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Summary

1. Monthly series of abundance indexes for the English Channel squid stock, based
on fishery statistics of the United Kingdom (1980-93) and France (1986-96), were
compared with water temperature data. The two objectives of the study were to test
empirical predictive models and to analyse the stock—environment relationship at
various time scales; both correlation and time-series statistical techniques were
applied. Sea surface temperature (SST) showed inter-annual fluctuations and month-
to-month auto-correlation in addition to the annual cycle.

2. Trends in squid landings and temperature at the annual scale were found to be
related, whatever the statistical method used (moving averages, cumulative functions
or regression using averaged data).

3. Variable selection applied in a ‘multi-month’ model suggested that fishing season
indexes could be predicted from temperatures observed in the previous winter. The
link between mild winter conditions and cohort success in winter/spring spawning
species suggested that early life survival (and/or growth) was involved. This empirical
model is a first step in the development of environment-predicted recruitment indexes
useful for management advice.

4. Seasonal decomposition was performed on both the squid resource data and SST
data in search of short-term relationships. In spite of the flexibility of the loliginid
life-cycle, no significant relationship was found between squid seasonally adjusted
indexes and temperature anomalies in the previous months. This underlined the
conclusion that temperature effect on cohort success was not constant throughout the

year.
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Introduction

The role of climate in the regulation of year-class
strength is a question of major interest for scientists
when estimating the effect of global climatic change
on fisheries. Sea surface temperature (SST) is among
the commonest parameters used to measure climatic
change (Colebrook 1976; Colebrook & Taylor 1979).
Water temperature can directly and indirectly affect
marine poikilotherm populations. Cephalopod popu-
lations show highly variable growth rates and low
inertia — due to their short life span — which suggests
that temperature should markedly affect the size of
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such stocks (Caddy 1983). However, the relationship
between temperature and cephalopod abundance is
not well documented (Fogarty 1993).

The well studied Japanese squid Todarodes pacificus
(Okutani 1983) shows abundance and migration pat-
terns that depend on the fluxes of cold and warm
currents around Japan (Murata 1989). In the North-
west Atlantic squid lllex illecebrosus, egg development
seems to be inhibited below a threshold of 12:5°C
(Coelho etal. 1994). In the European squid Loligo

forbesi, Holme (1974) initially suggested a link

between temperature and reproduction success. How-
ever, Pierce (1995) provided the first evidence of an
empirical relationship between resource level and tem-
perature. This analysis used data from the Northern
North Sea — division ‘IVa’ of the International Coun-
cil for the Exploration of the Sea (ICES) (Anonymous
1996) — and the best relationship was obtained with
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squid stocks around the North of Scotland (ICES
division IVa and VIa).

The aim of the present paper is to examine empirical
relationships between loliginid stock-size and tem-
perature in the English Channel (ICES divisions VIId
and VlIle).

The English Channel squid stock is a mixing of
Loligo forbesi and Loligo vulgaris populations (Robin
& Boucaud-Camou 1995). Both species have an
annual life cycle (Holme 1974; Guerra & Rocha 1994)
with different timing. In the English Channel stock,
recruitment of L. forbesi begins in June whereas L.
vulgaris enters the fishery in September/October and
the fishing season ends in April/May (Pierce, Bailey
& Robin 1996). Preliminary trials of stock assessments
have been computed using depletion methods (Pierce,
Bailey & Robin 1996). The results for the period 1989—
93 showed that monthly Landings Per Unit of Effort
(LPUE), and total landings of commercial fleets could
be used as abundance indexes. There is currently no
management for these species and conventional mod-
els used in the management of finfish stock, like sur-
plus production models or cohort analysis, are hardly
applicable (Pierce & Guerra 1994). These authors sug-
gest, on the other hand, that environmental conditions
should prove to be important predictors of stock size.

In the present study, squid landings and tem-
perature (SST) data sets were analysed in order to
answer the following questions.

e [s it possible to predict the strength of the annual
cohort using temperature?

e Within a year, what months have temperatures that
play the most important role in the determination
of the cohort strength?

e [s there any relationship between temperature devi-
ation from the annual cycle and abundance ano-
malies?

Materials and methods

This study makes use of existing, historical, data sets
which have been analysed with two groups of stat-
istical techniques: linear regression methods and time-
series analysis.

DATA SETS USED
Fishery data

Stock-size indices for English Channel loliginids were
derived from UK and French landings from com-
mercial vessels fishing in the area (ICES divisions VIId
and VIle). United Kingdom data were obtained from
national institutions, Scottish Office for Agriculture,
Environment and Fisheries Department (SOAEFD)
Aberdeen Marine Laboratory and the Ministry of
Agriculture Fisheries and Food (MAFF) Lowestoft
Fisheries Laboratory, with a monthly time-series for
the period 1980-94. French data were obtained from

the Centre Administratif des Affaires Maritimes
(CAAM), on an annual basis for the period 1980-85
and monthly for the period 1986-1996.

Environmental data

Sea surface temperature data were obtained from the
AVISO marine database managed by Météo-France.
In this database, in-situ measurements and satellite
images are combined in an interpolation model (Reyn-
olds & Smith 1994) that computes daily SST on a grid
of one-degree latitude by one-degree longitude. From
the grid, the subset of 10 points falling in the English
Channel was used to calculate monthly averages over
the period 1979-93. In addition, a complementary
time-series (monthly averages of daily SST measure-
ments) was used that was collected at Flamanville
between 1986 and 1996 (Drévés 1997). This data set
is more local, although it comes from a central part
of the English Channel where water currents are very
strong. Mixing is sufficient here such that tem-
peratures are homogenous throughout the water col-
umn at any time of the year (Pingree, Pennycuick &
Battin 1975).

It is worth noting that, although Sea Surface Tem-
perature is a very commonly recorded parameter, con-
tinuous time-series of in-situ measurements are rarely
available. For example, in the ICES Oceanographic
database there is a very good temporal coverage for
the North Sea, but there are many gaps in English
Channel data such that the database was useless for
this study.

Fishery data were used cautiously as squid biomass
indexes. As often as possible, analyses were repeated
on all available data sets. In the following analyses,
UK landings were always compared with Météo-
France SST time-series (1980-93), whereas French
landings were compared with the Flamanville tem-
perature series (1986-96).

STATISTICAL ANALYSIS

Abundance indexes and temperature data sets col-
lected on a monthly basis show a temporal structure.
Dominant patterns reflect seasonal SST fluctuations
and the squid annual life cycle. Time-series analysis
and multivariate methods were therefore used to take
into account the different components of both squid
stock and temperature fluctuations.

Preliminary analysis of each data set

The first goal for the analysis of the fishery statistics
was to check the quality of the time-series and the
possibility of using the landings data as an index of
biomass level. This was done with a series of graphs
comparing the landings of different fleets (French and
UK trawlers) and also landings, effort and Landings
Per Unit of Effort (LPUE). Effort for UK trawlers is
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fishing time (hours) and for French trawlers, it is a
combination of fishing time and vessels engine power.
French trawlers Units of Effort are thus hours fishing
for a standardized 100 kW boat.

Environmental changes between and within years
cannot readily be ascertained with the original SST
time-series (Fig.1). Thus, the Météo-France series
(1980-93) was analysed by tabulating the 14 years ser-
ies (rows = years, columns = months) and under-
taking a Principal Component Analysis to describe
temperature variability and month to month cor-
relation.

On both SST data sets (Météo-France and Fla-
manville) no significant linear trend was detected
which indicated that time-series analysis could be
applied.

General trends analysis

Relationships between inter-annual variations in
cohort strength and in temperature were sought using
three different techniques.

1. Correlation between Moving Averages. Each
monthly time-series (biomass index and SST) was
replaced by a series of 12-month moving averages
centred on each original value (-5, +6).
2. Correlation between Cumulative Functions. Cumu-
lative functions were first used in industrial quality
control. They have been usefully adapted to the analy-
sis of chronological data in oceanography (Dauvin
etal. 1993; Ibanez etal. 1993; Fromentin & Ibafiez
1994).

In both squid stock and SST time-series, the global
mean of the series (Yg) was used to build a cumulative
function (C,), where:

t
C,=> 2 with Z=Y-7, eqn 1
=1

In these two methods, a correlation coefficient is com-
puted between variables that are intrinsically auto-
correlated. In that case, usual tests for a statistically
significant correlation cannot be applied. A Monte-

Carlo procedure was used instead. Simulated values
based on a random subset of the series are computed
2000 times to estimate confidence limits for the cor-
relation coefficient.

3. Linear regression fitting of annual data. Life cycles
in English Channel loliginids indicate that annual
cohorts are exploited during a fishing season ranging
from June until April/May. Fishing season indices
(total landings of a fleet or LPUE) were compared
with annual average temperatures. Two coefficients,
Pearson’s correlation coefficient and Spearman’s rank
coefficient, were computed, the first one being more
powerful and the second one being distribution free.

Seasonal aspects of temperature effect

Fishing season indices were also compared with tem-
peratures observed in a calendar month. The aim was
to determine at which season temperatures play a
deterministic part in cohort strength. An empirical
‘multi-month’ linear regression model was developed.
Temperature variables initially entered in the model
were chosen, taking into account temperature struc-
ture as revealed by the Principal Component Analysis
of temperatures described above. Regression analysis
was then carried out with a variable selection based
on two criteria (Mallow’s Cp and R?).

Short-term relationships

Squid stock indexes and SST both undergo seasonal
fluctuations. Deviations from this pattern, that is the
anomalies, were extracted using seasonal decompo-
sition. Cross-correlations between anomalies were
determined in order to express the predictable part
of squid stock anomalies as the output of a transfer
function model of temperature (Fogarty 1989). By
analysing cross-correlations with lags of less than
12 months, short-term relationships were sought.
Seasonal decomposition requires series with homo-
geneous variance and without any long-term trend. It
was performed on log-transformed and differentiated

SST (°C)

—
|

-+ Météo-France —— Flamanville

Fig. 1. SST-fluctuations in Météo-France and Flamanville data sets.
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data Z; (where i denotes the year and j denotes the
month).
The decomposed series were written as:

Z; = my+s;+d; eqn2

(where m;; is the centred moving average (-6, + 6), s;
is the mean seasonal index of each month, and dj, is
the irregular component) and seasonally adjusted data
(SAD):

SAD; = my+d; = Z s, eqn3

Results

DATA SETS STRUCTURE
Squid biomass indexes

Annual landings from French and UK Fisheries
(Fig. 2) show synchronous patterns during the over-
lapping period. UK landings represent a small pro-
portion of English Channel production; however,
squid is a by-catch resource for UK trawlers, and
reductions observed in 1984-85 should correspond to
a lower stock-size as in 1990. The French trawlers
time-series (Fig.3) shows that total landings and
LPUE have very similar fluctuations in a context of
constant fishing effort. Changes in total landings can

5000

thus be considered to describe changes in the popu-
lation biomass.

SST data

Principal Component Analysis illustrates the main
traits of monthly SST fluctuations (Fig.4a). Com-
ponents 1 and 2 explain more than 73% of the varia-
bility in the 12-month array (respectively, 57% and
16%). Monthly variables are well represented on the
correlation circle, all positively related to Component
1, they split according to Component 2 where ‘summer
months’ are positive and ‘winter months’ are negative.
The projection of individual years in the plane of
Components 1 and 2 underlines that Component 1
reflects ‘between-year’ changes and that Component
2 reflects seasonal structure ‘within-years’ (Fig. 4b).
For example, ‘cold years’ 1980, 1981 and 1984 are
negative on axis 1 and ‘warm years’ 1989 and 1990
are positive. The second axis separates 1982 and 1991
which have a similar temperature average, one with a
‘cool’ summer (1982) and the other one with a ‘mild’
winter (1991).

The positive correlation of all variables with the
first component, which corresponds to ‘between-
years’ fluctuations, suggests that a cold year has lower
temperatures in all months. A second result of this
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Fig. 2. English Channel squid landings per fishing season: Solid line = UK fleet; dotted line = French fleet (Il = harbour

production, A = trawlers’ landings).
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Fig. 3. English Channel season data of the French trawlers fishery: A = total landings (tonnes); 4 = fishing effort (standardized

hours); [] = LPUE kg of squid per standardized fishing time.
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Fig. 4. Principal component analysis (projection in the plane of Components 1 and 2): (a) variable vectors in the Correlation

Circle; (b) individuals (years) scatterplot in the Factorial Plan.

analysis is that close months have temperatures closely
related (the weakest relations correspond to a change
of seasons, e.g. in May/June).

Principal Component Analysis of the Flamanville
data set shows a similar structure (with all variables
positively correlated to Component 1 which explains
59% of the variability). Differences may be related to
the time range (1986-96), which does not include cold
years such as 1985.

GENERAL TRENDS

Landings and temperature moving averages show
synchronous fluctuations in the periods 1980-82 and
1986-96 (Fig.5). The correlation coefficient (r)
between the series is 0-82. Estimated with the Monte
Carlo procedure, 95% confidence limits (0-77-0-87)
indicate a significant relationship. Some parts of the
moving averages plots may suggest a lag in fluctuation
in landings which peak later in 1982 and also in 1988.

However, this does not apply to the whole series and
correlation decreases when landings are shifted.

Cumulative Functions have been plotted for the
two groups of available data (Figs6 and 7). Annual
cycles remain more clearly visible in the temperature
Cumulative Functions as a simple result of smaller
between-year variability than within-year variability
for this variable. In both cases, Cumulative Functions
of landings and temperature show related trends. Cor-
relation is higher in the UK series (0-84 with con-
fidence limits 0-80-0-88) than in the French (0-57 with
confidence limits 0-46-0-67). It is worth noting that the
greatest departure between landings and temperature
functions is observed in the 1990-92 period, which
covers a larger part of the French series (1986-96).

A linear model describing UK fishing season land-
ings as a function of annual temperature confirms
that general trends are related (Fig.8). In spite of a
significant correlation (Table 1), confidence contours
indicate that such empirical models would be inap-
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Fig. 5. Moving Average series from June 1980 to June 1993 (Météo-France SST and UK squid landings).
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Table 1. Correlation analyses of season squid landings vs.
SST (Pearson’s —r,— and Spearman’s —r correlation
coefficients)

UK landings vs France HP vs
Météo-France  Flamanville

SST SST
Number of fishing seasons 14 10
r Pearson (rp) 0-72 0-63
Probability: P(r, = 0) 0-003 0-050
Spearman (rg) 0-85 0-62
Probability: P(r, = 0) 0-002 0-061

propriate for management purposes. The non-para-
metric Spearman’s coefficient also gives a significant
correlation, which suggests that the model is not an
artefact due to outlying numerical values. On an
annual scale, French landings are a shorter series (10
fishing seasons) and correlations with mean tem-
peratures do not reach a significant level.

SEASONAL ASPECT OF TEMPERATURE EFFECT

A more detailed analysis shows that landings during
a fishing season are mainly related to winter and spring
temperatures (Table 2). UK landings show the closest
relationship with January-SST, and French landings
are significantly correlated with temperatures
observed in February. On the other hand, landings
peak in September in both fisheries, although there
is no significant relationship between landings and
temperatures observed in summer or autumn.

The analysis of temperature structure has already
underlined correlations between close calendar
months. Because of this, only one variable (February)
was selected in the multi-month model of French land-
ings. The best empirical model of UK landings (Fig. 9)
was obtained with March SST and the first quartile
of each year’s temperatures (equivalent of the three
coldest months average) (r = 0-78 with a probability
P[r = 0] = 0:000).

COMPARISON OF TIME-SERIES ANOMALIES

Seasonally Adjusted Data have been computed for
UK landings and MétéoFrance SST. These anomalies

do not show any significant correlation at any lag
(Fig. 10). In both series, tests for randomness indicate
that the irregular component (d;) is a ‘white noise’ of
random data. Just like SAD, the irregular component
series do not show any correlation. The consequence
of this lack of correlation is that no transfer function
model could be fitted between variations at the short
time scale.

From the statistical point of view, a non-significant
correlation should not be considered as proof that the
phenomena are totally independent. With the data
sets used, it shows that possible effects of temperature
anomalies on squid do not occur with a constant lag,
in a constant direction, or with a constant intensity.

Discussion

Results from the correlation and time-series analyses
show that squid cohort strength is related to water
temperature, especially to winter temperature. This
stock—environment relationship is suggested by two
groups of data sets, which reduces the risk of spurious
trends.

SST data sets that were used to describe English
Channel temperature look very similar to the, incom-
plete, Roscoff Marine Station series (Dauvin & Jon-
court 1991; Dauvin et al. 1989) with cold temperatures
in 1986 opposed to a warming in 1989-90. Air-tem-
perature data at coastal stations provide longer series
but the pattern seems slightly different (Fromentin &
Ibaniez 1994). The 14-year long Météo-France data
set does not seem to be long enough to exhibit a long-
term cycle of climate change: 11 years according to
Southward, Hawkins & Burrows (1995), 8-7 years in
Glémarec, Lebris & Le Guellen (1986) and Fromentin
& Ibafiez (1994).

Data sets from the commercial fishery provide
longer time series than finfish research cruise data
where cephalopod catches are not consistently
recorded. For instance, Channel Groundfish Surveys
(CGS) carried out in October by IFREMER include
squid catches since the 1993 cruise (Carpentier 1993).
However, it is worth noting that average CPUE in the
1993-96 cruises follow the same trend as commercial
fishery landings and emphasize that biomass and
abundance are closely related (Robin, Denis & Carp-
entier 1998).

Table 2. Correlation analyses of season squid landings vs. calendar month temperatures (Pearson’s —r,— and Spearman’s

—r, — correlation coefficients)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 95% limit
UK-data Ip 071 067 059 NS 063 061 NS NS NS NS 05 069 053
rs 0-75 071 0469 066 067 058 NS NS NS NS 062 066 053
France- Ip NS 071 NS NS NS NS NS NS NS NS NS 065 063
HP data rs NS 073 NS 065 NS NS NS NS NS NS NS 075 064
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Fig. 9. Multiple linear model of UK season landings, Observed and Predicted values (selected SST variables are March
temperatures and the First Quartile of temperatures within each year).
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Fig. 10. Cross-correlations between Seasonally Adjusted Data of both UK landings and SST (with landings lags of 0-

12 months).

Positive correlations between biomass indexes and
SST do not, of course, prove that squid populations
are directly controlled by temperature. However, this
observed synchrony suggests hypotheses about the
underlying phenomenon (Sinclair & Frank 1995).

At the annual scale, English Channel squid popu-
lations seem to be favoured by warm temperatures. A
similar trend has already been observed in a number of
finfish stocks (Southward, Hawkins & Burrows 1995).
Cushing (1982) demonstrated that in periods of warm-
ing Octopus vulgaris could occur in the Western Engl-
ish Channel as a result of a shift in distribution range.
It is worth noting that the northern limit of Loligo
vulgaris is north of the English Channel. The low
inertia of squid stocks is underlined by the rapid
increase of landings in 1982 and 1989. Lower levels
follow shortly after such peaks.

Each one of the three methods used to describe
annual trends highlights one particular aspect of the
correlation. Simple regression of annual averages
shows that in spite of a significant correlation the
quality of predictions based on such an empirical
model would be rather poor. Cumulative functions
are useful to show the consequence of small changes in
the series which, when cumulated, are better-detected
(Ibaniez er al. 1993). For instance, the mismatch
between temperature and biomass trends in the 1990—
92 period is highlighted in both UK and French data
sets. Moving Averages (MA) are not so much a tool
for analysing annual trends as a preliminary step

towards seasonal decomposition. With that aim, it is
worth showing that landings and SST MA show a
positive correlation when within-year anomalies
(departures from the seasonal trend) do not.

Detailed correlation analysis using calendar month
data shows that squid stock indexes depend on tem-
perature in the previous winter. This is in agreement
with other empirical models based on environmental
variables originating from the North Sea (Pierce
1995). Variables selected in the UK multiple model
include the first quartile of temperatures and not the
annual minimum. The consequences of a sharp tem-
perature decrease seem to be smaller than that of a
long cold winter. Relationships between winter tem-
perature and cohort strength of a winter/spring
spawning stock (Holme 1974) (J.P. Robin & E. Bou-
caud-Camou, unpublished data) suggest that early
life-stages of squid are sensitive to temperature or to
temperature-related parameters, such as food avail-
ability, as demonstrated in the North Sea by Con-
tinuous Plankton Recorder surveys (CPR Survey
Team 1992). However, population indices describing
biomass fluctuations are not sufficient to understand
which mechanism dominates between mortality chan-
ges and/or growth changes. This would require true
abundance indexes (LPUE in numbers). In the case
of French landings, this desirable information could
be derived from the Fishery Statistics because squid
landings are sorted by commercial categories of rather
homogeneous size (Robin & Boucaud-Camou 1995).
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The life cycle of both Loligo forbesi and Loligo
vulgaris is often considered as highly flexible (Boyle,
Pierce & Hastie 1995). Mature animals are observed
during several months and the extended spawning
season is a source of ‘microcohorts’ (Guerra etal.
1992) whose success depends on a variety of environ-
mental conditions within each fishing season. The
short-term analysis indicates that this scheme may not
apply to English Channel populations or at least not
with a straightforward response of squid stock to a
single parameter. The lack of correlation between SST
and squid-stock anomalies suggests that positive ano-
malies in temperatures are not necessarily followed by
an increase in squid biomass, whatever the time in the
year. The timing of life-cycles has to be taken into
account and temperature is likely to have a variable
effect according to the life-stage.

In conclusion, this first analysis of environmental
variations in relation to the English Channel squid
stock suggests that loliginid recruitment level can be
predicted by temperature. This is a first step in the
development of predictive tools that will be useful for
management advice. Predictions of stock-level can be
used to regulate fishing effort for biological and/or
economical objectives. Long-standing series are
necessary to fit a predictive model, which should be
improved by updating the data sets and also by taking
into account additional environmental predictors.
Such models are still empirical but then also suggest
hypotheses on key life stages that might affect cohort
success.

Acknowledgements

This work was funded by the Commission of the Eur-
opean Communities within the frame of the EEC
research programme in the fisheries sector (FAIR —
1520 — ‘Cephalopod Resource Dynamics’).

We thank Dr G.J. Pierce (University of Aberdeen)
for his help in obtaining the UK fishery data set and
Mr M. Martini (Centre Administratif des Affaires
Maritimes St Malo) for the French fishery statistics.

We also thank Mr J. Poitevin and Mr L. Degeilh
(Météo-France — AVISO S.C.E.M. PREVI/MAR)
and Mr L. Dréveés IFREMER) for the Météo-France
and Flamanville SST data sets.

References

Anonymous (1996) Report of the Working Group on Cepha-
lopod Fisheries and Life History. Lisbon, 17-19 April, CM
1996/K 3, International Council for the Exploration of the
Sea. Copenhagen.

Boyle, P.R., Pierce, G.J. & Hastie, L.C. (1995) Flexible repro-
ductive strategies in the squid Loligo forbesi. Marine
Biology, 121, 501-508.

Caddy, J.F. (1983) The cephalopods: factors relevant to their
population dynamics and to the assessment and man-
agement of stocks. Advances in Assessment of World

Cephalopod Resources (ed. J.F. Caddy), pp. 416-52. FAO
Fisheries Technical Paper, 231. FAO, Rome.

Carpentier, A. (1993) Compte-rendu de la campagne Channel
Ground Fish Survey (CGFS). Internal Report IFREMER

Coelho, M.L., Stobberup, K.A., O’Dor, R. & Dawe, E.G.
(1994) Life history strategies of squid, Illex illecebrosus, in
the North West Atlantic. Aquatic Living Resources,7,233—
246.

Colebrook, J.M. (1976) Trends in the climate of the North
Atlantic Ocean over the past century. Nature, 263, 576—
577.

Colebrook, J.M. & Taylor, A.H. (1979) Year-to-year chan-
ges in the sea-surface temperature, North Atlantic and
North Sea 1948-74. Deep-Sea Research, 26A, 825-850.

CPR Survey Team (1992) Continuous plankton records: the
North Sea in the 1980s. Marine Science Symposium, 195,
243-248.

Cushing, D.H. (1982) Climate and Fisheries. Academic Press,
London.

Dauvin, J.C., Dewarumez, J.M., Elkaim, B., Bernardo, D.,
Fromentin, J.M. & Ibanez, F. (1993) Cinétique d’Abra
alba (mollusque-bivalve) de 1977 a 1991 en Manche-Mer
du Nord et relation avec les facteurs climatiques. Analyse
descriptive par la méthode des sommes cumulées. Océ-
anologica Acta, 16, 413-422.

Dauvin, J.C. & Joncourt, M. (1991) Température et salinité
de I’eau de mer au large de Roscoff de 1988 a 1990. Cahier
de Biologie Marine, 32, 545-550.

Dauvin, J.C., Joncourt, M., Latrouite, D. & Ragéneés, G.
(1989) Température et salinité de I'’eau de mer au large de
Roscoff de 1983 a 1987. Cahier de Biologie Marine, 30, 5—
10.

Dréves, L. (1997) Surveillance écologique et halieutique du
site de Flamanville, année 1996, rapport annuel. /FRE-
MER, eds. Del|Brest.

Fogarty, M.J. (1989) Forecasting yield and abundance of
exploited invertebrates. Marine Invertebrate Fisheries:
Their Assessment and Management (ed. J.F.Caddy), pp.
701-24. John Wiley and Sons, New York.

Fogarty, M.J. (1993) Recruitment distributions revisited.
Canadian Journal of Fisheries and Aquatic Science, 50,
2723-2728.

Fromentin, J.-M. & Ibaifiez, F. (1994) Year-to-year changes
in meteorological features of the French coast area during
the last half century. Examples of two biological responses.
Oceanologica Acta, 17, 285-296.

Glémarec, M., Lebris, M. & Le Guellen, C. (1986) Modi-
fication des écosystémes des vasiéres cotiéres du Sud-Bre-
tagne. Cost 47, Hydrobiologia, 142, 159-170.

Guerra, G. & Rocha, F. (1994) The life history of Loligo
vulgaris and Loligo forbesi (Cephalopoda: Loliginidae) in
Galician waters (NW Spain). Fisheries Research, 21, 43—
69.

Guerra, A., Rocha, F., Casas, F. & Fernandez, M.T. (1992)
Loligo vulgaris and Loligo forbesi (Cephalopoda, Loli-
ginidae): their present status in Galician Fisheries. CM
1992:/K: 40, International Council for the Exploration of
the Sea (ICES), Copenhagen.

Holme, N.A. (1974) The biology of Loligo Forbesi Streen-
sturp (Mollusca: Cephalopoda) in the Plymouth area.
Journal of Marine Biological Association of the United
Kingdom, 54, 481-503.

Ibaiiez, F., Fromentin, J.M. & Castel, J. (1993) Application
of the cumulated function to the processing of chrono-
logical data oceanography. Compte Rendu de I'Académie
Des Sciences Paris, Sciences de la Vie/Life Sciences, 316,
745-748.

Murata, M. (1989) Population assessment, management and
fishery for the Japanese common squid, Todarodes
pacificus. Marine Invertebrate Fisheries: Their Assessment



110

Squid stock and
temperature
changes

© 1999 British
Ecological Society,
Journal of Applied
Ecology, 36,
101-110

and Management (ed. J.F. Caddy), pp. 613-36. J. Wiley
and Sons, New York.

Okutani, T. (1983) Totarodes pacificus. Cephalopod Life
Cycle (ed. P.R. Boyle), pp. 201-14. Academic Press, Lon-
don.

Pierce, G.J. (1995) Stock assessment with a thermometer:
correlations between sea surface temperature and landings
squid (Loligo forbesi) in Scotland. CM 1995/K: 21, Inter-
national Council for the Exploration of the Sea (ICES),
Copenhagen.

Pierce, G.J., Bailey, N. & Robin, J.P. (1996) Stock assessment
for Loligo spp. in the North East Atlantic. CM 1996/K:
23, International Council for the Exploration of the Sea
(ICES), Copenhagen.

Pierce, G.J. & Guerra, A. (1994) Stock assessment methods
used for cephalopod fisheries. Fisheries Research, 21, 255~
285.

Pingree, R.D., Pennycuick, L. & Battin, G.A.W. (1975) A
time varying model of mixing in the English Channel.
Journal of Marine Biological Association of the United
Kingdom, 55, 975-992.

Reynolds, R.W. & Smith, T.M. (1994) Improved global sea
surface temperature analyses using optimum interp-
olation. Journal of Climate, 7, 929-948.

Robin, J.P. & Boucaud-Camou, E. (1995) Squid catch com-
position in the English Channel bottom trawl fishery. pro-
portion of Loligo forbesi and Loligo vulgaris in the landings
and length-frequencies of both species during the 1993-94
period. CM 1995/K: 36, International Council for the
Exploration of the Sea (ICES), Copenhagen.

Robin, J.P., Denis, V. & Carpentier, A. (1998) Distribution
and abundance indexes of East English Channel squid popu-
lations: comparison of commercial trawlers LPUE and
CGFS research cruise data. CM 1998/M: 22, International
Council for the Exploration of the Sea (ICES), Copen-
hagen.

Sinclair, M. & Frank, K.T. (1995) Symposium summary.
Climate Change and Northern Fish Populations (ed. R.J.
Beamish), pp. 735-739. Canadian Special Publication of
Fisheries and Aquatic Science 121.

Southward, A.J., Hawkins, S.J. & Burrows, M.T. (1995)
Seventy years’ observations of changes in distribution and
abundance of zooplankton and intertidal organism in the
western English Channel in relation to ring sea tempera-
ture. Journal of Thermal Biology, 20, 127-155.

Received 23 January 1998, revision received 8 December 1998



