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Abstract Global biodiversitytargets require us to
identify species at risk of extinction and quantify
status and trends of biodiversity. The Red List Index
(RLI) tracks trends in the conservation status of entire
species groups over time by monitoring changes in
categories assigned to species. Here, we calculate this
index for the world’s fishes in 2010, using a sampled
approach to the RLI based on a randomly selected
sample of 1,500 species, and also present RLI splits
for freshwater and marine systems separately. We fur-
ther compare specific traits of a worldwide fish list to
our sample to assess its representativeness. Overall,
15.1% of species in the sample were estimated to be
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threatened with extinction, resulting in a sampled RLI
of 0.914 for all species, 0.968 in marine and 0.862 in
freshwater ecosystems. Our sample showed fishing as
the principal threat for marine species, and pollution
by agricultural and forestry effluents for freshwater
fishes. The sampled list provides a robust representa-
tion for tracking trends in the conservation status of
the world’s fishes, including disaggregated sampled
indices for marine and freshwater fish. Reassessment
and backcasting of this index is urgent to check the
achievement of the commitments proposed in global
biodiversity targets.
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Introduction

In 2020, the UN Decade of Biodiversity came to its
culmination, requiring a stocktake of the world’s pro-
gress towards the Aichi Targets, set by the Conven-
tion on Biological Diversity in 2010. Following our
failure to reach the previous 2010 target to achieve a
significant reduction in the rate of biodiversity loss
by 2010 (Butchart et al. 2010), none of the Aichi Tar-
gets were fully met at the global level (Secretariat of
the Convention on Biological Diversity 2020). This
includes Aichi Target 12 which stipulated that “by
2020, the extinction of known threatened species has
been prevented and their conservation status, particu-
larly of those most in decline, has been improved and
sustained” (Secretariat of the Convention on Biologi-
cal Diversity 2020).

Monitoring global extinction risk of biodiversity
(Butchart et al. 2004; Baillie et al. 2008) presents one
way to track progress towards Aichi Target 12.Threats
continue to increase, resulting in declines in the abun-
dance and distribution of species (Tilman et al. 2017,
WWF 2020). A recent global assessment of the state
of biodiversity by the Intergovernmental Science-Pol-
icy Platform on Biodiversity and Ecosystem Services
(IPBES) estimated that up to one million species are
at risk of extinction (Ruckelshaus et al. 2020). This
estimate relies on inferences from the extinction
risk of species assessed by the International Union
for Conservation of Nature (IUCN) Red List of
Threatened Species, arguably the most comprehen-
sive inventory on species’ extinction risk worldwide
(Rodrigues et al. 2006). The IUCN Red List splits
the continuous scale of species’ extinction risk into
seven categories, ranging from Least Concern (LC)
and Near Threatened (NT) to the threatened catego-
ries (Vulnerable VU, Endangered EN and Critically
Endangered CR) to Extinct in the Wild (EW) and
Extinct (EX); an additional category of Data Defi-
cient (DD) is used for species with insufficient data
to evaluate their extinction risk IUCN 2012). Spe-
cifically, the IUCN Red List uses a set of five crite-
ria to assign species to one of the three threatened
categories (VU, EN, CR). In 2019, the IUCN Red
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List reached the major milestone of 100,000 species
assessed, the culmination of more than ten years of
increased investment in species assessments through
various targeted projects and a taxonomic and spatial
expansion of the IUCN SSC Species Specialist Group
network (IUCN 2020).

While the extinction risk of nearly all terrestrial
vertebrates has been assessed (Butchart et al. 2004;
Hoffmann et al. 2010; Cox et al. 2022) there are still
substantial data gaps in other species groups (Col-
len et al. 2014; Miqueleiz et al. 2020). To address
this situation, the sampled Red List Index (sRLI) was
devised to expand taxonomic coverage of the IUCN
Red List in a way that also allows aggregation of
under-represented taxonomic groups into global bio-
diversity indicators (Baillie et al. 2008). A random
sample of 900 non-Data Deficient species (i.e. spe-
cies with sufficient data to estimate extinction risk)
from a highly speciose taxonomic group (i.e. a class
or order or family) was originally shown sufficiently
large to accurately estimate the direction of trends in
extinction risk (e.g. for birds (Baillie et al. 2008)).
Subsequently, this approach has been applied to rep-
tiles (Bohm et al. 2013), dragonflies (Clausnitzer
et al. 2009), plants (Brummitt et al. 2015) and fresh-
water molluscs (Bohm et al. 2020). However, while
providing a ‘shortcut’ for the inclusion of highly spe-
cies-rich groups into the RLI, there have so far only
been single baseline assessments completed, and no
repeated assessments to show temporal trends are
so far available (Henriques et al. 2020). Initial sam-
pled assessments for other species groups are still
work in progress (e.g., butterflies (Lewis and Senior
2011)). There is an urgent need to deliver the findings
of these assessments and devise a future sustainable
approach for sRLI reassessments, given that new tar-
gets for biodiversity will be set at the 15th Meeting
of the Conference of the Parties to the Convention on
Biological Diversity in 2022.

Fishes are by far the most species-rich group of
vertebrates, with 36,105 species currently recog-
nised (Fricke et al. 2022), approximately the same
number of species as that of all non-fish vertebrates
combined. Covering freshwater and marine habitats,
assessing the status of the world’s fish is of utmost
importance to ecosystem function and human wellbe-
ing. For example, marine fish provide a vital income
and food source for coastal communities around the
world, and are of particular importance in tackling
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micronutrient deficiencies in humans (Hutchings
2000).

The TUCN Global Species Programme started the
Global Marine Species Assessment in 2005, with the
target to assess the extinction risk of 20,000 marine
species for the IUCN Red List, of which approxi-
mately 17,000 are marine fishes. Currently, extinc-
tion risk for more than 16,000 marine species has
been evaluated®, including reef-building corals (Car-
penter et al. 2008), mangroves (Polidoro et al. 2010),
seagrasses (Short et al. 2011), sea snakes (Eifes et al.
2013), sea cucumbers (Purcell et al. 2014), and cone
snails (Peters et al. 2013). Most assessments have
been for fishes (~ 11,700 species (IUCN 2020)), often
spearheaded by taxon-specific IUCN Species Sur-
vival Commission (SSC) Specialist Groups, includ-
ing hagfishes (Knapp et al. 2011), tunas and billfishes
(Collette et al. 2011), parrotfishes and surgeonfishes
(Comeros-Raynal et al. 2012), groupers (Sadovy de
Mitcheson et al. 2013), sharks and rays (Dulvy et al.
2014), tarpons, ladyfishes and bonefishes (Adams
et al. 2014), anguillid eels (Jacoby et al. 2015), por-
gies (Comeros-Raynal et al. 2016), and pufferfishes
(Stump et al. 2018). Many additional marine fish
assessments have come from regional initiatives, fur-
ther broadening the taxonomic coverage of the Red
List (IUCN 2012). These include nearly all nearshore
and many deep sea marine fishes from the Mediter-
ranean (Abdul Malak et al. 2011), Eastern Cen-
tral Pacific (Polidoro et al. 2012), Western Central
Atlantic and Gulf of Mexico (Linardich et al. 2019;
Strongin et al. 2020), Oceania (Pippard et al. 2017),
European waters (Fernandes et al. 2017), Eastern
Central Atlantic (Polidoro et al. 2017), and Persian
Gulf (Buchanan et al. 2019).

More than 30,000 freshwater species have now
been assessed for the IUCN Red List (IUCN 2012),
including comprehensive assessments for freshwater
crabs, freshwater shrimps and crayfish, and sampled
assessments for freshwater molluscs (Cumberlidge
et al. 2009; Richman et al. 2015; Bohm et al. 2020).
The Freshwater Biodiversity Unit, within the JTUCN
Global Species Programme, has been central to the
assessment effort for freshwater species, including
fishes, generally carried out on a region-by-region
basis (IUCN 2020). There have been several regional
assessments that include freshwater fishes, for
instance for the Eastern Himalaya (Allen et al. 2010),
Western Ghats (Molur et al. 2011), Africa (Darwall

et al. 2011), Europe (Freyhof and Brooks 2011), Indo-
Burma (Allen et al. 2012), Madagascar and the Indian
Ocean islands (Maiz-Tomé et al. 2018), and Mexico
(Contreras-MacBeath et al. 2020), which have started
to fill the assessment gap for freshwater fishes, and
other freshwater species, on the IUCN Red List. Cur-
rently, the IUCN-Toyota Red List Partnership (https://
www.iucn.org/theme/species/our-work/iucn-red-list-
threatened-species/iucn-toyota-partnership) aims to
complete the global comprehensive assessment of
freshwater fishes.

Still, only 61% of fish have been assessed by the
TUCN Red List (currently just over 20,000 species),
compared to 91% of mammals, 100% of birds, 87%
of amphibians and 87% of reptiles IUCN 2021). A
sampled assessment of 1,500 fishes was initially com-
pleted in 2010, as part of the development of the sSRLI
as a global biodiversity indicator (Baillie et al. 2008,
2010). Here, we provide the long-overdue presenta-
tion and analysis of the results, updated to include
the latest knowledge on species status. We pursue two
goals: firstly, we present the first global assessment of
extinction risk for a random sample of fishes, high-
lighting major threats impacting fishes in marine and
freshwater environments, and put the findings in the
context of the conservation status of other non-fish
species groups, including others assessed under the
sRLI approach. Secondly, despite providing a ‘short-
cut’ to achieve RLIs for species-rich groups, the sRLI
approach has so far only produced single status points
rather than trends over time. Here, we investigate the
representativeness of the sRLI sample in terms of
taxonomic, biological and ecological traits, to ensure
that going forward, the sRLI for fishes presents a
robust indicator which adequately reflects the high
trait and ecological diversity of this species group.
Additionally, we investigate whether the current fish
sRLI can form the basis for disaggregated indices
for freshwater and marine fish, as a workable solu-
tion to standalone indicators without imposing a new
workload on already overburdened Red List asses-
sors. This global assessment and definition of a way
forward are of particular importance since the sRLI
for fishes is now due for reassessment to evaluate the
trends in the conservation status of the world’s fishes.

@ Springer


https://www.iucn.org/theme/species/our-work/iucn-red-list-threatened-species/iucn-toyota-partnership
https://www.iucn.org/theme/species/our-work/iucn-red-list-threatened-species/iucn-toyota-partnership
https://www.iucn.org/theme/species/our-work/iucn-red-list-threatened-species/iucn-toyota-partnership

Rev Fish Biol Fisheries

Methods
A sampled Red List Index for the world’s fish

In 2009, a random sample of 1,500 species (the
Sampled List) was drawn from Eschmeyer’s Catalog
of fishes (Baillie et al. 2010) to evaluate the status
and trends of fishes, according to the sRLI protocol
(Baillie et al. 2008). A sample size of 900 non-Data
Deficient species was considered sufficiently large
to detect the correct trend direction in the extinction
risk of a group, while a sample of 1,500 species was
deemed to be large enough to also account for up to
40% data deficiency in under-studied groups (Bail-
lie et al. 2008). Extinction risk of every species in
the sample was assessed according to the IUCN Red
List Categories and Criteria (IUCN 2012) through
consultation with experts of relevant IUCN SSC Spe-
cialist Groups and other species experts. Categories
were assigned based on quantitative thresholds relat-
ing to population reductions (criterion A), restricted
geographic distribution and decline or fragmentation
(criterion B), population size and decline (criterion
C), extremely small population size or restricted dis-
tribution (criterion D) and/or quantitative analyses
(criterion E) (IUCN 2012). Initial assessment was
completed in 2010.

Several species (167) have been subsequently reas-
sessed as part of other assessment processes (e.g.
by the Freshwater Biodiversity Unit or the Global
Marine Species Assessment). In reassessments, spe-
cies may change Red List category due to actual
improvements or deteriorations of their conservation
status (termed “genuine change”) or due to improved
knowledge on the species or changed taxonomy
(termed “nongenuine change” (IUCN Standards and
Petitions Committee 2019)). We summarised the
number of reassessments already carried out, and the
number of category changes due to genuine and non-
genuine changes, based on the latest status of species
on the IUCN Red List v. 2020-1. Since only genu-
ine changes are reflected in the sRLI, nongenuine
changes from reassessments have to be accounted for
by amending the original erroneous category through
a process of “backcasting” (IUCN Standards and Peti-
tions Committee 2019). Here, we integrated improved
knowledge from recent reassessments by adopting
the reassessed categories for species undergoing non-
genuine changes as the 2010 Red List category. A full

@ Springer

backcasting of all nongenuine changes will be carried
out following a complete reassessment of the Sam-
pled List in the near future.

We calculated proportions of threatened species in
our sample by assuming that DD species will fall into
threatened categories in the same proportion as non-
DD species, as per previous studies on other species
groups (Hoffmann et al. 2010; Richman et al. 2015;
Bohm et al. 2020):

Prop,,, = (CR + EN + VU)/(N — EX — DD),

where N is the total number of species in the sam-
ple, CR, EN and VU are the numbers of threatened
species, and DD and EX are the numbers of species
in the DD and EX categories, respectively. To incor-
porate uncertainty introduced by DD species, we cal-
culated upper and lower bounds of threat proportions
by assuming that (a) no DD species were threatened
[lower margin: Propy,=(CR+EN+VU)/(N-EX)],
and (b) all DD species were threatened [upper mar-
gin; Propy,=(CR+EN+VU+DD)/(N-EX)]. We
also estimated the sampled Red List Index in 2010,
following the modified formula of Butchart et al.
(2007).

Zs Wc(t,s)

Wex XN

RLIt=1 -

where W is the category weight (category weights
increase from O for LC in equal steps to 5 for EX and
EW) for species S at time #; and N is the total number
of assessed species, excluding those considered DD.
Thus, RLI values can vary from 0 (all species are EX)
to 1 (all species are LC). In this way, we produced an
sRLI for all fish. A recent re-visit of the sRLI sample
size, analysing data for a broader set of species than
in the original sRLI paper by Baillie et al. (2008),
suggested that 200 to 400 non-DD species are suf-
ficient to accurately detect trend in RLI (Henriques
et al. 2020). Thus, we also produced sRLI values for
freshwater and marine fish separately, given that for
both individually, sample size exceeded 400 non-DD
species.

The threats impacting each species were recorded
during the Red List assessments, following the
IUCN’s unified threats classification scheme (Salaf-
sky et al. 2008). We summarised the frequency of
threats for threatened (VU, EN, CR) and non-threat-
ened species (LC and NT). We also analysed species
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population trends, which are recorded as unknown,
decreasing, stable and increasing populations on the
TUCN Red List (IUCN 2012).

Species distribution was mapped — where possible
— for all assessed species for which the distribution
could be mapped (n=1,484). For some species, spe-
cifically DD species, distribution data was too uncer-
tain to allow mapping. To visualise the distribution
pattern of our Sampled List, we selected only those
parts of a species’ distribution map where the species
was considered extant or probably extant, resident,
and native or reintroduced’’, resulting in 1,473 spe-
cies remaining. We mapped species richness, threat-
ened species richness and DD species richness of our
sample by overlaying a grid with 1° grid cells onto
the respective aggregated species’ distribution and
summing the number of species occurring in each
grid cell. We normalised species richness relative to
the richest cell to derive a synthetic pattern of species
richness ranging from zero (no species present) to
one (highest species richness), as described in Collen
et al. (2014). We created richness maps for freshwater
(n=714) and marine species (n=799), separately. All
maps were created in R Studio v. 1.2.1335 and R Stu-
dio v. 3.6.0 (R Development Core Team 2019).

Taxonomic, ecological, and biological trait data

To obtain a full picture of trait and ecology of the
world’s fishes, we extracted information on taxonomy,
distribution, preferred habitat and biological traits for
the full list of 33,112 fish species from the FishBase
online database (Froese and Pauly 2016). The Sam-
pled List was taxonomically matched to FishBase tax-
onomy (Froese and Pauly 2016). We determined the
number of species in each order according to the Fish-
Base taxonomy and obtained the number of species
for marine and inland waters per FAO Major Fishing
Areas (http://www.fao.org/fishery/area/search/). We
extracted the following habitat information (particu-
lar habitat preferred by each species, adapted from
Holthus and Maragos 1995): pelagic, benthopelagic,
demersal, reef-associated, bathypelagic and bathyde-
mersal, according to the glossary of FishBase (Froese
and Pauly 2016). We summarised the number of spe-
cies in each habitat type.

We collected the following biological traits from
FishBase (Froese and Pauly 2016): life span, genera-
tion time, trophic level and vulnerability index. Life

span is the approximate maximum age individuals of
a given species are estimated to reach, and generation
time is the average age of parents within the cohort.
Trophic level is the position of species in the food
chain, determined by the number of energy-transfer
steps to that level (Froese and Pauly 2016). Trophic
levels reported in FishBase are derived from Ecopath
(Pauly et al. 2000). The index of intrinsic vulnerabil-
ity to fisheries presented in FishBase is calculated via
an expert system developed for fishes that integrates
life history and ecological characteristics (Cheung
et al. 2005). These biological traits collected from
FishBase are not based on direct observations, but are
obtained from algorithmic relationships of other vari-
ables (e.g. total length or maximum reported age).

Subsequently, we compared the taxonomic, geo-
graphic, ecological, and biological representativeness
of the full list of fish against traits of our Sampled
List, to assess whether the randomly Sampled List
adequately represents taxonomic, spatial, and bio-
logical trait diversity of global fishes. Furthermore,
we included separate analyses for DD species, test-
ing their representativeness; in addition to showing us
whether fishes with any particular traits or from any
particular regions are understudied, any patterns of
bias in DD species would also be reflected in the non-
DD species which make up the sRLI. Full and Sam-
pled lists of fish species were tested for differences
in the number of species among taxonomic orders,
among FAO areas and among habitat types, using
chi-square tests (R Development Core Team 2019).
To assess the representativeness of biological traits,
we used non-parametric analyses because the normal
distribution assumption was not met in these data
sets, even after data transformation. First, two-tailed
(Wilcoxon) Mann—Whitney U test was used to exam-
ine whether the medians of the two samples were dif-
ferent. Second, Kolmogorov—Smirnov tests were used
to assess whether the distributions were equal, inde-
pendently of differences in other descriptive param-
eters as mean or variance (R Development Core Team
2019). We tested power of the analyses using package
pwr package (version 1.3-0) in R.
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Results
Status of fishes

In the 1,500-species sample, 178 species were
assessed as threatened with extinction in 2010: 105
were Vulnerable, 40 Endangered and 33 Critically
Endangered (Fig. 1a). Another 320 species (21.3%)
were assessed as Data Deficient in 2010, 961 as Least
Concern, 41 as Near Threatened, and no species were
assessed as Extinct or Extinct in the Wild. Since
2010, 441 species have been reassessed; of these,
272 retained their Red List category and 169 changed
status, 157 due to non-genuine reasons. Of these 157
non-genuine status changes, 54 species changed to
a non-Data Deficient category, 18 moved to a Data
Deficient category, 40 led to increased extinction
risk and 45 to reduced extinction risk. Taking these
non-genuine changes into account, the 1,500-species
sample contained 177 threatened species (85 Vulner-
able, 59 Endangered, 33 Critically Endangered), 39
Near Threatened, 998 Least Concern and 285 Data
Deficient species in 2010. One species was listed as
Extinct (Barbodes herrei (Fowler 1934)).

Thus, we estimated 14.6% of species threatened
with extinction in 2010, with a lower threat estimate
of 11.8%, and an upper threat estimate of 30.1%.
Over half of our threatened species (58%) were
assessed under restricted geographical range size (cri-
terion B) and 30% under population reduction (crite-
rion A). Fifteen percent of threatened species were
classified based on criterion D2 (only used for VU
species, listed based on restricted area of occupancy
or number of locations with a plausible future threat
that could drive the taxon to CR or EX in a very short
time), while only three and four species were clas-
sified under criterion D/D1 (very small population
size) and criterion C (small, declining populations),
respectively (Fig. 1b). Recorded population trends
of sampled species were mainly unknown (66%),
although 12% showed decreasing populations, 21%
were stable, and only six species showed increasing
populations.

In our sample, 805 species were marine and 733
freshwater (40 species were found in both marine and
freshwater). The percentage of species threatened
with extinction varies from 5.7% threatened in marine
fishes (lower: 4.5%; upper 26.2%) to 24.8% in fresh-
water fishes (lower: 20.7%; upper 37.2%, Fig. 1a).
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The sRLI in 2010 was 0.914 (N=1,214 species) for
the world’s fishes, 0.968 for marine fishes (N =630)
and 0.862 for freshwater species (N=616; Fig. 1c).

The most commonly stated threat to fishes is
exploitation (34.9%), especially for marine fishes
(44%). However, pollution is the most prominent
threat to fish species (49.4% of the 176 threatened
species), particularly from agricultural or forestry
effluent, domestic and urban wastewater and indus-
trial effluents, and is particularly prominent for fresh-
water species (63%) (Fig. 2). Natural system modifi-
cations such as dams and channelling in freshwater
ecosystems (9%), invasive species (6.5%), and habitat
loss for urban development (4.9%) were also affect-
ing species, especially threatened freshwater species
(Fig. 2).

Normalised species richness in the sample is
shown in Fig. 3. Highest species richness and threat-
ened species richness for marine fishes in our sam-
ple are located in Southeast Asia, and secondarily
around tropical islands in the Caribbean Ocean. Data
Deficient species richness of our sample was highest
in Southeast Asian waters and along the north and
western Australian coast. Freshwater species richness
in our sample was highest in Southeast Asia and the
Amazon Basin, whereas threatened species are con-
centrated mainly in Southeast Asia. Data Deficient
freshwater species richness in our sample was highest
in parts of Southeast and Eastern Asia.

Representativeness of the Sampled List

In both the full and the Sampled List of fishes, the
largest order is the Perciformes, which includes
both freshwater and marine species. The next larg-
est orders are represented primarily or exclusively by
freshwater species belonging to the Cypriniformes,
Siluriformes and Characiformes (Fig. 4). In terms of
spatial distribution, both lists show that species rich-
ness is highest in the Western Central Pacific and
Northwest Pacific. In inland waters, tropical areas of
Asia and South America are the most species-rich. In
terms of habitat preference, most fish species prefer
pelagic and benthopelagic habitats, followed by reef-
associated ecosystems, in both the full and sampled
lists (Fig. 4). Chi-square tests showed no significant
differences in the proportion of species among orders,
FAOQ areas and preferred habitats between the full and
the Sampled List (Table 1). Similarly, there are no
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Fig. 1 Status of the world’s fishes, based on a random sam-
ple of 1,500 species: A) IUCN Red List Categories for the
full sample, freshwater and marine species; B) Percentage of
species assigned via the different [IUCN Red List Criteria; C)
Red List Indices for birds, mammals, amphibians and cor-
als (source: IUCN), crayfish (Richman et al. 2015), freshwa-
ter crabs (Cumberlidge et al. 2009), freshwater shrimps (De

Grave et al. 2015), and estimated Red List Indices based on a
sampled approach for dragonflies and damselflies (Clausnitzer
et al. 2009), reptiles (Bohm et al. 2013), plants (Brummitt et al.
2015) and fishes, distinguishing marine (M) and freshwater
(FW) species (black circle, this study). Taxa not yet reassessed
appear as a single point
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Fig. 2 Number of species threatened (dark grey) and not
threatened (light grey) classified to each of the main threat cat-
egories for the Sampled Red List of fishes of the IUCN Red
List, distinguishing marine and freshwater species. Threats are
classified according to the Threats Classification Scheme (Ver-
sion 3.2) of the IUCN Red List. Diagrams in the right show
threat subcategories for biological resource use and pollution.

significant differences in estimated biological traits
(life span, generation time, trophic level and vul-
nerability index) comparing full and Sampled Lists
(Table 2). The Sampled List is also representative
of DD species, with no significant differences found
between DD species in the Sampled List and the full
list of fish species except for the generation time,
which is higher for DD species in the Sampled List
(Tables 1 and 2).

Discussion

The first assessment of the Sampled List presented
here provides a baseline of the extinction risk of the
world’s fish, against which to track future trends.
Overall, we show that around 15% of fish species
in our sample are estimated to be threatened with
extinction and that threat is higher in freshwaters
than marine systems. Our results confirm previous
findings on the alarming conservation status of fresh-
water fishes (Pelayo-Villamil et al. 2015; Arthington
et al. 2016) in the same way that other freshwater
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biodiversity is highly threatened with extinction (Col-
len et al. 2014; Richman et al. 2015; Bohm et al.
2020).

The overall sRLI for fishes is similar to the Red
List Index for birds (Hoffmann et al. 2010), and drag-
onflies and damselflies (Clausnitzer et al. 2009), and
higher than for the remaining evaluated taxonomic
groups (Fig. 1). Overall, the sRLI for marine fishes
is the highest of the Red List indices calculated so far
(bar the historical index estimated for reef-building
corals pre-1998 (Carpenter et al. 2008)). Our esti-
mate of 5.7% of marine fish threatened with extinc-
tion is lower than threat levels found in other studies
on extinction risk of marine fishes: regional shore-
fishes (5-9.4% Buchanan et al. 2019; Linardich et al.
2019)), sharks and rays (32% (Dulvy et al. 2021)),
hagfishes (12% (Knapp et al. 2011)), groupers (12%
(Sadovy de Mitcheson et al. 2013)), tarpons, lady-
fishes and bonefishes (12.5% (Adams et al. 2014)),
porgies (8.6% (Comeros-Raynal et al. 2016)), and
pufferfishes (7.9% (Stump et al. 2018)). This is unsur-
prising as threat tends to be greatest in shallower
waters because of likely greater interaction with fish-
ing gears and higher fishing pressure and a random
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Freshwater Richness

Fig. 3 Species richness of the sampled assessment, show-
ing normalised species richness per grid cell: A) all fresh-
water fish (n=714 species); B) all marine fish (n=799); C)

sample of marine fishes will include more deepwa-
ter species than the assessment processes. The sRLI
calculated for freshwater fishes is much lower and
similar to the RLI for mammals and plants (Brum-
mitt et al. 2015). It is slightly higher than RLIs for
other freshwater groups, reflecting a lower estimated
threat level than crayfishes (Richman et al. 2015),
freshwater crabs (Cumberlidge et al. 2009), fresh-
water molluscs (Bohm et al. 2020) and freshwater
shrimps (De Grave et al. 2015). However, note that
the sRLI protocol was not developed to accurately
estimate the proportion of threatened species in a
taxonomic group, but to accurately detect extinction
risk trends in a species group over time (Baillie et al.

02 04 06 08

Marine

Data Deficient (DD) freshwater fish (n=114); D) DD marine
fish (n=173); E) threatened freshwater fish (CR, EN, VU;
n=133); F) threatened marine fish (n=34)

2008). Thus, our threat estimates of 14.5% of fish
species threatened with extinction, derived from our
sample, should be treated with caution and may only
be broadly indicative of overall levels of threat within
fishes. However, ongoing work to test the accuracy of
the sRLI in establishing proportions of threat in taxo-
nomic groups suggests that such estimates fall within
acceptable margins of error and give a good represen-
tation of the relative threat level of a taxonomic group
(Henriques, unpublished data).

High levels of data deficiency introduce uncer-
tainty into assessments of threat levels of taxo-
nomic groups and the resulting RLIs (Butchart and
Bird 2010). With improved knowledge of species,
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Perciformes | 10877 33% N 509 34%
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«Fig. 4 Comparison among Global List of fishes (blue) and
Sampled list (brown) used to estimate the Sampled Red List
indices for all fishes, and marine and freshwater species sepa-
rately. A) Number of species belonging to the 15 more exten-
sive orders; B) number of species distributed by FAO Major
Fishing Areas; C) percentage of species habitat preferences,
according to FishBase (adapted from Holthus and Maragos
1995)

reassessments have led to reassignment of DD spe-
cies to non-DD categories (e.g. in birds (Butchart
and Bird 2010) and reptiles (Bland and Bohm 2016)).
With close to one third of species in the Sampled List
for fishes having undergone reassessment already
(160 marine and 305 freshwater species), there are
already 34 fewer species listed as DD; these changes
to non-DD status have been mostly attributed to the
marine realm. Conversely, designation of species to
the DD category has also occurred as uncertainty
was not previously accurately acknowledged in some
assessments (18 species). Overall, the level of data
deficiency in our Sampled List of fishes is compara-
ble to that found in other species groups such as cray-
fish (Richman et al. 2015) and reptiles (Bohm et al.
2013), and lower than that observed in freshwater
crabs (Cumberlidge et al. 2009) and freshwater mol-
luscs (Bohm et al. 2020). While DD species should
be considered as potentially threatened until their sta-
tus can be properly assessed (IUCN 2012), they can-
not contribute to the Red List Index (Butchart et al.
2004) unless we improve our knowledge on these
species or their status can be meaningfully predicted,
e.g. using trait-based methods (Bland et al. 2015).
Reducing data deficiency is thus important to produce
more robust extinction risk patterns and RLI values in
future (Bland and Bohm 2016). With data deficiency
in our sample highest in parts of Southeast Asia, this
region would make a logical place to target to reduce
DD, specifically for marine fish for which DD cur-
rently produces wide margins of uncertainty around
estimated threat levels.

Population trends were lacking for many marine
fishes beyond coastal areas, as most of our knowledge
on the marine realm comes from coastal, intertidal
or neritic habitats: for example, 73% of marine fish
species assessed on the IUCN Red List occur in these
habitats (IUCN 2020). This is especially problematic
since marine fishes were predominantly assessed as
threatened under criterion A (Fig. 1B), i.e. because
of a population reduction over ten years or three

generations. Results offered by the Living Planet
Index, a measure of the trends of global biodiversity
based on population trends of vertebrate species from
around the world (McRae et al. 2017), showed an
average decline of around 52% for monitored marine
vertebrate populations since 1970 (WWF 2015),
compared to 84% for freshwater vertebrate popula-
tions (WWF 2020). This suggests that the risk of
population declines for those species with unknown
populations trends in our sample should not be under-
estimated, and that we need to push efforts towards
better monitoring and estimating populations.

Fishes are among the most diverse classes of ver-
tebrates with significant differences between marine
and freshwater environmental realms. Despite dif-
ferences between realms, our results consistently
show exploitation and pollution are the main threats
to both marine and freshwater fishes (Fig. 2). In the
marine realm, overexploitation is overwhelmingly
prominent in assessments of nearshore and epipe-
lagic fishes (Knapp et al. 2011; Dulvy et al. 2014;
Stump et al. 2018). Despite low overall threat lev-
els of marine fishes in our study, in 2015 only 7% of
globally assessed stocks were underfished according
to the FAO (FAO 2018), and increases in exploita-
tion pressure in future may lead to further declines
in species. Safeguarding marine fish diversity needs
the urgent engagement of different stakeholders to
ensure the sustainability of this resource while also
addressing the United Nations Sustainable Develop-
ment Goals, e.g. such as SDG2 on combatting hun-
ger and malnutrition and SDG14 on preserving life
below water. IUCN Red List evaluations for marine
fishes are important to achieve their survival and that
of human communities which rely on them for food.
Despite the difficulties of integrating fisheries data
into the IUCN Red List evaluation process (Davies
and Baum 2012; Millar and Dickey-Collas 2018;
Miqueleiz et al. 2022), we consider that current threat
levels require the commitment of all parties involved
to ensure marine fish conservation.

The impact of human settlements and cities around
aquatic ecosystems and increasing water demand
have led to the degradation of freshwater biodiversity
(Pelayo-Villamil et al. 2015; Arthington et al. 2016),
especially through water pollution, dams and water
extraction, river fragmentation, habitat loss, and
establishment of non-native species (Arthington et al.
2016), all threats which were prominently recorded
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Table 1 Values of Chi-square distribution (Xz), degrees of
freedom (df) and probability values (P) comparing Global
(33,112 spp.) and Sampled List (1,500 spp.) by orders, FAO
areas and habitats, and considering total, Data Deficient spe-
cies (total DD), and marine and freshwater species separately.
Data was obtained from FishBase (Froese and Pauly 2016).
Power of the analyses was equal to 1 in all cases

Realms x? Df P
Orders Total 36.31 46 0.846
Total DD 30.19 30 0.456
Marine 33.85 36 0.571
Freshwater 25.75 34 0.844
FAO areas Total 33.99 25 0.108
Total DD 25.63 25 0.427
Marine 15.60 18 0.620
Freshwater 12.26 6 0.056
Habitat Total 55.15 7 0.597
Total DD 7.85 7 0.346
Marine 79.12 7 0.340
Freshwater 66.93 7 0.462

in the sRLI assessments. Rivers are highly connected
linear structures (Hermoso et al. 2017): they are col-
lectors of terrestrial impacts of the landscapes they
drain, conducting them downstream. Management
plans therefore need to consider the unique character-
istics of freshwater systems and their high connectiv-
ity (Hermoso et al. 2016, 2017).

Our study provides the first in-depth test of repre-
sentativeness of the sRLI — including the separate
disaggregated indices obtained for marine, freshwa-
ter, and also DD species — in terms of geographic,
ecological and trait diversity. This is particularly
important since the sRLI method at present randomly
draws species from the species list; stratification of
the sample according to key measures was originally
considered, but was rejected as a workable strategy
due to the general lack of knowledge on any of these
factors prior to the assessment process (Baillie et al.
2008). Thus far, tests have only been carried out to
show that the recommended sRLI sample sizes are
large enough to accurately reflect species group
attributes regarding biogeographic realm, ecosystem
types and taxonomy (Baillie et al. 2008; Henriques
et al. 2020). Representativeness is important since,
for example, marine fishes that are restricted to the
continental shelf, and especially those that occupy
shallow habitats of less than 50 m depth, have a
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significantly higher proportion of threatened spe-
cies compared to marine fishes that occur in waters
deeper than 300 m (Polidoro et al. 2017). Similarly,
deep sea fishes are often assumed to be LC because
of a lack of intense fishing pressure on these fishes,
although low growth rates, late maturity, low fecun-
dity and long lifespans of many deep sea fishes make
them particularly vulnerable to any level of exploita-
tion (Baker et al. 2009). Here, we again showed that
there were no significant differences in the propor-
tions among taxonomic groups, geographic regions
and habitat types between the Sampled and full list of
fishes, while also showing representativeness of other
biological traits (life span, generation time, trophic
level and vulnerability index), both in the sRLI for
fish and its disaggregates into freshwater and marine
fishes, respectively. The Sampled List seems to not
only be sufficiently large to accurately detect trend
direction in the extinction risk of the world’s fishes
(Baillie et al. 2008; Henriques et al. 2020), but also to
be representative of the world’s fish taxonomic, trait
and ecological diversity. In terms of spatial represent-
ativeness, the data generated by the global freshwater
fish assessment— once completed — can be used to
re-evaluate the representativeness of our sRLI sample
of freshwater fishes spatially (Fig. 3).

In this study, we calculated the baseline sRLI
for 2010, the year in which the assessments of the
selected 1,500 species were concluded, updated based
on recent knowledge gathered through reassessments
which have resulted in non-genuine changes of Red
List status of 157 species. The index results published
here provide the baseline towards monitoring global
extinction risk in this highly species-rich group,
allowing us to track future changes and trends in the
conservation status of the world’s fishes. Specifically,
through a future full reassessment of the sample, this
index enables us to track improvements or deteriora-
tions in the status of the world’s fishes. However, pre-
vious sRLI assessments have so far mainly achieved a
single status point, and are still struggling to present
trends in extinction risk over time, mainly due to Red
Listing requiring considerable time and resources
(Juffe-Bignoli et al. 2016). Recent work has shown
that where reassessments occur every ten years, ran-
domly drawn samples of 400 non-DD species from
the full species list may be sufficient to accurately
show direction of RLI trend of a group (Henriques
et al. 2020), thus reducing some of the time and
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Table 2 Descriptive statistics (number N, mean, standard
error SE and median) of biological traits, Mann—Whitney U
test for equal medians (U) and Kolmogorov—Smirnov test for
equal distributions (D) and associated probabilities, compar-
ing features of Global (GL) and Sampled List (SL) of freshwa-

ter (FW) and marine (M) fishes included on FishBase (Froese
and Pauly 2016). Besides, GL and Data deficient species (DD)
were compared for both marine and freshwater realms (All).
Power of the analyses was equal to 1 in all cases

Traits Realm List N Mean SE Median U P D P
Trophic level FW GL 14,848 3.04 0.48 3.10 4.71x10° 0.562 0.045 0.145
SL 712 3.03 0.50 3.11
M GL 15,262 3.42 0.46 3.40 5.32%10° 0.637 0.034 0.405
SL 745 3.42 0.50 3.40
All GL 29,266 3.25 0.003 3.27 4.41x10° 0.0728 0.078 0.066
DD 284 3.30 0.03 3.30
Vulnerability FW GL 15,997 20.87 14.45 14.47 2.43%x10° 0.981 0.030 0.780
SL 714 21.5 13.90 15.77
M GL 15,854 27.37 16.04 24.72 3.91x10° 0.440 0.034 0.498
SL 745 27.36 15.40 24.73
All GL 30.838 2543 0.09 21.55 4.66%10° 0.0898 0.076 0.077
DD 286 27.04 0.99 24.24
Life span FW GL 12,024 5.80 7.23 3.70 3.24%10° 0.118 0.045 0.214
SL 560 5.72 6.00 3.90
M GL 13,265 7.73 7.94 5.40 4.26%10° 0.354 0.043 0.183
SL 657 7.28 6.30 5.10
All GL 24,282 7.035 0.05 4.60 2.97x10° 0.497 0.049 0.623
DD 239 7.22 0.47 4.70
Generation time FW GL 12,011 2.21 2.56 1.51 3.25%10° 0.214 0.043 0.282
SL 558 2.15 2.00 1.58
M GL 13,259 2.80 2.66 2.11 4.25%10° 0.273 0.041 0.241
SL 657 2.67 2.20 2.00
All GL 24,269 2.61 0.02 1.8 3.162x 10° 0.016 0.111 0.005
DD 239 3.02 0.19 2.19

resource constraints from the reassessment process.
Applying this reduced sample size to our sRLI for
fishes, the respective sample sizes for marine (631
non-DD species) and freshwater fishes (617 non-DD
species) are large enough to function as stand-alone,
disaggregated indices.

A reassessment would allow us to check how fishes
fared against Aichi Target 12, and provide a starting
point for better conservation action and management
for these vital aquatic resources. Many of the origi-
nal assessments have already undergone (20,878 fish
species) or are in the process of reassessment of their
TUCN Red List status. As such, as a first step for reas-
sessment of the sRLI, we have already collated recent
reassessments and produced preliminary updates of
the 2010 status of those species which had under-
gone non-genuine changes in their assessment status

in recent years (i.e. changes because of improved data
rather than actual improvements or deteriorations in
extinction risk status). We also identified thirteen
genuine status changes from 441 reassessments car-
ried out so far. Based on this preliminary work, we
next need to prioritise reassessments of those species
which were in threatened or Near Threatened catego-
ries in 2010. As in other assessment processes, Least
Concern species may be fast-tracked more rapidly
through the assessment process (Red List Technical
Working Group 2018). Finally, application of ret-
rospective assessments to assess past extinction risk
status from a present perspective (Hoffmann et al.
2011; Di Marco et al. 2014; Kyne et al. 2020) should
be considered to derive long-term trends in extinction
risk over time.
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Aichi Target 12 for biodiversity has not been met
(Secretariat of the Convention on Biological Diver-
sity 2020). Considering the existing priorities and
limited conservation resources to establish an effi-
cient reassessment of larger samples, the selected
subset of species can inform current and future policy
targets about trends on fish species conservation and
help to allocate efforts and resources. Given that to
date, fishes have been largely neglected in large-scale
conservation analyses, likely due to an apathetic pub-
lic perception of these animals (Darwall et al. 2009;
Pino-del-Carpio et al. 2014) and a comparatively low
level of research compared to other vertebrate groups,
not only in non-commercial (Reynolds et al. 2005),
but also charismatic species of fish (McClenachan
et al. 2012), development and upkeep of an effective
tool to communicate fish trends is urgently required.
Current and updated assessments are necessary in
the scenario of a changing world where threats and
conservation status of biodiversity are constantly
changing (Tilman et al. 2017; Reid et al. 2019). For
example, climate change is an emerging threat of
freshwater ecosystems (Pelayo-Villamil et al. 2015;
Reid et al. 2019), though still features less promi-
nently in [UCN Red List assessments. Other JTUCN
assessments for freshwater species have already noted
climate change as a major future threat (Bohm et al.
2020) and it is likely to become a more important
threat in future reassessments of our sample.
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