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Understanding the causes of variability in the recruitment of marine fish stocks has been the “holy grail” of fisheries scientists for more
than 100 years. Currently, debate is ongoing about the functionality and performance of traditional stock-recruitment functions used
during stock assessments. Additionally, the European Commission requires European fishery scientists to apply the ecosystem
approach to fisheries in part by integrating environmental knowledge into stock assessments and forecasts. Motivated to understand
better the recent years of reproductive failures of commercially valuable North Sea herring, we studied large-scale climate changes in
the North Atlantic Ocean and their potential effects on stock regeneration. Applying traffic light plots and time-series (TS) analyses, it
was possible not only to explain the most recent reproductive failures, but also to reconstruct the full TS of recruitment from climate
cycles, indexed by the North Atlantic Oscillation and the Atlantic Multidecadal Oscillation. A prognostic model was developed to
provide predictions of herring stock changes several years in advance, allowing recruitment forecasts to be incorporated easily into
risk assessments and management strategy evaluations, to promote a sustainable herring fishery in the North Sea. Insights gained
from the analysis permit reinterpretation of the sharp decline in the North Sea herring stocks in the 1970s.
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North Sea Herring - Fishing Mortality (ages 2 - 6)
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North Sea Herring - Spawning Stock Biomass
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North Sea Herring - Recruitment (Age 0)
Mean = 39.44

e v
=
=

W
=
2
)
E
= 60
=
=~
3
e
Q
o]
o

"
iililin

ol 1982 1984 1586 1955 1980 1992 19594 1996 19593 2000 28

P

Year

Qrvhiif | f£olf dotuhfuxiphagwhsdwihug

srrufuhfuxiphawitnwkhi#d < : 3 vidog#
uhfhaw| hduv




Remht =

Hvwib dvhih {whowiar #z k Ek#) ruvik
Vhdtkhuulyj #fuhfuxiphgwhf dg
ehitihf rgvwuxfwhgiiurp#H
fobdwh#fbgfhv

Fragwa exxwhine #dair g © 1]
ghedvwhir gk hiti xgf wir gdolv| #ri
vwr fEnAthfux wixgfwirqv




Khuu ) #igawd
P xowlksolf dwivhiibduydotidexggdaf hifbygh {#
P ODL, U hgh{#ri#fexqggdgfhitri#vpdoo
+ 4 3 {pp Aoduydhidivhuiivsdz glyj #Hurp#
pxowlschifvxuyh |v
P hwk rwivadf vN bgtiiooh {#P IN, U igh {#ci#
odwhOwdj hi# 6 3 #Hop Hoduydh#diwhu
ryhuz hwhuly]
Uhfuxiwi#i), U dexggdgf hidwi hit
Vsdz glyi #Vwr fndiE FrpdvwH#VVE , U ekrpdvvit
r 1o dwxuhii Mk #iurp #vwre Enidvvhvvphgw




QruwkiVhdivwr fniVsdz gl #V v

Dxwxpq
Vsdzgly]

Khuuly]
TrxufVwr fnv=

1_

VKkhwodag
Exfkdg

=]

Grzqv




Vwe fnivsdz gy #V i) #H5dwhv

~ 30 mm




Fobdwhiiggfhv

QruwkiDwodawif #R v bodwirg##ODR , U hgh{#
r ifvhd@hyhofisuhvvxuh#igh ihuhgfh#

ehwz hhqg

Iif hodgg i #0r z #oggib jruhviK H k

Winter NAO index updated to winter 2008/2009

A M AR TINITAN -




QDR #SrviivhiiZ dup #Skdvh

Nl Al eVl

Vwurq] hutink dogicvx dol
vxewur s dotk B k#dagoHoH
ghhshuwkdofiorupdof
Ifhodgglfforz

P ruh#iqg#w\urqj hu#
whuimwrup v urvviy #
mkh#Dmd:_[wItﬂR fhdgitr gl
pruhtgruwkhuo | #vudEni#
Wk ruhvxowrtfiz dup #

dagtiz hwiz v
Hxursh




QDR #dhj dwivhiHF rro #Skdvh

zhdnfivxewur sl dotk § k#

Nl Mbidis Cecdtilion

dogtiz hdnfif hodggfforz #
uhgxfhagsuhvvacuhit

judghgwiuihvx

]

_:FF

1hz huidootiz hdnhu#
z hvhutvwrupvifurvviy #
r gt ruhiiz hvwhdvwt

sdwkzd| 1
priwidlifiorz

1

wkh#P hghhuudg

ohdy'lyj #f rogidiiHb

H

SR

:FF

gqruwkhugiHxurshi



FobdwhiiagFhv
Dwodawif #P xowbhf dgdoHR vE bodwirg#HbDPR ,

U Ioh{#ritorgj ehupivhdxuidfhi
whp shudwxcuhitbopink h#) ruwk HDwodawif




Vwr fEn@hfuxitbgdo | vhv
Limhgiwcuhhiif rgvhowlrgdotorghov=

Ulnhu
Ehyhuwrg®row

Vhj phawhgi#uhj uhvvirg
T imhath {whogha#I fnhuprgho=

R .
ln( ‘* ) = In(by) + b, SSB,_; + bs winter AMO, 14,

SSBt__l
+ by winter NAO;_ja02,




Woh#vhulvibDgdo | vhv

FurvvEruuhodwiraiigdo | vy U

fruuhodwlrquidprgj#* 5 #iphivhu i #
h{dp bhisrvhaqwboighod |hgthiihfw
Vshfwudotiagdo | vy U dgdo | vivie i#f | £olf Iv|#

r 1#uhfux iy howidagh {whugdot df wru v #
orrnfiruf ruuhvsrgglyj #iudmhfwruhv

dxwruhj uhvvivhifwh] udwhgip ryLy] #

dyhudi h#DU

> D #orghoU hf axghvi

idfwruvidgghs dwhugvibhawh g Hod
uhfuxiphawiiruhf dvwlyj Horgho



8 #iVvhs i #P rgholighqwh If dwlrg

Vwde bl}h#dggHisuh® k khaikh
wbhi#vhuhv

Sur fhvvitghawh If dwlr g
- dxvawivhii df weuv A hiiod]j v,

Hvwio dwlrciir iHo rgh
sdudphwhuv

GHjgrvwifv
Truhf dvwiy]




A
~~
)]
—t
Q
-
Q.
Q
-
=
N
g
Q.
~—

1960 1970 1980 1990
Year




Vwre £nihf ux sphagwhahodwlirgvk v

Ryear [ODSEIVEd]
100000000

80000000

60000000

40000000
20000000

o P Overestimated
600000 1200000 1800000 2400000

SSBy ¢, [tONS]

Models of
Ricker = B/H




Vwr £n@ihf ux iohagwiahodwirgvk kv

Table 1. Parameter estimates and quality-of-fit information from
fits of stock —recruitment models.

Model parameters Model diagnostics

MOdEl b1 bz rperformance AICC

Segmented regression  130.7 356 091 0.49 33.9384
Ricker 167.4 1.154E-6 0.51 33.9069
Beverton and Holt 0.002 85 54137 400 0.47 33.9607

All three models and the single parameters associated with them were
asymptotically significant at a 5% level.
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1) B/H model: rperfomance = 0.47, AICC = 33.9607;
1) Ricker model: 7erfomance = 0.51, AICC = 33.9069;

Segmented I'le'eSSiOH model: r})erﬁ}mance: 049’ AICC =
33.9384;

iv) ARIMAX [Equation (4)]:  7perfomance : AICC =
33.4960;
) Extended Ricker model [Equation (1)]: rerfomance :
AICC = 33.7532.
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Figure 2. Declining abundance of Calanus finmarchicus in the

northern North Sea, and a proportion (by weight) of all omnivorous

zooplankton, between 1958 and 1999, Compiled from data
supplied by the Sir Alister Hardy Foundation for Ocean Science.

Heath et al. (1999)
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