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definition of management areas by demdnstrating stock relatignships was

quickly demonstrated by the recovery information obtained from these

“studies, In 1975, ‘based on the tagging information, the Assessments

Subcommittee of ICNAF (Internétional Commission for the Northwest Atlantic
Fisheries) recqmmended, and the Commission accepted, that the herring
management structure-in NAFQ Subarea 4 be changed. As a result of this
recommendation, two management units were altered substantially: the
existing management area of Division 4VWa was split so that Divssion 4y
would be managed as a discrete area and the Subdiv{sion 4Wa was combined
with the existing management area 4XWb to form a new management area,
Division 4WX.

vIn 1976, largely due to the proven feasibility of tagging herring from
the 1973-74 experiments, ICNAF set up an 'ad hoc' Working Group on
International Herring Tagging. The purpose of this group was to develop an
International tagging program to elucidate stock relationships in Subareas
4, 5, and 6. The primary objective was to describe the seasonal migration
and inter-mixture of adult and juvenile stages of the herring stocks.
Specific objectives were defined as:

1. define the feeding, spawning, and overwintering areas;

2. define recruitment migrations from juvenile fisheries;

3. define quantitatively the proportion of inter-mixing of stocks

present in feeding and overwintering areas; and V

4, provide estimates of mortality rates. _ ‘

The efforts of the ICNAF Working Group resulted in the development of
several International and National tagging programs such that during the
period 1973-81, in excess of 500,000 herring have been tagged in NAFQ
Subareas 4, 5, and 6 (Appendix l).v With the demise of ICNAF, there was no
established forum to further co-ordinate herring tagging projects and
jointly analyse results., In 1931, NAFO constituted the current Working
Group to review the results and assess the success of the tagging studies.

In discussion, the Working Group felt that the specific objectives one
and two were attainable and that the current information provided much of
what was required té address these issues. Due to the stock col]épse on
Georges Bank however, an important omission will be information on the
movements of the Georges Bank populations and their contribution to other

adult and juvenile fisheries. It was felt that obtaining quantitative

o -
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proportions would be difficult with the present

-data. This is largely due to the fact that it will be difficult to

standardize the catch rates of the various gears and fisheries. Yet

standardization is an important consideration in trying to determine the

relative significance of

total -tag recoveries -from two or more disparate

sheries in terms of proportional contributions to

areas of stock intermixipg. Finally it was felt that it would be almost

impossible to get mortal

area has been tagged (i.

several billions); 2) th

ty rates estimates from the current data since: 1)

..a very small proportion of the estimated population numbers in the NAFO

e, 500,000 tagged versus population estimates of

Ey are not closed populations and hence immigration

and emigration would confound the results; and 3) the exploitation rates of
the various fisheries are different and difficult to‘standardize, again
factors which would confound mortality estimates.

The Working Group noted that there is a maior basic assumption in the
interpretation of tagging studies results which must be acknow]edged.
Infofmatfon oﬁ the movementlof tagged fish largely comes from tags
recovered {n the commerciql fisheries, and the commercial fisheries are
seasonal in néture. Thus it must be assumed, that exploitation of
Norﬁhwest Atlantic herring has deQeloped to the extenf that all
major seasonaT herring concentrations are being exploited by a fishery

(except in northern areas such as the Gulf of St. Lawrence where ice

formation may preclude winter fisheries). The corollary to this assumption

iS that if there is no fishery in a particular area and season, it is

bécause there are no fish théré to be exploited. A short description of
the nature and seasona]iiy of the herring fisheries in NAFO areas 4-6 is
given in Abpendix 4, |

ngistics of Tagging Studies

Although a number of| different tags have been used for tagging

herring, the external anchor tag is now almost exclusively used in the

'Northwest Atlantic. A major reason for the popularity of this tag is the

fgct that it is applied by means of a tagging qun and thus large numbers of

ﬁéffing“éhh be marked in relatiVely short periods of time. The tagging

method, the potential effpect of the tag on the fish, and the techniques

used to capture live fish|are diécussed by Stobo, 1976 (ICNAF Res. Doc.

‘76/101, serial no. 3924).| It is important to note that herring descale

- wr W - | ww B e -
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easi]&, and thus any‘Captufe technique which results in severe crowding,
will result in substantial loss of scales and an attendant jncrease in
tagging mortality.

Discussion -of Recovery Results

-

" Tagging experiments were conductgd on various stageS’Qf the life
history and seasonal phase (Figufe 1). The Working Group decided that some
categorization was necessary in-order to associate biological meaning to
the observed recovery information. Each tagging experiment was therefore
éssigned to one of the following categories, and the observed movements

interpreted accordingly. The categories were:

i)’ Overwintering
i{) Spring Migration
’ﬁii) Summer Feeding

iv) Spawning

Q) Fall Migration _
It was agreed that on1y‘category (iv) fish could provide information on
stock discreteness. It was further emphasized that to attain reliable
information on the movement of a particular stock (i.e. stock
identifﬁcation) 90-95% of the fish must be at séxua] maturity stage 6 (ripe
and running). The results of tagging experiments have shown that if the
‘brdportion of sexually non-mature fish is higher than 5-10%, the
concehtration may be a mixture ofimore than one stock, and the admixture of
stocks will persist until commehcement of spawning. . The remaining 4
categories proVide insight into the movements and mixtures of herring
concentrations during other phases of their life history. ’

Again, in order to facilitate the analysis, NAFO areas 4-6 were
subdivided ito 15 geographic regions (Appendices 2 and 3) and release and
recovery information summarized into these geogréphié units. |

_‘fhe bas{é release and recovery information from all tagging
expérimentsbconducted in NAFO areas 4-6 between 1973 and 1981 are given in
Tables 1 and 2. In Table 1, the information is summarized to provide the
number of separate tagging experiments (release sites) in éach*geographic
région for each of the 5 seasonal phases of the herring annual cycle, the
total ndmber of fish tagged in each region and the tags recovered. The

recovery rate (longer term recoveries) varies from 0 to 5.05% (summer
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that value were from fish caught shortly after
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results also by life histor

stage. The recovery rates very from.0 to

5.42% (juveniles; summer feeding; Regions 7, 10) but the experiment on

adult fish (summer feeding;
recovery .rate (4.94%). -Exp
recovery rates less than 2%
experienced by the fish, ad

spawning, substantially inc

Thus any conclusions, perta

experiments on any particul

.- There were 4 regions if
overwintering fish: areas
there are 3 additional regic
concentrations are known to

Massachussetts Bay (area 3)

overwintering herring in thi
The recovery information is

The movement of juvenil
both tagging areas, the majg

release in the same or subse

Regions 5-6) resulted in a rather similar
2riments on spawning fish consistently yielded

; it may be that the tagging stress

jed to the stress on the fish.as a-result of
reases mortality. Recovery results from many
fish however, yield equally low recovery rates.
ning to a greater mortality associated with

ar seasonal phase or life history stage from

y speculative.

which tagging experiments were conducted on
, 10, 13, and 14 (Figure 1). It was.noted that
ns in which overwintering herring
exist: Long Island and Rhode Island. (area 1),
and the New Brunswick side of the Bay of Fundy
es special difficulties because the size of
s area are quite small (10-15 cm total length).
presented in Figures 2, 3, and 4.
es (Figure 2). appears to be restricted. In
rity of recoveries were made in the region of

quent years. The region 10 fish exhibited

considerable movement throughout the Bay of Fundy and around southwest

Nova Scotia with some tendency to expand their distribution during the

summer period (April-Sept.)

and contract their distribution during winter

(Oct.-March). The experiment conducted in region 5 was small and very

limited movement occurred.
western Maine might improve

better strategy might be to

More overwintering tagging experiments in
the information from that area although a

tag further to the southwest. It should be

noted that most of the Maine tagged fish, and some of the region 10 fish,

were quite small (total Tength approximately 12 cm).

]
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The region 13 experiments were conducted on a mixture of ‘adults and
juveniles and the results (Figure 3) indicate a much- wider dispersion. The
majority of fish appear to move into the southwest Nova Scotia - Bay of

Fundy area (regions 9-11) in summer and return to the Chedabucto Bay area

“(region 13) in winter. There appears to be a limited movement of fish from

the Chedabucto Bay area into the Gulf of Maine and Gulf of St. Lawrence.
It appears that the Chedabucto Bay area is the overwintering area for many
fish residing off southwest Nova Scotia in summer, and possibly is the
overwintering area for the southwest Nova Scotia spawning stock. 1If so,
then there must be some "leakage" into adjacent areas.

The Sydney Bight (region 14) tagging experiments were conductéd on
adult fish and the results again show a wide dispersion (Figure 4). The
summer -distribution, although concentrated in regions 14 and 15, appears to
extend-into the Bay of Fundy. In winter the distribution is concentrated
in the northern regions (13, 14, 15). No recoveries were made from these
experiments in the Gulf of Maine. A more detailed examination of the data
suggests that region 14 is a transition area with the majority of herring
in the northern part 6f the region moving into-the Gulf in summer, while
the majority of -those in the southern part move to eastern and-southern
Nova Scotia and the Bay of Fundy.

The data from the overwintering experiments in regions.1l and 10 are
not discussed since no recoveries were made from the region 1 experiment

and all the recoveries from the region 10 experiment were made in regions
10 and 11,

Spring Migration

‘There were 5 regions-in which tagging experiments were conducted
during spring migration: . areas 2, 3, 4, 11, and 12 (Figure 1). The
results of experiments in regions 3 and 4 were combined due to the
simiTarities in movements.

The region 2 experiments were conducted on adults in the Great South
Channel area.” The results from these experiments (Figure 5) suggest that
the fish are concentrated in the southern regions in the January-March
period then move eastward, disfributing‘themselves prfmari]y'aibﬁg the
western Maine coast, but extending the movement to the eﬁtranté to the Bay
of Fundy during the rémainder of the yeér.

The results of the regions 3 and 4 9xperiments, also conducted on
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attern of movement (Figure 6) as those of region
0 cohmence the spring migration earlier and move
ion 13. As a result, it appears that larger

han those from region 2, are found at the

in the summer and autumn.

<

ted on spring migrants in regions 11 and 12 are
e the region‘ll experiments were conducted on

12 experiment was on a mixed group. The: results
ing the summer and fall the mixed group is

Scotia, while in winter it moves eastward to

areas 13 and 15; there were however, a limited number of returns from this

experiment. The juveniles

The data from all the

the entrance to the Ray of

(Figure 8) exhibit a similar pattern, except
stward is much less pronounced.
spring migration tagging studies suggest that

Fundy is an area of summer convergence for at

least a portion of the herrling populations in the Gulf of Maine and

southern Nova Scotia area.
Summer Feeding

There were 6 regions i
during fhe sumner period:

since this is the time when

r which tagging experiments were conducted
areas 5, 6, 7, 10, 11, and 13 (Figure 1). Also,

herring are the most accessible, experiments.

were extensive and condqcteb on juveniles, adults, and mixed grbups of

fish.

Juveniles, adu]fs, and
during the summer feeding p
movements (Figures 9, 10, 1
in regions 5 and 6 between

eastward towards the entran

Adults tagged in regio
disperse rather widely in r

although few were recovered

mixed groups of fish tagged in regions 5 and 6
Lriod appear to undergo simi]ar'subsequent
1). They appear to remain highly concentrated
kpril‘and December, with some tendency to move
ce of the Bay of Fundy in summer-fall and
the January to March period.

7 during the summer feeding period appear to
gions 5 to 11 between April and December,

in the upper reaches of the Bay of Fundy

(Figure 21). During this period, they remain concentrated in the area of

release but also concentrat
period, they”appear predomi

suggesting an overwintering

in region 10. During the January to March
ately in the southern areas (regions 1-4)

movement to the southwest. Mixed groups of

fish tagged ‘in:regions 7 and 10 during this period also distribute widely

4
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in regions 5 to 11 between April and December but show‘a greater tendency
to move into therupper reaches o% phe’Bay of Fundy (Figure 13). The
recnveries during the January to March perjod are few for this group and
thus may be of 11m1ted interpretive value; but these reéoveriesisuggest
overwintering movement eastward to region 14 as well as southwest to fegion
4. Movement into regions 1-3 were not demonstrated by this group.
Juveniles paéged in regfons 7 and 10 during this period (Figure 14) exhibit
similar movement to the mixéd group except that they have also been
recovered near hoth extremes of the distributional area (regions 1 and 14)
jn’mogt seasons. There appears to be a tendency tovcoﬁcentrate around the
ehtrance to the Bay of Fundy throughout the year, but primarily during the
April to.Decembér period. During January tp March there appears to be 3
concentrations: a large one at the entrance to the Bay of Fundy, another
~major group southwest and spread through regions 1, 3, and 4 and a smaller
concentration in region 13. The overall results from the tagging
experiments in regions 7 and 10 suggest that the entrance to .the Bay of
Fundy, especially regions 7 and 10, is a summer feeding area for a mixture
of juveniles and adults which remain there for much of the»summer-autumn
period. - The majority Qf adults tagged in these 2 areas appear to move
southwest into the Cape Cod area to overwinter, while many of the juveniles
stay .in the Bay of Fundy over the winter while others move southwest
towards Cape Cod, and a smaller number move northeast towards Cape Breton.
Mixed groups of herring tagged in region 11 during the summer feeding
period (Figure 15) appear to remain primarily within, and around the
entrance to the éay of Fundy during the April to December period, although
a small prqportion»disperses as far south as region 2 and as far north as
~region 15. In the latter part of the year, most of these fish appear to
1eave thé‘Bay of Fundy area with the majority moving northeast towards Cape
Breton and a gma11er number moving to the Cape Cod area to overwinter.
Adults tagged in region 13 during the summer feeding period did not

move farther south than region 10. During the summer period Fhey appear to
have femained concentrated in region 13, although some movement was
~exhibited towards southwest Nova Scotia. In the October to December
“period, a substantial proportion appear to have moved into the Bay of Fundy
area, although many are still found in region 13. These observations

suggest that a component of the herrihg_found in region 13 in summer are



resident in the area while another component moves to the Bay of Fundy.

Spawning

There were 6 regions in which tagging experiments were conducted in

the summer or autumn, on

and 11 (Figure 1).

spawning groups of herring: areas 2, 3, 4, 7, 9,

The spawning group tagged in the Cultivator's Shoals area (region 2)

exhibited very limited mgvement based on only 14 recoveries from over

30,000 fish tagged (Figune 17). Few conclusions can be drawn from this

experiment other than soﬂ

during the first half of

e of the fish moved into the western Gulf of Maine

the year.

Results from the Jeflfrey's Ledge-Nantucket Shoals spawning groups

tagging experiments (figure 18) also exhibit rather limited movement

outside the area of taggipg. There appears to be some tendency to move

" eastward towards the Bay

of Fundy in the latter half of the year, but the

movement ‘must occur between July and September since they spawn in the

Jeffrey's Ledge-Nantucket| area in September-October.- It is tenuous to

suggest that they move southwest into regions 1 and 2 to overwinter from

the limited number of recoveries.

"The éxperiment on the Cutler-Grand Manan spawning group was a small

experiment and resulted

The results suggest that

in less than 700 tags being applied (Figure 17).

these fish primarily stay on the Maine/New

Bruwswick side at the entlrance to the Bay of Fundy during the latter half

of the year and there is

some suqggestion of movement southwest during the

winter period. It is intFresting to note that there were no recoveries

made in the upper reaches| of the Bay of Fundy, off southwest Nova Scotia,

‘or farther east from thesL tagging experiments in the Gulf of Maine.

The tagging experime%t in region 9 was on the summer spawning Scott's

Bay.population. No recoveries have been made during the first half of the

:year. These fish appear

to disperse throughout the Bay of Fundy (Fiqure

19) and its appfoaches duﬁing the August-October period, but with a

predominate distribution

at the entrance to the Bay on the Nova Scotia

side. They appear to leaye the Bay of Fundy area by November; and there

“appears to be a tendency

0 move dastward after leaving the Bay of Fundy,

“there is no indication that they move into the Gulf of Maine.

Spawning fish tagged|in region 11 appear to disperse more than any

other group (Figure 20).

During the April to December perioad they appear
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to be heavily concentrated within. the Bay of Fundy and off southwest Nova
Scotia {regions 9, 10, and 11) although a few recoveries have been made as
far southwest-as Cape Cod and .northeast as the Gulf of 'St. lLawrence during
this period. During the January to March pefiod there .are few of :these
fish in the Bay of Fundy area; the majority appear to have moved northeast
to overwinter in region 13 with a much smaller‘component overwintering in
the western Gulf of Maine,

- Fall Migration.

There were 4 regions in which tagging-experiments were conducted
during the fall migration period: areas 4, 5, 6, and 7 (Figure:1). Adults,
juveniles{ and mixed. groups were tagged during these periods. Since the
resu]tant recoveries exhibit highly similar patterns, the results of all
fall migrafion experiments have been combined in Figure 21.  Herring tagged
during fall migration in regions 4-7 appear to concentrate in the western
portion of the Gulf of Maine (mainly region 4) during the January to March
period. During the April to June period there is a movement northwest
which extends to the entrance of the Bay of Fundy, but the majority of fish
appear to still be in the western Gulf of Maine area. The movement toward
the Bay of Fundy continues in the July to September period, but the major
concentrations remain in the Gulf of Maine and during the October to
December period the movement is southwest again.

Summary of Movements

Juveniles

Herring tagged as juveniles all exhibit a tendency to remain
cbncentfated in the area of tagging probably due to their size. . Results
from suéh experiments in’regions 5, 6, and 7 during all seasons further
exhibits a net movement eastward towards the entrance . to the Bay of Fundy
in the Apri]-Septemberbperiod followed by a westward movement towards Cape
Cod during tﬁe OctoberfMarch period. They appear to have moved no farther
eéstwafd than southwest Novq Scotiavand very few recapfures are made in the
upper reaches éf thé Bay of Fundy.  Their movement southwest is more
'bronounced with a substantjal number of recoveries being made south of
Cape Cod. Results from experiments in region 10 during all seasons exhibit
a greater dispersal with recheries south of Cape Cod and eastern Nova
Scotia (regions 13 and 14). During the whole year these fish remain

heavily concentrated in the area of release on the New Brunswick side of
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the April-September period they are distributed

extensively within, and around, the entrance to the Bay of Fundy as well as

exhibiting movement into |t

he central Maine coastal area (regions 5-6).

During the October-March jperiod, although the majority of these fish

remain on the New Brunswif

k side of the Bay of Fundy, a substantial

component moves to the western Gulf of Maine and Cape Cod to overwinter

while another smaller, buF

still significant, component moves eastward to

overwinter in the Chedabucto Bay area (region 13). Results from

experiments in regions 11
Fundy area during the Apr

this group demonstrates fu

and 12 exhibit a directed movement to the Bay of
1-September period. This westward movement by

rther that the Bay of Fundy is a summer gathering

place for juvenile herrinE found both east and west of it during other

times of their annual mig
Adults

‘Herring tagged as adu
than do the juveniles. Ad
Maine exhibit a strong moy
the April to September pern
Maine and southwest Nova §

in central and western Mai

relatively few recoveries
Fundy. This eastward move
Maine and the New Brunswic
late summer, then a revers
March concentration in the
farther south. Adults tag
to undertake an opposing m
between these two eastern

differently. Adults tagge

atory cycle.

1ts exhibit more directed movement as a group
ults tagged in the Cape Cod area and Gulf of
ement eastward resulting in a distribution during
jod between the region of the central Gulf of
cotia. The greatest concentration appears to be
ne (regions 6-7) but with substantial

entrance to the Bay of Fundy (regions 10-11);
rere made from the upper reaches of the Bay of
nent appears to concentrate the adults in eastern
r side of the Bay of Fundy (regions 7 and 10) in
e movement commences, which results in a January-
western Gulf of Maine, Cape Cod area, and

jed in eastern Nova Scotia (regions 13-14) appear
vement to Gulf of Maine fish, although even

Nova Scotia regions they behave somewhat

near Chedabucto Bay (region 13) exhibit a

distinct movement towards the Bay of Fundy during the April to September

period such that in the latle summer and early autumn, most of these herring

appear to be off southwest

of Fundy. Only one recove

Nova Scotia and in the upper reaches of the Bay

ny was made on the New Brunswick side of the Bay

of Fundy, thus suggesting ery limited movement there from the Chedabucto

Bay area. Subsequent movement appears to be eastward again towards eastern
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Nova.Scotia, -although the number of ‘recoveries on which to base this
‘movement ‘are limited. Adults from region 14 exhibit a somewhat dual
movement to summér feeding areas. Although a directed movement is observed
towards the Bay of Fundy during April to September, an even greater
movement is observed into the Gulf of St. Lawrence (region 15). Again no
recoveries were made-in the Bay of Fundy area on the NéW Brunswick side,
nor any*farther west. In the October-March period a réveE$E‘MOvément
‘occurs from the Bay of Fundy and Gulf of St. Lawrence, resulting in fish
being concentrated in the eastern Nova Scotia regions over the winter.
Mixed Groups

~ The results from tagging experiments on mixed groups of fish are
comparable to those observed for juveniles and adults when combined. Mi xed
groups tagged in western Gulf of Maine exhibit a tendency to move eastward
towards the Bay of Fundy in the summer and westward towards the Cape Cod
area in winter; they appear to reach the most westerly point of their
migrations in the January to March period, and their most easterly point in
the August-October period. Mixed groups tagged in eastern Gulf of Maine
and in New Brunswick near the entrance to the Bay of Fundy exhibit somewhat
similar movement. The movement is modified however in that more move into
the upper reaches of the Bay of Fundy and a significant proportion more
overwinter off eastern Nova Scotia. Mixed groups tagged off southwest Nova
Scotia‘are concentrated in, and around, the Bay of Fundy area during
summer, and although a proportion moves westward to overwinter, a
considerably greater proportion moves eastward. Results from tagging
experiments on mixed groups in eastern Nova Scotia indicate similar
movements to the adults with a dominant summer movement towards. the Bay of
Fundy, but also significant movement into-the Gulf of St. Lawrence.
Relatively few recoveries wére made in the Gulf of Maine. -During‘winter
these fish were concentrated in eastern Nova Scotia.

Persistence of Migratory Patterns

The -results of the tagging experiments. strongly suggest that there is
-~ a-strong persistence in the annual-migratory pattern-exhibited by herring
in NAFO -Subareas 4-and 5 (it was ‘agreed not to use the term™homing" due to
fhe continuing debate on the biological meaning of that word).

“In order to illustrate this persistence, the results of the tagging

experiments on-spawning fish off southwest Nova Scotia and on fish
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dabucto Bay area are presented to indicate yearly
res 22-25. The recoveries made during the season
As can be seen from the distribution of summer

hwest Nova Scotia experiments (Figure 22), the

:
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1 recoveries) into the Bay of Fundy area during the
There is only a very limited movement into the

ge data suggest that between 77-100% of the fish
Scotia return there inlsuccessive‘summers and

4

hHe fish overwinter in the Chedabucto Bay area. The
studies off Chedabucto Bay suggest that between
the Bay of Fundy area as a feeding and spawning

gest that herring do maintain a consistent
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Conclusions N

For the major spawning groups fof which there are significant returns
(Jeffrey's Ledge and southwest‘Nova Scotia) straying does not seems to
be a major feature of the beha?iour of herring.

”Homing" is apbarent]y a major féature éssociated with southwest Nova
Scotia, and possib]y fhe Jeffrey's Ledge complex also.

Herring tagged in the area of Cape Cod and western‘Gu1f of Maine

appear to distribute themselves along the Maine coast and at the

‘entrance to the Bay of Fundy (mainly on the New Brunswick side) during

summer and autumn and overwinter in the western portion of Subarea 5.
The further east the tagging exberiment is conducted during any
particular phase bf the annual cycle (e.g. feeding concentration in
région 6 versus 3), the further east that group reaches during the
summer-autumn movemént. ‘

The Bay of Fuhdy and entrénce areas appear to support concentrations
of herring.in summer from the Gulf of Maine and southern and eastern
Nova Scotia.

Herring tagged between Chedabucto Bay and the éay of Fundy move
westward to the Bay 6% Fundy (distribution mainly on the Nova Scotia
side) in summer and overwinter off eastern Nova Scotia.

Herring fagged in theisydney Bight area of eastern Nova Scotia appear
to undertake a major summer movemént into the Gulf of St. Lawrence and
a somewhat lesser one towards the Bay of Fundy. These diverging
summer movements suggest that fhe Sydney Bight afea is an over-

wintering area for Gulf of St. Lawrence and Nova Scotia populations.

" The summer . concentrations of juveniles along the coast of eastern

Maine and southwestern New Brunswick are a mixture of Gulf of Maine
and Nova Scotia populations.

The group acknowledged that the results of the various tagging
experiments pertain brimari]y to the stock relationships with the
exclusion éf the Georées Bank stock (due to its collapse). The extent
of intermixing gf that stock with the more cqastal popu1atioqs cannot

be assessed at this time,

Recommendations

Additional analysis of short-term movements particularly for tagging

experiments on summer feeding groups which may provide further

-



' insights into the poprl

(ripe and running); 2

miking and non-directed
Nue to the mixing inher
tagged fish could be ex

such tagging experiment
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ation relationship during periods of high
mdvement;
ent in summer distributions, dispersjon of

pected to indicate chaotic dispersion and thus

s should be interpreted cautiously.

Summer distributions frequently have an admixture of many size groups.

Since migratory patterns may be size associated, recovery information

from experiments on mixed groups may be difficult to interpret. Thus

tagging experiments, if conducted on such groups, should be‘organized -

to tagging only the adults or juveniles (i.e. cull out the undesired

size groups).

The group agreed.that |future tagging experimentsvshould be priorized.

The phases in the annual cycle were as follows: 1) spawning groups

overwintering; 3) fall migration; 4) spring

migration; and 5) sum%er feeding, The conclusions drawn by the group

was that the highest priority should be given to tagging spawning fish

(with care being exerqi

sed to ensure that almost all these fish were

at stage 6 of the matdrity cycle). Tagging spawning fish is essential

for stock discrimnatian studies since these are- the only tagging

experiments from which

showing stock movement|.

recovery information can be interpreted as

At other times in the annual cycle, stock

components are, to varying degrees, intermixed, hence the results of

such experiments descrii

be herring movements but not necessarily

discrete stock movemenfs. Tagging summer feeding distributions was

accorded the lowest prji
highly mixed during thij
fact that these groups
remainder of the summe%
experiments are recover
season (i.e. substanti}
information on stoékvm
priorized as follows:
(with culling for large
emphasized for stock di
migrate as far and the
decreases due to natura

spawning grounds.

ority because the stocks appear to be most

s phase of the annual cycle, in addition to the
of fish remain in the region of tagging for the
; hence the majority of tags from these

ed in the area of tagging during the same

1. cost_in terms of reward payments for limited
vement). The life history categories were

1) adults; 2) juveniles; and 3) mixed groups
versus small fish). Tagging adults was

fferentiation since juveniles do not generally
size of these tagged groups will incur greater

1 mortality before they will be observed on the
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The group further agreed that future experiments should be directed at

the following areas, times, etc., in order to augment currént results.

Category ‘ ': In Order of Priority
jsbawning ) o 7 2*, 4,7, 10
overwintering - 1, 3, 4

fall migration : none

'Spring migration ' 1, 2, 3, 4
summer feeding : 4, 2

*when, and if, the Georges Bank stock recoveré.’

It was acknowledged that some consideration had to be given to the
fishing effort associated with the recoveries obtained frdm the-
various geographic areas. Although appropriate weighting of the
significance of tags between areas would be difficult due to a lack of
fisheries information, it was suggested that future analyses should
attempt such considerations.

It was also suggested thatvthe migratory patterns exhibited‘by herring
in Sdbareas 4 and 5 may be influenced by hydrographic conditions;
review of pertinent oceanogréphic data could provide insights into

underlying mechanisms influencing these movements.



Table 1. Release and 7
) . during the pe
- (see Figure 1

ecovery information for herring tagging operations
riod 1973-81. The data are grouped geographically
) by designated seasonal phase.

~Seasonal Phase/ No. release Total number Recoveries
-Region'! sites tagged Total Conger Term >
Overwintering
Region 1 ] 32 0 0
5 1 1000 15 15
10 g 19846 477 287
13 25 31314 1024 396
14 29 18031 1219 748
Spring Migration
Region 2 1 23179 262 * 262
3-4 1 10973 490 490
11-12 § 23955 108 92
Summer Feeding
Region 5-6 36 79917 4618 2765
7-10 45 99830 7573 5038
11 2( , 59442 1479 633
13 2 - 7286 115 94
Spawning
Region 2 2 30443 14 14
4 6 22673 305 302
7,10 1 692 25 21
9 6 3708 404 45
11 14 54266 1487 750
Fall Migration
Region 4 1 1094 183 30
5-6 8 9818 650 299
7,10 " 2 8626 94 63

! Regions where no. tagging
Regions are grouped in ca
one area.

2 In order to discriminate
movement or migration, al
were excluded in the "Lon

ger Term" tally.

was done during a particular phase are excluded.
ses in which tagging operations apply to more than

between immediate recoveries and those depicting
1 recoveries occurring within 2 weeks of tagging
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Release and recovery informaﬁ'on for herring tagging operations during the
period 1973-81. The data are grouped geographically (see Figure 1) by

designated seasonal phase as well as by stage in the life cycle (juveniles

(J); adults (A); mixture of adults and juveniles (M)).

‘No. release Total no. No. Recovered

Seaso‘nalehase/ ' sites ‘ tagged Total -Longer Tarm?
_Region? 3T A K T A K T K K T K K
Overwintering
Region 1 - 1 - - 32 - - 0 - - 0 -
5 1 - - 1000 - - 15 - - 15 - -
10 8 - 119056 - 790 475 - 2 392 - 2
13 - - 25 - - 31314 - - 1024 - - 396
14 - 29 - - 18031 - - 1219 - - 748 -
Spring Migration
Region 2 - 1 - - 23179 - - 262 - - 262 -
3-4 - 1 - - 10973 - - 490 - - 490 -
11-12 4 - 1 20316 - 3639 95 - 13 81 - 1
Summer Féeding ,
Region 5-6 26 5 5 65907 6273 7737 3290 611 717 2333 310 122
7,10 29 7 9 61025 20485 18320 ~ 5147 897 1529 3309 742 985
11 - - 20 - - 59442 - - 1479 - - 633
13 - 2 - - 7286 - - 115 - - 94 -
Spawning
Region 2 - 2 - - 30443 - - 14 - - 14 -
3-4 - 6 - - 22673 - - 305 - S- 302 -
7 - 1 - - 692 - - 25 - - 21 -
9 - 6 - -. 3708 - - 404 - - 45 -
11 - 18 - - 54266 - - 1487 - - 750 -
Fall Migration
Region 4 - - 1 - - 1094 - - 183 - - 30
5-6 - 3 3097 - 6721 301 - 349 121 - 178
7 - 1 1 - 4998 3628 - 56 38 - 25 38

lRegi'ons where no tagging was done during a particu]ar' phase are excluded. Regions are
grouped in cases in which tagging .operations apply to more than one area.

2In order to discriminate betwéen'immediate recoveries and those depicting movement or
migration, all recoveries occuring within 2. weeks of tagging were excluded in the
"Longer Term" tally.
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seasonal category.

Figure 1.- Numbers of herring tagged in each Region (I-XIV) by
Number of releage sites and fish
tagged respectively, are given in parentheses.
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Figure 2

juvenile

recoveries| made within the first 2 weeks after release.

have been grouped across years and are summarized for the periods April-
September

X the values| for each time period are merely to facilitate comparing results.
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herring conducted in regions 5 and 6. The results exclude
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- Figure 3. Distribution of tag recoveries from tagging experiments on overwintering
' mixed groups of herring conducted in region 13. The results exclude,
recoveries made within the first 2 weeks after release. The results have
been grouped across years and are summarized for:the periods April - )
o September (upper line) and October-March (1ower line). The lines joining
. 7P w the values for each time period are merely to facilitate comparing results.
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Figure 4 Distribution of tag recoveries from tagqi i : i
A a : . )
. e first : . within
g s 2 weeks after release. The results have been grouped across year
o and are summarized for the periods April-Sept ; years
7P w March (Tower Tine). The lines joini eptember (upper Tine) and October-
: Joining the values for each time period are

merely to facilitate comparing results.
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Figure 5- Distribution of tag recoveries from tagging éxperiments on adult herring during 4
... spring ‘migration -conducted in region 2. The results exclude recoveries made
within the first 2 weeks after release. The results have been grouped across
years and-afe summarized for the periods January-March (upper line), April-
June (middlge line). .and July-December (lower line). The lines joining the
values for each time period are merely to facilitate comparing results.

&

0

- 44N

42N

II

L ) Figure 6 DistributioL of tag recoveries from tagging experiments on adult herring during
. spring migration conducted in regions 3 and 4. The results exclude recoveries
made within|the first 2 weeks after release. The results have been grouped
N across years and are summarized for the periods January-March (upper line),
April-June [middle Tine), and July-December (lower Tine). The lines joining

7PﬂN . the values for each time period are merely to facilitate comparing results. .
1 1 Il A 1
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~Figure 7 Distribution of tag recoveries from tagging experiments on groups of mixed h
herring during the spring migration conducted in region 12. The results
exclude recoveries made within the first 2 weeks after release. The results
have been grouped across years and are summarized for ‘the periods April-June
(upper line), July-September (middle 1line), and October-March (lower line).

The lines joining the values for each time period are merely to facilitate I

comparing results.
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Figure 8 Distribution of tag recoveries from tagging experiments on juvenile herring -
during spring migration conducted in regions 11 and 12. The results exclude
recoveries made within the first 2 weeks after release. The results have
been grouped across years and are summarized for the periods April-June
(upper 1ine), July-September (middle line), and October-March (lower line).
The lines joining the values for each time period are merely to facilitate

comparing results. -
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Figure 9 Distributio

concentratigns of juvenile herring conducted in regions 5 and 6. The results
exclude recqveries made within the first 2 weeks after release. The results

have been g
September (

(Tower line).

to facilita
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of tag recoveries from tagging experiments on summer feeding

rouped across years and are summarized for the periods April-
gpper line), October-December (middle Tine), and January-March

The lines joining the values for each time period are merely __J
te comparing results.

I

Figure 10 Distribut'gn of tag_recoveries from tagging experiments on summer feeding E
concentrations on mixed groups of herring conducted in regions 5 and 6.

The resul

The.results‘have been grouped across years and are summarized for the
periods April-September (upper line), October-December (middle Tine), and
January-March (lower line). The line Jjoining the values for each time period ]

are merely to facilitate comparing results.
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ts exclude recoveries made within the first 2 weeks after release.
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- Figure 11 Distribution of tag recoveries from tagging. experiments on. concentration of <
summer feeding.adult herring conducted in regions 5 and 6. The results
exclude recoveries made within the first 2 weeks after release. The results
have: been grouped across years and are summarized for the periods April-

o September (upper line), October-December (middie line}, and January-March
7P,VV (lower line). The Tines joining the values for each time period are merely

to facilitate comparing results. ~
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Figure 12

._comparing results.
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Distribution of tag recoveries from tagging experim v -7
summer feeding'adq1t~herring conductedg?n gegign ZIen%;eQ:egﬁ?gan;?$aggs °f
recoveries made within the first 2 weeks after release. The>}esu1ts have
been grouped across years and are summarized for the periods Aprii—September
(upper ]1ng)3 October-December (middle Tine), and January-March (Tower line)
The Tines joining the values for each time period are merely to facilitate ’
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- Figure 13 Distrigution of tag recoveries from tagging experiments on concentrations of J
) summer| feeding groups of mixed herring conducted in regions 7 and 10. The
results exclude recoveries made within the first 2 weeks after release. The
results have. been grouped across years and are summarized for the periods
o April-September (upper line), October-December (middle 1ine), and January-
79 w March {lower-line).. The lines joining the values for each time period are
merely| to facilitate comparing results. . . -

Figure 14 Distribytion of tag recoveries from tagging experiments on concentrations :of
summer feeding juvenile herring conducted in regions 7 and 10. The results
exclude |recoveries made within the first 2 weeks after release. The results
have been grouped across years and are summarized for the periods April-
o %$ptembir (gppe;hliqg), Oqtqbgr-Dezember (middle 1ine), and January-March

ower line). e lines joining the values for each ti i
to facilitate comparing results. T e
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Figure 15 Distribution of tag‘recoveries from tagging experiments on concentration of
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st ey e

summer feeding groups of mixed herring conducted in region 11. The results
exclude recoveries made within the first 2 weeks after release. The results
have been grouped across years and are summarized for the periods April-

" September (upper line), October-December (middle line), and January-March
(Tower 1ine). . The lines joining the values for each time period are merely J
to facility comparing results.

°
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Figure 16

o

44 N4

42N

Distribution of tag recoveries from tagging experiments on concentrations of -
summer feeding adult herring conducted in region 13. The results exclude
recoveries. 'made within the first 2 weeks after release. The results have
been grouped across years and are summarized for the periods April-June

(upper line), July-September (middle 1ine), and October-December (lower line):
no recoveries were reported for the January-March period.. The lines joining
the values for each time .period are merely to facilitate comparing results. —
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Figure 17 Distributign of tag recoveries from tagging experiments on spawning herring y
conducted iln regions 2 and 7. The results exclude recoveries made within
the first A weeks after release. The ‘results have been grouped across years
marized for the periods January-June (upper line)-and July-December
).. The lines joining the values for each time period are merely

to facilitate comparing results.
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Figure 19 Distribution of tag recoveries from tagging experlments on spawning herring 4
conducted- in region 9. The results exclude recoveries made within the first
2 weeks after release. The results have been grouped across.years and are
summarized for the»periods July-September (upper Tine) and October-December
“ (lower ]1ne), no recoveries were reported for the January-June period. The
lines joining the values for each time period are mere]y to facilitate comparing

results. - 4

11

F1gure 20 Distribution of tag recoveries from tagging exper1ments on spawning herring
conducted in region 11.  The results exclude recoveries made -within the first
2 weeks after release. The results have been grouped across years and are
summarized for the periods January-March (upper line), Aprll -September (middie
line), and October-December (lower line). The lines joining the values for
each time period are merely to facilitate comparing results.
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Figure 21 Distribution of tag recoveries from tagging experiments on mixed groups of
herring|during fall migration in regions 4, 5, 6, and 7. The results exclude
recoverjes made within. the first 2 weeks after release. The results have
been grouped across years and are summarized for the periods January-March
o (upper 1ine), April-June (middle line), and July-December (lower line). The
70 W Tines joining the values for each time period are merely to facilitate compar-
1 L ing results. R .
¥

Tagging Recoveries
4 lst summer after relegse
@ 2nd summer after release

@ 3rd summer after release

Tagging area

Figure 22. Summer distribution of tag
recoveries from tagging experi-
ments conducted off southwest

ova Scotia in August-September,
1977. Recoveries made during
year of tagaing are excluded; - 424
N recoveries are presented for 1st,
2nd, 3rd (and subsequent) ‘summers
(June-October) after release.
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Figure 23 Winter distribution of tag
recoveries from tagging experi-
ments conducted off southwest
Nova Scotia in August-September,

1977. Recoveries are presented 42
A for the 1st, 2nd, and 3rd (and
subsequent) winters (November- —_—

March) after release).
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Tagging Recoveries

al5

A 1st summer after release

® 2nd summer after release
@ 3rd summer after release

Tagging area ‘ Ne-

o 74 4=

a2 Figure.24 Winter distribution of tag

recoveries from tagging experi-
ments. conducted off eastern
Nova Scotia in August-September,
1977, and January, November-

December, 1978. Recoveries' are 42+
) . ) combined for the operations and
- - presented for the 1st and 2nd ——J

winters (November-March) after
release. :



- 31 -

T

70

68

Tag Recoveries

A 1st summer after relpase
@ 2nd summer after release
® 3rd summer after release
aqging area

< 74 4=

Figure 25 . Summer distribution of tag
recoveries from tagging experi-
ments conducted off eastern
Nova Scotia in January and
November-December, 1978.
Recoveries are combined for the 424

2 operations and presented for the _____ |}

1st, 2nd, and 3rd summer (June- ——
October) after release.
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Appendix 1. Listing of herring tagging activities from 1973-81 in the

Date

Nov. 21-Dec.5/73
“Jan. 29-30/76

Feb. 8/76
Feb. 8-9/76
Feb, 10/76
Feb. 12/76
Feb, 13/76
May 12/76
May 12/76
May 14/76
May .15/76

- May 17/76
April 29/76"
May 2/76
May 11/76

Aug.26-Sept.6/76

Sept. 16/76
Sept. 17/76
Sept. 18/76
Sept. 19/76
Sept. 23/76
Sept.. 27/76"
~0ct. 8/76
Oct. 9/76
Oct..11/76
Nov. 10/76

Jan. 16-17/77
May 7/77
May 11/77
May 13/77
May 15/77
March 8/77
May 1/77
Sept. 23/77
Sept. 25/77
June 28/77
June 28/77
July 6/77
July 7/77
July 15/77
July 18/77
July 19/77
Aug. 8/77
Aug. 10/77
Aug. 10/77
Aug. 11/77
Aug. 12/77
Aug. 16/77

Aug. 18/77

Aug. 29/77
Aug. 30/77
Aug. 30/77
Aug. 31/77
Aug. 31/77
Aug. 31/77

Sept. 1/77
Sept. 1/77
Sept. 5/77

Loc

ation -

Gran
45°21" 15"N

45°21'15"N
45°21'32"N

145°21'30"N
45°21'30"N

45°21'30"N
47°23'00"N

47°22'00"N

47°23'00"N
47°23'00"N
47°23'00"N

St. Ge
47°41'00"N
47°41'00"N

W. Gulf of St. Lawrence

41°45'N
41°43'N
41°35'N
41°44'N
41°38'N
41°35'N
42°39'N
42°50'N
42°39'N
41°29'N

d ‘Manan

orges Bay .
60°35'30"W
60°35'30"W

68°58'W
68°56'W
68°55'W
68°49'W
68°51"'W
68°57'W
70°30'u
70°19'W
- 70°30'W

3mi. S.MW. Trinity

12 mi.
Mill Cove
Mill Cove
Mill Cove
Mill Cove

S. Lurcher

, Campobello
, Campobello
, Campobello

, Campobello

Head Harbour Islapd

Bliss Is

land Light

Back of Man of War Is.

I mi. S.W.
1 mi. S.W

Off Ea

Crow Island
.. Whitehead

gle Island

St. Andrews Pt.-

Minis
Eo of T
(St. A

15-2 mi. N.W. Seal ‘Is.
2 mi. W. of West Head
1} mi. ESE Trinity Buoy
14 mi. SE Trinity Buoy

2 mi. W,
ESE Tr
NW Cap

2 mi, W, of West Head
14 mi. ESE Trinity Buoy

mi. N,

ter's Is.
ongue Sheal
ndrews Pt.)

of Seal Is.
inity Bay -
e St. Mary

of Seal Is.

No. Herr1n91
tagged

10,868

3,000
2,150
3,843
3,199
3,625
65650

5,443
5,993
4,511
3,466
3,661
3,566

32

1,025
6,430
2,507
3,805
10,437
1,000
10,973
645
298

95

141
1,668
1,750
1,225
647
1,254
2,846
200
1,600
1,175

2,096
4,874

3,100

3,997
6,491
2,999
2,347
5,492
2,828

4,500
4,650
3,996

Northwest Atlantic giving location, date, -and numbers tagged
(source: ICNAF/NAFO Circular Letter series).

) Agency2

DFO, St. And

DFO, St. And
DFO, St. And
DFO, St. And
DFO, St. And
DFO, St. And
DFO, St. And
DFO, St. And
DFO, St. And
DFO, St. ‘And
DFO, St. And
DFO, St. And
DFO, St. Joh
DFO,- St. Joh
DFO, St. Joh
DFO, St. And
NMFS, Woods
NMFS, Woods
NMFS, Woods
NMFS, Woods
NMFS, Woods
NMFS, Woods
NMFS, Woods

NMFS, Woods

NMFS, Woods
NMFS, Woods

DFO, St. And
NMFS, Woods

- NMFS, Woods

NMFS, Woods
NMFS, Woods
DMR, Maine
NMFS, Woods
NMFS, Woods
NMFS, Woods
DFO, St. And
DFO, St. And
NFO, St. And
DFO, St. And
DFO, St. And
DFO, St. And
DFO,. St. And
DFO, St. And
DFO, St. And
DFO, St. And
NDFO, -St. And

DFO, St. And
DFO, St. And

DFO, St. And

DFO, St. And
DFO, St. And
DFO, St. And
DFO, St. And
NDFO, St. And
DFO, St. And

DFG, St. And
DFO, St. And
DFO, St. And

rews

rews
rews
rews
rews
rews
rews
rews
rews
rews
rews
rews
n's

n's

n's

rews
Hole

Hole

Hole
Hole
Hole
Hole
Hole
Hole
Hole
Hole

rews
Hole
Hole
Hole
Hole

Hole
Hole
Hole
rews
rews
rews
rews
rews
rews
rews
rews
rews
rews
rews

rews
rews

rews

rews
rews
rews
rews
rews
rews

rews
rews
rews



Appendix 1. Cont'd.

Date

Sept. 6/77
Sept. 6/77
Sept. 7/77
Sept. 7/77
Sept. 7/77
Sept. 8/71
Sept. 9/77
Nov. 28/77
Dec. 4/77
Nec. 5/77
Dec. .14-15/77
Dec. 5/77
Dec. 5/77
May 22/77
May 23/77
June 20/77
June 27/77
July 6/77
July 12/77
July 27/77
July 28/77
Oct. 11/77
Oct. 27/77
Nov. 3/77

Jan., 13/78
Jan. 13/78
Jan. 17/78
Jan. 13/78
Jan. 17/78
Jan. 23/78
“Jan. 29/78
Feb. 3/78

Mar. 24/78

Apr. 17/78
Apr. 19/78
From May 11-
June 9/78
Oct. 16/78
Nov. '1/78
Nov. 2/78
Nov. 3/78
Nov. 9/78
July 7/78
July 28-29/78
July 20/78
July 21-26/78
Aug. 28/78
Oct. 18/78
Oct. 25/78
Nov. 6/78
Nov. 9/78
Nov. 11/78
Nov. 17-18/78
Nov. 19-22/78
Dec. 6-7/78
Nov. 30/78
Dec. 2/78
Dec. 7-8/78
Dec. 7/78
Dec. 4/78
Dec. 9/78
Dec. 13/78
Dec. 7-8/78
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Location

14 mi. SE Gannet Rock
2 mi. E. Green Is.
1 mi, S. Green Is..
3 mi. SSE Seal Is.
1 mi. NE Gannet Rock
2 mil SE Gannet Rock
Trinity Buoy
4% pi. off Low Pt.
2 mi. off Little Larraine
2 mi.|South Cape Morien
ace Bay Buoy )
3/4mi.|S. Glace Bay Buoy
14 mi.|E. Glace Bay Buoy
Linekin Bay, Maine
Boothbay Harbour, Maine
Greenland Cove, Maine
Long Cove, Maine
Gunpoint Cove, Maine
Bois Bubert, Maine
Howard Cove, Maine
Sand Cove, Maine
Metinic Island, Maine
Southport Island, Maine
North Lubec

o

i

Cape Canso
E. lof Cape Canso
15 mi.! E. of Cape Canso
15 mi.LE. of Cape Canso
8 mi, E. of Cape.Canso
6 mi. SE of White Hd, CB
24 mi. NE C A Buoys
perry Shore

Imi. Nw{Lettite Passage-
(Passamag)
Liverpool Bay
Liverpool Bay

Isle;Verte, Quebec

2 mi. ESE Thacker's Is.
42°5§'N-v 70°12'W
42°50'N 70°12'W
42°50'N 70°15'W
42°52‘N 70°15'W
44°45'N 65°50' W
44°3Q'N 65°45'W
44°4Q'N 65°50'W
44°39'N 65°45'W-
44°3q'N 66°55'W
46°201'N 62°15'W

46°20'N - 62°15'W
16°28/'N  60°15'W
46°24'N  60°14'W
45°10/N  61°06'W
46°23'N  60°06'W
46°22/N  59°58'W

45°10! 61°04 "W
46°28 !N 60°22'W
46°32!N 60°23'W
45°101N  61°25'W
45°04 !N 61°34 'y
45°04 1N 61°34"W
45°031N 61°20'W
45°21 N 60°45"' W
45°10'N 61°04"W

No. Herringl
tagged

2,000
1,125
1,050
3.825
3,494
3.375
2,500

588

715

435

650

207

487
1,000
1,000
1,000
1,500
2,500
2,000
1,000
2,800

800
1,196
2,200

525
17
525
1,127
705
670
829
50

3,950

5,000
4,000
(29,217)

1,500
500
2,000
2,000
4,000
4,000
5,992
2,225
2,380
375

(2,500)

(5,500)
233
186
364
344
1,762
676
653
316
332
533
646
224
356
219

Agency?
DFO, St. Andrews
NFO, .St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO,- St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFQ, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DMR, Maine
DMR, Maine
DMR, Maine
DMR, Maine
OMR, Maine
DMR, Maine
DMR, Maine
DMR, Maine
DMR, Maine
DMR, Maine
DMR, Maine

DFO, St. Andrews
NFO, - St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DF0, St. Andrews
DFO,- St. Andrews

DFO, St. Andrews

DFO, St. Andrews
DFO, St. Andrews
DFO, Quebec City

NMFS, Woods Hole
NMFS, Woods Hole
NMFS, Woods Hole
NMFS, Woods Hole
NMFS, Woods Hole
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DF0, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DF0, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
NDFO, St. Andrews
DFO, St. Andrews
DF0, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
DFO, St. Andrews
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Appendix 1. Cont'd.

Date
--Dec. 9/78
Dec. 13/78
Feb. 21/78
Aug. 7-9/78
Aug. 21/78
Aug. 31/78
Sept. 7/78
Sept. 18-23/78"
Sept. 26/78

March 28/79
March 29/79
June 1-6/79

Sept. 24/79
Sept. 25/79
Oct. 1/79

Dec. 10/79
Dec. 11/79

ﬁec.
Dec.

11/79
12/79

Dec..
Dec.
Dec.
Dec.
Dec.

13/79
15/79
11/79
11/79
11/79

Dec. 12/79
May 11-24/79
Aug. 11/79

Jan. -3/80

Jan. 3/80
“Jan. 3/80
Jan. 5/80
Jan. 5/80
Jan. 6/80

"~ Jan. 7/80

Apr. 16/80
May 12-13/80
Sept. 13/79

Apr. 26/80
June 19-24/80
Feb. 14/80
Feb. 15/80
June 22/80
July .20-23/80
July 24/30 )
July 27/80
July 21-22/30
July 24/80
Sept. 15/80
Sept. 16/80

 Oct. 29/81
Oct. 31/81

June 19-24/80

Location
46°04'N 61°34'W
45°22'N 60°48'W

Passamaquoddy Bay
Tenants Harbour.
White Island
Boat Cove, Lubec
Boston Is. Sheepscot R.
Metinic Bell
Muscongus Bay

Liverpool Harbour
Liverpool Harbour
14 mi. off Seawall Head

of St. Mary's Bay, N.S.

Shag Rock, Seal Rock,
Grand Manan
Seal Cove, Grand Manan

Seal Cove, Grand Manan
Cape Dauphin, C.B.
3/4mi. off Ingonish Is.
Cape Breton ‘

S of Ingonish Bay, C.B.

3/4mi. NE Cape Smokey,:-
Cape Breton
S of Ingonish Bay, C.B.
Little Lorraine, C.B.
Ingonish Bay, C.B.
Ingonish Island, C.B.
3/4mi. NE Cape Smokey,
Cape Breton :
S of Ingonish Bay, C.B.
Carleton, Quebec
Blanc-Sablon, Quebec

3/4mi. off Wreck Cove,
Cape Breton
N Ingonish Bay, C.B.
Cape Smokey, C.B. -
N Ingonish Bay, C.B.
S Ingonish.Bay, C.B.
N ‘Ingonish Bay, C.B.
N Ingonish Bay, C.B.
NW Cove, St. Margaret's
Bay’
45°21'N 61°11'W

Liverpool Harbour

Bras d'Or Lake, West Bay

Iles Verte, P.Q.

44°29'N 63°30'W
44°28'N 63°30'W
43°40'N 65°04 "W
45°14'N 65°01'W
45°04'N 65°04 'W
44°55'N 65°20'W
45°19'N 64°57'W
45°10'00"N" 64°57'00"W
45°11'30"N - 67°09'50"W
45°10'05"N - 67°08'50"W
46°21'00"N  62°15'30"W
46°21'00"N. 62°15'30"W

Ile Verte, Quebec

No. Herringl

tagged
48
325
1,500
2,998
537

431

426
202
2,086
294
335
2,468
3,639

7,286
(2,651)

(600)

(4,996)
390
128
10,036
2,757
399
1,025
550
9,515
4,350
4,940

6,847
3,451

(5,000)

Agency?

DFO,
DFO,

DMR,

DMR,

DFO,

nFo,
DFO,
DFO,
DFO,
nFo,
DFO,

DFO,

DFO,

NSDF
DFO,
NFO,
DFO,
NFO,
DFO,
DFO,
DFO,

~ DFO,
iDFO,

DFO,
DFO,

DFO,
DFO,

DFY,

St..'Andrews
St. Andrews

Maine’ )
Maine
Maine
Maine
Maine
Maine
Maine

St. Andrews
St. Andrews
~St. Andrews

St. Andrews

St. Andrews

St. Andrews
St. Andrews
St. Andrews

St. Andrews
St. Andrews

St. Andrews

5 St. Andrews

St. Andrews
St. Andrews
‘St. Andrews

St. Andrews
Quebec City
Quebec City

St. Andrews

St. Andrews
St. Andrews
St. Andrews
St. Andrews
St. Andrews
St. Andrews
St. Andrews

St. Andrews

NSDF, Halifax

, Halifax
Quebec City
St. Andrews
St. Andrews
St. Andrews
St. Andrews
St. Andrews
St. Andrews
St. Andrews
St. Andrews
St.: Andrews
St. Andrews

St ‘Andrews
St. Andrews

Quebec City
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Appendix 1. Cont'd.
No. Herringl
Date Location tagged Agency?
Oct. 27/81 48°00"'14"N| 65°14'30"W (7,000) DFO, Quebec City
Oct. 28/81 48°23'46"N! 64°26'20"W (2,013) DFO, Quebec City
Oct. 29/81 47°52'56"N| 65°26'54"W (3,275) DFO, Quebec City
Oct. 30/81 48°48'06"N| 64°11'56"W (2,000) DFO, Quebec City
Oct. 30/81 48°48'12"N| 64°11'48"W (1,100) DFO, Quebec City
Nov. 1/81 48°47'50"N| 64°11'42"W (575) DFO, Quebec City
Nov. 1/81 48°50'10"N| 64°10'16"W (1,075) DFO, Quebec CIty
Total Herring Tagged -- 1973 - 1981: 484,380

1 The figures in brackets indicate tagging operations not
included in the current analysis.

2 Names of agencies

involved:

DFO - Department of Fisheries and Oceans, Canada
Laboratories at St. Andrews, New Brunswick;

St. John's, Newfoundland;
NMFS - National Marine Fisheries Service,

USA

Laboratory at Woods Hole, Massachusetts.

DMR - Depar

Laborjatory at Boothbay Harbour, Maine.

NSDF - Nova
Labo

Scotia Department of Fisheries

ratory in Halifax, Nova Scotia, Canada.

and Quebec City, Quebec.

tment of Marine Resources, State of Ma1ne USA



Appendix 2. International herring tagging project release and recovery asres.

U.S. AREAS
" AREA 1
‘ starts
AREA 2
: AN “starts
AREA 3
) starts
AREA 4
starts
AREA 5
starts
AREA 6
starts
AREA 7
starts
AREA 8
starts

CANADIAN AREAS

AREA 9

starts
AREA 10

starts
AREA 11

-starts

B1°31'N/72°00'W -

40°00'N/70°00 "W

41°36'N/70°00
40°00'N/66°55
40°30'N/65°40
42°00"N/65°50
42°10'N/66°00
42°20"N/70°00

42°35'N/70°42'W
42°00'N/70°00'W

42°35'N/70°42'0
43°16'N/69°49 '}

43°34'N/70°12'W

43°41'N/69°15"'W

43°55'N/69°15"'W

43°50'N/68°03"'W

44°20'N/68°04'W
43°50'N/66°55"'W
44°49'N/66°57'W

43°50'N/67°50'W
43°41'N/69°15'W
42°35'N/70°00'W
42°20"'N/67°50'W

45°15'N/66°00"'W
45°00'N/65°10'W

44°49'N/66°57'W
44°20'N/66°55'W
44°40'N/66°30"' W
44°50'N/66°00'W
45°00'N/65°40"'W
45°15'N/66°00'W

45°00'N/65°10"'W
44°50'N/65°40"'W
44°40'N/66°00"'W
44°20'N/66°30"'W
43°50'N/66°55'W
42°20"'N/67°50'W
44°00'N/64°20'W
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to
to

to
to
to
to
to
to

to
ENDAT

to
to

“to

to

to
to

to
to
ENDAT

to
to
to
to

to
ENDAT

to
to
to
to
to
ENDAT

to
to
to
to
to
to

i

40°00"'N/72°00'W
41°36"'N/70°00'W

40°00'N/70°00
40°30'N/66°55
42°00'N/65°40
42°10'N/65°50
42°20'N/66°00
42°00'N/70°00

42°35'N/70°00'W

42°35'N/70°00'W

43°34'N/70°12'W

43°16'N/69°49'W

“43°55'N/69°15'W

43°41'N/69°15"'W
44°20'N/68°04'W

43°50'N/68°03 "W
44°49'N/66°55'W

43°50'N/68°03'W
43°16"'N/69°49'W
42°20'N/70°00'W
43°50'N/67°50'W

45°00'N/66°00"'W

44°49'N/66°55'W
44°20"'N/66°30"'W
44°40'N/66°00"'W
44°50'N/65°40"'W
45°00'N/66°00"'W

45°00°N/65°40" W
44°50'N/66°00"W
44°40*N/66°30"W
44°20'N/66°55 ' W
43°50'N/67°50'W
42°20'N/64°20"W
44°12'N/64°33'W

to

ENDAT

to
to

to
to
ENDAT

- to

to
ENDAT

to
ENDAT

to
ENDAT

to
to

to
to
to
ENDAT

to

to
to
to
to
to

to
to
to
to
to
to
ENDAT



AREA 12

AREA 13

AREA 14

AREA 15

starts

starts

starts

starts

starts

starts .

starts

- 43°00°'N
45°58'N/62°10

Areas wi

T e

44°12'N

45°58'N
43°00'N

45°43'N
43°00'N
46°50'N
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64°33'W to 44°00'N/64°20'W to
64°20'W- - - to. 43°00'N/62°10'W to
"W ENDAT '

62°10'W  to  43°00'N/62°10'W ~ - to
60°20'W  to  45°43'N/60°20'W . - ENDAT

60°20'W to 43°00'N/60°20"W to
58°00'W  to 46°00'N/58°00'W  to
58°50'W  to 47°30'N/57°35'W ENDAT

with its N.W. boundary defined by a line across the
Cabot Stirait at: i

46°50'N
47°40'N

60°20'W  to  47°30'N/59°35'W - to
59°20'W  ENDAT . '

by a line across the Cabot Strait at:

46°50'N/60°20"'W to 47°30'N/59°35'W toz_j

47°40'N

and a li
51°23'N

and a 1i

59°20'W ENDAT

ne across the Belle Isle Straits at:

ne across the St. Lawrence River at:

47°40'N/70°00'W to 47°55'N/70°00'W ENDAT

thin the River and Gulf of St. Lawrence bounded

56°30'W . to  51°40°N/56°31'W  ENDAT
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Appendix 4. Description
1-XT1V,
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of the herring fisheries in tag recovery regions

Region I. The fishery is conducted during the winter/spring (December-

April) period principally by pair trawlers in southern New England coastal

waters. ' The fishery is directed towards age 3 and older herring.

Approximately 50% of the

age 3 fish landed are below 23 cm in length,

Region 11.: No significant herring fishing has occurred since 1976 when the

Georges ‘Bank stock collapsed.

Region III. The fishery

is conducted by pair trawlers and purse seiners

with the former being the dominant gear type utilized. The seéson runs

from January to April and the fishery is directed towards age 3 and older

fish. Approximately 70%

length.

of the age 3 fish landed are below 23 cm in

Region IV. The fishery is. basically on August-November fishery but catches

may -begin as early as March when herring apparently begin to migrate

northward. Few catches are made in May and June. Purse seines are the

principal gear employed blut pair trawlers are also utilized. During the

August-October period the fishery operates on both pre-spawning.and

spawning fish, ages 3 and| older.- These fish are all greater than 23 cm in

length,

Region V - VII. ‘The fishery usually begins in late May and generally

extends into November. The fishery is generally most intense during the

months of July-to September in all three areas. In Regions 5 and 6 stop

seines and purse seines are utilized whereas in Region 7 stop seines and

weirs are the dominant qear types and purse seines are used occasionally

(only legal after October|15). The fishery in these three regions (5-7)

are selective for age 2 flish, although all ages are harvested. Age 3 fish

are all below 23 cm in length during the start of the fishery, and as the

season progresses the size of the ége 3 fish gradually increases.

Region VIII. There is no| herring -fishery in Region 8.

Region IX. The fishery is conducted in June and July by purse seiners and

primarily exploits spawnipg fish; some pre-spawners are-also taken.

Region X. The fishery is| conducted primarily from April to November

although in some years a

winter fishery also occurs. Both fisheries

exploit juvenile fish which are mainly less than 23 cnin length. The
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April to November fishérx is conducted by weirs (area closed to purse
seiners during this period) and is mainly dependent on age 2 and 3 herring.
‘VThe winter fishery, Conducped by purse seiners primarily on age 2 fish, has
been sporatic in recent years and. annual catches appear to be related to
the size of recruiting year classes.

Region‘XI. Thévfishery is basically an April to October fishery and is
conducted mainly by purse seiners, weirs, and gillnets. The.gillnet
’fisheties exploit primarily spawning fish although in some years »
pre-spawning adults are also taken. The weir fishery is restricted to the
Bay of Fundy and is dependent on ége 2, 3, and 4 fish. About 50% of these
are less than 23 cn in length.  The purse seine fishery exploits -summer
feeding aggregations of juveni}e and adult fish as well as pre-spawning and
spawning adults. The fishery is most intense during August and September
as the fish concentrate near, and on, the spawning beds. In recent years
the mean size of thé fish has increased since market demand for adult fish

has increase and a historic imeal fishery has been terminated.

P

Region XI1.- The fisheries arevbasically localized summer 9111 net
fisheries apparently exploiting small Tocalized stocks. Gill nets are the
principal gear, annual catches are relatively small, and pfimarﬁly of fish
greater than 23 cn in length,

Region XIII. Although a small summer gillnet fishery occurs, the prfncipal
fishery occurs in winter (November-March).' The catch is taken almost
exclusively by purse seines. The fishery is directed towards’age 3 and
older fish, and although all ages are harveéted,’over 70% are greater than
23 cm in length.

Region XIV. The princiﬁa] fishery, in recent years, has been a purse seine
"~ fishery exploiting over-wintering adult fish. This winter fishery occurs
from November to January and over 85% of the fish are greater than 23 cm in
length, There is a small gillnet and trap fishery which occurs in April on

pre-spawning and spawning fish, These fish are all greater than 23 cm.



Appendix 5. List of att
Tagging mee

W.T. Stobo (convene
C. Walton (rapporte
V. Anthony

L. Cleary

T. Creaser

M. Fogarty

J. Gagné

M. Hunter

D. Libby

H. Powles

M. Sissenwine
G. Waring

1 pepartment of Fisheri
2 State of Maine Depart
National Marine Fishe
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ting.

r)

ur)

es and Oceans

ries Service

endees to 'ad hoc' Working Group on Herring

OFOl, Dartmouth, Canada
DMRZ, Boothbay Harbour, USA
NMFs3, Woods Hole, USA
DFO, Quebec City, Canada
DMR, Boothbay Harbour, USA
NMFS, Woods Hole, USA

NDFO, DNartmouth, Canada
DMR, Boothbay Harbour, USA
DMR, Boothbay Harbour, USA
DF0, Quebec City, Canada
NMFS, Woods Hole, USA
MNFS, Woods Hole, USA

ment of Marine Resources
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