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Length weight relationships
of coleoid cephalopods
from the eastern Mediterranean

Bahadir Onsoy®** & Alp Salman?

Length-weight relationship (LWR) studies have been widely conducted for fish. They are important
because they provide information about the growth of the fish, its general wellbeing, and fitness in

a marine habitat. In comparison, relatively few LWR studies have been conducted on cephalopods.

A total of 13,474 specimens belonging to 28 cephalopod species was investigated to define their
length-weight relationship status and Fulton’s condition factors, and compared with previous studies
to evaluate life history traits and test comparability of LWR values. Isometry was found in 8 species
including 2 teuthids, 2 sepiids and 4 octopods, and positive allometry was found in 2 squid species.
Other species showed negative allometry. Four orders of the class Cephalopoda distributed in the
Mediterranean Sea were also compared in respect of their coefficient b values, and a clear distinction
was found between the orders reflecting their characteristic body types and thus lifestyles. Coefficient
b values of mature animals were found lower than that of maturing ones that reflects growth of
semelparous cephalopods stops or at least slows down when they reach maturity. Some extreme
condition factor values were calculated for especially octopods that one of them reached to 140.91 in
a deep-sea octopus Pteroctopus tetracirrhus. It suggests that there are many factors that might affect
the calculations. Some of them were: different body structure and growth type in cephalopods than
that of fish, different length measurement method applied in cephalopods, different body parts that
might have different growth rates, and preservation methods that could affect the body shape and
weight in soft bodied animals.

Organisms increase in size (i.e. length and weight) as they develop. Aside from size, age and sexual maturity, the
key factors that influence how much an individual grows includes the amount of food available, the number of
competitors using this food source, as well as environmental factors such as temperature, oxygen and other water
quality factors. Therefore, length-weight relationships (LWR) and Fulton’s condition factor (K) is widely used in
fisheries and fish biology studies'™ to find out how environmental factors affect the animals’ sizes for better and
sustainable fishery management by applying stock assessment models, which directly uses LWR data. The weight
of organisms is exponentially related to their length, and the slope (coefficient b) of the relation between length
and weight indicates the shape and growth of the organism* (i.e. “isometric” when b =3, “negative allometric”
when b <3, and “positive allometric” when b > 3).

Although LWR is widely used and known for fish, it is poorly understood for non-fish species®. In fact, cepha-
lopods particularly should be investigated carefully for LWR studies as they have unique life history traits such as
semelparity, sexual dimorphism (extreme in some species e.g. pelagic octopods), rapid growth in relatively short
life time (the most species have around a year life time) etc.®”. Cephalopod growth has two phases that could
be split into rapid, “exponential” growth phase at the initial part of the animal’ life, and so called “logarithmic”
growth phase at second part®. Unlike in many fish species, cephalopods do not have larval phase. Also, different
body parts of a cephalopod might have different growth rates®. Furthermore, because all coleoid cephalopods
die after the reproduction ends (i.e. semelparity), many of them stop feeding during the mating/spawning event®,
thus this may affect the animals’ condition. These factors could make LWR studies on cephalopods difficult in
comparing results of different studies unlike that of fish, so sampling of a LWR study should better cover whole
life cycle of a cephalopod species studied.

A total of 54 cephalopod species have been reported from the eastern Mediterranean Sea'®. These species
belong to 4 orders (Sepiida, Sepiolida, Teuthida, and Octopoda) and include Lessepsian migrants Sepioteuthis
lessoniana, Sepia pharaonis and Octopus aegina. They also include species of commercial value such as Loligo
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Species Female | Male | References

Sepia officinalis 100 90 Onsoy and Salman'?
Sepia elegans 41 42 Salman'?

Sepia orbignyana 70 50 Dursun et al.™
Sepietta oweniana 28 24 Salman'®

Rossia macrosoma | 40 30 Salman and Onsoy'®
Illex coindetii 164.8 139.3 | Salman'”

Loligo vulgaris 165 130 Mangold-Wirz!®
Alloteuthis media 36 31 Salman®’

Octopus vulgaris N/A 150 Unpublished data
Eledone moschata | N/A 80 Onsoy and Salman®

Table 1. Dorsal mantle lengths (in mm) of the species at which 50% of the population reaches maturity (N/A
not applicable).

vulgaris, Illex coindetii, Octopus vulgaris, Sepia officinalis, etc. Since LWR data and conversion factors might
reflect the condition of the populations, monitoring those data and comparing them in the populations from
different habitats could be very important for better fishery management and to estimate the possible effects of
the invasion (e.g. Lessepsian migration) where applicable.

This study aims contributing to increase knowledge on LWR of cephalopods as well as comparing them with
other studies to understand whether there are spatial or temporal differences by analysing large numbers of
cephalopod samples collected from eastern Mediterranean Sea in last three decades to reduce errors caused by
special biological characters of cephalopods mentioned above.

Materials and methods

A total of 13,474 specimens belonging 9 families and 28 species was collected in different dates and studies
between 1991 and 2017. From 1991 to 1993, 1996 to 1998, and 2007 to 2008 the samples were collected by
research cruises conducted by RV/K. Piri Reis by trawl operations [the samples were kept in authors’ personal
collection for further uses under the permissions of the managers of the research cruises. Later on, some of the
samples moved to Ege University Faculty of Fisheries Museum (ESFM)"']. Between 2016 and 2017, 95 out of 238
specimens of Octopus vulgaris, and between 1999 and 2001, 638 out of 755 specimens of Sepia officinalis, and
between 2012 and 2014, 248 out of 483 specimens of Loligo vulgaris were gathered from fishermen. All samples
were collected randomly by authors themselves, and the study was conducted on dead animals (Because of the
nature of trawl operations and preparation process of trawl contents by seamen, all samples reached the authors
were already dead). Dorsal mantle lengths (DML) and total body weights (TW) were taken to the nearest 0.1 cm
and to the nearest 0.01 g, respectively either on board from fresh material (only samples of O. vulgaris were
investigated upon fresh animals) or at the laboratory after preserving 10% formalin solution. Samples did not
include juvenile specimens.

Length-weight relationships were calculated using the formula W=aL? where W is the total weight (in
grams), L is the DML (in centimetres), and a and b are the parameters of the equation. The standard error of
the slope (SEb) and the correlation of coeflicient (R?) were also calculated. One way ANOVA was applied to see
whether there are differences in b calculated amongst orders (p >0.05).

Fulton’s condition factor formula is K= 100 x W/L? where K is Fulton’s condition factor, W is the weight (in
grams), and L is dorsal mantle length (DML, in centimetres).

Calculated coefficient b values were evaluated according to general assumption i.e. “isometric” when b=3,
“negative allometric” when b < 3, and “positive allometric” when > 3.

In order to evaluate the changes in body condition and shape at maturity which assumed as waypoint, because
cephalopods have two growth phases in their lifetime as mentioned before, maturing and mature animals’ coef-
ficient b values of ten species (that of reproduction biology data on maturation of the population available from
previous studies: Sepia officinalis, S. elegans, S. orbignyana, Sepietta oweniana, Rossia macrosoma, Illex coindetii,
Loligo vulgaris, Alloteuthis media, Octopus vulgaris, and Eledone moschata) were compared by splitting each spe-
cies into two groups by the point of DML at which 50% of the population reaches maturity (Table 1). There was
no mature females of Octopus vulgaris and Eledone moschata within our data thus, separation the females into
maturing and mature is not applicable. Because of the fact that cephalopods have two different growth phases
i.e. their growth turns logarithmic increase from exponential growth, so maturity can be taken as a waypoint.

Authors hereby declared that all methods carried out in accordance with EU Directive 2010/63/EU for the
care and welfare of animals used for experimental and/or other scientific purposes.

Ethical approval for research involving human participants and/or animal. This article does not
contain any studies with human participants performed be any of the authors. This study is involved with inver-
tebrate animals. However, cephalopods have been included in EU guidelines for the care and welfare of animals
used for experimental and/or other scientific purposes in Directive 2010/63/EU in 2010. Although this study
includes cephalopods collected in 30 years (i.e. before inclusion to the EU Directive), all applicable international,
national, and/or institutional guidelines for the care and use of animals were followed.
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Figure 1. Length-weight distribution of cephalopods by orders (TW total weight in grams, DML dorsal mantle
length in centimetres).

Informed consent. The authors declare that the study does not have any individual participant that requires
inform consent.

Results

To evaluate the length-weight relationships of the eastern Mediterranean cephalopods, the species, sample size
(in numbers), mantle length range (cm, DML), total weight range (g, TW), length-weight parameters a and b,
the standard error of the slope (SEb) and the correlation coefficient (R*) were measured/calculated and are given
for each sex of a species in Table 2 in Supplementary Material. Calculations of just one sex were given for some
species, because of the sampling gears’ selectivity for extremely small sizes of individuals or the natural rarity
of the species (i.e. pelagic octopods, some sepiolid species). Therefore, abbreviations F (for females) and M (for
males) and B (for both sexes) were mentioned after the species name in parenthesis where needed to refer that
the result represented the relative sex.

The mantle lengths varied between 1.9 and 24.1 cm (mean 6.12+2.91 cm; n: 3930) in the order Sepiida,
0.8 and 6.2 cm (mean 2.25+0.74 cm; n: 1975) in the order Sepiolida, 1.6 and 56.0 cm (mean 8.01+5.19 cm; n:
5986) in the order Teuthida, and 1.7 and 33.5 cm (mean 8.15 £ 3.57 cm; n: 1583) in the order Octopoda (Fig. 1).
Also, coefficient b values were calculated for orders as follow respectively, 2.968 (+0.015), 2.757 (+0.052), 2.567
(0.014), and 2.647 (+0.054; Fig. 2).

Isometry is indicated by the value of three of the length—weight parameter b, values other than three indicate
allometric growth as in fish®! but this is also applied in non-fish species®**. There were 8 species (Todarodes sagit-
tatus (F), Abralia veranyi (M), Sepiola robusta (F), Sepiola steenstrupiana (M), Octopus vulgaris (B), Ocythoe tuber-
culata (F), Tremoctopus violaceus (F), Octopus aegina (M)) showed isometry out of 28 species. Only Todarodes
sagittatus (M; b=3.367, SEb=0.170 and B; b=3.207, SEb=0.113) and Ommastrephes bartramii (F; b= 3.406,
SEb=0.219 and B; b=3.405, SEb=0.205) showed positive allometry. Other species had negative allometry where
parameter b ranged between 1.159 and 2.948. In squids (order: Teuthida), the parameter b varied from 1.97 to
3.11 (mean: 2.52+0.37), in Sepiida from 2.36 to 2.82 (mean 2.56 +0.23), in Sepiolida from 1.36 to 3.18 (mean
2.23+0.64), and in Octopoda from 1.68 to 2.99 (mean 2.36 +0.37; see Table 2 in Supplementary Material).
There was no significant difference in b found amongst the orders (One way ANOVA, p=0.6645). a and b values
reported by previous studies from the Mediterranean Sea are also given in Table 3 (see Supplementary Material)
for comparison.

Fulton’s condition factors (K) varied from 3.02 to 31.31 (mean 12.51 +2.61) in Sepiida, from 9.16 to 125.55
(mean: 31.03 +12.48) in Sepiolida, from 0.95 to 36.64 (mean: 4.48 +2.13) in Teuthida, and from 7.39 to 250.50
(mean 35.47 +£24.91) in Octopoda (see Table 2 in Supplementary Material).

Coefficient b values of mature animals found lower than that of maturing ones in all species investigated
(except in Sepia elegans males; M,yyce b=2.173 and M,yring b=2.081; Fig. 3).
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Figure 2. Coefficient b values comparison between orders with standard deviation ranges.
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Figure 3. Comparison of coefficient b values of maturing and mature animals.

Discussion

Length-weight relationships of non-fish species naturally bear some difficulties on evaluating the outcome values
because of the body type of the animals. Furthermore, cephalopods have different body parts that may have differ-
ent growth rates i.e. arms, head and mantle that influence the weight value so makes difficult applying the terms
isometry and allometry in relation to the slope coefficient unlike in fish’. However, using the terms isometry
and allometry makes it clear to understand the animals’ body shape and differences or similarities between the
cephalopod species, not exclusively for indicating growth type. There are two different growth phases described
i.e. exponential, which is initial rapid growth and logarithmic, which indicates slower growth for cephalopods
individually®. Therefore, a coleoid cephalopod species (all animals from subclass Coleoida which was subjected

to this study are semelparous) has an early rapid growth phase and then a decreasing growth rate gradually after
reaching maturity.

Sepiida. Four species belonging to Sepiida are distributed in eastern Mediterranean Sea (Sepia officinalis, S.
elegans and S. orbignyana, S. pharaonis). Three species (except S. pharaonis) investigated in this study showed
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negative allometry with b values ranged between 2.159 (in S. elegans (M)) and 2.875 (in S. officinalis (F)). As
reported by previous studies from whole Mediterranean Sea*-%%, they showed negative allometry as found in
this study except one from eastern Mediterranean Sea (b=3.16 for S. officinalis by Akyol and Metin*). There are
great variances between the b values given for different species by different studies as seen in Table 3 in Supple-
mentary Material, possibly caused by temperature and food availability or sampling methodology.

Sepiolida. There were 6 species were investigated in this study and just for one species’ (Sepietta oweniana)
LWR reports found to compare?”?. All sepiolids studied were found negative allometric except Sepiola robusta
((F) b=3.623) and S. steenstrupiana ((M) b=3.175) that showed isometry. b values reported by previous works
on Sepietta oweniana varied between 1.61 and 1.97 for females*”?. Giordano et al.” also reported b value for
males of S. oweniana as 1.29. In this study, b values were found 2.53 for females, 1.92 for males, and 2.25 for
both sexes in S. oweniana. There are great differences in given b values between the studies might be seen for S.
oweniana as well as appeared for sepiids by the similar reasons explained above (see Table 3 in Supplementary
Material).

Teuthida. All squids investigated except Todarodes sagittatus, Ommastrephes bartramii and Abralia veranyi
showed negative allometry. b values given by different studies of Alloteuthis media, Loligo forbesi, Illex coindetii,
Todaropsis eblanae and Todarodes sagittatus were found similar to each other and to this study whereas that
of Loligo vulgaris had variances with Duysak et al.?%, probably caused by difference in sampling period and/or
selectivity of the gears used (see Table 3 in Supplementary Material).

Octopoda. Eleven species out of 28 in this study belonged to the order Octopoda, and 6 of them (Octopus
vulgaris, Eledone cirrhosa, E. moschata, Pteroctopus tetracirrhus, Octopus salutii and Bathypolypus sponsalis) were
found to be compared with previous studies. Benthic octopods O. vulgaris and O. aegina, and pelagic octopuses
(Tremoctopus violaceus, Ocythoe tuberculata and Argonauta argo) showed isometry; others showed negative
allometry except another pelagic octopus Argonauta argo that we had insufficient numbers of sample to calcu-
late LWR. Because of the enormous size differences between the sexes of pelagic octopods, there were no male
samples that are extremely small in sizes, could be caught and investigated. Also, similar problem occurred for B.
sponsalis males and O. aegina females because of their rarity. There are variances between the b values reported
by previous studies (see Table 3 in Supplementary Material).

There were some extreme K factors found especially in the order Octopoda (e.g. Pteroctopus tetracirrhus K:
140.91, Scaeurgus unicirrhus K: 82.79), which was another problem we encountered. It might be called “pres-
ervation effect” that formalin’s shrink effect of exposed tissue®. This might not be a big issue for whom study
on vertebrates and/or animals have hard skeleton but it could make huge errors on calculating LWR when soft
bodied animals are the subject. Also, it was caused by the animals’ different sized body parts (i.e. arms) which
were not taken into consideration while measuring the length (in general dorsal mantle length is measured of
cephalopods). We argue that the reason for extreme values are related with both issues.

There is a clear distinction was found between the b values of orders that represents different characteris-
tics of body shapes for each. According to the assumption of coefficient b departs from 3.0 to the extent that
a cephalopod is not spherical’, we assumed that the lower b value out of 3.0 the slimmer the animal. Squids
have more torpedo-like body shape than others thus the b value was found the smallest (2.567), whereas that
of cuttlefish was the largest (2.968) as they have thick CaCO; cuttlebone that might increase the body weight.
Sepiolids and octopods on the other hand, have long arms/short mantle lengths that affect the length-weight
ratio, thus it put their position in between Sepiida and Teuthida in respect of the coeflicient b. Also, it might be
evolutionary response to different lifestyles, i.e. fast swimmer, pelagic ones have more hydrodynamic body type
than the demersal and/or benthic species.

Coefficient b values of mature animals were found lower than that of maturing animals (Fig. 3). This might
be caused by feeding stops in reproduction season of many cephalopod species®. Also, this phenomenon could
be seen in previous studies on growth of cephalopods that reported as cephalopods have two different growth
phases; an initial rapid growth phase and latter logarithmic phase, as explained before. Therefore, seasonality
should be taken into consideration while sampling and evaluating the results in LWR studies of cephalopods to
gain more accurate calculations.

Timing of stop feeding at maturity of many coleoid cephalopods depends on species specific traits®. After stop
feeding, energy needs of animals are compensated by consuming the energy reservoirs i.e. fat, muscles, digestive
gland etc. Therefore, it obviously causes dramatical loss of weight and thus affects the animal’s body condition.
Further studies are required to find out possible causes of why mature S. elegans males’ coeflicient b value is
slightly higher than that of maturing ones while other investigated species’ vice versa.

Some of the LWR values of Cephalopoda reported had great variances within the same species from different
locations and/or authors as discussed above. There could be many factors that might affect LWR calculations that
we mentioned in this work need to be investigated in future studies. Different growth type and body structure
of cephalopods than fish, calculated b values do not indicate the growth type but just could give an idea about
the body shape. Cephalopods have different life history traits than many fish species such as semelparity i.e.
death after reproduction at the end of rapid growth in relatively short life time (generally around 1 year), might
require a different approach to understand their distributions, migrations, weak and strong points of populations
in different ecosystems. Therefore, this study aims contributing to knowledge of their biological traits for better
assess fisheries managements and invasion biology. Although there were many specimens subjected to this study
representing 28 out of 54 defined species from the eastern Mediterranean, some more samples are necessary
because of the rarity of some species (e.g. pelagic octopods, some deep-sea species etc.).
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Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 28 March 2022; Accepted: 12 July 2022
Published online: 18 July 2022

References

1.

Nash, R. D. M., Valencia, A. H. & Geffen, A.]. The origin of Fulton’s condition factor—setting the record straight. Fisheries 31(5),
236-238 (2006).

2. Tarkan, A. S., Gaygusuz, O., Acipinar, H., Giirsoy, G. & Ozulug, M. Length-weight relationships of fishes from the Marmara region
(NW-Turkey). J. Appl. Ichthyol. 22(4), 271-273 (2006).

3. Al Nahdi, A, de Leaniz, C. G. & King, A. J. Spatio-temporal variation in length-weight relationships and condition of ribbonfish
Trichiurus lepturus (Linnaeus, 1758): Implications for fisheries. PLoS One 11(8), €0161989 (2016).

4. Froese, R., Tsikliras, A. C. & Stergiou, K. I. Editorial note on weight-length relations of fishes. Acta Ichthyol. Piscat. 41(4), 261-263
(2011).

5. Torres, M. A. et al. Length-weight relationships for 22 crustecans and cephalopods from the Gulf of Cadiz (SW Spain). Aquat. Liv.
Resour. 30,12 (2017).

6. Rocha, E, Guerra, A. & Gonzalez, A. E. A review of reproductive strategies in cephalopods. Biol. Rev. 76, 291-304 (2001).

7. Laptikhovsky, V. & Salman, A. On reproductive strategies of the epipelagic octopods of the superfamily Argonautoidea (Cepha-
lopoda: Octopoda). Mar. Biol. 142, 321-326 (2003).

8. Forsythe, J. W. & van Heukelem, W. E Growth. In Cephalopod Life Cycles (ed. Boyle, P. R.) 135-156 (Academic Press, 1987).

9. Jereb, P, et al. (eds) 2015. Cephalopod biology and fisheries in Europe: II. Species Accounts. ICES Cooperative Research Report
No. 325, p. 360.

10. Salman, A. Cephalopod research in the eastern Mediterranean (East of 23°E): A review. Boll. Malacol. 45, 47-59 (2009).

11. Salman, A. & Izmirli, C. Ege Universitesi Su Uriinleri Fakiiltesi Miizesi (ESFM) nin cephalopod envanteri. EgeJFAS 37(4), 357-361.
https://doi.org/10.12714/egejfas.37.4.06) (2020) (in Turkish).

12. Onsoy, B. & Salman, A. Reproductive biology of the common cuttlefish Sepia officinalis L. (Sepiida: Cephalpoda) in the Aegean
Sea. Turk. J. Vet. Anim. Sci. 29, 613-619 (2005).

13. Salman, A. Reproductive biology of the elegant cuttlefish (Sepia elegans) in the Eastern Mediterranean. Turk. J. Fish. Aquat. Sci.
15(2), 265-272 (2015).

14. Dursun, D, Eronat, E. G. T., Akalin, M. & Salman, M. A. Reproductive biology of pink cuttlefish Sepia orbignyana in the Aegean
Sea (eastern Mediterranean). Turk. J. Zool. 37, 576-581 (2013).

15. Salman, A. Reproductive biology of Sepietta oweniana (Pfeffer, 1908) (Sepiolidae: Cephalopoda) in the Aegean Sea. Sci. Mar. 62(4),
379-383 (1998).

16. Salman, A. & Onsoy, B. Reproductive biology of the bobtail squid Rossia macrosoma (Cephalopoda: Sepiolidea) from the eastern
Mediterranean. Turk. J. Fish. Aquat. Sci. 10, 81-86 (2010).

17. Salman, A. Fecundity and spawning strategy of shortfin squid Illex coindetii (Oegopsida: Ommastrephidae), in the eastern Medi-
terranean. Turk. J. Fish. Aquat. Sci. 17, 841-849 (2017).

18. Mangold-Wirz, K. Biologie des céphalopodes benthiques et nectoniques de la Mer Catalane. Vie Millieu suppl. 13, 1-285 (1963).

19. Salman, A. Fecundity, spawning strategy and oocyte development of shortfin squid Alloteuthis media (Myopsida: Loliginidae) in
the eastern Mediterranean. Cah. Biol. Mar. 55, 163-171 (2014).

20. Onsoy, B. & Salman, A. Reproduction patterns of the Mediterranean endemic, Eledone moschata (Lamarck, 1798) (Octopoda:
Cephalopoda) in the eastern Mediterranean. (In Turkish) 1st National Malacology Congress, 1-3 September 2004, Izmir-Turkey
(Bilal Oztiirk & Alp Salman, eds). Turk. J. Aquat. Life 2(2), 55-60 (2004).

21. Tesch, E. W. Age and growth. In Methods for Assessment of Fish Production in Fresh Waters (ed. Ricker, W. E.) 99-130 (Blackwell
Scientific Publications, 1971).

22. Merella, P, Quetglas, A., Alemany, F. & Carbonell, A. Length-weight relationship of fishes and cephalopods from the Balearic
Islands (western Mediterranean). Naga ICLARM Q. 20(3-4), 66-68 (1997).

23. Manfrin Piccinetti, G. & Giovanardi, O. Données sur la biologie de Sepia officinalis L. dans 'Adriatique obtenues lors de expédi-
tions pipeta. FAO Fish. Rep. 290, 135-138 (1984).

24. Bello, G. Length-weight relationship in males and females of Sepia orbignyana and Sepia elegans (Cephalopoda: Sepiidae). Rapp.
Comm. Int. Mer. Médit. 31(2), 254 (1988).

25. Ragonese, S. & Jereb, P. Length-weight relationship and growth of the pink and elegant cuttlefish Sepia orbignyana and Sepia elegans
in the Sicilian Channel. In Acta of the Ist International Symposium on the Cuttlefish (ed. Boucaud-Camou, E.) 31-47 (SEPIA. Centre
de Publications de I'Universite de Caen, 1991).

26. Akyol, O. & Metin, G. An investigation on determination of some morphological characteristics of Cephalopods in Izmir Bay
(Aegean Sea). EU J. Fish. Aquat. Sci. 18(3-4), 357-365 (2001).

27. Lefkaditou, E., Verriopoulos, G. & Valavanis, V. VII9. Research on Cephalopod resources in Hellas. In State of Hellenic Fisheries
(eds Papaconstantinou, C. et al.) 440-451 (HCMR Publications, 2007).

28. Duysak, O., Sendao, J., Borges, T., Tiireli, C. & Erdem, U. Cephalopod distribution in Iskenderun bay (eastern Mediterranean—
Turkey). J. Fish. Sci. 2, 118-125 (2008).

29. Giordano, D. et al. Distribution and biology of Sepietta oweniana (Pfeffer, 1908) (Cephalopoda: Sepiolidae) in the southern Tyr-
rhenian Sea (central Mediterranean Sea). Cah. Biol. Mar. 50, 1-10 (2009).

30. Andriguetto, J. M. Jr. & Haimovici, M. Effects of fixation and preservation methods on the morphology of a Loliginid squid
(Cephalopoda: Myopsida). Am. Malac Bull. 6(2), 213-217 (1988).

31. Sanchez, P. Donnés preliminaires sur la biologie de trois species de cephalopods de la Mer Catalan. Rapp. Comm. Int. Mer. Médit.
30(2), 247 (1986).

32. Belcari, P, Sartor, P., Nannini, N. & De Ranieri, S. Length-weight relationship of Toda- ropsis eblanae (Cephalopoda: Ommastre-
phidae) of the northern Tyrrhenian Sea in relation to sexual maturation. Biol. Mar. Mediter. 6, 524-528 (1999).

33. Belcari, P. Length-weight relationship in relation to sexual maturation of Illex coindetii (Cephalopoda: Ommastrephidae) in the
northern Tyrrhenian Sea (western Mediterranean). Sci. Mar. 60, 379-384 (1996).

34. Petric, M., Ferri, J., Skeljo, F. & Krstulovic Sifner, S. Body and beak measures of Illex coindetii (Cephalopoda: Ommastrephidae)
and their relation to growth and maturity. Cah. Biol. Mar. 51, 275-287 (2010).

35. Ceriola, L., Ungaro, N. & Toteda, F. Some information on the biology of Illex coindetii Verany, 1839 (Cephalopoda, Ommastre-
phidae) in the south-western Adriatic Sea (central Mediterranean). Fish. Res. 82, 41-49 (2006).

36. Arvanitidis, C. et al. A comparison of the fishery biology of three Illex coindetii Verany, 1839 (Cephalopoda: Ommastrephidae)
populations from the European Atlantic and Mediterranean Waters. Bull. Mar. Sci. 71, 129-146 (2002).

Scientific Reports |  (2022) 12:12256 | https://doi.org/10.1038/s41598-022-16611-7 nature portfolio


https://doi.org/10.12714/egejfas.37.4.06)

www.nature.com/scientificreports/

37. Quetglas, A., Alemany, E, Carbonell, A., Merella, P. & Sanchez, P. Some aspects of the biology of Todarodes sagittatus (Cephalopoda:
Ommastrephidae) from the Balearic Sea (western Mediterranean). Sci. Mar. 62, 73-82 (1998).

38. Kirstulovic Sifner, S. K. & Vrgoc, N. Population structure, maturation and reproduction of the European squid, Loligo vulgaris, in
the central Adriatic Sea. Fish. Res. 69, 239-249 (2004).

39. Moreno, A. et al. Biological variation of Loligo vulgaris (Cephalopoda: Loliginidae) in the eastern Atlantic and Mediterranean.
Bull. Mar. Sci. 71(1), 515-534 (2002).

40. Guerra, A. & Manriquez, M. Parametros biometricos de Octopus vulgaris. Invest. Pesq. 44, 177-198 (1980).

41. Quetglas, A., Alemany, E, Carbonell, A., Merella, P. & Sanchez, P. Biology and fishery of Octopus vulgaris Cuvier, 1797, caught by
trawlers in Mallorca (Balearic Sea, western Mediterranean). Fish. Res. 36, 237-249 (1998).

42. Sanchez, P.,, & Obarti, R. 1993. The biology and fishery of Octopus vulgaris caught with clay pots on the Spanish Mediterranean
coast. In: Jereb, P., Allcock, A. L., Lefkaditou, E., Piatkowski, U., Hastie, L. C., Pierce, G. J. (Eds.) 2015. Cephalopod biology and
fisheries in Europe: II. Species Accounts. ICES Cooperative Research Report No. 325, p 360.

43. Gonzalez, M., Barcala, E., Perez-Gil, J. L., Carrasco, M. N. & Garcia-Martinez, M. C. Fisheries and reproductive biology of Octopus
vulgaris (Mollusca: Cephalopoda) in the Gulf of Alicante (Northwestern Mediterranean). Medit. Mar. Sci. 12, 369-389 (2011).

44. Jabeur, C., Nouira, T., Khoufi, W., Mosbahi, D. S. & Ezzedine-Najai, S. Age and growth of Octopus vulgaris Cuvier, 1797 along the
east coast of Tunisia. J. Shellf. Res. 31, 119-124 (2012).

45. Quetglas, A., Ordines, E, Gonzalez, M. & Franco, I. Life history of the bathyal octopus Pteroctopus tetracirrhus (Mollusca, Cepha-
lopoda) in the Mediterranean Sea. Deep Sea Res. Part I 56, 1379-1390 (2009).

46. Quetglas, A., Gonzalez, M. & Franco, I. Biology of the upper-slope cephalopod Octopus salutii from the western Mediterranean
Sea. Mar. Biol. 146, 1131-1138 (2005).

47. Moriyasu, M. Etude biometrique de la croissance d’E. cirrhosa [LAM. 1798 (Cephalopoda, Octopoda)] du Golfe du Lion. Oceanol.
Acta 6,35-41 (1983).

48. Massi, D. Effetti del congelamento sullaccuratezza delle misure in Eledone cirrhosa (Lamarck, 1798). Biol. Mar. Suppl. al Notiziario
S.LB.M. 1, 379-380 (1993).

49. Agnesi, S., Belluscio, A. & Ardizzone, G. D. Biologia e dinamica di populazione di Eledone cirrhosa (Cephalopoda: Octopoda) nel
Tirreno Centrale. Biol. Mar. Mediterr. 5, 336-348 (1998).

50. Giordano, D. et al. Population dynamics and distribution of Eledone cirrhosa (Lamarck, 1798) in the Southern Tyrrhenian Sea
(Central Mediterranean). Cah. Biol. Mar. 51, 213-227 (2010).

51. Krstulovic Sifner, S. K. & Vrgoc, N. Reproductive cycle and sexual maturation of the musky octopus Eledone moschata (Cepha-
lopoda: Octopodidae) in the northern and central Adriatic Sea. Sci. Mar. 73, 439-447 (2009).

52. Ikica, Z., Krstulovic Sifner, S. & Joksimovic, A. Some preliminary data on biological aspects of the musky octopus, Eledone moschata
(Lamarck, 1798) (Cephalopoda: Octopodidae) in Montenegrin waters. Stud. Mar. 25, 21-36 (2011).

53. Akyol, O,, Sen, H. & Kinacigil, H. T. Reproductive biology of Eledone moschata (Cephalopoda: Octopodidae) in the Aegean Sea
(Izmir Bay, Turkey). J. Mar. Biol. Assoc. UK 87, 967-970 (2007).

54. Quetglas, A., Gonzalez, M., Carbonell, A. & Sanchez, P. Biology of the deep-sea octopus Bathypolypus sponsalis (Cephalopoda:
Octopodidae) from the western Mediterranean Sea. Mar. Biol. 138, 785-792 (2001).

Acknowledgements
We would like to thank Dr. Lianos Triantafillos, Dr. Vladimir Laptikhovsky, Dr. Ali Serhan Tarkan and Dr. Halit
Filiz for their helpful feedbacks and valuable comments during preparation of this work.

Author contributions
Both authors wrote the main manuscript text, prepared tables, and reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/s41598-022-16611-7.

Correspondence and requests for materials should be addressed to B.O.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:12256 | https://doi.org/10.1038/s41598-022-16611-7 nature portfolio


https://doi.org/10.1038/s41598-022-16611-7
https://doi.org/10.1038/s41598-022-16611-7
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Length weight relationships of coleoid cephalopods from the eastern Mediterranean
	Materials and methods
	Ethical approval for research involving human participants andor animal. 
	Informed consent. 

	Results
	Discussion
	Sepiida. 
	Sepiolida. 
	Teuthida. 
	Octopoda. 

	References
	Acknowledgements


