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This brief research report presents the 2022 updated IUCN Red List for the

cartilaginous fish fauna (76 species) recorded in the Italian seas and compares

it with the 2013 assessment. Overall, the number of Data Deficient (DD) species

decreased in favor of both threatened and unthreatened categories. Out of five

DD species in the 2013 assessment, three acquired the status of threatened

species (Vulnerable or higher) and two an unthreatened (Least Concern or

higher) status in the 2022 assessment. Additionally, the classification for one

species changed from Least Concern in 2013 to DD in 2022. The comparison

between assessments showed no significant change in the average extinction

risk status of cartilaginous fish populations of the Italian seas. Even though 2013-

DD species decreased in number, the latter still remains high in the updated

Italian IUCN Red List assessment.
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1 Introduction

Because of the Italian peninsula’s unique position in the Mediterranean Sea, Italian

marine waters are emblematic for the study of marine life inhabiting this basin, which

is considered a biodiversity “hot spot” at the global scale (1). This is particularly true

for the cartilaginous fish fauna, composed of one holocephalan and 75 elasmobranch

species. The latter group is divided almost equally between batoids (rays and skates) and

squaloids (sharks). Some of these species are endemic to the Mediterranean, whereas

some others are occasional vagrant visitors within the basin and Italian seas (2, 3).

Cartilaginous fishes have unique bio-ecological characteristics among marine vertebrates

(4). Since most chondrichthyan species are characterized by low-resilience, slow growth,

delayed maturity, and low fecundity rates (5, 6), they exhibit very low recovery rates to
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continued overfishing (7, 8), as well as to new threats, such as

climate change, habitat loss, and marine pollution (9–12). This

has led to the repeated reporting of alarming global declines

in populations of rays, skates, sharks, and chimeras on various

scales [Pacoureau et al. (13) and references therein]. On 1948,

the International Union for the Conservation of Nature (IUCN)

introduced the Red Lists as a tool to assess, at different geographical

scales, the extinction risk status at the species level. Since 1994,

assessments have been based on a system of quantitative and

scientifically rigorous categories and criteria, the latest version

of which dates back to 2001 (14). These categories and criteria,

globally applicable to all living species except microorganisms,

represent the most comprehensive inventory of species threatened

with extinction and are the global standard for assessing extinction

risk. Official guidelines exist for application at sub-global scales,

including national scales (15, 16). The Italian IUCN Committee,

therefore, called for the present assessments also to ensure the

availability, at the national level, of the information required

to identify the appropriate management measures to pursue the

objectives of the Convention on Biological Diversity fully (17) and

the 2030 European Biodiversity Strategy (18) for these species.

Indeed, the Red List evaluation helps compare information on

species’ conservation status based on strict and replicable criteria

and threats across different geographical scales. For instance, it

has been recently shown that the severity of IUCN assessments

for the Mediterranean elasmobranch species depends on the

interaction between the species-specific characteristics of the life

history traits (19) and the variation in the intensity of the fishing

threat posed by different fishing gears on different species at a

given geographic scale (20). In addition, the different assessment

cycles allow comparison of the species extinction risk over time.

Knowing the trends in the health status of cartilaginous fish

populations can help prioritize conservation measures and data

collecting, especially for data deficient species. In this short note,

we present the outcomes of the 2022 updates of the IUCN

Red List for the cartilaginous fish fauna recorded in the Italian

seas, and we compare it with the previous 2013 assessment.

We focus, in particular, on species that changed risk category

between the 2013–2022 cycles of the Italian IUCN Red List

assessment, and we discuss the outcome in the light of possible

management scenarios.

2 Materials and methods

2.1 Assessment method

The 2022 update of the IUCN Red List for elasmobranch

species of the Italian seas was carried out by applying the

methods recommended by the IUCN. The assessment of

extinction risk was based on the IUCN Red List Categories

and Criteria version 3.1 (14), the Guidelines for the Use

of IUCN Red List Categories and Criteria version 10

(21), and the Guidelines for the Application of IUCN

Categories and Criteria at the Regional Level version 3.0

(15, 16).

2.2 Assessment protocol

An area larger than territorial waters was considered

for cartilaginous fish species (Figure 1), as the latter are

generally highly mobile animals for which the limited extent

of national waters is of little significance for assessing their

populations’ status. Assessors (the authors) collected the

following information for each species assessed: Taxonomy

(and taxonomic notes, if necessary), Distribution information,

Population information, Environmental preferences, Major

threats, Conservation measures in place and needed, Essential

literature references for assessing the extinction risk into categories,

Extinction risk according to IUCN categories and criteria (NA:

not applicable; LC: least concern; NT: near threatened; VU:

vulnerable; EN: endangered; CR: critically endangered) and

subcategories for the threatened species (VU, EN, and CR).

2.3 Statistical analyses

Weused the nonparametric FriedmanANOVA and the Kendall

concordance coefficient to assess and compare the overall statistical

significance of the intraspecific differences in the extinction risk

assessment between the 2013 and 2022 cycles of the Italian IUCN

Red List. For this purpose, we coded IUCN categories as follows:

NA = 0.5, DD = 1, LC = 2, NT = 3, VU = 4, EN = 5 and CR = 6.

The Friedman test was used as a nonparametric alternative to

a one-way analysis of variance for repeated measures to compare

dependent samples due to the nature of the data. On the other

hand, the Kendall concordance coefficient is generally used to

verify the concordance hypothesis between two or more ranking

categories. Contingency tables and associated χ
2 tests were used

to detect significant differences in the relative frequency of the

number of species between single (NA included) and aggregated

(TNT: total not threatened =LC + NT; vs TT: total threatened =

VU+ EN+ CR) IUCN extinction risk categories between the 2013

and 2022 assessments. The tables were arranged separately, with

seven or two columns as categories and two rows as assessments

for single and aggregated categories, respectively. The analysis was

chosen due to the associated chi-square test and resulting p-value

for statistical significance of difference and level of dependence

between proportions.

For each extinction risk category, we calculated the value of the

percent difference in the number of species between the 2022 and

2013 cycles (D% 2022−2013) of the Italian IUCN Red List assessment

as follows

D%2022−2013 = [(X2022)/(X2013)
∗100]− 100

with X as the number of species in a given category by the year

of assessment as subscript. Therefore, positive values from the

formula indicate categories that increased in the number of species

by a given relative percentage in 2022 compared to the 2013

IUCN assessment.
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FIGURE 1

Assessment areas used in the 2013 and 2022 red list assessments for cartilaginous species of the Italian seas. National waters are represented in blue,

and delimitations with corresponding o�cial reference numbers are shown for the Geographical Sub Areas (GSAs) where fishing campaigns of the

International bottom trawl survey in the Mediterranean (MEDITS) program are regularly carried out.

3 Results

3.1 Friedman ANOVA

Friedman ANOVA returned significant results in comparing

assessments of single species between the 2013 and 2022 IUCN

evaluation cycles (χ2
= 129.29, N = 2, D.F. = 76, p < 0.001).

Although the two data series showed a high concordance (Kendal

tau = 0.87, mean rank = 0.92), the 2013-DD species decreased in

favor of other categories in the 2022 assessment. In particular, we

obtained a change of extinction risk category for six elasmobranch

species (Figure 2A). Three 2013-DD species were assigned to a

threat category in 2022 (VU or higher), namely the bigeye thresher

shark Alopias superciliosus (CR), the shortfin mako shark Isurus

oxyrinchus (EN) and the kitefin shark Dalatias licha (VU). In

addition, two species were assigned to non-threat categories (LC

and NT), namely the nurse-hound catshark Scyliorhinus stellaris

and the little gulper shark Centrophorus uyato (NT). The common

eagle ray Myliobatis aquila shifted from the LC in 2013 to the

DD category in the 2022 assessment (Figure 2A). All extinction

risk categories, apart from NA, showed a percent variation

in the number of species in comparison between assessments

(Figure 2B).

3.2 Contingency tables

The relative frequency of species number by IUCN category

did not show significant differences (p < 0.05) between the two

assessments (N = 152, χ2
= 1.45, D.F. = 6, p < 0.10). The limited

variation observed was mainly determined by the changes in the

number of species within the NT and VU categories between

the assessments (about 70% of contribute to total variation)

(Figure 2C). In fact, although very low, the number of species

of both categories in 2013 doubled in the 2022 Italian IUCN

assessment (Figure 2C), showing the highest absolute value of

percent variation in the number of species relative to other

categories (Figure 2B). DD species contributed importantly to total

variation as well, representing about 18% of the total variation

(Figure 2C), with the number of species in the 2013 assessment

decreasing by 11.8 % as compared to 2022 (Figure 2B). Differently,

2013 EN and CR categories increased in species number by

25.0% and 11.1%, respectively, in the 2022 IUCN assessment

(Figure 2B). Despite the quite high values of relative difference

between assessments, EN and CR categories contributed together

only about 11% relative to the total variation (Figure 2C). NA

species were equally present and 2013 LC species decreased in the

2022 assessment with the lowest percent variation (6.3%) compared
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FIGURE 2

(A) Intra-specific variation in the IUCN extinction risk assessment between 2013 (gray area) and 2022 (white area) for the Italian IUCN assessment

cycles of cartilaginous fish species. (B) Variation in the number of species (on the left y-axis) across IUCN extinction risk categories between 2013

and 2022 Italian assessments. The dotted dark line with dark indicators represents the values (in labels) of percent variation in the number of species

(on the right y-axis) between the 2013 and 2022 assessments. (C) Contributions to the total chi-squared variation in the frequency of occurrence of

the number of cartilaginous species by IUCN extinction risk category between the 2013 and 2022 Italian assessment cycles. NA, Not Assessed; DD,

Data Deficient; LC, Least Concern; NT, Near Threatened; VU, Vulnerable; EN, Endangered; CR, Critically Endangered. TT, Total Threatened (VU + EN

+ CR); TNT, Total Not Threatened (LC + NT).

to other categories (Figure 2B). The LC and NA species showed

consequently very low and null contributions to the total variation

(Figure 2C), respectively. In comparing not threatened (TNT) to

threatened species (TT), the difference in the relative frequency of

the species number was not significantly different between the two

assessments (N = 68, χ2
= 0.08, DF = 1, p > 0.05). However, both
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groupings had more species in 2022 than in the 2013 assessment,

particularly the TT group (Figure 2B). All details of the 2013 and

2022 assessments are reported in Supplementary material 1.

4 Discussion

The reduction in the number of DD species was the most

important achievement obtained for the 2022 Italian IUCN

Red List assessment compared with the previous assessment for

cartilaginous fish species. The increase in scientific knowledge

available for some species and experts’ agreement after discussion

allowed changes from DD status to a defined extinction risk

category for six species. The two pelagic species (the shortfin mako

and the bigeye thresher shark) worsened extinction risk status,

being actually assessed as EN A2b and CR A2b, respectively. The

prevalence of juveniles of these species recently observed in the

fishery bycatch of pelagic longlines and passive nets of Italian and

Mediterranean waters [Scacco et al. (22) and references therein]

might be a sign of poor population condition with few reproductive

individuals and reduced resilience. Additionally, the rising concern

for the population condition of the bigeye thresher shark recently

stimulated the introduction of the EU Reg. EU, 2022/109 Art. 25

that prohibits direct fishing of this species (23). Additionally, A.

superciliosus is frequently misidentified with A. vulpinus, which

is currently assessed as CR. The deep-water kitefin shark, newly

assessed as VUA4b, exhibited a steady decline, as indicated by local

scientific trawl surveys (24–26), with a strong recommendation

to monitor its occurrence in deep-sea fisheries. The nurse-hound

catshark and the little gulper shark were assessed both as near

threatened (NT) for criterion A2b. In fact, the former species

showed a general decline (20–25% in the last three generations,

45–60 years) observed since the 1970s, especially locally (27). The

latter species is bycatch of bottom longlines and gillnets fisheries

on the continental slope, where this species tends to aggregate

(28, 29), with a steady population decline of 20–25% in the last

three generations (48–60 years) (MEDITS data). The common

eagle ray returned to the DD category as being a good example

of a species fitting this assessment. At the same time, the species

shows large aggregations, as observed in many MPAs (30), as

well as strong fluctuations in the bycatch of pelagic gear (31,

32).

Overall, the average extinction risk status of cartilaginous fish

populations did not show significant variation between the 2013

and 2022 assessments for the Italian waters. In fact, the number of

species assessed in new categories was roughly balanced between

threatened and non-threatened categories. Despite the reduction

in DD species obtained in the 2022-updated assessment, their

number is still worryingly high on the Italian IUCN Red List.

Whatever the extinction risk status of a DD species, the problem

is that the DD category might hide a concerning extinction risk

status for several species at both the local (33) and larger scale

(20, 34, 35). On the other hand, a Green List, complementary to

the IUCN Red List for elasmobranchs, has been proposed based on

the likely link between some signs of population recovery recently

observed for a limited number of elasmobranch species, and the

globally increased implementation of conservation actions (36).

According to the definition, DD species are a research priority, and

the areas where these are concentrated are those where field surveys

are most needed to collect new data for a defined assessment

of extinction risk. Precisely, the availability of the information

required to take the appropriate management measures at the

national level is one of the key elements required to fully pursue

the objectives of the 2030 European Biodiversity Strategy for

these species.
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