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Executive Summary

The “Workshop on Blue Whiting Recruitment” (WKBLUR) met to examine potential
mechanisms that may drive the recruitment to the Blue Whiting stock and assess
whether forecasting recruitment in this stock is feasible. Blue Whiting year-class
strength has shown dramatic changes in recent years, increasing by five-six times
after 1995 and suddenly returning to pre-1995 levels after 2005. Recent work has
shown that the North Atlantic Subpolar Gyre has a strong influence on the ecosystem
in this region, including the spawning distribution of Blue Whiting, and the post-1995
increase in recruitment is coincident with a rapid weakening and westwards retreat
of the gyre. WKBLUR therefore interpreted this temporal correlation of events as
suggesting a possible causal linkage between the gyre and recruitment.

The workshop questioned the reliability of the recruitment estimates produced by the
stock-assessment. The historical performance of the assessment is poor and recent
work has highlighted that the management unit employed does not match biological
and oceanographic evidence of structure within the stock. The upcoming benchmark
assessment of this stock is expected to address these concerns in more detail.

The group developed two major hypotheses (shown schematically in Figure E1) that
may account for the hypothesized linkage between the Subpolar Gyre and the re-
cruitment dynamics. The “predation” hypothesis is centred upon the role of mackerel
predation upon blue whiting: gyre-driven changes in the spawning distribution
change the distribution of spawning products and thus the overlap of adult mackerel
and blue whiting larvae, and hence the severity of larval-predation. Alternatively, the
“food” hypothesis suggests that changes in the oceanographic conditions may change
the amount, type and availability of food for larvae and juveniles, ultimately impact-
ing growth, survival and recruitment. The workshop was not able to accept or reject
either of these hypotheses directly: instead, the hypotheses presented form a frame-
work for future research.

WKBLUR concluded that in the current absence of mechanistic understanding, it is
not currently possible to make recruitment forecasts. Resolving the hypotheses de-
veloped above, however, may still render such forecasts feasible.
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Figure E1. Summary of the proposed mechanisms giving rise to the observed correlation between
the Subpolar Gyre and recruitment of blue whiting. The two key testable hypotheses developed
in this work are highlighted within the red boxes.
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Introduction

Blue whiting (Micromesistius poutassou Risso) is a pelagic planktivorous gadoid found
throughout the Northeast Atlantic. The species ranges from the Iberian Peninsula and
the western Mediterranean in the south to the Barents Sea in the north, from the
North Sea to the Mid-Atlantic Ridge and even as far as the east coast of North Amer-
ica. However, despite the extremely wide geographic range, the species is currently
managed as a single stock based around spawning grounds along the continental-
shelf edge west of the British Isles (Bainbridge 1973; Bailey 1982 and references
therein).

In recent years, recruitment to this stock has varied widely (Figure 1.1). From early
1990 weak year-classes of around 10 billion individuals, large year-classes were pro-
duced in 1996 (~50 billion individuals) and particularly in the period 2000-2003 (~50-
60 billion individuals). However, in recent times (the 2005 year-class and onwards)
the recruitment has returned abruptly to pre-1995 levels (ICES, 2009).

Such dramatic changes pose both severe management challenges and interesting
scientific questions. The fishery upon this stock, riding on the back of the strong year
—classes, expanded rapidly in the late 1990s and catches peaked at nearly 2500 tonnes
in 2004, making it one of the largest fisheries in the world at that time. However, the
return to pre-1995 recruitment levels after 2005 meant that the fishery could not be
sustained, ultimately requiring drastic reductions in the fishery (ICES, 2009). If the
mechanisms driving such changes were understood, and if shifts between such high
and low recruitment regimes could be predicted in advance, management of this
stock could potentially be optimized to avoid such difficulties.

Two recent papers have suggested that such prediction may be possible. The first of
these papers, Hatun et al. (2009b), showed a link between the spawning distribution
of this stock and the dynamics of the North Atlantic Subpolar Gyre: these distribu-
tional changes were seen in observations of larvae, in the spatial distribution of
catches and in scientific acoustic surveys covering this region. The second paper,
Hatun et al. (2009a), looked at the biogeography of the North-east Atlantic more gen-
erally, and was able to demonstrate the influence of the Subpolar Gyre across four
different trophic levels, from phytoplankton through zooplankton and blue whiting
all the way up to pilot whales. This work contributed further to our understanding of
blue whiting dynamics, demonstrating the post-spawning distribution of fish varied
in agreement with the Subpolar Gyre.

These results suggest that the Subpolar Gyre has a strong, and possibly determining,
influence on the dynamics of the North Atlantic ecosystem, including blue whiting.
Furthermore, we note that the rapid increase in recruitment to this stock in the mid-
1990s is coincident with an equally dramatic change in the Subpolar Gyre (Figure
1.2). However, in more recent years, the recruitment appears to have collapsed,
whilst the post-2005 increase in the gyre index was modestly compared to the pre-
1995 values.

In this work, we review the current state of knowledge regarding the recruitment
dynamics to the North Atlantic blue whiting stock, and attempt to establish whether
recruitment prediction is scientifically feasible for this stock. This report reflects the
three main lines of enquiry followed. In Section 2, we first examine the quality of the
stock assessment, with a view to checking whether the recruitment time-series is “be-
lievable”, or simply an artefact of the assessment methodology. The diagnostics pro-
duced by the assessment method are examined and the results are compared with
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other, independent, observations of year-class strength. Sections 3 and 4 examine
potential hypothesizes that could explain the wide range of recruitment dynamics:

Section 3 examines the physical processes involved and sets the scene in terms of

changes in oceanography and the Subpolar Gyre, whereas section 4 examines the
potential biological mechanisms that could affect recruitment. Section 5 draws these
strands together by considering how such recruitment forecasts might be performed,
and examining several simple short-term forecast models. Finally, section 6 draws
conclusions regarding whether forecasting recruitment in this stock is possible, and

what further elements would be required to permit such a system.
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Figure 1.2. Comparison of blue whiting recruitment dynamics with those of the North Atlantic
Subpolar Gyre. The year-class strength at-age 1 (filled circles, heavy line) is plotted as a function
of the year in which that cohort was spawned, whilst the gyre index (open triangles, lighter line)
is plotted as the average value during that year. The gyre index is inverted compared to Hatun
(2005) - positive values correspond to a weak gyre. For more information regarding the gyre,
see Section 3.
2 Reliability of the recruitment estimates
Before considering potential mechanisms influencing the recruitment to this stock,
we first examine the robustness of the recruitment estimates. In particular, we ex-
amine the quality of the stock assessment, and attempt to assess whether the recruit-
ment time-series generated by the assessment model is supported by other,
independent, sources of information.
2.1 Stock Identity

Prior to 1993, for the purposes of assessment, it was assumed that blue whiting had
two components, a northern and a southern component. The Northern stock was
known to feed in the Norwegian Sea and spawn to the west of the British Isles. The
Southern stock was found along the continental shelf off the coast of Spain and Por-
tugal with the main spawning areas towards the Porcupine Bank. The Porcupine
Bank is considered a transitional area between the two main stocks (ICES, 1990). In
1993 it was argued that there was no strong evidence to maintain this division be-
tween the two stocks. Results from an otolith age reading workshop at that time
showed no significant difference in mean annual ring diameter between northern and
southern stocks. It was agreed by ACFM in 1993 that the two stocks should be com-
bined for assessment purposes (ICES, 1995). Since then this stock has been assessed as
one unit (ICES, 2008).

Several approaches have been employed to investigate the stock structure of blue
whiting. The details of studies relating to genetics have been published by Mork and
Giaever, 1995, Giaever and Stein, 1998, Ryan et al., 2005 and Was et al., 2008.
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2.2

Oceanographic modelling has been used to examine the advection of blue whiting
eggs and larvae. Larval drift is thought to be an important factor in recruitment. Sko-
gen et al., 1999 proposed that the southern stock will spawn in an area where the eggs
and larvae are likely to drift southwards and the northern stock where the eggs and
larvae will drift northwards. Based on modelled drift patterns, they found that a pos-
sible separation line was located at 54.5°N but this was subject to significant interan-
nual variability over the twenty years studied. Work conducted by Bartsch and
Coombs (1997) used a three-dimensional baroclinic model and suggested that parti-
cles released on the Porcupine Bank drifted southwards with a separation at about
53-54°N. This work gave some additional information about stock separation but
suggested that the division might be more southerly. Additional testing of this ap-
proach was recommended.

An investigation of larval growth histories was carried out in 2007 (Brophy and King,
2007). Groups that are spatially or temporally distinct after hatching are expected to
show measurable differences in the larval portion of the otolith. This study showed
that larvae from the Bay of Biscay grow faster than those from more northerly spawn-
ing areas. It also confirmed that fish spawning to the west of Ireland and Scotland
does not form a randomly mixing unit and that subunits within this aggregation have
experienced different conditions during the larval phase. The dispersal of larvae in-
fluences the subsequent dispersal of spawning adults. The fish that are found in the
feeding assemblages throughout the distribution range do not contribute equally to
the spawning assemblages in the north and south of the spawning grounds. There is
therefore growing evidence from these studies that there may be several components
in the North east Atlantic blue whiting stock.

Furthermore, in 2009, the Stock Identification Methods Working Group (SIMWG)
stated that that the perception of blue whiting in the NE Atlantic as a single unit stock
is not consistent with recently observed differences in genetics and growth and
should be revised. They recommended that a precautionary approach should initially
treat blue whiting populations in areas VIIk and VIJj and further south as a separate
unit from all other NE populations. This group also suggested that a large, interdisci-
plinary project on this species is needed in order to comprehensively understand blue
whiting stock structure in the NE Atlantic so that more robust advice may be pro-
vided (ICES, 2009).

Such recommendations obviously present problems when trying to understand the
recruitment of Blue Whiting in terms of a single stock. However, splitting the stock
assessment into two separate units is a complex and time consuming task, not readily
performed with the scope of such a meeting. Given these difficulties, WKBLUR there-
fore chose to continue in the single-stock paradigm where necessary, but to recognize
these potential problems and bear them in mind as appropriate.

Assessment Methods

The Blue Whiting stock-assessment has been explored using different assessment
models in the past including ICA (Integrated catch at-age analysis), AMCI (Assess-
ment model combining information from various sources), XSA (extended survivors
analysis), ISVPA (Instantaneous Separable VPA) and SMS (Stochastic Multi Species
mode). For the last four years, SMS has been selected as the final model. SMS (Lewy
and Vinther, 2004) is an age structured assessment model based on a separable VPA
designed to handle multispecies interactions: however, it can be reduced to operate
with one species only. In "single species mode", an objective function for catch-at-age
(in numbers) and the time-series of survey indices-at-age are minimized assuming a
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lognormal error distribution for all data sources. The expected catch is calculated
from the catch equation and F at-age, which is assumed to be separable into an age
selection and a year effect. SMS weights the various data sources automatically as
part of the fitting procedure (ICES, 2006).

The assessment uses catch data from 1981-2008 and is tuned by three survey time-
series:

1) The Norwegian acoustic survey, 1991-2003, ages 3-8.

2) The International ecosystem survey in the Norwegian Sea, 2000- 2009, ages
1and 2.

3) The International blue whiting spawning stock survey 2004-2009, ages 3-8.

At the 2007 working group, five different assessment models were used to explore
blue whiting data. The assessments presented were considered as very uncertain. As
can be seen in Figure 2.2.1, the estimated spawning stock and fishing mortality varied
considerably between the different models that were run. The difference between the
models lies mostly in different weighting of data. It was concluded that the problem
for all types of models seemed to be conflicting information from the catch and sur-
vey data, in combination with a relatively high uncertainty of the acoustic estimates
of the stock size (ICES, 2007). Since 2007 the number of models to explore the data has
been reduced with only XSA, ISVPA and SMS used in 2009.

A benchmark assessment has not yet been conducted for Blue Whiting. This stock is
scheduled for benchmark in 2011. In the following sections, we examine the quality
and suitability of these inputs, and the resulting assessment.
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Figure 2.2.1. Comparisons between final exploratory AMCI, ISVPA (pessimistic and optimistic) ,
ICA, XSA and SMS assessments in 2007 (ICES, 2007).

2.3 Quality of the Research Surveys

2.3.1 Spatial and temporal coverage

It could be questioned whether the spawning-stock survey coverage been the same
and has it covered the whole distribution area of the stock each year. The survey tim-
ings have fluctuated in time each year, and this could also create fluctuations in the
interpretations of the results (Table 2.3.1).
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The survey coverage during the historical surveys has mostly been confined to the
shelf edge area from Porcupine to the Hebrides, and only occasionally west towards
the Rockall Plateau. This makes drawing any inference about spawning distribution
on the Rockall Bank difficult. In recent years (from 2004 onwards) the coverage has
been more or less the same each year also covering the Rockall Plateau.

It could also be questioned whether the results from the surveys are representative of
the stock, the age distribution, and the maturation. In the assessment, the stock is
divided into a mature part (spawning-stock biomass, SSB) and an immature part
based on the proportion mature at each age. One problem that could influence the
estimate of the adult (mature) biomass from the acoustic surveys is a maturation
ogive that is biased as a consequence of poor sampling or erroneous classification of
maturity stage, during the spawning survey.

A further source of variability could be the age reading of the otoliths. If not all coun-
tries participating in the survey (as well as in the fishery) do not interpret the age
rings in the otoliths in the same way, this would introduce errors in the age disaggre-
gated survey estimates, and also in catch at-age data in the assessment.

Table 2.3.1. Timing of the surveys (day-month) in the spawning stock surveys west of the British
Isles, March—April 1981 to 2009. Prior to 1996 the surveys were performed by Norway and Russia,
then by Norway until 2004, where five nations participated in the international surveys coordi-
nated by the ICES PGNAPES.

SURVEY TIMING

NORWAY RussiA INTERNATIONAL/COMBINED
YEAR START sTOP START STOP START sTOP
1981 09-03 04-04
1982
1983 01-04 15-04 15-04 15-05
1984 26-03 17-04
1985 01-04 15-04
1986 01-04 19-04
1987 16-03 11-03
1988 25-03 24-04 28-03 21-04
1989 30-03 24-04
1990
1991 18-03 16-04 17-03 12-04 17-03 16-04
1992 17-03 28-03 17-03 28-03
1993 12-03 03-04 21-03 11-04 12-03 11-04
1994 25-03 15-04
1995
1996 20-03 22-04 01-04 15-04
1997
1998 24-03 26-04
1999 24-03 22-04
2000 22-03 24-04
2001 21-03 23-04
2002 23-03 25-04
2003 29-03 27-04

2004 17-03 18-04
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SURVEY TIMING

NORWAY RUssIA INTERNATIONAL/COMBINED
2005 10-03 14-04
2006 03-03 15-04
2007 09-03 12-04
2008 17-03 16-04
2009 17-03 16-04

2.3.2 Target Strength

There have been suggestions that the conversion factor (Target strength; TS) for blue
whiting is too low, resulting in a too high biomass from the acoustic surveys. Fur-
thermore, it is not clear whether a linear relationship with length is correct for larger
blue whiting, i.e. the TS might not be linear function for all fish lengths. As blue whit-
ing is a physoclist gadoid (i.e. with a closed gas filled swimbladder), it might be sus-
pected that the TS changes with the fat content of the fish. The gas filled swimbladder
represents most of the acoustic backscattering energy (echo) and any changes in the
volume of the swimbladder would thus affect the echo.

A study by Jacobsen et al. (2002) showed that the total fat content of blue whiting
varies significantly during the year, being at a minimum in April/May after spawning
(just above 2%) after spawning, where most of the resources have been used for go-
nad development (Figure 2.3.1). The fish rapidly gain fat after spawning and reaches
a maximum fat content in August (nearly 9%), which remains high in the remainder
of the year (Figure 2.3.1).
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Figure 2.3.1. Fat content (%) in blue whiting by month from the Faroese commercial landings
during 2001. The fish was sampled at Havsbrun fishmeal factory in Fuglafjerd, Faroe Islands
(Jacobsen 2002).

Does the TS of blue whiting changes before and after spawning? When the fish is full
of roe and milk the fat content of the fish is high (which has a lower specific density
than seawater) reducing the need for a full swimbladder to keep the fish at neutral
buoyancy at depth and thereby reducing its TS at length. Conversely, after spawning
the fish is thin and slender, with low fat content and therefore needs to fill the gas
bladder to compensate for the loss of buoyancy making the TS too large for its length,
resulting in an overestimation in an acoustic survey.
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By simple modelling of the swimbladder, Jacobsen et al. (2002) found an inverse rela-
tionship between the acoustic target strength and fat content, and further that a sea-
sonal variations in fat content of 7% might lead to a bias of up to 12% in acoustic
biomass estimates, if they were measured in the low-fat and high-fat period.

2.3.3 Survey direction

During the period 1983-1996, two research vessels, one Norwegian and one Russian,
performed acoustic surveys for blue whiting in the spawning area in spring. In some
of the years large discrepancies in the biomass estimates between the two vessels
were observed (Table 2.3.3). The ratio of the spawning stocks estimates between Rus-
sia and Norway ranged from 0.46 to 2.8 with the Russian estimates being lower that
the Norwegian in 8 out of 12 years (Table 2.3.3). During many of these surveys the
two vessels used to cover the spawning area in opposite direction, the Russian pro-
gressing from the north to the south and the Norwegian from the south to the North.
The blue whiting from the Porcupine Bank area and north of that area is thought to
migrate northwards after spawning. This is the same direction as the survey pro-
gresses, and as the Norwegian vessel surveyed the area during 1983-1996. This could
lead to double counting of fish if the migration rate is faster than the northward pro-
gression of the survey, and conversely to an underestimation by a southward pro-
gression. Furthermore, the survey tracks are east-west covering the whole deep from
Porcupine across to Rockall Bank. Therefore a further source for mismatch when
several vessels take part in the northward coverage could arise, if e.g. a vessel is tak-
ing over or continuing a track from another vessel and reaches the starting point with
a time gap between both vessels, again causing the fish migration to overtake the
survey progression.

Table 2.3.3. Biomass estimates (total stock and spawning stock) of blue whiting in the spawning
stock surveys west of the British Isles, March-April 1983 to 1996. Russian surveys and Norwegian
surveys and the RU/NO ratio of the SSBs.

BIOMASS ESTIMATES RATIO
RussiA NORWAY RU/NO

YEAR B SSB TB SSB SSB %
1983 3.6 3.6 4.7 44 0.8
1984 34 2.7 2.8 2.1 1.3
1985 2.8 2.7
1986 6.4 5.6 2.6 2.0 2.8
1987 5.4 5.1 4.3 4.1 1.2
1988 3.7 3.1 7.1 6.8 0.5
1989 6.3 5.7 7.0 6.1 0.9
1990 5.4 5.1 6.3 5.7 0.9
1991 4.6 4.2 5.1 4.8 0.9
1992 3.6 3.3 43 42 0.8
1993 3.8 3.7 5.2 5.0 0.7
1994 4.1 4.1
1995 6.8 6.0 6.7 6.1 1.0
1996 7.1 5.8 5.1 45 1.3

Mean 4.8 44 5.0 4.6 1.1
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2.4

2.5

2.3.4 How big proportion migrates southward?

This question could also cause a bias in the spawning stock survey if the proportion
is variable (Brophy and King, 2007), i.e. if it depends on the amount spawning at a
certain location as a consequence of environmental conditions that vary from year to
year, causing a varying proportion of the stock migrating north or south after spawn-
ing. Current understanding of the relative dynamics of the northern/southern com-
ponents is insufficient to assess the importance of such a phenomenon.

2.3.5 New improved survey to monitor post-spawning migration

A new approach to monitoring the post-spawning migration of blue whiting may
improve the precision of the biomass estimate. A stationary survey is suggested,
where the axis from Shetland to Iceland across the Faroes is surveyed continuously in
the period after spawning (April-May), with one vessel in the Iceland-Faroe Ridge
and one in the Faroe-Shetland Channel continuously crossing back and forth. Such a
survey might be less in space and better in timing that the current international sur-
vey covering the “whole” spawning area from 52 to 61 N.

Quality of the catch data

Catch data are essential in the assessment of year-class strength in blue whiting. In
general, the catch data on blue whiting are not regarded as uncertain, i.e. there are no
suspicions about misreporting, discarding etc. However, changes in the nature of the
fishery itself may influence the assessment. The model used to perform the blue whit-
ing assessment (the stochastic multispecies model, SMS) assumes that the catchability
of the fishery is constant in time and therefore, for example, the catches of juveniles
(1-2 years) are representative for the abundance of these year classes. Hence, a rela-
tive increase of these age groups in the catch would have a direct affect on the esti-
mated year-class abundance coming out of the model. This is not necessarily correct,
however, as the spatio-temporal distribution of the fishery may change over time,
exploiting the juveniles differently from year to year. For example, when the large
year classes recruited after 1995, there was doubt in the early assessments whether
these changes were real or simply a change in the fishery targeting juveniles in the
Norwegian Sea. The SMS assessment estimates a high variance for catches of 1 and 2
year old fish, indicating that the fishery on these year classes does not reflect the year-
class strength very precisely.

However, the potential uncertainty in the abundance of juveniles” only counts for the
1-4 last years in the model runs. The precision of the year-class strength estimates
increases further back in time as more observations are incorporated into the model.

To conclude, it is not expected that problems with catch data will have significant
effects on the estimated recruitment.

Quality of the Assessment

Recruitment, as determined by the stock assessment, incorporates information from
surveys and catch data. Both sources show that the abundance of 1 year old blue
whiting has decreased to a very low level in the period 2006-2009. Extremely low
age-2 abundance was observed in the surveys the following year for the same year
class, confirming the very low abundance of juveniles in the survey area. It is not
possible to estimate the exact level of recruitment in the most recent years, but there
is no doubt that recruitment is very low (ICES, 2009).
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Most assessment models used for blue whiting assume that selection pattern of the
fishery remains at least approximately constant over several years. In reality, selec-
tion pattern can change significantly and blur recruitment signals from catch data.
For example, periods of increased exploitation in the Norwegian Sea (see Figure
8.3.1.2 in ICES, 2009) where more juvenile blue whiting are caught than in the spawn-
ing fishery will positively bias recruitment estimates when constant selection pattern
is assumed,

SMS estimates of the uncertainty in recruitment are presented in Figure 2.5.1. A con-
sistent CV of less that 10% can be seen from 1984 until 2003. From 2004 the CV in-
creases until it reaches its highest point of over 40% in the terminal year. This result is
consistent with our understanding of the way in which stock assessment models
work (i.e. that the least accuracy estimated values are the most recent) and suggests
that the model has a reasonable degree of confidence in all recruitment estimates
except the most recent (the 2007 year class, first observed/estimated in 2008).

In 2009 the assessment settings were changed with more weight given to the Interna-
tional spawning stock survey results. The weighting factors used this year were in-
ternally estimated within the modelling framework. These changes in assessment
model settings changed the perception of the stock and led to an increase in the esti-
mate of SSB. The 2008 SSB estimate derived from the 2008 assessment was 3.39 mt,
whereas the 2009 assessment revised this 2008 estimate up to 4.18 mt. The Interna-
tional spawning stock survey has a time-series of only six years and shows a large
interannual variation in the age-structured indices.

2.5.1 Historical Retrospective

A historical retrospective analysis for blue whiting from 2003-2008 is presented in
Figure 2.5.2. Over this time, both the assessment model itself and the model settings
have changed appreciably. In contrast to the CVs estimated by the model, the histori-
cal assessment pattern indicates a very uncertain and inconsistent assessment. Re-
cruitment estimates were generally revised upwards during the early 2000s at the
height of the recruitment boom, in some cases by a factor of six times or more. How-
ever, in recent years the assessment has generally agreed much better both on the
magnitude and general trend in recruitment.

The assessments clearly underestimated SSB and overestimated fishing mortality (F)
at the beginning of the “high” recruitment period. In recent years, the assessments
have suggested a rapid decrease in the stock size, although each successive assess-
ment appears to delay the time at which this starts to occur.

2.5.2 Recruitment Estimates used in the Forecasts

Different methods have been used to derive the recruitment estimates for input to the
short-term forecasts. The geometric mean value, the lowest observed and the re-
cruitment values obtained from the RCT3 estimates have been used in different years.
The revision either upwards or downwards of the recruitment estimates illustrates
the uncertainties in these estimates, but does not give an indication of any potential
bias (ICES, 2009).
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Figure 2.5.2. Historical Retrospective of the blue whiting assessment. The red line gives the most
recent assessment results.

Comparison of recruitment from the assessment with other data sources

There are several sources of information about the recruitment that are independent
of the stock assessment and can act as additional information sources: of specific in-
terest are surveys carried out in the Nordic Sea and the Barents Sea (ICES, 2009b).
These time-series confirm that the year classes 2005-2008 are at the very low end of
the historical recruitments.

Figure 2.6.1 shows how age 1 estimates from the final SMS assessment relates to age 1
indices from the two surveys. The correlation between the Barents Sea index and the
SMS recruitment predictions seems to be relatively robust and are statistically signifi-
cant. In contrast, the correlation between predicted recruitment and the Nordic Sea
survey are driven by the last three years.
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Figure 2.6.1. Recruitment (age 1, thousands) from the SMS assessment and age 1 indices from the
Barents Sea bottom-trawl survey (upper panel) and the International ecosystem survey in the
Nordic Seas (IES) standard area (lower panel), both on log-scale. Fitted regression lines are drawn
for all data (solid lines) and excluding the last 3 years (open circles, dashed line).

A recent investigation published by Heino et al. (2008) provides further support that
the data from the Barents Sea survey may be used to give a first reliable recruitment
index. Abundance of juvenile blue whiting in the Barents Sea — measured either as
incidence or mean catch rate — was found to be correlated with recruitment in the
Northeast Atlantic stock. This was confirmed by a positive correlation between re-
cruitment in the Atlantic and measures of juvenile abundance in the Barents Sea (Ta-
ble 2.6.1). The correlations also suggested that high levels of recruitment in the
Atlantic resulted in a more northerly distribution of blue whiting in the Barents Sea
with a 2 year time-lag.

Survey catch rates of <19 cm blue whiting in the Barents Sea provide a proxy for the
year-class strength in the stock as a whole (Figure 2.6.2). The relationship was tight,
but also highly non-linear: strong year classes appeared disproportionally strong in
the Barents Sea. On log-log scale, the relationship between estimated recruitment and



ICES WKBLUR REPORT 2009

the survey index was approximately linear, with correlation coefficient of 0.89 (Figure
2.6.2).

The results of Heino et al. (2008) also suggest that distribution and abundance of blue
whiting in the Barents Sea is affected by local climate conditions (Figure 2.6.3). Over-
all abundance of blue whiting, measured either as incidence or mean catch rate, is
positively affected by recruitment in the Atlantic stock as well as strong inflow of
warm and saline Atlantic water (Hatan et al., 2009). Overall, effect of recruitment on
abundance of blue whiting in the Barents Sea appears larger than that of environ-
ment, as evidenced by correlation analyses. Nonetheless, of the analysed environ-
mental variables, salinity had the strongest effect. Because high salinity is the
fingerprint of the Atlantic water, this suggests that the occurrence of blue whiting is
primarily influenced by strong inflow of warm Atlantic water, rather than tempera-
ture per se. Based on their results, Heino et al. (2008) propose that strong inflow of
Atlantic water facilitates transport of juvenile blue whiting from the Norwegian into
the Barents Sea.

Table 2.6.1. Correlations between recruitment of blue whiting in the Atlantic and abundance in
the Barents Sea (Taken from Heino ., 2008).

RHW d'{lt'd Dl‘ltl’tﬁl’ldtﬁd d'{lt'tl

Carch rate Carch rate

1 1

Incidence Ind. nm™! Kg nm™ Incidence Ind. nm™! Kg nm™

Recruitment, year

t 0.57 0.72 0.59 0.23 0.46 0.30
t—1 0.53 0.62 0.59 0.43 0.48 0.46
t—2 037 0.46 0.50 0.35 0.24 0.35

Correlations different from zero at P < 0.05 are shown in bold; no adjustments for multiple comparisons are made in these
exploratory analyses. Detrending refers to detrending of log-transformed recruitment time series. N = 22.
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Figure 2.6.2 (a) Proportion of blue whiting of total length less than 19 cm (assumed conservative
maximum length of age 1 blue whiting) in Barents Sea survey hauls. (b) Catch rate of <19 cm blue
whiting in survey hauls. (c) Relationship between recruitment in the “main” Atlantic stock of blue
whiting in 1981-2002 (from ICES WGWIDE) and the catch rate of <19 cm blue whiting in Barents
Sea survey hauls. (d) After log-transformation, the relationship is approximately linear, with
correlation coefficient rp = 0.89. (After Heino ., 2008).
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Figure 2.6.3 (a) Time series of recruitment of blue whiting and variables describing the environ-
ment. Recruitment is the estimated recruitment (age 1 year) as reported by ICES WGWIDE. (b)
The ice index measures the difference between summer minimum and winter maximum of ice
cover in the Barents Sea; positive values indicate little ice. (c) Temperature and (d) salinity are
annual means from the Fugloya—Bear Island section. (After Heino ., 2008).

Additionally to the surveys conducted in the Barents Sea and Norwegian Sea, there
are other surveys where 0- and 1-group blue whiting are caught. For instance the
North Sea — Norwegian Deep shrimp survey (Tveite, 2000) regularly catches blue
whiting. However, there are difficulties with this survey with regards to changes in
gear and survey timing over the years. The survey started in 1984 as a 4t quarter
survey. The same vessel was used up until 2002bottom-trawl. More importantly, the
survey time was shifted to the 2nd quarter for the years 2004 and 2005, and to the 1st
quarter since 2006. Unfortunately, no 0-group blue whiting are encountered during
the first half of the year. Up until 2005, blue whiting were present in about 80% of all
hauls (Figure 2.6.4). At that time, catch rates dropped dramatically. It is still not clear
whether this is just a survey timing effect. Until 1996, all strong blue whiting year
classes were also represented in the North Sea — Norwegian Deep shrimp survey,
however, this was not the case thereafter.

The International Bottom Trawl Survey conducted in the North Sea also catches blue
whiting, especially in the northern North Sea and areas close to the Norwegian
Trench. The 1%t quarter IBTS (coverage of the northern North Sea since 1974) usually
catches blue whiting first as 1-group, whereas the 3 quarter IBTS (since 1991) catches
them first as 0-group. Fish of less than 21 cm are classified into the 1-group, and those
less than 19 cm are classified into 0-group. The strong 1989 year class was missing in
the 1st quarter survey, however the time-series shows the first strong recruitment
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period in the 1970s (Figure 2.6.5). Absolute catch rates are higher in the 3 quarter
survey, indicating that this survey covers a period when the younger 0-group fish are
especially abundant. Both surveys highlight again that recruitment in the past 4 years
was very poor.
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Figure 2.6.4. Encountered blue whiting in the North Sea — Norwegian Deep shrimp survey in
terms of relative occurrence in survey hauls (left panel) and catch rate in individuals caught per
nautical mile (right panel).
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Figure 2.6.5. Catch rates of blue whiting caught in the 1¢ (left panel) and 3" (right panel) quarter
IBTS in the North Sea. Units on the y-axes are in individuals per nautical mile.

Another survey that encounters young blue whiting and that might be used to pro-
vide a recruitment index is the 4t quarter French groundfish survey conducted in the
Bay of Biscay. This survey was only standardized in 1997; however, earlier surveys
do exist. Figure 2.6.6 shows that blue whiting are regularly caught and occurred in
about 90% of all trawl hauls. The blue whiting encountered are a mixture of 0- and 1-
group. The strong signal observed in 2006 is in agreement with observations of Sko-
gen et al. 1999, suggesting a split of the blue whiting stock into a northern and south-
ern component with different recruitment trends.
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Figure 2.6.6. Encountered blue whiting in the French groundfish survey conducted in the Bay of
Biscay. Relative occurrence in survey hauls (left panel) and catch rate in individuals caught per
nautical mile (right panel) are given.

Of course, surveys that specifically target Blue whiting at-age 1 will be vital to pro-
duce reliable indices of recruitment. Alternatively, recruitment indices could be de-
rived from already existing data. For instance, before the early 1970’s, larvae of fish
species sampled by the Continuous Plankton Recorder (CPR) survey were identified
in the analysis process. Available data of sampled fish larvae indicate that Blue whit-
ing made up about 10% of all identified fish species in the CPR data (Corten and
Lindley, 2003). However, afterwards, identification of fish larvae down to species
level was discontinued. Given the broad spatial coverage of the CPR tows and the
fact that Blue whiting larvae were sampled, there may be merit in analysing CPR
records to build-up a larvae abundance index time-series. Availability of early life
stage data will assist recruitment estimation (cf. assessment of North Sea herring,
ICES, 2009a). Further, modelling studies may be used to investigate abundances at
later life stages if egg and/or larvae data would be available.

Conclusions

In conclusion, there are several major problems with this assessment. The most im-
portant of these revolve around questions of stock-identity, and in particular the
treatment of this as a single stock. Although the assessment model tends to suggest a
relatively high degree of confidence in the results it generates, this is not borne out by
the historical retrospective plot, which shows a low precision and systematic bias in
estimates of recruitment. There are also significant concerns about the spawning
stock surveys. However, the basic conclusion that recruitment in this stock increased
in the late 1990s and has collapsed recently appears to be borne out, both by the as-
sessment (sufficient time has passed that the estimation of most year classes can be
considered reliable) and alternative data sources (e.g. the Barents Sea index). For the
purposes of this work, we therefore assume that the recruitment time-series has some
validity: nevertheless, significant questions remain and should be addressed by fu-
ture work.
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3.1

3.2

Background

The marine climate (temperature, salinity currents etc.) in the spawning area is highly
variable and provides the background against which changes in the dynamics of blue
whiting recruitment have occurred. The physical processes acting on the different
regions within the spawning area (the European continental shelf, open-ocean, the
Rockall Plateau and the other oceanic banks) differ and the variability which charac-
terizes the subregions is therefore also different. Here we examine the physical dy-
namics of each region as a way to set the stage for a later examination of the
biological environment (Section 4).

The main signals

3.2.1 Long-term trend

The entire North Atlantic region is influenced by the increasing northern hemisphere
Temperature trend (Beaugrand et al., 2002b), which is related to ongoing global
warming (Intergovernmental Panel on Climate Change 2007). This hemi-
spheric/global trend has a stronger influence on the relatively shallow European Shelf
Seas and on the waters near the continental shelf than it has on the much deeper oce-
anic regions. This type of variability (the first mode) has previously been linked to
increases in sea surface temperature (SST) and phytoplankton (Edwards et al., 2002)
and a decline in C. finmarchicus (Planque and Fromentin, 1996) in the North Sea (Fig-
ure 3.2.1).
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Figure 3.2.1. Variability modes related to northern hemisphere Temperature. Spatial patterns of
() the first Phytoplankton Colour Index mode (PCI), and ( ) the first SST mode. ( ) The corre-
sponding time-series (principal components; Hattn 2009a).

3.2.2 Large oceanic shifts (decadal to multidecadal)

The Rockall Trough, the Rockall and Hatton banks and the Iceland Basin are charac-
terized by decadal to multidecadal shifts (Figure 3.2.2). Three very different types of
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source water masses mix in these regions. Very saline water from the intergyre-
Biscay region in the south, water from the North Atlantic Current of intermediate
salinity and the much fresher contribution from the Subpolar Gyre. Variability of the
dynamics (size and circulation strength) of the gyre regulates the relative contribu-
tion of these water masses to the spawning regions. This type of variability is
represented by the so-called gyre index. The atmosphere regulates the decadal com-
ponent of this variability through sea-air heat loss in the Irminger-Labrador Seas and
through windstress curl in the Rockall region (Eden and Willebrand, 2001). The mul-
tidecadal component is probably driven by internal oceanic dynamics (Kushnir,
1994).
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Figure 3.2.2. The gyre mode of variability. (a) and (b) show the spatial patterns of simulated sea
surface height (SSH; Hatun 2005), and sea surface temperature (SST; Beaugrand
2002b), respectively. (c) and (d) show the associated time-series. (c) The SSH principal component
(inverted gyre index, red), and the northeastern North Atlantic SST (black dashed). These time-
series are also shown in (d), and the units refer to the SST series. (d) A previously reported SST
principal component (thick black line) based on PCA of observed SST (Beaugrand 2002b).

3.2.3 Sub-decadal oscillations

Clear sub-decadal oscillations ride on the slower longer term trend characterized by
the gyre index (Figure 3.2.3). This type of variability can be identified in the gyre
index more readily if it is calculated from satellite altimetry data, rather than derived
by simulation. In order to emphasize the sub-decadal oscillations (SDO) and to iden-
tify the spatial imprint of these on the oceans, the sea surface height (SSH) EOEF-
analysis by (Hdkkinen and Rhines, 2004) has been redone, but after a linear trend has
been subtracted from each data point (Figure 3.2.4). The SDO appear as the first mode
of variability, which demonstrates that this has been the most coherent pattern of
SSH, and thus, hydrographic variability of the North Atlantic Ocean since the early
1990s — disregarding the slower trend. The spatial imprint associated with the SDO
(Figure 3.2.4a) is shifted northwards and eastwards towards the Nordic Seas, com-
pared to the spatial imprint associated with gyre index, where the focus area is found
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in the Irminger Sea (Figure 3.2.3a). The principal component time-series (Figure 3.2.4)
clearly illustrates the SDO.
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Figure 3.2.3. The previously documented 'gyre mode’ obtained by applying a PCA to the sea sur-
face height (SSH) field in the northern North Atlantic (Hikkinen and Rhines, 2004; Hatin
2005). The gyre index is the first principal component (time-series) from this analysis (right pan-
el). The gyre mode is associated with especially large SSH changes, and thereby changes in circu-
lation, in the Iceland-Irminger basins (left panel)). Dominance of cold and fresh Subarctic water
in the Iceland Basin is associated with a high index value (implying a strong gyre circulation) and
dominance of warmer and more saline water of subtropical origin is associated with a low index
(weak gyre). The gyre index is plotted inverted.
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Figure 3.2.4. Shorter term climatic fluctuation between ‘Subarctic’ and ‘subtropical’ states. This
has been obtained as described in Figure 3.2.3, but after a linear trend has been removed from
each data-point. This type of variability is especially pronounced in the northeastern Irminger
Sea, the southern Norwegian Sea and the Iceland Basin (dark bluish colors in the left panel).

This type of variability is manly driven by regional atmospheric forcing, whereof the
sea-air heat loss is an important component (Figure 3.2.5)
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Figure 3.2.5. Point wise correlations between the SDO time-series (Figure 3.2.4) and the heat loss
from ocean. Atmospheric data from NCAR/NCEP reanalysis project (Kalnay , 1996) are used.

3.2.4 Pulses along the European continental shelf

The hydrography in the spawning region is not only regulated by the relative contri-
bution of the source water masses, but also by the characteristics of the source waters
themselves. The salinity of the Eastern North Atlantic Water (ENAW) from the south
is influenced by the variable influence of highly saline water from the Mediterranean
Ocean (Ellett et al., 1986; Holliday et al., 2000). Variability of the ENAW has a stronger
influence on the waters near the European continental shelf than it has on the open-
ocean region farther west. The hydrography along the continental shelf is character-
ized by strong pulses, or northward intrusions, of saline waters (Figure 3.2.6). This
type of variability is less clear in the oceanic regions. The driving mechanism behind
this type of variability is not well understood.



ICES WKBLUR REPORT 2009

3.3

35.45

364

=135.35

T

600 F

400

200

1985 1990 1995 2000 2005

Year

0
1980

Figure 3.2.6. Time-latitude/distance (Hovmiiller) plot of salinity at 300-m depths along the conti-
nental shelf edge from Porcupine Bank northwards. Only data from March to June have been
included. The salinity envelope 35.35-35.45 psu is emphasized with thick black lines. Available
data points are illustrated with small crosses. Updated from (Hatan , 2009b).

Splitting at Rockall

The interface between the Subarctic waters and the Atlantic water masses defines the
Subarctic front and thus the flow path of the North Atlantic Current (NAC) (green
solid arrows in Figure 3.3.1). The quantity of Subarctic water south of the southern tip
of the Rockall Plateau varies from nil to significant (Wade et al., 1997). When Subarc-
tic water is present at this location, a large proportion of the NAC flows into the
Rockall Trough and along the eastern side of the Rockall Plateau, embedding the
plateau in Subarctic water masses (Figure 3.3.1a). When, on the other hand, the Sub-
arctic boundary is located farther west and the NAC mainly flows along the western
side of the Rockall Plateau, both the plateau and the region south of Iceland are
flooded with warmer and more saline Modified North Atlantic Water (MNAW)
(Hansen and Osterhus 2000; Figure 3.3.1b). Because of the splitting of the NAC
around the Rockall Plateau, subtle changes in its flow path can cause large and rapid
shifts in the marine climate on and around the Rockall Plateau and in the Iceland
Basin.
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Figure 3.3.1. Simplified illustration of the source flows to the Rockall Region. ( ) A strong Subpo-
lar Gyre results in strong influence of cold Subarctic water near the Rockall Plateau (Subarctic
state). ( ) A weak gyre results in a warm subtropical anomaly near the plateau (based on Hatun

., 2005; subtropical state). Abbreviations - RP: Rockall Plateau and PB: Porcupine Bank.

3.3.1 Retention

The splitting mechanism of the NAC south of the Rockall Plateau is also probably
very important for the degree of retention around Rockall. A strong influx from the
NAC into the Rockall Trough might wash the Rockall Bank with oceanic water, and
thus break down the retention system (Dooley, 1984). This is highly important for the
young stages of fish.

Recent changes

In recent years, the gyre index shows that northeastern Atlantic and the Nordic Seas
have moved towards a more Subarctic state after 2004. This is verified as a decrease
in temperatures and salinity at several other locations in the Northern North Atlantic
(Holliday et al., 2009).

There was a sudden salinity increase in the Rockall Trough in 2008, but the slight
post-2004 temperature decline has continued (Holliday et al., 2009). This is rather
unusual, since salinity and temperature changes have typically been in synchrony.

An updated analysis from Hattn et al., 2009 shows that after the post-2003 freshening
a new salinity pulse appeared in 2008 (Figure 3.2.6). This was caused by a strong
episode of Iberian Poleward Current advecting saltier waters than those observed in
December 2006 and January 2007 (Holliday et al., 2009). The pulse has subsequently
spread to Icelandic and Faroese waters (Holliday et al., 2009).
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Biological processes potentially influencing recruitment of Blue
whiting

Complexity of the system

The general inability of the academic community to predict recruitment stems from
the complexity of the process, which is affected by both the number of offspring
(eggs) produced as well as the overall effect of density-independent and density-
dependent processes on all prerecruit stages (Figure 4.1.1). Density-dependent proc-
esses include competition for food with conspecifics and/or offspring of other species,
the predation by other species and the possibility of cannibalism. Included here are
also the potential effects of changes in stock structure; e.g. proportion of older, repeat
spawners in the population, which may affect both egg quality and spawning time,
and thereby indirectly the recruitment. Density-independent factors include all the
physical forces influencing prerecruits and their prey, hereunder changes in tempera-
ture, salinity and currents.

The link to predicting recruitment lies in the understanding of the actual processes
regulating recruitment, and how they are influenced by the external forces. There is
always a need to investigate all potential processes, both density-dependent and den-
sity-independent. Changes in the physical environment may be predicted by models,
and if the link to recruitment processes is known, it may be possible to predict the
recruitment.
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Figure 4.1.1. Conceptual model of the population-dynamics process (from Rothschild, 2000). Each
of the four stabilizing modules consists of density enhancing and density-dampening mechan-
isms. Food abundance transmits information to the population on its own abundance affecting
the density-enhancing response. Population density is transmitted to predators. If predators re-
spond by changing their efficiency, then predation is density-dependent. The model suggests
redundancy, in as much as food resources and predators are different at each life-history stage.
The physical environment may influence all processes.

The early life stages

Year-class strength in fish is frequently determined during the early life stages (Hjort,
1914). Here we review the current state of knowledge regarding the early life stages
of blue whiting.

Blue whiting spawning takes place at depths of 300 — 600m. The spawning period
extends from January/February to April/May. Spawning starts in the south (with the
main spawning during March and April (Skogen, 1999). Spawning takes place along
the shelf edge and banks west of the British Isles. Juveniles are abundant in many
areas, with the main nursery area believed to be the Norwegian Sea. The highest con-
centrations of blue whiting spawners and larvae have previously been found in the
vicinity of the Porcupine Bank (Hillgruber et al., 1995). Since then, larger concentra-
tion are observed farther north, especially west of the Hebrides.

There are currently no directed surveys conducted for blue whiting eggs and larvae.
SAFOS have analysed CPR (Continuous Plankton Recorder) samples and worked up
data up until 1972. Significant quantities of blue whiting larvae are present in CPR
samples (Corten, 2003). A project is underway to analyse samples after 1972, but re-
sults will first be available after a year or two from now.

Several studies have been carried out to examine the movements of blue whiting eggs
and larvae. Adlandsvik ef al. (2001) used a mathematical model of the vertical distri-
bution of fish eggs and larvae in response to changes in their buoyancy and applied
this to blue whiting. Observations on the vertical distributions of eggs and larvae of
blue whiting were presented, together with experimental measurements of their
buoyancy. The modelling results show that this change in blue whiting egg density
results in the eggs being positively buoyant initially and rising through the water
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column, and then during the latter half of development they descend. This maintains
the eggs as bathypelagic until hatching. After hatching the larvae ascend towards the
surface. During this ascent, functional eyes and jaws develop. By the time the larvae
reach the surface layers, where suitable food items are found, they are capable of
feeding exogenously. Larvae are found in the upper 60m of the water column indicat-
ing some combination of passive rising or active vertical migration of the larvae from
the depth of spawning. In the particular case of the spawning area for blue whiting,
vertical stratification of the water column is weak during spring, and consequently a
small change in egg buoyancy or water density will have a large influence on the
vertical distribution of the eggs.

Larval drift is an important factor for recruitment and several studies using numeri-
cal circulation models for simulation of larval drift have been carried out. The possi-
ble importance of the variability of the drift pattern for the recruitment of blue
whiting has been studied by Svendsen et al. (1996) They showed that large variations
in the drift patterns were seen from year to year, but generally much larger amounts
of larvae than expected drifted southward from the Porcupine Bank area west of Ire-
land to the Bay of Biscay. Typically larvae hatched on the northern side of the Porcu-
pine Bank drift northwards through the Faroe-Shetland Channel, and most of these
larvae are located on the shelf.

Oceanographic modelling has been used to examine movements of blue whiting eggs
and larvae by Skogen et al. (1999). A hypothesis put forward was that the southern
stock will spawn in an area where the eggs and larvae are likely to drift southwards
and the northern stock where the eggs and larvae will drift northwards. Based on
modelled drift patterns they found that a possible separation line was located at
54.5°N but this was subject to significant interannual variability over the twenty years
studied.

Work conducted by Bartsch and Coombs (1997) using a three-dimensional model
suggests that particles released on the Porcupine Bank drifted southwards with a
separation at about 53-54°N. Eggs and larvae from species that spawn on the shelf
edge are vulnerable to advection into areas of unsuitable larval food supply, in-
creased predation risk or to subsequent inappropriate nursery grounds. Mortality
may be high during these early life stages. Behavioural characteristics of the post-
larvae such as shoaling and vertical migration will also influence subsequent disper-
sal as the increased motility of the late larval stages makes them less influenced by
passive planktonic drift.

An investigation of larval growth histories was carried out in 2007 (Brophy and King,
2007). Groups that are spatially or temporally distinct after hatching show measur-
able differences in the larval portion of the otolith. This study has shown that larvae
from the Bay of Biscay grow faster than those from more northerly spawning areas
showing that mixing of fish from these areas is limited. It also confirmed that fish
spawning to the west of Ireland and Scotland, do not form a randomly mixing unit
and that subunits within this aggregation have experienced differences during the
larval phase. The dispersal of larvae influences the subsequent dispersal of spawning
adults. The factors responsible for the variability that was observed in otolith growth
were not tested by this study. It is likely that differences in larval otolith growth rate
reflect variation in temperature and food supply along larval drift trajectories, and
they may also be influenced by the timing of hatching and by selective mortality dur-
ing the larval phase.
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The role of food

4.3.1 Svuitable prey for blue whiting larvae

Unfortunately, the precise prey requirements of blue whiting larvae are poorly
known. The prime prey candidates, however, are the copepods Pseudocalanus, Acar-
tia and Oithona. (Bailey, 1982).

4.3.2 Food availability can determine larval survival

The survival of larvae is determined by the availability of suitable prey items. Both
the quantity and the quality of prey are important for larval survival. These factors
could be the reason for the apparent higher survival of larvae when the currents
floating across the Porcupine Bank and the Rockall Bank originate in the south con-
taining larger proportions of suitable prey. On the other hand, the water masses com-
ing from the west, when the Subpolar Gyre is strong, contain different fauna that
may or may-not be suitable prey items (Hattn el al., 2009b).

Recent findings indicate that the biomass of zooplankton (i.e. mostly Calanus spp.) in
the Nordic Seas is decreasing, and that this could be partly due to increasing bio-
masses of the large pelagic stocks feeding in the area (herring and mackerel). It could
also be postulated that the low plankton abundance would put a pressure on young
(0 and 1 group) blue whiting feeding on small zooplankton in the area. Larger blue
whiting usually feed in deeper waters on euphausiids (krill), however, there is very
little information on biomass estimates.

4.3.3 Use of CPR data in analysis of prey

The work-up of historical CPR data should be prioritized. Since very few studies exist
of feeding of blue whiting larvae, this would allow for an analysis of potential prey
availability in the areas where blue whiting larvae drift after spawning. One problem
with CPR data are that they do not catch the larger zooplankton, such as krill and
larger amphipods. But young stages of krill have been reported, and therefore there
is a potential to identify krill abundance during the early part of summer when
young stages grow up.

The role of growth

Many recruitment studies are based on the premise that there is a single, clearly iden-
tifiable factor responsible for the annual production of marine fish. Authors have
often focused on density independent factors affecting recruitment, involving bio-
logical responses to physical processes. The major hypotheses are the following: (1)
Starvation (incl. growth-mortality hypothesis) (2) Predation (3) Physical dispersal (4)
Disease. Anderson (1988) suggested that the hypothesis that survival is a direct func-
tion of growth provides a rational theoretical framework for recruitment research and
was suggested as a basis for future work.

In the growth-mortality hypothesis (Ware, 1975; Shepherd and Cushing, 1980), it is
hypothesized that predation decreases with increasing size, (Folkvord and Hunter,
1986; Pepin 1991). Higher growth rates therefore enhance the chance of survival by
reducing the length of the predation window, i.e. the time the larvae is “small” and
an easy target for predators. Conditions that determine growth rate during larval
phase, such as food availability (direct) and increased ambient temperature (indirect)
leading to faster growth, will therefore ultimately determine survival. Pepin et al.
(1987) have demonstrated this is generally true for vertebrate and invertebrate ma-
rine predators.
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There are unfortunately no known studies that have examined the relationship be-
tween growth rates and survival/mortality in blue whiting. Nevertheless, by exten-
sion from other species, this hypothesis could be expected to play a significant role in
the survival of the early life stages blue whiting.

The role of predation

Predation is a complex factor in the survival of larvae that is poorly understood (Bai-
ley and Houde, 1989; Fuiman, 1994). At the late larval stage, predation by inverte-
brates generally decreases substantially, whereas the predation pressure exerted by
fish increases (Fuiman and Gamble, 1989). The mechanism behind better survival has
been described by reduced overlap with predators (Fortier and Quinonez-Velazquez,
1998; Lapolla and Buckley, 2005; Nishimura et al., 2007; Husebg et al., 2009).

There are no known studies focusing on the predation on blue whiting eggs and lar-
vae. However, potentially there may be several predators, and mackerel is one that
has the clear potential to graze down the blue whiting eggs and larvae. Olaso et al.
(2005) demonstrated a shift in the mackerel diet from over 90% krill to over 90% blue
whiting from spring to autumn off northern Spain (Figure 4.5.1 and Figure 4.5.2).
Sabral and Murta (2002) also found that blue whiting was the main prey in mackerel
stomachs off Portugal.

Hence, mackerel may feed on the eggs and larvae of blue whiting, thus affecting blue
whiting recruitment negatively. Mackerel also are also to be found in the blue whit-
ing spawning region: Figure 4.5.3 shows the results of mackerel egg counts in the
period 7 May to 3 June 2007 (ICES WGMEGGS 2007), where the eggs are found rather
far west and north off the Hebrides, indicating an extension of the historical spawn-
ing distribution (ICES WGMEGGS 2007). Predation by mackerel upon the early life-
stages of blue whiting therefore appears feasible in terms of both diet considerations
and spatial/temporal overlap.

Furthermore, the degree of spatial overlap in the spawning distribution of blue whit-
ing with mackerel varies (Figure 4.5.4), with overlap being reduced in years with
good blue whiting recruitment. The hypothesis of mackerel predation is therefore
consistent with the observations obtained this far. Initiatives for stomach sampling of
mackerel on the blue whiting spawning grounds and along the drift trajectories
should therefore be taken in order to further explore this hypothesis.
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Figure 4.5.1. Mackerel diet in terms of weight of prey in per cent off northern Spain in spring and
autumn by length group (Olaso , 2005).
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Figure 4.5.2. Mackerel diet in terms of weight of prey in % of body weight off northern Spain in
spring and autumn by length group (Olaso , 2005).
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Figure 4.5.3. Mackerel egg production by half rectangle for survey period 4 (7 May — 3 June 2005).
Filled blue circles represent observed values, filled red circles represent interpolated values,
black crosses represent observed zeroes, red crosses interpolated zeroes.
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Figure 4.5.4. Maps showing mean catch of blue whiting by ICES squares in the prespawning
period (quarter 1) during a period with low recruitment (a) 1989-1996, and a period of high re-
cruitment (b) 1997-2005 (Hatun , 2009b), and the overlap with mackerel (based on catch dis-
tribution in 2005; Figure taken from Loeng 2009).

The role of competition

Since all large fish stocks in the Norwegian Sea are pelagic, the fish—fish interactions
appear much less pronounced than in areas, where there are both large demersal
stocks, as well as pelagics. However, it is known that blue whiting feed upon
mesopelagic fish, and when available, 0-group herring (Monstad, 2004). A diet over-
lap between herring and juvenile blue whiting is also found. Both species prey on
Calanus finnmarchicus (Bjelland and Monstad 1997). Prokopchuk and Sentyabov
(2006) demonstrated a diet overlap between all the large pelagic stocks in the Norwe-
gian Sea: herring, mackerel and Blue whiting (Figure 4.6.1). The diet of Atlantic
salmon (Salmo salar L.) in the Norwegian Sea consists of a wide range of different
food items, but they seem to prefer fish if available. Herring, redfish (Sebastes spp.)
and blue whiting are known prey items (Holm et al., 2004); however, the biomass of
salmon is very low compared to the other pelagic stocks in the area, thus the effect is
probably minimal as to how much the feeding by salmon influences other stocks
(Holm et al., 2004).
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Figure 4.6.1. Average abundance of (number in stomach) in the diet of

mackerel, herring, and blue whiting in the Norwegian Sea in 2001-2002. From Prokopchuk and
Sentyabov (2006).

4.6.1 Biomass, Production and Consumption

To compare the different trophic levels within the Norwegian Sea, one of the main
feeding areas for adult blue whiting, published estimates of biomass, production and
consumption have been used. The consumption estimates are what each trophic level
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eats, not how much of the trophic level is eaten. The Norwegian Sea estimates have
been taken from Skjoldal et al. (2004), except for seabirds, which were obtained from
Anker-Nilssen and Lorentsen (2004). For the Norwegian Sea production estimates,
the wet weight production was divided by total area times the conversion factor from
wet weight to carbon (i.e. 10, as assumed by Skjoldal et al., 2004).

Zooplankton dominates the biomass spectra with over 10 times greater biomass than
that of phytoplankton in the Norwegian Sea (Figure 4.6.2). In the Norwegian Sea the
estimated consumption by zooplankton exceeds the production of phytoplankton,
even after taking into account carnivorous zooplankton. The estimates of primary
production assumed that regenerated production was two times the new production.
If the regenerated production is three times the new production, then there is a closer
fit between the estimates of primary production and consumption by herbivorous
zooplankton (Skjoldal et al., 2004). This indicates the level of uncertainty in such esti-
mates. The highest consumption to production levels occur for seabirds and marine
mammals, so although their biomass and production are relatively minor in compari-
son with the other trophic levels, their consumption is still important due to their
relatively high metabolic maintenance costs.

While such estimates, especially of production and consumption, require many as-
sumptions, are highly uncertain, and must be interpreted with extreme caution, they
do provide a means for comparison within regions. Such exercises in future for the
Norwegian Sea and other relevant areas should focus on using similar species and

assumptions.
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Figure 4.6.2. The estimated biomass, production and consumption by trophic level in the Norwe-
gian Sea. Descriptions of the data sources are provided in the text. The vertical axis is in gCm-2
for biomass and in gCm-2 y-1 for production and consumption (Loeng and Drinkwater, 2007).

Larvae and young blue whiting feed on zooplankton in the Norwegian Sea and Fig-
ure 4.6.2 clearly indicates that the Norwegian Sea produces enough zooplankton to
feed the large amount of pelagic fish that live there. However, Figure 4.6.3 clearly
shows that the biomass of zooplankton in the Norwegian Sea and adjacent areas has
decreased during the last fifteen years. In parallel, the biomass of pelagic fish (blue
whiting, mackerel and Norwegian spring-spawning herring) has increased. The ques-
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tion therefore becomes: is there enough food in the Norwegian Sea to feed almost 30
million tonnes of pelagic fish and have the pelagic stocks reached a size where they
negatively affect their own recruitment through overgrazing of their food resources?

An increasing mean water temperature in the feeding area shifted the southern dis-
tribution edge of an important prey item for adult blue whiting (Calanus finmarchicus)
northwards (ICES, 2008). In addition, the average biomass of zooplankton in the
Norwegian Sea has shown a steadily decreasing trend since 2002 (Figure 4.6.3). Thus
large changes in the plankton abundance and species composition have occurred the
last several years in the main feeding area for blue whiting. More detailed studies are
needed to quantify these effects and their implications for the blue whiting stock.
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Figure 4.6.3. Fluctuations in total biomass of pelagic fish and zooplankton in the Norwegian Sea
(Loeng ,2009).

The decrease in zooplankton is also demonstrated in Figure 4.6.4. From 2000 to 2005,
most of the decrease took place in the central Norwegian Sea, while there were small
changes northeast of Iceland. In 2009 the zooplankton biomass was low all over the
area.
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Figure 4.6.4. Zooplankton biomass in the Norwegian Sea in (top panel) May 2000, (middle panel)
May 2005 and (bottom panel) May 2009 (Source: PGNAPES reports 2000, 2005 and 2009).

Another indication of the low availability of prey may be seen in Figure 4.6.5 and
4.6.6, which show changes in the catch weight at-age since 1980. Since the early 1990s,
the average weight at-age for fish older than three years has been decreasing. The
report from WGWIDE (2008) stated that “there are several possible explanations for the
overall negative trend in mean weight at-age, and hence growth, through the last 15 years”.
However, they underline that “...an in depth analysis of the causes, which would be
needed for any kind of forecast, is outside the scope of working group.”
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rate biological information in context of the physical system, it must be emphasized
to have an overview over the physical variability taking place in the different loca-
tions during the relevant period (see Section 3). Important spatial dimensions, judg-
ing from physical and biological variability and from data availability, will be
discussed separately.

4.7.2 North and south (of the Porcupine Bank)

Blue whiting (Micromesistius poutassou) in the Northeast Atlantic system probably
consists of several stocks. For assessment purposes two main components, one
spawning along the slope north of and one along the slope south of the Porcupine
Bank, have been assumed. The Porcupine Bank area has been considered a transition
zone.

4.7.3 Along the European continental shelf (the s-axis)

The densest concentrations of spawning blue whiting are typically found along the
European continental shelf and the data coverage is also highest along this dimension
(Figure 4.7.1). Large north-south shifts in the spawning distribution along this di-
mension have been related to changes in the Subpolar Gyre: strong gyre and cold
conditions — southerly position; and vice versa for a weak gyre. The largest concen-
trations of spawning blue whiting are found within relatively narrow ranges of sa-
linity (35.35-35.45 psu) and temperature (9-10°C) ((Hatan et al., 2008; Hatun et al.,
2009b; Henderson 1957; Schmidt 1909; Figure 4.7.2).

The spawning distribution in 2008 and 2009 was at a very northerly position, in
agreement with the northward salinity intrusion (Figure 4.7.2). So the linkage be-
tween spawning distribution and hydrography seems to be more linked to salinity
than to temperature.

% # Profiles

: l >150

150

a0

Latitude

20 8 18 -4 12 -0 & 4 2 20 -8 -6 14 12 10 8 6 -4 -2
Longitude Longitude

Figure 4.7.1. Data coverage and the -axis. ( ) Spatial coverage of acoustic surveys (1981-2007)
showing the fraction coverage of each 0.5° latitude x 0.5° longitude square and ( ) number of
hydrographic stations with available data at 300 meter depths during the 1981-2007 period,
binned into the same geographical squares. Squares with no acoustical data or fewer than five
hydrographic stations are colored grey. The s-axis is shown with the dots and the truncation ra-
dius ( ) is illustrated with white thin lines. EL: Ellett Line.
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Figure 4.7.2 ( ) Time-latitude/distance (Hovmiiller) plot of normalized biomass density of blue
whiting along the European Continental Slope ( -axis, see Figure 4.7.1). The thin black curve
shows a gyre index based on the simulated sea surface height in the northeastern Atlantic, and
the white line shows an extension of this index based on satellite altimetry (Hakkinen and
Rhines 2004, updated). The red curve shows salinity averaged over depth range 0-800 m at the
Ellett Line (Holliday , 2000; see Figure 4.7.1). White areas indicate absence of survey data. ( )
Hovmiiller plot of salinity at 300-m depths along the -axis. Only data from March to June have
been included. The salinity range (35.35-35.45) encompassing the densest blue whiting observa-
tions in ( ) is emphasized with thick black lines. Available data points are illustrated with small
crosses. Updated from (Hatun ,2009b).

The peaks in the recruitment time-series appear to be linked to the shorter term salin-
ity pulses that appear along the s-axis (see section 3.2.4), but which are not evident in
the gyre index (Figure 4.7.3). The recruitment peaks appear to start at the onset of
salinity pulses.
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Figure 4.7.3. Hovmiiller plot of salinity at 300-m depths along the -axis and the recruitment time-
series (not to scale).

4.7.4 On-off Rockall

The temperature/salinity sensitivity of spawning blue whiting and large hydro-
graphic changes around the Rockall Plateau indicate that the east-west/on-off Rockall
dimension is highly important. Large on-off Rockall shifts in the spawning distribu-
tion along this dimension have been related to changes in the Subpolar Gyre: strong
gyre and cold conditions — off Rockall, weak gyre and warm conditions — on Rockall.

Blue whiting larvae data from the Continuous Plankton Recorder (1951-1970) along
this dimension support this on-off Rockall hypothesis (Figure 4.7.4).
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Figure 4.7.4. The -axis (black dots) and positions with larvae data from the CPR

(red dots) during the period from 1951 to 1970. The truncation radius ( ) (Hatan et al. 2009b) is
shown with the blue dashed lines. ( ) Longitude-time (Hovmiiller) plot of the normalized larvae
counts. The red line shows the sea surface temperature (SST). Available data points are shown
with the crosses.
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Fisheries data also support this hypothesis (although such data should be treated
with care due to political regulations) (Hatan et al., 2009b).

We have previously suggested the following possible causal relations between re-
cruitment and the on-off Rockall shifts: Firstly, that eggs and fry starting on the pla-
teau will follow different drift paths from those starting on the shelf, which would
enlarge and diversify their nursery area and thereby improve growth/survival oppor-
tunities of the larvae. Secondly, that a potentially strong retention of water masses
near the Rockall Bank during warm low-gyre index years (Dooley 1984) might pro-
vide good local growth conditions. Thirdly, that larval development near Rockall
might be in closer synchrony with production cycles of key prey types (zooplankton),
than nearer the continental slope (Bainbridge and Cooper, 1973).

Differentiating between these competing hypotheses is a challenging task which
should be validated by i) applying hydrographic drift modelling to investigate how
the initial position of eggs and larvae might influence the downstream spread of lar-
vae and the environment they encounter, ii) establishing regular field studies to sam-
ple larvae growth/size and feeding intensity/food content simultaneously in the
spawning areas and in the downstream larval feeding areas, and relate this to the
ambient prey availability and the hydrographic environment

4.7.5 East (North Sea) — West (Iceland)

Clear east-west shifts have been demonstrated for the post-spawning migration pat-
tern of blue whiting (Hatun et al., 2009a). These shifts co-vary with the dynamics of
the Subpolar Gyre:

Strong gyre and cold conditions give rise to an easterly migration pathway, while
weak gyre and warm conditions result in a westerly migration pathway (Figure
4.7.5).
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Figure. 4.7.5. The western index for blue whiting catches (black) plotted together with ( ) the
inverted gyre index and ( ) the total annually averaged blue whiting landings by all fleets (Hattn
,2009a).

This east-west dynamics has been linked to the on-off Rockall shift in spawning dis-
tribution.

4.7.6 The fringes (north/west Iceland and the Barents Sea

The fringe areas of the distribution might experience a “spillover” effect. The influ-
ence of marine climate on the stock dynamics might therefore be especially clear in
these areas.

Two hypotheses are put forward: to explain the fluctuations in the Barents Sea. First,
rich year-classes in the main Atlantic stock of blue whiting may contribute to in-
creased abundance in the Barents Sea. Second, variations in hydrography, such as
influx of warm Atlantic water, may be particularly important in this fringe area
(Heino et al., 2008).

The role of stock structure

Changes in stock structure can have a considerable influence on the reproductive
potential of a stock and this in turn could contribute to the recruitment variability
(Trippel, 1999). The compositions of the spawning stock, whether size or age struc-

| 45



46 |

4.9

ICES WKBLUR REPORT 2009

tured, along with individual fish condition are of importance for the stock reproduc-
tive potential (Marshall ef al., 1998, 2000; Trippel, 1998). Moreover, it is quite common
in fish that first-time spawners spawn later in the season than the repeat spawners
(Slotte et al., 2000). Hence, the proportion of recruits among the spawners may have a
significant effect on spawning time, thereby indirectly affecting the survival since
hatching time is found to be significant factor influencing recruitment in fish (Fortier
and Quinonez-Velazquez, 1998; Lapolla and Buckley, 2005; Nishimura et al., 2007;
Husebg et al., 2009).

Given the large changes in recruitment observed in this stock, it is reasonable to ex-
pect that there have been correspondingly large changes in the stock structure. Such
changes would have been especially important at the start of the high-recruitment
period (spawning stock dominate by first time spawners) and the end (spawning
dominated by repeat spawners). However, the dramatic changes in recruitment ap-
pear to that have induced changes in the stock structure (rather than vica versa) and
therefore it would appear that this is, at most, a second order effect.
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5 Potential for Prediction

“Prediction is very difficult, especially about the future.” - Niels Bohr

The previous section examined a range of different hypothesizes that are potential
candidate mechanisms that may account for the wide range of recruitment observed
in the blue whiting stock in recent times. Under the assumption that all of these hy-
pothesizes are (or could be) understood, there is therefore the (theoretical) potential
for making predictions over differing time-scales regarding the recruitment to this
stock. Here we examine the possibilities for making such a projection. In doing so, we
distinguish between recruitment variability (i.e. the variance of recruitment about a
mean value) and the variability of the recruitment (i.e. changes in the mean recruit-
ment value). Given that accounting for the recruitment variability requires a full
characterization of both the mean value and the associated distribution, and thus is
significantly more complex, here we choose to focus solely on the potential for pre-
dicting the recruitment (i.e. the mean value) as a function of time.

In doing so, however, we must take great care with the basis for making such a pre-
diction. In order to make such a prediction, it is first necessary that we understand
the system at hand, and particularly the processes driving it. The break-down of re-
cruitment-environment correlations several years after their publication is a well
known and documented phenomenon in the fisheries literature (Myers, 1998). Given
the uncertainty in our current state of biological knowledge (Section 4), we therefore
apply Niels Bohr’s wisdom and avoid making outright predictions. Instead, here we
discuss the possibilities of, and necessary conditions for, making such predictions.

5.1 Short-term predictions

5.1.1 Baseline

When considering any form of statistical prediction, it is useful to have a baseline
prediction model against which to compare other models: only in cases where the
proposed prediction scheme can be shown to statistically outperform the baseline
case should the newer scheme be considered. One can envisage many such baseline
cases, many of which will perform reasonably well (e.g. drawing cards with “high”,
“middle”, or “low” from a hat). As a baseline prediction model here, we note the
high degree of autocorrelation visually apparent in the time-series of recruitment,
and therefore propose the following baseline model:

“Recruitment next year will be the same as this year”

The correlation between recruitments in successive years is highly significant
(p<0.001, r>=0.547, Figure 5.1.1), suggesting strong support for this baseline model.
Furthermore, we can generalize this result further by examining the autocorrelation
function for the (log) recruitment time-series i.e. the correlation between values sepa-
rated by various lags (Figure 5.1.2). The autocorrelation is found to be significant at a
lag of two years (albeit marginally), but the autocorrelation breaks down for longer
lags. This suggests a significant potential prediction mechanism two years into the
future by simply assuming that recruitment as the same as the previous year.

Such a result is not surprising: visual examination of the recruitment time-series sug-
gests a high degree of autocorrelation, essentially switching between high and low
recruitment regimes and remaining at those levels for some time. Such a model, how-
ever, is of little use in predicting when the changes between states occur. Further-
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more, in the absence of any real process understanding, the long-term robustness of
such a model is unclear. Nevertheless, it provides a useful baseline against which
other models can be tested.
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exhibit dramatic changes during the mid 1990s, whilst the time-series appear to have
diverged in the most recent one-two years (note, for example, the 2005-07 cohorts in
Figure 5.1.4). Lag analysis involves shifting the time-series with respect to each other
and as a result, both time-series are essentially truncated (due to the lack of overlap at
the start and end of the series): whilst this may not be a problem in very long time-
series, in this situation the effect is to disregard the data points at either end of the
time-series. However, these are also the points that show the greatest disagreement
between the time-series (e.g. the 2005-2007 cohorts) and therefore it is not surprising
that removing them in this manner improves the correlation. Similar mechanisms can
be envisaged for the recruits-per-spawner. This phenomenon, therefore, acts to ob-
fuscate the possible existence of any time-lagged mechanisms in this system.

Furthermore, we note that none of these models, even if we were to believe in them
fully, are capable of making predictions with a high degree of reliability — the best of
these, log(recruitment) is a linear function of the gyre index with a lag of 2 years, (12 =
0.42) is still inferior to the baseline model.
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5.3

is impacted, suggests that two to three-year predictions of ecosystem change may be
feasible. Model experiments promise the potential for medium-term forecasts (5-10
years) of the development of the Subpolar Gyre (Lohmann et al., 2008a; Lohmann et
al., 2008Db).

The internal oceanic dynamics in the North Atlantic Ocean has a relatively long
‘memory’. Such changes that have been referred to as the Thermo-Haline mode
(Kushnir, 1994) have characteristic multidecadal oscillations (i.e. the Atlantic Multi-
decadal Oscillation). If the oscillations are persistent, they might be used for medium-
term predictions.

Long-term prediction

Long-term prediction requires input from Global Circulations Models (GCM). How-
ever, for a more regional scale, downscaling is necessary. One way to go might be to
select the models that reproduce the circulation in the area best up to present, and use
the output from these models as input for the regional models and run the models for
the period from now and to 2100 (as in the IPCC). This will give indications on how
some typical feature, like the Subpolar Gyre, will behave in future. We might get
indication on when and how often we should expect strong or weak gyre. By using
this information in biological models or using biophysical models, we could get in-
formation on periods with strong and weak recruitment of e.g. blue whiting. How-
ever, we would never be able to identify single years of good recruitment in a period
where we in general have poor recruitment. An example on to link input from GMC-
models with regional biophysical modelling was done for plankton production in the
Barents Sea by Ellingsen et.al. (2008)

5.3.1 Need for different types of models

Climate models use quantitative methods to simulate the interaction of the atmos-
phere, oceans, land surface, and ice. They are used for a variety of purposes from
study of the dynamics of the climate system to projections of future climate. The re-
sults may be used as input in biophysical models. Dynamics of the Subpolar Gyre has
been studied with numerical models. Hatun ef al. (2005) have defined a regional gyre
index based on simulated sea surface height using the MICOM model, while Maurit-
zen et al. (2006) have used a 50-year time-series of the same model to relate position-
ing and strength of the gyre to the exchange of water across the Greenland-Scotland
ridge. The spawning products are transported from spawning to nursery areas with
the ocean currents. This can be simulated using particle tracking and circulation
models. Variability and sensitivity of this drift to shifts in the spawning distribution
could easily be simulated by perturbations of the release positions (in both space and
time) of the particles in the model.

Biological models are conceptual representations of biological processes. In general,
these are expressed numerically, i.e. we aim to capture the essence of biological phe-
nomena as formulae or equations. Biological models may be as simple as a general
relationship between food and growth, or as complex as a description of the detailed
interactions within a highly structured ecosystem. No matter how simple or compli-
cated a model is, it will always be an abstraction of the natural process it is trying to
replicate. The challenge is to identify and retain the most relevant elements. Zoop-
lankton production and variability of the Norwegian Sea have been modelled by e.g.
Slagstad using the SINMOD model. At IMR an individual based model (IBM) of the
copepod Calanus finmarchicus have been implemented (Hjello, Huse, Skogen, in
prep.) and coupled to the circulation model ROMS and primary production model
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NORWECOM to study production and stock dynamics of C. finmarchicus in the Nor-
dic Seas. This model will further be used to investigate the interannual variability of
primary and secondary production in the area over the last 20-30 years. There is also
an ongoing project (INFERNO) to couple a fish (mackerel, herring, blue whiting)
migration model (Utne, Huse et al., in prep.) to the C. finmarchicus model.

Bio-physical models combine the physical and biological models, and may be used to
explain the long-term trends in abundance of phyto- and zooplankton and fish spe-
cies as a function of ecological and climate change, and their population dynamics in
the actual area. Bio-physical models might be used to identify linkages between phys-
ical conditions and fish populations’ parameters like recruitment, drift of spawning
products and distribution. Huse et al. (2008) investigated the indications of a negative
impact of herring recruitment of Norway pout in the North Sea. Using a Lagrangian
particle tracking model in combination with IBTS data of herring and Norway pout,
the drift of Norway pout larvae was simulated and potential predation of the larave
from herring implemented. The analyses indicate a negative impact by herring on
recruitment on Norway pout, with a Beverton-Holt model improved fit from r>=0.04
(without herring predation) to 1>=0.31 when herring was considered. An analogous
approach may yield similar improvements in understand and predictive power in the
case of blue whiting.
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6.1

In this work, we have examined the recruitment dynamics of blue whiting in the
North Atlantic with a view to understanding whether it is possible to make recruit-
ment forecasts on a short, medium or long-term basis.

Firstly, the WKBLUR workshop examined the reliability of the recruitment estimates
produced by the stock-assessment. The assessment is of a relatively poor quality, and
there are strong patterns observed in the historical retrospective analysis beyond the
estimation uncertainties produced by the assessment method. Furthermore, recent
work has highlighted that the management unit employed does not match biological
and oceanographic evidence of structure within the stock. Additionally, while the
“as-assessed” recruitment shows good correlation with other alternative recruitment
indices (e.g. the Barents Sea indices), the relationship between these time-series in
light of the aforementioned stock-identity issues is unclear. A benchmark assessment
on this stock is scheduled for 2011 that will address these issues in more detail, in-
cluding a potential division of the current stock into two separate components: in the
absence of such new results, the workshop concluded that the quality of the recruit-
ment time-series is unclear, and possibly poor, but addressed the remaining ToRs on
the assumption that the assessed time-series represents the underlying dynamics of
the stock.

The workshop reviewed and updated existing work on both the oceanography in the
region and the distribution dynamics of blue whiting, particularly focusing on the
most recent observations — there was no evidence to suggest that results regarding
the spawning distribution recently reported in the literature have become invali-
dated.

The workshop examined a broad selection of hypothesizes that may explain the re-
cruitment dynamics of this stock. The group focused on two potential mechanisms
that may account for the hypothesized linkage between the oceanographic climate
and the recruitment dynamics. The first of these (“the predation hypothesis”), is cen-
tred on the role of mackerel predation: changes in the spawning distribution, and
therefore the distribution of spawning products, lead to changes in the mackerel-blue
whiting larvae overlap, and therefore the degree of predation. The second hypothesis
(“the food hypothesis”) centres on the amount and availability of food to the larvae
and juveniles: changes in the oceanographic conditions may change the food avail-
ability, ultimately impacting larval/juvenile growth, survival and recruitment. The
workshop was not able to accept or reject either of these hypotheses: more research if
therefore required.

Finally, the workshop examined potential schemes that could be used for generating
recruitment forecasts. A high-degree of autocorrelation is present in the time-series,
and indeed the assumption that recruitment in the following year is the same as the
recruitment in the previous year was found to give relatively good predictions
(r>=0.57). However, in the absence of a detailed process understanding, it was not
possible to move beyond such basic schemes towards making genuine, knowledge-
based, forecasts. Further research may resolve this issue, and the precise mechanics of
how such a prediction scheme may work were discussed.
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Annex 2: The Subpolar Gyre Index

Many of the hypotheses presented here revolve around the North Atlantic Subpolar
Gyre. The gyre consists of relatively cold and low-saline anticlockwise rotating Su-
barctic water masses. Such an oceanic structure on the northern hemisphere results in
low sea level anomalies, compared to the geoid. When the gyre is anomalously cold,
the peripheral fronts between the central Subarctic waters and the warmer surround-
ing waters of Atlantic origin become tighter — the anticlockwise circulation intensifies.
The opposite happens when the gyre is relatively warm. The sea level anomaly (SLA)
in the northern North Atlantic is therefore a good proxy for the water mass character-
istics, circulation strength and shape of the Subpolar Gyre. By applying Empirical
Orthogonal Function (EOF) (Preisendorfer, 1988) analysis to satellite-based SLA ob-
servations, Hakkinen and Rhines (2004) have previously demonstrated that the gyre
declined throughout the 1990s. The same analysis, but based on simulated SLA data,
showed that the 1990s decline was part of decadal too multidecadal variability of the
gyre (Hatan et al., 2005). Furthermore, it was shown that the hydrographic variability
of the spawning region of blue whiting west of the British Isles was regulated by the
strength/shape of the Subpolar Gyre (Hatan et al., 2005).

The update time-series of the gyre index is constructed by merging the model-based
and the satellite-based indices. The scaling of the indices is based on a regression
analysis between the two time-series over their overlapping period, 1993 to 2003. The
satellite-based time-series represents the merged series during this period.

Here we present an updated time-series of the gyre index for future reference.

YEAR GYRE INDEX REMARKS
1961 0.0663 Model output
1962 0.0704 Model output
1963 0.0887 Model output
1964 0.1543 Model output
1965 0.1618 Model output
1966 0.2153 Model output
1967 0.1235 Model output
1968 0.1239 Model output
1969 0.1451 Model output
1970 0.0779 Model output
1971 0.0452 Model output
1972 -0.0562 Model output
1973 -0.1055 Model output
1974 -0.1393 Model output
1975 -0.1309 Model output
1976 -0.2016 Model output
1977 -0.0967 Model output
1978 -0.0560 Model output
1979 -0.0064 Model output
1980 0.0491 Model output
1981 0.0985 Model output
1982 0.0823 Model output

1983 -0.0712 Model output
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YEAR GYRE INDEX REMARKS
1984 -0.1666 Model output
1985 -0.0937 Model output
1986 -0.0975 Model output
1987 -0.0671 Model output
1988 -0.0562 Model output
1989 -0.1466 Model output
1990 -0.2045 Model output
1991 -0.2505 Model output
1992 -0.2228 Model output
1993 -0.3655 Satellite altimetry data scaled to model outputs
1994 -0.5160 Satellite altimetry data scaled to model outputs
1995 -0.4314 Satellite altimetry data scaled to model outputs
1996 -0.0113 Satellite altimetry data scaled to model outputs
1997 0.0839 Satellite altimetry data scaled to model outputs
1998 0.1525 Satellite altimetry data scaled to model outputs
1999 -0.0296 Satellite altimetry data scaled to model outputs
2000 -0.2714 Satellite altimetry data scaled to model outputs
2001 0.1106 Satellite altimetry data scaled to model outputs
2002 0.1060 Satellite altimetry data scaled to model outputs
2003 0.3430 Satellite altimetry data scaled to model outputs
2004 0.2838 Satellite altimetry data scaled to model outputs
2005 0.2002 Satellite altimetry data scaled to model outputs
2006 0.1751 Satellite altimetry data scaled to model outputs
2007 0.1177
2008 0.0525
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Annex 3: Recommendations

The assessment model has changed and assessment settings have also been altered in
recent years. A consistent assessment method with well defined settings is needed for
this stock. This should be examined in detail by the benchmark assessment which is
planned for 2011.

There is also a need to investigate other possible recruitment indices. The Barents Sea
index shows close correlations with the recruitment estimates that are generated from
the assessment. Other surveys which catch juvenile blue whiting should also be ex-
amined.
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