depended
almost entirely on recruitment, which was the greatest
problem in offering advice on catch levels. In order to
examine the long-term consequences of specific management
options, assuming certain levels of recruitment, catch, and
stock size, several projections were made. For example, the
information pictured in Figures 16, 17, and 18 was presented
to ICNAF in 1976. The stock size for Georges Bank for 1975
to 1981 was examined by applying a constant annual TAC of
60,000 tons and constant annual recruitment of 550 million
fish  the conventional low level for poor year classes!.
This strategy resulted in a continuous increase in stock
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size, but by 1982 stock size would still be less than in
1975 and be only 58 percent of the desired level of 500,000
tons  Figure 16!. In order to demonstrate a faster recovery
rate, projections of catch and stock size were made using
constant annual recruitment of 550 million fish and a range
of constant fishing mortalities  Figure 17!. Since good
year classes occasionally occur in herring fisheries, other
simulations were done using a fixed mortality rate of F

0.38  Figure 18!. This simulation was done with the Puff
of Maine fishery with a good year class being recruited
every fourth year  equal to the very good 1970 year class!
and low recruitment of 64 million fish  the conventional
level for poor year classes! for the other three years. The
result indicated that the catch would nearly stabilize at
about 20,000 tons. These simulations indicated the conse-
quences of excessive fishing and the possible time required
for stock recovery.

MANAGEMENT OF HERRING 1N THE GEORGE S BANK
GULF OF MAINE AREA

Fisheries management in the Northwest Atlantic was
conducted u~der tha auspices of ICNAF during 1950 to 1976 by
Ca~ada, and by the US after 1976 when each country extended
their jurisdiction to 200 miles. Management of herring did
not begin until January 1972, since the ICNAF convention did
not provide for the national allocation of catch quotas, and
countries did not wish to compete for the total allowable
catch without national allocations. On December 15, 1971,
Article VIII of the Northwest Atlantic Treaty Convention was
changed to allow for the national allocation of TACs. The
First Special Meeting of ICNAF was held in January 1972 to
formulate management objectives and methods for the herring
stocks in ICNAF Subareas 4 and 5 and Statistical Area 6.
The spawning stock decline in the Gulf of Maine and on
Georges Bank was well recognized, and most countries felt
that some management action was urgently needed. The ICNAF
Standing Committee on Regulatory Measures had indicated that
limited fishing was the most effective regulatory measure.
All countries agreed that catch quotas were a possiblity.
The USSR wished to see restrictions placed on fishing for
both adults and juveniles at the same time, as well as a 9
to 10 inch �2.9 to 25.4 cm! size limit with a 10 percent.
weight exemption. Poland preferred closed seasons and
areas, a minimum size limit, and a ban on fishing for juvenile
herring. Proposals for a TAC for Georges Bank herring
ranged from 70,000 to 250,000 tons. It was argued that the
Georges Bank quota could be greater than that recommended by
the assessment scientists because of limited scientific
data, the "high larval abundance" recorded in the larval
surveys, and the increase in Polish catch per unit of effort
in recent years. After considerable deliberations, TACs of
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150,000; 30,000; and 65,000 tons were set for the Georges
Bank; Gulf of Maine; and Nova Scotia adult fisheries, res-
pectively, for 1972  Tables 4, 12, and 13!. These quotas
were further allocated to each country which assured each
country of a specified catch which could be harvested
according to its own economic timetable. This represented
the first instance of national allocations of a total quota
in the North Atlantic. Within several years, total quotas
and national allocations were implemented for most fish
stocks in the Northwest Atlantic.

The allocation procedure was based mainly on historical
performance  both short- and long-term!, interests of
possible new entrants, and the special needs of the coastal
states. A nine-inch minimum size was also instituted for
herring in 1972, with exceptions in Canadian waters, together
with a 10 percent annual weight exemption. Since ICNAF
jurisdiction applied only to waters beyond three miles of
the coast, the inshore juvenile herring fisheries were not
subject to management under ICNAF.

The Georges Bank quota of 150,000 tons in 1972 was
exceeded because the German Democratic Republic, a non-
rnember of ICNAF, took 40,000 tons which was not a part of
that allocated to member nations. The US, Canada, and the
"others" category did not. take all of the 18,000 tons
allotted to them; the total catch in 1972 was 174,000 tons
 Table 3!. The instantaneous fishing mortality rate during
1972 was 1.35 on herring age 4 and older, the highest observed
in the Georges Bank fishery from 1961 to 1976. This decreased
the stock size of age 4 and older herring by 42 percent
during 1972 to 137,000 tons  Table 4!, the lowest ever
observed in this fishery.

The Gulf of Maine quota of 30,000 tons was also exceeded
as both Canada and the Federal Republic of Germany exceeded
their allocations and GDR caught 9,300 tons. The abundance
of this stock also reached an all-time low at the beginning
of 1973. Canada also exceeded its quota off Nova Scotia
with a resultant catch of 75,000 tons or 16 percent in
excess of the TAC. No assessment wa.s available for the Nova
Scotia stock in 1973 so that the effect, on stock size was
unknown.

The situation in 1973 was one of very low stock abund-
ance and recruitment of a very good year class �970! . The
abundance of the stock in 1973-1974 was, thus, due in large
part to the 1970 year class. The resulting wider range of
allowable catches in 1973 designed to rebuild stock size at
a given rate led to significant and very important changes
in the management of herring in the Northwest Atlantic. A
suggestion was made by the Chairman of the ICNAF ad hoc
Committee on Herring Quotas and their Allocation on January
23, 1973, that regardless of the quotas, a commitment
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should be included in the proposals for the 1973 TACs, to
the effect that, in setting the 1974 TACs, ICNAF would take
action to insure substantial restoration of the stocks and
that the commitment be honored. Most member countries of
ICNAF agreed in principle to the commitment proposal but
wanted to have "substantial restoration" quantified. The US
suggested that the commitment in the 1973 proposals be
stock-size objectives of 300,000 tons in the Georges Bank
stock and 62,000 tons in the Gulf of Maine stock by the end
of 1974. These values were about three-fifths of the optimum
size for each stock as reported by the Herring Working Group
at that time.

The member countries of ICNAF agreed in January 1973 to
establish objectives which would require rebuilding the
Georges Bank and Gulf of Maine stocks to at least 225,000
tons and 60,000 tons, respectivel , by the end of 1974.
This became known as the minimum stock size constraint which
later proved to be a very useful management tool. Although
the minimum stock sizes selected were arbitrary, they were
chosen from the best scientific evidence available to re-

present levels below which recruitment failure might occur.

Recruitment failure has occurred in many herring stocks, and
the minimum stock size constraint provided a management
procedure for preventing what appeared to be the inevitable
fate of these stocks. This, however, placed added pressure
on the assessments for precise estimates of recruitment and
spawning stock sizes.

A second significant management procedure which was
achieved in January 1973 was the implemen.tation of maximum
TAC levels. The member countries agreed to set allowable
catches in 1973 to 150,000 tons  same as for 1972! for
Georges Bank and 25,000 tons �0,000 tons in 1972! for the
Gulf of Maine, which would be reduced in 1974 if the assessments
indicated that the objectives of rebuilding the stock sizes
to at least the minimum stock sizes could not be reached by
the end of 1974. In any event, the TACs of 150,000 tons and
25,000 tons could not be increased until the stocks reached
the levels which would provide their MSYs.

These constraints of minimum stock size and maximum

allowable catch simplified management decisions considerably
in the following years, but increased the need for greater
precision in the assessments. However, the constraints
established clearer guidelines to the scientists as to the
type of assessment advice to provide. These constraints
remained in effect until January 1976.

These management procedures did not apply to the Nova
Scotia stock. Canadian scientists determined that the 1969

year class was proportionally larger in that stock than in
the Georges Bank and Gulf of Maine stocks where it was the
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smallest. yet observed. On that basis, the TAC for the Nova
Scotia stock was increased from 65,000 tons in 1972 to
90,000 tons in 1973, with no stock size commitment for 1974.

The abundance of herring increased in all areas in 1973
due to the recruitment of the very good 1970 year class.
The TACs recommended by the scientists and those agreed by
ICNAF remained the same in 1974 as in 1973. The German
Democratic Republic became a member of ICNAF in 1971, which
greatly improved +he management procedures.

In 1975 and 1976, the very good 1970 year class declined
u~der heavy fishing and recruitment from the 1971, 1972, and
1973 year classes was very poor. It became necessary to
exercise the minimum stock size constraints  Figure 15!, and
the TACs were reluctantly reduced for Georges Bank and the
Gulf of Maine  Tables 4 and 12!.

US fishermen requested a TAC reduction for the Gulf of
Maine fishery in 1975, and it was reduced from 25,000 to
16,000 tons. ICNAF agreed to maintain the Georges Bank TAC
at the 1974 level of 150,000 tons in 1975 taking "note of
the cautionary statements of the scientists." The Nova
Scotia TAC remained at 90,000 tons in 1975 in spite of
scientific advice to reduce the TAC.

Based on the results of tagging studies conducted along
Southwest Nova Scotia, the Division 4W a! fishery  Chedabucto
Bay, Nova Scotia! was combined with Division 4XW b! for
assessment purposes after 1975. Previous assessments con-
sidered all herring in 4V and 4W a! to constitute one stock
 Figure 4! which was separate from the Division 4XW b!
stock. The size of the recruiting year classes was readjusted
to account for combining the Division 4W a! and 4XW b!
fisheries, and the management period was changed from a
calendar year basis to July 1 through June 30. The Chedabucto
Bay fishery occurs from November to February. This change
in assessment advice was so corfusing that ICNAF was not
able to adopt the new system of management. The Nova Scotia
TAC was reduced slightly in 1976, and the spawning stock
 age 4 and older! declined by 42 percent during 1976.

The 1976 reductions in stock sizes prompted ICNAF to
set new TAC constraints for the Georges Bank fishery. In
1976 and thereafter, the TAC would be 60,000 tons or less
 instead of 150,000 tons! each year until the adult stock
reached the level providing MSY.

Because the Georges Bank TAC was so small in 1976 and
because one country wished to re-examine the TAC in June
1976, the accepted 60,000 ton TAC for Georges Bank was
halved with 30,000 tons allocated to the first six months of
the year on incidental catch basis except for the US and
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Canada. Purse seines were allowed to take herring during
this period in a directed fishery as were all vessels less
than 33.5 meters in length.

Because the herring stocks had declined so greatly in
spite of the strong attempts to rebuild them, the US was
committed in 1977 to the principle of completely eliminating
directed fishing for herring if the recovery of the stock
did not progress in a satisfactory manner. A TAC of 33,000
tons was proposed for 1977 for Georges Bank on the basis of
a projected 10 percent recovery of the stock. This TAC as
well as limiting the fishery to a "window"  Figure 19! area
during August 15 to September 30, 1977 was agreed. This
"window" area was the area in which the majority of herring
had been caught in the previous two years.

The catch of herring in 1977 was only about 2,000 tons
on Georges Bank  Table 4!. 1t was calculated that the 1970
year class decreased in abundance from 48,000 tons in 1976
to about 10,000 tons in 1977  Anthony and Waring, 1980!, and
all older year classes were essentially gone from the stock.
The TAC, therefore, would have to come from the 1971 to 1974
year classes. The 1974 year class was only 12 percent
recruited and the 1971 and 1972 year classes were known to
be very poor. The bulk of the 1977 TAC of 33,000 tons,
therefore, depended on the 1973 year class. Extensive
surveys were conducted during the fall of 1977 throughout
the "window" area and Georges Bank by vessels from the USSR,
Poland, and FRG. Very few herring were found except near
the Nantucket Shoals area. The lowest larval production
recorded from 1968 to 1977 occurred in 1976 and 1977. While
the 1973 and 1974 year classes may not have recruited to the
"window" area, or were distributed differently than in prior
years for these two age groups, the Georges Bank herring
stock was probably at its lowest level in 1977 and would not
support a fishery of any significance until the recruitment
of another good year class.

Under the auspicies of the New England Regional Fishery
Management Council  NERFMC!, a management body formed by the
US Fishery Conservation and Management Act of 1976, a manage-
ment plan for regulating the adult herring fisheries of the
Gulf of Maine and Georges Bank went into effect in July
1978. Whereas calendar year TACs had been set for the Gulf
of Maine and Georges Bank stocks under ICNAF, the NERFMC
began regulating the stocks on a fishing season basis.
Seasonal fishing periods of July to November and December to
June were established. The rationale for this management
regime was to shift some of the effort away from the autumn
spawning fish and onto herring which were felt to be migrat-
ing during winter-spring from the larger Nova Scotia stock.
The seasonal/area allocations for 1978-1979 are presented in
Table 14; there was no allocation for distant water fleets.
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Figure 19. The "window" area in 1977 on Georges Bank
that was opened for fishing for herring
during August 15 � September 30.
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Table 14. Summary of the U.S. catch allocations  tons! set for the
northwest Atlantic herring fisheries under U.S. jurisdiction
by the New England Regional Fisheries Management Council

Sea.sonal Period

4,000

4,000

July-November 1978
December 1978-Junc 1979

7,SOO

2,500

July-November 1979*
December 1979-June 1980"

8,880

1,620

July-November 1979
April-June 1980

9, 000

1, 580

12,000December 1979-March 1980**

�2,000!

Recommended for adults  age 3 and older! tal en in Maine coastal fishery.
Western Gulf of Maine adult fishery and Georgos Bank east of 71 80.
All areas  Jul. 79-No. 79, Apr. 60-Jun. 80! west of. 71 50  Dec, 79-

Mar. 80!; 2,000 tons allocated to Canada pending certification of
US/Canadian f ishcries agreement! .
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July-November 1979**"
December 1979-March 1980**"

April-Junc 1980»»»

8 Lock/Alloc ation

Gulf of. Maine  Jeffrey. Ledge! George., Bank



In February 1979, scientists from the NERFMC, the
Northeast Fisheries Center, and the Maine Department of
Marine Resources conducted a pooled assessment for all
herring stocks between Chedabucto Bay, Nova Scotia and Cape
Hatteras, North Carolina. Tagging results had indicated a
considerable mixture of herring stocks during non-spawning
periods in various areas, which implied, therefore, that.
catches from a particular area do not always come from the
same stock mixture each year. In some years, catches are
greater in certain months than in others, and differing
amounts of a given stock are available in a given area
depending on the timing of migrations, stock sizes, and
environmental factors. Assessments were traditionally based
on assumptions easily violated under such conditions.
Calculation of mortality rates, for example, on a year-
class basis assumes that the catch at age 5 is partially a
function of the catch of that year class at age 4. If the
stock composition varies from year to year, catches of
successive ages of the same year class may not be related.
Combining catches from all of the fisheries avoids these
problems, but creates new ones in the final allocation of
catch quotas among areas.

The pooled assessment was completed and surplus pro-
duction determined for 1979. The projected Canadian catch,
based on stated intent and past performance, was subtracted
from the overall surplus production. An estimate of the
Georges Bank share of the stock was subtracted, and the
remainder of the surplus production was apportioned to the
various fisheries based on recent performance. This amount
was further divided by season, consistent with past fishing
practices, so as to be fair to all user groups  Table 14!.

Canada also continued to manage herring off Nova Scotia
after 1977 as had been done in ICNAF except that. it finally
was able to combine the management of the Chedabucto Bay
fishery wi th the southwest Nova Scotia fishery  Div. 4XW b!!.

In 1978 and 1979, Maine enacted management plans for
aduLt herring taken in the coastal herring fishery  inside
three miles!. The principal objectives of both Maine plans
were to rebuild the herring stocks consistent with the
preservation of the Maine herring industry by 1! the pre-
vention of overfishing and expansion of the fishery for
large herring, and 2! the protection of spawning herring
through seasonal and area closures.

In the 1978 plan, a catch quota of 3,500 tons was
applied to herring age 4 and older �0 inch and larger!. In
1979, to be consistent with the management plan developed by
the NERFMC, the Maine plan applied to age 3 and older
herring  9 inch and larger!. The total 1979 Maine allocation
was 10,470 tons, of which 8,000 tons was allocated to the
mobile gear fishery and 2,470 tons was allocated to the
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fixed gear fishery  weirs and stop seines!. The allocations
were further divided into directed and non � directed amounts
to allow fishing for small fish to continue after the quotas
for large herring were reached. A tolerance of 25 percent
by volume was allowed except when spawning restrictions
applied. Restrictions were not placed on the juvenile
fishery; it was assumed that the exploitation rate would not
increase, and that the juvenile catch would be proportional
to abundance. If these assumptions became invalid, quotas
were recommended to control the mortality. Spawning closures
were in effect during both 1978 and 1979. The Maine coast
was divided into two sections, with the eastern section
closed to the taking of herring  9 inches and larger! by
mobile gear for a six-week period during August to October.
The western section of the state was also closed to mobile
gear for six weeks during September and October. A toler-
ance of 10 percent by volume of an entire lot  boat load!
was allowed.

Other management restrictions in Maine waters currently
in force are:

1! Minimum size �.5 inches! and human consumption
only.

2! Prohibition of the scaling and dumping of fisn.

3! Prohibition of the taking of herring with artificial
lights.

4! Laws governing vessel capacity measurements and
reporting of landings data.

5! Gear conflict regulations.

6! A closure of Washington County to purse seine
fishing from April 10 to October 15 each year.

SUMMARY OF HERRING ASSESSMENTS AND MANAGEMENT

Assessments failed to detect the magnitude of recruit-
ment decline in the Georges Bank fishery from 1974 to 1976.
The estimates of recruitment that were made in other years
were very good, and even during 1974 to 1976, the estimates
of recruitment for the Gulf of Maine fishery were surpris-
ingly close to the levels accepted in 1980. The 1971 and
1972 year classes were known to be poor and were assumed to
be equal in size to the poorest recruitment observed in the
fishery, the 1969 year class at age 3. This was the case
for the Nova Scotia and Gulf of Maine fisheries, but apparently
not so for the Georges Bank fishery. There had previously
been good agreement in relative year class size among the
three adult fisheries  Figure 8!. Large, unreported catches
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would have explained the sudden decline in stock abundance,
but this seems unlikely to have occurred. Very few pre-
recruit herring were caught. in the juvenile herring surveys
during 1974 to 1976, but it was felt by some scientists that
bottom trawling for herring could not provide an accurate
estimate of abundance since so few were being caught. This
was especially true when survey catches appeared to conflict
with each country's commercial catch per effort.

In 1972, some countries could not agree with the majority
report of the Herring Working Group, and an independent
assessment was produced  Draganik, 1973! which recommended
a catch of 140,000 tons in 1972 and projected a stock of
706,000 tons at the beginning of 1973. The Working Group,
on the other hand, recommended a TAC of between 50,000 and
95,000 tons. A 150,000 ton TAC was accepted by ICNAF,
172,000 tons were caught, and the stock size  age 4 and
older! was reduced to 137,000 tons at the beginning of 1973
 Table 4!. The disagreements among scientists undoubtedly
affected the management decision to accept 150,000 tons for
the 1972 TAC. Disagreements among the scientists in November
1974 probably also contributed to the failure of ICNAF to
address the consequences of stock decline in 1975.

In 1972 and 1973, fishing mortality  age 4 and older.!
averaged 1.35 and 1,00, respectively. If the very strong
1970 year class had not recruited in 1973, the Georges Bank
fishery would have ended by 1974. Fishing at F0 1 � 33-
0.38! would have been acceptable, given average recruitment.

With recruitment less than average, F should be less
than 0.35. During 1968 to 1975, the lowest average F for
age 4 and older was 0.53. Although managing the Georges
Bank herring fishery according to some arbitrary F level is
probably not the best management procedure, fishing mortality
should have been more carefully controlled.

Although ICNAF addressed the proper issues  i.e., re-
building and maintenance of stock size, an F less than F !

maxand set constraints to achieve these goals, the TACs were
set more for economic rather than for conservation reasons.
The 1972 TAC was three times higher than the lower recom-
mendation made by the scientists  Table 4!. The 1974 TAC
was from 11 to 18 percent greater than that recommended, and
in 1975, attempts to reduce the already-accepted TAC of
150,000 to 90,000 tons failed although new information
indicated that the 1973 year class had been overestimated.
In general, when a range of TACs was advised, indicating
some uncertainty in the assessments, the largest TAC was
accepted by ICNAF. The TACs were set on the basis of main-
taining abundance, although the goal of rebuilding was
agreed. In 1976, despite warnings of a collapse of the
fishery, that recruitment had been poor since the 1970 year
class, and that a TAC of 40,000 would only allow slight
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rebuilding of the stock, several countries still recommended
a TAC of 60,000 tons. In view of the general reluctance of
managers to heed scientific advice, even if accurate estimates
of recruitme~t had been known in the period 1974 to 1976,
the recommended level probably would not have been accepted.

One possible explanation for the collapse of the Georges
Bank herring stock is the way overfishing occurred. Fishing
was excessive during the spawning period, with spawning area
after spawning area, moving from east to west, successively
depleted. The fisheries appeared to shift in this fashion
until the catches in the westernmost spawning area on Georges
Bank finally failed. The distribution of larvae also indi-
cated the shift in larval production from east to west. By
February 1978, the only larvae present appeared to come from
the Nantucket Shoals area.

In addition to the demise of spawning stocks because of
fishing, the indirect effects of fishing may also have been
important in the Georges Bank decline. When recruitment
fails, scientists usually look at the size of the spawning
stock for the reason of failure. Often, one finds that the
spawning stock appears to be sufficient in size, but recruit-
ment fails as the fishery develops. For Georges Bank,
recruitment declines may have been due to the act of fishing
rather than the decline of the spawning stock. Heavy fishing
directly on the spawning grounds may have interfered with
the spawning process. It is well known that herring are
easily broken up by fishing vessels, and the number of
vessels fishing the Georges Bank spawning grounds was very
great in the late 1960s and early 1970s. As indicated
earlier, the estimated decline in the spawning population,
as indicated by the number of eggs laid  Figure 13!, was
greater than the decline in the stock itself. Realizing
that the decline in spawning populations from egg counts may
have been overestima ed, the difference in the decline
rates, still, may have been partially due to a reduction in
spawning efficiency due to the act of fishing.
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THE HERRING RESOURCE OF EASTERN CANADA
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St. John' s, Newfoundland

ABSTRACT

Herring fisheries have existed along the Atlantic
coast of Canada since native times and now consti
tute one of the major commercial fisheries. Two
spawning types, autumn spawners and spring spawners,
have been identified with autumn spawners being
dominant in the southern stocks and spring spawners
in the northern and eastern stocks. Ten herring
stock areas have been defined, based primarily on
the results of tagging experiments. Two additional
areas remain in which the stock relationships are
not yet well known. The general migratory patterns
of each of these stocks is discussed.

Catches from these stocks have been as large as
500,000 mt but since the late 1970s have stabilized
at the 250,000 mt level. Many gear types are
utilized and can be classed generally into two
categories: mobile gear and fixed gear. The purse
seine is the main mobile gear with fixed gear
including traps, gillnets and weirs.

One of the most significant factors in the popula
tion dynamics of these stocks is the variation
in year-class strength which affects catch compo-
sition and biomass levels. The recruitment problem
has been examined in terms of stocks and recruit
relationships, multispecies interactions and density-
dependent and independent effects.

Since 1973, a management. process has been in place
for regulating the herring fishery particularly
through such bodies as 1CNAF, CAFSAC and the
Atlantic Herring Management Committee. While all
ten stocks are now under quota regulation, many
problems remain particularly with regard to
obtaining estimates of recruitment and independent
estimates of abundance.

INTRODUCTION

Atlantic herring  Clupea harengus h~aren us'I occurs
throughout the Northwest Atlantic from West Greenland south
to Cape Hatteras  Leim and Scott, 1966!. Herring stocks
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have been exploited in North America for centuries, initially
by native races and subsequently by Europeans, as a source
of food and bait  Scattergood and Tibbo, 1959!. Herring
catches from the Canadian Atlantic  this corresponds roughly
to NAFO  formerly ICNAF! areas 2-4! averaged 98,000 mt
during the period 1920-1954 with peak catches being recorded
during the post World War II period  Scattergood and Tibbo,
1959!. These peak catches resulted from improved market
conditions relating to aid programs created by the United
Nations Relief Association  UNRA!. The increased world
deroand for protein and the decline in European and West
Pacific herring stocks during the 1960s resulted in a rapid.
expansion in Northwest Atlantic herring catches to peak
levels of 568,000 mt in 1969; during the 1970s, with the
imposition of catch quotas, landings have averaged 250,000
mt.

In the past, catch levels were greatly influenced by
market .conditions. With recent developments in the concepts
of "fisheries management" this has changed to the situation
where catch levels are controlled by government decree, with
the aim of optimizing yield while conserving the resource.
The role of the fisheries biologist has also changed from
that of collecting biological data without specific time
constraints for their analyses to one of examining the
population dynamics of fish stocks on a real-time basis
while attempting to assess the impact of various management
strategies. To meet the demand for advice, research has
expanded to include definition of stock boundaries, esti-
mation of population parameters, such as mortality rates, in
addition to continuing research on basic biological topics
including species interactions.

HERRING STOCKS OF THE CANADIAN ATLANTIC

On the basis of present information, ten herring stock
areas have been defined with two areas in which the stock
relationships have yet to be established  Figure 1!. These
stock areas represent management zones containing stock
complexes. The stock areas are-

1! Eastern and Southeast Newfoundland:

a! White Bay-Notre Dame Bay  Area 2!
b! Bonavista Bay  Area 3!
c! Trinity Bay  Area 4!
d! Conception Bay-Southern Shore  Area 5!
e! Placentia Bay-St. Mary's Bay  Area 6!
f! Fortune Bay  Area 7!
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2! Gul f:

a! Newfoundland west coast  Area 8!
b! Southern Gulf of St. Lawrence  Area 10!

3! Southern Nova Scotia and New Brunswick:

a! Sydney Bight  ICNAF/NAFO Div. 4V!  Area ll!
b! Bay of Fundy-Chedabucto Bay  ICNAF/NAFO Div.

4W+4X!  Area 12!

The remaining two areas  Labrador  Area 1! and the
Quebec North Shore  Area 9!! are lightly exploited and have
yet to be studied in sufficient depth to ascertain whether
they are separate stock areas or are related to adjacent
areas.

SPAWNING TYPES

Two spawning types of herring have been identified in
the Northwest Atlantic; spri~g spawners and autumn spawners.
The spawning season for spring spawners occurs between mid-
April and mid-June and for fall spawners between mid-August
and mid-October. The proportion of each spawning type
varies from stock to stock and from year to year within
stocks. At present, a general north-south cline exists with
spring spawners being dominant in the north and autumn
spawners dominant in the southern stocks  Table 1!.

Variability in spawning type within a stock results
primarily from variation in the success of the two components
in producing strong year-classes. This can be clearly seen
in the case of the southern Gulf of St. Lawrence herring
stock  Are- 10!. During the early 1950s, this stock was
characterized as a spring spawning stock  Leim, 1957!. In
the mid-l950s, the stock was decimated by a fungus disease,
Icthyosporidium hoferii  Tibbo and Graham, 1963; Sinderman,
1966! but rebounded quickly with the production of two large
year-classes in 1958 and 1959  Winters and Hodder, 1975!.
The largest of these was the 1958 year-class of autumn
spawners and effectively resulted in the stock being pre-
dominantly autumn spawners  Figure 2a!. Autumn spawners
remained dominant during the 1960s and early 1970s until the
recruitment of the 1974 year-class which shifted the stock
to predominantly spring spawners  Winters and Noores,
1979a!. This shift. can also be seen in the Newfoundland
West Coast stock where the recruitment of the 1968 year-
class of spring spawners completely reversed the spawning
type  Moores, 1979!  Figure 2b! .

The two spawning types show marked differences in
selections of spawning sites and spawning temperatures. The
spring spawners spawn in an increasing temperature regime
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Table 1. Approximate levels of the two spawning components
in the Canadian sub-areas in 1978.

Spring spawners4 Autumn spawnersAreas
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Nova Scotia and New Brunswick

2

35
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and close to shore with eggs often being laid in the inter-
tidal zone, while autumn spawners spawn in a decreasing
temperature regime and in water depths generally exceeding
50 meters. Mean water temperatures during spring spawning

0 0 0range from 2 to 12 C and during autumn spawning from 8 to
19 C  Parsons, 1973!. Both types produce adhesive eggs

0

which become attached to the available substrate, primarily
seaweed and eelgrass.

Assignation of an individual herring to a particular
spawning type is based primarily on the maturity stage of
that fish in relation to the maturity cycles of the two
spawning types. For immature fish, the otolith type is used
to assign spawning type. The differences in otoliths result
from differences in the fist. year growth. Fish born in the
late spring grow rapidly during the summer resulting in a
small nucleus and a complete annulus being formed in the
first year. Autumn spawners grow slowly during the winter
resulting in a large nucleus with the first annulus not
being completed until the year after birth.

The discretions of the two spawning types and whether
or not the characteristic is genetically determined is a
matter of some debate. Recent studies by Ware and Henriksen
�978! in the southern Gulf of St. Lawrence have suggested
that each spawning component can be further subdivided into
two spawning groups. From their data on peak fixed gear
catches, larval data and growth rates, they conclude that
these groups or "spawning runs" are discrete with the off-
spring returning to the parental spawning grounds. Winters
et al., �977! hypothesized that when population size is
severely reduced, such as in the Gulf of St. Lawrence in the
late 1950s, growth rates may increase sufficiently to permit
spring spawned year-classes to mature early enough to spawn
 at least partially! in the summer and fall rather than the
spring. This would result in an extended spawning season

STOCK SEPARATION

Several approaches have been examined for separating
herring stocks. These include tagging {Winters and Beckett,
1978; Stobo et al., 1975! meristics and morphometrics  Hodder
and Parsons, 1971a, 1971b; Messieh and Longmuir, 1978!
biochemical systematics  Odense and Allen, 1971! and parasites
 Parsons and Hodder, 1971!, By far the most successful has
been tagging with the indirect means at best providing
corroborating results.

The tagging studies have generally been designed for
determining migration patterns and, particularly for external
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tags, ancillary data on population parameters have not been
thoroughly examined, mainly because of problems associated
with initial and sustained tagging mortalities.

In the 1960s and early 1970s, the main market for
herring was as herring meal. Under these circumstances of
bulk processing, an internal tag was found to be most useful
 Winters, 1975!. The small metal tag was inserted in the
abdominal cavity and recovered from the magnets in the
separation plants' By accurately recording where the fish
being processed had been captured and frequent cleaning of
the magnets, an accurate picture of migration could be
constructed. This technique proved highly successful in
evaluating the seasonal migration patterns of the southern
Gulf stock and, in addition, provided reliable estimates of
stock sizes and mortality rates  Winters and Beckett, 1978!.

With improved markets for food herring since the early
1970s, the processing system changed with only about 5
percent of the catch presently being processed for meal, This
reduces the value of internal tags and tagging studies now
utilize external tags. Of the many types of tags tested,
the spaghetti type anchor tag  Floy FT-2! has been found to
be most effective. This tag, however, does not provide as
many long-term recaptures a.s the internal tag and highly
variable initial and sustained tagging mortalities substan-
tially reduce its value as an estimator of population parameters.
A streamer tag  Flay FTSL � B! is currently being tested for
small herring.

MIGRATION PATTERNS

l! Notre Dame-White Bay  Area 2!

Spawning concentrations are found in the spring of the
year  May-June! in the bays and arms. After spawning, the
schools undergo a feeding migration moving northward and
become dispersed over the area. In late August large schools
reform in the north and move southward in overwintering
concentrations  Winters and Moores, 1979b!.

2! Bonavista Bay and Trinity Bay  Areas 3 and 4!

These stocks are considered to be confined to each
coastal bay with marginal interchanges in contiguous areas.
Spawning concentrations are found in the spring with over-
wintering schools in the fall. The schools are dispersed
during the summer  Winters and Moores, 1979b!.
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3! Conception Bay-Souther n Shore  Area 5!

There is a fair degree of interchange between these two
areas with a pattern of pre-spawning and overwintering
concentrations with schools dispersed in the summer  Winters
and Moores, 1979b!.

4! Placentia-St. Mary's Bays  Area 6!

Both areas have spawning stocks with a large degree of
intermix mainly during the overwintering period in Placentia
Bay with schools of adult fish moving to St. Mary's Bay
during the spring. Schools are dispersed in the summer and
reform in Placentia Bay to overwinter  Winters and Moores,
1979c!.

5! Fortune Bay  Area 7!

Similar pattern to Areas 3 and 4  Moores and Winters,
1979! .

6! Newfoundland West Coast  Area 8!

The spring spawning component is thought to overwinter
in the southern extreme of the area. In the spring, the
stock undergoes a northward migration with the spawning
population branching off to different bays. After spawning,
the schools disperse into the Northern Gulf for feeding. In
October, schools reform and undergo a southward migration.
The autumn spawners have an east-west migration pattern
moving in from the Esquiman Channel to spawn in the early
fall, then moving back after spawning  Moores and Winters,
1977!. In earlier studies  Winters and Parsons, 1972!
recoveries from this area were reported from southwest
Newfoundland and the southern Gulf of St. Lawrence. This is
probably attributable to an expansion of the range of both
Gulf stocks due to the large stock size in this period.

7! Southern Gulf of St. Lawrence  Area 10!

The pattern in this area is more complex. The autumn
and spring spawners spawn in numerous areas of the Gulf;
spring spawners mainly in the more southern areas such as
the Magdalen Shallows, Chaleur Bay and Northumberland Strait,
and autumn spawners around Gaspe. Movement is basically
east-west with fish being found in the area of the Laur-
entian Channel during the spring and progress westward as
time passes. In the fall they appear to move southwest
toward the Laurentian Channel again. When the stock is
large as in the 1960s there is an expanded overwintering
migration with adults  >5-year-old! moving to southwest
Newfoundland  Winters, 1975; Winters and Beckett, 1978!.
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8! Sydney Bight  Area 11!

The definition of this stock is at present imprecise.
The main fishery occurs during the late fall on overwinter-
ing concentrations. Tag recoveries have been reported from
both the southern Gul.f stock  Area 10! and the 4WX stock
 Area 12! and suggests intermix from these areas, however,
the pattern of returns has been highly variable, It is also
possible that this stock is related to the stock exploited
in ICNAF area 4Vs in the early 1970s  Sinclair et al.,
1979b!. Until the migration can be adequately characterized
the stock is assumed to be a spearate entity with a variable
degree of intermix with adjacent. stocks.

9! Bay of Fundy � Chedabucto Bay  Area 12!

This stock complex is primarily autumn spawners. Iarge
schools occur in the Bay of Fundy during the summer with
movement out of the bay during spawning to Lurcher Shoals
and southwest Nova Scotia. Overwintering schools are found
in Chedabucto Bay  Stobo et al., 1975; Sinclair et al.,
1979a!. This migration and possible stock intermix with
1CNAF area 5 stock is dealt with more fully by Anthony
 preceeding paper!.

10! Labrador  Area 1! � Quebec North Shore  Area 9!

The migration patterns in these areas are not fully
understood, however, Tibbo �956! postulated that part of
the Labrador fishery may be based on fish migrating from
Notre Dame Bay  Area 2!.

CATCH DATA

The catch data can best be examined by dividing the
area into three components: 1! east and southeast Newfound-
land  Areas 1-7!; 2! Gulf stocks  Areas 8-10; and 3! Nova
Scotia-New Brunswick  Areas 11-12!. An examination of the
recent period �961 � 1978! shows that the total catch has
been highly variable from a low of 85,000 mt in 1961 to a
high of 568,000 mt in 1969  Figure 3!.

1! East and southeast Newfound. land

Historically the major herring fishing areas were
Fortune and Placentia Bays  Areas 6 and 7!  Templeman, 1966;
Pinhorn, 1976! but since 1975, the fishery on the east coast.
 Areas 2-5! has been expanding and, due to increased fishing
effort, as can be seen in Figure 3, the catch from the area
has been increasing gradually up to 30,000 mt.
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2! Gulf Stocks

Catches from these stocks were low in the early 1960s
primarily due to reduced abundance of adult fish as a result
of the fungus disease in the late 1950s, and to low effort
levels. With the recruitment of the large 1958 and 1959
year-classes and the discovery of the major overwintering
area off southwest Newfoundland, catches increased dramati-
cally from 21,000 mt in 1961 to 304,000 mt in 1970. With
the passage of these year-classes through the fishery,
catches declined, reaching a low of 43,000 mt in 1974.
Recruitment of these stocks has shown some improvement. with
slight increases in catches since then.

3! Nova Scotia-New Brunswick

The Bay of Fundy has historically been a major herring
fishing area particularly for sardine herring. In the
1960s, effort expanded throughout the area with total catches
increasing from 60,000 mt in 1961 to 265,000 mt in 1969.
This area has also seen the greatest activity by non-Canadian
countries with international catch reaching a peak of 94,000
mt in 1969, with most of the catch being reported from NAFO
4Vs. With the implementation of quotas and later the exten-
sion of jurisdiction, the catch is now taken almost exclusively
by Canadian vessels.

GEAR TYPES USED

A variety of gear is used in the herring fishery and
can be broadly categorized into two types: mobile gear and
fixed gear. The major mobile gear is the purse seine. In
the Canad.ian region purse seines are generally classified
into two types according to size, ie., those boats in excess
of 65 feet LOA  length overall! and boats under 65 feet LOA.
Both fleets operate under either separate quotas as in Areas
6 and 7 or under a single quota as in Area 12. Each vessel
is individually licensed with the license specifying which
stock areas can be fished. Licenses for vessels in excess
of 65 feet have been frozen since 1972, while in the recently
developed fishery in eastern Newfoundland, the vessel size
has been restricted to under 65 feet. While vessel size is
regulated, no restrictions have been placed on the size of
seine operated.

In some areas bar seines  beach seine or stop seine!
are also classed as mobile gear depending on the vessel size
and. mobility. In areas where large vessels are traditionally
used the gear is classed as mobile, while in areas where
small open boats are used the bar seine is nominally classed
with fixed gear.
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Fixed gear includes traps, gillnets, and weirs. These
gear types are generally used by inshore fishermen within a
localized area. The manner of use and rigging of these gear
types is highly variable depending on local custom. Traps
may be constructed of seine twine �-1/8"! or be converted
cod traps with a small meshed "herring back" for retaining
the catch while the trap is being hauled. Gillnets may be
fished at the surface, sunk close to the bottom or utilized
as drift. nets. Weirs are used predominantly in the Bay of
Fundy in the sardine fishery.

ASPECTS OF THE POPULATION DYNAMICS

Many of the general characteristics ascribed to pelagic
fish stocks can be seen in the herring stocks of the Canadian
Atlantic. These characteristics include a wide variation in
the strength of year-classes, dominance of year-classes in
the catch and variation in biomass and catch. In the case
of the southern Gulf stock  Area 10!, year-class strength
has varied by up to 80 times  Figure 4!  Winters and Moores,
1979a!. The largest year-classes observed were the 1958
year-class of autumn spawners and the 1959 year-class of
spring spawners. The influence of these two year-classes on
the composition of the stock can be seen in the age frequency
of the catch  Figure 5! where they are dominant from 1965 to
1970  Winters, 1975!. Fisheries tend to exploit predominantly
one year-class. The production of large year-classes also
strongly influences the biomass of the stock. The 1958 and
1959 year-classes built. the biomass from low levels to the
highest levels observed  Figure 6!. Once these year-classes
peaked, the stock declined with subsequent recruitment
levels being insufficient to maintain the high biomass.
Peak catch levels tend to lag peak biomass levels  Figure
6!, and accelerate the decline. Management of this stock
began in 1973 and has acted to bring catch levels in phase
with biomass levels.

An understanding of the variation in the size of year-
classes is critical to a complete understanding of the
population dynamics of a pelagic stock. When the herring
stocks in the western Atlantic are examined for possible
stock-recurit relationship, no such relationship is apparent
with the points being widely scattered as in Figure 7. As
the data base has improved, the recruitment problem has been
analyzed in greater depth including both abiotic and biotic
factors  Winters, 1976; Lett and Kohler, 1976!.

Lett and Kohler �976! postulated that year-class size
of herring in the Gulf of St. Lawrence was controlled by
temperature and density-dependent effects of mackerel.
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Figure 5. Age frequency of the herring catch from the
Southern Gulf of St. Lawrence stock for the
period 1965-1972.
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Winters �976!, in examining
tionship between herring and
indicated a pelagic  herring
in the Gulf of St. Lawrence

the same stock, found a rela-
mackerel biomass levels which
and mackerel! carrying capacity

 Figure 8! ~

The role of a general environmental factor influencing
recruitment would also explain the common pattern of strong
year-classes observed in different Canadian stocks. For
example, among spring spawning stocks the 1959 and 1968
year-classes have been strong throughout Newfoundland and
the Gulf of St. Lawrence and in fall spawners the 1970 year-
class has been dominant from Georges Bank to the Gulf of St.
Lawrence.

If indeed recruitment is controlled by environmental
factors rather than by the stock size, it becomes exceedinly
difficult to maintain stock size through stopping fishing at
a proscribed level. Indeed, the net result may be a loss in
yield with no apparent benefit to the stock.

MANAGEMENT PRACTICES AND THEIR EVOLUTION

All herring stocks in the Canadian zone, with the
exception of Labrador and the Quebec north shore, are
assessed using cohort analysis  Pope, 1972!. The two non-
assessed areas have low catch levels  <500 mt! and are
regulated by a precautionary TAC in the case of Labrador and
in conjunction with the adjacent stocks in the case of the
Quebec north shore.
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Lett and Kohler �976! also postulated that recruitment
was also influenced by growth in the first year. They
hypothesized that growth was density-dependent during the
first year and thereby controlled subsequent growth and
hence age-specific maturity. However, it was found that
Lett and Kohler �976! had misinterpreted the conventions
for aging used in the data source  Winters et al., 1977!;
their hypothesis was then re-tested using the simplified
case of the Fortune Bay herring stock  Noores and Winters,
1978!. From this analysis, it was apparent that growth in
Fortune Bay herring was most influenced by temperature
 Figure 9! with no demonstrable density-dependent effects
either in regard to growth or maturation rates. Using
multiple regression techniques for the southern Gulf of St.
Lawrence stock it was found that temperature explained 68
percent of the variation in herring growth. With the
addition of herring biomass and juvenile mackerel biomass to
the analysis, the explained variation increased to 77 percent
indicating that a logistic growth pattern in this stock
would only be evident under stable environmental conditions.
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The use of analytical models for assessing the status
of herring stocks in Canada essentially began in 1973 with
data being presented for the southern Gulf, Fortune Bay and
Placentia-St. Mary's Bays herring stocks. All this time two
management systems were in place. For stocks within Canadian
jurisdictior.  Gulf of St. Lawrence and Newfoundland! the
assessment process was internal, while for stocks in ICNAF/
NAFO Areas 4V, 4W, and 4X where international fisheries
occurred the assessment process was handled by ICNAF. Since
l977, with the implementation of the 200 mile limit, all
these stocks are under Canadian control and assessments are
conducted under the auspicies of the Pelagic Sub-Committee
of CAFSAC  Canadian Atlantic Fisheries Scientific Advisory
Committee!.

Although the forum for considering the biological
aspects of the stocks has changed, the management scheme has
not. Once agreement has been reached as to the status of
the stock and catch projections made, with F l as a refer-
ence point, the information is passed along 4 the Atlantic
Herring Management Committee  AHMC!. The AHMC is composed
of a chairman and the three federal regional director-
generals for fisheries  Newfoundland, Quebec and the Maritimes!.
The AHMC appoints advisors from all sectors of the fishery
including processors, fishermen, economists and biologists.
After discussion with the advisors, the AHMC makes recommenda-
tions to the federal minister of fisheries and oceans as to
the appropriate catch levels, restrictions on seasons and
gears, and any additional management considerations. The
minister is the final authority on all management plans and
can either accept the recommendations of the AHMC or reject
or vary the recommendations as he deems appropriate  Figure
10!. All regulations are enforced by the Conservation and
Protection Branch of Fisheries and Oceans.

Traditionally, the TAC has been allocated in a two-
tier system with the mobile sector having a quota while
fixed gear catches have been estimated but. no quota is
enforced. This system operated well when the fixed gear
effort was relatively stable, but with increased prices for
herring, fixed gear effort has been expanding rapidly. To
create more stability in the fishery, two approaches are
being considered to place all gear components under quota
control or to implement gear limitations. Both approaches
are aimed at protecting the rights of all the components of
the fishery such that they all benefit from the resource.

PROBLEM AREAS AND CURRENT RESEARCH

Much time and effort is currently expended in the
collection and preparation of data for inclusion into the
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sequential population models. In cohort analysis the
potential error in estimates of N is greatest in the
terminal year since these are directly dependent on the
input. parameters; this error, however, is sequentially
reduced as the analyses proceeds back through a cohort
 Pope, 1972!. While this provides a good historical picture
in terms of fisheries management, population size estimates
in the terminal year are the basis for setting catch levels
in the future. Critical to the analysis is the establish-
ment of the level of fishing mortality for the terminal year
and the strength of incoming year-classes. The more accurate
these are, the more closely the analysis will resemble the
real situation. Terminal F has been calculated using effort
or catch per unit effort of the purse seine fleet as an
index of stock abundance. Effort data are derived primarily
from log records. The provision of accurate log records is
a condition of licensing. Although this regulation has not
been enforced, cooperation by the fishermen has been excellent.
However, changes in fishing pattern, gear types, and efficiences
have increased the degree of difficulty in interpreting the
data. It is also impossible to determine the effect. of
quota regulations and changes in migration patterns resulting
from changes in stock size on the effort data. These problems
clearly indicate the need for having i~dependent measures
of stock abundance. For some stocks, such as the southern
Gulf of St. Lawrence, the catch of herring in groundfish
surveys can be used, but in other areas different methods
must be developed. Research is currently being conducted
into standardized research gillnet catches and acoustic
techniques. Two approaches are being used for acoustics;
one method is to cover a standard cruise track using sounders
and sonar, thereby estimating the number of schools encountered
to obtain rough biomass estimates. The second is that
consideration being given to developing an echo integration
system for use on herring similar to the method currently
employed on capelin  Mallotus villosus!  Miller and Carscadden,
1979!.

Once the best estimate of current stock size has been
calculated, it remains to refine the parameters of the
projection. Of importance are the values used for recruit-
ment. At present we are restricted to using arbitrary or
average values  geometric mean! as estimates of those year-
classes which have not yet entered the commercial fishery.
To provide improved information on year-class size and the
mechanism controlling reproductive success, a long-term
project has been established in Fortune Bay. The program
includes study of egg production, seasonal sampling of
larvae for distribtuion and growth, and measurement of
physical parameters.

Another area of concern is changes in migration routes
with changing stock size as has been noted in the southern
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Gulf stock. The implications of these changes with regard
to stock boundaries, and hence management zones, and also
the planning of fishing strategies are important. This
variability indicates the need for continuing tagging
programs to monitor possible changes.

CONCLUSION

The Canadian Atlantic herring stocks display a high
degree of variation both in terms of their biological
characteristics and their population dynamics and in their
manner of exploitation. The fisheries have passed from
subsistance level to unrestricted exploitation to the
present situation of a high degree of management control and
regulation. As we try to unravel the population dynamics of
these stocks we are constantly faced with major gaps in our
knowledge, and indeed as one question is answered, two more
are raised.
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A REV I EW OF MANAGEMENT P RAC T I CE S AND RESEARCH
ACTIVITIES ON NORWEGIAN SPRING SPAWNING HERRING

Olav Dragesund
Department of Fisheries Biology

University of Bergen, Norway

INTRODUCTION

A review of our knowledge of the Atlanto-Scandian
herring must be based on the work of numerous scientists in
several countries over many years. The earlier workers at
the Institute of Marine Research, Bergen, included Lea
�910, 1929, 1930!, Runnstrpm  l936, 194la, 194lb!, Devoid
�963, 1968!, Aasen �958, l962!, gistvedt �958, 1963! and
Dragesund �970a, l970b!. The present work is being directed
by Hamre  Anon., 1979!. The earlier workers in Iceland
included Fridriksson �944, 1958! and Einarsson �958! . The
present work is being directed by Jakobsson �963, 1968,
1971, 1980!. The earlier workers in the Soviet Union
included Marti �956!, Marti and Fedorov �963! and Yudanov
�966!. The present work is directed by Seliverstov  Benko
and Seliverstov 1971!. Much information also resides in
reports of limited circulation prepared for the International
Council for the Exploration of the Sea, ICKS �964a, 1965,
1970 1972 i 1977 ~ 1979!

The term Atlanto-Scandian herring is frequently used as
a synonym for Norwegian spring spawning herring. This can
give rise to misunderstandings, as the Atlanto-Scandian
herring is now considered to include three stocks: Norwegian
spring spawners, Icelandic spring spawners, and Icelandic
summer spawners. According to Johansen �919!, spawners
near the Faroes and the northern edge of the North Sea
plateau also belong to the Atlanto-Scandian herring.

The Norwegian spring spawners, potentially the largest
stock within the Atlanto-Scandian herring, are the subject
of this review. The management practices and research
activities discussed here are largely based on recent. work
of Dragesund and Ulltang �978! and Dragesund, Hamre, and
Ulltang �980!.

DISTRIBUTION AND MIGRATION

ADULT HERRING

The spawning grounds are located in Norwegian coastal
waters  Figure 1! . The spawning depths range from 50 to 200
m; the temperature varies between 5 and 7 C. The main0

feeding of the adult stock takes place from Nay to August

207



60'

20 40 20

208

Figure l. Surface currents of the Northwest Atlantic
Ocean 1! Norwegian Coastal Current,
2! Atlantic Water, 3! Arctic Water.



along the Polar Front in the Norwegian Sea where the herring
feed heavily on zooplankton  ICES, 1964b!. The limit of the
summer feeding migration extends from the Spitsbergen-Jan
Mayen area in the north to the western border of the cold
East Icelandic Current in the south.

During the feeding season, some of the Norwegian spring
spawners mix with the adults of the Icelandic spring spawners
and in August some mix with the Icelandic summer spawners
 Figure 2!. The feeding area contracts during the autumn.
The Norwegian spring spawning herring gradually concentrate
into an area in the southwestern part of the Norwegian Sea
along the borders of the East Icelandic Current . Those
ripening herring winter east of Iceland. In December and
January, prespawning concentrations move towards the Norwe-
gian coast. Spawning takes place mainly in the first half
of March  Devoid, 1963; Fridriksson, 1963!.

This description of the distribution and migration of
the adult stock was probably the pattern when the stock size
was relatively high. However, from 1950 to 1969 changes
occurred in the migration pattern. From 1950 to 1962, the
spawning grounds of the stock gradually shifted northward,
and after 1959, spawning south of Stad was negligible  Devoid,
l963; Dragesund, 1970a!. From 1960 to 1968, the spawning
was concentrated off Mgre-Trgndelag. From 1963 to 1966,
much spawning also took place at Lofoten  Figure 3! .

From 1952 to 1962, the main feeding grounds were in the
Iceland-Jan Mayen area. However, in autumn 1962, a stock
component of maturing herring was found off the coast of
northern Norway  Figure 3! . In spring 1963, this component
migrated to the Lofoten area for spawning. Most of these
herring moved to the feeding area southwest of Spitsbergen
after spawning. They wintered off the coast of northern
Norway with maturing herring and spawned at Lofoten the
following spring. From 1963 to 1966 some exchange took
place between the component feeding southwest of Bear Island
and the main component feeding between Iceland and Jan
Mayen. Almost no mixing took place between spawning herring
at Lofoten and those spawning farther south.

In the autumn of 1966, the northern component migrated
from the Bear Island feeding grounds to the wintering area
off East Iceland and mixed with the main component of the
stock in that area  Figure 4!. From 1967 to 1969, the stock
migrated as a single unit to the main spawning grounds off
Mpre-Trpndeiag, with no spawning at Lofoten. After spawning,
the stock moved to the summer feeding grounds in the Spits-
bergen-Bear Island area. During late autumn, the herring
again concentrated in the traditional wintering area east of
Iceland.
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Figure 2. Distributions of the three spawning
stocks of the Atlanto-Scandian herring
group.
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From 1967 to 1969, the spawning stock decreased sharply,
and since the summer of 1969 no herring have been recorded
on the usual feeding area in the Norwegian Sea. A fishery
continued on the depleted stock on the spawning grounds
until 1971, when the collapse of the stock was almost complete.
Although a small recovery of the stock took place during the
late 1970s, the spent herring did not leave the coast as in
previous years, but remained in coastal waters for feeding.
In late autumn the herring migrated into the fjords for
wintering and were found in dense concentrations from October
to February. The fjords of Lofoten were the main wintering
area for a northern component, while a southern component
seemed to stay at Mgre throughout, the year. During February
and March, there was a spawning migration from the fjords to
the spawning grounds just off the coast  Anon., 1979!.

YOUNG HERRING

The larvae from the Norwegian spawning grounds are
transported northward with the coastal current. The larval
stage lasts for about two months. During the northward
drift, some larvae accumulate at the entrance of the fjords
along the Norwegian coast and others drift farther northward
and offshore into the northeastern Norwegian Sea and the
Barents Sea  Figure 5!. The 0-group herring in the coastal
areas migrate into the fjords during autumn. Those herring
stay in the fjords through the autumn and the following
winter. In late autumn, a major part. of the 0-group herring
irr offshore waters is concentrated along the oceanic fronts
between the cold Arctic water and the warmer water masses
which cover the areas west of Spitsbergen and Bear Island
and the central and southeastern parts of the Barents Sea
 Figures 2 and 5!. The herring remain in those areas during
the following winter and spring. They live in colder water
than the 0-group herring along the coast, especially those
south of Finnrnark  Dragesund, 1970b!. The abundance of the
offshore distribution of 0-group herring is quite variable
and appears closely related to the year class strength at
that stage. In the last 10 years, oceanic 0-group herring
have not been observed in large numbers relative to earlier
years. The Norwegian coastal waters have become the main
nursery area of the young herring.

A gradual emigration of 1-group herring takes place
from the fjords in April and May. These herring remain in
coastal waters for one to two years. The 1-group herring
distributed in offshore waters move southward toward the
southern parts of the Barents Sea and coastal waters off
northern Norway  Figure 6!. The 1- and 2-groups feed in
these areas. During periods of exceptionally high abundance,
these age-groups have a much wider distribution than in
years when the young herring stock is at a low level, as in
the 1970s.
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Young herring from the southern coastal area from Nore
to Lofoten usually grow faster than those distributed farther
north. They start their westward migration into the Norwegian
Sea to join the adult sotck as 2-group fish. Those distributed
off north Norway used to remain one or two years more in the
nursery area before they began their migration to the Norwegian
Sea. However, throughout the 1970s no such westward migration
of maturing herring into the Norwegian Sea took place.

EXPLOITATION AND MANAGEMENT

THE FISHERIES

Traditionally the main fishery on the adult stock has
been on winter herring along the Norwegian west coast prior
to and during the spawning season. Another important fishery,
the summer-and-autumn herring fishery took place on the
feeding grounds north and east of Iceland and Jan Mayen. In
addition to the fishery on adults, there has been a fishery
for young and adolescent herring in Norwegian coastal areas
and in the fjords, mainly in northern Norway. This fishery
was based on 0- to 4-group herring.

The annual catches from the winter herring fishery
fluctuated widely from 1925 to 1970  Figure 7!. Beginning
in 1947, the catches rose steadily to a peak of about 1.2
million tons in 1956. The age distribution of the winter
herring from 1950 to 1962 suggests that the strong year
class of 1950 supported the high catches in the mid-1950s
 Table 1!. The catches then fell steadily to 1963. The
high catches from 1964 to 1967 were associated with the
strong 1959 and 1960 year classes  Table 2!. From 1964 to
1967, a sharp increase in fishing effort took place. Then
from 1968 to 1971, the catches in the winter herring fisheries
were negligible compared with earlier years. Later in the
1970s there was practically no winter herring fishery.

The annual catches of the summer-and-autumn herring
fishery from 1925 to 1970 also fluctuated  Figure 8!. From
1925 to 1950 the catches fluctuated around 100,000 tons.
Until 1950, mainly Icelandic and Norwegian boats participated
in this fishery. The Soviet fishery on feeding herring in
the Norwegian Sea started in 1950 and the total catches
gradually increased during the 1950s and reached a peak on
420,000 tons in 1960. From 1962 to 1966, there was a sharp
increase in the total catch, mainly due to the Icelandic
fishermen.

The drastic change in the migration pattern of the
adult stock during the 1960s strongly influenced the location
of the summer-and-autumn fishery. The fishery off Iceland
gradually became negligible and at the end of the 1960s most
of the summer fishery took place in the northeastern part of
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Table 1. Percentage age composition of Norwegian spring spawning

herring caught by the Norwegian winter fishery from

1950 to 1962. Catches from the 1950 year class are

undcrlincd.
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the Norwegian Sea off the shelf next to Bear Island and
Spitsbergen. A sharp decline in the catch occurred from
1967 to 1968 and the fishery ended in 1969. Since then,
almost no herring have been available in the Norwegian Sea
during the feeding period.

The total catch of young and adolescent herring landed
from 1930 to 1975 also fluctuated widely  Figure 9! . The
fishery on 0- and 1-group herring occurred in the fjords
from late autumn to early spring. The fishery started with
the immigration of 0-group herring to the fjords and continued
throughout the wintering period. The most intensive fishery
for adolescent herring �- to 4-group fish!, especially in
the 1960s, took place offshore along the coast between
Lofoten and Finnmark, with the peak in summer and early
autumn. Farther south along the coast, off Mgre-Trgndelag,
most of the adolescent herring were landed in spring and
early summer. The stock of immature herring was almost
depleted in 1969, and in 1969 and 1970 the catch had declined
by about 90 percent compared to 1968. In 1971 and 1972,
further decreases in catch took place. About 14,000 tons
were landed each year, mainly from the 1969 year class.
Later in the 1970s only small catches were taken.

STOCK SIZE CHANGES AND RATE OF EXPLOITATION

The changes in spawning stock size from 1950 to 1978
were analyzed by Dragesund, Hamre, and Ulltang �980!. The
stock size was estimated at 9 million tons in 1950 and
decreased to about 7 million tons in 1953  Figure 10!. From
1954 to 1957, the strong 1950 year class was gradually
recruited to the spawning stock, resulting in an increase in
stock size to about 10 million tons in 1957. The stock then
decreased again, as a result of poor recruitment, to about
2.5 million tons in 1963. From 1963 to 1966, the stock size
increased somewhat, but from 1966 onwards there was another
rapid decline. Fishing mortality was relatively low and
constant up to 1962  Figure 11!. Thereafter, a sharp increase
took place due to increased effort in both the summer-and-
autumn and winter fisheries.

Around 1960, technical advances considerably improved
the purse seining system in all three herring fisheries.
The new techniques enabled the use of larger and deeper nets
and led to an extension of the fishery seaward. Also, the
use of acoustic equipment was important for the development
of the herring fishery. During the 1950s the fishermen came
to consider acoustic devices to be indispensible for fishing;
it became common to use sonar to guide net setting.
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From 1950 to 1969, the exploitation rate on young
herring was high. The purse seine fishery in Norwegiar
coastal waters generated much higher fishing mortalities on
weak and moderate year classes than on strong ones. Weak
and moderate year classes survived four years in small
quantities  Figure 12!. The 1961 year class was the last
which gave recruits to the spawning stock in any quantity.
Some of the 1963 and 1964 year classes survived to an age of
four years, but those were practically fished out in the
adolescent fishery in 1968. Thus, there was practically no
recruitment to the adult stock after 1966, which inevitably
resulted in the rapid decrease of the adult stock size.
This decline was further accelerated by the increased
exploitation of the adults.

RECENT MANAGEMENT

The collapse of the Norwegian spring spawning herring
was the first of a fish stock in the Northeast AtLantic
Ocean  Saetersdal, 1980!. However, the dramatic events
taking palce during the 1960s did not result in any immediate
management action. The collapse of the stock was almost
complete before any effective steps were taken. An assess-
ment report dealing with the state of Atlanto-Scandian
herring and their exploitation to 1963 was prepared  ICES,
1965! .

The report concluded that the magnitude of the reduction
of recruitment due to the young herring fishery was not yet
known. Even in 1969  ICES, 1970!, when the catches had
declined drastically, no firm restriction was recommended.
The ICES Working Group on Atlanto-Scandian herring concluded
that the fishing mortality on immature herring should be
reduced and an increase in fishing rate on the adult stock
be avoided. The Working Group met again in 1971, stating
that there had been almost no recruitment to the adult stock
since 1966 due to the heavy exploitation of young herring,
and that the stock was considered to be in a critical state
 ICES, 1972!.

The first effective management action was taken in 1971
when. the use of herring for reduction was prohibited. This
regulation probably prevented total depletion of the 1969
year class in 1971 and 1972. From 1972 to 1974, the fishery
was regulated by an agreement between Iceland, Norway, and
the USSR. There were no commercial catches of adult herring
and the catches of young and adolescent herring were limited
by quotas. In 1973 the catch was Limited to 6,800 tons and
in 1974 to 6,300 tons. In 1975 and 1976, the fishery was
regulated by a Northeast Atlantic Fisheries Commission
agreement. In 1975 a total allowable catch  TAC! of 3,500
tons was set and in 1976 no commercial fishing was permitted.
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In 1977 and 1978 some 13,000 tons and 9,000 tons of adult
and juvenile herring were caught in Norwegian coastal
waters.

There has been widespread speculation on the primary
reason for the disappearance of the herring--whether the
collapse of the stock was caused by overfishing alone or
whether it was due to natural causes. Computer simulation
was used to investigate whether the collapse could have been
avoided if the herring fishery had been managed by regula-
tions in the 1960s  Dragesund, Hamre and Ulltang, 1980!.

The simulation runs can conveniently be classified in
two groups  Figure 13!. In the first group of runs the
effect of some minimal regulations  saving strategies! were
studied to see whether they could have had a significant
effect on the final spawning stock in 1970 and could have
avoided the collapse of the stock  Figure 13A!. In these
runs the simulated exploitation pattern is still damaging to
the stock. Run 1 is a check using the estimated fishing
mortalities obtained from the virtual population analyses
 VPA!, where the calculated spawning stock size should be
equal to that estimated from the VPA. Run 2 simulates the
effects of a closing of the young herring fishery  F = F

0!. Run 3 simulates the likely effects of the restrictions
on the adult fisheries from 1963 onward when the increase in
F generated by these fisheries started. F for 7-years-and-
older was put equal to 0.2 for the years 1963 to 1970. In
run 4 a severe restriction on the heavy adolescent fishery
in 1967 and 1968 on the 1963 and 1964 year classes is simulated,
letting all other fisheries go on unregulated. The results
of the simulation runs indicated that the collapse seemed to
occur as a combined effect of increased effort in the adult
fishery and the high exploitation rate on the immature
stock. Regulation in either of the two fisheries would have
had a pronounced effect on maintaining the spawning stock
size at a reasonable level up to 1970. The fishery on 0-
and 1-group herring was the most irrational strategy. A
minimum lega]. size protecting the 0- and 1-group fish was
the only regulation needed in the 1960s to prevent the
depletion of the stock. With the recruitment observed in
the 1960s, this regulation could have preserved a spawning
stock in 1970 of 1.6 million tons  run 2!.

In the second group of runs some more optimal strategies
were studied  Figure 138!. If the regulation simulated had
been combined with a catch quota aimed at F or F on

.maxolder fish, it is estimated that the spawning stock could
have remained at a level of 2.4 to 4.7 million tons i f the
young herring fishery  t = 2! was prohibited. The conclusion
is that the collapse of Khe stock in the 1970s was mainly
caused by over-exploitation.
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RESEARCH ACTIVITIES

The present long-term aim for management is to rebuild
the spawning stock to a rninimurn of 2.5 million tons. The
research program monitoring the state of the stock during
the last years has included: echo surveys and biological
sampling on the spawning and feeding grounds; larval surveys;
echo abundance estimates of 0-group herring in coastal
areas; and tagging experiments  Dragesund, Hamre and Ulltag,
1980!.

SURVEYS ON SPAWNING AND FEEDING GROUNDS

Prior to and during the spawning season, echo surveys
are carried out along the coast, mainly between Stad and
Lofoten, with biological sampling and fishing experiments.
Similarly, surveys are made during summer and autumn in
Norwegian coastal waters and into the offshore waters of
northern Norway. No regular oceanic surveys were carried
out during the 1970s. However, Soviet research vessels
surveyed large areas of the Norwegian Sea as well as near
Jan Mayen-Spitsbergen in 1977 and 1978  ICES, 1979! .
During the survey in 1977 no herring concentrations were
located by acoustic methods, but experimental fishing with
both driftnets and pelagic trawls yielded a few samples in
which the l969 year class was dominant. In 1978, no herring
were located by acoustic methods and the experimental fish-
ing caught one herring.

Two small components of the 1969 year class, one in the
Barents Sea and the other off Mrs're, survived the heavy
exploitation during the immature stage. Both components
spawned for the first time in 1973, the northern component
at Lofoten and the southern at Mgre. These two components
did not mix later in the 1970s and the northern component
spawned on traditional spawning grounds along the coast
between MrrIre and Lofoten. The southern component spawned
towards the southern part of the Mwr5re coast.

It is likely that an increase in spawning stock size
took place from 1972 to 1973 when the recurits of the 1969
year class entered the spawning grounds. However, no appreci-
able increase in the spawning stock size was observed from
1973 to 1976, although a fraction of the 1973 year class
matured in 1976  Table 3!. A considerable increase in the
abundance of spawning herring was recorded in the winter. of
1977. In 1978 and 1979, no similar increase in stock
strength was observed on the spawning grounds  Anon., 1979;
ICES, 1979! .

LARVAL SURVEYS

Larval surveys have been carried out for several years.
Until 1972, the larvae were collected mainly with Clarke-
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as abundance  millions! and weight  thousands of

metric tons! from 1973 to 1979.

Y.ear
Weight

938 2891973

7121 2371974

4 6 '94 1

57 1 3 159

1975

1241976 237

130 200173 413 23

6 234 335

1977

2001978

17037 171 2 -2
651979

230

Table '3. Spawning stock of Norw gian spring spawn.'ng herring



Bumpus plankton samplers. Since 1972, a modified version of
the Gulf III sampler has been used. There has been about
the same survey effort each year. The distributions of the
herring larvae from 1968 to 1972 and from 1973 to 1977 can
be compared  Figures 14 and 15!. The distribution of
abundance of the larvae is in reasonable agreement with the
echo recordings of herring on the spawning grounds. The
decreasing abundance of larvae from 1968 to 1972 is evident
 Figure 14!. The increase of the spawning stock in 1973
with the appearance of one component spawning off Mgre,
another off Lofoten, is also evident  Figure 14!. In 1976,
the abundance of larvae increased considerably related to
the recruitment of the 1973 year class to the spawning
stock. The failure of the increase of the stock strength in
1977 to be reflected in the larval abundance measured that
year was probably because the sampling was late in relation
to the time of hatching. There was no major change in the
larval abundance in 1978 and 1979 compared with 1976 and
1977, indicating that no increase had taken place in the
spawning stock size  Anon., 1979!.

0-GROUP SURVEYS

Regular 0-group surveys with acoustic methods have been
carried out in coastal waters of western and northern Norway
every October to December since 1974  ICES, 1979!. In
addition, 0-group surveys for species other than herring are
also undertaken every year in offshore waters of northern
Norway, including the whole Barents Sea and Spitsbergen
area.

Anon. �979! has given abundance estimates of 0-group
herring in the coastal waters from 1974 to 1978  Table 4! .
Herring recorded in the offshore surveys are not included in
these estimates. 0-group herring were observed in small
quantities in the Barents Sea in 1976, 1977, and 1978. The
estimates of the 1974 year class are probably low due to
poor geographic coverage. A marked drop in the 0-group
abundance in all areas occurred in 1977, indicating unfavor-
able conditions for the survival of larvae.

TAGGING EXPERIMENTS

In 1975, a tagging project was initiated. Nearly
140,000 herring from an experimental fishery were tagged
internally in April and May from 1975 to 1978. Catches from
the experimental fishery have been analyzed for recoveries
by a device retaining internally tagged fish  Gytre and
Jakupsstovu, 1977!. Most of the catches screened for tags
were taken in the overwintering area of the mature stock or
at the spawning grounds. Some samples were also obtained
during autumn. The spawning stock size estimates were based
on tag returns during the experimental fishery from 1977 to
1979 and the age composition of the catches  Dragesund,
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Hamre and Ulltang, 1980; Anon., 1979!. Estimates are
available from 1973 to 1979  Table 4j. Some increase is
expected in the spawning stock size in 1980 due to greater
0-group abundance in 1976 than in the previous years. Based
on the 0-group abundance estimates, recuritment from the
1977 and 1978 year classes is expected to be low.

CONC LU S I ONS

The efficiency of techniques to catch schooling fishes
can now endanger the survival of stocks. The adult Norwegian
spring spawning herring were fished out by 1970. Regula-
tions were probably effective in saving the immature herring
from further depletion. It is not certain that the Norwegian
spring spawning herring were about to be eliminated, but the
most important fish resource in the Northeast Atlantic Ocean
may have been saved by last-minute regulations. A slight
recovery of the stock took place during the late 1970s and
the critical stage is probably past.

The effects of the collapse of the herring on other
populations are of great interest and difficult to assess.
The Norwegian spring spawning herring compete with two other
planktonfeeding stocks, the blue whiting and the capelin.
There are no indications that the herring have been replaced
by another species. Therefore, the consequence of the
collapse of the Norwegian spring spawning herring is that
the production of a rich area of the ocean is no longer
harvested by fishermen.
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MANAGEMENT OF THE NORTH SEA HERRING FISHERIES

Albrecht Schumacher
Federal Research Centre for Fisheries

Hamburg, Federal Republic of Germany

THE KANAGENENT SYSTEM OF THE
NORTHEAST ATLANTIC FISHERIES

The herring fishery in the North Sea has always been a
multinational fishery and, therefore, management of this
fishery could only be introduced on the basis of international
cooperation. The legal basis for international management
of the fisheries in the Northeast Atlantic was provided by
the International Fisheries Convention of 1946, followed by
the Northeast Atlantic Fisheries Convention of 1959 signed
by 14 European countries. The corresponding management body
was the Northeast Atlantic Fisheries Commission  NEAFC!. Up
to 1973, the powers of the commission had been limited to
measures for the regulation of mesh sizes, attachment to
nets, minimum landing sizes, closed areas and seasons.

Introduction of measures for regulating the amount of
total catch or the amount of fishing effort did require a
proposal adopted by not less than a two-thirds majority and
subsequent acception by all member countries in accordance
with their respective constitutional procedures.

Extending the powers of NEAFC was a lengthy process
which started in 1966 by exploring a general basis for
fishing effort regulations within a study group which con-
sidered all the aspects of fishing effort regulations.
There was no doubt from the beginning of the discussion
about the economic advantages of a reductio~ in effort, that
is, the possibility of obtaining current. catches with a
fraction of the current fishing effort. On the other hand,
it was virtually impossible for the commission to settle in
a uniform and sensible manner the special economic and
social problems of effort regulations for all member countries,
a total of 14 countries with highly divergent political,
economic and social structures.

It was logical, therefore, that the commission agree to
aim at a catch limit system in which the total allowable
catches were apportioned among the member countries. It
should then be left to each country to decide how its fleet
would take the amount allocated to it. The discussions
and the following ratification process were finalized in
1973 at a time when NEAFC urgently needed the new competence.
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The commission, however, could not decide upon manage-
ment measures directly; there was only the possibility of
making recommendations to the contracting countries which
were under the obligatio~ to implement any recommendation
adopted by a two-thirds majority.

However, any contracting country could object to a
recommendation within 90 days and thereby escape this obli-
gation. If objections were lodged by three or more con-
tracting countries, the recommendation was taken as not
binding on any.

In order to make sure that the regulations--which are
the instruments of fisheries management--will be observed,
NEAFC, in close cooperation with ICNAP, developed a scheme
of joint enforcement. This again was a difficult task
because the commissions were breaking new ground in inter-
national law. It had been unthinkable until then for most
countries that ships flying their flags could be subject to
inspection on the high seas by officials of other countries.

The scientific advice as basis for managment action was
provided by the International Council for the Exploration of
the Sea  ICES! through its Advisory Committee on Fisheries
Management  ACFN!--the former liaison committee. The advice
given by ACFN with regard to North Sea herring is based on
assessments done by !he Herring Assessment Working Group for
the area south of 62 north. Data and information on catches
and their composition are provided by national laboratories
of the different member countries for the assessment work.
In addition, ICES-coordinated surveys on young herring and
larvae have been established with growing importance for the
scientific evaluation of the state of the stocks, in parti-
cular when directed herring fishing is prohibited.

THE HISTORY OF THE HERRING FISHERY IN THE NORTH SEA

The large scale fishery for herring in the North Sea as
recorded in historical documents began in the 15th century.
Since 1903, when ICES started to collect and to publish
catch data, the level of catch was about 500,000 to 600,000
tons per year until the First World War. In the inter-war
period, total catches increased continuously from about
200,000 to 300,000 tons in the early 1920s with some fluc-
tuations due to variations in year-class strength  Figure
1!. A maximum of about 700,000 tons was reached in 1937.
This development was associated with an increase in fishing
effort and a gradual change in the method of fishing The
traditional method of fishing was drift-netting from sailing
vessels and, in some nearshore areas, ring-netting. After
the First World War, sailing vessels were replaced by vessels
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with steam or motor propulsion and herring trawling was
introduced, but drift-netting was still the dominating
method.

Total catches of adult herring in the North Sca since
1946 maintained a level around 600,000 tons until 1963.
This stable level, however, could only be maintained due to
continuation of the trend toward the more efficient herring
trawl and by a further increase in fishing effort. Fishing
effort increased not only by simply increasing the number of
vessels; there was also a remakable increase in efficiency
of the vessels due to further modernization and the intro-
duction of echosounding. In addition, the seasonality of
the fishery as well as the exploited area changed. The
traditional season started in Nay in the northwestern North
Sea and the fishery was directed toward pre-spawning and
spawning concentrations. During the season the fleets
migrated southward along the British coast. of the North Sea
following the migration of herring shoals. The season
ended in the Channel just before Christmas,

In the mid 1950s the southwestern North Sea became less
productive and the East-ganglia driftnet fishery virtually
collapsed. The more mobile part of the international
herring fleet developed a new winter fishery in the north-
eastern part of the North Sea along the edge of the Norwegian
deep and in the Skagerrak, which lasted from November to the
end of February.

Since 1963, a completely new component of effort has
been introduced into the North Sea herring fishery: open
sea ringnetting. This method of fishing, originally developed
in the fishery for atlanto-scandian herring, is very effective
due to efficient use of sonar fish-detecting equipment and
the powerblock technique. Due to this invasion of very
efficient vessels  mainly from Norway! into the North Sea,
total catch of adult herring increased to just over one
million tons in 1965. The exploitation of North Sea. herring
by purse seiners was linked with a different fishing pattern
and enlargement of the fishing area by inclusion of the
waters around the Shetlands. These waters became the most
productive fishing grounds after 1964, but even this expansion
could not prevent the continuous decline in the catch of
adult he~ring in the following years to about 170,000 tons in
1976.

In addition to the fishery for adult herring, a young
herring fishery was developed catching one- and two-year-
old herring for meal and oil production. The fishery started
in l950 in the southeastern part of the North Sea, but very
soon thc area of operation was enlarged to the western and
northern North Sea. From the level of 5,000 tons in 1950,
young herring catches increased to about 100,000 tons in
1955, fluctuating around this level in the following years
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according to the strength of the exploited year-classes
 Figure 1!. A maximum was reached in L971-1972 as a result
of the relatively good 1969 and 1970 year-classes.

The simpLe description of the development of catches
since the rnid 1960s already indicates that this decline in
catch must have been associated with enormous economic
difficulties in the fisheries and in the dependent industries.
This fact is even more obvious in view of the dominating
role of the purse seiners in the fishery on pre-spawning
herring since 1965. The traditional drift-net fishery on
spawning herring became totally uneconomic and virtually
collapsed within two years. For example, in the Federal
Republic of Germany, nearly 200 drift-netters had to be
scrapped from 1966 to 1968, and the herring trawlers had to
go to other fishing grounds like the west of Scotland waters
and Georges Bank. In other countries, the consequences of
this development have been similar or even more severe. It
would, however, go beyond the Limits of this paper to elabor-
ate in more detail on this part of the problem. The most
interesting question in the contex of this workshop is how
the management system reacted to this long-lasting and
partly foreseeable development.

SCIENTIFIC ADVICE AND REACTION OF NEAFC

From the beginning of herring investigations, attempts
have been made to develop techniques which would describe
the different groups of spawning fish in the North Sea with
some precision  Figure 2!. This type of work dominated the
research activities up to the mid 1960s. A number of differ-
ences in some biological characteristics have been esta-
blished indicating a grouping of the spawning populations
into two or three groups, but the results could not be used
for the purpose of quantitative stock assessments. One of
the difficulties in agreeing upon conservation action for
North Sea herring has been due to the problems in dealing
with stock separation, not only at the biological level, but
more particularly in the problem of allocation of catch to
the stock components.

The decline of the southwestern  Downs! component of
North Sea herring in the mid 1950s was carefully studied,
but as late as 1971 it was concluded by the liaison committee
that the decline of the Downs herring may have been caused
by, or at least accelerated by, fishing. It was recommended
as an experiment that the spawning areas in the southern
North Sea should be closed for the months of October to
Narch for at least six years or even longer until the effect
of such a closure could be evaluated. The management objec-
tive behind this experimental closure was to increase the
catch per unit effort as well as the proportion of older
agegroups, and hence, to reduce year-to-year fluctuations in
the size of the catches.
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Figure 2. Distribution of herring in the North Sea
and Irish Sea.
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An experimental closure of the young herring fishery
was also discussed, but it was recommended that such an
experiment be deferred and considered later, in light of the
results of the experiment on the adult fishery. The reason
for this attitude was that "only if a stock-recruitment
relationship is revealed by the closure of the southern
North Sea adult fishery, could a significant benefit be
expected from a restriction of the young herring fishery."

For the northern North Sea, attempts have been made to
estimate fishing mortality on the basis of catch per unit of
ef ort figures. The time series for the different fisheries,
however, gave conflicting results so that the effect of
fishing on the stock could not be assessed with convincing
precision for NEAFC to introduce management measures in
order to reduce fishing morta.lity in that fishery.

The generally accepted management objective during the
1950s and 1960s was to obtain the FISY per recruit. The high
vulnerability of pelagic species as compared to dernersal
species for which this concept was originally developed, was
not take~ into account sufficiently at that time. Further-
more, there was no definite proof that a stock-recruitment
relationship exists, and this part of the problem was not
adequately considered. These two factors have led to insuf-
ficient reaction by the scientists as well as by adminis-
trators to the situation of the herring stocks in the North
Sea. On the other hand, one has to recognize the inadequacy
of both the general state of the art of our science in that
period, and the particular lack of information on, and
understanding of, pelagic stocks.

The situation, as far as the scientific advice is
concerned, has changed drastically since 1970 compared to
the preceding period. Only little attention was paid to the
complicated stock-structure since the concern now applied to
the North Sea herring population as a whole.

In 1970 and 1971 attention was drawn to the high propor-
tion of juvenile herring in the catches, to the high level
of fishing mortality, and decreasing stock size  Figures 3
and 4! Catch limitation to 500,000 tons was suggested in
order to increase the size of the stock, and it was stated
that "without a reduction in fishing effort, it is expected
that the stock will not recover and that catch as well as
stock size may continue to decline." This new attitude of
the herring biologists was at least partly a reaction to the
VPA and catch prediction techniques which were introduced
into the Herring Working Group at that time. This gave a
better historical record on the fishing mortality and stock
size and a more realistic estimation of possible future
developments under certain assumptions. The reaction of
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NEAFC was that closed seasons were introduced with some
exemptions for the years 1971 to 1974, which later proved to
be completely ineffective in reducing fishing mortality
 Figure 4!.

During the following years, ICES advised that in light
of the continuous reduction in spawning biomass of TAC-
options, different combinations of fishing mortality on
adults and juveniles be considered. For 1976, a TAC of
140,000 tons was recommended and in October 1975 this recorn-
mendation was revised to a total ban on herring fishing in
the North Sea. The reaction of NEAFC was that several TACs
were recommended for 1974 to 1976 but none of these survived
the objection period. In 1976, only a prohibition of directed
herring fishing for reduction to meal and oil with some by-
catch allowance and a 20 cm minimum landing size came into
force.

The advice on total prohibition of directed herring
fishing for 1976 and the following years was linked with the
advice to rebuild the spawning stock biomass as quickly as
possible from the level below 200,000 tons in 1976 to about
800,000 tons, to optimize future recruitment.

RECENT MANAGEMENT

Since 1977, the coastal countries of the North Sea have
introduced extended fisheries zones. This action resulted
in a division of the North Sea into a Norwegian part and a
part for which the European Cornrnunities have the management
responsibilities.

In practice, this means that fisheries in the North Sea
have to be managed jointly by Norway and the EC since almost
all stocks are living in, or migrating through, both areas.

Under this new two-party management scheme, scientific
advice for all North Sea stocks given by ICES was followed
more closely than under the old NEAFC system. This is
particularly the case with North Sea herring. From the
beginning of the consultations of Norway and the EC in 1977,
there has been no doubt about the urgent necessity to give
the herring stock maxirnurn protection. Consequently, the
total ban on directed herring fishing in the North Sea was
introduced in spring 1977 as recorrnnended by ICES. There was
only some small allowance for by-catches of herring in the
fishery for other species accumulating to about 10,000 tons
annually. This regulation was maintained for 1978 and 1979,
and hopefully will remain in force for 1980.



Although a total ban on herring fishing in the North
Sea is highly desirable on conservation grounds, it creates
some scientific problems in monitoring and evaluating the
effects of such a measure. At present, the two sources of
information on the development in the stock are larval
surveys to estimate the size of the spawning stock, and
young fish surveys for estimating recruitment. In addition,
some other ICES programs, such as hydroacoustic surveys and
tagging experiments, are in preparation or under discussion
with the aim of broadening the basis of information for
stock assessments.

As a result of the stringent conservation measures
imposed on North Sea herring, spawning stock biomass has
increased to a level of about 400,000 tons at the beginning
of l980 even without the help of good or medium year-classes.
Therefore, it is hoped that the herring fishery in the North
Sea will be reopened in the near future. Reopening, however,
should only be done very carefully in a well controlled
manner. This requires the definition of the biological
criteria which should be met before a restart of the fishery
may be advised. It also requires development of a long-term
strategy for the future management of the North Sea herring
stocks, preferably with the close cooperation of biologists,
economists and administrators.

CONCLUSIONS

The conclusions which can be drawn from the sad history
of the North Sea herring are:

scientific information and incomplete
obvious events indicating a declining trend
of normal fluctuations of the size of the
serve to prevent or delay efficient manage-

1! Lack of
understanding of
beyond the range
stock should not

ment action.

3! Multinational management systems which offer the
possibility of escaping regulations by means of subsequent
objection are not suitable for the management of stocks for
which quick and drastic action is sometimes required.
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2j Herring, like other pelagic species, cannot be
managed on the basis of models developed for demersal species.
High vulnerability due to specific schooling behavior may
result in sudden recruitment overfishing.
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RESEARCH WORKSHOP

The purpose of the research workshop was to discuss
research methodologies used among the different herring in-
vestigators and to examine the feasibility of utilizing
various methods for improving research on Alaskan herring
stocks, particularly eastern Bering Sea stocks where exten-
sive research activities have only recently begun. Origin-
ally, the workshop organizers hoped that it would be possible
to identify a single best method for a research area, and
avoid expensive and time-consuming false starts and blind
ends; however, one overriding theme was that each geographic
area and stock are unique, and it may be imprudent to discard
methodology because it was unsuccessfully employed in other
stocks or areas.

Different geographical approaches to research became
clear in the workshop discussions. These differences were
partly due to basic biology, especially spawning behavior:
Atlantic herring spawn mainly in deep water  greater than
100 ft!, while Pacific herring spawn mainly in the intertidal
and shallow subtidal areas. The sharpest differences were
between Pacific Coast biologists who advocated direct measure-
ment or estimates of stock abundance, and western Atlantic
biologists who preferred methods based on cohort analysis.
Europeans fell somewhere in between and mixed direct and
indirect methods.

The workshop covered stock assessment, stock separation,
environmental factors, arrd general fishery statistics.
Stock assessment discussions focused on the methods used
with various stocks and their relative advantages and disad-
vantages. Stock separation dealt with the necessity of
identifying separate stocks, various efforts to define
stocks, and the methods employed. The discussion of environ-
mental factors examined possibilities of predicting or
monitoring changes in herring abundance through various
oceanographic or climatological parameters. Discussion of
fishery statistics centered on collection, use, and interpre-
tation of various fisheries statistics.

STOCK ASSESSMENT

The section on stock assessment covered: aerial surveys,
spawn surveys, hydroacoustic-trawl surveys, larval-juvenile
surveys, and statistical assessment procedures.

Stock assessment methodology differences were found to
exist between biologists working with Atlantic stocks and
those working with Pacific stocks. In the Pacific, efforts
are concentrated on direct assessment of biomass, generally
prespawning or spawning adults, while in the Atlantic fishery
data is used to assess adults. Direct assessment in the
Atlantic '- generally limited to assessing fishery prere-
cruits.
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Aerial Surveys

Aerial surveys are used by Alaska Department of Fish
and Game to assess spawning biomass along eastern Bering Sea
spawning grounds. This method is also reportedly used in
the USSR on spawning grounds in the western Pacific Ocean.
Basically, the procedure in the eastern Bering Sea involves
counting herring schools and determining the total surface
area of schools on the spawning grounds per day. The highest
daily surface area count obtained for the season is used to
estimate spawning biomass where spawning grounds are in
close proximity, while in areas where spawning grounds are
widely separated, peak counts separated by two week intervals
are summed. Peak counts are used to prevent multiple counts
of the same school which could occur from prolonged stays on
the spawning grounds or movement between spawning areas.
Movemerrt patterns are presently unknown, but within the
major spawning area, two post-spawning "staging" areas and
exit routes are postulated.

Herring school surface area is converted to biomass
estimates on the basis of herring density estimates obtained
from commercial purse seine catches. A range of densities,
derived from the observed densities, are applied in convert-
ing school surface area to biomass to account for depth
differences between areas. The estimated biomass of school-
ing fish is adjusted to account for other schooling fish in
the area as determined from variable mesh gillnet samples.

Most of the participants in the workshop were unfamiliar
with aerial assessment of spawning biomass, but all believed
that it was a very advantageous method. The prevailing view
was that aerial surveys should be used as a primary stock
monitoring technique for eastern Bering Sea herring stocks
and that emphasis should be placed on refining the technique.

It was pointed out that in the absence of data on
movement patterns into, within, and out of spawning areas it
was advantageous to use peak counts to avoid erroneous
estimates due to multiple counts of the same schools, Also,
it. was thought that efforts should be placed toward obtaining
a greater number of school density estimates, since the
present sample size is extremely small.

Some concern was expressed that biomass estimates may
be overly conservative since herring are known to spawn in
waves over the spawning season. Concern was also expressed
that since surveys were flown during the day at low tide, a
significant portion of the biomass might not be observed.
This was recognized as a problem which might be solved with
increased effort to measure variability, but one of secondary
importance. Herring are known to spawn at night in other
areas, and movement into and out of spawning areas is highly
variable. Stocks act differently and annual variation is
also common. A high degree of variability was felt to be a
standard problem with instantaneous surveys of this kind.



Spawn Surveys

Spawning deposition surveys are used in California,
Washington, and British Columbia as a means of estimating
the size of the spawning stock. Spawning substrates are
observed during the spawning period to monitor egg deposition.
The number of eggs deposited is estimated, and the stock
size is estimated by calculating age composition, eggs per
female, and sex ratios. In British Columbia, harvest strategy
is designed to allow an escapement of an "optimum" amount of
spawning herring. The premise of optimum egg coverage is
that if enough eggs are properly distributed, the maximum
number of eggs survive into the critical larval stage.
Applying growth and mortality rates to the estimated spawning
escapement provides an estimate of survivors from the previous
fishery. Addition of recruitment estimates total population
for the next fishery.

Hydroacoustic-Trawl Surveys

Hydroacoustic-trawl surveys are used for stock assess-
ment with varying success depending on local conditions. In
Southeast Alaska, British Columbia, and Washington, hydro-
acoustic surveys are performed prior to spawning in order to
assess recruitment and total spawning biomass. In Norway,
hydroacoustic surveys are done in the autumn on juvenile
herring to estimate recruitment; however, in the past it was
found difficult to use on adults. In the northwest Atlantic,
groundfish trawl surveys are believed to provide good esti-
mates of adult herring biomass.

The consensus of the group was that hydroacoustic-trawl
surveys were a useful assessment tool but, as with other
methods, have shortcomings. Especially critical are the
requirements for a good knowledge of distribution, and for
surveys to be accomplished in a short time frame to avoid
multiple observations. Densities obtained. in a narrow
trackline need to be extrapolated over a larger area, and
extensive trawl sampling is needed where herring are mixed
with other species.

Hydroacoustic-trawl surveys also have potential in
assessing juvenile herring; however, as with adults, it is
very important to have a good knowledge of distribution
patterns. As with adult surveys, effort must be intensive.
Examples were cited from the Barents Sea  which is equivalent
in area to the Bering Sea!, where young capelin have been
surveyed acoustically annually using three to four vessels
in a 10 to 12 day period. This survey has been conducted
for 15 years, and the biologists believe that they may not
have enough distributional data to reduce the current level
of survey effort.
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Larval-Juvenile Surveys

It was felt that results of larval-juvenile surveys are
proportional to the size of the fish  i.e., better results
from larger fish!. Larval surveys were believed to be of
little value, if it was possible to carry out assessment at
later life stages. In the North Sea, larval surveys are
used because there is no direct access to the spawning
grounds; larvae are well dispersed, and standard surveys
give some indication of spawning stock size and an estimate
of the size of the year-class. In the Pacific, it was felt
that larval and juvenile surveys may be invalid in some
areas due to variable, patchy distribution patterns, and
that standard grid patterns may give very imprecise results.
Washington state biologists, however, reported that surveys
of 6 to 9 month old juveniles are providing a good index of
recruitment.

In all stocks discussed, juveniles are known to have a
distribution pattern distinct from adult herring, and age 0
herring are generally separate from age l. The typical
pattern for age 0 and l herring is to remain inshore;
offshore movement and increased migration occur as the
juveniles approach maturity. In the Gulf of Naine, juvenile
surveys were found to be difficult because of the behavior
of juvenile herring to concentrate nearshore in scattered
schools except when strong year-classes occur. In these
years, young herring are more widely distributed and are
found in offshore areas in large numbers.

In general, it was felt that prerecruit surveys are
only usable after a long-time series has been established,
thereby allowing comparisons with direct estimates and
identification of inconsistencies. Pilot studies are
needed to define distribution patterns, and behavioral
anomalies induced by density and environmental changes.
Also, the closer the survey is to recruitment to the fishable
stock, the more reliable the estimates are. However, there
was some concern expressed that if young herring from several
discrete stocks were intermingled, it may be difficult to
apportion estimates to the various stocks.

F'ishery Statistics

Virtual population analysis  VPA! or its variant,
cohort analysis, was discussed as a stock assessment tool.
This method is utilized extensively in the North Atlantic
for herring and other species. In the North Pacific, its
use has been limited to a few demersal species for which a
long-time series of catch data exists.

The method involves computations of stock size based on
rates of fishing and natural mortality. It estimates past
values of fishing mortality and stock size, which then may
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be used to indicate present stock conditions and to forecast
future conditions. Good catch-at-age data and estimates of
natural and fishing mortality are needed. The procedure
only estimates the portion of the population subject to
fishing, and the abundance of newly recruiting fish must be
estimated independently.

The application of this method to Pacific herring was
questioned from the standpoint of much higher natural
mortality rates for Pacific herring  m = .4 to .5! versus
Atlantic herring  m = .2 to .3!, and the high variability in
age and rate of maturity  recruitment to the roe fishery!.
This, and the fact that Pacific herring survive for only a
few years following recruitment, caused concern that the
method would yield results vastly different from those
obtained from direct measurements such as spawn, trawl, or
aerial survey. However, biologists working with Atlantic
herring did not feel that these factors precluded the use of
the method, and that the method would be a very useful means
of examining variability. Also, they felt that the data
used for cohort analysis are standard management data, and
very little extra effort or expense is needed to collect the
data needed. The opinion was offered that while exploita-
tion was low  as in the Bering Sea!, attempts should be made
to get a data base on rate processes to use later on to
prevent overfishing in years of low abundance.

Various aspects of fishery statistics were discussed
during the discussion of stock assessment. Topics included
use of catch per unit effort  CPUE! data, gear selectivity,
age composition data, aging techniques and fecundity analy-

s1s- CPUE data was generally felt to be of little value as
an indicator of herring abundance. Opinions were expressed
that schooling behavior makes CPUE data misleading. Also in
roe fisheries or other intensive fisheries, gear saturation
can occur if there is a rapid congregatio~ of a large amount
of gear. CPUE data is also negated if quota or effort
limitations exist. However, it was pointed out that if
fishermen do not alter their fishing behavior during declines
or increases in stock abundance, the CPUE data can be useful,
but not sufficient.

Gear selectivity was discussed as an important aspect
of determining and evaluating abundance data, and measuring
age composition. Variable mesh gillnets, as used to sample
age composition in the Bering Sea, were believed to be an
adequate means of sampling age co~position, but care must be
taken in the interpretation of data as there may be a tendency
toward sampling larger, faster growing fish in a year-class.
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Trawl sampling of pre- or post-spawning concentrations was
suggested as a possible means of estimating age composition and
obtaining reliable abundance data. Canadian scientists found
that in Barkely Sound, B.C., age distribution and relative
abundance were essentially the same between pre-spawning and
post-spawning herring. Traps, weirs, and other similar gear
types were suggested as possible sampling tools to overcome
problems of gear saturation in determining CPUE and age
composition.

Age composition data were generally regarded as a major
consideration in designing a field program. It was emphasized
that care must be taken in sampling gear and in differentiating
between catch samples and population samples. Age composition
data are needed from both the catch and the population to
determine relative removals and for input into analytical
models for determining stock status and trends.

Some discussion occurred relative to what structure
should be used for aging. North American biologists studying
Atlantic herring use otoliths, while those involved with
Pacific herring use scales. Otoliths were generally regarded
as having the advantage that. they can be recovered from
every fish in a sample, whereas herring can be completely
scaled or have a high percentage of regenerated scales.
Lack of clarity of the first annulus of an otolith was cited
as a reason for not using otoliths from Pacific herrinq, but
samples from the Bering Sea indicate that herring in that
region may be aged using otoliths. Ease of collecting,
processing, and storing scales is a factor favoring these
structures.

Herring fecundity analysis wa.s discussed along with
spawn surveys. The consensus was that for purposes other
than to compute the size of the parent population, there
was little purpose in collecting this data. Further, it
was noted that if spawn surveys are used, it should be
recognized that fecundity is variable and fecundity measure-
ments must be reevaluated annually or semiannually.

ENVIRONMENTAL PARAMETERS

Oceanographic and environmental relationships were
discussed with the purpose of determining parameters which
could indicate changes in year-class survival. This subject
has been explored to varying degrees among the major herring
stocks, but definite predictive relationships have not been
identified. The parameters discussed as having potential
impact on year-class success were temperature, salinity,
currents, food availability, and predation. Generally,
it was regarded that these factors were most effective during
the larval stage of development.
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Temperature relationships have been found to exist at
a gross level. An example cited was the occurrence of large
year-classes in the northwest Atlantic which were associated
with years of high water temperatures in the mid 1950s.
Temperature was also believed to indirectly influence ye; r-
class abundance through food availability. In the North
Sea, Calanus sp. distribution and abundance have been found
to be temperature related. Ir dications are that the distri-
bution and abundance of Calanus sp. at the time larvae begin
to feed is an important factor of larval survival and sub-
sequent year-class strength.

Currents or net water transport were also considered to
be factors affecting herring survival. In the North Atlantic,
herring spawn in deep water where temperature and other
oceanographic parameters are nearly constant. In these
areas, drift patterns are believed to be important determi-
nants of survival with regard to the movement of larvae into
or away from predators or food sources. Some discussion
occurred on whether or not larvae were mobile and unaffected
by drift. Canadian scientists reported that in the Bay of
Fundy, herring drift to some extent, especially prior to
formation of the caudal fin, and that some correlation was
found between year-class strength and the length of time
drift bottles remained in the bay.

Salinity did not appear to correlate with year-class
strength, but it was observed that in western Canada the
best survival of eggs under laboratory conditions occurs
between 17 and 20 /oo salinity. It was speculated that0

survival may be greatest in years of above average preci-
pitation and run-off, where fresh water inflows maintain
coastal salinity at this level.

Mathematical models as management tools were touched
upon during the discussion of ecosystem relationships and
environmental parameters. Multispecies ecosystem-type
models received support as a learning tool, however, poor
data anD lack of understanding of biotic and abiotic inter-
relationships make these models unreliable  and possibly
dangerous! for management use. Single species models
were viewed as a more useful technique, recognizing that
models developed for demersal species are not applicable
to herring. Hindcasting and forecasting through use of
cohort analysis seem to be valuable tools that require
an independent index of abundance.

STOCK IDENTIFICATION

The problem of stock identification was discussed,
focusing on studies in progress in the eastern Bering Sea,
to examine the methodology employed and the potential of
these and other methods of stock identification. Two
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papers presented to the workshop on current eastern Bering
Sea stock separation research formed much of the discussion
on stock separation, and summaries of the papers follow.

The consensus of the participants was that there is no
method that is totally definitive of stock structure, but
of all the methods available, tagging provides the most
conclusive results. However, results are dependent on
recovering a sufficient number of tags, which may not be
possible when some stocks are not fished or only lightly
fished.

Morphometric measurements, growth differences, parasite
analysis, and scale analysis have all been tried among the
world's major stocks with mixed results. However, although
a method was unsuccessful in separating stocks in one area,
it may be useful in another, and these methods have been
found to corroborate results achieved through tagging.
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Biochemical Genetic Variation in North Pacific lierring'

Summary

The rationale for using biochemical genetic markers to
identify herring stocks, or any fish stocks, is that when-
ever populations become isolated from one another they tend
to diverge genetically because of chance changes in their
genetic structures. Isolation can be achieved through the
imposition of physical barriers to migration or through
behavioral changes in spawning. At any point in evolution-
ary time, the degree of divergence between geographic stocks
can be measured by surveying a large number of genetic loci,
those coding for enzymatic proteins, can be assayed for
inherited variants using starch gel electrophoresis.

In this study, samples of herring were collected from
several locations in the western and eastern North Pacific
Ocean and in the eastern Bering Sea. Gene frequencies at 28
polymorphic loci were determined from the samples and used
to describe the prominent features of population subdivision
of North Pacific herring. Cluster analysis of genetic
similarities between the samples revealed two major geo-
graphic races. One group included populations in the
western North Pacific Ocean and Bering Sea and the other
group included populations in the Gulf of Alaska and the
eastern North Pacific Ocean. Presumably, the Alaska Penin-
sula and the Aleutian Island chain are the boundary between
these two groups. Future sampling will provide a better
understanding of the populations in the transition area.
Analyses of the Bering Sea samples and the eastern Pacific
samples indicated that within each area gene frequencies
were homogeneous.

The results of this study indicate that there are large
genetic differences between two groups of North Pacific
herring, but that within each group genetic differences
among populations are minimal. This genetic population is
sufficient to prevent major local genetic differentiation.
Furthermore, the homogeneity of gene frequencies within each
major group does not permit the use of biochemical genetic
markers for local stock identification.

Stewart Grant; National Marine Fisheries Service;
2725 Montlake Blvd. EAst; Seattle, WA 98112



Separation of Spawning Stocks of Bering Sea Herring
Based on Scale Growth Patterns'

Summary

The reasoning behind the use of scale patterns to
identify fish stocks is that scale growth patterns reflect,
to varying degrees, environmental and genetic differences
between stocks. In an effort to determine whether scale
analysis would be useful for identifying stocks of herring
within the eastern Bering Sea, a study was initiated with
the following objectives: 1! to examine scale growth
patterns of fish from four spawning locations, 2! to examine
scale growth patterns in one brood year for successive
years, 3! to examine temporal variation during the spawning
season, and 4! to quantify scale pattern differences among
locations using discriminant function analysis.

Sca.les were collected from fish at four spawning
locations in the eastern Bering Sea in 1978 and 1979: Port
Clarence, Cape Denbigh, Cape Romanzof, and Togiak. Aqe
classes with sample sizes large enough for analysis were the
1979 age 3, 1978 age 4, 1979 age 5, and 1978 age 6 groups.
Only the 1979 age 5 group was represented from all locations.
The remaining age classes were represented by samples only
from Cape Denbigh, Cape Romanzof, and Togiak. The standard
length of each fish was measured, gonad development noted,
and several scales removed for analysis. Scales were
observed at 40X magnification, and the distance from each
annulus to the focus of the scale was measured in milli-
meters. Fish body lengths were backcalculated from these
measurements, and growth increments were computed for each
year.

All of the scale measurements and body lengths for each
age class were normally distributed. except for the measure-
ments of the Port Clarence 1979, age 5 samples, which were
bimodally distributed. Bimodality was apparent in both fish
length and total scale radius measurements' These results
suggest that this sample was composed of two populations and
was, therefore, divided into two groups having body lengths
of 200 mm or less  A!, or greater than 200 mm  B!.

An examination of growth curves indicated that the Cape
Denbigh and Cape Romanzof samples were similar for all age
classes. These data also indicated that Togiak fish grew

Katherine A. Rowell; Alaska Department of Fish and Game;
333 Raspberry Rd.; Ar.chorage, AK 99504
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faster and, hence, were larger than fish at other locations
for comparable age classes. Age 5, 1979 fish were available
from all locations sampled and backcalculated growth curves
for these samples indicated the presence of three distinct
geographic groups. The first group, Port Clarence A, had
the lowest growth rates. Growth curves for Port Clarence B,
Cape Denbigh, and Cape Romanzof were similar and were con-
sidered to encompass the second group. .ogiak fish had the
greatest growth rates and formed the third group.

Samples were taken at Togiak throughout the 1978 and
1979 spawning seasons to detect possible temporal variation
in scale characters. However, scale variables and body
lengths for each age class did not change during the spawn-
ing season. In addition, the backcalculated body lengths,
estimated from che same brood year, did not change for the
two successive years. These results suggest. that one sample
per spawning season is adequate to characterize a population
and that data taken one year can be used. in subsequent
years.

Discriminant function analysis was used to distinguish
among the samples where the backcalculated body lengths of
each annulus were used as the discriminating variables.
This method could not distinguish between Cape Denbigh and
Cape Romanzof fish for any of the age classes. Togiak fish
were distinct from the other locations.

Classification of test samples using a discriminant
function generated by learning samples at the same locations
was most successful with 1978, age 5 fish. Overall, the
classification success was 84 percent. The classification
success rate for the Port Clarence A sample was 100 percent,
for the Port Clarence B-Cape Denbigh-Cape Romanzof group
was 81 percent, and that of the Togiak sample was 71
percent. Another classification test was made where 1979,
age 5 Togiak samples were classified using data from 1978,
age 4 fish for the discriminant functions. In these
results, 71 percent of the Togiak fish were correctly
classifed as Togiak fish.

The results of this study show that at least three
distinct stocks can be distinguished in the eastern Bering
Sea using discriminant analysis of scale growth patterns.
The high success rate in correctly classifying samples of
one year class using discriminant function based on the same
brood class collected in the previous year indicates that
this method can be useful for identifying stocks in areas
of mixing.
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MANAGEMENT WORKSHOP

The management workshop focused on four issues: 1!
yield strategies, 2! mixed stock fishing, 3! juvenile fish-
eries, and 4! allocation between gear types. Management
differences were found to exist between the Pacific herring
currently falling under single country management and Atlantic
herring subjected to multi-national management. The common
thread through discussions of Atlantic herring management is
the inability of the participat.ing nations to respond rapidly
to seriously declining stocks with an effective, coordinated
program which all nations could accept.

In the Atlantic, before the crash of the herring popu-
lations, fisheries occurred on nearly all stages of the
herring life cycle. Fishing began on herring as early as
age 0, often for reduction to oil and meal and for use as
sardines. Heavy fishing occurred on spawning herring and
also on the feeding grounds. Technology increased effec-
tiveness of the fleets, and the stocks characteristically
declined during the 1960s. Scientists pointed out warning
signs and recommended drastic reduction in harvest, but the
multi-national management regime prevented effective action.
Concomitant with the declining abundance, the stocks often
showed major deviations in behavior, commonly reducing the
migratory range and increasing rates of growth and time of
maturity.

YIELD STRATEGIES

Yield strategies used in herring management worldwide
moved from a maximum yield basj s to those which recognize
the importance of maintaining a certain level of spawning
biomass. It is generally recognized that herring cannot be
managed on a sustained yield basis, and MSY should only be
used as a general guide.

In the northwest Atlantic, herr''ng stocks are managed
to produce yields at or below the F < level. The FO
level is derived from yield-per-recruj.t analy=is and is
the point on the yield/effort curve where yield/effort
diminishes to 10 percent of what would have been achieved
in a virgin fishery. The F level is regarded as a
guideline upper limit, and Ahme stocks are fished at lower
levels' Control of fishing effort is recommended by some
biologists as a means of achieving the proper level of
yield rather than catch quotas. Harvesting above the F
level occurs when strong year-classes occur, but it was
recommended that pulse fishing of strong year-classes should
only take place if it can be done without adding additional
fishing effort.
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European scientists also recommend management be based
on yield strategies that maintain spawning biomass above a
minimum threshold level. Regulation is by quota and is
largely influenced by assessment of recruiting year-classes.
They believe that by maintaining an adequate spawning bio-
rnass and adjusting catch quotas Co recruitment trends,
exploited herring populations should achieve a balanced age
structure which in turn should stabilize fisheries and
planning.

In the northeastern Pacific, herring are generally
managed on escapement  egg deposition! or catch quotas based
on total population size. In British Columbia, escapement
is set at a level that historically produced the greatest
recruitment; herring that are surplus to escapement require-
ments are harvested. In Southeast Alaska, optimum escape-
ment is unknown but stock abundance is known to be low and
only 10 percent of the estimated biomass is harvested in
order Co increase abundance. When a stock is below a deter-
rnined minimum biomass, no fishing occurs, and if strong
year-classes are present, 20 percent of the biomass may be
harvested. In Washington, harvest is limited to a catch
ceiling of 20 percent of the total abundance, with a minimum
spawning escapement threshold below which fishing will not
be allowed. In this way, it is assumed the stock will be
protected from sharp reductions due to recruitment failures,
and herring are maintained at a level that provides adequate
forage for predators  i.e., salmon!.

Management for escapement requires that the spawning
population be evaluated prior to spawning in order to assess
the recruiting age classes. Also, it necessitates a close
monitoring of spawning to insure that the proper level of
escapement occurs.

MIXED STOCK FISHERIES

The subject of fishing on mixed stocks was discussed in
great detail in. the workshop. Discussion centered on
whether it is best to limit fishing to the spawning period
when stocks are separated into discrete units or to allow
fishing when stocks are mixed. Also discussed were the
impacts of mixed stock fishing.

The general consensus among the biologists present was
that mixed stock fishing per se coul.d not be viewed as
detrimental to individual stocks or the well-being of a
group of stocks. In the Atlantic Ocean, herring are gener-
ally fished when stocks are mixed. Atlanto-Scandia herring
are composed of Icelandic and Norwegian spawning stocks
which are fished together. When stocks declined, the
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decline was equal in all stocks and independent of stock
size. Canadian and U.S. herring stocks in the northwest
Atlantic mix as adults off Nova Scotia and Naine and as
juveniles mix along the New Brunswick coast. Year-classes
in the different stocks fluctuate similarly, indicating
that a mixed stock fishery does not affect stocks differ-
entially.

In the northeastern Pacific Ocean, stock relationships
are not clearly understood. Tagging studies of the herring
reduction fishery in Southeast Alaska showed that fishing
occurred on mixed stocks and that fishing mortality was
often disproportionate among the stocks, but no indications
of stock decline were evident. In British Columbia, scien-
tists are uncertain of stock discreteness, since evidence
indicates that 25 percent of the herring population strays
between stocks annually. The greatest amount of mixing is
between stocks spawning within the same general area, but
large stock composition changes have been documented. They
feel that if small stocks are overexploited, an accretion
may occur from other stocks.

Conditions under which mixed stock fishing could have
deleterious impacts were discussed. The primary conditions
appear to be when small local stocks are available in
conjunction with a larger migratory stock. Overfishing of
the smaller stock can occur if fishing commences prior to
the arrival of the larger stock. Also, it was noted that
for migrating stocks, fishing rates are more evenly distri-
buted at greater distance from spawning grounds, and that
the likelihood of exceeding the desired level of harvest in
small stocks increases as herring migrate to the spawning
grounds. However, studies of Atlantic stocks have indicated
that migrational distance varies with stock size, that small
stocks migrate less than larger stocks, and that migrational
patterns can alter.

The general consensus of the workshop was that in a
mixed stock fishery, the percentage removal is related to
the percentage of mixing of the stocks, and that if manage-
ment objectives are for a general level of exploitation,
then underfishing of the smaller stocks is as likely as
overfishing.

JUVENILE FISHERIES

The harvesting of juveniles was brought out during
discussions of mixed stock fisheries as an aspect of mixed
fisheries that, could have serious detrimental impacts on the
resource. Scientists working with North Atlantic stocks
were unanimous in pointing out that fisheries conducted on
juveniles, or large juvenile bycatches in adult fisheries,



can rapidly deplete a herring stock. Herring fisheries in
the Gulf of Maine were primarily juvenile fisheries for over
LOO years; in the l960s a large scale adult fishery began,
and stocks rapidly declined under the combined fisheries.
The recent. depletion of North Sea and Atlanto-Scandia stocks
were also largely due to juvenile and adult fisheries, but
these juvenile fisheries were added to established adult
fisheries.

Even if directed juvenile fisheries do not occur, incidental
juvenile harvests can pose a potential problem. Care must
be taken in analyzing juvenile incidence rates, for even
though it may comprise a small percentage of tonnage caught,
the loss in numbers of herring and potential growth may
equal or exceed the yield possible had the juveniles survived
to maturity. It was also stated that harvests of juveniles
in a trawl fishery may only be a minimum estimate of total
mortality as a high proportion of juveniles may pass through
trawl nets and suffer high mortality rates.

solution to controlling incidental catches of juveniles
is to close areas of high juvenile-adult mixing. This
problem exists in the Barents Sea capelin fishery and the
Icelandic cod fishery, and area closures have been effective
in both cases in reducing juvenile fishing mortality. It
was also suggested that in cases where catches could not be
co~trolled by area closure, the impact of juvenile harvests
could be lessened by reducing the overall rate of fishing
mortality.

IMPACTS OF FISHING ON SPAWNING GROUNDS

The subject of impacts on the resource from fishing on
the spawning grounds was discussed. However, most of the
discussion was general and speculative, owing to a lack of
specific impact data. In some North Atlantic stocks, it was
felt that fishing on the spawning grounds disrupted spawning
behavior and caused reduced rates of reproduction. In the
North Sea, the first declines in stock abundance were
associated with fishing on spawning grounds in the southern
North Sea. Closures made in the Barents Sea to protect
capelin spawning were reported to be based on evidence that
fishing activity has interfered with capelin spawning migra-
tion and inhibited movement to coastal spawning sites.
British Columbia scientists have not found any definitive
impacts of fishing on the spawning grounds, since they have
found fished and un.fished stocks to exhibit similar behav-
ioral patterns. However, they cautioned that gear losses on
the grounds could cause problems. A specific concern was
possible continued fishing by lost gillnets. They felt that
the problem may be severe if more than one gillnet is fished.
With more than one gillnet, unattended nets may fill with
fish and sink, and possibly continue to fish.
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ALLOCATION BETWEEN USER GROUPS

Allocation of a stock between user groups was found to
be primarily a concern in western North America, and chiefly
directed toward allocation between purse seine and gillnet
roe fisheries. Various allocation schemes are used from a
court mandated 50:50 allocation in Washington between Indian
and non-Indian fishermen, to a 55.45 allocation between
purse seine and gillnet gear in British Columbia based on
economic analysis. Most allocations are made by stock, but
in British Columbia the allocation is a coastwide average
with some stocks exclusively gillnet, and some exclusively
purse seine.
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