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ABSTRACT
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The overaii objeciive of the STEREO projectis to improve the methodoiogy for determining iimit
reference points for the biomass of exploited fish stocks. Limitreference points set boundaries

nilnimaly apa imbamadad A Anncfrain haruactinsa within cafa hinalamisaal ||rn|l-n amed Aara infasmral
Wil @IS I IMTU U LUTNISuainl 1ici veouiiyg wWill 1 Ot WIVIVYIVWET 1IN, GO s imiusyi ol

components of the decision making process in fisheries management. inmosicasesiimiis are
currently estlmatpd from historical time series data on spawning biomass and recruitment.
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hence there is considerable uncertainty around many reference iimits. This project will produce
an operational scheme for refining functional form of stock-recruitment relationships by
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r educing the uncertainty associated with the derived limits. The methodology will be developed
for cod and haddock stocks around lceland, Norway and in the North Sea as case studies.

A consaortium of partners (Marine Laboratory Aberdeen; Institute of Marine Research, Bergen;
i . SRS

atitiita laaland: and tha nanleh Imetitiita far Fiehariae andA Marina nnnngrﬂh\
INSUIUILS, iIC8ianG,; anG e vanisn insuwie icT risnehnesS anG vianne mesearc i

rOJect eniitied "Recruitmenti processes in cod and haddock: Deveioping new
een 1 January 1996 and 31 December 1997, with funding from the EU FAIR
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proposal "Ano oper; rational model of the efifects of stock structure and spat:o temporai factors on
recruitment”, or STEREQ ("Stack effects on recruitment rplaflnnthnq“) which commenced in
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the former (1996-1997) project, and the workplan and objectives of STEREOQ.
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OUTCOME OF THE 1998-1997 PRQJECT
Objeciives
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Devy IOp an environmental survival mclex based on sound understandlnq OfDI’OCGSSES
sa that a more realistic specification of the statistical error distribution about stock

= i U e el e b AT RS PR

recn T Te% & wm lom b

cCruitmnen Il. IGIGI,IUIIQI Ilpb can Uc pIUVIUGU

1
. Estabiish the importance of the structure of the
non- Ilnpnrlht hatwean stock hinmase and
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examination of the polential vaiue of manipuiating
probability of low recruitment.

struciure to reduce the

To achieve this ihe project has developed a conceptual framework within which the foiiowing
specific objectives are addressed through a combination of field measurements, studies in
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. determine the relationship between spawning stock structure and the timing, duration
“and amplitude of egg production;

. determine the relationship between female age, size and condition and the viability of
eggs and larvas;

. deiermine the relative contribution of the various components of the annuai egg
production to the surviving population of pelagic juveniles;

. determine the re!at:ongh.,, between larval growth rate and survival;

. determine the environmental factors which influence individuai growth rate and derive a

suite of enwron mental parameters which could provide an index of their contribution to
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.  evaiuaie methodologies for coupling envi ronmental indices of survivai to data derived on
the effects of stock structure, so that their relative lmnnrtnnr-p can be evaluated.
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intfroduction and Rationale
Gadoid fish producé very large numbers of eggs per individuai, and oniy.a smaii proporiion
survive to recruit to the adult stock. In the case of most NE Affantic gadoid stacks the
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is generai iy bscured by a combination of faciors. These inciude environmentai effects on the

survival of egas and larvae and the use, for lack of alternative information, of qnawnmg stock
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exert strong controi overthe mortality rates of eggs and larvae, possibiy through starvation but

also throughthe dynamlm of predator populations. Atthe sametime, the survival of larval fish
is linked to their growth rate. h.ycucral the surv'r sal of fast growing individuals over a growth
intervali, will be higher than that of siow growing individuals. With regard to the reproductive
output from the spawnmn population, egg pr_d,l,tlnn per unitbiomass varies with the size, age
and condition of the females, and so changes in the population struciure associated with
exploitation and annual differences in year-class strength are likely to have a maijor effect on
nanulation facundity. These effects are not taken into account by conventional analyses of




The aim of the projecthas beento establish the prio ..+ ies and develop methods forinvestigating

recruitment mechanisms in gadoid species, focussing on lcelandic and Norwegian cod stocks

and North Sea haddock. The eventual aimis to be able to disaggregate the effects of changes

in spawning stock structure on stock-recruitment relationships, from effects due to the

environment This is an important goai because it has the potential to significantly reduce the
uncertainty in the models currently used to assess the sustainability of fisheries.

The key findings of the project are:

. The [Imlr‘lg and distribution of spawning activity in both cod and haddock populations
studied is strongly related to the age and size composition of the aduit stock;

. The size and v:ab:i:ty of larvae is strongly related to the size of eggs, which is in turn
related to batch number, size and spawning history of the aduit ferraieS'

. For North Sea haddock, the juvenile fish surviving to the demersal phase in Augustwere
not drawn at random from the annual egg production by the adult stock. In 1996,
spawnings in early April coniributed a disproportionate number of reciuits,
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variations in environmentai conditions during the patch trac ‘g study in the wul"i‘.i i a€4a.
Larvae anneared to be feeding maximally under the range of conditions encountered
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Maternal Effects and Eqg Production

Sampies of cod were obtained from four areas in icelandic waiers {iwo offshore and two
inshore) and of haddock from two areas inthe North Sea. Potential fecundity and the incidence
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estimation of the proportion of potenual egg production which is resorbed bv the ovaries rather
than being shed.

This study provides the first estima ntiél fecundity in Icelandic cod since '1 967 The

tes of pote
new astimates are qnnmﬁr-nnfl\.- higher than those from the earlisr nerind for fish af aniivalant
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size and age, possibly reﬂecuﬂg unfavourabie environmentai conditions and presumabiy iow

food levels during the late 1960's. This is especially true for the older fish in the pgnulatmn
Ralafiva farm mdituwae ehown tn incraaca wit h age anH cive Afrnd nmd fe laoa influanced b .
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condifion. This study has aiso been the firstto estimate the realised fecundity of haddock, ie the
number of eggs that are actually spawned as opposed to the number of oocytes present in the
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Sea popuiations.
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NG 3udy iNicaiss Lndl Si4t ditd aye -specific differences in 7 pruduclive ugveiopment are
important for protracted spawning. Results from the comparison of size and age of mature
females sugoested that in both end and haddnck tha larnast famales bagin epawning first In
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haddock, but not in cod, the age of females aiso seems to be related to the onset of spawning,
the older females tending to begin spawning earlier than young ones. The durafion of spawning
alen annoare tn ha rnlg'l'nrl tn ciza and ana  In lraland tha eizn nf avme rasl AAA | u-..-.
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spawning popuiation decreased as the season progressed. This effect was most pronounced
in the larger females in the population. In addition, female body size and egg diameter were
directly related
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from recruit spawners, but eggs in the final batches were the same size. The dry weight of
larvae decreased with batch number, and was independent of previcus spawning experience.
Viability and swimiming aclivity of iarvae decreased with batch number for recruit spawners but
not for repeat spawners, but feeding incidence and growth rates of larvae were not related to
batch number, ‘

The range of birth dates estimated by back calculatlon rrom otolith nng counts of both pelacnc
and demersal juvenile haddock sampled in the North Sea showed temporal differences in
survivorshi ip with most of the surviving UUIIIUIDGII]L.IVUI nites inAugust originating from spawning
in early April. The environmental basis for variability in the survival rate of gadoid larvae was
investigated during a drift tracking study ofa patch oflarval North Sea haddock to the east ofthe
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bioom. Analysis of the microstructure of otoliths removed from iarvae faiied o show a
consistent relationship between individual daily growth rates and short term (day-to-day)
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was sirong reiationship between individuai growth rate and birthdate, with iater spawned
individuals in the tracked patch having higher growth rates. Time series data on the vertical
Aietriba g n nfhadAdanl lanmaa ehn\unﬂ [-1 el'rnn Y =Y ancy tfmprHa s lamimato vmmramobs i i vasmdom
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During dayiight there was a siight movement of the popuiation towards the
d de

e population was distribut per in the water column at night. For the
¢

largest‘ size graups flarvae, this behaviourwas modified by wind induced turbulence. During
caim periods the iarvae ascended cioser to the surface during daylight than during windy

periods.




A range of individuai-based biochemicai parameters were measured on haddock iarvae
collected during the drift study, and laboratory calibrations of these parameters were carried out
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bundance have a significant effect on lipid-based condition indices in eariy iarvai haddock.
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However, free fatty acid levels in larval cod were found to be insensitive to shnrt-fnrm variations
in food abundance, rendering them unsuitabie Tor apphcat.an as short-term indicators of food
consumption. Tryptic enzyme activities and gut fullness indices for haddock larvae captured
dunngt e ﬂe!d nrogramme showed that feeding incidence was generally high but varied strongly
according to a diei cycie. Day-to-day variations in tryplic enzyme activity were only weakly
related to prey concentration and turbulent dissipation rates. Similarly, RNA/DNA ratios
anmmantacdd thnt mrraadih ratae winrs aanarally nad Ar anly waalrdy  ralatad ta aithar fand
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concentration or furbuience during the 48 h prior to capiure. Howeverihere were iarge variaiions
inRNA, nrnh:sm and lipid content between individual haddock larvae ofthe same length, indicating
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Some of this variability can be
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conditions (eg low food abundance, aftack by predators

attributed to the diet r‘nmpos:hnn of the larvae since those individuals having a high proportion
of lipids characteristic of diatom dominated food chains were in betier condition (more lipid per
body mass) than those with a high proportion of dinoflagellate tracer lipids. Overall, it seems that
the growth of the haddock larvae in the patch was in gene.ra! not limited by food, which was
avaiiabie in excess in the water column. Thus, shori-term variations in turbuience and piankton
concentration were not strongly reflected in otolith growth or the biochemical indices of growth.
Modeliing
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modelling was used to explore the interaction between growth-dependent mortality and s rt
ilibv rey _rfh rate of larvas and tha effecte of turhulance nn prny rant
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Secondiy, a spatiaiiy
haddock tarvae was
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e sirategic modeliing of growih-dependeni mortaiity showed that iinkage beiween growm rate
nd rtality rate has the power to substantially affect the composition of the surviving
pu
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Tiu ctuatlng gI'OWth rates, couid mask these effects. Data to test the conciusions were obtained
during mesocosm experiments on cod larvae carried out in Norway. Replicate mesocosms
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populations analysed at various stages. The results show that under high ration reg mes the
survivors in the nnnnlnhnn are drawn from the fagtest nrnwmn components of the initial
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popuiaton. However, under low ration conditions the burvwing pupUidLiundppt:d red to be drawn
at random (with respect to daily arowth rate) from the initial population.
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T ne prey capture mouemng showed ihat WnIISI turbuience |n IHB water coiuimn can ennarlce U'Ie
rate of encounter between larvae and their prey, the same factor can have a detrimental effect
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dependent on assumpiions aboui ihe prey capiure process, and io ine represeniatiion of
turbulent velocity structure in the model. The latter aspect was investigated during a series of
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generated in enciosed systems was measured by various instruments.

[}
larvaein the No ea. A particle tracking scheme, with water flow and temperature inputs from
a hydrodynamic model ofthe NE Atlantic, was counled to a simnle renresentation of individual
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bjective was to determine the hatching origin of iarvae with the
under climatological mean conditions. The results showed that
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higher probability of survivai than those hatched in the North Sea. However, as the season
progressed through to May, the distribution of favourable hatch sites moved into the North Sea.
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bomparlson of the modelied distributions of favourabie hatch sites showed a strong correlation
with hoth the snatial and temparal distribu itions of qnawnmn activity by haddock and cod stacks

hatt spa d ten distrihutions o activity by haddock and cod stocks.
Overall conclusions

Atiihe simpiest ievei, ine project has exposed the compiexity underiying the reiationship between
spawning stock biomass and recruitment. This has long been recognised, but uniquely, this
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and the survivai ofiarvae. Usually, such projects focus oniy on environmental considerations.
The scope f for recruitment \Iﬂrlﬂhlllhl due to the age and size composition and condition of the

(1

P Y P PN N P ey Ann-.-.‘-unlu-.

A o~
iail lad PIovidusly ueotl ﬂppl Culdlou.

E

a
EL
o l
o=

=

o
1
=
3
14
.|
=
5
1}
J
=}
3
I:.
P IE
5
w
n
2,
L
=1
-
=
@
'IJ
C_’

T

0 W

[{w] = @
(9]

=g
[11]
a

o<
-
=

I< ),

.} R

=h

w

o

7]

Y =

[o]

Q

-~

3

3

3

3

® o

UJ

e
essment data supplemented. with
i o

aramatare Thara innnln farthice mndal n'FFnr-hualu asyn
ikl A ) ILA W WA

ramante aflzay LY
IIIUIIIU\JUI\JII\JUUVU’ et L

1
he understanding
ever, the key develor

3
i}

]
w

ock reproductive biology accumuiated during the projeci.
, b nthe reallsat on that the surviving juvenile population at

-~
rre etrmnls Thi e l- b el s

.—1
10@

H

=]
3
]
3
=
>
D
7]

P Y R e yey et Arassom

tham
IGCIUIUIIUIII. ID IJL Jurawil di IGIIUUIII nwiil e IIIII.IG.I 633 DA,

S
demonstrated by the fieid pregramme on North Sea haddock, where the survivors originated
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mainly from a restricted temporal componant of the annual egg production. itis clear from this
WOIK, and‘froﬁ themodeiling s uﬁu.?:s at spatial, temporal and matemal factors can all confer
enhanced survival probability eqqs and larvae. As a result, the surviving juveniles can
potentza!!\, originate from disti ..ct subsets nf the spawnmﬁ distribution under given climatic and
stock composition scenarios. This conciusion has major impiications for the way in which the
sustainability of fisheries is evaluated, and for.the | mplementation of conservation measures,

Tha rla\n:lnnmnn nradininan hw thea nraiact elhanld nrn\nr{c.\ - nlaH"nrm 'Fﬂl’ Inr\nrnr\rnhnn l'hnen
B UU'UIUPI!I‘\-—PI PIUUUUUU M‘, LU L) 'JIVJVVL UIIUMIU lv-l el ndieaLhnd ] lwlrl oA '3 [N [ Rl L)

to

concepts in uture fisheries managemeﬁi.

bt it e i

esii
However, the

hanmrathara i ~
1121 WG i T b 10 U

an operatlona
mromora’rmn hi

b
irdarahla imeartainty araiinA mams re
L} L~ ' § L+

a on spawni s and
nderlying stock-recruitment relationship is often poorly defined by such data and
CnSIUGI CAMIW W 1% ] I-CI. o i i i - i
scheme for refining the functionai form of stock-n ecruument reiationsh lpS by
iological, sp ta! and temporal information on the stock structure, with the aim of

+

vl 1 i Haa o u-u-u-u-& i P o o Ty T e Ny I e Th ama Y PN YT I-u-\u-u- & ram Lo wm o ol
|wuh“ |H (IR~ F Qi —IgT-]]] y ﬂaau\rlﬂl 1% UIUIGUTIIVOW HTHIG. TTIGTHHGU WVUVIYY 10 Tl Y UGVGIUPGU

for cod and haddock stocks around iceland, Norway and-in the North Sea as case studies.

(o2}




0 the desired aims. act in the
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iife stages and capturing this feature is the key to
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e objective is to buiid a system that wiii predict the probabiiity of contributions by different

Th

spat!_!, temporal and parental components of the spawning stock of a species to the juvenile

pre-r‘c iit population some months after spawning. The system must be formulate d in such

a way as to address the following strategic questions for a given stock:

1. VWhat are ihe reialive coriiribuiions of differeii age aiid size coOmponenis of the spawriing
. stock to the surviving juvenile population of a ) Iass?
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annuai egq production o the surviving juveniie popuiation of a year ciass?

3 What is the sensitivity of 1) and 2) fo exploitation strategies?
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5. What is the sensilivity of 1) and 2) fo climatic scenario?
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be suffi C|ently neric t permit tailoring to other species.

The structure of the system comprises a series of interconnected models mapping the
development ofindividual fish from the point of spawning, through the egg and larval phase, to
£
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eiement that will confer the ability to achieve the desired aims. inessence, itis recognised that
each individual in the population has a unique origin and experience of the environment which
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the early life stages and capturing this feature is the key to successfui modeiiing.
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. model development,

. supporting initiatives {o improve the representation of processes in the modeis;
. data assimilation
. rasinnal imnlamantatinn
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Model development will involve the coding and testing of four modules, followed by their coupling
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individuals by age, size, and cumulative survival probability.
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age may join ihe de mersal juveniie po pu'ation.
| criteria parameter e

5 ionai data, and tei iabased cumulative number of individuals
already settled in a particulararea. The total number of successfully settled individuals,
and their distribution, will ba the final outnut from the system as a whole.

Supporting initiatives will be essential 1o the optimum formulation and parameterisation of the
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TASK 1 Model assembly, testing and sensitivity analysis

1.1 Exploitation strategies and corresponding stock structures,

1.2 Dievelopment and testing of an egg production model.

1.3 Development and testing of an egg and larval dispersal and survival model.
14 Coupling of the egg production madel to VPA maodel output.
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1.6 Identification of settlement criteria and sensitivity analysis of the model.

TASK 2 Spatial and temporal structure in stock composition and
I

2.1 Relatmmhln between spawning age class distribution, stock
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23 me and duration and female age, siz
TA wra in amg and larual cierrival

TA urs in egg and larval survival,

3.1 the verticai distribution of eggs and larvae.

th
3.2 Spatial and temporal variability in larval growth and survival rates and the relationship with
enwmnmental cnnditmnq
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' DATA ASSIMILATION
TASK 4 Historical daia analysis
4.1 Statistical modellmg of historical data on large-scale distributions of mature fish.
42
4.3

TASK 5 Assembly of forcing data

s Assembly of historical meteorclogical and hydrographic data.
5.3 Hydrodynamic and turbulence closure modeliing,
REGIONAL IMPLEMENTATIONS

TASK 6 Stock hindcasts

1 Model hindcasts of North Sea cod and haddock stock histories.
2 MMaodel hindeasts of Ieelandic cod stock
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