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The north-western coast of Africa is one of the most productive marine systems

in the world, where a high diversity of cetacean species has been recorded.

However, management of human activities that impact cetacean populations in

the area is inadequate, in part due to poor knowledge on cetacean occurrence

and the lack of systematic surveys. We reviewed existing knowledge on cetacean

distribution between Morocco and Liberia and analyzed the spatial and temporal

distribution of records, as well as species occurrence, further discussing the

reported distribution ranges. The systematic literature review included 39

sources reporting on 36 species in the area, with a total of 2241 sightings and

2178 non-sighting records. Delphinus delphis (common dolphin) and Tursiops

truncatus (bottlenose dolphin) are the two species with the highest number of

sources reporting on them. This review reveals a spatially and temporally

heterogeneous coverage of the area in the literature and published data on

cetacean occurrence. In summary, although most of the compiled sources are

recently published (2011-2020), themajority of records are from prior to 2000. In

several range states, especially south of Senegal, little information is available.

Therefore, the available information is unlikely to represent the current status of

cetacean communities in the region. It is essential to fill knowledge gaps by

increasing the collection of cetacean distribution data in the area, in order to

support effective conservation measures and ensure sustainable utilization of the

living marine resources in this rapidly developing region.
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1 Introduction

The Canary Current Large Marine Ecosystem off north-west

Africa (NWA) is one of the most productive in the world (Caldeira

et al., 2002; UNEP-CMS, 2008; Mason, 2009; UNEP-CMS, 2012;

Sala et al., 2013; Satia, 2016), with a strong upwelling system

supported by the Canary Current System and extremely dynamic

oceanographic processes. In this region, the Islamic Republic of

Mauritania’s Banc d’Arguin National Park, established between

Mauritania and Guinea, is the largest Marine Protected Area in

western Africa. It has some of the richest fish resources in the world

(FAO, 2013), sustaining high marine biodiversity, including several

species of cetaceans (Subregional Fisheries Commission, 2003;

IUCN World Heritage Outlook, 2020). Some cetaceans pass

through the region during their yearly migrations while others

may remain throughout the year (Jefferson et al., 1997; Robineau

and Vely, 1998; Van Waerebeek et al., 2000; Perrin and Van

Waerebeek, 2012; Weir and Pierce, 2013; Baines and Reichelt,

2014; Djiba et al., 2015; Masski and de Stéphanis, 2015; Russell

et al., 2018; Correia et al., 2019). Therefore, the marine management

of the region is fundamental for the conservation of cetacean

populations in the NWA (UNEP-CMS, 2012).

The Memorandum of Understanding (MoU) Concerning the

Conservation of the West African Manatee and Small Cetaceans of

Western Africa and Macaronesia was signed in 2008, under the

Convention on Migratory Species of Wild Animals (CMS) of the

United Nations Environmental Programme (CMS, www.cms.int/

aquatic-mammals/en). This was the first regional effort to address

the conservation of cetaceans in these waters. However, to avoid

overlapping with the competences of the International Whaling

Commission, large cetaceans were not included in the MoU

(Caddell, 2009). Moreover, the Memorandum is not legally

binding and it is still not signed by all west African range states

(i.e. nations). The MoU highlights the fact that “knowledge of the

biology, ecology, migration, population abundance, and the

conservation status of manatees and small cetaceans is

insufficient” , and that there is urgency for sustainable

management of “oil and gas exploration, extraction and other

mining activities, fishing and tourism” (CMS, www.cms.int/

aquatic-mammals/en). The CMS listed numerous threats to small

cetaceans on the African coast due to human activities, including

those related to fisheries: bycatch, direct take, trophic interaction

with fisheries, and ship strikes (UNEP, 2008).

The fishing sector represents an important economic activity

along the west African coast, and there has been increasing

overexploitation of fishing resources by the intensive activity of

both legal and illegal industrial fishing fleets (FAO, 2013; Belhabib

et al., 2017; Englander and Costello, 2023). Both inside and outside

the Banc d’Arguin National Park, the overexploitation of marine

resources, including illegal and/or unsustainable fishing (large scale,

commercial, and artisanal), is still a major pressure impacting

biodiversity in NWA (UNEP-CMS, 2008; Trouillet et al., 2011;

UNEP-CMS, 2012; Weir and Pierce, 2013; Diedhiou and Yang,

2018; IUCN World Heritage Outlook, 2020).

Among the known impacts (e.g., prey depletion, habitat

degradation), fishing activity in the area is linked to the decline of
Frontiers in Marine Science 02
marine megafauna of conservation concern due to bycatch. Since

there is a high amount of fishing effort in the NWA by European

fleets, to support the high domestic demand for fish resources (Nagel

and Gray, 2012; Tickler et al., 2018), Europe also has a major

responsibility in terms of reducing the regional bycatch of cetaceans.

With the aim of reducing the overexploitation of resources,

partnerships between the European Union (EU) and west African

states have been established, specifically the Sustainable Fisheries

Partnerships Agreements (SFPAs). SFPAs are agreements with

partner third countries “for the purpose of obtaining access to

their waters and resources in order to sustainably exploit a share of

surplus in exchange for financial compensation from the EU, which

includes sectoral support” (European Commission, 2023).

However, overall, it seems these agreements have so far failed to

accomplish their goal of achieving sustainable use of fishery

resources through shared decision-making between EU and

African countries (Nagel and Gray, 2012; Corten, 2014; IUCN

World Heritage Outlook, 2020). In 2023, the European

Commission identified several areas of improvement, which

would be necessary for the SFPAs. The report emphasizes the

need to strengthen the “scientific inputs to the design of

ecosystem measures”, justifying that the lack of scientific

information is preventing the implementation of measures to

reduce bycatch and fisheries interaction with protected fauna

(European Commission, 2023).

Weir and Pierce (2013) reviewed the impact of human activities

on cetaceans in the eastern tropical Atlantic but highlighted that it is

challenging to estimate the magnitude of the impacts due to a lack

of data from regular monitoring programs. Baseline knowledge on

cetacean distribution in the NWA is lacking and existing records

come from occasional surveys, which often covered only small parts

of the area or were dedicated to certain species (e.g., Expósito and

Qninba, 2010; Masski and de Stéphanis, 2015; Weir and Collins,

2015), and/or derive from “grey literature” (e.g., Bowman Bishaw

Gorham, 2003). To date, the most complete reviews compiling

cetacean occurrence for the NWA are Jefferson et al. (1997), which

is based on what are now historical records, and Perrin and Van

Waerebeek (2012), which does not include quantitative data.

For reliable assessments of the impacts of anthropogenic

threats, and to promote effective marine management, it is crucial

to create and maintain an updated cetacean species inventory in the

area through non-lethal research (UNEP-CMS, 2008, 2012; Weir

and Pierce, 2013). To contribute to this objective, we assessed

published cetacean records throughout the NWA, from Morocco

to Liberia, to create a comprehensive and quantitative inventory of

cetacean species and to identify data gaps.
2 Materials and methods

2.1 Assembly and screening of literature

We collated published documents on cetacean occurrence in the

NWA, fromMorocco to Liberia [using the boundaries for the NWA

as defined in Weir et al. (2014)]. The review followed the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses
frontiersin.org
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(PRISMA, McIvor et al., 2022). First, we retrieved the sources by

searching the Web of Science platform for documents, published up

to 2020, using the words: “cetacean(s)/marine mammal(s)/dolphin

(s)/whale(s)” plus “Africa/Morocco/Western Sahara/Mauritania/

Senegal/The Gambia/Guinea Bissau/Guinea/Sierra Leone/Liberia”.

The titles and abstracts of the documents were then screened,

removing any that were clearly unrelated to the topic (e.g., not on

cetaceans or not providing information for the study area).

Additional documents were removed when reviewing the

complete documents for data collation, following the same

criteria. The search yielded many sources in which the records

reported derived from previous publications. Often, these previous

publications were not retrieved by the search and, despite further

efforts to trace them, many could not be located (mainly due to

being historical/grey/regional documents not available online). In

all cases, we cited the original reporting sources in the

compiled dataset.

The process for data collation is represented schematically in

Appendix A and the resulting full dataset is presented in Appendix

B. In summary, the set of selected documents resulting from the

PRISMA process was rigorously revised to compile cetacean

occurrence records. Occurrence records were categorized into

sightings and non-sightings. Sightings corresponded to records

obtained at-sea from visual monitoring, from which group size

could often be assessed (each record is a single sighting, regardless

of the number of individuals). Non-sighting records corresponded

to other sources of data such as strandings, bycatch, direct takes,

cetacean collections, and acoustic data, from which quantitative

information (i.e. the number of individuals) could sometimes be

extracted. The specification of non-sighting typology was not

provided in the dataset as, in many cases, the origin of a record

was ambiguous, or it fitted under more than one category.

We collated both qualitative and quantitative information. The

latter included number of sightings and/or non-sightings, group

size (for sightings only), location of the occurrence record (range

state and region), date (or time interval), and source. For qualitative

data (i.e., documentation of the occurrence of a species in the area,

without further associated quantitative information), we retrieved

the species, range states of occurrence, and sources. For cases with

unconfirmed species identification, and/or uncertain state of

occurrence (i.e., the location was not fully specified, but the

description is sufficient to place it within the study area), we

compiled records under “unconf. ID” and/or “unconf. state of

occurrence”, respectively. When the documents contained

information on a larger region, we attempted to gather only the

records within NWA (i.e., as defined between Morocco and

Liberia). If this was not possible (i.e., the geographic location of

the records was poorly specified, or unspecified), and for records

likely located in the study area but without absolute certainty, these

were classified with “unconf. location”. In the case of occurrences

reported for the Canary Islands, as presented in Djiba et al. (2015)

and Camphuysen (2000), the range state was considered as

“Morocco and/or Western Sahara” (under the classification of

“unconf. state of occurrence”), because the surveys were

conducted between the west coast of Africa and the Canary

Islands, crossing both EEZs (Spanish and African) and, therefore,
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it was reasonable to assume that sightings were within (or at the

limit of) the study area.

All data were cross-checked between sources and all efforts were

made to avoid repeated records. Nevertheless, when insufficient

data were provided (date and region), although this rarely

happened, cross-checking may have failed to detect duplicated

records. When the same record was repeated in more than one

source, all the sources documenting the record were noted in

the dataset.

Two of the authors (Ana M. Correia and Ágatha Gil) oversaw

the initial compilation process and a third author (Marieta Mihova)

verified the resulting dataset.
2.2 Literature analysis

First, for each source, we compiled information on the type of

data presented, study area, period covered, number of species, and

number of records documented (sightings and/or non-sightings).

For the number of records, confirmed and unconfirmed

identifications from sighting and non-sighting records were

included (i.e., records with “unconf. ID” were included), as long

as the locations were unquestionably inside the study area (i.e.,

excluding “unconf. location”). For the number of species, we

considered only identifications confirmed to the species level (i.e.,

excluding “unconf. ID” and identifications made to a higher

taxonomic level). For repeated records (present in multiple

sources), the numbers of sightings and non-sightings were usually

taken from the source with the earliest year of publication. An

exception was made for Sousa teuszii (Atlantic humpback dolphin),

for which a very complete and recent review was conducted byWeir

and Collins (2015), with new data included. In this case, we used

Weir and Collins (2015) as our first source (if they cited the other

sources), because it was impossible to track all these records back to

their original sources (we retrieved as many records as possible,

avoiding duplications). Publication dates ranged from 1988 to 2020,

while occurrence records were documented from 1882 to 2019.

Thus, for temporal analysis of the dataset, three time-periods were

defined: before 2000, 2000-2010, and 2011-2020. Sources were then

summarized by the three time-periods, after being classified

according to the type of publication (reviews, inventories/reports/

surveys, and case reports), the area covered (e.g. the whole area, part

of the area, or a single range state), and the number of species

documented (single or multiple).

Data were then organized by species (excluding “unconf. ID”

and “unconf. location”), recording the number of occurrence

records (sightings and non-sightings), group size (in the case of

sightings), and the sources (all sources reporting on a species were

identified, even in cases of repeated records). The number of records

by species was also summarized for each of the three time-periods,

based on the date of the record (not the publication date). Records

for which the information was insufficient to assign it to a specific

time-period were excluded for this temporal analysis and were

classified as “unspec. time period” in the dataset.

To assess literature coverage by time-period, for each range

state and for the whole study area (records with “unconf. location”
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excluded), we calculated the percentage of publications, species, and

sighting and non-sighting records in relation to the respective total.

Although the date of the record was used for species, sightings, and

non-sightings, the publication date was used to derive the number

publications by time-period. To assess species coverage, only

confirmed identifications to the species level were considered.

Finally, distribution range was assessed for each species, excluding

records with “unconf. ID”, identity confirmed only to a higher

taxonomic level, “unconf. location”, and/or “unconf. state

of occurrence”.
3 Results

3.1 Literature overview: numbers of
studies, numbers of species and sightings

A detailed analysis of the literature coverage is presented in

Appendix C and Figure 1. Of the 39 sources compiled, 10 are

reviews, of which 4 document the occurrence of a single species and

6 document the occurrence of multiple species. In two of the

reviews, Jefferson et al. (1997) and Perrin and Van Waerebeek

(2012), the period covered by the occurrence records is not

specified, and the latter presents qualitative data only (Appendix

C.1). A majority (6) of the 10 reviews were published between 2011

and 2020, although they cover only records up to 2000

(Appendix C.2).

There are 24 inventories, reports, or based on survey data. Of

these, 11 were published between 2001 and 2010, and the other 13

between 2011 and 2020; and 19 sources include data on multiple

species. Finally, there are five case reports (i.e., reporting on a single
Frontiers in Marine Science 04
species in a single range state), four of which were published

between 2011 and 2020 and one before 2000 (Appendix C.2). Out

of the 39 sources, 23 sources were published during 2011-2020

(Appendix C.2). Most publications are from this time-period,

overall and within each range state (Figure 1A).

In total, 36 species are reported for the study area, and we

retrieved quantitative data for 34 of them, summing 2241 sightings

and 2178 non-sightings (Table 1). Robineau and Vely (1998) report

the highest number of species, with 29 species recorded, including

quantitative data (mostly from beach census data, i.e., strandings)

for 21 of them. Nevertheless, this source refers only to the state of

Mauritania. Correia et al. (2019) report the greatest number of

sighting records (456 observations of 20 species), albeit only for a

sub-region of the study area (Morocco to Senegal). Regarding non-

sightings, Van Waerebeek et al. (2000), in a report for UNEP,

presents the highest number, with 550 records from Senegal to

Guinea-Bissau (Appendix C.1).

Only five sources — all reviews — provide data for the entire

NWA (Morocco to Liberia), three of them published before 2000

(two of these on a single species) and two published between 2011

and 2020 (one for a single species). Among the sources covering the

entire study area, Jefferson et al. (1997) reported the highest number

of species (18 species, of which there are quantitative data on only 5),

Weir and Collins (2015) reported the highest number of records (321

sightings), although targeting only S. teuszii, and only Jefferson et al.

(1997) compiled non-sightings from multiple species, although

reporting only 9 of such records (Appendix C.1). In the entire

study area, the time-period with the highest percentages of the total

number of species and the total number of non-sightings is the period

before 2000 (Figures 1B, D, respectively), while the time-period with

the highest percentage of sightings is 2011-2020 (Figure 1C).
B

C D

A

FIGURE 1

Literature coverage for each range state, and overall, by time-period, regarding the percentage of publications (A), species (B), sightings (C), and
non-sightings (D). The year of publication and the year of records were considered to determine the time-period. Percentages were calculated for
each time-period (records with non-specified time-period excluded), in relation to the total data gathered (including records with non-specified
time-period). The percentages of species, sightings, and non-sightings, reported per time-period, do not sum up to 100%, since several species are
repeatedly reported across time-periods, and records with non-specified time-periods were accounted for only in the denominator (i.e., total data
gathered). For percentages by range state, only records with confirmed locations (at least to state level) were included; while for the study area, all
records were considered (if definitely within the study area).
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TABLE 1 Summary of the number of cetacean records, with confirmed identification to species level, found in the literature for north-western Africa,
from Morocco to Liberia.

Species Sightings
Non-

sightings
Group size
(min-max)

Number
of sources

Identity of sources

Balaenoptera
acutorostrata

9a 18 1-3 11
3,10,12,19,23,25,26,27,32,33,37

Balaenoptera borealis 18 2 1-18 8 2,6,7,11,19,26,28,33

Balaenoptera edeni 7 4 1-2 9 3,9,10,11,19,25,28,33,37

Balaenoptera musculus 21 – 1-12 7 2,9,10,11,19,26,28

Balaenoptera omurai – 1 – 2 11,16

Balaenoptera physalus 11 18 1-6 11 2,6,8,9,10,18,19,26,27,31,37

Caperea marginata – 1 – 1 29

Delphinus delphis 184 650(+ <10)b 1-2500 20 2,6,7,8,9,10,11,15,19,20,23,24,25,26,27,28,30,31,33,37

Eubalaena glacialis Qualitative-only 2 19,26

Feresa attenuata – 1 – 5 15,24,25,26,33

Globicephala
macrorhynchus

73 192 7-30 16
2,3,8,11,13,15,17,19,21,23,24,25,26,28,33,37

Globicephala melas 3 27 8-14 8 8,15,19,21,23,24,26,27

Grampus griseus 23 9 3-15 15 2,7,9,10,11,15,17,19,23,24,25,26,27,28,33

Hyperoodon
ampullatus

Qualitative-only 2
19,24

Kogia breviceps – 7 – 7 3,19,24,25,26,33,37

Kogia sima 2 3 1,1 5 4,24,26,28,33

Lagenodelphis hosei 1 1 450 5 10,11,19,24,33

Lagenorhynchus acutus 1 – – 1 15

Lagenorhynchus
albirostris

6 – – 1
15

Megaptera
novaeangliae

35 5 1-6 13
2,3,9,10,11,17,19,26,27,28,31,34,37

Mesoplodon
densirostris

– 1 – 3
19,24,26

Mesoplodon europaeus 1 2 2 6 10,17,19,24,26,33

Orcinus orca 73c 20 1-15 13 2,10,11,14,15,17,19,23,24,26,31,33,37

Peponocephala electra 4 3 3-200 7 10,11,15,17,24,26,33

Phocoena phocoena 22 186d 1-11 15 2,3,5,6,9,15,19,21,23,24,25,26,31,33,37

Physeter
macrocephalus

112 18 1-10 15
1,2,6,8,9,10,11,17,19,23,26,27,28,33,37

Pseudorca crassidens 4 – 5-40 6 10,15,19,22,24,26

Sousa teuszii 355 57 1-40 15 3,7,15,17,19,20,23,24,25,26,33,35,36,37,39

Stenella attenuata 21 – 1-300 10 8,10,11,13,24,25,26,28,38

Stenella clymene 38e 7 2-700 13 2,7,8,10,11,15,17,24,26,28,33,37,38

Stenella coeruleoalba 29 274 4-150 15 2,6,7,8,10,11,15,19,23,24,26,27,30,33,37

Stenella frontalis 77 43 2-150 15 2,3,9,10,11,12,15,19,21,23,24,26,28,33,37

Stenella longirostris 11 10 9-40 10 7,8,11,15,19,24,26,28,33,37

Steno bredanensis 9 43 10-30 11 2,10,15,19,20,24,25,26,28,33,37

(Continued)
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Among 24 sources with data from a single state, 8 reported data

from Morocco and 9 reported data from Mauritania (Appendix

C.1). For both Senegal and The Gambia, the time-period with the

highest percentage of species reported was prior to 2000. The same

percentage of reported species was observed in Guinea Bissau for

the time-periods <2000 and 2011-2020. In Western Sahara, the

highest percentage of species, by far, was reported in 2011-2020;

and in Sierra Leone, time-period assignment was only possible for a

single species, which was reported in 2011-2020. Morocco is the

only state for which the largest percentage of species was reported in

the decade 2000 to 2010. In Liberia, the percentage of species

reported was the same for 2000-2010 and 2011-2020 (Figure 1B).

In relation to sighting and non-sighting records (Figures 1C, D),

in Morocco, most non-sightings were reported in 2000-2010; in

Western Sahara, almost all sighting records were registered between

2011 and 2020, while all non-sighting records were gathered between

2000 and 2010. Mauritania is the state with the highest total number

of records (sightings and non-sightings), with most sightings being

from recent years (2011-2020) and most non-sightings having been

recorded prior to 2000. In Senegal, the majority of non-sighting

records are dated prior to 2000. In The Gambia and Guinea Bissau,

nearly all data (sightings and non-sightings) were registered before

2000. In Guinea, while sightings were mostly for 2011-2020, most

non-sightings were registered between 2000 and 2010. For Sierra

Leone, all sighting records were collected between 2011 and 2020,

while most sightings from Liberia are from 2000 to 2010; no non-

sighting records were located for either country.
3.2 Species occurrence, richness, and
distribution range

Of the 36 species reported, Delphinus delphis (common

dolphin) and Tursiops truncatus (bottlenose dolphin) were

reported by the highest number of sources (by 23 and 20 sources,

respectively). S. teuszii is the species with the highest number of

sightings (355), closely followed by T. truncatus (353). While many

of these sightings were reported prior to 2000 (197 and 140,
Frontiers in Marine Science 06
respectively), these two species were also the two most frequently

sighted species prior to 2000.

Considering non-sightings, D. delphis has the highest number

of records overall (approximately 660), most of them reported

before 2000 (310 non-sighting records – the highest number in

this time-period for any species). It is also the species with the most

sightings in the time-periods 2000-2010 and 2011-2020 (39 and

140, respectively). For the period between 2000 and 2010, Stenella

coeruleoalba (striped dolphin) is the species with the most non-

sighting records (263) and it is also, by far, the species with highest

total number of records (sightings and non-sightings) across the

three time-periods. In the time-period 2011-2020, with 12 records,

Phocoena phocoena (harbor porpoise) was the species with the most

non-sightings (Tables 1, 2).

Both Balaenoptera musculus (blue whale) and Stenella

attenuata (pantropical spotted dolphin) were reported 21 times,

with the majority of records occurring between 2011 and 2020.

Several species are represented by fewer than 10 sightings and fewer

than 10 non-sightings: Balaenoptera edeni (Bryde’s whale), Kogia

breviceps (pygmy sperm whale), Kogia sima (dwarf sperm whale),

Lagenodelphis hosei (Fraser’s dolphin), Lagenorhynchus albirostris

(white-beaked dolphin), Mesoplodon europaeus (Gervais’s beaked

whale), Peponocephala electra (melon-headed whale), Pseudorca

crassidens (false killer whale), and Ziphius cavirostris (Cuvier’s

beaked whale) (Table 1).

Five species are represented by only one record in the entire

NWA. Balaenoptera omurai (Omura’s whale) is represented by a

stranding of a juvenile in Mauritania in 2013 (Djiba et al., 2015; Jung

et al., 2016). A single individual of Carepea marginata (pygmy right

whale) was stranded in 1995 in The Gambia (Tsai and Mead, 2018).

An individual of Feresa attenuata (pygmy killer whale) was captured

off Senegal in 1958 (Van Waerebeek et al., 2000), although qualitative

information in this species is also available for Senegal (Jefferson et al.,

1997; Robineau and Vely, 1998; Robards and Reeves, 2011; Perrin and

Van Waerebeek, 2012). There was a sighting of Lagenorhynchus

acutus (Atlantic white-sided dolphin) off Gibraltar (Jefferson et al.,

1997). Mesoplodon densirostris (Blainville’s beaked whale) is

represented by a stranding of a single individual in Mauritania in
TABLE 1 Continued

Species Sightings
Non-

sightings
Group size
(min-max)

Number
of sources

Identity of sources

Tursiops truncatus 353 246f (+ <10)b 1-130 23 2,3,7,8,9,10,11,12,15,17,19,20,21,23,24,25,26,27,28,31,33,35,37

Ziphius cavirostris 7 5 1-2 8 8,10,12,19,24,26,27,33
For each species the table reports the number of sighting and non-sighting records, the range of group sizes, the number of sources and (in brackets) the identity of those sources.
The species are organized in alphabetical order. The information presented corresponds to records of cetaceans with confirmed identification to the species level and reported within the
geographical range of the study area (Morocco to Liberia – records with unconfirmed location not included). The sources reporting on the species are listed in the “Identity of sources” column,
and are as follows: 1. Báez et al., 2020; 2. Baines and Reichelt, 2014; 3. Bamy et al., 2010; 4. Benchoucha et al., 2018; 5. Boisseau et al., 2007; 6. Boisseau et al., 2010; 7. Bowman Bishaw Goham, 2003;
8. Camphuysen, 2000; 9. Camphuysen et al., 2012; 10. Correia et al., 2019; 11. Djiba et al., 2015; 12. Expósito and Qninba, 2010; 13. Gray and Van Waerebeek, 2011; 14. Hammond and Lockyer,
1988; 15. Jefferson et al., 1997; 16. Jung et al., 2016; 17. Leeney et al., 2016; 18. Lydersen et al., 2020; 19. Masski and de Stéphanis, 2015; 20. Moore et al., 2010; 21. Mullié et al., 2013; 22.
Notarbartolo-di-Sciara et al., 1997; 23. Pinela et al., 2010; 24. Perrin and VanWaerebeek, 2012; 25. Robards and Reeves, 2011; 26. Robineau and Vely, 1998; 27. Rojo–Nieto et al., 2011; 28. Russell
et al., 2018; 29. Tsai and Mead, 2018; 30. Tudela et al., 2005; 31. Tulp and Leopold, 2004; 32. Van Waerebeek et al., 1999; 33. Van Waerebeek et al., 2000; 34. Van Waerebeek et al., 2013; 35. Van
Waerebeek et al., 2017; 36. Weir and Collins, 2015; 37. Weir and Pierce, 2013; 38. Weir et al., 2014; 39. Weir, 2016. aOne sighting record corresponds to one individual sighted several times in the
area; bThere was one bycatch event of 10 animals of Delphinus sp. + Tursiops truncatus, but with no specification of numbers for each taxon; cThree sighting records correspond to groups that
were sighted several times in the area; dThere was one more non-sighting report: 19 captures + strandings, reported by Robineau and Vely, 1998. Since captures from this source are mostly/all
cited in Weir and Pierce, 2013, and there is no confirmation on the exact number of strandings, this report was not considered here; eOne sighting record corresponds to one individual, the
“Senegal dolphin”, sighted several times in the area; fThere were two more non-sightings reports: 15 captures + strandings; 17 specimens. Captures are mostly/all cited in Weir and Pierce, 2013
and the 17 specimens are under the IFAN collection (presented by Van Waerebeek et al., 2000). There is no confirmation of the exact number of strandings, hence, these records were not
considered from the source (Robineau and Vely, 1998).
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TABLE 2 Summary of the occurrence (number of records) of cetacean species in different time-periods, according to data found in the literature,
reported for north-western Africa (Morocco to Liberia), with confirmed identifications to species level.

Species
<2000 2000-2010 2011-2020

Sightings Non-sightings Sightings Non-sightings Sightings Non-sightings

Balaenoptera acutorostrata 4a 13 1 3 4 0

Balaenoptera borealis 0 1 2 0 16 1

Balaenoptera edeni 0 1 0 3 7 0

Balaenoptera musculus 3 0 0 0 18 0

Balaenoptera omurai 0 0 0 0 0 1

Balaenoptera physalus 0 9 3 8 8 1

Caperea marginata 0 1 0 0 0 0

Delphinus delphis 5 310b 39 230 140 0

Eubalaena glacialis 0 0 0 0 0 0

Feresa attenuata 0 1 0 0 0 0

Globicephala
macrorhynchus

0 161 7 15 63 1

Globicephala melas 1 10 2 13 0 2

Grampus griseus 1 7 3 0 19 0

Hyperoodon ampullatus 0 0 0 0 0 0

Kogia breviceps 0 6 0 1 0 0

Kogia sima 0 1 0 0 2 1

Lagenodelphis hosei 0 1 0 0 1 0

Lagenorhynchus acutus 0 0 0 0 0 0

Lagenorhynchus albirostris 0 0 0 0 0 0

Megaptera novaeangliae 0 1 3 4 30 0

Mesoplodon densirostris 0 1 0 0 0 0

Mesoplodon europaeus 0 2 0 0 1 0

Orcinus orca 37c 16 1 0 9 0

Peponocephala electra 0 2 0 0 4 0

Phocoena phocoena 0 75 8 50 6 12

Physeter macrocephalus 7 7 7 2 97 1

Pseudorca crassidens 2 0 0 0 1 0

Sousa teuszii 197 14 2 2 32 3

Stenella attenuata 0 0 3 0 9 0

Stenella clymene 2 7 3 0 34 0

Stenella coeruleoalba 0 7 3 263 26 0

Stenella frontalis 1 38 0 0 76 1

Stenella longirostris 0 5 6 0 5 0

Steno bredanensis 0 10 0 0 5 0

Tursiops truncatus 140b 168 7 10 67 7

Ziphius cavirostris 0 1 3 2 4 0
F
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For each time-period, records are separated into “sightings” and “Non-sightings” (e.g. strandings, museum specimens, etc. – see Materials and Methods.
The species are organized in alphabetical order. The information presented corresponds to records of cetaceans with confirmed identification to the species level and reported within the range of
the study area (Morocco to Liberia – records with unconfirmed location not included). Only quantitative data with clear information regarding the time-periods considered (i.e., that allowed
attributing to one of the three time-periods considered). aOne sighting record corresponds to one individual sighted several times in the area; bThere was one bycatch event of 10 animals of
Delphinus sp. + Tursiops truncatus, but with no specification of numbers for each taxon; cThree sighting records correspond to groups that were sighted several times in the area.
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1992 (Robineau and Vely, 1998) plus qualitative data from Morocco

or Western Sahara and between Mauritania and Senegal (Robineau

and Vely, 1998; Perrin and Van Waerebeek, 2012; Masski and de

Stéphanis, 2015) (Table 1; Appendix C).

Two species lack quantitative data, Eubalaena glacialis (North

Atlantic right whale) and Hyperoodon ampullatus (northern

bottlenose dolphin), and are documented only in the study area’s

northernmost countries: E. glacialis in Morocco and Western

Sahara (Robineau and Vely, 1998; Masski and de Stéphanis, 2015)

and H. ampullatus in Morocco (Perrin and Van Waerebeek, 2012;

Masski and de Stéphanis, 2015).

For nine species, the distribution range covers the entire study

area, with missing data in just a few countries: Globicephala

macrorhynchus (short-finned pilot whale), Orcinus orca (orca),

Physeter microcephalus (sperm whale), S. teuszii, S. attenuata, S.

clymene, Stenella longirostris (spinner dolphin), Steno bredanensis

(rough-toothed dolphin), and T. truncatus. D. delphis is the only

species documented in all range states of the study area (Figure 2).

Senegal and The Gambia are the southern limits for the distribution

range of 11 species: Balaenoptera borealis (Sei whale), B. musculus,

Globicephala melas (long-finned pilot whale), Grampus griseus (Risso’s

dolphin), K. sima, L. hosei, M. densirostris, P. phocoena, P. crassidens,

S. coeruleoalba, and Z. cavirostris. For M. europaeus and P. electra, the

southern limit is Guinea-Bissau.

Six species have their distribution range extending up to Guinea,

albeit with missing data in the two countries with the lowest number

of sources (Sierra Leone and Liberia, with 10 sources): Balaenoptera

acutorostrata (minke whale), B. edeni, Balaenoptera physalus (fin
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whale), K. breviceps,Megaptera novaeangliae (humpback whale), and

Stenella frontalis (Atlantic spotted dolphin).

Three species have their southern distribution limit at the

northern boundary of the study area (Morocco/Western Sahara):

E. glacialis, H. ampullatus, L. acutus, and L. albirostris.
4 Discussion

4.1 Literature coverage

In the compiled bibliography, it is clear that most publications on

cetacean occurrence and distribution on theNWA consist of inventories,

reports, or surveys, published between 2011 and 2020. However, much

of the information relates to non-sighting records, notably of strandings

and museum specimens, and was mostly compiled from reviews

reporting on data from prior to the year 2000 (even though 6 out of

10 were published during 2011-2020). Although useful, this information

may not represent the current status of cetacean communities in the

region. In fact, as well as making clear the high variation in both the type

and amount of information collected, both between countries and over

time, reflecting a general lack of systematic monitoring, this study reveals

a particular lack of monitoring effort in certain states, especially south of

Senegal, from where there are few records.

Since the time-period covered here (up to 2020), to date (by June

2023), three new reviews covering part of the north of the study area

were published. Cartagena-Matos et al. (2021) analyze the research

topics in scientific publications published up to 2018, focusing on the
FIGURE 2

Species’ distribution ranges in the study area and literature coverage by range state (number of sources and species reported).
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Macaronesia area and the North African coast, from Morocco to

Senegal. Bilal et al. (2023) reported the occurrence of L. hosei off the

coast of Mauritania (a sighting of a group in November 2021). In our

review, we found no records of this species in Mauritania, although it

was recorded in the adjacent range states (Morocco and Senegal).

Kaddouri et al. (2023) reported on trends in cetacean strandings in and

around the Strait of Gibraltar, Morocco, until 2021. All the species

reported in the latter article are already described for Morocco in the

present review.

The results presented here highlight the need to increase the data

available on cetacean occurrence (from both sightings and non-

sighting records) in the NWA, and to update the inventory of

cetacean species in the region. Furthermore, there is an evident

urgency to strengthen monitoring/research efforts in the

southernmost part of the NWA. However, in addition to the need

for new monitoring and research to address the data gaps, it should be

noted that the present review depended entirely on available literature

and it would be useful to assemble data and information from local

knowledge, e.g., via direct contacts with communities, fishers, stranding

networks, museums, local authorities, NGOs and researchers.
4.2 Species occurrence, richness, and
distribution range

As expected, D. delphis was the most frequently reported species

from records throughout the region, consistent with the global

assessment of this species in the IUCN Red List for Threatened

Species (Braulik et al., 2021). Similarly, T. truncatus was recorded

across most of the entire study area, consistent with wide

distribution range of the species (Wells et al., 2019). Sousa teuszii

was also one of the most frequently recorded species, occurring

from Morocco to Sierra Leone. There are major concerns about the

conservation status of this endemic species, due to its distribution

being restricted to coastal areas and its exposure to threats from

human activities such as overfishing, consumption of marine

bushmeat (documented in Senegal; see Cosentino and Fisher,

2016), coastal development (e.g, over-exploitation of mangroves,

coastal construction, aquaculture, oil and gas exploration and

extraction, accidental spills, shipping, tourism, and effluents), and

climate change. These increasing pressures mainly arise because of

the strong human population growth in the region (VanWaerebeek

et al., 2003; UNEP-CMS, 2007; Weir, 2010).

By analyzing cetacean distributions in the study area, it is

possible to delimit probable boundaries of distribution range for

several species in the study area. Firstly, dolphins of the genus

Lagenorhynchus (L. acutus and L. albirostris), as well as E. glacialis

and H. ampullatus occurred in temperate zones, not being reported

south of Western Sahara. In the case of the species E. glacialis and

H. ampullatus, this is consistent with the IUCN global assessment

(Cooke, 2020; Whitehead et al., 2021). However, the distributions of

both species of the genus Lagenorhynchus, their distribution in the

northeast Atlantic Ocean have been described as being restricted to

the north of the Iberian Peninsula (Kiszka and Braulik, 2018a;

Braulik, 2019a). For these species, very few records were compiled

within the present review and they were all from Morocco, prior to
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the year 2000 (Jefferson et al., 1997), at least when considering only

confirmed identifications. It is possible that these records are extra-

limital and/or that there has been a northward shift of these species’

distributions over the last few decades.

Secondly, there is a large number of species for which the range

observed in the present study extends as far south as Senegal/The

Gambia/Guinea-Bissau, thus extending to the tropical zone. This was

the case for several baleen whales (B. borealis, B. musculus, and B.

physalus),G. griseus,G. melas, K. sima, L. hosei, several beaked whales

(M. densirostris, M. europaeus, and Z. cavirostris), P. electra, P.

phocoena, P. crassidens, and S. coeruleoalba. Aside from G. melas,

for which the southern limit of distribution in The Gambia (although

there are quantitative data only for Morocco and Mauritania), which

is further south than the limit reported in the IUCN Red List

assessment (in Mauritania, Minton et al., 2018), and P. phocoena

for which the distribution range is consistent with that reported by

IUCN (Braulik et al., 2020), all other species are previously described

as also occurring further south than was found in the present review.

The aforementioned species of baleen whales, with the addition of B.

edeni and B. acutorostrata, are described as being widely distributed

throughout the Atlantic Ocean (Cooke and Brownell, 2018; Cooke,

2018a, b, c, d). For G. griseus, K. sima (and also K. breviceps), L. hosei,

P. crassidens, and S. coeruleoalba, the IUCN reports a distribution

extending along the whole the West African coast (Baird, 2018;

Kiszka and Braulik, 2018b, c; Braulik, 2019b; Kiszka and Braulik,

2020). Similarly, P. electra is described across the West African coast,

but with the northern limit of distribution in Mauritania (Kiszka and

Brownell, 2019) which is consistent with the present review. As for

the three species of beaked whales, the described distributions extend

across the NWA (Baird et al., 2020; Pitman and Brownell, 2020a, b).

For all these species, the apparent southern distribution limit

obtained with the data collected in this review may be a strong

indication of the lack of monitoring effort south of The Gambia.

In relation to P. phocoena, the distribution range in the study area

extends from Morocco to Senegal. Fontaine (2016) points to the need

for an assessment of the status and threats faced by the southern

ecotype, and putative subspecies, of P. phocoena in the eastern North

Atlantic – which he refers to as P. phocoena meridionalis. This is a

unique ecotype with small populations and low genetic diversity,

inhabiting the coasts of Iberian Peninsula and NWA. Therefore, there

is a need for further research on the impacts of exploitation and

adaptation in the face of climate change (Fontaine, 2016). P. phocoena

is the smallest cetacean species in the North Atlantic and generally has

a coastal distribution. Nevertheless, occurrences beyond the

continental shelf are also documented, for example off Greenland

(Nielsen et al., 2018; Braulik et al., 2020).

In addition to D. delphis, T. truncatus, and S. teuszii, the

apparent distribution range of several other species extended

from the northern states (Morocco/Western Sahara) to the

southern limit of the study area (Guinea to Liberia): G.

macrorhynchus, O. orca, M. novaeangliae, P. macrocephalus, S.

bredensis, and several species of the genus Stenella (S. attenuata,

S. longirostris, S. frontalis, and S. clymene). ForM. novaeangliae, the

Cape Verde islands are a well-known wintering ground in the

northeast Atlantic (Hazevoet and Wenzel, 2000; Hazevoet et al.,

2010, 2011) but the distribution of the species in the coastal areas of
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the NWA is poorly studied. Nonetheless, Van Waerebeek et al.

(2013) presents strong evidence that the area between Senegal and

Guinea may also be a wintering and nursing ground for a south

Atlantic stock.

Lastly, there are also single non-sighting records of B. omurai,

C. marginata, and F. attenuata. In the case of Omura’s whale, the

single record refers to the first identification of the species in

African waters, through genetic methods, from a stranding near

the Mauritania-Senegal border in 2013 (Djiba et al., 2015; Jung

et al., 2016) – it is worth noting that the species was first discovered

only 20 years ago (Wada et al., 2003) and it is possible that

specimens were previously recorded as unidentified rorquals. The

C. marginata was reported by Tsai and Mead (2018), who refer to a

stranding in 1995 that constitutes the first record (and likely, the

only known record) of the species north of the equator. The known

distribution range in African waters is limited to the south of Africa

(Cooke, 2018e). This stranding most likely represents an extra-

limital record. Regarding F. attenuata, there was a single capture

(either a directed take or a bycatch) of an individual in Senegal (Van

Waerebeek et al., 2000) in 1958, although the IUCN reports a

distribution range across the entire African coast (Braulik, 2018).
4.3 Final remarks

This review assembles an important body of knowledge on

cetacean occurrence and distribution in the NWA, contributing to

baseline knowledge to inform marine management strategies in the

area. In particular, available data could be useful in spatial

management, allowing for the identification of important areas

for future protection, e.g. areas with high biological and ecological

value or a high risk of anthropogenic impact on populations (e.g.,

through mapping of bycatch risk).

However, it is clear that the available information remains patchy,

and it may not characterize the real diversity and distribution of the

cetacean species inhabiting NW African waters. A substantial

increase in the monitoring effort along the NWA coast is essential,

especially addressing areas where there is least information (such as

the south part of this region), to facilitate assessment of status and

enable effective conservation measures. Besides increasing research/

monitoring effort, relevant information should be acquired directly

through consultation of local knowledge/expertise (local

communities, fishers, stranding networks, researchers).

Finally, more effective management of industrial fishing is

crucial, for example through improvements of the SFPAs, as

recognized by the European Commission (2023). It is worth

highlighting that Atlantic cetacean populations depend on the

appropriate management of the NWA, where the fishing activity

of European fleets contributes to overexploitation of fishing

resources. Therefore, EU could play a major role in sustainable

fishery management in the area. It is necessary to reconcile the rapid

socio-economic development occurring on the coast – and the

imperative to provide fish for human consumption – with the need

to ensure sustainable utilization of the area´s living marine

resources and to reduce or eliminate the increasing threats to

cetaceans and their habitats.
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