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1  |  INTRODUC TION

Elasmobranchs play a major role in maintaining the balance of marine 
ecosystem. Knowing their biology, particularly biometric parameters, 
is of paramount importance for their management and conservation. 
Here we present length– weight relationships of six elasmobranch 
species from the Adriatic Sea. The observed relationships can be 
useful for several purposes, like obtaining growth- in- weight equa-
tions, converting lengths into biomass measurements, or estimating 
fish conditions. Stock assessment methods may also take advan-
tage of LWRs, including them among the parameters considered in 
the construction of more complex models. Comparisons between 
species' life cycles in different regions are also possible (Gonçalves 
et al., 1997; Moutopoulos & Stergiou, 2002; Pauly, 1993; Petrakis 
& Stergiou, 1995), provided that all  investigators  used  the  same  
standardized sampling methodology.

2  |  MATERIAL S AND METHODS

Samples were collected between 2006 and 2019 in the northern 
central Adriatic Sea. The spatial distribution of the observed catches 
is shown in Figure 1. Data collection was carried out as part of an 

extensive monitoring programme conducted on midwater pair trawl-
ers, which since 2006 records incidental catches of elasmobranchs, 
cetaceans and sea turtles in the Adriatic Sea, under permit issued 
by the Italian Ministry of Agriculture, Food and Forestry (Fishery 
and Aquaculture directorate), in compliance with the Italian obli-
gations to the Council Regulation (EC) 812/2004 and the EU Data 
Collection Framework (Bonanomi et al., 2018; Bonanomi, Sala, et al., 
2018; Fortuna et al., 2010). The monitoring programme covers about 
the 3%– 5% of midwater pair trawlers' annual activity in the Adriatic 
Sea. To achieve this type of coverage, trained observers take part on 
several fishing trips aboard commercial fishing vessels on a monthly 
basis. The gear commonly used in this type of fishing is a pelagic (or 
midwater) pair trawl known as “Volante”, which targets small pelagic 
fish such as anchovy and sardine. According to Council Regulation 
(1967/2006) (Mediterranean Regulation, MR), the mesh size used 
in this fishing technique should have a minimum opening ≥20 mm, 
provided that 80% of the catch, after sorting, is of sardines (Sardina 
pilchardus) and anchovies (Engraulis encrasicolus).

For each specimen accidentally caught, the observers collected 
data about the species, total length in cm (TL), disc width in cm (DW) 
for batoids, and weight in kg. Additional information like sex and sex-
ual maturity were collected where possible and are often available 
for several (but not all) specimens. Following the FishBase standards, 
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here the units of length and weight used are centimetres and grams 
respectively. All elasmobranchs were measured to the nearest cm 
using a measuring board and weighed to the nearest gram using an 
electronic scale or a dynamometer for the largest specimens. Several 
specimens with missing weight or length measurements were ex-
cluded from the dataset, and outliers were removed using the func-
tion pcout from the R package mvoutlier (Filzmoser & Gregorich, 
2020). The pcout function identifies multivariate outliers in high- 
dimensional datasets, using the algorithm of Filzmoser, Maronna, 
and Werner (Filzmoser et al., 2008). The parameters of the length– 
weight relationships (LWRs) were calculated using the equation from 
(Ricker, 1973):

where, W is fish weight (g), L is fish length, a = is the intercept ad b is the 
slope of the regression. Length weight data were log10 − log10 trans-
formed and length– weight relationships were calculated transforming 
the above equation into a linear model using the formula (Zar, 1984):

Here specimen length corresponds to total length in sharks and 
disk width in batoids. Where possible, differences among sexes 
were considered extending the model above with the inclusion of 
the quantitative variable εgenderε and the interaction between the 
covariate �log10

(

Li

)

 and the qualitative variable. The above formula 
is consequently modified in:

with �gender as the dummy variable and �gender ∗ log10
(

Li

)

 as the 
interaction between the dummy variable and the covariate (Ogle, 
2018). A statistical comparison of LWR between sexes was achieved 
using an ANCOVA test. Where differences between sexes were found 
significant, LWR were estimated both for males and females and in a 
combined model.

Elasmobranchs' growth type (isometric or not) was observed 
applying a Student's t- test (Student's t- test; H0: b = 3; p < .05) as 
described in the FishR Vignette by D. Ogle (http://derek ogle.com/
fishR/) using the statistical software R. 4.0.3 (R Development Core 
Team, 2016).

W = aL
b

log10Wi = log10 (�) + �log10
(

Li

)

log10Wi = log10 (�) + �log10
(

Li

)

+ �gender + �gender ∗ log10
(

Li

)

F I G U R E  1  Spatial distribution of 
the specimens caught, categorized by 
taxonomic group. The recorded captures, 
collected between the years (2006– 2019), 
derive from monthly observations on 
board of pelagic pair trawlers involved in 
anchovy and sardine fishing. This fishery 
operates using midwater pair trawls with a 
minimum mesh size opening of 20 mm

http://derekogle.com/fishR/
http://derekogle.com/fishR/
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3  |  RESULTS

In this study, more than 4000 elasmobranchs specimens from 5 
families were analysed. The number of specimens considered for 
each species, length and weight ranges, LWRs parameters (a and 
b), their 95% confidence interval and coefficient of determination 
R2 are reported in Table 1. Both combined model and a model with 
separated sexes are reported in Table 1 for M. aquila, M. muste-
lus, M. punctulatus and P.violacea. Statistical comparison of LWR 
between sexes using the ANCOVA test reported non- significant 
differences among sexes for the species A. bovinus, and A. vulpi-
nus. All elasmobranch species exhibited isometric growth since 
Student's t- test results reported a value of b non- significantly dif-
ferent from the value of 3.

4  |  DISCUSSION

The length– weight relationships observed in this work are based on 
very different sample sizes, variable for each species, ranging from a 
few individuals for A. vulpinus to over 1400 specimens recorded for 
M. aquila. The reliability of the relationships described must there-
fore take account of these differences. In fact, the small number 
of individuals registered for A. vulpinus allows only an attempt to 
estimate. Furthermore, due to an incomplete gender classification, 
LWRs estimated considering both sexes combined should be con-
sidered more reliable, as they were obtained using a larger sample 
size, including individuals whose sex was not recorded during the 
sampling phase.

The observed growth type seems to confirm that small- bodied 
sharks allegedly undergo isometric morphological growth and don't 
change their body shape during their life, as already observed in 
previous studies (Ahnelt et al., 2020; Fu et al., 2016; Irschick et al., 
2017; Irschick & Hammerschlag, 2015). Other studies provided dif-
ferent b values for the species considered, sometimes suggesting an 
allometric growth type. Observed differences in growth type within 
the same species may be due to several factors including the num-
ber of specimens recorded, length ranges considered, sampling areas 
and environmental conditions (Ismen et al., 2009). Additionally, each 
basin of the Mediterranean has its habitat peculiarities and marine re-
sources can be exploited differently according to bordering countries. 
If standard sampling protocols are adopted, the existence of these dif-
ferences underline the importance of LWRs as a useful tool for doc-
umenting the variability in terms of life cycles, size and growth type 
within the same species, whose populations live in similar habitats but 
are scattered in different and distant geographic areas.
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