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1¢ Introduction

At the Symposium on "Herring Population Studies" held by the Council in
September 1961, when the current state of knowledge on the ecology and population
dynanics of the herring stocks in the north-ecast Atlantic, and especially on the
changes in the herring fisheries and the factors governing them, was reviewed, it
wao recognised that many of the present difficulties facing scientists in elucidating
the causcs of the observed, long and short-term changes in the abundance and
composition of the herring stocks in this area stom from a lack of o clear under-
standing of many of the basic ecological and dynamic processes involved. This is
largely duc to the great size and complexity of the exploited resources and the
fisherics exploiting thenm and the associated difficultics of investigating then.

It was also rccognised that many of these difficultics would be overcome if the

- investigations of these processes could be carried out on small, well defined stocks
of heorring, as werc known to exist in the coastal waters of at least one member
country. The Symposium accordingly adopted the following rocommendat}pn:-

"In view of their size and great complexity of the biological,
ccological and othecr procesascs governing the population dynamics of
herring stocks, and of the cxtoent and complexity of the scientific
problens involved in understanding them, the Symposiunm recognises
the necd for setting up intensive and comprehensiVe gtudies on a small,
sclf-contained, casily accegsible herring population. It further
recogniges that such populations arc known to exist in at lcast one
nenber country. It therefoxe recomnends that the Herring Comnittee
of ICES should cxplore the possibilities of such investigations being
initiated". :

This rocomnondation.: was csubscquently considered by the Herring Committee at the

1961 Annual Mecting of the Council and as a first step in examining the possibilities
of implenmenting it, the Committec members in cach country were requested to under-
take surveys of the herring stocks in their cocastal waters to determine whother
suitable, self-contained stocks for these studies were available within the

ICES arca.

) Infornation prescnted by the Norwegian nenbers of the Herring Committec at
its 1962 Annual Mecting indicated clearly that there are localities within the
Norwegian Pjord systen which moy be suitable te nmeet the requirements for these
studics. Following further endorocment at that neecting, of the nced for establishing
such a schenme of rescarch, on an international basis, and of the sorts of long and
short-tern rcgearch projccts which it night embrace it was recommended that the
Council should appoint a small group of four or five cxperts to make a survey of
possible localitices in Noxway, with a view to deternining whother the essential
requirenents for a rescarch scheme arc available in the Norwegian Pjord systen.

This Working Group was duly cstablished andheld its first neeting at the
Institute of Marine Rescarch, Bergen in August 1963, at which it prepared a report,
which was prosented to the Herring Committee nmeeting in 1963 (C M.1963 Doc.No. 12!),
on its prelininary assessment of the basic requbrements for the establishment of
the research gcheme and on the featurces and suitability of three localities near
Bergen. Further necetings of the Working Group were held in Bergen in April 1964,
March-April 1965, and April 1966, at cach of which reports were prepared and
precsented to an approved by the Herring Comnittee at its Annual Meeting (C.M.1964
Doc.lNo. T3 C.M.1965 Doc.lo. 135; C.M.1966 Doc.No. H:20)., This report presents

sunnary of the regsults of the Uorklng Group's ac1t1vﬂnes during this period, as
presented in these reports.
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2, Membership of the Working Group

The following cxperts served as ncnmbers of the Working Group during the
period,
Mr. B.B., Parrish {Chairman) - all four ncectings
Prof. G. Hempel " n "
Mr., K. Popp Madsen " " n

Mr., Finn Devold 1st and 2nd neceting
Mr., OcJ. @stvedt 2nd and 3rd nceting
Yr, 0. Dragcsund . 4th nceting
Dr. f. PFridriksson 2nd necting

In addition, Mr. O. Dahl of the staff of the Institutc of Marine
Research, Bergen who was responsible for organising and running the routine herring
sanpling progranmnc in the "polls'" during the whole of the experimental period
participated in all of the nectinga of the Working Group.

2. Main Tasks
In the coursec of its activities, the Working Group undertook the following
nain tasks:-

A) To consider the types of research projects suitable for study in
. a snall, self-contained herring stock.

B): To define the basic requirenents of the locality and fish stock
for conducting these rescarch projects.

O C) To exanine the suitability of sclected localities within the
. Norwegian Fjord systen in satisfying the requirenents in B).

D) To specify the ninimun facilitics and operational requirenents for
inplenenting such a research scheme on an intcrnational basis,

As Types of research project

The Working Group considerced the types of rescarch project which might be
undertaken in o research schenec based on a snall, self-contained herring stock
nainly in the light of biological problens encountered by the North Sea and Atlanto-
Scandian Herring Working Groups in their asscgssnents of the population dynanics of
the exploited herring stocks and the factors governing the observed, post-war
changes in their abundance and conposition. Such projects can be divided into
relatively long-tcorn studies of biological or ccological processes governing
changes in the abundance and structure of the herring stocks and shorter.-tern

'studies of specific biological processes and experimental work on nethods of
investigation and featurcs of the physiology and behaviour (including learning)
of the herring. Sone inportant cxanples of both types of study which the Working
Group considers to be of major relevance to the present herring rescarch problens
in the ICES area and which night be pursued within the proposed schene arc as
follows:-

a) Long-tern biological and ecolomical studies

(i) Rates of survival throughout the life-span (egg and larval stages;
juvenile stages and odult phase) and the factors governing then, including
the relation between survival rate and population density.

(ii) Thec gonad maturation cycle in spring and autumn gspawning herring,
its variations fron ycar to yecar and the factors governing it.

(iii) Studics of egg and larval production, dispersal and survival
in relation to spawning stock sizc and conposition and their variations
vith environncntal factors.

(i¥) Studics of fecundity and egg size, their variations from year to

year and throughout the maturation cycle and their relations with
environnental factors, including the endocrine systen.

(v) Growth studies, including zone fornation in gcales and otoliths;
predatory~prey reclationships and the relation between food, population
density ond growth at difforent life-history stages.

(vi) Serological and blood-greup studies.
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b) Short-tern biological and experinmental studies

(i) Behaviour studies of different life-history stages including
diurnal variations in behaviour, responses to natural and artificial
stinuli (including fishing gears), schooling behaviour, spawning behaviour,
etce.

(ii) Bxperinental studies of the efficicncy of tags and tagging
nethods (internal and external), including estination of tagging nortality
and tag shedding rates and observations on differcences in behaviour and
growth between tagged and untagged herring.

(iii) Experinental work with sonar equipnent for eséimating fish
abundance, target strength neasurement ectec.

(iv) Genetical studies, including cross-fertilisation and hybridisation
of different spawning groups of herring.

This list of research projects is in no gense nmeant to cover all possible
investigations which night be conducted under the research schene. In particular,
it is confined to resecarch projeccets on herring and takes no account of investigations
of, for cxanple, other fish species which night be present in the locality (exccpt
in relation to herring, predator-prey relationships) or basic environmental and
productivity studies., It seenms likely fronm the interest cxpressed by scientists in
the fields during the course of the Working Group's investigations that in the
event of the herring rcsearch scheme being inmplemented, and the basic facilities
provided for its continuation on a long-tern basis, appropriate research progrannes
in thesc other rescarch fields would arise.

B. Basic requirenents for localify and fish stock

Consideration was given by the Working Group at its first neeting to the
desired featurcs of a locality and fish (herring and other species) stocks to
pernit investigations along these lines to be carried out. These were considered
to be as follows:-

(1) The water mass nust be small, not exceceding 10 ‘kn? and containing
o herring stock, or clearly identifiable stocks - e.g. spring and
f autunn spawners, of not lesg than 200,000-400,000 adult individuals
(500-1000 hectolitres).

(2) The herring stock(s) nust be self-contained with all life-history
stages prescent and with little or no exchange of adult individuals
with other localities. :

(3) The stock(s) of herring should, if possible, be unexploited in the
locality and certainly not heavily exploited commercially, but
statistics of the catches taken, if any cormercial fishing does tako
place, should be available. The stock(s) nmust, however, be readily
available to capturc by gtandard and experinental fishing gears
throughout the year.

(4) The water nass should contain other fish species, ospecially pre-
dators of herring. :

(5) The physical, chcnical and biological propertics of the water nass
should be as sinilar to the open sea as possible (c.g. temperature
salinity, O, nutrients and plankton production). It should be nostly
free from severe icing in water, and free fron secrious pollution. )

(6) The entrance(s) to the locality should. be narrow and shallow to allow,
if necessary, the crection of temporary or pernmanent barriers to the
enigration or inmigration of fish (at least of adults).

(7) The botton topography of the area should be as regular as possible
and the depth not too great (i.c. not oxceeding 60-80 netres) over
the main part of it. Snall, narrow nouthed bays, suitable for
isolating small groups for oxperimental work (ec.g. tagging and
behaviour studies), leading off the main water nmass would be highly
desirable,

(8) The locality should have casy access by road or sea transport fron &
research contre (e.g. from Bergen).

(9) The locality should be onc in which the anmount of sca traffic is small.
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(10) The shores of the arca should have sites suitable for the ercction
of tenporary or permancnt buildings (laboratory accommodation, stores,
landing stage, boat house cte.) close to a road and within casy
reach of fresh water and electricity supplies.

. In its subscquent assessment of the availability and characteristics of
localities and fish stocks, neecting these requirenents within the Norwegian
Fjord systen, the Working Group rccognised that the rclative inmportance of the
different basic requirenents outlined above depends on specific investigations
actually being conducted. For example, requirenent (2) is an inportant one
for those investigations listed in the preceding section involving studics of
the total dynanics of the  herring stock, covering all lifce-history stages and
therefore is, clearly; a very desirable feature of the systen. However, the
failurc of the syston to meet this requircnent conmpletely does not necessarily
precludec others of the listed types of project being pursued effectively. Thus,
a substantial incidence of innigration or cenigraticn of onc life-history stage
(eeg. larvac) to and fron the locality night severely conplicate or indeed pre-
clude sone detailed studies of the population dynanics & that stage but this
would not invalidate some other investigations of that stage or studies of the
dynanics of other life-history ctages. Similarly, requircnent (4) is essential
for studics of predation on herring and, of course, for studics on the predators
thenselves, but it is not cssential for the other types of investigation; indeed
for sonc of then the absence of substantial predation on herring would be
advantageous. Such factors were borne in fiind throughout the asscssnent of the
potentialitics of the proposed research schene.

In addition to thesc "physical" and "biological" requirements, it is clearx
that o number of important legnl, sociznl and thechnical requirements have to
be fulfilled. Important anongst thesc is the reaction of the local community
(fishornen, landowners, otc.) towards any restrictions on their activities demanded
by the schecne, including, for cxample, the closure of cntrances to the water
nass, It was agreed that these factors would have to be considered in the light
of the results of the asscssnent of the other requircments outlined above.

C. Assgessnent of suitability of loecalities and fish stocks

Following the initial definition of the types of research project and the
conscquent, principal requirecncents of the locality and fish stock,;, the activities
of the Working Group were concorncd principally with a detailed study of posaible
locelitics and the fish (principally herring) stocks in them to neet these
requircnents. Fron the outset, the Working Group attached considerable importance
to the desirability of the rescarch scheme being conducted within easy reach of
an existing, najor, marine and fishery rescarch centre. Therefore, although
it was known fron carlicr, Norwegian investigations (c.g. Aasen 1952) that
local populations of herring occur within a nunber of Norwegian fjords, the
study was confined to localities in the vicinity of Bergen. Three such
localities, cach of which is o snall arn (termed "Poll" in Norway) of an open
fjord, with onec or nmore narrow cntrances, were selected for detailed study,
fron infornation supplied by the Institute of Marine Research, Bergen. The
location of thege "polls!", Fjellspollen (Pjeldspollen), Linddspollen, and
Heianarkpollen (Heidemarkpollen), cach of which was known to contain herring for
ot locast part of the yecar, is shown in Figurc 1. Following surveys by the menbers
of the Working Group at its first nceting in August 1963, of the general features
and physical characteristics of the three polls, in which the suitability of
cach was asscgsed principally in relation to the "physical' requirenents, as the
next step the Working Group drew up o sanpling programnme on the herring stocks
in cach of the threce localitics, aimed at determining whether thgralso fulfill
the nain "biological™ requirements, cspecially concerning the size, composition
and unity of the herring stock and its availability to capture throughout the
year. It was planned to obtain a sanple of around 100 herring per nonth fron
cach of the polls to provide detailed information on especially the length, weight,
age and naturity compositions but also data on scale and otolith types, vertebral
nunber, intestinal fat, fecundity and egg size. In addition, the progranne
included:~

(1) IBcho-surveys, to provide furthor information on depth and botton
topography and the distribution and schooling behaviour of herring
and other species in the pollsy '

(2) studies of the hydrographic and other environmental characteristics
of the water masses, including their general plankton content, as
food for herring, and the incidence of ice cover in winter;
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(3) surveys of spawning herring,aﬁd gpawning products in and in the
vicinity of the polls, to provide additional information on the
occurrence of spawning in the polls, cstinates of the size of the
spavning stock and the nmovenent of gpawners and spawning products
in and out of the polls: SR

(4) fishing experiments with types of gear not comnonly used in the
local fisheries;

(5) oxperinents with netting barricrs to deternminc the feasibility of
confining o group of herring in small narrov nouthed bays within the
nain water mass, for use especially in ad hoc experinental work.

Arrangenents were nade, by kind pernmission of the Norwegian authorities,
for a herring sanpling programne to be run by Mr. O, Dahl, to vhon the Council
hos paid ¢ snall annual honorariun for its duration. Fishing was conducted
nainly by local fishermen, using set gill-nets, provided by the Institute of
Marine Rescarch, Bergen. Sanpling in Fjellspollen connenced in Septenmber
1962 (prior to the Working Group being set up) and continucd through to March
1966. Sanpling in Linddspollen and Heianarkpollen, on the other hand, was
terninated in July and August 1964 following two and one yecar's sanpling
respectively.

The additional itens of study werce conducted on an ad hoc basis by the
gtaff of the Institute of Marine Rescarch and by the menbers of the Vorking Group
during the course of their sccond, third and fourth nmecting in Bergen. 4o an
inportant, initial contribution to this additional work the Institute staff
conducted ccho-surveys of the threc polls and their immediate vicinities, and
detailed bathynetric charts at o seale of 1:10,000 were prepared by Mr. O.
Bogstran. Snall reproductions of the nost reclevant parts of these charts are
given in Pigures 2-4.

D. Results of assessnents of localities and fish stocks

(a) Physical fecatures of polls

The principal "physicalY features of the three polls are sunnarised
in Appendix I. This shows that all of then fulfil nost of the "physical®
requirencnts listed in Scetion 3B. For exanple, all of then are snall,
having narrow cntrances through vhich there is water exchange with the
open scaj they arc closc to and are quite easily reached by road and/br
sea transport from Bergen, and they cach possess shore sites suitable
for the crection of buildings ectec. However, the Working Group concluded
that of the three loecalitics, the Fjellspollen posscsses a nunber of
"phygsical" advantages over the other two. These arcs-

(1) It is cmaller than the Linddcpollen and Heianarkpollen and hag a
single, narrow, shallow cntrance.

(2) It is the closest to Bergen and can be reached directly by road
transpoxrt.

(3) Its shores are less densely populated and the amount of sca traffic
ig snaller thon in either of the others.

(4) It possesses snall, narrow necked bays, suitable for isolating groups
of herring for ad hoc experinental work,

(5) Depths in the poll arc less than in Lind@spollen and Heiamarkpollen,
the nain basin reaching 40-50 m. Sand and gravel arcas, suitable
for herring spawming occur in the shallow arcas along its sides.

(6) The gonoral, environnental features in the poll (temperature, salinity,
02, plankton content) are anenable for herring.

(b) Biological features of the herring stocks

The data collected during the survey period on the occurrence, length,
age and naturity stage conposition, ncan length at age and nunbers of
vertebrae of the herring stocks in the three polls were presented in the
sccond, third and fourth report of the Working Group (C.M.1964 Doc.No.T;
C,M.1965 Doc.No.1353 C.Ms1966 Doc.No.H:20). They arc sunnarised here
on o nonthly basis for the Fjellspollen (Scptember 1962 to March 1966)
in Tables 1-5; the Linddspollen (Movember 1962 to July 1964) in Tables
6-10 and the Heiaonarkpollen (August 1963 to August 1964) in Tadbles 11-15.
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The results of the analysis of these data indicate that:-

(1) Herring arce present in each of the three polls throughout the
year and arc available to capture by gill net, the only fishing
nethod used in the routine sanpling survey (small catches of
herring were also taken in the Fjellspollen by purse-scine in
March, April and Moy 1965 - see later).

(2) Numbers of herring in the polls probably vary scasonally, butv
they probably exceeded 100 hl in nost of the months sanmpled.

(3) Herring in spawning condition were present in spring in all three
polls and in the PFjellspollen also in the autumn. Although the
actual occurrence of spowning in the polls was ndt confirnmed (e.g.
by sanpling of eggs or yolk-sac stage larvac), it scems likely fron
the naturity stage observations that it did take place in all of then.

(4) fThe length and age conpogition of the herring in the polls varied
seasonally, This, and irrcgularitics in the occurrence of certain
naturity stages suggest that in nonce of then are the herring stocks
sclf-contained; instead, the data for cach poll suggest that there
is sone novenent of herring into and out of the polls. The data
for the Fjellspollen suggest that the spring spawners enter the
poll as three-ycar-old first-tine spawners fron outside. The
faster growing ncmbers of o year-class noy invoade the poll in
winter but leave it again during February-lMarch, imnediately after
gpawning or to spawn outside. They are replaced by smaller nenbers
of the ycar-class, nost of which probably renain in the poll after
spawvning, for the rcnainder of the ycar, sore of then spawning there
a second tinme, as four-ycar olds. Howcver, few nenbers of a year-class
ronaing or return to spawn in the poll after age four. The data also
suggest that nenbers of nmore than one spring spawning group were
present in the poll. The acutunn spawners appear to enter Fjellspollen
in Septenber as threce- and four-year-old recruits, imnediately
prior to the spawning scason, but they nove out again immediately
after spawning and do not return in strength as older fish. The data
for the spring spawning populations in the Lind3spollen and Heismarke
pollen point to a somewhat similar gituation as in the FPjellspollen,
with a cubstantial scasonal novenent of herring to and from the polls.

(5) No O-group herring were rccorded in the Fjellspollen, and only
occasional, very snall nunmbers in the Linddspollen and Heianarkpollen
during the sanpling period. Ilowever, owing to the unsuitability of
the routine sanpling gear for catching this age-group, it was not
pogsible to determine whether substantial concentrations of juvenile
herring were present in the three polls during the whole or part
of the ycar.

It is evident fron the above that while herring arc available in the three
polls throughout the ycar, nonc of then ncet the requirenent of posscassing a
sclf-contained herring stock. Instead, it scens that, in cach, there is
imnigration and cnigration of adult herring prior to and after the spawning
geagson, However, it is also covident that nembers of the sane ycar-classes of
o atock arc present in the polls (espocially in Fjellspollen) for a large part
of the yecar and can be sanpled there. It scens clear, therefore, that the
biological featurces of the herring stocks in all three polls would probably
preclude the study of some of the rescarch projects outlined in scction 34,
ecspecially those concerning gonme aspects of the population dynamics of the
herring stock (c.g. the relations between stock and recruitnent; predator-prey
relations ete.), but they would be suitable for others (c.g. studies of annual
biological proccsses within separate year-classes such as naturation rates,
growth-rates ctc.). It wag also cvident to the Working Group, however, that for
sonc of the biological, cxperinental studies specified in Scetion B, which
would neccessitate frequent, ropeat observation and sanpling of the same body
of fish, a group of fish in a smaller body of water than the open poll would
e required, Therefore, as part of its appraisal, the Working Group investigated
the possibility of establishing a group of herring in o snall, narrow-ncecked
bay, using a barricr of netting at the entrance to retain the herring but allowing
free exchange of water and plankiton between the poll and the bay,
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(c) Establishment of herringin & small boy

The sitc chosen for this study was a small bay, Selvidg in the
Fjellspollen (shown in Figure 2), which has a naxrow entraace (35 n
wide and 10-15 n deep at the centre). A detailed survey of the entrance
to the bay indicated that it had a relatively snooth, sandy botton, with
rocky gcides, which would allow o netting barrier to be erccted.

At the third neeting of the Working Group in 1965, arrangenents
were nmade for a commercial purse-seiner to fish in Fjellspollen, to provide
herring in good condition for transfer to the bay., Fishing was conducted on
three nights (27/3 1965, 31/3 1965 and 2/4 1965), using artificial lights to
aggregate the fish ond on the second of these about 1,000 herring werce caught
in the poll,just noxth of the ecntrance, The herring were transferred fronm the
‘pursc-seine-into two keep-nets (cach 4x4x2 n) which were then towed slowly into
the bay using the 35 £% vessel "Olav" of the Bergen Aquariun., During their
transfer, in the koep-nets, the herring exhibited no panic or flight recactions
and on arrival appecarcd to be in cxcellent conditiond In the fishing carried
out on the other two occasions, less than 100 herring were caught and these
were not transferred to the bay. In addition to herring small catches were
nade of the following specics on the three occasions - sandeel, sprat, saithe,
vhiting, cod, lunpsucker and tuslz. This established that sonc predator
speecics of herring occur in the poll.

Following the trangfer of the herring into the bay, a snall-
neshed netting barrier weighted at the botten and buoyed at the surface was
placed across itc cntrance, Subseguent inspection showed that it had been
satisfactorily closed, Subsequent inspections in the follewing nonths, carried
out by the staff of the Institute of Marine Research, Bergen, showed that the
barrier renained intact throughout the sumne». However, later inspection in the
spring of 1966, following a period when access to Selvdg was inmpossible due to
ice, showed that the closurc had beecone inconplete due to the headline of the
netting being drawn below the surface at high tide as a result of the weight
of debris and norine growth which had accunulated on it. While this led %o the
cgeape of sonme herring fron the bay on this occasion, the Vorking Group considers
that such occcurrences could be readily avoided by nore regular naintenance,
clecaning aond replacenent of the barrier than was feasible in the course of this
cxperinent, and is confident that the closure of the bay can be satisfactorily
achicved in this way. It was also shown during the third nceting of the Working
Group that the presence of the barrier does not prevent the passage of cnall
craft into and out of the bay,

Before the group of herring, transferred into the bay were released,
200 of then werc taggoed, 105 with Scottish "spaghetti®" tag and 95 with "Gunder-
sen" intornal-extornal sprat tags. Clogc observation of then before being
released chowed that very fow scales had been lost during the tagging operation
and revealed no differcnce in bchaviour between the tagged and untagged individuals,
although it was noticed that o few of the knots tied in the spaghetti tags had
becone loose, suggesting that there night be a subsequent shedding of tags.
A rough count of the total nunber of tagged and untagged fish released goave
an cstinate of about 1200, In an ccho-survey conducted over the bay about
30 ninutes after the rclease of the body of fish, two small "plunme" traces were
recorded close to the surface, lees than 200 r.fron the relecase point; no other
ccho-traces characteristic of herring were recorded in the bay on this occasion
and nonc were rccorded in a survey carricd out prior to the transfer and closurce.

Subscquent to the third nceting of the Working Group a further
fishing experinont was nade on 14th IMay 1965 in the Fjellspollen and an
additional 80 herring wore transferred to Selvidg and tagged (30 with the
"gpaghetti” and 50 with an internal steel tag).

Arrangenents verce nade at the third nceting of the Vorking Group
for periodic fishing trials with gill-nots and/or pursc-scine to be carricd out
in the bay by staff of the Institute of Marine Rescarch,; Bexgen during the
sunnier of 1965, to provide infornation on the distribution of +the different
types of tag in the catches and on the condition and survival of the tagged

and untagged herring,

On 8th June, 1965, two nmonths after the nain liberation, sanpling
was carried out in the bay by pursec-seine but sanpling by a snall flcet of
‘anchored gill-nets was also conducted in all months in which circungstances
pernitted, between the times of liberation and March 1966,



Purce=-seine sanpling

The purse-geinc haul taken in carly June 1965 gave a catch of abbut
1,200 herring of which 76 werc tagged with the spaghetti tag and 69 with the
sprat tag. 411 but 51 untagged and 1 tagged herring were then reliberated
alive .

The catch token in this haul was approxinately the sane as the cstinated
nunber of herring transferred to the bay two nonths previously. This suggests
that the nortality of the body of fish following their initial capture and
transfer had been small (bearing in nind that a%t the tine of their transfer,

a detailed echo-survey of the bay had provided no evidence of any substantial
nunbers of herring alrcady in the bay). However, of the population of tagged

. fish only 73% of those liberated with sprat tags and 57% with spaghetti tags

were recaptured. This suggests that sone tag shedding and/br nortality of
tagged fish had taken place since liberation. On the assunption that the
nortality of fish ag a result of the transfer was negligible, these figures
indicated that 1/3rd to 1/2 of the fish with spaghetti tags and 1/5th of those
with gprat tags had cither died or lost their tags since liberation.

While no information is available to allow thesc two sources of tagbss -
nortality and tag shedding - to be estinated separately, it is considered that
the observed differcence between the recovery rates of the two tag types is due
to.a higher initial rate of shedding of the spaghetti tags, due to the knots
beconing untied. This was observed to have happened in a few cases between
the tine of tagging and liberation fron the keep net at the tine of the tagging
experinent. It is also likely that for both tag types the above estinates of
the rates of tag losgs are over-estinates becausec:-

(a) sone herring nay have been present in the bay prior to
the experinent

(b) it cannot be excluded that a few tags, especially the inconspicuous
sprat tags were overlooked when counting the herring in the purse~
seine catch. .

Gill-net sampling

The nunbers of rccaptures of the different tag types in the total catches

- taken by gill-nct during the period May 1965 - March 1966 were as follows:=-

Tax types

Internal Gundersen Spaghetti
Steel Tag Tag Tag
Liberation of untagged fish = ¢, 1100
" Liberation of tagged fish = 280 50 95 135
Catch of untagged fish = 262
Catch of tagged fish in Selvdg = 60 8(16%) 16(16.5%) 36(26.7%)
, incl. 14/4/66 ,
Total catch of tagged fish = 62 8(16%) 16(16.5%) 38(28.1%)

Total catch of untagged/total
liberation of untagged 23.8%

Total catch of tagged/total
liberation of tagged 23,1%

These data show that a total of 322 fish were caught in Selvig, of which
60 were tagged. Thus, the overall ratio of tagged (all types) to untagged
fish in the total catch (c. 19%) was approxinately the sane as in the original
population (c. 20%) when liberated.

The recapture rate of the spaghetti tag for the sampling period as a
whole, at 26%, wags considerably higher than for the sprat and intermal, stecel
tags, for both of which it was 16%. lMorcover difference in rccapture rates
botween the tag types increased somewhat in favour of the spaghetti tag with
tine after liberation; whereas in the period April-June 1965 the opaghetti
tag nade up about half the total rccaptures, in the later months it contributed
up to two~-thirds of them. The interpretation of these observed differences is
not clear, but the following arc possible contributory causes:-
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(a) a higher "long-tern" tag shedding or mortality of internally
than of externally tagged herring

(b) a greater vulnerability to capturc by gill-net of the fish tagged
with spaghetti tags, due to the tags beconming entangled in the
netting.

Observations were made throughout the sanpling period of the condition
foctors of the tagged and untagged fish caught in the Selvig. These data for
fish of the sane sizc and nmaturity stages are given below.

‘Spaghetti | |
tag Sprat tag | Internal stcel tag Untagged
April-June 1965 | 0.76(4)| 0.79(3) 0.78(1) . 0.80(14)
Aug.-Scpt. 1965 | 0.68(21) 0.79(11) 0.74(2) ' 0.82(35)
Nove-Dcc. 1965 0.64(7) - 0.74(3) ' 0.78(10)
Fob.-Mar. 1966 | 0.59(4)| 0.66(1) 0.78(1) 0.71(5)

These results show that the condition factors of herring tagged with the
opaghetti tag were considerably lower than of those tagged with either the sprat
or internal, stecel tag, and that thosc of herving tagged with all three tag
types were lower than thosc of untagged herring. However, length and age
observations taken during the sanpling period showed that the rates of growth
(in length) did not differ significantly between the three tag types or between
the tagged and untagged fish in Selvig.

During the period Deccenmber 1965 - March 1966, when the netting barrier at
the entrance to the bay was not complete some movenent of herring out of the bay
was possible., EBvidence that this occurred was provided by the subsequent
recapture in the Fjellspollen and the opon sea of a nunmber of the herring
tagged and released in the bay.

The analysis of sanmples taken in the bay subsequent to their transfer
showed that alnost all of then were 2 ringers. A conparison of the biological
features of the herring in the bay and the Fjellspollen nust be confined to the
1963 year-clags. By Septenber 1965, the average total lengths of thls year-
class in the two localities were as follows:= '

Fjollspollen (sanpled on 30/8 and 1/9) 30.8 cn §85 fish)
Selvdg (sanpled on 15/9) 29.4 cn (113 figh)

Thus, the herring in Selvdg were on average 1.4 cnm snallor than the Fjellspollen
herring; also, their growth increment during the year was only 64% of that of
the Fjecllspollen herring.

Analysis of the fat content was carricd out on herring fronm both localities.
The nost conparable data arc those obtained for September. In this nonth, the -
average fat contents of the herring in the Fjellspollen and Sclvidg were 22, 4%
and 13,9% respectively, The condition factors (= I X,) of 2 ringers in the tro
localities were also deternined. The average L3 values for fish in nmaturity
gtages IV and V were as followo:=-

Whole fish Without gonads Gonads alone

Fjcllspollen (sanpled on 1/9/65) : 1.05 ' 0.87 0.18
Selvdg (untagged herring)(sanpled on 0.87 0.76 ' 0.11
15/9/65

The fat analysis and condition factor data show that as well as having
slower growth, the herring in Selvdg were in generally poorer overall condition
than those in the open waters of the Fjellspollen.

Observations on stages suggest that the herring in Selvig conpleted a
nornal naturation cycle during the yecar. Although no horring in naturity stage
VI were sanpled there, (unfortunately no sanpling was pogsible in October), a
nunber of late stage V fish were taken in Septenber, and by Novenber the najority
of the adult fish were recovering opents. The data suggest therefore,  that
spawvning took place in the bay during the period Septenber-October. The naturity
data also suggest that sone spawning also took place in spring.
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In the Working Group's view, these obscrvations on the body of herring
introduced into the bay are of major inportance in relation to its main
assessnent, Despite abnormally cold weather conditions and percistent ice- -
cover in the bay during the-period nid-Decenmber 1965 to late March 1966, which
prevented regular sanpling of herring in the bay and proper inspection and
naintenance of the netting barriecr (which wag known to be in need of cleaning
and resetting), thesc observations show that

(a) nenbers of the group of taggcd and untagged herring were prescent
in the bay and were available to capturc by gill-nct and purse-seine
thgoughout the period April-Decenber 1965 and again in March-April
1966

(b) the rccapture rate for tagged fish was approxinmately the sane
as for the untagged ones, suggesting that their survival rates
were approxinately the sane and that the tag shedding rate after
the first month at liberty was snall

(c) the tagged and untagged fish in Selvdg appeared to follow a
"nornal™ nmaturation cycle, and probably spawned in the bay in
autunn 1965, although their growth and general condition was
inferior;to thaot of the herring canpled in the Fjellspollen.

(d) Overall conclusions fron asscssments

The Working Group is satisfied fron the results of the surveys of
the herring stocks in the threoe polls and of the observotions on the small
group of herring in the cnclosed bpy, Sclvdg, that the Fjellspollen is the
‘nost suitable of the three localitics in neeting the basic requircments set out
in Scction 3B. It considers that, despite its lack of a gself-contained herring
stock, the available supplies of herring in the poll and the practicability of
costablishing a snall well-defined group of herring in the bay make it possible
to investigate there nany of the experinental and biological projects specified
in Scction 3A, more effectively thon in the open sea or in aquaria. These
include:- :

(i) tagging studies (c.g. survival of tagged fish, tag shedding,
relative efficiencies of tag types, effecets of tags on behaviour
and netabolisn on the fish),

(ii) biological studies (c.g. maturation cycles of spring and
autunn spawners, fecundity and egg sizc, growth and fceding,
and cgg developnment),

(iii) cxperinental studics (c.g. fish behaviour studies, including
shoaling habits, diurnal variations in behaviour, rcactions
to stinuli; acoustic target strengths; gear sclectivity).

During its investigations, the Working Group considerced the esscubkinl
requirenents for the officicnt conduct of investigations at I"jollspollen. On
the understanding that the specific research projects would be undertaken
by scicentists fron the countries, including Norway, participating in the
resoarch schene the nininum requirenents would be as followsgs~

(a) Facilitics for sanpling herring (and perhaps othor species) in
the Fjellspollen or Selvdg. This necessitates the provision of
a,ornall 10-12 n notor vessel as required, ecquipped with a winch
for plankton and hydrographic sanpling and for fishing. Fishing
by purse-scine when required, c.g. for transferring herring in good
condition to Selvig would necd to be arranged by hiring o connmercial
fishing vessel locally.

(b) Facilities and nanpowcr for the setting and strict nmaintenance of
a netting barrier at the entrance to Selvag. This would neccessitate
frequent inspection (preferably by divers) and periodic lifting and
clconing.

(¢) The cnployment of a qualified technical officer in Norway who would
be responsible for orgenising and running routine fish and environ-
nental sanpling, participating in the field projeccts conducted in
the specific research Progranncs and supervising the inspection and
noaintenance of the netting barrier.
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In this specification of mininun requirenents, no provision is made for
laboratory or other accomnodation for the scientists undertaking the research
projects., While the establishnent of an international research station,
including the provision of laboratory and living accomnodation at Fjellspollen
for visiting scientists would have sone definite advantages, it would clearly
involve high capital and running costs and raise legal, ownership problens.
The Working Group considers that such provisions are not essential for the
efficient conduct of the rescarch projects at Fjellspollen if laboratory
acconnodation for visiting workers can be nade available at the Institute of
Marine Research in Bergen. This would, however, necessitate the provision
of facilities for transporting eguipment and personnel by road between Bergen
and the Fjellspollen.

As indicated in Section B, in the course of its assessnent, the Working
Group recognised that inportant social, legal and technical problenms arise in
the inplenentation of the research schene on an international basis. These
would clearly be greater if a full research station was established on the
site than on the basis of the mininun requirenents outlined above.
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APPENDIX T

Physical Features of the Fjellspollen, Lind8spollen and Heiamarkpollen

+

a) Fjellspollen

Geopraphical situation

The Poll isc situated on the island Sotra 20 kn south-west of
Bergen. To rcach the Poll fron Bergen one may go by bus to Alveen (40 nin.,
drive) and fron herc by ferry to Bratholnen (10 nin., about 10 connections
per day) and further on by bus either to Nessjeen (30 nin.) or to Dalseide
(30 nin.). This latter spot is dircctly situated at the Poll, wherecas fron
Nessjeen onc has to undertake a 10 nin. trip by notcr-boat to the pollen.
Except in the southernnost branch of the poll where a few farners live, only
two cnall farns are situated on the shore, one at Dalscide and the other one
Just inside the entrance. There arc a nunber of sites along the shore suitable
for the crection of buildings.

Topoaraghv

The entrance fron the seca is divided by a small island, the one
on the northern side of the island being 10 n broad and 2 n deep, and the
southern one 10 n broad and 2 n deep. The average speced of the strecan going
in and ocut is roughly cstinated to Le 3-=4 knots. The tidal range being 1 n.
The poll itgelf is 5 kn long with a breadth ranging from 200 to 400 n, the
naxinun depth being 50 o with an average depth of approxinately 20-30 n.

At the western side of the northern branch a snall bay is situated, which
is connccted to the main poll by an centrance of 15 n breadth and 2-3 n
depth. Into the northernnost part of the poll a narrow strecan brings fresh
water fron small lakes of a moorland valley.

The underwater topography of this poll is in the forn of a U-shaped
valleys; the steep rocky mountains at the shore continue under water until the
rather flat botton of the fjord is reached at about 40-50 n depths. The botton
of the northern end of the poll and at least sone of its decper central parts
is nuddy. The sides arc cither rocky or, where shallow, consist of sand and
gravel. In the neighbourhood of the entrance, several sills with a sill depth
of about 20 n separate the poll into o northern and southern part. The narrow
cntrances have o nininun depth of about 1 m. Detween the entrance of the poll
and the outer skerry region there is a sheltered basin with narrow outlets and
shallow arns which have gravel bottons. This basin is a steep bowl, nore than
90 n deep.

Iydrography

The water has the lowest salinity in the northern branch, where
nost of the fresh water comes into the poll. The poll is mainly covered by
ice in this part during the winter, vwhercas in the arca inside the nain
centrance ice is found in extrcenely cold winters,

b) Linddspollen

(3

Geographical situation and traffic

The Linddspoll is a landlocked fjord systen situated on the nain-
land 35 kn northof Bergen. It can be reached by car (and forry-boat) in
1 1/2 hours or by boat, 3 hours fron Bergen. The surroundings of the poll
ore farnland and forests. The conmunity of Lindds ig situated at the northern
gide of Spjcldnesoscn. Several huts for summer holidays arc scattered all
round the poll. No industry oxcept a saw-nill at Fjellangervdg in the vicinity
of the poll,

The nain population centre, Lindds, in Spjcldnesoscn, has no longer
a regular service by boat from Bergen. Most of the traffic goes over land.

No comnercial fishery occurs regularly, but occasionally a purse-
gseiner fishes there,

The Lindds arca iso o favourite holiday centre and during sunner tine
several sportsfishernen used to cone there.
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Topograghx

The poll is divided into three basins, PFPjecllangervadg, Spjeldnesogsen
and Straunsosen,

Fjellangervins is the innernost basin and is connected with
Spjeldnesosen through a narrow channel (Haukenacsstrernmoen), 30-40 n broad and
1500 n long with a depth of about 4 n. Maxinun depth of the Pjelleonservig is
81 n.

Spjeldnesogen is the largest basin, $-4 kn long and 1 1/2 Im broad,
Maxinun depth is 89 n., It is scparated fron Straumsosen by two snall islands
and the conncction is about 200-300 n ot the nost, with depth less thon 10 n.

Straunsosen is connected with the fjord outside, Imrefjord by three
norrow cntrances. Two of then can only be passed by snall boats on high tide.
In the third one is a sluice with o depth of 3 n. The naxinun depth in
Straunsosen is 55 n. .

Both in Spjeldnesosen and Stravngsosen there arc several snaller
iglands, bays, ond narrow "arns". Especially should be mentioned Kvalviég,
about 2 kn long, and only 30-100 n broad, connccted with Straunsoscn.

The botton of the polls consist mainly of rocks, the profilc ag
shown by echo-sounding is rather irregular.

liydrography

There is considerable inflowr of fresh water at the eastern side
of Pjellangervdg. This part has a surface layer of low salinity, vhich is
' gtained by hunus at least in sunnmer tine,

Tenperature neasuromcnﬁs on 14th August show o gharp thernocline
at 10 n depth with a tenperature of 19.3°C at the surfacce and 4.9°C at the
0 botton (49 n). Near the totton a considerable anount of II,§ was obsexrved.

In the other parts of Linddspollen the salinity ot the surface is -
higher than in Fjellangervdg. No hydrographical data are available for these
parts,.

In nost winters the Fjellangervdg is covered by ice and algo in
the two other parts ice conditions arc often severe preventing 21l traffic
by boat during longer or shorter parts of the winter.

¢) Ieianmarkpollen

Gcbaraphical situation

The Heianarkpoll is a landloecked fjord on the island Mufterey,
) 35 kn south of Bergen. It can De reached by cur going Eo Mjellestad or
. Eopegrend (Biological Station), 40 nin. fron Bergen, and then by boat (2 hours).

Part of the route has to cross waters open to the sca and nay bLe
difficult to pass for onall boats under very bad weather conditions. In thin
case the island can be reached on a nore shoeltered route fron the southern ond
of the Fana-peninsula.’

The public transporiation to the poll by ferry and road is poox
oand tinc consuning at the present tinec, but is expected to inprove in the
course of the next five years. At the island itself only onc small road lcads
to the poll. .

The poll is surrounded by hilly forests and sone open landsecape.
At the western coast of the poll the snall connunity of lleianark and gone
igolated houses arc gituated. At the cnd of different bays at the eastern side
several huts and a saw-nill are situated. Ileispaxrk is the home port for several
anall vesscls serving as o ferry to Bergen three times o weck. 7ithin the poll
notor-boats and rowing boats arc used for fishing and transport.

Topogravhy

The Heianark poll is very irregularly shaped. Its.largest diaoneter
is 3 kn, and its surfacec area about 3 xrn2. The coast line shows seyoral‘bays
of different size and shape, some of then arc also nearly landlocked. Iis
dcopest central basin is 116 n-deep and the basins in the surrounding bays are
50-80 nn deep with rother stecp sideos,s The profile of the bottomnm is.very irregulax .
the seafloor seens to consist of rock except the entrance where o wide axea of

snooth shallow sand was obscrved.
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, The access to the poll is a loch about 3 kn long and 1 kn wide
with several islands in its niddle part. The entrance to the poll is nmainly
blocked by thrce islands. The westerly by-pass round the westerly islond
is like a shallow strean, at the east side of this igland is the main entrance,
about 50 n wide and 6 n deep and nerrowed by a nole constructed of block stones.
The current in the entrance was estinated to be about 2-3 knots. FPastwards two
very narrow and shallow inlets are separated by another small island, The
tidal ronge is about 1 n.

Hydrography

The anount of fresh water coning into the poll for nost of the
year is snmall conmpared with the surface of the poll and the tidal exchange
of woter. In the south-ecastern part of the main body the water tenmpozzhimre
was found on this visit to be 15.5°C at the surface, 14.6°C at 10 n, 10:0°C
at 20 n, XNo HQS was recorded at 20 n depth. The water of the poll is extrenely
clear., Due to its salinity and close connection to the open sea the Heiamark-
pollen will not usually have o considerable coverage by ice during winter.



September 1962 ~ March 1966,

Percentage length-composition by months,

Pjellspollen:

Table 1.
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Table 2 Fjellspollen: Percentage age-composition by months.
September 1962 - September 1965
(birthday taken as 1st January)

Age

(winter-rings) 0 1, 2 3 A 5 6 7 8 8+ | Nos.

Year ¥onth
Sept. 15.4 | 71.8 | 10.3 2.6 ' 39
1962 | Oct. 55.9 | ¥1.2 | 2.9 34
Nov. 9.4 | 71.9 | 12.5 | 3.1 ' 3.1 32
Mar. 0.7 | 67.7 | 25.6 | 2.3 1.5 | 0.7 [ 1.5 | 133
‘ | Ao 23,3 | 50.0 | 23.3 3.3 30
1903 | sept. | 13.3 | 28.6 | 52.0 | 6.1 98
Oct. 30.0 | 39.3 | 28.7 1.3 | 0.7 150
* Jan. 29.3 | 60.7 | 10.0 150
Feb. 2.9 | 35.3 | 52.9 5.9 1 2.9 3k
Mar. 63.3 | 32.k 3.6 0.7 139
Apr. 96.8 | 2.7 | 0. 223
May : 1.9 | 91.0 6.4 0.6 156
1961, June 9.2 | 75.0 | 14.5 1.3 76
July 9.6 | 83.1 7.2 83
Aug. 10.7 | 81.3 6.7 1.3 75
Sept. 1.5 62.3 | 33.8 0.8 0.8 | 0.8 130
® Oct. 3.8 | 42,3 ] 50.0 | 3.8 26
Nov. 1.9 5.8 | 81.2 7.8 2.6 | 0.6 154
L ‘Dec. 1.5 | 0.7 {82.8 | 13.4 | 1.5 134
Feb. 6,0 | 80.0 | 12.0 | 1.5 i 0.5 200
Mar. 0.8 | 48.5 | 24.6 | 23.1 | 0.8 | 1.5 ‘ 0.8 | 130
oz 29.7 | 15.6 | 51.6 | 1.6 | 1.6 ’ 6L,
1965 | May _ 3.7 | 10.3 | 74.6 7.5 | 3.3 | 0.5 213
July 87.5 12.5 8
Aug. 9.0 | 8.0 2.0 50
Sept. 80.0 | 12.0 6.0 2.0 50
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Table 3 Fjellspollen: Percentage maturity stage camposition
(a1l age groups combined) by months.
September 1962 - March 1966

Maturity Stage
Year | Month N.
I II |IIX | IV v VI | VvII | vIII
Sept. 33.3 | 23.1 | 12.8 | 23.1 7.7 39
1962 | Oct. 5.7 |62.9 | 17.1 | 14.3 35
Nov. 6.3 | 6.3 | 343 {50.0 3.4 32
Mar. 0.7 | 2.6 | 26.8 | 10.5 | 28.1 1.3 | 153
Apr. 4?7 [ 147 | 2.9 61.8 5.9 34
1963 | sept. |11.6 | 18.9 |48.4 | 3.2 | 4.2 13.7| 95
Oct. 19.3 | 11.7 6.9 8.3 | 32.4 | 21.L4 145
Jan. 2.0 | 56.0 | 42.0 150
Feb. 2.8 2.8 | 36,1 |58.3 36
Mar. 0.7 0.7 36.6 | 61.4 | 0.7 153
Apr. | 0.9 97.5 | 1.3 | 0.4| 228
May 1.2 1.2 | 2.4 80.6 2.4 | 12.% | 170
196), June 100.0 6
July 1.1 | 80.4 | 12,0 | 3.3 3.3 92
Aug. 2.4 | 79.5 | 12.0 | 1.2 ‘ L8! 83|
Sept. 1.4 | 0.7 }19.6 | 35.5 | 39.1 L3 138
Oct. 10.7 { 25.0 | 64.3 28
Nov. 1.8 | 13.8 | 72.4 | 10.8 1.2 167
Dec. 1.4 | 0.7 | 78.3 1 19.6 143
Feb. 1.4 | 20.5 | 75.2 | 2.9 210
Mar. 0.8 | 41.4 | 8.6 1.6 | 32.0 15.6 | 128
Apr. '] 29.0 1.6 1.6 | 64.5 1.6 1.6 | 62
1965 May . 0.9 | 0.5 1.9 [91.2 | 1.9 | 3.7 215
_ July 12.5 | 50.0 | 25.0 12.5 8
Aug. 2.0 | 2.0 | 58.0 | 30.0 8.0 50
Sept. 16.0 | 44.0 | 28,0 12.0 50
Oct. 1. | 11.0 | 7.6 { 42.8 |31.0 | 5.5 ] 0.7 145
1966 | Fev- 1.1 11101 | 73.3 | 14l 90
Mar. 2.8 | 38.0 | 52.8 6.5 108




Table L

Fjellspollen:

Mean length (cm) at age, by month.
September 1962 - September 1965 _

(Values in brackets are averages based on-less then 10 fish)

Year | Month 0 1 2 3 4 5 6 7
Sept. (25.3) 30.7 | (29.8)
1962 | Oct. 29.9 30.9
Nov. (24.1) | 29.2 | (29.8)
‘ Xar. 31.6 31.6 | (32.9)
1963 | 4pre (28.9) 29.6 (30.9)
Sept. 23.9 31.2 31.8 | (33.3)
Oct, 24,0 28.3 30.2
Jan. 33.2 34,3 33.9
Feb. (22.3) | 31.6 31.6 | (32.0) | (32.3)
Nar. 30.2 324 | (31.7) (32.3)
Apr. 29.1 (31.3) | (30.3)
Yay (25.1) 29.3 30.7 (32.3_) '
1961, June (30.2) 30.6 31.0 ‘ (31.3)
July (29.7) | 3141 (31.3)
Aug. (30.4) | 32.3 | (32.5) | (32.8)
Sept. | (14.0) 29.4 31.5 | (31.8) | (3%.3) | (30.3)
Oct. (25.8) | 28.9 30.7 | (33.3) |
Nov. (26.3) | (29.9) | 33.1 33,1 | (34.0) ! (34.8)
Dec. (27.5) | (30.3) | 33.2 33.9 | (34.5)
Feb. 32.4 33.2 344 | (32.5)
Mar. (15.5) | 26.9 29.8 29.9 | (33.5) | (30.5)
Apr. 27.0 30.0 31.3 | (33.5) | (32.5)
1965 | May (28.2) | 30.0 31.2 32.1 | (31.4) | (32.5)
July (29.2) (31.5)
Aug. 30.8 | (30.8) | (34.5)
Sept. 30.8 | (32.0) | (32.5) (34.5)




Teble 5. Fjellspollen. DNumber of veritcbrae by maturity stage and month.
Sept. 1962 - llarch 1966.

Month Group 50 455 | 56 | 57 | 58 | 59 | &3 | #eax N,

VIII, II-II 1 | 16 8 57,23 25

Sept. 1962 | 1yly 71 6 55.31 13

Oct. 1962 %jn f 12 9 57.29 21:

11T 1 1 2

Nov. 1962 V-VI 15 | 13 1 56.57 | 30

Mar. 1963 21l mats. 21 | 82 | .8 57.16 | 152

-V 3 3

Sept. 1963 I-III, VIII L | 33 | 19 57.30 57

I-IIT S. 7 9 | 13 57.27 | 30

Oct. 1963 I-IIT 4. 9 7 3 56.68 19

‘ IV-VI 51 28 5 56.40 87

Jan. 196 II1-V 19 | 76 | 47 57.2% | 1.8

Feb. 1964 IV-VI 7 18 8 57.03 33

March &L V-VI 20 | 7 | 42 57.16 | 136

Apr. 1964 VI 11 | 7 | 28 57.16 | 118

I-IIT 3 3 56.3 7

May 1964 VI-VITI 12 | 50 | 53 57.27 | 160

June 1964 Mat.non det. 12 57 22 57.11 91

) VIIT, II-IIT 11 | 43| 22 57.17 77

July 196L vV 9 5 56.36 14

VIII, II-IIT 11 | 36 | 21 57.21 20

Avg. 1964 | iy’ 3 56.18 | 11

I-III L | 20 6 57.07 | 30

Sept. 196L V-V &7 36 7 56.45 99

: VI - 1 2 1 - . L

IIT 2 1 - 3

Oct. 1964 V-V 11 8 | & 56.62 2%

I 1 1 4 - 3

Nov. 196 III-V 15 | 85 | 53 57.32 | 157

VI 2 z 2

’ I 1 1 - 2

Dec. 1964 III-V 13 | 65 | 51 57.29 | 129

- IIT 1 2 - 3
| .

Feb. 1365 TV-vI 16 | 120 | 69 57,27 | 207

I-ITT 22 | 29 6 56.72 57

March 1965 V-VI 71 186 L 56.69 27

VIII 6 8 2 56.50 1 18




Toble 6. -Lindgspollen. ‘Percentage length-composition by months, November 1962 - July 196).

Year Month 20 21 ’ 22 23 i 24 I 25 26 27 28 29 30 3 32 33 Mean | No.,
1962 | Nov. | 0.6 | 0.6 | 60| 9.5| 73| 63| 89 | 189 | 25.2| 12,9 | 48| 1.0 | 03] 0.6 26.8 | 319
Mar. 1.9 | 5.7| 15.0 | 17.0| 9.5 | 134 | 20.7 | 9.5| 3.8 3.8| - - - | 25.7 | 53
Sept. 0.7 14.5 | 51.6 | 22.5 5.3 2.7 2.0 0.7 - - - - 2.6 | 151
1963 | Oct. 2.8 | 2.9| 15.7 | 20,0 1.5 | 12.6 | 11.5 | 8.6 9.9 43| - - - 257 ] 70
‘ Nov. 0.8 | 3.0 18,5 | 30.7| 16.9 | 12.3 | 10.0 | 1.6| 15| 1.6 1.5 | 0.8] - | 25.0 | 130
Dec. 0.9 8.9 | 18.7| 5.4 | 169 | 241 | 107 63| n5| 3.6 | - - | 265 | 112
Jan. 0.8 - 213 ] 32,0 .0 | 116 | 123 2.4] 0.8 32| 1.6 - - | 25.2 | 122
Feb, 2.3 1.6 209 7.0 23 | 163 40| 7.0 w.7]11.6 | 23] - | 26.6 | 43
Mar. 27| 9.8] 1.6 | 8.9 | 187 | 17.9| 15.2| 8.9| 3.6 | 0.9 1.8| 27.3 | 112
1964 | April | 0.7 | 1.5 2.9 1 25,0 25.7 | 8.8 9.6 | 96| 59| 66| 2.2 | 1.5] - | 260 | 136
May 64 | 369 105 | 9.9 14 24 1] 1| - - - | 248 | 11
June 3.6 | 31.7 | sw.7 | 8.6 1.4 - - - - - - | 2.7 | 139
July | 1.9 |15 2.2 5.8 1 7.7 24 | 173 5.8 1 1.9 - | 19 - - - | 23.9 ] 52




Table 7. Lindgspollen. Percentage age-composition, by months.
Noverber 1962 - July 196L.

(Birthday taken as 1st Jamuary)

Age (winter rings)

0 1 2 3 & 5 6 7 8 9 | 10 | Y10| No.

Year Month '
1962 Nov. 3.90 28,51 4.1 {13.4 |17.0| 11,8 11.3| 6.4 | 2.1 1.5] 389
ﬁ;ﬁ 4.3 9.8 [14.8] 21,3 49| 3.3| 1.61 - 61
Sept. | 1.2]12.8] 70.91 4.3 | 4.3] k9| 0.6] = - | = |16
1963 | Oct. 15.5 9.9| 9.9§ 40.81 5.6 | 8.5| 5.6| 1.4|2.8 - | -| 7
vor. lo.8] 9.0| 25.3] 7.5 50.31 3.0] 1.5] 2.2| 0.8]0.8{ 0.8] - | 133
Dec. - {11.1] 57.0] 10.2] 28.2] 2.6| 0.9 - | - | -| -] - |17
Jan. -1 - 36.6|29.3] 11.4]20.9F - | - 0.8 -1 - | =123
Feb. - | =] 27.9] 20.9| 25.6|20.9 | 47| - -] -1 =1 -] 43
Har. -1 - 1.0] 38,1} 23.8]29.5| 1.0 2.9] 2.9/1.0f - | -| 105
1964 | April 6.6 11.7] 18.2| 38.0| 5.8|{10.9| 6.6| 0.7| 0.7| 0.7| 137
May | 3.5 43| 20.3]65.2] 0.7 3.5| 0.7 - | 0.7 = 14
June 1 11.2| 2.8] 10.5] 3.k | 1.4 0.7 143
July 20.2| 5.3 10.5| 8.8| 1.8] - | 1.8] -11.8] -| 57

Figures for 1959 year-class underlined.



"Table 8. Lindgsﬁoilené Percentage maturlty stage compositlon (all age-groups comblned)
by months, - November 1962 - July 196&.

Year Month I b III Iv v VI Vil VIII No.

1962 | Nov. - b | 29.0 | 62.5 | 3.9 - 0.2 - 389
March- . .
April - - - - - 9607 503 - 61 .

1963 Sept. - 11,0 | 84,1 3.7 - - - 1.2 164
Oct,- 12,7 8.5 50.7 23.9 2.8 - - 1.4 A
Nov. 17.3 6.8 1.3 271 6.8 - - 0.7 133
Dec. 7.7 | 20,5 | 40.2 | 27.3 h.3 - - - 117
Jen, 3.3 1 37,4 | 13.0 | 38,2 | 7.3 | - - 0.8 | 123
Feb., 2,3 | 25.6 | 16,3 | 25.6 | 30.2 - - - 43
Mar, - k.5 14.3 15.2 | 39.3 25.9 0.9 - 112

1964 | April - 12,1 0.7 - 0.7 | 49.3 | 37.1 - | 140
May 007 8491 2.8 - - 706 - z|-08 145
June - No data available - - v
July 5.9 72.1 22,1 - - - - - 68




Table 9. Lindasoollen: Mean lengths (cm) at age by months November 1962 - July 196L.
(Values in brackets for samples less than 10 fish)
. A1l
Year ¥onth 1 2 3 L 5 6 7 8 9 10 Ages
1962 | Mov. - 25,9 25,1 27.3 26,7 27.4 27.8 27., | 28.3 |(28.9) | 26.8
March - - - 24.3 (25.0) (26.4) 27 .4 (27.3) - - 25.7
Sept. - (25.8) 24.0 24 .0 (25.6) (25.8) (27.7) - - - 24,6
1963 Oct, 23.0 (27.1) (26.8) 24.9 (27.2) (28.0) (28.3) - - - 25.7
Nov. 22,8 25.5 26,7 24.8 (25.0) | (26.5) (26.5) - - - 25.0
Dec, 23,8 27.2 29,1 25.6 (26.5) - - - - - 26.5
Jan, - 23.8 26.3 26,2 25,4 - - - - - 25,2
Feb, - 23,6 (27.4) (30.0) (26.9) - - - - - 26.6
Mar, - - 27.1 29.3 25. - - - - - 27.3
1964 April - (24.0) 27.3 27.4 2,.8 (28.1) 26,8 - - - 26.0
Hay - (23.3) (27.0) 24 .6 24 .7 - - - - - 24,8
June - 25.1 - 24.3 24,7 - - - - - 2.7
July - 23,3 - (25.6) - - - - - - 23.9

Figures for 1959 year-class underlined.




Table 10 Lindgspollen: Mean V.S. for age-groups, by months.
Ncvepber 1962-July 1964

(No. of observations in brackets. Values not given for samples of less than 10 fish)

Year | Month 1 2 3 L 5 6 | 7 8 9
- 57.09 | 56.78 | 57.13 | 56.62 | 56,69 | 56.73 | 56.70 | 56.38
1962 | Nov. (11) | 109) | “(16) | "(52) | “(€5) | "(u5) | T(u3)'| “(28)
" 56.96 56.92
er. 1 - B - (2w - - (12) - -
56.70 | 56.40
e I N I CE N 70 A I A R
1963 | oct. - - - 5—?;_—2% - - - - -
56.8k | 57.13 | 57.00 | 56,55 _ _ _ _ _
Nove ) 7(43) | “(30) | “(10) | (&7) |
57.08 | 57.25 | 57.25 {.56.59 _ _ _ _ _
Deee 1 7(13) | "(55) | “(12) | T32)
_ 57.35 | 57.10 | 57.00 | 56.78 _ _ _ .
Jan, G 1°Goy | °G3) |28y
; 57.33 . . - - - -
*eb. - (12) -
57.36 56.46 :
Har. - - (11) - ey | T - - -
56.90 | 56.9L | 56,65 | 56.4L - 56.62 _ _
1964 | Apre )= | T(0) | T(18) | (200 | TG5) (13)
7 56.26
Yey - - - T 9y | T - - -
57.27 ~ 56.87 | 56.6k
June | 7(45) (15) | C7om
July No V.S. readings available
! 1! I

Values for 1959 year-class underlined.



Table 11. Heiarmarkpollen; Percentage length-composition by months. August 1963 - August 196k.

Le?ég?

Year |, ™1 20 | 21 | 22 [ 23 | 2 |25 | 26|27 |28 |29 |30 31 |32 |33 | 34| 35 | Mean | No.

Aug. 1.5 [16.4 [ 164 |41.8 [19.4 | - - | 15] - - 151150 - | - | -] -]23.2] 67

Sept. - | 3.4 6.2132.3132.31 6.2) 150 - | 6| 151 7.7 b6~ | -] -} -] 28] 65

1963 | Oct. - - 2.8 1M7L 5.5 - | 2.8 ] - - 2.8 | - - - -1 =] 247} 36
Nov. - - - m7131.3132.2(15.60 3.4 | 131 1.3 1 5.4 1 3.4 1.7 - L -1 -} 25,7 236

Dec. - - | 3010 t00.3037.3] 450 3.0 1.5} - {1 - |- - ]-1 -1 -1a.7) 67

Jan, - | - - 9.7 1 24,2 | 32,2 | 24.2] 6.5,{ 1.6 | - - 1.6 - | -1 -1 -125.8] 62

Teb. - |- |- 1|1.0f s0]28.0]s5.0017.0] s0} - L1.0] - - | -1 =i -126.1{100

| March | - | - | - - - | 3.7) u4.6] 6.5130.6 24112501 5.5} - | -} -] ~{ 28,8}108

1964 | April | - | - - 2.5} 5.0 8.3|21.7{23.3 | 9.2]15.0 {142} 0.8} - | - | -} -1 27.2{120

May - |- |- 2.0{ 6.0} 2.0{24.0] 8.0118.0]20.0116.0} 4.0 - | - { -} -{27.7! 50

June - |- - - | - |10.6 {17.0{21.3 {29.8117.0 | L.3 | - - 4 =1 -1 =274 N7

Aug. - - |- - 1,0/ 1.0 2.0] 5.0 {13.0|22.0 }25.0 }20.0{7.013.0] -i 1.0{ 29.7} 100




Table 12. Heiarmarkpollen: Percentage age-composition by months,
August 1963 - August 1964 (birthday taken as 1st January).

Age (winter rings)
Year Month No. of fish
1 2 3 I 5 6 7
Aug. _— 97.0 | 3.0 - - - - 67
Sept. - 83.2 | 10.8 3.0 | 3.0 | - - 65
1963 | Oct. - 97.2 2.8 - - -1 - 36
Nov. - 88.9 | 11.4 | - - - - 235
Dec. 3.0 97.0 - - - -} - 67
Jan, - - 98.4 1.6 - - - 62
Teb, - | - }100 S N D 95
March | - - 76.2 | 21,9 1.9 ] -1 - 105
1964 | April - 0.8 | 91.4 7.8 1 - 1 - - 116
Hay - | 2.0 87.0 | 11.0 . - 50
Jume | - | 6.8 8.7 | 45| - 1 -1 - w7
Aug. - L4 |86.7 7.8 1 - Poe ol 90




Holarmarkpollen

Table 13. Percentage maturity stage composition by months. August 1963 - August 1984,
'Maturity A1l age-groups 2 and 3-years-old, year-class 1961.
Y stage
ear Fish Tish
Month I IT | III Iv v Vi VII | VIII} Total I 11 11T Iv v VI VII VIII | Total
August 594 37.7 2.9 - - - - - 69 61.2 1 38.8 - - - - - 67
Septeuber 70.1] 19.5 3.9 - - - - 6.5 72 81.8 1 18.2 - - - - - - €6
1963 October 27.8] 66.7 5.5 - - - - - 36 28,61 68.6 2.8 - - - - - 35
November 22.6| 54.0| 19.8 2.1 1.2 - - - 248 25,2 1 60.4| 12.6 0.9 0.9 - - - 222
December 19.0] 61.8] 16.2 1.5! 1.5 - - - 68 16.9 | 64L.6) 16.9 1.6 - - - - 65
January - 50.8| 42.6 6.6 - - - - 61 - 51.71 43.3 5.0 - - - 60
Febr‘uary - 28-0 4900 21 .0 2.0 - - — 100 - 28.20- 8‘4 21 01 - - - - - 95
March - 1.0 1,0 - - 9.0 4.0 - 101 - Ze5 3.1 - - 73.71 13.7 - 95
1964 April - 18.2 L.5 - - 62,11 15.2 - 66 - 20.0 3.3 - - 61.71 15.0 - 60
May - 32.0 6.0 - - 3!}-0 28.0 - 50 - 51 07 703 - - 3900 22.0 - l‘.1
June - - - - - - - - - - - - - - - - - -
i August 1-0 17.0 78.0 2.0 - - b 2.0< 100 1.2 17.2 7800 202*' - - 112 82
i




. Dable 14.  Helarmarkpollen. Mean lé%th at age by months.

August 1963 - August 1964.

Year lioath 2 3 & 5
Aug. 22,9 - - -

Sept. 23.7 (29.9) (30.5) (30.8)
1963 Oct. 23.9 - - -
Nov, 25.1 31.0 - -
Dec. 247 - - -
Jan, - 25.2 - -
Feb. - 25.9 - -
March - 28.3 29.8 -
1964 April - 27.1 (29.6) -
| Mey - 27.6 - -
June - 274 - -
Aug. - 29.5 - -




Table 15. Heiarmarkvollen. Mean V.S. at: age-groups by months.
August 1963 - August 196k. -

Number of cbservations in brackets. Values are not given
<3
for samples of less than 10 :E'ish.)

: Yea_r "Month 2 3 4 Total
we. | Ty g

sopt. | {35 ’52)

w93 | oo | {5 ge5
wov. Ui

e | Gy e
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s 65
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o | s | % i
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