
Climate Cycles and Population Climate Cycles and Population 
Dynamics of North Sea HerringDynamics of North Sea Herring

Joachim P. GrJoachim P. Gröögerger11, Gordon H. Kruse, Gordon H. Kruse22, , 
and Norbert Rohlfand Norbert Rohlf11

11Institute of Sea Fisheries, Federal Research Institute for Institute of Sea Fisheries, Federal Research Institute for 
Rural Areas, Forestry and Fisheries, Rural Areas, Forestry and Fisheries, 

Hamburg, GermanyHamburg, Germany
22University of Alaska FairbanksUniversity of Alaska Fairbanks

School of Fisheries and Ocean Sciences, Juneau CenterSchool of Fisheries and Ocean Sciences, Juneau Center
Juneau, Alaska, USAJuneau, Alaska, USA





Distribution of Atlantic HerringDistribution of Atlantic Herring



North Sea



North
Sea

●750,000 km2

●960 X 580 km
●Depth:
●95 m (Ave.)
●700 m (Max)

●Tem
 

p: 6-17 C

●Salinity: 34-35

Hamburg
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Landings Since 1960Landings Since 1960

●
 

Mean landings of 0.51 million To
 

nnes



Fishing Mortality Since 1960Fishing Mortality Since 1960

●
 

Fishing mortality generally exceeds 
recommended rate (0.25)

●
 

heavy overfishing in 1960s-1970s

OverfishingOverfishing
F =  0.25F =  0.25



Atlantic Herring Atlantic Herring (Clupea harengus)(Clupea harengus)

●
 

Spawning stock biomass often below 
th

 
e precautionary biomass (Bpa)

●
 

Note healthy stock in 2000s

Stock DepletionStock Depletion
H

 
ealthyH

 
ealthy



Atlantic Herring Atlantic Herring (Clupea harengus)(Clupea harengus)

●
 

Note cyclical recruitm
 

ent pattern

●
 

poor recruitm
 

ent in th
 

e 1970s and 
recent years



Objectives:Objectives:
●

 
Estimate extent to

 
 which North 

Sea herring recruitm
 

ent can 
be reco

 
nstru

 
cted from 

climate indices

●
 

Contribute to
 

 an ongoing 
debate on th

 
e functionality of 

stock-recruit functions



Herring dataHerring data

●
 

Multiplicative larval abundance index 
(MLAI)– index of abundance of small 
(< 10 mm) larvae after spawning from 
multiple surveys

●
 

Methot Isaacs-Kidd Index (MIK)– index of 
late-stage (~ 30 mm) larvae after 
overwintering

●
 

Recruits (R)– abundance at age 1

●
 

Spawning Stock Biomass (SSB)– biomass 
of mature fish from stock assessment



Shetland

Buchan

Banks

Downs

North Sea Stock Spawning Sites

Aug/Sep

Jan/Feb

Nursery
Areas

Four Stocks:

●Shetland
●Buchan
●Banks
●Downs

Autumn 
Spawning 
Herring



Shetland
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Banks
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Climate IndicesClimate Indices

●
 

North Atlantic Oscillation (NAO)– index 
of sea-level pressure difference 
between Icelandic Low and Azores High



warm

warm

NAO Positive (Warm) PhaseNAO Positive (Warm) Phase

●Stronger th
 

an usual 
subtropical high and a 
deeper th

 
an normal 

Icelandic low

●More and stronger 
winter storms crossing 
th

 
e Atlantic Ocean on a 

more northerly trac
 

k. 

●This results in warm 
and wet winters in 
Europe



NAO Negative (Cool) PhaseNAO Negative (Cool) Phase

cool

cool

●
 

weak subtropical high 
and weak Icelandic low

 
 

●
 

reduced pressure 
gradient results in 
fewer and weaker 
winter storms crossing 
on a more west-east 
pathway. 

●
 

moist air flows into 
th

 
e Mediterranean, 

leaving cold air in 
northern Europe 



Climate IndicesClimate Indices

●
 

Atlantic Multidecadal Oscillation (AMO)
 – index of long-term

 
 sea surface 

temperature in th
 

e North Atlantic



StockStock--Recruit AnalysesRecruit Analyses

Fitted three conventional models:

●Ricker
●Beverton-Holt
●Segmented regression

Fitted extended Ricker model:



Time Series AnalysesTime Series Analyses

●
 

Cross-correlation analysis
 

–
 correlations among ≥ 2 time series to

 
 

examine potential delayed effects

●
 

Spectral analysis
 

– analysis of cyclicity 
of recruitm

 
ent and external factors to

 
 

look for corresponding trajecto
 

ries

●
 

autoregressive integrated moving 
average (ARIMA) model– includes 
factors and patterns identified into a 
recruitm

 
ent forecasting model



5 Steps to
 
 Model Identification5 Steps to

 
 Model Identification

1.
 

Stabilize and pre-whiten th
 

e 
time series

2.
 

Process identification 
(causative factors, time lags)

3.
 

Estimation of model 
parameters

4.
 

Diagnostics

5.
 

Forecasting
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Stock-recruitm
 

ent relationships

●
 

all models are Significant (P<
 

0.05) 

●
 

Each explains 22-26%  of variability
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Trends in AMO & NAO

Normalized for each month 
over 107 years:

●AMO indicates tw
 

o
 

 cooling 
periods: 1903-1925 & 
1965-1979

●NAO values are more 
evenly distributed 



Trends in AMO & NAO

Normalized for each year across months:

●In last 18-19 years, NAO is low
 

er in 
Aug-Nov and higher in Dec-Feb 



CCFs Between R and AMO or NAO

After pre-whitened 
stationary time 
series:

where:

Significant effects:

●AMO – 3 yrs
●NAO – 5 yrs

t t-l

t t-l

CCF=Corr(R ,NAO )
CCF=Corr(R ,AMO )

lag
 

window:  0 ≤
 

l ≤
 

10 



Spectral Analysis: Fitted RSpectral Analysis: Fitted R

●
 

Fitted winter 
AMO resembles 
R over 1960-

 1981

●
 

Fitted NAO has 
an inflection in 
1982

●
 

Fitted R matches 
observed R well 

SSB

R

Fitted R
Fitted NAO

Fitted AMO
Spectral analysis (wave

 
 

decomposition) using 
cosine-sine models



ARIMAXARIMAX

●Based on CCFs (3-
 year-lag AMO, 5-

 year-lag NAO) and 
SA

●Strong Fit between 
predicted and 
observed R 
(P< < 0.05)

●Recent decline in R 
is fitted 

Observed

Fitted

r = 0.80



Comparisons Across All Models

●
 

Extended Ricker model performed better th
 

an 
other 3 S-R models. 

●
 

ARIMAX model performed best indicating 

stronger role of climate th
 

an SSB on R.



●Overfishing played a role in poor 
recruitm

 
ent in 1960s & 1970s

●Some conflicting evidence of 
dependence of R on SSB

●Cannibalism may partly explain poor 
recruitm

 
ent in recent years (e.g., 

summer acoustic survey, 2007)

Discussion: S-R Relationship



●Abundance of eggs and sm
 

all larvae 
determined by SSB

●Abundance of large larvae and 
recruitm

 
ent determined by winter 

environmental conditions 
●recruitm

 
ent cycle fitted well by 

AMO (lag 3 yr) and NAO (lag 5 yr)
●Time lags may be due to

 
 lags in 

atm
 

ospheric-ocean coupling
 
and 

tr
 

o
 

p
 

h
 

ic interactions

Discussion: Climate Forcing



●Decay scale of th
 

e North Atlantic 
Current in response to

 
 changes in 

westerly wind stress is 3 years 
(Pingree 2005)

Discussion: Potential Mechanisms



North Sea Ocean Currents

●
 

NW entry of 
Atlantic water

●
 

Some warm water 
flow th

 
ro

 
u

 
g

 
h

 
 

English Channel

●
 

Water exits along 
Norwegian coast

●
 

Low salinity 
coastal water



●delay of spring bloom related to
 

 
warmer SST (Wiltshire & Manly 2004)

Discussion: Potential Mechanisms



●
 

Pseudocalanus minitus and Calanus 
finmarchicus comprise more th

 
an tw

 
o

 
 

th
 

irds of th
 

e herring diet

Discussion: Potential Mechanisms

Calanus finmarchicus



●
 

D
 

elayed 
herring 
migration from 
east in early 
1980s

●
 

Variability in 
Timing of C. 
finmarchicus in 
NE North Sea 
(Corten 2000)

Discussion: Potential Mechanisms



●
 

abundance of 
Calanus 
finmarchicus in 
NE North Sea 
negatively 
associated with

 
 

bottom 
tem

 
peratu

 
re

Discussion: Potential Mechanisms

Nash & Dickey-Colas (2005)



●
 

abundance of 
Calanus 
finmarchicus

 associated with
 

 
NAO

●
 

depends on supply 
of overwintering 
C. finmarchicus

 via Norwegian Sea 
Deep Water

Discussion: Potential Mechanisms

Heath et al. (1999)



●
 

Climate largely regulates herring 
populations in th

 
e North Sea

●
 

Climate-driven mechanisms involve 
bottom-up tro

 
ph

 
ic effects

●
 

Although th
 

e best model does not 
incorporate SSB, overfishing must be 
avoided

●
 

Recruitm
 

ent forecasts 3 years in 
advance provide value information to

 
 

management of th
 

is important fishery

Conclusions


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44

