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The "ACCOBAMS Survey Initiative” (ASI) is a pilot programme aimed at
establishing an integrated and coordinated monitoring system for cetaceans
across the Agreement on the Conservation of Cetaceans of the Black Sea,
Mediterranean Sea and contiguous Atlantic (hereafter "ACCOBAMS’) area.
Conducted in coordination with Mediterranean coastal countries, it supports
the implementation of European and regional policies, in particular the EU Marine
Strategy Framework Directive and the Ecosystem Approach process. In summer
2018, a synoptic survey was conducted across the Mediterranean Sea and
contiguous Atlantic area, combining visual monitoring from aircrafts with visual
and passive acoustic monitoring from vessels. Species density and abundance
were estimated through design-based approach in a line-transect sampling
framework. Based on data arising from the aerial survey only, uncorrected
design-based abundance was obtained for striped (N=426,744, CV=0.13),
common (N=65,359, CV=0.4), bottlenose (N=63,333, CV=0.17), and Risso's
dolphins (N=26,006, CV=0.3), Cuvier's beaked whales (N=2,929, CV=0.4) and
long-finned pilot whales (N=5,540 CV=0.4). A merged category of either striped
or common dolphins resulted in 212,828 individuals (CV=0.26). Fin whales
abundance of 1,749 animals (CV=0.3) was corrected for both availability and
perception biases and resulted in 3,282 (CV=0.31). The ASI survey offers an
overall picture of the distribution and abundance of cetaceans throughout the
Mediterranean basin, providing robust estimates to be considered as a baseline
for future regional systematic monitoring programmes. The ASI survey is the first
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step towards establishing a long-term monitoring program across the entire
ACCOBAMS area, and, as such, it sets the basis for further future basin-wide
monitoring efforts using systematic, shared, coordinated and comparable
methods. The information gathered will further enhance knowledge on
cetacean status, facilitating the development of informed conservation and
mitigation measures, as well as supporting the implementation of international
obligations. Furthermore, the outcomes of this survey will support both place-
and threat-based conservation efforts in the ACCOBAMS area, through the
identification of Important Marine Mammal Areas and Cetacean Critical
Habitats. Here the results of the ASI survey are presented and discussed
alongside proposed management and conservation actions aimed at ensuring

the persistence of cetacean populations in the region.

KEYWORDS

Mediterranean, density and abundance, aerial surveys, cetacean, conservation, large-

scale surveys

1 Introduction

The need for monitoring programmes at large spatial and temporal
scales aimed at assessing changes in species distributions and
abundances, and to predict long-term biological responses to
anthropogenic pressures and global changes is widely recognized
(Balmford et al., 2005; Green et al., 2005; Pereira and Cooper, 2006).
These programmes are also crucial to inform and implement
conservation actions and to evaluate the efficacy of management
(Grand et al.,, 2007). However, it is difficult to obtain robust
estimates of these population parameters and assess changes for
highly mobile and cryptic species, such as cetaceans, whose ranges
extend over large areas and occurrence can show strong temporal and
spatial patterns (Hughes et al., 2011; Thomas et al., 2015; Guerra et al.,
2019; Nykanen et al., 2020).

In the Mediterranean and Black Seas, hotspots of biodiversity (Coll
et al, 2010) overlap with high volumes of human activities. The
Agreement on the Conservation of Cetaceans of the Black Sea,
Mediterranean Sea and Contiguous Atlantic Area (ACCOBAMS) has
historically recognized the need for robust baseline data on the
conservation status of cetaceans across the Agreement Area, where
the overall human impact on the environment is believed to be high
(Micheli et al., 2013; Halpern et al., 2015; Stock et al., 2018; Halpern
et al., 2019) and where cetacean populations are threatened
(Notarbartolo di Sciara, 2016). The ACCOBAMS Secretariat and
Scientific Committee therefore proposed and developed the
ACCOBAMS Survey Initiative (hereafter ‘AST), as the first synoptic
survey of the entire ACCOBAMS Region aimed to establish an
integrated, collaborative and coordinated monitoring system of the
status of cetacean populations across the ACCOBAMS Area
(ACCOBAMS Resolutions 6.13, 8.10). The ASI also contained a
strong capacity building, sharing and training component that will
ultimately strengthen conservation and management in the Region.
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Whilst primarily developed to further knowledge of cetaceans, the ASI
also makes an important contribution to the fulfilment of European
Union (EU) Regulations and Directives, specifically the Habitats and
the Marine Strategy Framework Directives (Authier et al.,, 2017), as well
as other relevant policy frameworks such as the “Protocol concerning
Specially Protected Areas and Biological Diversity in the
Mediterranean” of the Barcelona Convention, the “Convention on
the Conservation of Migratory Species and Wild Animals” (also known
as CMS or Bonn Convention), and the “Berne Convention on the
Conservation of European Wildlife and Natural Habitats”.

The ASI officially started at the Sixth Meeting of the Parties to
ACCOBAMS (Monaco, 22-25 November 2016) whereas data
collection took place in summer 2018 and 2019. Following well-
established large-scale monitoring initiatives, such as the Small
Cetaceans in European Atlantic waters and the North Sea (SCANS;
Hammond et al, 2013), the primary approach was to undertake
visual line-transect distance sampling aerial surveys, complemented
by ship-based visual and acoustic distance sampling surveys
(Boisseau et al., 2023), to maximize survey effort and area coverage.
Data were collected for all the cetacean species occurring in the
Agreement area (ACCOBAMS, 2021a). Data on other megafauna
taxa were also recorded including marine turtles (DiMatteo et al,
2022), and fish (Canadas et al., 2023). In addition, information on the
presence, distribution, and levels of human activities (e.g., floating
macro-marine litter, marine traffic, etc.) was collected (Lambert et al.,
2020; Niviere et al., 2024).

The ASI is not the first example of such large-scale synoptic
surveys, but the inherent and geopolitical complexity of the
Mediterranean Sea, with 21 countries bordering its basin, make
the ASI a unique case worldwide. Moreover, the fact that the ASI
survey spanned across the entire Mediterranean ecoregion,
recognized to be a single biogeochemical province (Longhurst,
2007), makes the programme unique in that it attempts to assess
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and gain knowledge on all cetacean species and their suitable
habitats in the entire ecological region.

In this context, the ASI plays an important collaborative role in
gathering baseline data for the wide range of cetaceans known to
inhabit the Mediterranean Sea, a region where systematic research
effort is spatially limited (Mannocci et al., 2018), and gaps exist in
the current knowledge of species occurrence, distribution and
abundance (Canadas et al., 2023).

This paper presents uncorrected - apart for fin whales
(Balaenoptera physalus) — design-based abundance and density
estimates (i.e., estimates are not corrected for perception and
availability biases) of cetacean species in the Mediterranean Sea
and contiguous Atlantic area (Gulf of Cadiz), based on data
collected through the aerial component of the ASI survey. The
results are discussed considering their relevance towards informing
conservation and management decisions, as well as an example of
how a coordinated effort between countries is crucial to raise
knowledge and ultimately to achieve and maintain good
conservation status of species and habitats in a diverse and
heterogeneous biogeographic and geopolitically complex region.

2 Material and methods
2.1 Survey design

A large portion of the Mediterranean (77% of its entire area
totaling 1,9 million Km?) and Gulf of Cadiz was divided in 32 strata
based on the best compromise between oceanographic and
physiographic characteristics, as well as the overarching political
or jurisdictional constraints and logistic issues such as fuel
availability, planes’ endurance, location of airports and issuing of
flight permits. Equally-spaced zig-zag transects (Buckland, 2001;
Strindberg and Buckland, 2004) were designed through the
dedicated software Distance 7.3 (Thomas et al., 2010), to obtain
an equal coverage probability within each stratum and to optimize
effort. Transects were planned to be flown once with the ratio Effort/
Area varying between 2.7 and 3.6% coverage, assuming an effective
strip width of 0.5 km. The survey design, with transects and strata, is
shown in Figure 1. Areas that could not be monitored by plane in
the southern basin were instead largely covered by the ship-based
component of the ASI and are presented in Boisseau et al. (2024).

2.2 Data collection

The survey was conducted between June and August 2018.
Eight planes of three different models - 4 Partenavia (P68), 2 Britten
Norman Islander (BN-2) and 2 Cessna 337 Skymaster O-2 (push-
pull) - all equipped with bubble-windows to allow for direct
observations on the track-line, were used for the survey. Each
aircraft accommodated two primary observers, scanning the sea
surface on both sides of the aircraft, and one data operator, in
addition to the pilot. Surveys were conducted in passing mode
(Dawson et al., 2008), i.e., the plane did not leave the track-line to
approach sightings, unless it needed to estimate group size of large
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groups of animals or to identify species, based on ad-hoc decisions
by the observers and cruise leader. The flight altitude was kept
constant at 183m (600 feet), in accordance with similar surveys
where target species were small cetaceans (Hammond et al., 2013)
or marine megafauna (Laran et al., 2017a; Laran et al., 2017b; Pettex
etal, 2017; Rogan et al., 2018), and ground speed was maintained at
100 knots (185 km/h).

The software SAMMOA 1.1.2" was used for data collection,
storage, validation and management. Teams were created according
to previous experience in leading and participating in aerial surveys,
with researchers taking part in both theoretical and practical
training sessions to prepare for field work activities, and
familiarize with protocols.

Data were collected in ‘fline transect mode’ by recording the
declination angle when the animal or group of animals were abeam to
the plane (Buckland, 2001). Sea and weather conditions (i.e., Beaufort
wind scale, glare severity and angle, water turbidity, cloud coverage
and presence of glint) were recorded at the beginning of each transect
and at any time they changed. An overall subjective assessment of the

» o«

detection conditions (i.e., “excellent”,

» «

good”, “moderate” or “poor”,
hereafter referred to as “Sightability score”) for each observer was also
recorded where, as an instance, “good” conditions corresponded to
an observer perceiving the likelihood of spotting a small delphinid
within the searching area (within approx. 300 m from the track line)
to be good (e.g., Beaufort wind scale < 2, turbidity < 2 and glare
moderate, good or absent). These approximate limits were identified
by marks on the bubble-windows corresponding to a theoretical
sighting angle of 31°, which at the survey flight altitude would equate
to a perpendicular distance of 304.7 m. Survey was halted when
conditions were deemed “poor” with at least Beaufort wind scale and
water turbidity greater than 3 and 1, respectively. Details on the
‘environmental condition fields and codes’ used during the surveys
are presented in the Supplementary Materials.

Data collected during sightings included the species (identified
to the lowest possible taxonomic level), school size, number of
calves, behavior, swimming direction and possible reaction to the
aircraft. The declination angle to the sighted animal/group of
animals, measured with a hand-held clinometer, was used to
calculate the perpendicular distances to the track line. For
sightings with species or school size initially uncertain, primary
search effort was stopped, and a specific circling maneuver - similar
to the “race-track” when the aircraft circles back to resurvey a
defined segment of the transect (Hiby, 1999; Scheidat et al., 2008;
Gilles et al., 2009) — was implemented only to gain insight of group
size or species identification. Data were validated after each flight,
all flight data were collated and merged into a single dataset and
sightings were associated to corresponding effort using ArcGIS 10.6
and MGET tool (Roberts et al, 2010) for final review prior to
the analysis.

1 SAMMOA 1.1.2. Systeme d'Acquisition des données sur la Mégafaune
Marine par Observations Aériennes, Software developed by UMS 3462
Pelagis LRUniv-CNRS and Code Lutin (2012-2019).
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Before performing density and abundance estimation analysis,
data were used to provide explorative descriptive statistics and
calculation of encounter rates (sightings per unit of effort), using a
grid cell of 50x50 km, through a dedicated plugin PelaSIG. The
results of this exploratory analyses and the details on the plugin are
presented in Niviere et al. (2024).

2.3.1 Abundance and density estimates

Although the study area was divided into 32 strata (Figure 1),
these were later merged into larger sectors referred to as “Sub-Areas”
(Figure 2) to better reflect distributional ranges of species, and to
prevent having sectors with little effort or too few observations to
produce robust estimates. This post-stratification was done in the
Distance software by specifying the Sub-Area as stratum within the
model definition properties. These larger sectors were also identified
to reflect existing spatial extents defined under the MSFD and EcAp
framework® and to facilitate reporting. Although the results of design-
based analysis have been performed for each original block (see
Supplementary Materials), this paper presents the results as obtained
for the above-mentioned Sub-Areas.

2.3.2 Design-based analyses

Analysis, conducted in the software Distance 7.3 Release 1
(Thomas et al., 2010), followed standard multiple covariate
distance sampling approach (MCDS; Buckland, 2001; Marques
and Buckland, 2004), where additional explanatory variables are
considered along with the perpendicular distance to the sightings to
estimate the detection function (Buckland et al., 2015). Density of
individuals was calculated as:

2 https://ec.europa.eu/environment/marine/images/MSFD_regions.jpg
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where D is density, 7 is the number of sighted groups, 5 is mean
group size, L is the total length of transect searched, and esw is the
effective half strip-width (i.e., width of the strip multiplied by the
average probability of detection within that strip), which provides a
simple measure of detectability. The quantity 2eswL is thus the area
effectively searched. Population density is calculated as the number
of individuals/groups counted divided by searched area.

From the estimated density, the abundance N is calculated as
the product of D and the searched area A:

N =AD

Detection functions were fitted to the perpendicular distance
data to estimate the esw. When the number of observations for
some species was too low to build a reliable detection function,
species with similar characteristics (therefore potentially
similar detectability) were pooled together to derive their
abundance estimates. The Mark-Recapture Distance Sampling
engine (MRDS) available in Distance 7.3 was used with the
configuration of “single observer” for these analyses, so
estimates could be derived for each species within a guild (when
a guild was modelled). However, by using the “single observer”
configuration, it worked practically as an MCDS (multiple
covariate distance sampling).

A species-specific detection function was obtained for
bottlenose, striped and Risso’s dolphins. Considering the wide
variation of Delphinidae body lengths, with adults ranging
between 1.5 to over 9 m (Jefferson and LeDuc, 2018), and
considering the within-species geographical clines in body-length
and morphological traits (e.g., van Aswegen et al., 2019), for the
purpose of this paper we consider any species larger than striped or
common dolphins to be a large Delphinidae. Accordingly, a pooled
detection function, mainly based on body size, was calculated for
the following groups:

m Small dolphins (including common, striped and unidentified
small dolphins), to derive estimates for common dolphins.

frontiersin.org
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m Large dolphins (including bottlenose and Risso’s dolphins
and long-finned pilot whales), to derive estimates for
pilot-whales.

m Baleen whales (including fin whales, one single minke whale
and unidentified Balaenopteridae).

m Beaked whales.

For fin whales, estimates were corrected by a factor of 0.538
(CV=0.13) based on an average group size of 1.6 whales from the
Western Mediterranean Sea (Panigada et al., 2021). Concerning
sperm whales, although size is comparable to other species such as
fin and minke whales, their diving-surfacing patterns strongly differ.
The differences between these similarly sized species would
therefore imply strong differences in the probability of detection
and related availability biases. Also, for sperm whales, abundance
estimated from visual aerial line-transect distance sampling surveys
is likely to be negatively biased because of the long dive times, and
passive acoustic approaches might produce more robust estimates
(e.g., Barlow and Taylor, 2005; Lewis et al., 2018; Boisseau et al.,
2023). Accordingly, sperm whales were not included in the analyses
of aerial survey data and estimates are presented, instead, in
Boisseau et al. (2024) based on ship-based visual and
acoustic surveys.

Covariates used in the MRDS analyses were selected for their
potential role in the process of cetacean detection by visual
observers from the air (Table 1). The final model selection for
each species or guild was done on the base of several parameters,
including Delta AIC, K-S and CvM goodness of fit tests, qq-plots,
and visual inspection of the shape of the detection function. QQ-
plots and detection functions are provided in the Supplementary
Materials as well as fit statistics for the selected models (the latter
provided as Rdata file with extension *.Rdata).

Frontiers in Marine Science

3 Results

Overall, more than 55,000 km were monitored along
predetermined transects, from the Gulf of Cadiz in the West to
the Israeli coast in the far East, over a surface of almost 1.9 million
km?. Approximately 91% of the planned transects were surveyed
(Table 2; Figure 3). Nine species of cetaceans, identified to the
lowest taxonomical level, were encountered (Table 3): bottlenose
dolphins (Tursiops truncatus), common dolphins (Delphinus
delphis), Risso’s dolphins (Grampus griseus), striped dolphins
(Stenella coeruleoalba), long- finned pilot whales (Globicephala
melas), Cuvier’s beaked whales (Ziphius cavirostris), sperm whales
(Physeter macrocephalus), fin whales and minke whales
(Balaenoptera acutorostrata), for a total of 577 sightings and
8,348 individuals. For 234 sightings (3,460 individuals) it was not
possible to identify the species.

3.1 Search effort and sightings

Table 3 presents a summary of sightings and related
information. Striped dolphins were the most observed species in
terms of both the number of recorded sightings and the number of
observed individuals, followed by bottlenose dolphins. In 18% of the
sightings, it was not possible to discriminate between striped and
common dolphins.

3.2 Design-based abundance estimates

Uncorrected density and abundance were estimated for all the
species with a sufficient number of observations and for 4 guilds,
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TABLE 1 Covariates collected during effort and tested in MRDS models TABLE 2 Summary of survey effort by Sub-Area.
and their ranges or factor levels.

[\[o}

Covariate Type Levels Stratum

Sub-Area Id Extent Transe- Length

. . cts
Sighting related
16 78,503 15 2,084
School size Numerical Adriatic
17 57,279 11 1,742
Observer Categorical Observers’ names
Total 2 135,782 26 3,826
Effort related
22a 42,635 13 1,326
Beaufort scale Factor & 0 (calm)
numerical 1 (very light) Aegean 23a 78,529 11 2,228
2 (light breeze)
3 (gentle breeze) 23b 70,009 15 2,175
4 derate b
(moderate breeze) Total 3 191,173 39 5,729
Beaufort2 Factor 0-1
93 Alboran 2 28,123 12 855
4 Total 1 28,123 12 855
Swell Factor 0 22¢ 34,434 10 1,105
& numerical 1 (presence without affecting the
. Eastern
detection) R 22d 68,066 10 1,250
i . Mediterranean
2 (presence + affecting detection)
29a 33,631 8 1,147
Water turbidity Factor 0 (clear)
& numerical 1 (moderately clear) Total 3 136,131 28 3,502
2 (turbid
(turbid) 18 76,134 12 2,146
.Sllver?f Factor 0 (no glmt) 19 110,086 15 3.184
shine (glint) 1 (glint) Tonian
. 24 63,467 15 1,765
Glare severity Factor 0 (null)
& numerica.l 1 (Slight) 22b 95,148 29 3)519
2 (moderate)
3 (strong) Total 4 344,835 71 10,614
Glare under Factor 0 (clear) 30 18,140 5 512
the plane 1 (glare)
North- 31 14,553 6 445
Clouds Numerical 0 to 8 from clear to totally Eastern
cloudy Mediterranean 29b 31,598 11 754
Clouds2 Factor 0-2 29¢ 43,368 13 1,152
z—z Total 4 107,659 35 2,863
5 53,216 14 1,514
Sightability score Factor E (Excellent) North-
G (Good) Western 08a 34,726 12 1,319
M (Moderate) Mediterranean
P (Poor) 08b 47,021 9 1,785
Time day Factor am (6-12am) Total 3 134,963 35 4,618
(in UTC) noon (12-2pm)
pm (2-8pm) 9 22,644 9 1,039
Aircraft Factor Aircraft’s marks Pelagos 10 34,098 11 1,293
Team Factor Team’s code 1 31,069 1 1,036
Total 3 87,811 31 3,368
alongside their Coefficients of Variation (CV) and 95% Confidence South. 20 69,226 14 2,104
Intervals (95% CI) (Table 4). The full results of the design-based Central 21 59,014 13 1711
analyses are presented in the Supplementary Materials, alongside Mediterranean b va 568 b 866
information, for each species/group of species and Sub-areas, on :
mean group, expected group size, the encounter rate of groups, as Total 3 152,808 39 4681
well as the parameters and results of the final detection functions 3 110,147 19 2,691
South-
and q-q plots.
. . Western 4 93,068 15 2,671
Truncation distances and goodness-of-fit test results for cetaceans Mediterranean
are summarized in Table 5. Only for two species right truncation was 6 67,045 3 419
not necessary, and the maximum detected distance was used instead. (Continued)
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TABLE 2 Continued

Stratum N2,
Sub-Area Id Extent = Transe- Length

7 73,499 7 1,893
Total 4 343,759 44 7,674

12 27,265 9 977

13 66,632 15 2,061

Tyrrhenian 14 77,041 14 2,452
15 49,836 8 1,409

14b 10,553 3 227
Total 5 231,327 49 7,126
Grand-total 32 1,806,560 378 51,488

“Stratum Id” is the unique identified for each Stratum as output from the design phase.
“Extent” is the extent of each Stratum expressed in km? calculated on a Lambert Azimuthal
Equal Area projection, “No. Transects” is the number of transects surveyed per stratum and
“Length” is the total length of transects monitored per Stratum and expressed in linear km.
Totals are calculated for each Sub-Area and for the overall survey. Bold text highlights the
total values.

4 Discussion
4.1 Strengths and weaknesses

The 2018 ASI has provided a first overall picture of the
abundance of cetaceans throughout a large portion of the
Mediterranean region and the Gulf of Cadiz, providing robust
estimates for several species, as well as important information on
their occurrence. These represent a baseline for further regional
systematic monitoring programmes, coordinated and comparable
amongst all areas. They greatly improve current knowledge on
cetacean status and facilitate the development of targeted
conservation and mitigation measures, as well as facilitate
international obligations (EU, UNEP-MAP). Moreover, together
with the spatial approach developed by Cafiadas et al. (2023), they
can contribute towards both place- and threat-based conservation

10.3389/fmars.2023.1270513

efforts in the Agreement area, with the identification of Important
Marine Mammal Areas (IMMA; Hoyt and Notarbartolo di Sciara,
2021; Tetley et al., 2022) and Cetaceans Critical Habitats (CCH), as
well as areas of major overlap between cetaceans and human
activities in the summer.

It is important to note that this effort represents the first
synoptic basin-wide estimates for cetaceans in the Mediterranean
Sea and contiguous Atlantic area, thus making quantitative
comparisons with existing knowledge more difficult. Most of the
past effort in the region has been allocated along coastal areas and -
over three decades of research on cetaceans - several portions of the
Mediterranean have never or only minimally been surveyed in the
past (e.g., Mannocci et al., 2018). The easternmost and
southernmost Mediterranean basin remain currently unsurveyed
by systematic effort either by plane or vessel. By contrast, coverage
of the western Mediterranean Sea has been more substantial during
the last decade, with aerial surveys taking place in its central and
north-western sectors (e.g., Gomez de Segura et al., 2006; Fortuna
et al.,, 2014; Lauriano et al., 2014; Notarbartolo di Sciara et al., 2015;
Laran et al., 2017b; Lauriano et al., 2017; Panigada et al.,, 2017;
Fortuna et al., 2018), as well as wide scale vessel based monitoring
(e.g., Forcada et al., 1994; Forcada et al., 1996). Work is ongoing to
enable more direct quantitative comparisons between these and the
ASI results.

We do acknowledge the need for a comprehensive integration
of the design- and model- based estimates (and comparisons with
relevant estimates at a more ‘local’ scale, where possible) and the
spatial modelling distributional information. This aspect, as well as
the issue of stock structure within the region, will be the subject of
future dedicated effort. Model-based results and distribution across
the Mediterranean Sea are presented and discussed in Canadas
et al. (2023).

With the exception of fin whales, the abundance estimates
provided here are underestimates of the true numbers, in that
they have not been corrected for availability nor perception biases.
Although the perception bias was not estimated, it was assumed to
be constant throughout the whole survey given that same protocol
and type of planes were used, and survey teams (created during the
training phase) remained unchanged throughout the entire survey.

FIGURE 3
Map with the total realized effort within the ACCOBAMS Region.
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TABLE 3 Sightings of cetaceans encountered while ‘on effort’ during the aerial survey.

Taxonomic groups Species or taxa Sightings Individuals
Balaenopteridae Large Balaenopteridae Balaenoptera spp. 3 6
Fin whale 43 65
Small Balaenopteridae Minke whale 1 1
Cetacea Cetacean unidentif. Cetacea 2 3
Large Cetacean 3 12
Medium Cetacean 6 32
Small Cetacean 14 48
Delphinidae Delphinid Delphinid spp. 40 692
Delphininae Large Delphininae Bottlenose dolphin 152 1128
Large delphinidae spp. 4 10
Small Delphininae Common dolphin 32 842
Small delphinidae 13 121
Striped dolphin 262 5819
Striped dolphin/Common dolphin 146 2532
Globicephalinae Large globicephalinae Long-finned pilot whale 14 96
Small globicephalinae Risso’s dolphin 58 350
Ziphiidae Other beaked whale Cuvier’s beaked whale 15 47
Ziphiidae sp. (Beaked whale) 3 4
Total 811 11,808

Bold text highlights the total values.

Perception and availability biases are not mutually exclusive and
can negatively affect the estimates, unless accounted for (e.g.,
Pollock et al., 2006; Fuentes et al., 2015). Perception bias varies
with the target species and can be minimized by using experienced
observers and accounted for in a double-platform framework
(Buckland et al., 2010; Burt et al., 2014), while availability bias is

linked to the activity periods and habitat types of the species of
interest (Smolensky and Fitzgerald, 2011) and the integration of
tagging data (i.e, data on dive-surfacing patterns) with aerial
surveys datasets can help accounting for availability bias in the
estimation of abundance (Nykinen et al., 2018). Correcting for such
biases, whilst important to obtain estimates of absolute abundance,

TABLE 4 Summary of design-based abundance estimates of cetaceans for sub-areas with associated Coefficients of variation (CV) and Confidence

intervals at 95% (95% Cl).

Detection

Species/Guilds f : Abundance 95% ClI

unction
Fin whales Baleen whales 1,749 0.3 979 - 3,123
Cuvier’s beaked whale Beaked whales 2,929 0.4 1,407 - 6,096
Long-finned pilot whales Large dolphins 5,540 0.4 2,497 - 12,295
Risso’s dolphins Risso’s dolphins 26,006 0.29 14,851 - 45,540
Bottlenose dolphins Bottlenose dolphins 63,333 0.17 45,331 — 88,484
Striped dolphins Striped dolphins 426,744 0.13 327,944 - 555,310
Common dolphins Small dolphins 66,359 0.4 31,054 - 141,810
Striped or common dolphins Small dolphins 212,828 0.26 127,483 - 355,307
Small dolphins Small dolphins 730,074 0.13 567,565 — 939,113
Large dolphins Large dolphins 95,847 0.15 72,192 - 127,253

For both the Species and the guild items are sorted ascending based on estimated abundance.
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TABLE 5 Parameters and results of the detection functions for cetaceans.

10.3389/fmars.2023.1270513

Max.
Species/ Truncation Distance Lost Key
group (m) (m) n function Covariates
) i
Whales 1303 1741 1 6763 HN Glare severity 03677 | 0.1674 = 479 0.3383
(as factor)
Baleen whales None 1741 0 52 HN Glare severity 0.371 0.2108 646 0.7437
Beaked whales None 359 0 20 HR null 0.7554 | 0.1638 271 0.871
Tursi
ursiops 800 1490 2 169 HR Sky glint 0.3269 | 0.0824 262 0.9053
truncatus
Grampus griseus None 503 0 60 HR Seastate2 0.5056 | 0.1305 254 0.3092
) i
Stenella 700 2617 1 263 HN Glare severity 03174 0.0438 222 0.1408
coeruleoalba (as factor)
Small dolphins 700 5240 4 515 HN Aircraft - Turbidity 0.3417 | 0.0350 239 0.3520
Large dolphins 800 2092 3 256 HR Seastate — Sky glint 0.3355 | 0.0634 268 0.9921

Codes: Truncation = right truncation in m; Max. distance in m= largest perpendicular distance observed; Lost n = number of groups discarded with truncation; n = number groups in detection
function after truncation; key functions: HN = half-normal, HR =hazard-rate; p=average probability of detection; CV p = coefficient of variation of the probability of detection; esw = effective

half-strip width in m; CvM p = p-value of the Cramer von Mises goodness of fit.

is not essential for trend analyses, for which the estimates can be
treated as indices of abundance, provided that the levels of bias
remain constant over time.

For fin whales, estimates have been corrected by a factor 0.538
(CV=0.13), assuming that perception bias for a trained and expert
observer to be 1. This assumption is based on the fact that, in
general, perception bias for large whales is thought to be relatively
small. Hansen et al. (2019) estimated perception bias to range from
about 0.86 - 0.99 for fin whales from aerial surveys off Greenland.
The same authors provided an availability bias ranging between 0.2
- 0.3. Heide-Jorgensen et al. (2010) estimated a factor of around
0.86 for fin whales from an aerial survey off West Greenland but
they did not provide an estimate for availability bias. Here, we used
an average group size (g) of 1.6 whales from the Western
Mediterranean Sea (Panigada et al., 2021), to obtain a correction
factor of 0.538 (CV=0.13).

Generally, cetaceans found in the Mediterranean Sea can be
easily distinguished at the species level. However, during aerial
surveys the flight altitude and speed, as well as the sea and weather
conditions, amongst other factors, can hamper discriminating
species when small delphinids are observed. This is exacerbated
by the occurrence of sympatric species often in mixed associations.
These mixed-species groups mostly include striped and common
dolphins (Frantzis and Herzing, 2002; Frantzis et al., 2003; Bearzi
et al,, 2011b), and to a lesser extent striped, common and Risso’s
dolphins (Frantzis and Herzing, 2002). Furthermore, animals with
intermediate striped-common dolphin pigmentation have been
reported (Frantzis and Herzing, 2002; Bearzi et al., 2011b),
providing evidence of introgressive hybridization between these
two species (Antoniou et al., 2018). In future campaigns, image
acquisition by digital cameras could be used to improve small
cetaceans’ species identification (e.g., 2ydelis et al., 2019; Garcia-
Garin et al,, 2020; Raudino et al., 2022; Bigal et al., 2022).

In a line transect distance sampling framework, the probability
of detecting an object is a function of many factors other than
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distance of the object from the track-line, including group-size,
species and habitats, as well as sea state (e.g., Holt and Cologne,
1987; Thomas et al., 2012; Fandel et al., 2020). Numerous studies
have demonstrated that detection varies among species, over time,
and among habitats, and there may be serious consequences when
this variability is ignored. Failure to correct for imperfect detection
(by observers and/or because of changes in the animal behavior over
time or with habitat), as an instance, may result in spurious
estimated relationships with ecological covariates and inaccurate
abundance estimates that could mask trends and improper selection
of indicator species (Kellner and Swihart, 2014). In this context,
during the ASI survey, when it was not possible to discriminate
between striped and common dolphins, sightings were attributed to
a “small dolphin” or “common/striped dolphin” guild.
Furthermore, it is important to note that the ASI dataset can be
re-analyzed a-posteriori by applying a correction factor related to
the observed proportion of one species vs the other (Canadas,
personal communication). While this approach could not be
implemented at this stage, the re-classification of ambiguous
species detections will be applied during the future replicates of
the survey.

4.2 Species accounts

4.2.1 Striped dolphin, common dolphin and
striped/common dolphin guild

At the species level, the ASI confirms that the striped dolphin is
the most abundant species in the Mediterranean Sea (n= 426,744;
95% ClI= 327,944 - 555,310) in agreement with previous research
(e.g., Forcada et al., 1994; Forcada et al.,, 1995; Cotté et al., 2010;
Laran et al, 2017b; Panigada et al.,, 2017). Recently, Laran et al.
(2017b) obtained an uncorrected density of striped dolphins for a
large portion of the north-western Mediterranean, including the
Pelagos Sanctuary (corresponding to ASI strata 8a, 8b, 9, 10 and 11;
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see Figure 1), for the summer months of 2012, of 0.484 animals/
km?. Gomez de Segura et al. (2006), for the waters off eastern central
Spain, corresponding to the westernmost portions of ASI strata 3-5,
estimated an overall summer density of 0.522 striped dolphins/km?,
while the ASI average estimate for these strata is 1 animal/km?
(range= 0.53 - 1.44) individuals/km®. Similarly, Panigada et al.
(2017) estimated an uncorrected density of 0.41 animals/km? from
an aerial summer survey conducted in 2010 over an area roughly
corresponding to ASI strata 9, 10, 11, 12, 13 and the eastern sectors
of strata 8b and 7 (Figure 1). For the Adriatic Sea (ASI area 17 and
part of 16) Fortuna et al. (2011) provided an estimate of uncorrected
density of 0.208 animals/km? (N= 15,343, CV=29.8%; 95% CI=
8,545-27,550) from an aerial survey conducted in summer of 2010.

The uncorrected density estimates obtained during the ASI are
not directly comparable to these earlier surveys due to the different
extent of the surveyed areas, but are within the same range as their
results with an average density for those strata of 0.269 animals/km?
(range= 0.0127 - 0.5219).

The Mediterranean sub-population of common dolphin has
undergone a drastic reduction in the past decades as a consequence
of ever-increasing human pressures on the species range of
distribution (Bearzi et al., 2021). Habitat loss and fragmentation,
alongside the indirect effects of overfishing, unintentional captures
during fishing operations, and take, have strongly contributed to the
decline of dolphin numbers across the entire region (e.g., Bearzi
et al., 2003; Bearzi et al., 2004; Bearzi et al., 2008; Cafnadas and
Vazquez, 2017; Mussi et al., 2019). Overall, 32 primary sightings of
common dolphins, mostly in the western portion of the basin and in
the Strait of Sicily (see Niviere et al., 2024), were recorded during the
ASI aerial surveys, with a total estimate of 66,359 individuals (95%
CI=31,054 - 141,801).

During the ASI a specific sighting guild of unidentified small
dolphins was used when a clear distinction between striped and
common dolphins was not possible. A total of 148 sightings were
assigned to this category, leading to an overall estimated abundance
of 212,828 animals (95% CI=127,483 - 355,307).

4.2.2 Bottlenose dolphin

Bottlenose dolphins were the second most abundant species
(n=63,333; 95% CI=45,331 - 88,484) observed during the ASI. The
distribution showed ‘patches’ of relatively high density (Carfiadas
et al., 2023). Lauriano et al. (2014) obtained an overall uncorrected
density of 0.006 animals/km? over a large portion of the central and
north-western Mediterranean corresponding to ASI strata 9-13,
14a, 15 and portions of strata 7, 8a and 8b (see Figure 1). The
average density of bottlenose dolphins over these strata, obtained
during the ASI, was 0.032 animals/km?® (range= 0 — 0.143). Gomez
de Segura et al. (2006), for the waters off eastern central Spain,
corresponding to the westernmost portions of ASI strata 3-5 (see
Figure 1), obtained an uncorrected density estimate for the summer
of 0.041 animals/km® while the average ASI estimated density for
these strata is 0.023 (range= 0.003 - 0.063). Fortuna et al. (2018)
obtained uncorrected density for the whole Adriatic (2010 and 2013
aerial surveys pooled dataset) of 0.042 animals/km? corresponding
to the strata 16 and 17, with the average ASI estimated density for
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these strata of 0.074 (range= 0.05 - 0.1). Fortuna et al. (2018)
showed there was a notable difference between regions of the three
Adriatic sub-basins; North 0.052, Central 0.034 (ASI Strata 16) and
South 0.032 (ASI Strata 17). Finally, Laran et al, (2017b) report
summer uncorrected density of 0.016 (CV=53%) for an area
corresponding to ASI Strata 8a, 8b, 9, 10 and 11. Although also in
this case the results are not directly comparable due to differences in
the extent of the monitored areas, they agree with previous surveys
and show how this species tend to generally occur at low density
with patchy areas of higher abundance.

4.2.3 Fin whale

The fin whale was the only species for which a corrected
abundance estimate was derived. At 3,282 individuals (CV=0.31),
the ASI estimate is comparable to previous estimates of absolute
abundance based on shipboard surveys of 3,583 individuals (95%
CI=2,130 - 6,027; Forcada et al., 1996). Past abundance and density
estimates arising from summer aerial surveys conducted in the
central and north-western Mediterranean Sea show that the density
of fin whales is higher in the north-western Basin and that abundance
decreases at lower latitudes and higher longitudes (Panigada et al.,
2017). Laran et al. (2017b), Panigada et al. (2011), Panigada et al.
(2017), Bauer et al. (2015) show higher densities of fin whales in the
north-western portion of the Mediterranean and this pattern is
confirmed by the ASI, as well as by different approaches based on
long-term photo-identification and microsatellite genotyping
(Zanardelli et al., 2022; Tardy et al., 2023). The north-western
Mediterranean is a well-known fin whale summer feeding ground
where about 1,000 fin whales aggregate (e.g., Notarbartolo di Sciara
et al,, 2016; Panigada et al, 2006). The ASI confirms fin whales
summer distribution and habitat use and highlights the necessity of
seasonal large scale monitoring programmes aimed at understanding
spatio-temporal patterns of fin whales occurrence and distribution at
the Basin scale to inform conservation and management decisions. In
this respect, the ASI has highlighted no appreciable trends in the size
of the sub-population of Mediterranean fin whales. It is however
necessary to stress that the basin is visited by North-Eastern North
Atlantic fin whales (Geijer et al., 2016) and therefore the obtained
estimates for true Mediterranean whales might be biased upwards.
According to the TUCN, total abundance of fin whales should be
greater than 5,200 individuals in order for the sub-population to
exceed the limit of 2,500 mature individuals (48% of the total
population being mature; Taylor et al.,, 2007). This, in conjunction
with the fact that the sub-population experiences an inferred
continuing decline in number of mature individuals, and that all
mature individuals are in one subpopulation, further stresses the need
to identify and implement targeted measures that would ensure the
persistence of the species in the basin (Panigada et al., 2021).

4.2.4 Risso's dolphin

The Risso’s dolphin of the Mediterranean Sea is one of the least-
known cetacean species in the region and it has been the subject of
few dedicated studies (Bearzi et al., 2011a). With a total of 58
sightings, abundance for this species has been estimated at 26,006
animals (95% CI=14,851 - 45,540), providing the first abundance
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estimates for this species at the basin level, in particular for the
north-western African coast. Laran et al. (2017b) provide corrected
density estimates of 0.006 (CV=47%) for an area corresponding to
ASI strata 8a, 8b, 9, 10 and 11. After aerial survey in the Adriatic in
2010, Fortuna et al. (2011) obtained uncorrected density estimate of
0.007 (CV=78.1%) with uncorrected population estimate of 510
individuals (CV=78.1%; 95% CI=124-2,089) present in the Central
and South Adriatic (corresponding to ASI strata 17 and southern
part of 16). Gomez de Segura et al. (2006), for the waters off eastern
central Spain, corresponding to the westernmost portions of ASI
strata 3-5 (Figure 1), obtained an uncorrected density estimate of
0.015 animals/km” while the average ASI estimated density for these
strata is 0.044 (range= 0.037 - 0.052). Azzellino et al. (2016) using
photographic mark-recapture methods provided a population size
estimate for the western Ligurian Sea (corresponding to the north-
western ASI stratum 10; Figure 1), for the period from 1998 to 2012,
of about 100 individuals (95% CI= 60-220) and detected a decline
in population size from an average of about 120-150 from 2000 to
2005, to an average of 70-100 during 2010 to 2014. Furthermore,
the same authors highlight how the species occurrence has shifted
from coastal and continental slope waters to more pelagic areas.
No sightings of Risso’s dolphins were recorded in this stratum
during the ASI aerial survey; abundance was estimated for the
adjacent southern stratum 9 (Figure 1) at about 200 animals (95%
CI= 44 - 894), confirming the possible distributional shift
observed by Azzellino et al. (2016). Azzellino et al. (2016)
suggest that environmental variability, depletion of resources by
fisheries and possibly interspecies competition could have
contributed to the changes in Risso’s dolphin habitat use and
occurrence in the western Ligurian Sea. Recent studies show that
shifts in cetacean distribution can be attributed to changing
environmental conditions (Becker et al., 2022) or arising from
the impacts of climate changes (van Weelden et al., 2021).
However, the correlates to the observed shift in the occurrence
of Risso’s dolphins at the Mediterranean level have not been
investigated yet.

4.2.5 Pilot and Cuvier's beaked whales

Cuvier’s beaked whales are known for their elusive behavior,
characterized by long diving times and relatively short surfacing
periods (e.g., Quick et al., 2020), making them particularly affected
by availability bias during aerial surveys (Thomson et al., 2012). To
a lesser extent, this also applies to deep-diving pilot whales (Heide-
Jorgensen et al,, 2002). Overall, sightings of these two species
accounted for less than the 2.5% of all cetacean sightings
recorded during the ASI, with pilot whales being observed 14
times and beaked whales 15 times. Long-finned pilot whales’
overall abundance was estimated at 5,540 individuals (95% CI=
2,497-12,295). Cuvier’s beaked whales’ abundance was estimated at
2,929 animals (95% CI=1,407 - 6,096), confirming existing
knowledge on the basin-wide presence of the species and, at the
same time, confirming how Cuvier’s beaked whales typically occur
at low densities in relatively small patches. A previous study by
Canadas et al. (2018) estimated the abundance of Cuvier’s beaked
whales at 5,600 (CV=0.24, 95% CI= 4807 - 7254). While the ASI
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aerial component provides useful information on the occurrence,
distribution and abundance of deep-diving species in the
Mediterranean basin, the results indicate that more targeted
studies using different methods may provide more robust
estimate abundance of deep diving species.

4.3 Toward a strategy for monitoring
cetacean populations in the
Mediterranean Sea

Cetacean monitoring programmes aimed at evaluating populations
and their distribution in the ACCOBAMS area are implemented within
the framework of several initiatives at national and multilateral levels.
Member countries of the European Union need to regularly undertake
cetacean monitoring programs to collect the information required for
their reporting under Article 17 of the Habitats Directive (HD), as well
as in relation to the assessment of the Environmental Status under
Descriptor 1 (Biodiversity) of the EU Marine Strategy Framework
Directive (MSFD).

In the Mediterranean Sea, other cetacean monitoring
programmes are expected within the framework of the Integrated
Monitoring and Assessment Programme (IMAP) of the Ecosystem
Approach process under the framework of the Barcelona
Convention. A similar initiative is also expected for the Black Sea
within the framework of the Bucharest Convention.

ACCOBAMS is now working to implement a Long-Term
Monitoring Programme (LTMP; ACCOBAMS Resolution 8.10),
aimed at collecting reliable data to obtain robust estimates of
abundance and distribution of cetacean species in the
ACCOBAMS area. This effort should also involve the collection
of information on human activities at sea (both directly as part of
survey protocols, and from relevant organizations collecting such
data and indirectly using remote methods) which represent a
known or emerging threat to cetaceans (e.g., maritime traffic,
leisure boating, fishing, marine litter, chemical pollutants), to
facilitate a spatial risk assessment based on pressure data and
cetaceans distribution. This information will feed into the
ongoing ACCOBAMS process to identify high-risk areas of
interaction between cetaceans and human activities, where
dedicated conservation measures should be identified and
implemented. The ultimate objective is to provide a robust
scientific basis for the setting and the regular adjustment of
management measures that allow achieving a favorable
conservation status for cetaceans in the Agreement area. Through
such an achievement, the Parties will fulfil their obligations under
ACCOBAMS, as well as their commitments towards other relevant
Multilateral Agreements.

The periodic implementation of the ACCOBAMS LTM will
allow trend assessments in species population size and distribution
and to assess and evaluate conservation measures in place. While we
acknowledge that there are high margins of error when detecting
trends of small populations or when sample size is small (e.g.,
Wilson et al., 2011; Porszt et al., 2012), we recognize that the data
collected by the ASI in the Mediterranean and Black Seas (see Paiu
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et al., under review) have established a reliable baseline from which
to measure future changes in the monitored parameters.

ACCOBAMS has agreed that conducting synoptic surveys of
the whole ACCOBAMS area on a six-year frequency would provide
the right balance between monitoring costs and regular updating of
information on abundance and distribution of cetacean species and
would be in line with the general recommendations from the EU
and the Barcelona Convention, as well as with previous large-scale
efforts elsewhere in the world (e.g., Hammond et al., 2021).

The main objective of ACCOBAMS is to achieve and maintain a
favorable conservation status for cetaceans in the Black Sea,
Mediterranean Sea and Contiguous Atlantic Area, and to obtain
this, the Agreement requests the Contracting Parties to undertake,
individually and through collaborations, a series of conservation
and management measures and to develop cooperation for research
and monitoring to fully implement them. The development of
monitoring effort, such as the one represented by the
ACCOBAMS Survey Initiative, is clearly designated by the
Agreement among the most recommended ways to enhance the
knowledge about the biology, ecology, and population dynamics of
cetaceans, in order to identify and implement appropriate
conservation measures.

4.4 Final remarks

The ACCOBAMS Survey Initiative provided the first synoptic
estimate of abundance of eight cetacean species in the
Mediterranean Sea, by implementing an unprecedented
collaborative aerial survey in the whole region.

Stakeholders, including Governments, scientists, managers, and
NGOs, have benefited from the data arising from the ASI survey to
address local, national, and regional conservation objectives,
including the negotiation of the adoption of the north-western
Mediterranean PSSA (Particularly Sensitive Sea Area) by the IMO,
conducting Environmental Impact Assessments, and developing
Maritime Spatial Planning plans.

One of the ASI concrete outcomes is the recent re-assessment of
the conservation status (sensu International Union for the
Conservation of Nature — IUCN) of several of the Mediterranean
sub-population of cetaceans. With no sub-populations listed as
Data Deficient nor Extinct, the 77% of the resident Mediterranean
subpopulations of cetaceans are considered to be threatened with
extinction (IUCN, 2023), specifically listed as Vulnerable or
Endangered (ACCOBAMS, 2021a). Ten of the 13 endemic sub-
populations of cetaceans that are resident in the Mediterranean Sea
are assessed as threatened, three as Critically Endangered, six as
Endangered and one as Vulnerable. Two sub-populations
previously classified as Data Deficient are now assessed as
threatened, the Risso’s dolphin and the long-finned pilot whale.
Eight of the subpopulations have a declining trend, four have
unknown trends, and only striped and bottlenose dolphins have
an increasing population trend (IUCN, 2023). This regional
assessment sheds light on the conservation status of these sub-
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populations and highlights the need for more efforts to prevent the
likely declining of the cetacean fauna of the Mediterranean Sea.

In light of the ongoing decline in global biodiversity, there is
widespread recognition of the need for monitoring programs that
can assess changes in species distributions and abundances over
large spatial and temporal scales, in order to predict long-term
biological responses to human pressures and global changes.
Effective monitoring also supports the implementation of national
and regional policies by informing a more comprehensive
understanding of populations and environmental status. This, in
turn, facilitates long-term conservation targets by addressing the
challenges posed by global changes in the context of socioeconomic
development. Quantifying the distribution and abundance of
species, and changes in these parameters, is inherently complex,
particularly when dealing with highly mobile and cryptic species
such as cetaceans, whose ranges often span across large areas and
are affected by the exposure to anthropogenic activities.
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