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The waters of the Canary Islands are considered a hotspot for marine biodiversity, especially regarding cetacean species. Based on this fact, this study pays attention to the spatial distribution pattern of cetacean species and the conservation role of the Natura 2000 Network, a set of Special Areas of Conservation (SACs), which were defined mainly based on data compiled in 1996, under the framework of the European Habitats Directive. In recent years, the declaration of conservation areas for cetaceans between the Tenerife—La Gomera Islands by two global conservation programs, Mission Blue (“Hope Spots”) and Whale Heritage Site (“Whale Sanctuary”) sent clear signals of scientific and social interest to promote better protection of the cetacean species in the Canary Islands. The main aim of the designated SACs is the conservation of its biological and ecological diversity, ensuring the long-term survival of the target species in the waters around islands. In this case, the enactment of the SACs was based only on the sparse data available for the common bottlenose dolphin, Tursiops truncatus. This study shows that the spatial distribution of cetaceans in the Canary archipelago generated from a large database of cetacean sightings, from 2007 to 2018. The results obtained show the main marine areas where the different cetacean species are distributed around the different islands of the archipelago. The spatial distribution maps of the cetacean species, when compared with the existing SACs of the Natura 2000, show the need to extend these SACs into the open sea to include more cetacean species and a larger number of individuals for better conservation of the endangered marine mammals. As a consequence, some suggestions were proposed to improve and update the role of SACs in European Northeast Atlantic waters as a key environmental tool for cetacean conservation. The data supporting the recent declarations of these two new milestones the “Hope Spot” and the “Whale Sanctuary” enhance more keystone information to promote a large marine protected area in the Eastern Atlantic Ocean, such as the “Macaronesian Biodiversity and Ecological Migration Corridor for Cetaceans,” a conservation figure that has been already proposed in the scientific literature as a deserving candidate of governmental regulations and policies by Portugal and Spain; it would also require joint cross-border cooperation efforts for marine spatial planning.
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INTRODUCTION

The variations in the oceanographic, hydrological, and topographic features of the oceans create a wide heterogeneity of habitats, favoring the high diversity of cetaceans that is observed in the Northeast Subtropical Atlantic Ocean, especially in the waters around Canary Islands, an area considered a hotspot for marine biodiversity. At present, 30 species of cetaceans, out of the 90 described worldwide (Jefferson et al., 2015), have been recorded in these oceanic waters (23 odontocetes and 7 mysticetes; Supplementary Table 1). These species make the area one of the most diverse places for cetaceans; it is also the largest in Europe. The Canary Islands are an oceanic volcanic archipelago in the Northeast Subtropical Atlantic Ocean, comprising eight islands with a total surface area of 7,273 km2, a coastline of approximately 1,581 km, and an exclusive economic zone (EEZ) of approximately 494,192 km2.

The complex oceanographic characteristics of the Canary Islands are determined by a combination of factors, for example, the filaments—nutrient-rich waters—which originated in the upwelling system of the Northwestern African shores (Cape Juby, Cape Ghir, and Cape Bojador) that reach the Canary Islands. These filaments have an essential biological function, as they transport fish, cephalopods, and crustacean larvae—food for marine mammals—from the African coast to the coastal waters of the Canary Islands (Rodríguez et al., 1999, 2004; Bécognée et al., 2009; Landeira et al., 2017).

Although the waters of the Canary Islands are considered a hotspot for marine biodiversity, for cetaceans in particular, this does not exempt marine mammals from being subjected to pressure and threats. Some of these threats are due to natural causes, such as predation, but, for the most part, they are consequences of direct or indirect anthropogenic activities (Parsons, 2012), including by-catch, competition with fisheries, habitat degradation (Ruíz de la Rosa et al., 2015), marine pollution (Baulch and Perry, 2014; García-Álvarez et al., 2014, 2015; Puig-Lozano et al., 2018), acoustic/ noise disturbance (Aguilar de Soto, 2006; OSPAR, 2009), stranding (Tejedor and Carrillo, 2018; Puig-Lozano et al., 2020), and maritime traffic, including high-speed ferries—nearly 60% of sperm whale deaths are due to ship collisions in the Canaries (Arregui et al., 2019). These marine mammals are a highly mobile species; their distribution areas cover extensive oceanic areas, which pose a major challenge for their conservation. All cetaceans found in European Union waters receive protection under the Habitats Directive (Council Directive 92/43/EEC of 21 May 1992) and the Marine Strategy Framework Directive (Directive 2008/56/EC). These directives mandate both updating the conservation status and the monitoring of cetacean populations (e.g., distribution, abundance) as well as the adoption of conservation measures if the population status is considered unfavorable (Santos and Pierce, 2015).

Based on cetacean conservation and protection as per the Habitats Directive, this study pays attention to the Natura 2000 Network, a European network of natural areas whose aim is the conservation of the biological and ecological diversity of Europe, taking into account the economic, social, and cultural requirements of its different regions. Additionally, the main goal is to ensure the long-term survival of different species and habitat types in Europe, preventing the loss of biodiversity. The Natura 2000 Network is the main nature conservation instrument used by the European Union.

The Natura 2000 Network involves the natural habitats and species listed in Annexes I and II of the Habitats Directive (Council Directive 92/43/EEC of 21 May 1992), where only two species of cetaceans, the common bottlenose dolphin (Tursiops truncatus) and the harbor porpoise (Phocoena phocoena), as animals of community interest for whose conservation it is necessary to designate Special Areas of Conservation (SACs), and all other cetaceans as animals of community interest require strict protection. In December 2001, the European Commission approved the designation of 174 Sites of Community Importance (SCI) proposed by the Canary Islands Autonomous Community through the Spanish State. In 2011, as per the Order ARM/2417/2011 of 30 August, the 24 sites of marine community importance in the Macaronesian biogeographic region of the Natura 2000 Network were declared as SACs, and the corresponding management plans were approved, which included the conservation measures and regulation of uses and activities. Subsequently, in 2015 (BOE-A-2015-2329), with the results obtained through the studies carried out within the framework of the LIFE+ INDEMARES project (inventory and designation of the Natura 2000 Network in marine areas of the Spanish State), two new SCIs of the Natura 2000 Network were approved—the Conception Bank (ESZZ15001) and the marine area of the east and south of Lanzarote-Fuerteventura (ESZZ15002) (MITECO, 2019). The species of community interest considered to be declared as SACs are: a marine turtle, the loggerhead sea turtle (Caretta caretta), and only one cetacean, the common bottlenose dolphin (T. truncatus), following the indications described in Annex II of the Habitats Directive that was previously mentioned. The field data for the distribution pattern of the common bottlenose dolphin populations were collected before 1996; at that time, it was known that other cetacean species were present in these areas such as the short-finned pilot whale (Globicephala macrorhynchus), the Risso’s dolphin (Grampus griseus), the sperm whale (Physeter macrocephalus), the striped dolphin (Stenella coeruleoalba), and the spotted dolphin (Stenella frontalis). In the official enactment documents of those SACs, no records or distributional patterns were provided for the latter mentioned cetacean species; there was only a note stating that attention and consideration should also be given to their protection in these SACs. It is to be noted that the boundaries, the perimeter of the already approved SACs, have not taken into consideration the spatial distribution of these other cetacean species, with the exception of the common bottlenose dolphin; therefore, the delimited area of these SACs may not be sufficient to protect these animals. La Manna et al. (2020) presented similar results for Mediterranean waters, arguing that the extension of SACs was ineffective for the conservation efforts of these animals and, therefore, proposing to enlarge the borders of SACs for the effective protection of cetaceans in this sea basin.

In recent years, new milestones have contributed toward the protection of cetaceans in the Canary Islands waters. In November 2019, the waters near the Tenerife and La Gomera Islands were declared a “Hope Spot” site by the Mission Blue initiative1 due to its diversity of cetaceans. More recently, in January 2021, almost the same exact marine area has been nominated as a “Whale Sanctuary” by the global program Whale Heritage Sites2 as recognition of its outstanding cetacean species richness and the ecosystem services (ES) it may provide for local communities. Furthermore, in 2007 (Carrillo, 2007), considering the wide spatial distribution of cetaceans not only in the Canary Islands but also in the European Macaronesia (Azores, Madeira), the creation of a Macaronesian Biodiversity, Ecological and Cetacean migration corridor was proposed; it would greatly contribute to the conservation of these cetaceans, which are so important for the marine ecosystem. This would not be the first time, as there is already a “Mediterranean Cetacean Migration Corridor” (BOE-A-2018-9034).

Any advances are made in research about cetaceans every day, underlining the richness of these marine mammals in the waters of the Canary Islands (Aguilar de Soto et al., 2001; Pérez-Vallazza and Haroun, 2005; Pérez-Vallazza et al., 2008; Fernández et al., 2009; Carrillo and Ritter, 2010; Carrillo et al., 2010; Fais et al., 2016; Puig-Lozano et al., 2020) and in the Macaronesian region (Carrillo, 2007; Alves et al., 2015; Correia et al., 2019). Unfortunately, only a few research articles have been published on the spatial and temporal distribution of these animals, that too only for some specific areas in the waters of the Canary Islands; this study is the first in our knowledge to show the general spatial distribution of cetaceans in the waters of the whole Canary archipelago. This baseline knowledge is fundamental for further assessing the conservation status of the cetaceans with regards to their distribution and to manage the status of cetaceans in Canary Islands waters efficiently.

The aim of this work is to present the spatial distribution of cetaceans in the Canary archipelago, based on an extensive database of marine mammal sightings in recent years, from 2007 to 2018. This study also aims to identify the areas where the greatest number of individual cetaceans can be found, highlighting their relationship with the extant SACs from the Natura 2000 Network.



MATERIALS AND METHODS


Survey Area and Data Collection

This study focuses on the waters around the Canary Islands, which is a Spanish autonomous region in the Northeast Subtropical Atlantic Ocean (from 29° 24′ 40″ N to 27° 38′ 16″ N and from 13° 19′ 54″ W to 18° 09′ 38″ W). This volcanic archipelago consists of eight islands (Figure 1) and is geographically split up into the eastern (La Graciosa, Lanzarote, and Fuerteventura), the central (Gran Canaria and Tenerife), and the western islands (La Gomera, La Palma, and El Hierro).
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FIGURE 1. Map of the survey area location, Canary Islands Archipelago, including the Special Areas of Conservation (SACs; green color), the Sites of Community Importance (SCIs; pink color) and the surveyed spatial trajectory [image: image] tracks lines).


The cetacean sightings datasets used to conduct this study are the result of enormous human efforts by various data sources, primarily the following ones: (1) Canarias Conservación: 2007–2018 in Fuerteventura, Gran Canaria, and Tenerife islands; and (2) Programa POSEIDON: 2013–2015 in Gran Canaria, Tenerife, and La Palma. A total of 1,688 cetacean sightings were observed between 2007 and 2018 (Supplementary Table 2), representing 12 years of robust scientific information on marine mammals in the waters of the Canary archipelago. The cetacean sightings were carried out in accordance with the code of conduct of the Government of the Canary Islands (Decree 178/2000; Decree 1727/2007). The data collected for each dataset included time, position, species identity, group size, the presence of calves, the coastal distance, and the spatial trajectory (tracks lines; Figure 1), among others parameters. The species were identified to the lowest taxonomic level possible from descriptions in field guides and scientific literature (Carwardine, 1995). Each dataset was obtained with the following singularities in its methodology:


(1) The Canarias Conservación dataset: Most of the data was collected by the marine environmental consulting company “Canarias Conservación”3 through visual identification, using programmed transects and opportunistic platforms. Cetacean surveys were carried out on three Canary Islands, namely, Fuerteventura, Gran Canaria, and Tenerife, with varying effort, from 2007 to 2018. If the weather conditions allowed—Beaufort scale 3—cruises were conducted along the edge of the island shelf in a 13-m speedboat with a flying bridge located 7 m above sea level, at an average survey speed of 6 knots (Carrillo et al., 2010). To establish standard and repeatable protocols for these site conditions, sighting data was collected following the standard method of line transects survey (Buckland et al., 1993; Heimlich-Boran, 1993; Dudzinski, 1999; Schwarz and Seber, 1999), together with the model previously designed by Carrillo et al. (2002) for Tenerife. In each survey, four expert observers were on-board the speedboat. Two of them observed with the naked eye from a platform that was 4.20 m above sea level, while a third person observed from the flight deck with 7 × 50 binoculars and the fourth person worked as a data recorder.

(2) The Programa POSEIDON dataset: The data for Gran Canaria, Tenerife, and La Palma were obtained through a citizen science tool, Programa POSEIDON,4 which was initiated by the Universidad de Las Palmas de Gran Canaria (ULPGC) to monitor marine biodiversity in the Canary Islands. This database was obtained through the sightings carried out by the whale-watching company “Spirit of the Sea”5 and Fancy II,6 both of which have good experience and expertise in cetacean species identification. In each survey, cetaceans were observed from the flight deck with 7 × 50 binoculars at a height of about 7 m during daylight hours, weather permitting (Beaufort scale 3). Each day, the sighting boats crossed the harbor by making random perpendicular transects to the coastline, depending on the route and the weather situation. Although the search pattern was not systematic, mainly regular zigzag transects were followed. The average speed was 6 knots, followed the methodology used by Carrillo et al. (2010).





Environmental and Biological Variables

The environmental information was mainly obtained from the Copernicus Marine Environment Monitoring Service (CMEMS7). The sea surface potential temperature (SST; °C) and chlorophyll-a (Chl-a; mg⋅m–3) were selected from among all the potential parameters, as they were the most relevant variables representing the oceanographic features of the Canarian waters (Figure 2). SST (daily L4 product IBI_MULTIYEAR_PHY_005_002) and Chl-a data (daily L4 product IBI_MULTIYEAR_BGC_005_003) was compiled by CMEMS. Daily data files, from January 2007 to December 2018 covering the Canary archipelago, were used with a spatial resolution of 0.083° × 0.083°. Data from 2017 was used as an example of SST and Chl-a values distribution because of the major effort put into conducting sightings during that year.
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FIGURE 2. Environmental and biological variables. Left panels: sea surface potential temperature (SST, °C); right panels: chlorophyll-a (Chl-a, mg⋅m–3; an example from 2017 (http://marine.copernicus.eu/).




Data Processing

Once the information was collected, the sightings data was processed to characterize the different cetacean species identified in the Canary archipelago. To obtain the temporal distribution of each species, distinguishing between Odontoceti and Mysticeti, the frequency was estimated by directly counting the number of sightings. Then, this number was analyzed monthly, using the number of surveyed days. Therefore, the monthly sighting per unit effort (SPUE) was calculated by dividing the number of monthly sightings by the number of total surveyed days per month. The spatial distribution of each species was also presented on a map using the QGIS (3.16 Hannover) software. Sightings of the four most frequent species were represented individually on a map of the island, where SACs and SCIs were also included, to view their presence in waters under figures of conservation and protected areas.




RESULTS


Survey Effort

From a total of 1,688 sightings, 18 species of cetaceans were recorded: 14 odontocetes and 4 mysticetes (Supplementary Table 2). The most frequently sighted species for the sub-order Odontoceti were Globicephala macrorhynchus, Tursiops truncatus, and Stenella frontalis, with sightings of 529, 492, and 243, respectively, forming 31.34%, 29.15%, and 14.40% of the total, respectively. The most frequently sighted species for the sub-order Mysticeti was Balaenoptera edeni, which was sighted on 86 occasions, representing 5.09% of the total number of cetacean sightings in the Canary Islands (Supplementary Table 2).

The temporal variation of the total cetacean sightings per unit effort (SPUE; sighting/surveyed days) is presented in Figure 3. The dataset allows us to determine that Odontoceti are the dominant cetacean species in Canarian waters throughout the period studied, presenting higher SPUE than Mysticeti. It is also evident that there is a constant increase in cetacean SPUE in the temporal variation for total cetaceans.
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FIGURE 3. Temporal variation of total cetacean sightings per unit effort (SPUE; sighting/surveyed days) in the Canary Islands during the study period (Jan. 2007–Dec. 2018). Black line: Total cetacean sightings; blue line: Odontoceti; red line: Mysticeti.


The contribution of the different Odontoceti families to the total cetacean SPUE in the Canary Islands is presented in Figure 4. The Delphinidae (G. macrorhynchus, T. truncatus, and S. frontalis) is the most frequently sighted cetacean family, with a minor presence for species belonging to other Odontoceti families (Figure 4).
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FIGURE 4. Temporal variation of total Odontoceti sightings per unit effort (SPUE; sighting/surveyed days) in the Canary Islands during the study period (Jan. 2007–Dec. 2018). Blue line: Family Zipphiidae; green line: Family Kogiiidae; pink line: Family Physeteridae; grey line: Family Delphinidae.


Regarding the SPUE of the sub-order Mysticeti in Canarian waters, only one family, Balaenopteridae, has been observed. In addition, very few species have been observed throughout the different months (Supplementary Table 3), Balaenoptera edeni being the main species observed with a high SPUE during the summer months (Figure 5 and Supplementary Table 3).
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FIGURE 5. Temporal variation of total cetacean sightings per unit effort unit (SPUE; sighting/surveyed days) in the Canary Islands during the study period (Jan. 2007–Dec 2018). Grey triangle: Family Balaenopteridae; blue triangle: Balaenoptera borealis; red triangle: Balaenoptera edeni; pink triangle: Balaenoptera physalus; green triangle: Megaptera novaeangliae.




Spatial Distribution and Environmental and Biological Variables

In terms of spatial distribution, 18 species of cetaceans are seen around the Canary Islands (Figure 6). These animals can be sighted frequently in areas close to the coast, mainly on the leeward side of the islands, coinciding with warmer temperatures (SST; °C) and high chlorophyll-a values (Chl-a; mg⋅m–3; Figure 2; an example from 2017). The SST and Chl-a time series from 2007 to 2018, for the Canary archipelago, is presented in Supplementary Figure 1.
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FIGURE 6. Cetacean spatial distribution around the Canary archipelago (Odontoceti: circles; Mysticeti: triangles), including the Special Areas of Conservation (SACs; green color) and the Sites of Community Importance (SCIs; pink color).




Species Distribution Pattern

The four most frequently sighted cetacean species were three odontocetes (G. macrorhynchus, T. truncatus, and S. frontalis) and one Mysticeti (Balaenoptera edeni). Sighting information for each of these species individually is shown below, noting their spatial distribution with the SACs and SCIs defined in the Natura 2000 Network (Figure 1).


Globicephala macrorhynchus

In the case of the short-finned pilot whale (Globicephala macrorhynchus), it was observed that this species is mainly distributed outside the Franja Marina of Mogán, whereas in the SAC Franja Marina de Teno-Rasca (southwest of Tenerife), most individuals were observed inside that protected area, and very few were sighted in the existing SACs of the southwestern coast of La Palma island. (Figure 7).
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FIGURE 7. Globicephala macrorhynchus spatial distribution around the Canary archipelago (green circles), including the Special Areas of Conservation (SACs; green color) and the Sites of Community Importance (SCIs; pink color).




Tursiops truncatus

Tursiops truncatus (common bottlenose dolphin) sightings are concentrated in or around the SACs of Franja marina of Mogán and Sebadales de Güigüi to the southwest of Gran Canaria, in the Franja marina of Teno-Rasca (southwest Tenerife), and the Franja Marina of Fuencaliente to the west of La Palma (Figure 8).
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FIGURE 8. Tursiops truncatus spatial distribution around the Canary archipelago (blue circles), including the Special Areas of Conservation (SACs; green color) and the Sites of Community Importance (SCIs; pink color).




Stenella frontalis

The presence of the Atlantic spotted dolphin (Stenella frontalis) was observed mostly to the southwest of the island of Gran Canaria, both inside and especially outside the SAC of Franja Marina of Mogán; they were also abundantly observed to the west of La Palma in and outside of the SAC of Franja Marina of Fuencaliente (Figure 9).
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FIGURE 9. Stenella frontalis spatial distribution around the Canary archipelago (yellow circles), including the Special Areas of Conservation (SACs; green color) and the Sites of Community Importance (SCIs; pink color).




Balaenoptera edeni

Balaenoptera edeni (Bryde’s whale) had a spatial distribution throughout the Canary archipelago. It was observed near the coast of different islands, namely, La Graciosa, Lanzarote, Fuerteventura, Tenerife, La Palma, and Gran Canaria, with a major presence in the last island mentioned. It was seen mainly outside the limits of the SAC of Franja Marina of Mogán (Figure 10).
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FIGURE 10. Balaenoptera edeni spatial distribution around the Canary archipelago (red triangles), including the Special Areas of Conservation (SACs; green color) and the Sites of Community Importance (SCIs; pink color).






DISCUSSION

Throughout the 12 years of marine mammals monitoring in different surveys, 18 species of cetaceans (14 odontocetes and 4 mysticetes) were recorded for the Canary Islands waters. Of these species, ten are labeled as “Least Concern,” four as “Data Deficient,” two as “Vulnerable,” one as “Near Threatened,” and one as “Endangered” in the International Union for Conservation of Nature (IUCN) red list (Supplementary Table 1; IUCN, 2020). Looking at the four most frequently sighted species in the Canary Islands waters, the odontocetes G. macrorhynchus, T. truncatus, and S. frontalis, and the mysticete Balaenoptera edeni are labeled as “Least Concern (LC), unlikely to become extinct in the near future” in the IUCN; however, the species T. truncatus and G. macrorhynchus, at the national level (Spain) and at the regional level (Canary Islands), are labeled as “Vulnerable.” Furthermore, S. frontalis and Balaenoptera edeni fall under the “special protection regime” (National Government: Royal Decree 139/2011, BOE N° 46, 23/02/2011; Regional Government: Decree 151/2001; BOC N° 097, 01/08/2001). The underlying scientific implication of these figures is the importance and relevance of these animals as key elements of ocean health and their role as major top-down regulators of marine ecosystem oceanic trophic chains (Reynolds et al., 2009; Giralt Paradell et al., 2019). Therefore, there is a clear need for further conservation efforts directed at the populations of these marine mammals in the Canary Islands. Additional studies related to better management and knowledge (e.g., distribution, abundance, feeding, threats, environmental variables) of these cetaceans in the Northeastern Atlantic Ocean, the Canary Islands, and nearby archipelagos such as Cape Verde, Madeira, and Azores are the need of the hour.


Spatial Distribution and Environmental and Biological Variables

The results showed that all species of cetaceans concentrated in areas close to the coast had clear preferences for the leeward areas of the islands, where temperatures and concentrations of chlorophyll-a showed high values according to the environmental parameters obtained from the CMEMS. Other authors have observed that a large concentration of cetaceans seems to be connected to the environmental and biological characteristics (Perrin et al., 1994; Pérez-Vallazza et al., 2008). For instance, in the case of G. macrorhynchus, there is already a correlation between sea surface temperature and its distribution in the marine waters of Tenerife Island (Montero and Arechavaleta, 1996). Additionally, the high productivity in the Canary Islands waters, as described by various authors (Arístegui et al., 1997; Barton et al., 1998; Arístegui and Montero, 2005; Alonso-González et al., 2013), not only favors cetaceans but also their food/prey, such as cephalopods (Escánez et al., 2018), with large catches being observed in these areas, where the greatest influx of cetaceans (ICES, 2019) and small–medium pelagic fishes are found (Arístegui et al., 2009). Therefore, these areas, sheltered from the trade winds and rich in prey resources, seem to provide a suitable habitat for the cetaceans.

Moreover, of the 14 odontocetes observed during the 12 years of studies, three of them dominated the sightings (75.58% of the total sightings), namely, G. macrorhynchus, T. truncatus, and S. frontalis. The first two species have been well-studied in the Canary Islands (Morales-Herrera, 2015; Servidio et al., 2019), especially in the waters surrounding Tenerife (Carrillo and Peña, 2002; Carrillo et al., 2006, 2010; Pérez-Vallazza et al., 2008; Tobeña et al., 2014), showing similar spatial distribution in all years of the study. This suggests that environmental fluctuations do not affect the presence of those resident cetaceans. In the case of S. frontalis, unfortunately, this species has been less studied individually (Perrin et al., 1994). However, as shown by both our results and previous studies (Pérez-Vallazza et al., 2008; Carrillo et al., 2010; Morales-Herrera, 2015), it is an abundant species in the waters of the Canary Islands throughout the year.

The most frequently sighted mysticete species (and the sixth most frequently sighted cetacean species) was Balaenoptera edeni. Despite being a migratory species, its presence in the Canary Islands is quite marked (Aguilar de Soto, 2006; Carrillo et al., 2010; Morales-Herrera, 2015; Lado-Pedreda, 2018); it is found not only in these waters but also in nearby Macaronesian archipelagos, such as in Madeira (Alves et al., 2010) and the Azores (Steiner et al., 2008). Although robust information on the spatial and temporal distribution regarding the family Balaenopteridae and its habitats and/or feeding preferences is scarce, it is observed that all Balaenopteridae species found in the North Atlantic pass through the Canary Islands during certain months of the year. These animals have been monitored through observations coming from opportunity platforms (ferries navigating the inter-island waters), under the umbrella of the Red CetAvist project, where a wide spatial distribution of cetaceans of the family Balaenopteridae was observed in the waters of the Canary Islands (Lado-Pedreda, 2018). As in the case with other odontocetes species, it is assumed that their spatial distribution near the coast in the Canary Islands is also due to the high productivity in these waters (Arístegui et al., 1997) and may be related to their food preferences, in particular their affinity for schools of small pelagic fish, squid, and plankton (Tershy et al., 1993; Baines and Reichelt, 2014). In addition, the distance to the coast and the slope of the ocean floor (Tardin et al., 2017) may favor their feeding behavior; thus, it is common to find them near the Canary Islands’ western coasts.

As a consequence of rapid and mainly unplanned growth in the 80s and 90s, the Canary Islands are under constant threat of habitat degradation due to coastal land-use change, pollution by plastics and waste, maritime traffic, and, more recently, the negative effects of climate change, including rising sea levels and increasing seawater temperatures (IPCC, 2014; EEA, 2016). Climate change is having various negatives effects on the good marine environmental status worldwide. In recent years, a rising trend of an increase in temperature of 0.28°C per decade, from 1982 to 2013, was observed in the waters around the Canary Islands (Vélez-Belchí et al., 2015).

These increases in seawater temperature result in changes in the distribution of the cetacean preys in different trophic levels of the marine ecosystem (e.g., plankton, fish, cephalopods) (Evans et al., 2008). This directly affects the habits, diets, and behavior of whales and dolphins. Nowadays, scarce information is available on the effect of climate change on cetaceans in the Canary Islands and adjacent archipelagos (Madeira and Azores). This is due to the gaps in knowledge of geographical distribution, migration patterns, and diets in the Macaronesian biogeographic sub-region. However, the possible effects of climate change on cetaceans have already been described in other areas, with changes observed in the distribution patterns of these animals, mainly due to variations in the abundance or distribution of prey (Learmonth et al., 2006; Simmonds, 2016) and in the duration and timing of migration, as well as reproductive success rates (Leaper et al., 2006; Ramp et al., 2015). There is no doubt that studies of marine mammals are difficult, and trends, in their abundance and distribution, are inconclusive concerning the causal role of climate change (ICES, 2008). Therefore, it is necessary that decision-makers monitor and evaluate marine ecosystems, and include conservation plans adjusted to the current information on the ecosystems.



Implications for the Special Areas of Conservation of the Natura 2000 Network

Since the conservation of cetaceans is of importance for regulatory bodies, the European Union has recognized the need for distribution maps of basin scales on a monthly basis (Habitats Directive 92/43/EEC, Marine Strategy Framework Directive: 2008/56/EC). Of the 18 species sighted during this study (2007–2018), we wanted to pay more attention to the three species already mentioned (G. macrorhynchus, T. truncatus, and S. frontalis), which reside and/or are present in the waters of the Canary Islands all year round (Morales-Herrera, 2015; Servidio et al., 2019). Regarding their spatial distribution, it is essential to highlight that most sightings for these species are found outside the external limits of the SACs included in the Natura 2000 Network. This spatial distribution has already been observed previously for Gran Canaria (SAC Franja Marina de Mogán) (Pérez-Vallazza and Haroun, 2005), Tenerife (SAC Franja Marina de Rasca-Teno) (Aguilar de Soto et al., 2001; Carrillo et al., 2010), La Palma (SAC Franja Marina de Fuencaliente) (Pérez-Vallazza et al., 2008), and El Hierro (Arranz et al., 2008; Amengual et al., 2015). In the marine waters of El Hierro, in addition to hosting the three species already mentioned, it should be noted that it is one of the few places in the world where the resident populations of Ziphiidae (deep-diving cetacean species) (Arranz et al., 2008) are known to exist. During the monitoring conducted between 2003 and 2007 on this island, more than 1,600 individuals of Ziphiidae were sighted in its waters (Figure 11, this study; Arranz et al., 2008; Amengual et al., 2015). Their local presence reinforces the role of the Canary Islands as a conservation hotspot for cetaceans, thus emphasizing the need to effectively protect populations of different species from any anthropogenic pressures.


[image: image]

FIGURE 11. Cetacean spatial distribution around the Canary archipelago (Odontoceti: circles; Mysticeti: triangles), including the Special Areas of Conservation (SACs; green color) and the Sites of Community Importance (SCIs; pink color). Including sightings from El Hierro island.


After 12 years of scientific monitoring and sightings of cetacean populations around the Canary Islands, the present study shows that the current SACs are not large enough to effectively protect these endangered marine mammals; these keystone cetacean populations require large marine protected areas that include parts of their oceanic (offshore) habitat (Game et al., 2009). Currently, there are 24 SACs in the Canary Islands that have been designated for the conservation of two species of community interest, namely, the marine turtle C. caretta and the cetacean T. truncatus. However, there are other cetacean species in the marine waters surrounding the Canary Islands: the short-finned pilot whale (G. macrorhynchus), Risso’s dolphin (G. griseus), the sperm whale (P. macrocephalus), the striped dolphin (S. coeruleoalba), and the spotted dolphin (S. frontalis). These species also deserve to be included in the list for conservation and preservation in the already allocated SACs and SCIs, with special attention to their distribution, areas occupied, and the extents of these marine areas for future updates of management actions. This issue of the Canary Islands is not an isolated event; the same matter is observed in other areas such as the Mediterranean. A recent study by La Manna et al. (2020), which examined the relationships between oceanographic variables and the spatial distribution of the common bottlenose dolphin, showed the importance of updating and implementing current management and conservation instruments to extend the limits of SCIs while working on the reduction of the anthropogenic pressures that impact these marine mammals. The published results and those compiled in the present study show that the borders of several SACs and SCIs must be extended to effectively preserve the ecologically significant features sustaining the population of cetaceans found in the Canarian waters. These results should be considered in future conservation measures for the amendment and updating of management instruments, as well as the revisions of the limits of the Natura 2000 SACs. Thus, jurisdictional and administrative borders should be altered to better consider and preserve key ecological processes and functions that are ultimately responsible for the conservation of cetacean populations. To this end, the spatial distribution maps generated in the present study facilitate the consideration of the conservation of cetacean populations in the maritime spatial planning process.

New milestones in cetacean conservation also need to be considered for future measures. During the last (25th) United Nations Climate Change Conference (December 2019), Mission Blue had declared the Canary Islands as a “Hope Spot” for marine ecosystems, mainly for the cetacean populations, in the area between the islands of Tenerife and La Gomera. The objective was to support further protection of the area, in the spirit of the IUCN target of having 30% of the ocean officially protected by 2030, and to encourage the Spanish and Canarian governments to declare a large marine protected area in the waters of the islands, where humans and nature can thrive together. These Canarian waters are precisely where the greatest influx of cetaceans has been found during the study period of this work. In addition, between these two islands, there are several protected areas, SACs, that belong to the Natura 2000 Network. Considering all these features along with the ES that are generated by those animals (e.g., whale watching, scientific research, bequest, and spiritual value), currently, these waters have also been nominated as a “Whale Sanctuary” by the global Whale Heritage Sites program because of the great diversity and abundance of cetaceans found in these waters surrounding the islands of Tenerife and La Gomera. Cook et al. (2020) further describe the major ES linked to these protected cetaceans as inducing reasoned, rational compromises in decision-making, considering the various ES threats and trade-offs.

There is no doubt regarding the role played by cetaceans in the good environmental status (GES) of the ecosystems of the Canary Islands’ waters. They are considered valid indicators of the well-being status of marine ecosystems. Therefore, creating a network of marine protected areas, ecologically coherent with the biogeographical sub-region of Macaronesia, would favor the conservation of vulnerable ecological habitats and species of socio-economic interest. Thus, a wide marine protected area could be proposed for the European Macaronesia (Madeira, Azores, and Canary Islands), such as the creation of a Macaronesian Biodiversity, Ecological and Cetacean migration corridor (Carrillo, 2007). The focus of this proposal for marine protected species is on the design of an area for the conservation of vulnerable migratory species. A similar corridor has already been defined in the Mediterranean, the “Mediterranean Cetacean Migration Corridor,” as an important area for cetacean species with high ecological value (BOE-A-2018-9034). This marine protected area is included in the Natura 2000 – LIC-ESZZ16001 network and in the Important Marine Mammal Areas initiative (IMMAs8); managing and monitoring this area is a major activity of the Marine Mammal Protected Areas Task Force. The IMMAs are defined as discrete portions of habitat, important to marine mammal species, that have the potential to be delineated and managed for conservation and are identified to prioritize their consideration for conservation measures by governments, intergovernmental organizations, conservation groups, and the general public. Another example of an important conservation area is the “Alborán corridor IMMA”; this area represents a migratory corridor for vulnerable fin whales in the Northern Alborán Sea and Strait of Gibraltar (IUCN-MMPATF, 2017). In the European Macaronesia region, in an area located between Madeira and Desertas islands, there is already an established IMMA area for another marine mammal, the monk seal (Monachus monachus), which shares marine space with the common bottlenose dolphin (T. truncatus) (IUCN-MMPATF, 2018). Therefore, it is essential that monitoring and novel initiatives are undertaken to protect our waters and marine ecosystems, by identifying and enacting a “Macaronesian Biodiversity, Ecological and Cetacean Migration Corridor,” to enhance the protection of cetacean species along with their large distributional range in the Northeast Atlantic Ocean.




CONCLUSION

This study demonstrates that long-term monitoring can provide key information to identify areas of high marine mammal abundance as well as key data about their resident or migratory status in the Canarian waters. The areas with high abundance of cetaceans in many cases coincide with the designated Natura 2000 areas, SACs that were designated only to protect bottlenose dolphin populations and not for the conservation of the other cetacean species that are also present in the Canary Islands. In addition, the extent of the areas where cetacean species are distributed and inhabit extends beyond the outer limits of the designated SACs. These results suggest that improvements must be made to the current conservation measures, enabling the enlargement of the extant SACs limits to promote the efficient management of cetaceans, ecosystems, and GES in the waters of the Canary Islands. The recent declarations of two international conservation figures such as Tenerife-La Gomera “Hope Spot” by the Mission Blue Initiative or the Canary Islands “Whale Sanctuary” declaration by the program Whale Heritage Sites also pointed out the presence of cetacean species outside the extant SACs in Tenerife and La Gomera and further underpin the need of larger marine conservation areas in the Canarian archipelago. Moreover, the declaration of the Tenerife–La Gomera “Hope Spot” was considered as a starting point to inspire the Spanish and Canary governments for the enactment of a large marine protected area in the Spanish waters. In this sense, it seems essential to provide more extensive monitoring of oceanic waters around the Canary Islands and nearby archipelagos as well as promote novel initiatives to protect migratory routes and marine ecosystems, by identifying a “Macaronesian Biodiversity and Ecological Migration Corridor for Cetaceans,” a conservation figure that has been already proposed in the scientific literature but has not yet been accomplished through the proper measures and conservation policies by the Portuguese and Spanish Governments, which certainly will contribute to their international conservation commitment of an increase of marine protected areas in the framework of the European Biodiversity Strategy and the United Nations SD Goals. The enactment of the proposed marine biological corridor would require international cross-border cooperation efforts for assuring migratory pathways for diverse endangered marine species (such as cetaceans, seabirds, selected fish species and other), taking consideration of current marine spatial planning processes.

Our findings are also relevant as a contribution to population abundance estimates of cetaceans for the Canarian archipelago and its relationships with other nearby geographic areas in the Northeast Atlantic Ocean, such is the case of the archipelagos of Azores, Madeira, and Cape Verde, where some frequently sighted cetaceans may migrate at different times of the year. The connectivity or the genetic imprint of their populations is an interesting area of research for future funding and scientific efforts.
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