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A B S T R A C T

Developing conservation approaches for elasmobranchs in the Mediterranean Sea is an urgent matter. Within Italy’s monitoring program under the European Union’s 
Marine Strategy Framework Directive (Directive, 2008/56/EC), we investigated the release of juvenile commercial species (e.g., minimum conservation reference 
size, MCRS) as a management strategy. From 2020 to 2023, we evaluated the vitality, At-Vessel Mortality (AVM; 4940 individuals, 22 species) and Short-Term post- 
capture Mortality (STM; 2 h after capture, 1099 individuals, 17 species) of elasmobranch species caught during commercial operations (trawlers and static nets) in 
three areas (northern Adriatic Sea, Ligurian Sea, Strait of Sicily). AVM averaged 21.3 %, while STM averaged 8 %, indicating overall high survival. To evaluate the 
effect of abiotic and biotic variables associated with capture mortality, data were assessed by species, gear, and area. Temperature (sea bottom and air) and time on 
deck were positively related to mortality and worsening vitality, and emerged as the most common and strong influences across models. While the odds of survival 
and physical condition decreased with body size, even smaller fish showed high survival if unfavourable deck conditions, e.g., duration and temperature, were 
minimized. Using only commercially collected data, this study represents the first of its kind in the area in terms of scale and scope. These data can contribute directly 
to the development of feasible and effective practices for managing and conserving elasmobranchs in the Mediterranean Sea.

1. Introduction

Due to K-selected life history strategies such as low productivity and 
late maturity, elasmobranchs (sharks, skates, and rays) are highly 
vulnerable to fisheries-driven mortality (Musick, 1999; Dulvy et al., 
2021; Pacoureau et al., 2021). For decades, unregulated and poorly 
managed fisheries have been acknowledged as major risks to elasmo
branch populations globally (CITES, 1994; Musick et al., 2000; Braccini 
and Waltrick, 2019; Kyne et al., 2023). However data on their catch are 
largely deficient (Gilman et al., 2023); the majority of catches is clas
sified as incidental or bycatch, resulting in scant reporting and/or poor 
data quality (Molina and Cooke, 2012; Oliver et al., 2015; Braccini and 

Waltrick, 2019; Geraci et al., 2021; Jorgensen et al., 2022). Prevalent 
among poor data is the lack of distinction between landed (what is 
utilised) and discarded (returned to the water) catch. Reliable discard 
data is often lacking or imprecise (Damalas, 2015; European Commis
sion, European Climate, Infrastructure and Environment Executive 
Agency, Heinrich J, 2021), exacerbated by high uncertainty surrounding 
estimates of discard mortality (dead and dying discards) (Raby et al., 
2014). To date, efforts to improve commercial catch reporting and 
curtail catch remain largely insufficient (Simpfendorfer and Dulvy, 
2017; Jorgensen et al., 2022; Worm et al., 2024).

Mischaracterisation and lack of quantification of discards can lead to 
inaccurate assessments and management measures for protected (i.e., 
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prohibited) and commercial species. Discard inaccuracies can be espe
cially severe for sharks and rays, given low intrinsic rates of increase 
which result in low resilience to fishing and slow recovery (Musick, 
1999; Stevens et al., 2000). The extent of discarding depends on a range 
of variables, including but not limited to species, region, vessel, overall 
catch quality, specimen size (related to market value and/or regulatory 
measures) (Gilman et al., 2016; Ellis et al., 2018; Dulvy et al., 2021), or 
other legal requirements. Additionally, mixed fisheries (i.e., where 
multiple species are caught and harvested by multiple fishing fleets) are 
often associated with high levels of bycatch and, generally, fishing 
mortality (Robert et al., 2019; Sun et al., 2023), and are responsible for 
most global catches of elasmobranchs (Braccini and Murua, 2022). 
Modifications to reduce bycatch designed to allow for escape can be 
challenging for elasmobranchs given their diverse morphology and 
relatively large size from birth/hatching (Molina and Cooke, 2012; 
STECF, 2017; Ellis et al., 2018; Carpentieri et al., 2021). In scenarios 
where mitigation is difficult, requiring release of elasmobranch species 
below a minimum size could be especially effective in cases of low 
fecundity and late maturity, in alignment with the reproduce-at-least 
one strategy put forth by Myers and Mertz (1998); the protection of 
elasmobranchs at juvenile stages is an important factor to promote 
population growth by allowing more individuals to attain sexual 
maturity (Morgan and Carlson, 2010; Pardo et al., 2016). Moreover, the 
economic value of elasmobranch meat has been positively associated 
with body size, a factor that can translate into increased buy-in from 
fishers regarding minimum release sizes (STECF, 2022).

Aiming to make fisheries more sustainable, management focus has 
been shifting to an ecosystem approach (Holsman et al., 2017; Giovos 
et al. 2024). This is being implemented under environmental policy, 
such as the legislative framework developed by the European Union 
(EU), the Marine Strategy Framework Directive (2008/56/EC; MSFD), 
aimed at achieving Good Environmental Status in Union waters by 2020 
through, inter alia, the integration of environmental protection and 
sustainability (European Commission, European Climate, Infrastructure 
and Environment Executive Agency, Heinrich J, 2021). Also reflective of 
an ecosystem approach, as part of the reform of the EU Common Fish
eries Policy (CFP), the Landing Obligation (LO; (EU) No 1380/2013) 
incentivizes fishing selectivity to avoid unwanted catch. The LO applies 
to stocks and species that are managed through catch limits (total 
allowable catch (TAC)) and, in the Mediterranean Sea, size limits 
(minimum conservation reference sizes, MCRS) (Article 15 paragraph 4 
(b)). The LO permits some derogations, such as the high survival 
exemption (HSE), permitting discards of managed stocks if scientific 
evidence determines a discard survival to be high (Article 14, paragraph 
b) (STECF, 2023a). Associated with the MSFD and the LO, in the Med
iterranean Sea discard survival research has not gained the traction 
(Masnadi et al., 2020) seen in the Atlantic EU waters (ICES, 2021). HSE 
have been granted for some elasmobranchs in the North-East Atlantic (e. 
g., Raja spp.) and Black Sea (e.g., piked dogfish2 Squalus acanthias) 
(FAO, 2022; STECF, 2023a). However, in the Mediterranean Seas, 
elasmobranchs are not subjected to management limits and exploited 
elasmobranchs are ipso facto not subjected to the LO (Giovos et al., 
2024).

Fisheries throughout the Mediterranean Sea are highly heteroge
neous, consisting of many fishing gear types, vessel sizes, and multiple 
sectors (i.e., demersal and pelagic) (e.g., Bellido et al., 2017). Elasmo
branchs in the Mediterranean Sea face extinction risks higher than 
global average (Dulvy et al., 2016), suffering high rates of bycatch, and 
are likely to be the vulnerable species most impacted by fisheries 
(Barausse et al., 2014; Serena et al., 2020; Walls and Dulvy, 2020; 
Carpentieri et al., 2021; FAO, 2022; Falsone et al., 2022). Regional data 
on elasmobranchs is limited and extends to few species and gears. 

Published studies concerning fishing mortality are often from experi
mental trawl surveys (e.g., Tsagarakis et al., 2018; Falco et al., 2023; 
Scacco et al., 2023a), while those observed during regular fishing op
erations include surveys aboard vessels targeting swordfish and tuna 
with pelagic longlines and driftnets (n = 12 species; Megalofonou et al., 
2005), the bycatch of batoids (n = 4 species) from trammel fisheries in 
the Ionian Sea (Tiralongo et al., 2018), and trammel net bycatch of 3 
identified elasmobranch species from Majorcan waters (Catanese et al., 
2018). Recognizing bycatch as a primary threat to the conservation and 
management of elasmobranchs in the Mediterranean Sea, the General 
Fisheries Commission for the Mediterranean (GFCM) has adopted 
Recommendation GFCM/44/2021/16. The Recommendation requires 
contracting and non-contracting parties (CPCs) take national-level, 
species-specific actions for species listed under Annex II and III of the 
SPA/BD Protocol (transposed in Recommendation GFCM/42/2018/2), 
and includes an additional species list (e.g., Mustelus spp., Squalus 
acanthias) for which CPCs must demonstrate actions have been taken to 
reduce fishing mortality. Aiming to improve data collection in the re
gion, the Data Collection Reference Framework (DCRF; GFCM, 2018) 
has set protocols and methods for commercially collected data, via 
mandatory self-reported fisher logbooks, and non-mandatory onboard 
observer programs. Despite increased attention and initiatives, data 
quality and quantity remain inadequate (European Commission, 2023). 
Expanded temporal and spatial coverage and finer resolution are needed 
for informed, evidence-based recommendations.

Italy ranks among the top three shark fishing nations in the Medi
terranean Sea (Cashion et al., 2019); several pelagic and demersal 
elasmobranchs are taken for commercial purposes and caught largely as 
bycatch (Carpentieri et al., 2021). Analyses of landings from Italian fish 
markets suggest that in some areas smaller size-classes of sharks may be 
discarded in Italian fisheries (Mazzoldi et al. unpublished data), there
fore indicating that size-based controls have potential as a practical 
management strategy with buy-in from local fishers. At the same time, 
smaller individuals may also show higher rates of mortality when taken 
as bycatch, and studies have found relationships between decreasing 
body-size and increased fisheries mortality (Ellis et al., 2017 and ref
erences therein), and therefore quantifying size-related mortality is an 
important task. However, the data required to evaluate discards and 
discard mortality is largely insufficient or absent. This is a particular 
concern for species that are heavily exploited for commercial purposes, 
such as Mustelus spp., Raja clavata, and S. acanthias. To understand the 
viability of MCRS in Italian seas, and more broadly the Mediterranean, 
estimates of the proportion of dead discards, including immediate and 
delayed mortality, caught as bycatch and target by commercial fishing 
vessels is required.

Guidelines to assess discard mortality have been provided by expert 
groups (ICES, 2014) and can include vitality assessment (assigning a 
score based on physical condition), captive observation (for a few hours 
to days), and tagging. When used together, these methods can increase 
scientific robustness (ICES, 2021). Vitality scores can serve as a proxy for 
survival estimates when used in combination with survival outcomes 
derived from captive and/or tagging methods (ICES, 2021). Studies 
comparing discard mortality rates among elasmobranchs have found 
that, with all else equal, overall rates are strongly species-specific and 
mortality may be delayed - by hours or up to weeks (Butcher et al., 2015; 
Jerome et al., 2018; Braccini and Waltrick, 2019; Molina et al., 2020; 
Bowlby et al., 2021; Scacco et al., 2023a). However, environmental (e. 
g., depth, air and water temperature), technical (e.g., fishing method, 
fishing duration), and biological (e.g., age/size and capture condition) 
variables have been found to influence individual outcomes, creating 
high response variability (Davis, 2002; Benoît et al., 2013; Ellis et al., 
2017; Breen and Catchpole, 2021; Scacco et al., 2023a). Scientific data 
collected independently through research cruises offer good control over 
technical variables, e.g., duration and number of fishing operations, 
deck handling protocol, thus increasing statistical power and repro
ducibility. However, the stochastic variability in vessel and human 

2 Also known as spurdog and spiny dogfish in different regional management 
units.
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behaviour commonly found in commercial fishing activities can 
crucially affect individual survival and must actually be accounted for to 
explain variation in data, especially when assessing the feasibility of 
management recommendations that account for handling methods and 
live release directly from commercial vessels (Breen and Catchpole, 
2021; Wosnick et al., 2023). Therefore, although data collected during 
commercial operations is necessarily limited in the technical and oper
ational control with respect to dedicated research cruises, this data is 
more representative of fishery-specific conduct and therefore of 
real-world outcomes, providing better informed advice. The challenge 
when collecting data during commercial operations is both to achieve a 
sample large enough to consider the multiple sources of variability such 
as fishers’ behavior and vessel specificities, and to ensure that sampling 
does not interfere with such factors making them deviate from the 
business as usual and introducing biases. These challenges can be 
tackled through properly planned, large scale observer programmes.

Under the Italian monitoring programs of the MSFD, a large-scale 
collaborative project involving Italian ministerial research, and aca
demic institutions was carried on with the aim of reducing knowledge 
gaps on biology and ecology of elasmobranchs. From 2020, commercial 
fishing operations in Italian seas were monitored to record the catch 
composition and mortality rates of elasmobranchs. Haul-back data (i.e., 
at-vessel) were collected by scientific observers for all individual elas
mobranchs in the catch. With the purpose of assessing the viability of 
MCRS, small sized individuals of commercial species (e.g., Mustelus spp., 
S. acanthias, Raja spp.) were subsampled and held in tanks to monitor 
delayed mortality.

The objectives of this study were to provide species-specific mor
tality rates of elasmobranchs from commercial catches, and to identify 
the most relevant predictors of mortality. We therefore aimed to: (i) 
quantify species-specific at-vessel and short-term mortality and vitality 
across fishing gear-type and area; (ii) assess the relationship of fishing, 
biological and environmental variables with survival and vitality; (iii) 
compare species- and gear-specific mortality rates within and across 
subareas; and (iv) discuss conservation, management, and socio- 
economic considerations vis-à-vis MCRSs, and offer practical guidance 
to fishers in order to decrease bycatch mortality.

2. Materials and methods

2.1. Italian fisheries

Anchovy, sardine, and clams make up >44 % of national landings 
(Anon, 2022; FAO, 2023), while the top ten landed species in Italy ac
count for less than half of total revenue, reflecting the highly hetero
geneous landing composition. Other important landings are crustaceans, 
deep-water shrimp, cephalopods, swordfish and bluefin tuna. The 
number of vessels registered in the fishing fleet in 2021 was 11,870, 
composing 17 % of EU vessels, the second highest of EU members 
(STECF, 2023b). It also ranks second by engine power and third in terms 
of gross tonnage (GT), contributing 18 and 11 %, respectively (STECF, 
2023b).

The Italian fishing fleet is composed mainly of the small-scale coastal 
fleet (SSCF; 67 %) and the large-scale fleet (LSF; 32 %), the remainder 
includes six vessels operating outside of the Mediterranean (STECF, 
2023b). Small-scale fleets (SSF) include all vessels <12 m using static or 
active gears, while the large-scale fleet (LSF) is defined as all vessels 
>12 m, and all vessels using towed gear, regardless of vessel size 
(STECF, 2023a). The main gears of the SSCF include gillnets, trammel 
nets, pots, traps, and set longlines, and most represented along the coasts 
in Sicily, Sardinia and Campania. The dominant LSF gears are bottom 
trawlers, mainly concentrated in the Adriatic Sea, Strait of Sicily, and 
Tyrrhenian Sea – about 60 % of bottom trawlers operate in the Adriatic 
Sea and Strait of Sicily, while the pelagic fleet is most prevalent in the 
northern Adriatic and Tyrrhenian Seas (Anon, 2022; STECF, 2023b).

2.2. Study areas

This study was conducted in three distinct Italian geographic sub- 
areas (GSAs): the Ligurian Sea (LS), the Strait of Sicily (SS), and the 
northern Adriatic Sea (AS). Together, they were the top three contrib
utors to Italian fisheries revenue in 2021 (STECF, 2023b)

2.2.1. Ligurian and northern Tyrrhenian Sea - GSA 9 – fishing fleets in this 
study: Sanremo, Lavagna, Santa Margherita Ligure

The northernmost sector of the western Mediterranean and one of 
the most studied Mediterranean basins, the Ligurian Sea is a morpho
logically and ecologically heterogeneous area (Migon et al., 2020). 
Reaching average offshore depths of 2500 m, significant upwelling 
phenomena contribute to favorable conditions resulting in high con
centrations of juvenile demersal fish species (Colloca et al., 2015). By 
number, GSA 9 comprises 13 % of the Italian fleet (3rd largest), pre
dominantly SSF. However, trawlers are responsible for most landings, 
contributing to about 10 % of the national landings (Fiorentino et al., 
2024). SSF operate mainly inshore with set nets (gillnet and trammel 
net) and hooks (set and drifting longlines). Deep water trawling is 
mainly focused on blue and red shrimp (Aristeus antennatus), especially 
among the Santa Margherita Ligure and Sanremo fleets (Fiorentino 
et al., 2024).

2.2.2. Strait of Sicily - GSA 16 – fishing fleet in this study: Mazara del Vallo
The Strait of Sicily, in the central Mediterranean Sea, is characterised 

by a complex seafloor morphology, depths ranging 80–1730 m (Civile 
et al., 2008), and highly heterogeneous habitats and biocenosis 
(Béranger et al., 2004; Consoli et al., 2016). The presence of extended 
continental shelf banks (sea mountains) and upwelling results in high 
primary and secondary production (Vega Fernández et al., 2012). 
Moreover, by connecting the eastern and the western sides of the 
Mediterranean Sea, this area offers transitional habitats and environ
mental conditions suitable for a large variety of species. It is considered 
an important biodiversity hotspot (Vega Fernández et al., 2012; Consoli 
et al., 2016) and hosts one of the richest elasmobranch communities in 
the basin (Bertrand et al., 2000; Relini et al., 2010).

GSA 16 comprises <10 % of the national fleet, but GT/vessel is more 
than double (26.65 GT) the national vessel average (11.68) (Anon, 
2022). The area is characterised by high fishing pressure from demersal 
trawlers (~390 vessels) (Di Lorenzo et al., 2018; STECF, 2023b). The 
Mazara del Vallo fleet is one of the largest, in terms of GT, active fleets in 
the area and in the whole Mediterranean (Russo et al., 2014; STECF, 
2023b). High value target species, giant red shrimp (Aristaeomorpha 
foliacea) and the deep-sea rose shrimp (Parapenaeus longirostris) (Russo 
et al., 2014; Milisenda et al., 2017), account for ~16 % of the revenue, 
but just ~10 % of production (STECF, 2023b). Fishing pressure is 
influenced by foreign vessels, including EU and non-EU (Anon, 2022)

2.2.3. Northern Adriatic Sea - GSA 17 – fishing fleet in this study: Chioggia
The north-central Adriatic Sea is one of the northernmost basins in 

the Mediterranean Sea and is characterised by shallow bathymetry 
(average depth 30 m), nutrient-rich deposits from rivers on the western 
coast, and strong seasonal variation of abiotic factors, induced by river 
discharge and wind-driven currents (Russo and Artegiani, 1996; Cozzi 
and Giani, 2011) The seafloor is mainly composed of sandy shores in the 
western sector, and rocky substrate in the eastern (Russo and Artegiani, 
1996). High primary production influenced by nutrient-rich river 
run-off has made the northern Adriatic Sea one of the most productive 
fishing areas in the Mediterranean Sea (Fonda-Umani, 1996).

The north-central Adriatic Sea is among the most exploited basins in 
the Mediterranean Sea and trawling effort is among the highest in the 
region (Pitcher et al., 2022). Accounting for >24.5 % of Italian vessels, 
GSA 17 contributes over 50 % of national landings, but only 40 % of 
revenue due to the low value of its main target species, small pelagic fish 
and clams. In GSA 17, Chioggia’s fishing fleet is the largest (Barausse 
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et al., 2011).

2.3. Data collection

Data (Table 1) were collected by onboard scientists from 2020 to 
2023, during commercial fishing trips from trawls, including single boat 
bottom otter trawls (OTB) and midwater pair trawls (PTM), and static 
nets (herein nets), including set gillnets (GNS), and trammel nets (GTR). 
For each fishing trip, vessel, gear type, and the number and duration of 
fishing operations (e.g., soak time, towing and haulback) were recorded. 
Time of day, coordinates, and bottom depth were recorded at the start 
and finish of each operation from the vessel’s navigation system. For all 
gear types, an operation began when gear first entered the water. A trawl 
operation was considered finished when the gear was completely out of 
the water. Operation end times for nets were recorded when fishers 
began to retrieve the net from the water (see Table S2 for descriptive 
statistics).

The catch was sorted by fishers without interference from observers; 
specimens were only retrieved by the observer after the fisher had sorted 
it himself, therefore following the normal onboard procedures of each 
vessel to reflect real-world conduct. Sorting was distinct between active 
(trawling) and the passive gears. After a trawling operation, all catch is 
deposited on the deck at once, while with passive gear catch it is sorted 
as the nets are gradually pulled from the water. Observers were trained 
on a standardised protocol to be applied to the elasmobranch specimens 
brought on deck. Following sorting, observers retrieved the specimen, 
recorded the time of day, measured the size as total length (TL), and disk 
width (DW; all skates and rays except Torpediniformes) to the nearest 
0.5 cm using a measuring tape and sexed, based on the presence/ 

absence of claspers (Conrath, 2005). Male maturity was determined 
according to clasper calcification (Conrath, 2005). Identification was 
recorded to the lowest taxonomic level possible using taxonomic keys 
and recent publications (Marino et al., 2018; Ebert and Dando, 2021; 
Carugati et al., 2022).

2.3.1. At-vessel mortality (AVM) and at-vessel vitality (AVV) assessment
Following a 10-s visual assessment (Benoît et al., 2010, 2012; Ellis 

et al., 2017), individuals were assigned a categorical at-vessel vitality 
(AVV) score out of an index of 4: AVV1 (Excellent; vigorous body 
movements, movement of spiracles/gills); AVV2 (Good/fair; weak body 
movements, poor spiracle/gill movement); AVV3 (Poor; no body 
movements, limited spiracle/gill movement); AVV4 (Moribund/Dead: 
absence of body and spiracle/gill movement) (Table S1). Individuals 
with scores AVV1-AVV3 were considered alive, observers were 
instructed to further classify AVV4 as Dead or Alive.

The AVV index was modified for the small-spotted catshark (Scylio
rhinus canicula) in the Ligurian Sea. Observers reported difficulties 
discerning between vitality 3 and 4 and the decision was taken to apply a 
modified index to pool scores 3 and 4 together. Observations of 
S. canicula in the Ligurian Sea were removed from pooled analyses of 
AVV.

AVM rates were calculated as the number of dead specimens recor
ded divided by the total sample size. The 95 % Confidence intervals (CI) 
were calculated with a Wilson method using the BinomCI function from 
the ‘DescTools’ package in R (Signorell et al., 2024).

Table 1 
A reference of key terms, variables, and models used throughout the paper. Abbreviations indicated in the table are used throughout the text, figures, and tables.

Term Abbreviation/Model 
term

Description Class Codes/Values

At-vessel mortality AVM Status observed after sorting. 
Response variable in fixed (GLM) and mixed-effect (GLMM) regression 
models

Binomial 1 = Dead 
0 = Alive

Short-term mortality STM Status observed after observation period. 
Response variable in regression models

Binomial 1 = Dead 
0 = Alive

At-vessel vitality AVV Condition index assigned after sorting. 
Response variable in regression models

Ordinal 
categorical

AVV1 = Excellent 
AVV2 = Good 
AVV3 = Fair/Poor 
AVV4 = Moribund/ 
Dead

Short-term vitality STV Condition index assigned after observation period. Ordinal 
categorical

STV1 = Good 
STV2 = Fair 
STV3 = Moribund/ 
Dead

Northern Adriatic Sea AS Fishing area, Geographical subarea (GSA) 17 ​ ​
Ligurian Sea LS Fishing area, GSA 9 ​ ​
Strait of Sicily SS Fishing area, GSA 16 ​ ​
Single boat bottom otter 

trawl (Trawl)
OTB Active fishing gear. Used as a grouping variable. ​ ​

Midwater pair trawl (Trawl) PTM Active fishing gear. ​ ​
Set gillnet (Net) GNS Static/passive fishing gear. ​ ​
Trammel net (Net) GTR Static/passive fishing gear. ​ ​
​ ​ ​ ​ ​
Sex Sex Candidate variable in all models. Binomial F = Female 

M = Male
Size ​ Total size of individual. 

Candidate variable in all models.
Continuous TL = Total length 

DW = Disc width 
Centimetres

Sea bottom temperature SBT Candidate variable in all models. Continuous ◦C
Air temperature AT Candidate variable in all models. Continuous ◦C
Sea depth Depth Depth recorded as the mean between the start and the end of the haul/set Continuous Metres (m)
Soak/haul time Soak Duration of a fishing operation, i.e. haul or set time. Continuous Minutes (min)
Air exposure Deck Length of time between catch brought on deck and when an observer 

recorded AVM/AVV, i.e. after sorting. 
Candidate variable (fixed) in models.

Continuous Minutes (min)

Vessel operator Vessel Individual vessel from a fishing trip. 
Mixed effect

Categorical Names anonymized
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2.3.2. Short-term mortality (STM) and short-term vitality (STV) 
assessment

Following sorting, smaller individuals, (~< 80 cm TL sharks and 
Torpedo rays, ~<40 cm DW all others), were randomly sampled to 
represent distribution across species, sex, vitality, and fishing sets and 
retained onboard in non-permanent tanks for an assessment period of 
120 min. Tank volume varied with study area and vessel size (from 73.3 
L to 170.1 L). To avoid overcrowding, a maximum density was deter
mined based on tank and animal size (e.g., up to 4 individuals with a 
mean TL of 70 cm in a 170.1 L tank). Individuals were placed in tanks 
filled with seawater collected on site immediately before placement, 
water temperature was recorded using analogue or digital thermome
ters. The initial tank temperature was used as the reference, to maintain 
stable temperature ice packs were used throughout the assessment to 
cool water as needed. Portable aerators and partial water changes were 
used to ensure oxygen exchange, taking care to disturb the animals as 
little as possible.

To evaluate Short-term vitality (STV), different indicators were used. 
Cap-sizing tests were performed 30 and 105 min after individuals were 
placed in the tanks. Individuals were kept submerged (i.e., gills were 
kept wet) and rotated ventral side up. Time taken to rotate 180◦ (i.e., 
ventral side down) was recorded (maximum 30 s observation) (Davis, 
2010). STV indices ranged from: STV1 (Good); STV2 (Fair); STV3 
(Moribund/Dead) (Benoît et al., 2010, 2012; Ellis et al., 2017; Table S1). 
At the 120 min mark, all alive individuals were assigned a short-term 
mortality of 0 (STM = 0), and dead individuals were coded as STM = 1.

If the fishery trip ended (i.e., vessel returning to port) before the end 
of the STM assessment, live individuals were released (n = 48) and were 
not considered in the analysis. Only individuals that completed the 
short-term assessment (retained during the 2-h period) or those that died 
while under observation were considered for the STM data analyses. 
STM rates were calculated following the method described for AVM, 
above.

2.3.3. Temperature and depth data
Environmental indicators such as water and air temperature can 

strongly depend on the time of the day and on the precise depth that 
measurements are taken at. Due to technical issues onboard some ves
sels, not all temperature data were available. To ensure consistency 
across surveys, sea bottom temperature [SBT], sea surface temperature 
[SST], and air temperature [AT] were extracted from standardised 
remote sensing datasets.

Temperature 2 m above surface (T2m) was extracted from the ERA5 
reanalysis (Hersbach et al., 2023) available in the EU Copernicus 
Climate Data Store (https://cds.climate.copernicus.eu/) and it was used 
as a proxy for AT, since it was found to be a reliable substitute (Renfrew 
et al., 2021; Seethala et al., 2021).

Water temperature data were extracted from two products available 
in the EU Copernicus Marine Service (CMEMS) catalogue: the Mediter
ranean Sea Physics Reanalysis (Escudier et al., 2020) and the Mediter
ranean Sea Physics Analysis and Forecast (Clementi et al., 2021). Since 
neither of the two products covered the whole study period, a set of 
analyses were run to establish the validity of merging their time series 
(see Supplementary Document 2 for more details). Therefore, daily 
temperature values of the studied area were extracted from both data
sets across a 4 × 4km grid (same as the datasets resolution), at each 
depth from an overlapping time period, and summary statistics were 
computed by grouping data by date, and depth. The differences between 
the two datasets were more considerable at deeper depths, which are not 
relevant for the present study, and in the second half of the overlapping 
period (~0.4 ◦C), but not always statistically significant (Mann-Whitney 
test, p-value >0.05). Moreover, the two datasets were strongly and 
positively correlated (Pearson’s correlation coefficient, r = 0.86–1.00). 
Thus, the reanalysis data were used up to the beginning of the over
lapping time period (March 06, 2021), while the analysis and forecast 
data were used from that day on, to ensure continuity of the merged time 

series (temperatures from the two datasets are similar at the beginning 
of the overlapping period). To check the reliability of the satellite data, 
they were compared to in-situ temperature measurements recorded by a 
sensor installed at 16 m (m) below the sea surface [CNR Offshore Plat
form (45◦19′N, 12◦30′E)]. Statistically significant differences between 
the two sources were found at the platform location (see Supplementary 
Document 2). However, since the differences were on average small 
(~1 ◦C) and the study covered a much bigger area, they were considered 
to be negligible. All temperature variables considered and used in our 
analyses were therefore CMEMS data.

Depth and temperature differences were considered for inclusion as 
predictor variables in our analyses. The difference between tempera
tures (Delta T) was calculated between: SST− SBT, SST − AT, AT − SBT. 
Depth was calculated as the mean between the bottom depth at the 
operation’s start and end coordinates.

2.4. Statistical analyses

2.4.1. Models
Logistic regression was used to determine the relationship between 

biological and abiotic predictors, and condition, either mortality or vi
tality, of individuals. Our approach separated the data by species, ac
cording to region and gear type. This approach was used because of 
potentially inter- and intra-population variability, e.g., in resilience to 
stress and size at sexual maturity, seasonal catch rate variability, and 
varying impact mechanisms of different gears. Models were fitted only 
when the number of observations (n) were ≥50 for AVM, and ≥30 for 
STM. The threshold for n was set according to expert advice (Breen and 
Catchpole, 2021). Because STM observations were lower in number 
compared to AVM, a lower n for STM was set as a compromise choice to 
avoid losing statistical power and excluding important species-gear-area 
combinations.

Correlation matrix plots were explored to assess the degree of 
collinearity among potential candidate predictors. There was strong 
correlation (i.e., Pearson’s correlation coefficient, r > 0.7; Fig. S1) be
tween temperature variables, therefore only AT (reflecting the temper
ature that specimens experience on the deck) and SBT (most of the study 
species were demersal) were retained for analysis.

Full models included the following explanatory variables: size (TL or 
DW in cm), sex, SBT, AT, depth (metres), soak (operation duration), and 
deck (time on deck, calculated as the interval between set end and when 
the observer assessment began). Due to uncertainty regarding time on 
deck (i.e., air exposure) for net-caught elasmobranchs, associated with 
the sorting process described above, time on deck was only included 
when modelling trawl-caught species. While catch-weight has been 
considered an influential covariate in previous studies (Mandelman and 
Farrington, 2007a,b), due to working conditions and the goal to avoid 
interfering with usual fishing operations, catch weight could not be 
consistently and reliably recorded (e.g., through a dynamometer or 
through fishers’ data that usually include only landing). Therefore the 
collection of these data was excluded from the study. Models were 
initially fit with scaled and unscaled continuous covariates; scaling did 
not influence fit and unscaled covariates were used in analyses provided 
here.

We applied Generalized Linear Models (GLM) to determine the 
conditional response of mortality. AVM and STM were modelled as a 
binomial response variable and applied a Bernoulli process with a logit 
link function (base R function ‘glm’), assigning the response variable as 
the condition of the individual, Yi: binomial variable, dead [1] or alive 
[0].

The formula is as follows 

logit(P)= log
(

p
1 − p

)

= β0 + β1X1 + β2X2 +… + βiXi (eq. 1) 

Where P is represented as a logistic function where β0 is the intercept, 
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regression coefficients β1 through βi fit to the binomial mortality data, 
where individuals that died were assigned a 1 or otherwise a 0, and X1 
through Xi represent predictor variables (Zuur et al., 2007).

If > 2 unique vessels were monitored in the dataset, vessel was added 
as a random effect in the mixed model approach (GLMM) to account for 
the real-world peculiarity of each vessel and crew fishing behaviour (e. 
g., handling behaviour) using the glmer function from the ‘lme4’ R 
package (Bates et al., 2015). Adding a random effect is considered linear, 
and the formula is represented as 

logit(P)= log
(

p
1 − p

)

= β0 + β1X1 + β2X2 +…+ βiXi + aj (eq. 2) 

with the same representation as eq. (1) but with the addition of aj for a 
random effect, with j levels, where j is the number of vessels (Zuur et al., 
2007).

Cumulative Link Models (CLM; also called ordinal regression) with a 
logit link modelled the effect of predictors on AVV scores (1–4) as 
ordinal, categorical response variables (Agresti, 2002), implemented 
with the ‘ordinal’ package (Christensen, 2010). CLM is a regression 
model that assumes ordered categories are generated from thresholds 
(Christensen, 2018; Ning et al., 2021).

The formula is 

P(Y ≤ j)= β0j + β1X1 + β2X2 + … + βiXi (eq. 3) 

for j = 1, 2, 3 where:
P(Y ≤ j) is the cumulative probability of Y (the ordinal response) 

being less than or equal to j, β0j is the intercept for level j of the ordinal 
response, β1 through βi are the coefficients associated with predictor 
variables, X1 through Xi (Christensen, 2018).

Each species-gear-area combination was first fit to the global model 
(Table 2). The most parsimonious model was considered the final model, 
selected based on the lowest Akaike’s information criterion (AIC) 
(Akaike, 1974), following a backward and forward stepwise regression 
method (Francis et al., 2023), by using the stepAIC function from the 
‘Mass’ package (Ripley et al., 2024). This method ranks models based on 
the combination of explanatory variables to find the model that best 
explains the data, while penalising more complex models. Candidate 
variables for the mixed models were performed manually since the 
stepAIC function is not available for this kind of model.

Final models (Species-Gear-Fishing Area) were compared to the null 
model, and chi-square values were calculated based on the null and 
residual deviances and degrees of freedom. Final model fit was assessed 
visually with the ‘Dharma’ package (Hartig and Lohse, 2022). Explan
atory power was evaluated using pseudo-R2 values, Tjur’s (GLM, 
GLMM) and Nagelkerke’s R2 (CLM). Methods return a value from 0 to 1, 

weak power is considered when R2 < 0.1, and calculated based on the 
null deviance explained ([null deviance-residual deviance]/null devi
ance) and incorporating the complexity of the model (Nagelkerke, 1991; 
Tjur, 2009; Lüdecke et al., 2021). Data was visually inspected for out
liers but were not removed as they did not have an impact on model 
performance.

Logit coefficients were exponentiated to present results as Odds 
Ratios (OR). An OR >1 implies a positive relationship between the 
predictor and response, OR = 1 implies no association, and an OR<1 
represents a negative relationship. ORs were reported with their 95 % 
confidence intervals (CI) and considered statistically significant at the 5 
% when CIs did not include 1.0 (Norton et al., 2018).

All statistical analyses were performed using the statistical software 
R (version 4.3.2), including the packages noted above.

2.5. Ethics statement

All data was collected under permission n. 20,247 from the Ethical 
Committee of the University of Padova. No animals were directly or 
intentionally harmed for the purposes related to this research. Any harm 
or fatality was a result of commercial fishing activities or natural causes. 
Information that could reveal the identity of Vessel operators or crews 
has been removed from the data for privacy.

3. Results

Trained observers evaluated AVM for 4940 individual elasmo
branchs (n = 22 species), collected during 135 boardings (470 sets) from 
fleets operating in Italian seas, including 84 boardings (342 sets) in the 
Northern Adriatic Sea, 26 (71) in the Strait of Sicily, and 25 (54) in the 
Ligurian Sea. The most common gear was OTB (n = 71), followed by 
GNS (n = 39), GTR (n = 14), and PTM (n = 10) (Fig. 1, Table S2).

Overall, interspecific mortality rates were higher immediately 
(AVM), while decreasing when compared between AVM and STM within 
species (Table 3).

3.1. At-vessel mortality (AVM)

Overall, AVM was 21.3 % (CI 20.1–22.4; n = 4940), but varied 
depending on species, from a minimum of 4 % (CI 1.0–14; n = 49; 
Scyliorhinus stellaris) to a maximum of 56 % (CI 37–73; n = 25; Tetronarce 
nobiliana), and by gear and region (Tables 3 and 4).

Size ranges varied depending on the species (Fig. S2). After calcu
lating AVM rates, individuals not identified to the species level were 
removed (n = 31). The data were further cleaned to remove entries (i.e., 
individuals) with pertinent missing values, including size (n = 22), sex 
(n = 19), vitality (n = 2), leaving 4876 individuals. AVV values were 
distributed as: AVV1 n = 1206; AVV2 n = 1474; AVV3 n = 1029; AVV4 
n = 1167 (Fig. 2); 11 % of AVV4 were moribund (the remaining were 
dead).

3.1.1. AVM models
The effect of size on AVM was uniformly negative, in all models 

where it was retained as a covariate (11/25). The magnitude of the effect 
of size varied, and other covariates, such as SBT tended to influence the 
odds of mortality, when all other variables were held constant. Time on 
deck and SBT had positive relationships with AVM, while the relation
ship between depth and AVM was not uniform across models. Overall, 
the final models with the highest predictor scores tended to include 3 or 
4 covariates, even if not all covariates were statistically significant in 
final models (Table 5, Tables S5–S7). The degree to which predictors had 
a uniformly negative or positive, and statistically significant, effect on 
the response was more constant where OTB was the fishing gear. 
Overall, OTB models showed better fit and higher predictive power 
(Table S4). Compared to OTB, the most parsimonious net-associated 
models retained fewer statistically significant variables (Table 5).

Table 2 
Global models expressions according to regression approach, response, and gear. 
GLM = Generalized linear model; GLMM = Generalized linear mixed model; 
CLM = Cumulative link model. Refer to Table 1 for model expression definitions.

Model 
approach

Response 
type

Global model expression Fishinggear

GLM Binomial AVM ~ Sex + Size + SBT + AT +
Depth + Soak + Deck

Trawls

GLM Binomial AVM ~ Sex + Size + SBT + AT +
Depth + Soak

Nets

GLMM Binomial AVM ~ Sex + Size + SBT + AT +
Depth + Soak + Deck + (1| Vessel)

Trawls

GLM Binomial STM ~ Sex + Size + SBT + AT +
Depth + Soak + Deck

Trawls

GLM Binomial STM ~ Sex + Size + SBT + AT +
Depth + Soak

Nets

CLM Ordinal Vitality ~ Sex + Size + SBT + AT +
Depth + Soak + Deck

Trawls

CLM Ordinal Vitality ~ Sex + Size + SBT + AT +
Depth + Soak

Nets

J.M. Pytka et al.                                                                                                                                                                                                                                Journal of Environmental Management 392 (2025) 126722 

6 



3.1.2. Nets
Five separate species-area combinations were considered with 

respect to nets as gear, but models could not be reliably fit for two 
combinations (SA-GTR-AS and SA-GNS-AS; Table S4). Across models, 
soak time and depth were common covariates, though the influence on 
the odds varied (Table 5). The model fitted for SC-GNS-LS showed that 
an increase in depth increased the odds of AVM (OR 1.01; CI 1.05, 
1.013), while the effect of depth had the inverse in the model fitted for 
MP-GNS-AS (0.94; 0.89, 0.99) (Table S5). Sex was retained in the three 
models, but statistically significant only in MM-GNS-AS, where females 
had 78 % greater odds of surviving than males (OR 1.78; CI 0.33, 0.94).

3.1.3. Trawls (OTB)
OTB was the only trawling gear used in models, as sample sizes for 

PTM were below the threshold (≤50).
SBT, AT, and deck were highly significant covariates, included in 7 of 

8 final models, together or separately (Table 5; Table S6 and S7). The 
effect of SBT and time on deck had positive statistically significant ef
fects on AVM. Size was retained in 7 of 8 final models, and statistically 
significant in 6. Size of the individual had a significant and uniformly 
negative fixed effect on AVM, when all other variables in the model were 
held constant, but with less influence on the odds (Table 5).

The addition of the vessel as a random effect, improved the model 
performance for two species caught by OTB in the AS. The explanatory 
power for both models was substantial (MM-OTB-AS Tjur’s R2 0.74, 0.66 
explained by the fixed effects; SA-OTB-AS Tjur’s R2 = 0.90, 0.41 
explained by the fixed effects; Table S7). The positive and negative 
relationship of time on deck and size, respectively, influenced the odds 

of AVM (Table 5).

3.2. Vitality models

3.2.1. Nets
Modelling the AVV of net-caught taxa, nearly half of the covariates 

retained across the most parsimonious CLMs were not statistically sig
nificant, and had weak predictive power (<0.1). The categorical vari
able Sex was the only consistently statistically significant predictor 
across taxa-gear differences (Table 5; Table S8). When significant, the 
odds of being assigned a higher AVV (worse condition) was lower for 
males than females in MM-GNS-AS (OR 0.59; CI 0.40, 0.86) and MP- 
GNS-AS (0.49; 0.30, 0.80), meaning male smoothhounds taken in GNS 
were significantly more likely to be in better physical condition than 
their female counterparts. Other retained, though not significant, 
covariates included an essentially null effect of soak (MM-GNS-AS and 
SA-GNS-AS), and a positive effect of SBT and a negative effect of AT for 
SA-GNS-AS.

3.2.2. Trawls
CLM models with OTB among GM-LS and ES-LS were excluded from 

the analysis due to a lack of contrast between AVV scores (i.e., only 
scores of either 2 or 4). In other cases, species which were excluded from 
GLM (TM-AS, SC-AS) due to poor fit, were suitable for the CLM analyses.

Overall, the number and statistical significance of covariates 
retained in the most parsimonious CLMs associated with trawls were 
higher compared with nets (Tables S9–S10). Increasing SBT and deck 
increased the odds of a worse AVV across parsimonious models. Size had 

Fig, 1. Locations of data collection conducted by onboard observers during commercial operations from fleets operating in the Ligurian Sea - LS (2020–2021; n = 25; 
indicated in yellow on the map), the Strait of Sicily - SS (2021–2022; n = 26; indicated in orange), and the Northern Adriatic Sea - AS (2020–2023; n = 84; indicated 
in red). The inset pie represents gear proportions by overall number of operations (N = 135), the outer layer shows the proportions by survey area. GNS: gillnets, 
GTR: trammel nets, OTB: otter trawls, PTM: midwater pair trawls.
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a negative relationship with AVV, most evident among sharks, but with a 
smaller effect than SBT and deck (Table 5, Tables S9–S10, Fig. 3). For 
example, MP-OTB-AS, a 1 unit increase in size (cm) increased the odds of 
being assigned an AVV 1 unit lower by 3 % (OR 0.97; CI 0.96, 0.97), 
while a 1 unit increase in time (min) on deck increased the odd of being 
assigned to an higher AVV by 11 % (1.11; CI 1.09, 1.12).

3.3. Short-term mortality (STM) models

Overall STM was 8.3 % (CI[7–10]; n = 1099; Table 6). AVV scores of 

individuals fitted for short-term modelling were distributed as: AVV1 n 
= 277 (26 %), AVV2 n = 486 (45 %), AVV3 n = 259 (24 %), AVV4 n = 50 
(5 %) (Fig. 4).

The sample size of observations from STM were not uniform across 
gear type and area, therefore fewer species-area-gear type combinations 
met the a priori modelling threshold (n ≥ 30). After assessing combi
nations and data balance, 5 scenarios, including M-OTB-AS, MM-OTB- 
AS, SA-OTB-AS, and SC-GNS-LS, were fitted with STM as the response.

Overall, size was not a significant variable; this can be expected 
given the purposeful selection of smaller individuals (≤80 cm TL). Depth 
was retained only when modelling nets, SC-GNS-LS, showing a 2.94 % 
increase in the odds of short-term mortality with a unit increase in depth 
(Table S11). AT had a significant effect of increasing the STM odds for 
both Mustelus species. SBT had strong odds of increasing mortality for 
the SA-OTB-AS model (OR 2.22, 95 %CI = 1.46, 3.87). Deck was a 
significant variable in all qualifying models (Table 5, Table S11), indi
cating a 5–10 % increase in the odds of mortality with a unit increase in 
deck time (Table S11). AT increased the odds of STM for both final 
Mustelus models, by 39 % (OR 1.39; CI 1.18,1.73) MM-OTB-AS and 23 % 
(OR 1.23; CI 1.09, 1.42) in the final MP-OTB-AS model (Table S11).

4. Discussion

Our results fill essential data gaps regarding mortality rates and vi
tality conditions of elasmobranchs caught during commercial fishing 
operations in Italian seas. Spanning a three-year period, a large number 
(thousands) of elasmobranch individuals and coordination between 
several research institutes, our study represents the first of its kind in the 
Mediterranean Sea in terms of the range of species, fishing gears, and the 
geographical areas represented which span different latitudes and 
ecological conditions. Moreover, focusing exclusively on commercial 
fishing operations, and without interference, we posit our results more 
accurately reflect the outcomes expected from fishers’ release of elas
mobranchs than data from scientific surveys alone. We sampled com
mercial and non-commercial species to calculate context-specific (i.e., 
species-gear-area combinations) vitality scores and mortality rates, 
resulting in some sample sizes larger than related studies found in the 
literature (e.g., Catanese et al., 2018; Barragán-Méndez et al., 2019; 
Scacco et al., 2023a). Focusing on commercial species and integrating 
short-term trials allowed us to gather robust data in order to contribute 
to size-based regulations in the future. Analysis could not be run for all 
combinations of species-gear-area, either because of the small sample 
size (some species may be rarely caught by some gears in certain areas) 
or because observations were constant regardless of the predictors (e.g., 
binary AVV scores). However, separating analyses by species-area-gear 
(Benoît et al., 2010), we gained a deeper insight into the variable fac
tors impacting observed mortality, leading to improved and reliable 
management recommendations to mitigate mortality while considering 
pragmatic decisions among fishers and livelihoods.

Overall, elasmobranch mortality rates following capture were low. 
The high (AVM 21.3 % on average, STM 8.3 %) survival of many species 
under most conditions, and as sample size increased, suggests that live 
release of juveniles is a promising strategy for managing commercial 
species. We discuss our findings with respect to the most influential 
predictors from modelling results: body size; deck time; and environ
mental temperature including SBT and AT. We compare our results with 
those from the peer-reviewed and grey literature, and discuss reasons for 
deviations, as well as study limitations. Finally, we discuss how to 
integrate results into management and practical best practices.

4.1. Predictors

Deck time (calculated for trawls) and SBT and/or AT were the most 
commonly retained explanatory covariates and were positively associ
ated with an increase in mortality and a worsening in vitality score. 
Predictive power was strong (see Table 5), and deck time/AT/SBT had 

Table 3 
All elasmobranchs sampled, to the nearest taxonomic level, collected during 
commercial fishing observations from fleets operating in the Ligurian Sea (LS), 
Northern Adriatic Sea (AS), and Strait of Sicily (SS), from 2020 to 2023. Sci
entific name and abbreviation (the latter used throughout the study), and 
common name are presented. The overall At-Vessel (AVM) and Short-term 
Mortality (STM) rates are presented, along with 95 % Confidence Intervals 
(CI; Wilson Method) and the sample size. CIs were not calculated when sample 
size was ≤2; the notation instead is number of dead individuals (total number 
individuals).

Species At-Vessel 
Mortality 
0.21(0.20–0.22) 
N = 4940 AVM 
(95 %CI; n)

Short-term 
Mortality 
0.08(0.07–0.10) 
N = 1099 STM 
(95 %CI; n)

Aetomylaeus 
bovinus (AB)

Bull ray 0.38(0.21–0.59; 
n = 21)

0(n = 1)

Dalatias licha (DL) Kitefin shark 0.25(0.05–0.70; 
n = 4)

0.00(0.00–0.56; 
n = 3)

Dasyatis pastinaca 
(DP)

Common 
stingray

0.28(0.12–0.51; 
n = 18)

0(n = 1)

Etmopterus spinax 
(ES)

Velvet belly 
lanternshark

0.34(0.27–0.41; 
n = 166)

0.13(0.07–0.24; 
n = 60)

Galeorhinus galeus 
(GG)

Tope shark 1(n = 1) ​

Galeus melastomus 
(GM)

Blackmouth 
catshark

0.28(0.23–0.34; 
n = 282)

0.01(0.00–0.04; 
n = 124)

Hexanchus griseus 
(HG)

Bluntnose sixgill 0(n = 1) ​

Myliobatis aquila 
(MA)

Common eagle 
ray

0.23(0.18–0.30; 
n = 179)

0(n=2)

Mustelus mustelus 
(MM)

Common 
smoothhound

0.28(0.25–0.31; 
n=940)

0.09(0.06–0.14; 
n = 195)

Mustelus 
punctulatus (MP)

Blackspotted 
smoothhound

0.21(0.18–0.23; 
n=912)

0.09(0.06–0.14; 
n = 222)

Mustelus species 
(Mspp)

Smoothhound 
species

0.13(0.05–0.30; 
n=30)

​

Pteroplatytrygon 
violacea (PV)

Pelagic stingray 0.13(0.06–0.27; 
n=38)

​

Raja asterias (RA) Starry skate 0.14(0.08–0.24; 
n = 71)

0.04(0.01–0.18; 
n = 27)

Raja brachyura 
(RB)

Blonde skate 0(n = 1) ​

Raja clavata (RC) Thornback skate 0.09(0.07–0.12; 
n = 428)

0.03(0.01–0.09; 
n = 115)

Raja miraletus 
(RM)

Brown skate 0.40(0.28–0.54; 
n = 52)

0.20(0.07–0.45; 
n = 15)

Raja radula (RR) Rough skate 0.30(0.11–0.60; 
n = 10)

0.00(0.00–0.39; 
n = 6)

Raja species 
(Rspp)

​ 1(n = 1) ​

Squalus acanthias 
(SA)

Spiny/piked 
dogfish, spurdog

0.16(0.12–0.20; 
n = 373)

0.14(0.08–0.22; 
n = 96)

Squalus blainville 
(SB)

Longnose 
spurdog

0(n = 1) ​

Scyliorhinus 
canicula (SC)

Small-spotted 
catshark

0.18(0.16–0.21; 
n = 1240)

0.09(0.06–0.13; 
n = 242)

Scyliorhinus 
stellaris (SS)

Nursehound 0.04(0.01–0.14; 
n = 49)

0.00(0.00–0.19; 
n = 16)

Torpedo 
marmorata (TM)

Marbled electric 
ray

0.21(0.14–0.30; 
n = 97)

0.06(0.01–0.26; 
n = 18)

Tetronarce 
nobiliana (TN)

Atlantic torpedo 0.56(0.37–0.73; 
n = 25)

0(n = 2)
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greater influence on the response variable, when holding other signifi
cant covariates constant. GTR and GNS associated models demonstrated 
greater uncertainty compared to OTB. SBT and AT were almost exclu
sively associated with OTB. The exclusion of deck time as an explanatory 
variable from GNS or GRT model expressions could have had an impact 
on final models and variable importance. In their study, van Boagaert 
et al. (2020) covered several European countries and fishing methods 
and found that among Raja spp., total length, body condition, and 
sorting time (corresponding in our study to deck time) were all influ
ential in models predicting AVM (survival rates varied from 96 % to 100 
% for passive and 90–100 % for active gears). Therefore, accurate 

methods to calculate deck time with greater accuracy should be a pri
ority during study design.

Sex was the most retained covariate associated with GTR and GNS 
but was not significant when associated with OTB. Intraspecific 
vulnerability to mortality increases for males and females during 
reproductive cycles (Wosnick et al., 2019; Prado et al., 2022; Finotto 
et al., 2023); based on observed sizes from this work, we can confirm the 
presence of sexually mature individuals in our surveys, highest in nets. 
This could indicate there is an overlap with fishing grounds and mating 
season, breeding grounds, or gravid females. Though poorly understood, 
philopatry and segregation by size and sex are known for several 

Table 4 
Elasmobranchs sampled during commercial fishing observations from fleets operating in the Ligurian Sea (LS), Northern Adriatic Sea (AS), and Strait of Sicily (SS), 
from 2020 to 2023. Overall, at-vessel mortality (AVM) according to gear are written in header row, as well as the AVM within gear type by species and region. All 
values, unless otherwise indicated, are calculated by the proportion that died and the 95 % Confidence Intervals (CI; Wilson Method) and the sample size. CIs were not 
calculated when sample was ≤2; the notation instead is number of individuals dead (total number individuals). GNS: gillnets, GTR: trammel nets, OTB: otter trawls, 
PTM: midwater pair trawls.

GNS 0.32(0.29–0.35; 1175) AVM 
(95 %CI; n)

GTR 0.17(0.12–0.23; 170) AVM 
(95 %CI; n)

OTB 0.18(0.17–0.19; 3512) AVM(95 %CI; n) PTM 0.22(0.14–0.32; 
83) AVM(95 %CI; n)

Species LS AS SS AS LS AS SS AS

A. bovinus ​ 0(2) ​ 0(1) ​ 0.57 
(0.33–0.79; 14)

​ 0.00(0.00–0.49; 4)

D. licha ​ ​ ​ ​ 0.25 
(0.05–0.70; 4)

​ ​ ​

D. pastinaca ​ ​ 0.50 
(0.19–0.81; 6)

​ ​ 0.17 
(0.05–0.45; 12)

​ ​

E. spinax ​ ​ ​ ​ 0.34 
(0.27–0.41; 
166)

​ ​ ​

G. galeus ​ ​ ​ ​ ​ 1(1) ​ ​
G. melastomus 0.70 

(0.49–0.84; 23)
​ ​ ​ 0.24 

(0.19–0.30; 
259)

​ ​ ​

H. griseus ​ ​ ​ ​ 0(1) ​ ​ ​
M. aquila ​ 0.00 

(0.00–0.08; 42)
0.40 
(0.12–0.77; 5)

0(1) ​ 0.29 
(0.21–0.39; 
103)

0(1) 0.37(0.22–0.56; 27)

M. mustelus ​ 0.23 
(0.19–0.27; 
356)

0.44 
(0.25–0.66; 
18)

0.13 
(0.04–0.38; 
15)

​ 0.33 
(0.29–0.37; 
516)

0.00 
(0.00–0.17; 19)

0.25(0.10–0.49; 16)

M. punctulatus ​ 0.28 
(0.23–0.34; 
227)

​ 0.33 
(0.14–0.61; 
12)

​ 0.18 
(0.15–0.21; 
650)

0(1) 0.18(0.07–0.39; 22)

Mustelus spp. ​ 0.00 
(0.00–0.43; 5)

​ ​ ​ 0.16 
(0.06–0.35; 25)

​ ​

P. violacea ​ ​ ​ ​ ​ 0.14 
(0.06–0.29; 36)

​ 0(2)

R. asterias ​ 0.00 
(0.00–0.39; 6)

​ ​ ​ 0.16 
(0.09–0.27; 63)

0(2) ​

R. brachyura ​ ​ 0(1) ​ ​ ​ ​ ​
R. clavata ​ ​ ​ ​ 0.50(2) 0.08 

(0.06–0.11; 
413)

0.42 
(0.19–0.68; 12)

0(1)

R. miraletus ​ ​ ​ ​ ​ 0.50 
(0.15–0.85; 4)

0.40 
(0.27–0.54; 48)

​

R. radula ​ ​ 0.30 
(0.11–0.60; 
10)

​ ​ ​ ​ ​

Raja spp. ​ ​ ​ ​ ​ 1(1) ​ ​
S. acanthias ​ 0.07 

(0.04–0.12; 
161)

​ 0.04 
(0.01–0.13; 
51)

​ 0.30 
(0.23–0.38; 
150)

​ 0.00(0.00–0.26; 11)

S. blainville ​ ​ ​ ​ ​ ​ 0(1) ​
S. canicula 0.62 

(0.57–0.67; 
329)

​ 0.09 
(0.03–0.23; 
34)

​ 0.00 
(0.00–0.39; 6)

0.02 
(0.01–0.03; 
754)

0.05 
(0.02–0.11; 
117)

​

S. stellaris ​ 0.00 
(0.00–0.17; 19)

​ 0(1) ​ 0.07 
(0.02–0.22; 29)

​ ​

T. marmorata 0.00 
(0.00–0.43; 5)

​ 0.14 
(0.04–0.40; 
14)

​ ​ 0.19 
(0.11–0.30; 63)

0.40 
(0.20–0.64; 15)

​

T. nobiliana ​ ​ 0(1) ​ ​ ​ 0.58 
(0.39–0.76; 24)

​
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elasmobranch species (Gubili et al., 2014; Dell’Apa et al., 2015; Barbato 
et al., 2023), and mortality can vary by location (Heupel et al., 2019). 
Stratifying sampling with respect to sex as well as reproductive season, 
as well as considering correlations between sex and variables such as 
size, maturity, reproductive state, will help to elucidate this area and 
future considerations.

Across species and area, the odds of AVM and worsening vitality 
scores had an inverse relationship with size. The impact across species 
and habitats is not surprising. While it is well accepted that mortality 
rates vary considerably between elasmobranch species (see Ellis et al., 
2017 for a synthesis), evidence from a range of species and fishing 
methods has also demonstrated that intraspecific capture mortality rates 
are higher for younger, i.e., smaller individuals, regardless of habitat 
preference and life history traits (Morgan and Burgess, 2007; Freitas 
et al., 2009; Poisson et al., 2014; Hutchinson et al., 2015; Braccini and 
Waltrick, 2019; Bowlby et al., 2021; Scacco et al., 2023a).

Notably, size was not considered significant in any at-vessel models 
associated with GTR and GNS. Moreover, it was not significant in any 
final STM models. The distribution of sizes is one likely explanation. For 
example, trawls in general are unselective and catch a range of sizes 
(Coelho and Erzini, 2008). We observed a wider distribution and range 
of sizes in OTB with respect to GTR and GNS (see Fig. S1; Table S2). GTR 
and GNS are both passive gears, and particularly for GNS, large mesh 
size would have increased selectivity in our study sites, and size distri
bution was skewed away from the smallest sizes, in contrast to what we 
observed from trawls. Further, neonates were only observed from 
trawls. Similarly, size distribution was narrower during the STM, though 
in this case the upper limit of sizes was purposely bounded in our STM 
trials because of the study objectives.

Across all best-fitting models that retained size, only 2 included size 
as the sole significant predictor, highlighting the importance of 
considering multiple covariates to account for the complexity of 
capture-driven mortality. For some species, e.g., Mustelus spp., we 
observed a higher catch rate of juveniles and neonates during summer 
months, when AT can be particularly high. AT has implications on the 
physiological stress in marine organisms, where higher temperatures are 
associated with higher mortality (Giomi et al., 2008). Smaller in
dividuals can be more impacted by the physiological stress caused by 
higher temperatures. Using thermal imaging, Wosnick et al. (2018) re
ported a significant negative relationship between body length and body 
temperature, finding immature blacktip sharks (Carcharhinus limbatus; 
<140 cm TL) had significantly warmer body temperatures than mature 
individuals, indicating increased capture stress. Even under Wosnick 

et al.’s conservative handling time (<10 min), body temperature was 
~2 ◦C higher than the air temperature. Though direct comparisons are 
not possible, these findings support our results from OTB sets, indicating 
increased deck time and AT are significant predictors of worsening fate.

We observed improvements in mortality rates from AVM to STM 
across species-gear-area combinations, suggesting immediate mortality 
under similar conditions is a useful proxy of fishing mortality. Delayed 
capture mortality of days or weeks has mainly been reported from long- 
term in-situ track of large predatory pelagic species (Musyl and Gilman, 
2019). Also, van Boagaert et al. (2020) reported a decline in survival 
rates of OTB-caught R. clavata from >90 % to 72 % over a three-week 
period in captivity. Tagging studies (e.g., mark-recapture, acoustic 
telemetry, satellite) allow for extended tracking in the field, and can 
provide reliable long term post-release mortality estimates (Moyes et al., 
2006; Benoît et al., 2010; Barragán-Méndez et al., 2019). It is possible 
that retaining larger individuals would have increased the overall 
observed STM in this study if, for example, the STM rates of larger in
dividuals (~> 80 cm in our case) are higher than AVM. While being 
outside of the scope of our study, holding larger individuals requires 
larger tanks which could interfere with fishing operations. An integra
tion of different estimates (including laboratory and field long term 
estimates of mortality, each of them with pros and cons) is needed to 
evaluate how much AVM and STM may reflect the long term rates.

4.2. Comparisons to previous studies

Within our study, we found variation in overall mortality rates and 
model expressions between areas, gear types, and species. Interspecific 
life history traits as well as intraspecific population differences can 
impact vulnerability (Villagra et al., 2022). S. canicula, considered to be 
highly resilient to fishing mortality (Revill et al., 2005), is represented 
by different genetic stocks in the AS and SS (Barbieri et al., 2014; Gubili 
et al., 2014). Our low AVM rates of <5 % for trawled individuals (AS and 
SS), closely matched those reported from trawls operating of the 
southwest coast of Spain (<5 % Barragán-Méndez et al., 2019) and the 
English Channel (<1 %; Revill et al., 2005). In contrast, we found higher 
variation with net-associated mortality rates for S. canicula. Our study 
found low AVM (9 %) for GTR-caught S. canicula in SS compared with 
62 % in LS-GNS. Catanese et al. (2018) reported AVM of >90 % for 
S. canicula caught in lobster trammel nets in the Balearic Islands, 
reporting an average soak time of 45 h (Table S12). In our study, average 
soak time was 10 h in SS-GTR, and 15 h in LS-GNS. Soak time was not 
statistically significant in our models for the species but was retained in 
the most parsimonious AVM and STM LS-GNS models. Similar sugges
tions have been made for S. acanthias, where survival rates in trawls 
have been upwards of >80 % (Rulifson, 2007; Mandelman and Far
rington, 2007a; Braccini et al., 2012). Rulifson (2007) reported an 
overall mortality of 55 % for gillnet-caught S. acanthias compared with 
0 % in trawls. This study found AVM rates were higher in trawls, 
although STM rates from GTR exceeded those from OTB. It should be 
noted that the aforementioned S. acanthias studies relied on scientific 
trips, and therefore fishers’ behaviour could contribute to differences 
(Table S12). Overall, between the studies considered, habitat and pop
ulation differences make direct comparison difficult, however given the 
deviation seen with static nets, it is likely that variation in fishing 
practices (e.g., soak time) were more influential.

Skates (family Rajidae) are one the most landed category of elas
mobranchs throughout European waters and an important fisheries 
resource, and aggregating data together is a common practice 
(Carbonara et al., 2020; Ferragut-Perello et al., 2023; Thys et al., 2023). 
In Europe’s North Atlantic waters, several species of skates and rays are 
subject to the LO (through TACs), including HSEs in some cases (STECF, 
2017; Schram et al., 2023). Ellis et al. (2018) found R. clavata caught 
from OTB in the North Sea exhibited low AVM (0.8 %; n = 3821) and a 
positive association between size and body condition. Similarly, we 
found AVM to be low (8 %; n = 413) among OTB-caught R. clavata, with 

Fig. 2. Proportion of at-vessel vitality (AVV) scores grouped by fishing gear 
and fishing area (northern Adriatic Sea – AS; Ligurian Sea – LS; Strait of Sicily – 
SS). Rows without vitality proportions represent areas where the fishing gear 
was not observed. GNS: gillnets, GTR: trammel nets, OTB: otter trawls, PTM: 
midwater pair trawls.
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higher vulnerability among smaller individuals. Sex was not a signifi
cant factor in determining mortality outcomes in our study or Ellis et al. 
(2018) (Table S12). To make similar comparisons for Raja caught from 
other gears, larger sample sizes are needed.

The co-occurrence and uncertain taxonomic resolution of the 
commercially important smoothhounds, Mustelus punctulatus and 
M. mustelus, leads to aggregation or incorrect identification on catch 
reports (Barausse et al., 2014; Marino et al., 2018). In contrast to the 

Table 5 
Explanatory variables retained in the most parsimonious models, determined by lowest Akaike information criterion (AIC). 
Logit coefficients were exponentiated to present results as Odds Ratios (OR). An OR >1 implies a positive relationship 
between the predictor and response, OR = 1 implies no association, and an OR <1 represents a negative relationship. ORs 
were reported with their 95 % confidence intervals (CI) and considered statistically significant at the 5 % when CIs did not 
include 1.0. Bold numbers in coloured cells (red <1.0, blue >1.0) indicate the variable was statistically significant. 
Uncoloured cells with a non-bolded value indicate variables retained in the most parsimonious models whose confidence 
intervals contained 1.0 and were not statistically significant. See Table S4 for model summaries. * indicates GLMM. Female 
was the reference (intercept) for Sex in all models; values > 1.0 indicate odds of mortality/poor vitality are lower for 
females than males. See Tables 1 and 3 for abbreviations).
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well-managed skate fishery in north Atlantic waters (Villagra et al., 
2022), data regarding smoothhound mortality and discards are scant. 
Additionally, these two species exhibit different age and length at 
maturity and therefore likely different vulnerabilities (Barausse et al., 
2014; Riginella et al., 2020; Boscolo Palo et al. 2022). AVM rates 
observed from OTB-AS of M. mustelus were nearly two times higher than 
M. punctulatus, but STM were nearly identical (Table 6). Despite AVM 
differences, given the species’ commercial importance, both could be 
considered for an MCRS and HSE. It is necessary to fill species-specific 
gaps in scientific knowledge, but without disaggregated catch reports, 
a more conservative MCRS to safeguard both species would need to be 
considered.

4.3. Study constraints

We consider the use of purely commercial data here to be novel and 
important, but our study nevertheless presents some limits and con
straints that need to be considered for the conclusions and to be 
improved for future research. Analyses across species-gear-area combi
nations were necessarily not uniform, e.g. in terms of sample size. While 
this issue is compensated by the overall large sample size, increasing it 
would reduce some uncertainty and enable further comparisons thus 
increasing the ability to generalize to other fisheries and areas. While 
other covariates were more significant in our study, the accuracy of soak 
time in general is a difficult metric because the time fishing gear has 
been in the water does not represent the time the animal entered the net 
(Coelho and Muñoz-Lechuga, 2019). On the other hand, a total 
catch-weight measurement should be prioritized for future studies, 
excluded as a covariate here due to unreliable estimates. Previous trawl 
studies have found that fishing mortality may be more influenced by 

catch-weight than tow-duration, as a result of the packing stress and 
injury incurred at higher weights (Mandelman and Farrington, 2007a, 
2007b). Aranha et al. (2025) found that codend weight can increase 
mortality also indirectly, by leading to increased sorting time. While 
vessel operators may be able to provide the catch weight, alternative 
calculations may be needed when information is not available, or when 
the weight provided is representative of only the commercial/landed 
weight. Using only landed weight may not be representative of total 
weight, especially in the Mediterranean where discard weight can vary 
considerably (Tsagarakis et al., 2014). Misreporting and/or under
reporting catch weights by observers and logbooks is not uncommon 
regionally (European CommissionJoint Research CentreScientific 
Technical and Economic Committee for Fisheries, 2024), and more 
generally (Allard and Benoît, 2021). Methods such as subsampling the 
catch to extrapolate total weight could be considered, taking care to 
mitigate inaccuracies (NAFO, 2019). We focused our study on demersal 
species; therefore, we did not survey hook and line gear, e.g., longlines. 
In the Mediterranean Sea, there is scant available data on mortality rates 
from longlines (Gilman et al., 2022) which should be a priority focus 
(Carbonara et al., 2023). In the Mediterranean Sea, high numbers of 
neonates and juveniles have been observed from the catch composition 
of large-bodied pelagic and highly-migratory sharks caught with pelagic 
longlines (Saidi et al., 2019; Mancusi et al., 2023; Cattano et al., 2023; 
Scacco et al., 2023b) and trawl (e.g. Scannella et al., 2020).

Our estimates of STM were derived by holding animals in tanks. 
Although this procedure has been widely used, holding animals in tanks 
can increase mortality, due to stress (Mandelman and Farrington, 
2007b). Conversely, metabolic stress could be reduced more quickly in 
the calm, predator-free environment provided by tanks, allowing for 
recuperation (Revill et al., 2005) and artificially lowering mortality 

Fig. 3. Plots showing the relationship between size, time on deck, and at-vessel vitality scores (AVV) based on predicted probabilities from Cumulative Link Models 
(CLM) where size and deck time were both retained in the most parsimonious models. Predictions were calculated for each retained explanatory variable. Size and 
deck time were then fit for each AVV. Within each species’ plot, bars represent AVV scores, from best at the top (score = 1), to the worst (4). Dark shading represents 
a higher probability of an individual being assigned to the vitality. For Raja spp., sex was retained in parsimonious models and therefore effects were calculated per 
sex. The lower y-axis limits correspond to size at birth (Ebert and Dando, 2021). The upper limits of x and y-axes are based on the maximum values from the data used 
in each model.
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Table 6 
Elasmobranchs surveyed during commercial fishing observations from fleets operating in the Ligurian Sea (LS), Northern Adriatic Sea (AS), and Strait of Sicily (SS), 
from 2020 to 2023. Overall Short-term Mortality according to gear are written in header row, as well as the STM within gear type by species and region. All values, 
unless otherwise indicated, are presented as the proportion that died and the 95 % Confidence Intervals (Wilson Method). and the sample size. Refer to methods for 
more details. CIs were not calculated when sample was ≤2; the notation instead is number of dead individuals (total number individuals). GNS: gillnets, GTR: trammel 
nets, OTB: otter trawls, PTM: midwater pair trawls.

GNS 0.01(0.06–0.17; 134) STM(95 
%CI; n)

GTR 0.07(0.02–0.21; 30) STM(95 
%CI; n)

OTB 0.08(0.06–0.10; 914) STM(95 %CI; n) PTM 0.10(0.03–0.29; 21) 
STM(95 %CI; n)

Species LS AS SS AS LS AS SS AS

A. bovinus ​ ​ ​ ​ ​ ​ ​ 0(1)
D. licha ​ ​ ​ ​ 0.00(0.00–0.56; 

3)
​ ​ ​

D. pastinaca ​ ​ ​ ​ ​ 0(1) ​ ​
E. spinax ​ ​ ​ ​ 0.13(0.07–0.24; 

60)
​ ​ ​

G. melastomus 0.00 
(0.00–0.35; 7)

​ ​ ​ 0.01(0.00–0.05; 
117)

​ ​ ​

M. aquila ​ 0(1) 0(1) ​ ​ ​ ​ ​
M. mustelus ​ 0.03 

(0.01–0.16; 32)
0.17 
(0.03–0.56; 6)

0.00 
(0.00–0.49; 4)

​ 0.10(0.06–0.16; 
144)

0.00 
(0.00–0.35; 7)

1(2)

M. punctulatus ​ 0.11 
(0.02–0.43; 9)

​ 0.00 
(0.00–0.56; 3)

​ 0.09(0.06–0.14; 
203)

0(1) 0.17(0.03–0.56; 6)

R. asterias ​ ​ ​ ​ ​ 0.04(0.01–0.18; 
27)

​ ​

R. clavata ​ ​ ​ ​ 0(1) 0.04(0.01–0.09; 
112)

0(1) 0(1)

R. miraletus ​ ​ ​ ​ ​ 1(1) 0.14 
(0.04–0.40; 14)

​

R. radula ​ ​ 0.00 
(0.00–0.39; 6)

​ ​ ​ ​ ​

S. acanthias ​ 0.05 
(0.01–0.24; 20)

​ 0.20 
(0.04–0.62; 5)

​ 0.18(0.11–0.30; 
60)

​ 0.00(0.00–0.26; 11)

S. canicula 0.15 
(0.09–0.25; 72)

​ 0.00 
(0.00–0.43; 5)

​ 0.00(0.00–0.56; 
3)

0.06(0.03–0.12; 
113)

0.06 
(0.02–0.17; 49)

​

S. stellaris ​ ​ ​ ​ ​ 0.00(0.00–0.19; 
16)

​ ​

T. marmorata ​ ​ ​ ​ ​ 0.06(0.01–0.28; 
16)

0(2) ​

T. nobiliana ​ ​ ​ ​ ​ ​ 0(2) ​

Fig. 4. Proportion of individuals included in short-term monitoring by at-vessel vitality scores (at-vessel vitality AVV), grouped by fishing gear and fishing area 
(Northern Adriatic Sea – AS; Ligurian Sea – LS; Strait of Sicily – SS), and divided by those that were alive after the 2-h monitoring period (STM-Alive) and those that 
died during monitoring (STM-Dead). Rows without vitality proportions represent areas where the fishing gear was not observed. GNS: gillnets, GTR: trammel nets, 
OTB: otter trawls, PTM: midwater pair trawls.
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rates (Wosnick et al., 2024).
While we consider the majority of our limitations to be characteristic 

of commercial collection trade-offs, future studies should record and 
make available all potentially relevant parameters in order to improve 
comparability with other studies (e.g., in-situ temperatures and catch- 
weight). Transparent and streamlined methods are paramount for 
building robust datasets and collaborative research efforts.

4.4. Implication for conservation and management measures

Our results offer optimism for the commercial and discard species in 
the study areas, fill demographic level data gaps, and provide sugges
tions for the conservation and management of commercial species. 
Despite higher mortality among neonates and juveniles, the reduction of 
deck time, in particular at high temperatures, can consistently improve 
their survival. As a regulatory measure, implementing MCRSs for the 
main commercial species can provide benefits for population recovery 
and, at least in some cases, more profitable and long-term sustainable 
fisheries (Zampieri et al., 2025) and can represent a practical solution 
for the uptake by fishers given the low value associated with small-sized 
individuals (Prado et al., 2022). In contrast, mitigation measures (e.g., 
gear change) can impose short-term costs and long-term financial losses 
if valuable target species are impacted, and do not necessarily eliminate 
bycatch. Policy considerations and overall MCRS efficacy should still be 
considered at the level of the fishery. For example, the higher range of 
sizes coupled with low AVM in trawling gear indicate a positive case for 
size limits. On the other hand, higher AVM from gillnets may indicate 
that strategies beyond size limits are needed.

Aiming to improve handling techniques in cooperation with fishers is 
a tangible way to manage discard survival and cryptic negative capture 
consequences (Benoît et al., 2010; Giareta et al., 2021; Wosnick et al., 
2023), and a practical way to counteract circumstances that are other
wise out of a fisher’s control. Training and protocols to reduce deck 
time, to the extent possible, especially for the prompt release of 
small-sized individuals and non-marketable species, and species of great 
concern in specific areas should be provided. The added stress intro
duced by air temperature can be mitigated to an extent by providing 
shade, for example a canopy, which has been observed in some fisheries 
(e.g., Strait of Sicily, pers. obs.) or running seawater on the deck during 
the sorting process, depending on the logistics of the boat. The practi
cality and efficacy must be considered on a case-by-case basis, and in 
direct consultation with the fishers, to account for operational and vessel 
variability. Rather than stand alone, these approaches could be further 
complemented by other management measures, such as the establish
ment of spatio-temporal closures, to strengthen long-term sustainability 
of elasmobranchs fishing and, where needed, enhance their conserva
tion status.

While accurately estimating vulnerability should integrate life his
tory traits, habitat, fishing behaviours, and catch composition (Dulvy 
et al., 2008; Ferretti et al., 2010; Heupel et al., 2019), the reduction of 
unnecessary fishing mortality is a critical component of sustainable 
fisheries management and should be a priority for commercial and 
vulnerable species. Improving fine scale estimates should be the goal 
post, but in the absence, live release should be emphasised for all 
non-utilised elasmobranchs.
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