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ABSTRACT

The effect of temperature on the common octopus life cycle has been well studied. However, how other
climatic patterns affect them is poorly understood. The present work emphasises the importance of the
temperature on common octopus catches by the small-scale trap fishery off the Canary Islands, and also
highlights the effect of the North Atlantic Oscillation (NAO) pattern. As well as an inverse and significant
correlation between octopus abundance (measured as CPUE) and Sea Surface Temperature (SST), a direct

Keywords:
Octopus vulgaris
Canary Islands
Climatic variability
/North Atlantic Oscillation (NAO)

relationship between abundance and NAO, off the Canary Archipelago, is reported. Using ?gnear model
(Im) with a stepwise procedure, SST is found to be the most important and significant variabl

accounting for 34.21%. Meanwhile, the NAO became more important in spring with 28.64% and a 31.13%
of the explained variance in autumn.

in autumn,

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Due to the short life cycle and fast growth of many cephalopod
species, the standing stock (or biomass) of a given area may not
necessarily be a good indicator of its exploitation status. The short
overlap in successive cohorts creates a lack of “buffering” for nat-
ural fluctuations in abundance that is driven by oceanographic or
climatic factors. For these reasons, in these species it is more feasi-
ble to differentiate the climatic effect from the influence of fishing,
because their response to environmental fluctuations should be
faster (Hernandez-Garcia et al., 2002; Pierce et al., 2008).

Common octopus (Octopus vulgaris) is one of the most impor-
tant target species for the industrial fleets which operate in the
Northwest Africa upwelling system (Balguerias et al., 2000; Faure
etal., 2000). It is also the case for the small-scale trap fishery off the
Canary Islands, since it represents 2-32% of the total catch landed
by the local fleet (Hernandez-Garcid et al.,/1998, 2002; authors data
unpublished).

This cephalopod fluctuates drastically on large spatial and tem-
poral scales, due to changes in biological and physical variables that
have been proposed as determining factors in its survival (Faure et
al., 2000). Solari (2008) pointed out that the capture oscillations

* Corresponding author. Tel.: +34 928454549 fax: +34 928452922.
E-mail address: jcastro@pesca.gi.ulpgc.es (J.J. Castro-Hernandez).
/‘\Tel.: +34 928454549; fax: +34 928452922,

0165-7836/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.fishres.2009.12.006

during the last 50 years of O. vulgaris in the Northwest African
upwelling system are intimately connected to the North Atlantic
Oscillation (NAO) index variation. However, although it may be one
of the climate variables which could cause fluctuations in cephalo-
pod abundance (Sims et al., 2001), its effect is complex even if it
shows a positive and linear relationship with captures (Hsieh and
Ohman, 2006). Locally changes due to atmospheric forcing can be
rapid, but to see them on a large-scale, several years are needed
(Bjerknes, 1964; Visbeck et al., 2003).

Capture oscillation could be a consequence of a combination
of recent past climate variability and the effect of high fishing
pressure on paralarvae and yearly recruitment. Moreover, it is nec-
essary to bear in mind that this species has a very short life cycle,
around |1 year, and the duration of its embryonic development
and the planktonic stage of its paralarvae are highly temperature
dependent (Mangold, 1983; Hernandez-Lopez et al., 2001). Also
the seasonal temperature oscillations greatly affect its benthic set-
tlement (Katsanevakis and Verriopoulos, 2006b). Therefore, delay
between recruitment failure and captures should be short.

Off the Canary Archipelago, as in the neighbouring African
grounds, copulation and spawning of octopus take place through-
out the whole year (Nigmatullin and Ostapenko, 1977; Hatanaka,
1979; Hernandez-Garcia et al., 2002). However, two periods of
maximum reproductive activity can be identified for this specie;
one from January to July with the peak in April, and the sec-
ond one from October to November, with slight local variations
(Guerra, 1992; Faure et al., 2000; Hernandez-Garcia et al., 2002;
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Fig. 1. Canary Archipelago map and catch location (SW Gran Canaria).

Katsanevakis and Verriopoulos, 2006a). In the northwest of Spain,
the octopus reproductive cycle seems to be linked to the upwelling
seasonality (Otero et al., 2008), while off Mauritania the relation-
ship between recruitment and upwelling variability is seasonally
dependent but not always related to the upwelling state; this is
probably a reason for changes in the depth of the spawning grounds
in spring and autumn (Faure et al., 2000). In accordance with this,
Hernandez-Garcia et al. (2002) also pointed out that the intensity
of the two annual maximum catches of octopus off the Canaries,
related to the reproductive concentrations of individuals, are late
winter-early spring sea water temperature dependent. In any case,
this indicates the presence of, at least, two annual cohorts; generat-
ing well separated spawning-catching peaks. Of course, the relative
importance of each seasonal peak is dependent on environmen-
tal conditions, although Katsanevakis and Verriopoulos (2006a)
point out that the second settlement is much more environmentally
dependent than the first one.

Studies that evaluate the effects of environmental variability on
the cephalopods, and particularly octopus, are scarce and some-
times contradictory. However, the influence of temperature on
octopus abundance is always highlighted due to its importance
in the first stages of its development (Mangold, 1983; Villanueva,
1995). In line with this, Sobrino et al. (2002) found that the maxi-
mum octopus abundance coincided with the minimum Sea Surface
Temperature (SST) registered at the studied domain (Gulf of Cadiz).

In contrast, Balguerias et al. (2002) and Moreno et al. (2002)
reported for the Saharan Bank and the Portuguese coast, respec-
tively, that maximal captures coincided with the highest SST in
those domains.

There is an increasing interest to understand how climate vari-
ability might affect different marine populations, mostly with the
objective of predicting its possible evolution and to manage accord-
ing to it. As it has been quoted previously, the common octopus
varies its behaviour among localities due to regional conditions.
In this sense, it is important to understand how climate is affecting
octopus in the Canaries since it is one of the fisheries target species.
With this aim, we hypothesis how Sea Surface Temperature (SST)
and the North Atlantic Oscillation (NAO) may be controlling the 0.
vulgaris in the Canary domain, through a seasonal scale approach;
to elucidate if climate is the possible main cause of the observed
seasonal fluctuations in this population.

2. A/laterials and methods
2.1. Data set
2.1.1. Octopus fishery data
The fishing data from 1989 to 2007 were obtained from the daily

catchrecorded by a single fishmonger who marketed the total catch
obtained in the trap fishery landed in the Southwest of Gran Canaria

Please cite this article in press as: Caballero-Alfonso, A.M., et al., The role of climatic variability on the short-term fluctuations of octopus captures
at the Canary Islands. Fish. Res. (2009), doi:10.1016/j.fishres.2009.12.006

95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

11

112

113

114

115
116


dx.doi.org/10.1016/j.fishres.2009.12.006
Original text:
Inserted Text
sea surface temperature (SST) 

Original text:
Inserted Text
Common 

Original text:
Inserted Text
Octopus vulgaris in the Canary 

Original text:
Inserted Text
Material and Methods


117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137 Q1
138
139
140
144
142
143
144

145
146
147
148
149
150
151

GModel

FISH2904 1-8
A.M. Caballero-Alfonso et al. / Fisheries Research xxx (2009) xxx—xxx 3
Winter Spring
20E 40W  B0W  20W  10W 0 10E  20E
50N 50N 50N
4N 40N 40N
0
30N 30N 30N
— 20N 20N 20N
40W  B0W__ 20W __ 10W 0 10E_ 20E 40W  BOW__ 20W __ 10W 0 10E_ 20E
-08 -0.6 04 -02 00 02 04 06 08 -08 -0.6 04 02 00 02 04 06 08
Summer
40W  B0W  20W 20E 30W  20W  10W ’ 20E
A 50N R 50'N
40'N 40N
30N 30N
: 20N —t —_— 20N
40W  B0W__ 20W_ 10W 0 10E_ 20E 40W  B0W__ 20W __ 10W 0 10E  20E

-08 -06 -04 02 00 02 04 06 08

-08 06 -04 02 00 02 04 06 08

Fig. 2. Index of correlation between NAO index and SST at each point by seasons. The black line is the p-value at 0.01 (99%) and 0.05 (95%).

(Port of Mogap, Fig. 1), which is representative for all the islands,
since it is one of the ports with the major fishery activity within
the Archipelago, in fishing potential and in the number of catches
landed (it represent over 25% of the total yearly captures of benthic
and demersal fish landed in Gran Canaria, decreasing to the 10%
if mackerel and tuna captures are jncluded; Gobierno de Canarias,
unpublished data). In relation wizl} this, for instance, O. vulgaris is
the predominant species, after seabreams (Hernandez-Garcia et al.,
1998), in the fisheries between January and June, because from May
to February they focus on tuna (Gonzalez et al., 1991). Variations in
catches through seasons are due to the life cycle of the O. vulgaris,
which present two peaks as described previously, but also to the
fishing objectives at each time of the year (Hernandez-Garcia et al.,
1998). However, fishmongers do not exclude species at any time,
so the catches are a proxy index of abundance. When analysing
the effort and catches independently (results not shown), it can be
seen that the fishing effort has not changed through the years in a
significant way. In contrast, the octopus catches reflect variability,
different from the/gfe cycle seasonality one. Due to this, it was con-
sidered that other factors, as climatic ones, might be playing a key
role in the evolution of this stock (Fig. 2).

The CPUE was estimated monthly from the total weight in kilo-
grams of octopus caught per month divided by the monthly effort
deployed. Afterward, seasonal means were calculated for all the
years and trend removed for each new series to avoid the possible
overfishing effect. We used, as an effort unit, the average number
of days devoted to trap fishery per boat (sensus Hernandez-Garcia
et al., 1998).

2.1.2. North Atlantic Oscillation (NAO) data

The NAO is a north-south dipole of anomalies, with one centre
(low pressure system) located over Greenland and the other centre
of opposite sign spanning the central latitudes of the North Atlantic
between the Azores (Ponta Delgada) and Portugal (Lisbon) (high
pressure system). This atmospheric predominant situation over the
Atlantic, combining parts of the East and West Atlantic patterns as

defined by Wallace and Gutzler (1981) for winter. It is noteworthy
that the Canary Islands are in the southern limit of influence of this
climatic pattern, so the impact of it on the island environment is
almost undetectable (Ganzedo-Lépez, 2005), but in certain periods
it influence is strong enough (this work).

The NAO index data came from the NOAA database, while
monthly mean standardized 500mb height anomalies were
obtained from the CDAS, from 1950 to 2000.

2.1.3. Sea Surface Temperature (SST) data

Two kinds of SST data have been used for this study: (i) the
Reynolds et al. (2002) SST from December 1982 to January 2007, to
plot the maps of correlations and significations; (ii) the Kaplan et
al. (1998) SST for local statistical analysis (South of Gran Canaria,
28.5°N/16.5°W), from January 1989 to December 2007.

2.2. Statistical analysis

2.2.1. Exploratory CPUE data analysis

A boxplot analysis and a cross-autocorrelation analysis were
carried out using time data to explore the existence of seasonal
components and to estimate autocorrelation (Fig. 3) in catches
series. Statistical analysis of the series assumes stationarity. This
implies that the series does not contain trends or cycles.

Monthly CPUE were averaged over seasons in order to obtain a
time-series of CPUE per season of the year.

2.2.2. Seasonal relations between NAO and SST

To identify and to quantify the significance of the effect of the
NAO index with respect to SST, Pearson’s correlation maps with
significance isolines (95% (0.05) and 99% (@Ol)) were plotted, for
points within the quadrant 20-50°N and 45°W to 20°E, at a res-
olution of 1° x 1°. To that effect, (i) The trends have already been
removed from the data set (NAO and SST data). (ii) The Pearson
correlation was used between SST data (Reynolds et al., 2002) and
NAO index, between 1982 and 2007.
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Fig. 3. Boxplot (left) and ACF of monthly CPUE (right).

2.2.3. Statistical analyses between CPUE and environmental data
The relationship between the NAO teleconnection pattern, SST
and the statistics of CPUE was evaluated. A traditional analy-
sis based on Pearson’s correlation coefficient between CPUE, SST
(Kaplan et al., 1998) and NAO index was performed. After remov-
ing data trend, correlation coefficient has been checked against the
hypothesis that it was zero with a 95% confidence level. The reduc-
tion in the degrees of freedom due to the autocorrelation of the
series has been considered in the test. In order to do so, a Monte

Winter

ACF

0.0

Lag(year)

Summer

ACF

0.0

Lag(year)

Carlo test has been used. Several realizations {500,000) of autore-
gressive processes (AR (1)) with the corresponding autocorrelation
for each of the tested Series have been created, and the correlation
coefficients of segments with the same length as the tested series
have been used to create an experimental histogram, which rep-
resents the distribution of correlation coefficients from the AR (1)
noise processes. Values of the correlation coefficient under (above)
the 2.5%(97.5%) percentiles in the experimental distribution of cor-
relation coefficients obtained from the Monte Carlo analysis were

Spring

ACF

0.0

Lag(year)

Autumn

ACF

0.0

-0.5
1

Lag(year)

Fig. 4. ACF of seasonal CPUE.
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Table 1 Table 2
Significant Pearson correlation pairs between CPUE and climatic variables. Explained deviance of the CPUE series (in spring and in autumn), using Im model Q5
}\signif. codes: 0, *** 0.001, **' 0.01, ** 0.05M") 0.1, 1).
SSTwinter SSTSpring SSTsummer SSTautumn
CPUE s 064" WoETe 034 038 Selected term p-Value Adjusted R-squared (%)
CPUE;pring /30.66** -04 -0.33 -0.41 Climatic term in spring
CPUEsummer —0.60"* -0.41 —-0.34 —0.58"* SST
CPUEaytumn -0.25 -0.44 -0.45 -0.61** NAO NAO® 0.04 24.5
SST SST®) 0.09 11.12
NAOwinter NAOspring NAOsummer NAOautumn NAO XAO* 0.01 28.64
CPUEyinter _0.11 0.68** —0.15 0.37 Climatic term in autumn
CPUEspring 0.07 0.57* -0.18 0.46* SST SSTV
.004522 42.71
CPUEqummer <001 A:39 037 0.61% NAO NAOQ 0.0045
CPUEautumn /l().og 0.12 —0.49* 0.59** SST SST** 0.005040 34.21
A NAO /l\\IAO** 0.007672 31.13

considered significant. To facilitate the visualization, a matrix of
scatterplots was produced.

When looking for the relationship between captures (y;) and
climate descriptors (x;), a simple linear regression model (Im) was
used for describing paired data sets that are related in a linear
manner (where x is the independent variable and y the depen-
dent one). In the simple linear regression model, for describing the
relationship between x; and y;, an error term is added to the lin-
ear relationship as y; = o + B1x; + &;. The value ¢; is the error term

(residual term), and the coefficients Sy and f; are the regression
coefficients. The data vector x is called the predictor variable and
y the response variable. The coefficient of determination (R?) is
defined as the decomposition of the total sum of squares into the
residual sum of squares and the regression sum of squares: R? =
1 (i =92/ S = ¥5) = S0 — 4)/ S(i - ¥4)). Here, ;s
the predicted term of y;, which is the original value of the captures,
and Y; is the mean. The R? is interpreted as the proportion of the
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total response variation explained by the regression. The 100% of
the variation is explained by the regression line. The adjusted R?
divides the sums of squares by their degrees of freedom (Wilks,
2006).

The capture was considered as the response (output or y) vari-
able in the analysis, to facilitate the analyses and visual comparison
of general trends. We used the following explanatory variables (x)
in the Im model: (a) SST (Kaplan et al., 1998) and (b) NAO index.
With this, to evaluate the possible colinearity among climatic terms
and to elucidate if the explained variance is increased when they
are considered together or independently, three types of Im’s were
carried out: (i) combining the influence of the NAO and SST; (ii)
analysing the effect of the SST solely and, finally (iii) the influence
of the NAO on captures.

We really wanted to be sure about the constancy (in the time)
of variance and normality of the residuals. To that effect: (i) The
Shapiro-Wilk test (Shapiro and Wilk, 1965) was used for testing
that the residuals are normally distributed (p-value >« = 0.05, con-
firmed the null hypothesis: normality). (ii) The Durbin-Watson
function (Durbin and Watson, 1950, 1951) was used for testing
whether there is autocorrelation in the residual from Im.

3. Results

The Boxplot (Fig. 3, left) shows that 20.87%, 35.82%, 17.78% and
25.52% of the total CPUE are caught in winter, spring, summer and
autumn, respectively. The /iuto correlation function (ACF) shows
autocorrelation in the series (Fig. 3, right). Consequently, to avoid
the inter-annual seasonality, seasonal averages of the CPUE were
calculated. Thereafter, seasonal series were analysed in an inde-
pendent way. Fig. 4 shows the ACF of these seasonal series. This
was done with the only aim of verifying our models.

When the NAO index was correlated against the SST data grid,
the relationship obtained was high and significant in spring and
autumn around the Canary Islands. Significant correlations were
found for SSTin the local point (28.5°N/16.5°W) in spring (r=/<0.47,
p<0.05) and autumn (r=-0.48, p<0.05). While no significant cor-
relations were obtained f{)\r winter (r=-0.16, p>0.05) and summer
(r=0.36, p>0.05). Table 1 (up) and l-(i\g. 5 show the correlations
obtained between the seasonal CPUEs and the SST. It is worth
emphasising that all pairs were negatively correlated. That is,
when the CPUE increases, the SST decreases. Table 1 (down) shows
the correlations obtained between the seasonal CPUEs and the
NAO index, and both variables evolve simultaneously in spring
and autumn. While in winter and summer they have an inverse
behaviour almost always.

Table 2 shows the stepwise procedure of the three lineal models
for these climate variables in spring (up) and autumn (down). Three
types of models have been carried out: (i) SST and NAO combined
effect and (ii) SST and (iii) NAO effect independently. In spring, the
NAO is the variable that is playing a key role on octopus population
when considering both variables together since there is no colin-
earity and the NAO is responsible for the highest explained variance
(24.5% in model (i) and 28.65% when considering it solely); the SST
by itself, only support the 11.12% of the explained variance. While
in autumn there seems to be an influence of both climatic terms
(42.71% in the combined model). This means that there is colin-
earity among them. Looking after the % of explained variance of
each parameter individually, the SST(34.21%) and the NAO (31.13%)
explains the octopus fluctuations in roughly the same proportion,
although the temperature seems to be the more important one.

Table 3 shows the results of checking the Im model
through Shapiro-Wilk (normality, Shapiro and Wilk, 1965) and
Durbin-Watson" analyses ;\autocorrelation, Durbin and Watson,
1950, ﬁ)Sl) for spring and autumn. It can be seen that both sea-

sons have a normal behaviour (Shapiro/(Wilk); meanwhile, when

Table 3
Linear model checking. Shapirc}—\Wilk and Durbin-Watson test.

Shapiro-Wilk test Durbin/—\Watson

w p-Value Autocorrelation D/:W statistic p-Value
Climatic terms in spring
SST
&AO 096 0.51 0.21 1.40 0.19
T 095 039 -0.15 222 0.60
NAO 0.96 0.99 0.25 1.31 0.12
Climatic terms in autumn
SST
NAO 0.99 0.99 -0.42 2.83 0.07
SST 0.97 0.76 -0.20 2.38 0.44
NAO 099 0.99 XO.BS 2.67 0.11

looking for autocorrelation through the Durbin-Watson test, it can
be appreciated that there is no evidence of sérials correlations in
those residuals (p > 0.05) for spring or autumn.

4. Discussion

The biology, ecology and fishery of common octopus off the
Northwest Africa have been well described from a global point of
view (Nigmatullin and Ostapenko, 1977; Hatanaka, 1979; Pereiro
and Bravo de Laguna, 1979; Nigmatullin and Barkovsky, 1990;
Balguerias et al., 2000, 2002). However, a great number of ques-
tions still remain unanswered. Among them, the role of climatic
variability in the fluctuations of octopus abundance on intra-annual
and decadal time scales (Hernandez-Garcia et al., 1998).

In this context, our results show that there is an environmental
variability effect on 0. vulgaris abundance off the Canary Islands,
and that, at a season{a\l scale, it can be summarised by the SST vari-
ability through the year. Correlations between fishery yield and
temperature in different seasons must be the consequence of the
effect of this latter factor on octopus paralarvae survival, growth
rates, age of juvenile benthic settlement and timing of the repro-
ductive peaks; that is, on recruitment to the fishery. In relation to
this, Hernandez-Garcia et al. (2002) described the existence of two
annual cohorts in the common octopus population off the Canary
Islands. These two cohorts are the result of two annual reproductive
peaks, the first one during April and the second between October
and November, coinciding with the NAO changes from lower to
higher values and vice versa. Moreover, the relationship between
the SST and the NAO index has already been established in sev-
eral studies (Cayan, 1992; Visbeck et al., 1998; Seager et al., 2000;
Marshall et al., 2001; among others), although this relationship
could be different on more local scales in yearly analyses (Visbeck
et al., 2003; Pierce et al., 2008). In this way, in spring and autumn,
aninverse relationship between SST and NAO in the Canary domain
was observed. Contrary, a direct one was detected in summer. This
must be highlighted because when the NAO is treated from a sea-
sonal point of view, always the winter is the predominant period,
but not at the Canary Islands, where the NAO is an important atmo-
spheric pattern mainly in spring and autumn. This is reflected in the
SST, but also in the octopus abundance due to its seasonal reproduc-
tive pattern described above. So, the highly negative correlations
between SST and NAO coincide with peaks in octopus catches.

Nevertheless, the SST-NAO influence probably goes further than
its effect on reproductive aggregations and availability of adults to
the fishery. The paralarvae survival, recruitment and abundance are
under the influence of many factors other than temperature and
food (Van-Heukelen, 1979; Villanueva, 1995), which acquire more
or less relevance depending on the geographical scale and local fea-
tures (Mangold, 1983; Hernandez-Garcia and Castro, 1998; Faure
et al., 2000; Semmens et al., 2007; Otero et al., 2008). Clearly, octo-
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pus biomass and its accessibility to fishery are the consequence
of a heterogeneous collection of environmental variables, together
with important local components that modulate their recruitment
success, distribution patterns, abundance and behaviour of this
cephalopod species (Hanlon and Messenger, 1998; Faraj and Bez,
2007). At the Canaries, the octopus present mating and spawn-
ing stages the year-round, although with the spring and autumn
peaks described before, but both peaks fluctuate in time from year
to year (Herndndez-Garcia et al., 2002). The fluctuations observed
may be due to a combination of the fishing strategy and the octo-
pus{kife cycle. For instance, Hernandez-Garcia et al. (1998) observed
that adults octopus concentrate in shallower water for spawning,
being more accessible to the fishery, and during the summer, the
population move downward in the water column, decreasing their
abundance in the fishing grounds. Even though, for seasonal fluc-
tuations, the)\ife cycle is the predominant influencing factor upon
fishing stratégies, it is necessary to consider that large-scale tele-
connection patterns (i.e. NAO) might also influence those biological
patterns (Semmens et al., 2007), and the fishery strategies in many
different ways (i.e. sea conditions). Nonetheless, as pointed out by
Hernandez-Garcia et al. (2002), the direct and indirect influences
of the NAO on the octopus fishery should be also emphasised. It
should be noted that the temperature registered is a consequence
of coupling between the atmosphere (the NAO as an atmospheric
phenomenon) and the ocean.

As expected, the NAO leads the climatic and biological cycles in
the Central-east Atlantic Ocean. Clearly, all its atmospheric states
have different degrees of influence on the ocean and, indirectly,
on marine resource populations (i.e. Visbeck et al., 2003). Previous
studies (Kronvnin, 1995; Santiago, 1998; Corten, 2001; Mysterud et
al., 2003; among others) have highlighted that the NAO is reflected
in the fluctuations of the fisheries, but it is also known that south
off the Canary region it is less accurate in describing biological
and climatic phenomena (Garcia-Herrera et al., 2001). Overall, this
paper emphasises the importance of the NAO index both directly
and through the SST, as a controlling factor of common octopus
abundance in the Canary Archipelago in a seasonal scale (spring
and autumn). Through the lineal model, it can be concluded that in
spring is the NAO the main controlling climate factor, with a signifi-
cant explained variance of 28.64% (the SST explains the 11.12%, but
no significant). During autumn the effect of the SST and the NAO is
not such difference: 31.13% of the explained variance through the
NAO and a 34.21% explained by the SST.

It has also been demonstrated why more local climatic indices
should be built to reach a better understanding of the interac-
tion between climate variations and exploited marine organisms,
because their sensitivity, particularly cephalopods, to environmen-
tal fluctuations is an important factor in stock assessment and
management. In addition, octopus catch fluctuations may be indi-
cators of environmental changes.
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