Aquat. Living Resour. 2017, 30, 12
© EDP Sciences 2017
DOI: 10.1051/alr/2017010

Available online at:
www.alr-journal.org

Length—weight relationships for 22 crustaceans and cephalopods

from the Gulf of Cadiz (SW Spain)

Maria Angeles Torres"®", Yolanda Vila', Luis Silva', Juan Jose Acosta], Fernando Ramosl,

Maria Lourdes D. Palomares® and Ignacio Sobrino’

! Instituto Espafiol de Oceanografia (IEO), Centro Oceanografico de Cadiz, Puerto Pesquero, Muelle de Levante, s/n, PO Box 2609,

E-11006 Cadiz, Spain

2 Sea Around Us Project, Institute for the Oceans and Fisheries, University of British Columbia, 2202 Main Mall, Vancouver,

B.C. V6T 1Z4, Canada

? Current address: Centre of Marine Sciences (CCMAR), University of the Algarve, Campus de Gambelas, Faro 8005-139, Portugal

Received 19 July 2016 / Accepted 6 March 2017

Abstract — Life history traits are available for many fish species in different regions, but less so for
invertebrates such as cephalopods and crustaceans, though, they are increasingly needed for implementing
an ecosystem-based approach. Recent food web modelling in the Gulf of Cadiz has identified invertebrates
as keystone groups. However, information on life history traits of such groups remains incomplete in this
region. To fill this knowledge gap, we report length—weight relationships for 12 cephalopods and 10
crustaceans collected in the Gulf of Cadiz from 2009 to 2013. This study reports, for the first time, life
history traits of nine species in the area (Chlorotocus crassicornis, Pasiphaea sivado, Plesionika
heterocarpus, Plesionika martia, Processa canaliculata, Solenocera membranacea, Allotheutis media,
Sepia orbignyana and Sepietta oweniana). For each species, length—weight relationships, minimum and
maximum lengths, mean weights, and depth ranges are presented. Overall, the results revealed that all
species showed negative allometric growth (hypoallometry), except P. sivado, the only species showing an
isometric growth pattern. We expect that this study will contribute to link sustainable fisheries with
biodiversity conservation goals enabling the implementation of operational ecosystem-based management
in the Gulf of Cadiz.
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1 Introduction

Body length—weight relationships of marine populations
provide useful information for fishery management (Pauly,
1984). For instance, length—weight relationships allow
calculating condition indices, analyzing ontogenetic changes
and are needed as input to stock assessment models.
Parameters of length—weight relationships are available for
most fish species in FishBase (www.fishbase.org), a global
information system on fish (Froese and Pauly, 2016). However,
they are not as readily available for benthic and benthopelagic
invertebrate organisms such as cephalopods and crustaceans;
though, some are available via SeaLifeBase (www.sealifebase.
org), a global information system on marine organisms other
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than fish, which follows the successful FishBase model
(Palomares and Bailly, 2011; Palomares and Pauly, 2016).

Currently, ‘non-fish’ groups are gaining importance to
implement ecosystem-based management approaches in
marine systems (Garcia et al., 2003). Furthermore, information
on length—weight relationships of the target species is also
required to achieve the goals of the European Marine Strategy
Framework Directive (2008/56/EC). In general, this integrated
approach takes into consideration both commercial species and
non-commercial species which play key ecological roles in the
ecosystem. Therefore, data regarding these organisms are
greatly needed to have a better understanding of the functioning
of any marine ecosystem (Palomares and Pauly, 2008).

The Gulf of Cadiz marine ecosystem (ICES Subdivision
IXa, South), is characterized by high biodiversity, productivity,
and socio-economic importance (Sobrino et al., 1994; Ramos
et al., 2012). It extends 303 km along the Atlantic coastline
(Sobrino et al., 1994), where fishing has been identified as one
of the major human-induced threats to marine biodiversity
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Fig. 1. The study area: Gulf of Cadiz (ICES Subdivision 1Xa South, Spain). The shadowed area comprises the surveyed area where the

specimens were collected.

(Torres et al., 2013). Many invertebrates are commercially
exploited in this area (Sobrino et al., 1994). For these species,
fishing and biological traits have been widely described, e.g.
Octopus vulgaris (Silva et al., 2002; Sobrino et al., 2011),
Sepia officinalis (Tirado et al., 2003), Eledone moschata (Silva
et al., 2004), Loligo vulgaris (Vila et al., 2010), Parapenaeus
longirostris (Sobrino et al., 2005) and Squilla mantis (Vila
et al.,, 2013). However, an update of local length—weight
relationships of these species is needed since they vary over
time and geographically (Merella et al., 1997; Guijarro et al.,
2012).

Recent studies, performed to implement an ecosystem-
based approach in the Gulf of Cadiz, have identified several
non-commercial cephalopod species (e.g. Sepietta oweniana)
and crustaceans (e.g. Pasiphaea sivado, Processa canal-
iculata, Chlorotocus crassicornis and Solenocera membrana-
cea) as key species within the Gulf of Cadiz food web (Torres
et al., 2013). These species are important trophic resources for
sharks, skates, grenadiers, and the European hake Merluccius
merluccius during its early life stages (Torres and Sobrino,
2012; Torres, 2013). Unfortunately, to the best of our
knowledge, information of their life history traits remains
scarce in the study area.

This paper reports length—weight relationships, minimum
and maximum lengths, mean weights, and bathymetric
distribution ranges of 22 invertebrate species belonging to

Cephalopoda (12) and Decapoda (10) common in the Gulf of
Cadiz. Furthermore, this study presents the first morphometric
relationships for the study area of the following species: C.
crassicornis, P. sivado, Plesionika heterocarpus, Plesionika
martia, P. canaliculata, S. membranacea, Allotheutis media,
Sepia orbignyana and S. oweniana.

2 Methods
2.1 Sampling strategy

The specimens for the selected 22 species were gathered
and measured during the bottom trawl surveys (Arrastre
Region Sur-Atlantica, ARSA) carried out in the Gulf of Cadiz
waters during the period 2009-2013. These surveys are
undertaken twice a year (spring and autumn) following a
stratified random sampling design with hauls ranging from 15 to
800 m (Fig. 1). All species presented a high variability in length
and overlapping length ranges for the two sampling seasons.

For the commercial cephalopods S. officinalis and Sepia
elegans, and crustaceans P. longirostris and S. mantis, samples
from commercial landings taken monthly throughout the same
sampling period were also used in this study (IEO, Database).
Hence, these species presented the highest sample sizes. The
list of the selected species as well as the sample sizes are shown
in Table 1 (crustaceans) and Table 2 (cephalopods).
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Table 1. Parameter estimates of the length—weight relationship for the selected crustacean species in the Gulf of Cadiz: N (sample size), a
intercept (CV by bootstrap), b slope (CV by bootstrap) and R coefficient of determination. Lengths are presented for cephalothorax (cm): Ly,
minimum observed length, L,,., maximum observed length and mean length (SD), and weights are mean wet weights in g (SD). Depth range (m)
is also shown for each species in the study area.

Species N a b R Lmin  Lmax Mean length  Mean weight  Depth range
Chlorotocus crassicornis 302 0.585(0.034) 2.432(0.035) 0945 0.7 2.2 1.5 (0.3) 1.7 (0.7) 53-695
Melicertus kerathurus 430 0.814 (0.072) 2.665 (0.025) 0970 1.4 6.5 3.3 (0.6) 21.7 (10.8) 19-93
Nephrops norvegicus 448 0.801 (0.153) 2.967 (0.048) 0940 1.3 6.3 3.0 (0.5) 23.5 (12.8) 111-695
Parapenaeus longirostris 2042 0.853 (0.025) 2.562 (0.023) 0919 1.5 4.3 2.3 (1.3) 7.3 (2.1) 22-828
Pasiphaea sivado 195 0.237 (0.081) 3.033 (0.061) 0.980 0.8 2.3 1.4 (0.4) 0.8 (0.6) 146-771
Plesionika heterocarpus 200 1.063 (0.019) 2.525(0.049) 0.928 0.7 1.5 1.1 (0.2) 1.3 (0.5) 56-695
Plesionika martia 207 1.104 (0.032) 2.416 (0.066) 0.905 1.6 2.4 2.0 (0.2) 6.0 (1.3) 226-869
Processa canaliculata 70 0.731 (0.065) 2.382 (0.108) 0.933 1.0 1.8 1.4 (0.2) 1.5 (0.5) 19-771
Solenocera membranacea 121 0.791 (0.048) 2.448 (0.057) 0.905 0.8 2.0 1.4 (0.3) 1.9 (0.8) 20-869
Squilla mantis 321  1.709 (0.076) 2.842 (0.052) 0.902 1.5 3.6 2.9 (11.3) 353 (11.3) 19-70

Table 2. Parameter estimates of the length—weight relationship for the selected cephalopod species in the Gulf of Cadiz: N (sample size), a
intercept (CV by bootstrap), b slope (CV by bootstrap) and R coefficient of determination. Lengths are presented for dorsal mantle length (cm):
L nin minimum observed length, L., maximum observed length and mean length (SD), and weights are mean wet weights in g (SD). Depth
range (m) is also shown for each species in the study area.

Species N a b R Linin  Lmax  Mean length  Mean weight Depth range
Allotheutis media 82 0.132(0.194) 2.117 (0.067) 0955 1.8 58  3.7(1.0) 22 (1.2) 16-674
Eledone cirrhosa 100 1.056 (0.254)  2.341 (0.045) 0951 3.5 15.0 6.1 (1.6) 81.5 (52.9) 35-108
Eledone moschata 1306  0.032 (0.082) 2.702 (0.014) 0.920 4.2 15.8 9.2 (2.0) 14.4 (8.5) 16496
lllex coindetii 232 0.043 (0.252) 2913 (0.032) 0.943 4.8 25.0 13.4 (3.5) 96.6 (64.2) 44-695
Loligo forbesi 390 0.111 (0.104) 2.553 (0.014) 0980 6.0 29.4 14.2 (4.2) 114.6 (87.2) 68431
Loligo vulgaris 1655  0.159 (0.088) 2.430 (0.012) 0.961 5.8 36.0 15.9 (4.2) 150.1 (102.2) 16-141
Octopus vulgaris 800  0.485(0.191) 2.908 (0.023) 0917 8.6 37.0 17.6 (3.7) 2311.0 (1397.3)  19-347
Sepia elegans 2672 0.229 (0.074) 2577 (0.021) 0947 1.6 7.4 4.0 (0.8) 9.0 (4.6) 16447
Sepia officinalis 1839  0.212 (0.121)  2.802 (0.015) 0.990 2.5 29.6 11.7 (3.6) 260.2 (259.4) 19-242
Sepia orbignyana 69 0394 (0.222) 2.380 (0.046) 0921 2.8 8.8 6.7 (1.3) 38.6 (17.4) 24-494
Sepietta oweniana 80  0.653 (0.107)  2.070 (0.071) 0946 0.5 3.6 1.9 (0.6) 2.8 (1.8) 42-701
Todaropsis eblanae 157  0.182 (0.149) 2.668 (0.023) 0977 3.5 23.0 9.1 (3.0) 83.2 (70.2) 42-686
Cephalopod length (dorsal mantle length; DML) was b
measured to the nearest 0.1 cm using a measurement board. W=al’, (1)

Crustacean length was measured to the nearest 0.01 mm from
the orbit of the eye to the posterior border of the cephalothorax
(carapace length; CL) using a digital caliper. Note that for S.
mantis, CL was measured from the median posterior edge of
the carapace to the base of the rostrum following Vila et al.
(2013). All specimens were weighed to the nearest 0.01 g using
a digital balance (wet body weight, ).

2.2 Statistical analyses

Length—weight relationships were determined, as previ-
ously applied for fish species in the study area (Torres et al.,
2012), using the classical equation (Eq. (1)):

where Wis wet body weight, L is length (DML or CL), a is the
intercept of the regression curve and b, the scaling exponent
(Ricker, 1973). Parameters a and b were estimated for both
sexed pooled using linear least-squares for log-transformed
data.

The pattern of growth, i.e. negative allometry (b < 3),
isometry (b= 3) or positive allometry (b > 3), was tested using
regression analyses (ANOVA) and setting a significance level
of 0.05. The relationships among length and weight were
estimated with INBIO R package (Sampedro et al., 2005),
which uses non-parametric bootstrapping (1000 replicates) to
estimate the coefficient of variation for both parameters a and b
for each species.
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3 Results and discussion

A total of 13,718 specimens belonging to 22 species (12
families) of crustaceans and cephalopods were analyzed in this
study. Sample size varied between species as some were
difficult to catch by the trawling gear due to their small body
size (e.g. P canaliculata and S. oweniana), their low
abundance (e.g. S. orbygniana) or problems with identification
(A. media). Despite these limitations, the present study
provides the first compilation of their morphometric relation-
ships in the area.

The coefficient of determination R for length—weight
relationships ranged between 0.90 for S. mantis and 0.99 for
S. officinalis indicating good fits (p < 0.05) (Tables 1 and 2).
Scaling exponents (b) varied between species. The mesope-
lagic decapod P. sivado had the largest coefficient (b=3.03),
considerably different from the rest of the species analysed
(p <0.05), but similar to the findings obtained for females in
the north-western Mediterranean Sea (Cartes and Sarda,
2001). Conversely, the smallest coefficient was found for the
sepiolid S. oweniana (2.07). In terms of type of growth,
scaling exponents » were significantly smaller than 3,
indicating a negative allometric (hypoallometry) growth
pattern for all species except for the deep-water shrimp P.
sivado. In general, our results suggest that size (i.e. growth)
was not proportional to weight, in accordance with the
findings reported in other Atlantic (Rodriguez-Marin, 1993;
Regueira et al., 2013) and Mediterranean marine systems
(Merella et al., 1997; Conides et al., 2006; Vafidis et al., 2008;
Guijarro et al., 2012; Dursun et al., 2013). Allometric growth
patterns are common in short-lived species such as
cephalopods, for example O. vulgaris (Merella et al., 1997,
Quetglas et al., 1998) or Loligo fobersi (Pierce et al., 1994),
but also in deep-water pandalids (Vafidis et al., 2008),
possibly as an adaptation to changes in benthic habitats
(Company and Sarda, 2000).

Scaling exponents b different from 3.0 (e.g. S. oweniana
and A. media) were often associated with narrow length
ranges of the specimens examined (Table 2), but the overall
relationship between b and length range was not significant.
Hence, these length—weight relationships should be taken
only for the respective length ranges considered in this
study. Finally, the bootstrap analyses revealed that both
a and b were precisely estimated (p < 0.05), except for the
crustaceans shown in Table 1 (p > 0.05), possibly associated
with a scarce representation of small-sized individuals in the
sample.

Most selected species showed wide bathymetric distribu-
tion ranges overlapping between species, although they are
restricted to certain depth ranges (see Tables 1 and 2). In the
study area, the deepest depths were reached by the crustaceans
P. longirostris (828 m), P. martia (869 m), and S. membranacea
(869 m). At these depths, such decapods constitute important
trophic resources for the deep-sea fishes (Torres, 2013). In
contrast, the penaeid M. kerathurus inhabits shallower waters
reaching high abundances near the Guadalquivir river estuary
(Silva et al., 2003). Cephalopods also presented wide
bathymetric distribution ranges, showing the maximum depths
S. oweniana (705 m), Illex coindetii (695 m), and Todaropsis
eblanae (686 m). A detailed description of the cephalopod and

crustacean assemblages and bathymetric distribution over time
and space in the Gulf of Cadiz can be found in Acosta (2010)
and Silva et al. (2011).

Despite the new insights described in this study, the growth
pattern of most species selected might vary temporally and
spatially according to factors such as temperature, salinity,
depth, food availability, reproductive activity, size, sex and
season (Pauly, 1984; Safran, 1992; Belcari, 1996; Froese,
2006; Vafidis et al., 2008; Guijarro et al., 2012). In addition,
morphometric relationships might also have been affected by
sampling characteristics (e.g. fishing gear, measuring equip-
ment or number of individuals sampled). It is well known that
life-history strategies of short-lived species may be highly
flexible in response to changing environmental conditions
(Guijarro et al., 2012; Lourenco et al., 2012) but also to human-
induced stressors. For example, fishing seems to assume an
important role in regulating the size structure in these
populations (Barry and Tegner, 1990; Maiorano et al.,
2002). In the Gulf of Cadiz, benthic cephalopods such as O.
vulgaris and S. officinalis are influenced by both global
climatic indices and local drivers such as temperature,
productivity and rainfalls (Sobrino et al., 2002). None of
these factors were considered in the present study. Despite the
low number of samples for some species, and the lack of
environmental variables considered in the analyses, the results
presented here contribute to the basic knowledge needed for
sustainable fisheries and biodiversity conservation goals in the
frame of a desired future ecosystem-based approach in the Gulf
of Cadiz.
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