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The conservation of harbor porpoises (Phocoena phocoena) appears to be failing in Europe. There are particular concerns about this species in the Baltic Proper, Black, and Mediterranean Seas, as well as in the Northeast Atlantic, including the Iberian population, off the Spanish and Portuguese coasts. The Baltic Proper porpoise is “critically endangered,” with a population only in the low hundreds, and the Scientific Committee of the International Whaling Commission has repeatedly called for action to ensure its survival. In 2020, the Committee issued a series of recommendations relating to it and the Iberian population. Similarly, the Black Sea harbor porpoise, Phocoena phocoena ssp. relicta, is classified by the IUCN as endangered. Another population which may be genetically distinct is the West Greenland harbor porpoise, which is hunted without quotas or close seasons. European cetaceans and their habitats are covered by a number of international and regional conventions and agreements and, under European Union law, are “highly protected.” In practice, however, these legal protections have failed to generate effective conservation. For example, Special Areas of Conservation (SACs) are required for them and, although sites have been designated in some marine areas/countries, in the absence of appropriate management plans, SACs cannot be expected to help improve the harbor porpoise's conservation status. Compared to many other species, porpoises are relatively long-lived with low reproductive capacity and only poor public recognition. Conservation and management efforts are caught up in a complicated nexus of interactions involving a web of commitments under international conventions and agreements, European environmental laws, and European fisheries policy. However, public disinterest, lack of political will to implement conservation measures, and complicated fishing-related issues hinder any real progress. More positively, recent advice from the International Council for the Exploration of the Seas (ICES) provides a new scientific foundation for conservation action to address fisheries bycatch in the Baltic Proper harbor porpoise population. Populations of other porpoise species (family Phocoenidae) are also threatened, most notably the global population of the critically endangered vaquita, or Gulf of California porpoise (Phocoena sinus). The common threats and factors affecting porpoise populations are discussed and recommendations offered.
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INTRODUCTION

Porpoises are aquatic mammals in the family Phocoenidae. Globally, seven species of porpoises are recognized by the Society for Marine Mammalogy's (SMM) Committee on Taxonomy1. Of these, three (Phocoena phocoena, Neophocaena asiaeorientalis, and Phocoenoides dalli) also have recognized subspecies. This paper focuses on the harbor porpoise (P. phocoena) which has the following subspecies: P.p. phocoena (Atlantic harbor porpoise), P.p. vomerina (Pacific harbor porpoise), and P.p. relicta (Black Sea harbor porpoise). Proposals have been made to recognize porpoises from Iberia and Mauritania as a separate subspecies P.p. meridionalis (Fontaine, 2016)1. There may also be a genetically distinct subspecies in West Greenland (Nielsen et al., 2018; NAMMCO, 2019).

The International Union for Conservation of Nature (IUCN) Red List of Threatened Species classifies the risk of extinction to species which have been evaluated by dividing them into categories: Data Deficient (DD), Least Concern (LC), Near Threatened (NT), Vulnerable (VU), Endangered (EN), Critically Endangered (CR), Extinct in the Wild (EW), and Extinct (EX)2. Species listed as VU, EN, or CR are considered threatened with extinction. The IUCN has assessed the seven species of porpoises (including two subpopulations for the harbor porpoise) and two subspecies (P.p. relicta and N.a. asiaeorientalis). Three of them are CR, two are EN, two are VU, one is NT, and three are LC (see Table 1). The IUCN assessment for harbor porpoises on the global scale was recently updated (19th May 2020) and its Red List category is LC (the status it was given in 2008) (Braulik et al., 2020). Global abundance is estimated at over a million, but it is “unknown” whether the global population trend is increasing, decreasing or stable. This global assessment does not reflect more regional assessments.


Table 1. IUCN Red List data relating to porpoises including previous assessment category, current Red List category, Red List criteria, and population trend.
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The latest developments related to conservation of the harbor porpoise in Europe provide the focus of this paper. In European waters the harbor porpoise is considered threatened and classified as VU, the Black Sea subspecies (P.p. relicta) is EN and the Baltic Proper subpopulation of P. phocoena has the highest threatened status of CR (IUCN, 2007; Birkun and Frantzis, 2008; Hammond et al., 2008). All three are considered to be “decreasing.” It should be noted, however, that as these last three assessments were all carried out over 10 years ago, they are officially out of date and P.p. relicta is currently being reassessed (ACCOBAMS, 2020b)3.

The harbor porpoise is a small cetacean with a rotund body, rounded head with no beak, a triangular dorsal fin and short, rounded flippers (Evans, 2020; See Figure 1). There have been several reviews of harbor porpoise biology (for e.g., Bjørge and Donovan, 1995; Learmonth et al., 2014; IAMMWG et al., 2015). Harbor porpoises have shorter gestation, lactation periods and lifespans than most other cetaceans (Braulik et al., 2020). Previously thought to be a mainly coastal species, the harbor porpoise has recently been found in deep North Atlantic waters during the winter (Nielsen et al., 2018). They can swim long distances and are generally believed to return to their place of birth to give birth and mate (Kinze, 1990). Males are slightly smaller than females at the same age (with asymptotic body lengths in the North Atlantic of 158–160 cm and 144–146 cm, respectively, Cervin et al., 2020). They usually live in small fluid groups of 1 to 10 individuals and are generally regarded as shy and undemonstrative, keeping away from boats, and people (Teilmann and Sveegaard, 2019). They have a maximum life expectancy of ~24 years and an average life expectancy of between 14 and 15 years (Lockyer, 1995). The main period for mating and calving usually occurs between May and August, gestation lasts ~10–11 months and lactation 8–11 months (IAMMWG et al., 2015). The species is found in temperate and subarctic waters in the northern hemisphere in both the Atlantic and Pacific Oceans (IAMMWG et al., 2015; Evans, 2020).
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FIGURE 1. Harbor porpoise (Image by Lucy Molleson).


There are some 16 distinct populations of harbor porpoise in the North Atlantic region (Evans, 2020). They are the smallest but also the most common and widely distributed cetacean in Europe: from Greenland in the west to the Baltic Sea in the east, from the Barents Sea and Iceland in the north, south to the coasts of France and the Iberian peninsula and with a separate, isolated population in the Black Sea. It is a native species in at least 24 European countries.



CURRENT STATUS OF EUROPE'S PORPOISES


Relevant International Legislation

Whilst the global status of the harbor porpoise is classified as LC by the IUCN (Braulik et al., 2020), its vulnerability has been recognized in Europe and the species is included in Annex II of the European Union (EU) Habitats Directive4. As such it requires strict protection, including the designation of Special Areas of Conservation (SACs) by Member States. EU nations are required to maintain cetacean populations at a “favorable conservation status” and, therefore, populations need to be appropriately monitored to allow this to be evaluated. The populations in the North and Baltic Seas are included in Appendix II of the Convention on the Conservation of Migratory Species of Wild Animals (CMS). Other European legislation also has a bearing on harbor porpoise conservation, including the EU Common Fisheries Policy (CFP) and the EU Marine Strategy Framework Directive (MSFD). The two CMS daughter agreements focused on cetaceans are also highly relevant: the Agreement on the Conservation of Small Cetaceans of the Baltic, North East Atlantic, Irish and North Seas (ASCOBANS)—which hosts three action/recovery plans for harbor porpoises5 and the Agreement on the Conservation of Cetaceans of the Black Sea, Mediterranean Sea and contiguous Atlantic Area (ACCOBAMS); See Table 2 for a summary.


Table 2. Summary of conservation and monitoring commitments in the EU and United Kingdom [after IAMMWG et al. (2015)].
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Northeast Atlantic

In the 1970s, the harbor porpoise became scarce in the southernmost North Sea but has more recently returned. Various surveys have provided population estimates and the overall estimate from the latest (SCANS-III) was 466,569 (CV 0.15, 95% CI: 345,000–630,000; Hammond et al., 2017). This survey also generated regional estimates: North Sea (345,000), Kattegat/Belt Seas/Western Baltic Sea (42,300), Celtic and Irish Seas (49,200), Atlantic Ireland and Scotland (29,000), and the Iberian Peninsula (2,900). Evans (2020) compared surveys across the years and commented that comparison of abundance estimates for an equivalent area (North Sea) in 1994, 2005, and 2016 showed no significant trend and that this was also true for inner Danish waters.

Post-mortem examinations of 1,692 porpoises stranded in the United Kingdom between 1991 and 2010 showed that 23% were thought to have died from infectious disease, 19% from attacks by bottlenose dolphins (Tursiops truncatus), 17% were bycaught, 15% died from starvation and 4% stranded alive (Deaville and Jepson, 2011). In their review of threats to harbor porpoises in UK waters, IAMMWG et al. (2015) drew particular attention to bycatch in static net fisheries; acoustic disturbance through impulsive sound (e.g., pile driving, seismic surveys); and chemical pollution, notably persistent organic pollutants. They noted other anthropogenic stressors but suggested that they were of less importance with low population impact. These included acoustic disturbance from continuous sounds [e.g., Acoustic Deterrent Devices (ADDs) and shipping]; collisions with renewable energy installations; and collisions with vessels. Other lethal interactions with gray seals (Halichoerus grypus) and orcas (Orcinus orca) were also noted. These authors also commented that climate change should be considered but that it was difficult to disentangle from short-term regional variability in prey resources.

There are marked seasonal and longer-term distribution shifts of porpoises in Europe, with distinct geographical seasonal peaks in sightings and strandings, and this may have significant implications for the management of anthropogenic impacts (IAMMWG et al., 2015). For example, large-scale surveys detected that, whilst the abundance of harbor porpoise in the North Sea and adjacent waters in July 2005 was similar to that recorded in July 1994, there was a distinct southerly shift between the two surveys (Hammond et al., 2013), as also reflected in strandings and sightings data.

Whilst the impacts of some factors remain difficult to scale, the primary threat in this region is clearly fisheries-related and in EU waters should be addressed by implementing regulations of the CFP and Habitats Directive to prevent bycatch.



Iberian Peninsula

The Iberian harbor porpoise population inhabits the cold-water upwelling zone along the Atlantic coasts of Spain and Portugal (Donovan and Bjørge, 1995; Sequeira, 1996; Fontaine et al., 2014; Fontaine, 2016; Hammond et al., 2017). This population may also extend into north-west Africa and is both morphologically (i.e., the animals are relatively large) and genetically distinct from other harbor porpoises. Fontaine et al. (2014) reported deep mtDNA divergence between the European North Atlantic, the Iberian/North-west African region and the Black Sea populations, indicating that the populations evolved independently for a considerable period. The Iberian population may even constitute a separate subspecies (NAMMCO and IMR, 2019). Population estimates based on abundance surveys, conducted in 2005 and 2016, suggest that the Iberian population is around 2,900 animals and the recorded population densities are among the lowest recorded on the European continental shelf (Hammond et al., 2013, 2017). Unpublished genetic evidence suggests a sharp decline in abundance over the last 30 years (IWC, 2020).

The International Whaling Commission (IWC) Scientific Committee reviewed the situation of the Iberian harbor porpoise in May 2020 and agreed that bycatch mortality is unsustainably high; that the introduction of Emergency Measures under the EU CFP would be justified; and that long-term solutions—which might include obligatory use of ADDs on fixed nets and trials of modified fishing practices in polyvalent and beach seine nets—should be developed (IWC, 2020). The Committee also called for effective monitoring of fishery bycatch in the region by Portugal and Spain that should include small-scale fisheries “with a particular emphasis on gillnet and beach seines gears.”

Again, noting the importance of fishing in the region, the primary threat to the Iberian porpoise population has been identified as bycatch and, again, strict implementation of EU directives is crucial.



Greenland

There is evidence that porpoises from West Greenland are genetically distinct to those from other areas of the North Atlantic and that, possibly, these should be classified as a new subspecies (Andersen et al., 2001; Tolley et al., 2001; NAMMCO and IMR, 2019). The North Atlantic Marine Mammal Commission (NAMMCO) Harbor Porpoise Working Group recommends that genetically differentiated porpoises with site fidelity to West Greenland should be recognized as a sub-population (NAMMCO, 2019) and considered as a separate management unit (NAMMCO, 2013). However, the Working Group also recommended that more research is needed to show that porpoises on the different coasts of Greenland belong to separate populations, as some animals tagged in West Greenland have been recorded in East Greenland (NAMMCO, 2019).

In 2019, the NAMMCO Harbor Porpoise Working Group calculated corrected abundance estimates using aerial survey data from 2007 and 2015 and satellite tracking of tagged porpoises (which gave the proportion of porpoises expected to have been outside the survey areas). The adjusted abundance estimate for 2007 for West Greenland was 69,595 porpoises (CV = 0.37; 95% CI: 34,689–139,624) and for West and East Greenland combined it was 106,822 for 2015 (CV = 0.35, 95% CI: 55,149–206,909) (Hansen and Heide-Jørgensen, 2013; Hansen et al., 2018; NAMMCO, 2019).

Harbor porpoises are hunted for their meat and blubber in Greenland, and the hunt tends to be opportunistic rather than organized, with hunters killing harbor porpoises when they come across them (Teilmann and Dietz, 1998; Nielsen and Heide-Jørgensen, 2013). Although abundance estimates are calculated, these do not seem to be used to determine quotas for the hunting of harbor porpoises and there are no limits for how many porpoises can be taken each year in Greenland (Nielsen and Heide-Jørgensen, 20136). Hunters from Maniitsoq and the surrounding area in western Greenland are responsible for 40% of harbor porpoise catches (NAMMCO, 2019). Most animals are taken between May and November with a peak in July to October, reflecting the seasonal occurrence of harbor porpoises in Greenland's waters (Nielsen and Heide-Jørgensen, 2013). Fewer are caught in January to March, for example, because they move offshore during the winter and because the weather conditions are not favorable for hunting.

The current reporting system for harbor porpoise takes was implemented in 1993 (NAMMCO, 2019) and Table 3 shows that 58,309 harbor porpoises were reported killed in Greenland between 1993 and 2018, mainly in the West. The NAMMCO Harbor Porpoise Working Group has found that some catch numbers are under-reported or not reported at all to the official Piniarneq hunting database maintained by the Government of Greenland (NAMMCO, 2019) and it has been recommended that catch reports since 1993 should be corrected by a factor of 1.8 (NAMMCO, 2013).


Table 3. Harbor porpoise take in Greenland 1993–2018 (Adapted from NAMMCO catch database7).
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Struck and lost harbor porpoises do not have to be reported in Greenland although some hunters do provide this information (NAMMCO, 2013). Until recently, Greenland did not record how many harbor porpoises were bycaught in its fisheries, though some data were recorded in fishery logbooks and by fisheries inspectors (NAMMCO, 2017). Before an online reporting system was introduced in 2013, bycatches of small cetaceans were reported as catches and would have been consumed or sold in the same way as hunted animals (NAMMCO, 2017). Since 2016, all vessels operating in Greenland waters must report marine mammal bycatch in their logbooks, the details of which are entered into the Ministry of Fisheries and Hunting's fisheries database (NAMMCO, 2017). There is still some concern over the accuracy of reporting but the NAMMCO Bycatch Working Group has recommended ways in which data can be validated (NAMMCO, 2017).

Concerns for this region focus on the size and extent of a possibly distinct genetic population and the scale of deliberate takes. There is little information about bycatch and it is also possible that changing conditions related to climate change may be having an adverse effect. Action to mitigate known threats should be accompanied by increased research into the various threats facing harbor porpoises in this region as well as determining whether a separate subspecies is present.



Baltic Sea

The Baltic Sea is an inland sea in northern Europe with narrow straits connecting it through Kattegat and Skagerrak to the North Sea and the Northeast Atlantic. The limited influx of saline oceanic waters and the inflow of freshwater from rivers and precipitation means that its water is brackish. The Baltic Sea in its present form emerged at the end of the last ice age ~10,000 years ago, and the harbor porpoise, the only resident cetacean species in the Baltic, immigrated into the area ~9,000 years ago (Sommer et al., 2008). Consequently, the genetic and morphological differences (Galatius et al., 2012; Lah et al., 2016) seen between populations in the Baltic Sea Region today are the results of 9,000 years of separation, a comparably short time from an evolutionary perspective. Spatio-temporal distribution patterns also support the existence of a separate Baltic Proper population, showing spatial separation between populations during the breeding season (Sveegaard et al., 2015; Carlén et al., 2018; See Figure 2).


[image: Figure 2]
FIGURE 2. Map showing the approximate distributions of harbor porpoise populations in the Baltic Sea Region (after Sveegaard et al., 2015; Carlén et al., 2018).


There are records of subfossil remains of harbor porpoises in the Gulf of Bothnia and Gulf of Finland from around 7,500 years ago (Forstén, 1975; Lõugas, 1999), and modern day records show presence of porpoises all the way up to the Bothnian Bay, although sightings so far north have become increasingly rare8. The historical population size in the Baltic Proper is not known but a questionnaire study involving fishermen, ferry operators, and coastguards along the Swedish coast shows a dramatic decline in sightings, from 1,638 sightings per observer year in the 1950s to 0.004 in the 1980s (Berggren and Arrhenius, 1995), a decrease of 99.8%. Today the population is estimated at ~500 animals (SAMBAH, 2016).

There are very likely several reasons for this decline of the Baltic Proper harbor porpoise population. Harbor porpoises have no natural predators in the Baltic Sea, but were always hunted here. In prehistoric times they were part of the diet of the people along the Baltic Sea shores, and there are several findings of harbor porpoise remains in archaeological sites around the Baltic (Sommer et al., 2008). During the nineteenth century, harbor porpoises were mainly hunted for their blubber which was used to make oil. This continued during the world wars, but then ceased completely (Møhl-Hansen, 1954; Ropelewski, 1957).

During the first half of the twentieth century, there were several hard ice winters, with reports of harbor porpoises dying in large numbers in 1924, 1929, and 1940 (Johansen, 1929; Ropelewski, 1957; Otterlind, 1976). In the 1960s, two major anthropogenic threats emerged. Bioaccumulation of polychlorinated biphenyls (PCBs) was starting to result in noticeable problems, such as reduced reproduction in Baltic seals (Helle et al., 1976), and PCBs are now known to also cause reproductive failure in harbor porpoises (Murphy et al., 2015). These and other contaminants may also be one cause of respiratory tract lesions and the high parasite loads found in Baltic Proper harbor porpoises (Siebert et al., 2020). Additionally, thin nylon nets were introduced in the 1960s, and the salmon fisheries in the Baltic increased in intensity, very likely causing a significant increase in harbor porpoise bycatch (Otterlind, 1976). As an example, Lindroth (1962) was able to collect 50 bycaught harbor porpoises from the Baltic Proper salmon fisheries in just one year between 1960 and 1961, but only a decade later, in the 1970s, it took almost seven years to collect eight animals (Otterlind, 1976).

While the threats of environmental contaminants and bycatch have persisted since they were first observed, additional issues are likely further affecting population recovery. Firstly, the ecosystem in the Baltic Sea is suffering from eutrophication and, alongside the loss of top predators such as seals, harbor porpoise and cod, this has led to an ecological regime shift (Österblom et al., 2007). As a result of the unhealthy ecosystem, the physiological condition of Baltic stocks of herring (Clupea harengus) and sprat (Sprattus sprattus) are deteriorating, which is having an influence on seal blubber thickness (Kauhala et al., 2017). It is probable that this decrease in prey quality could also negatively affect harbor porpoise nutrition and physiological condition. Secondly, the predicted increase in shipping in the Baltic (Larsson, 2016; HELCOM, 2018; Matczak et al., 2018), in combination with offshore construction projects, means increasing levels of underwater noise which can potentially cause disturbance and disruption of essential behaviors such as feeding (Wisniewska et al., 2016, 2018a,b), mating and nursing. High-frequency vessel noise may also cause masking of the porpoises' own echolocation sounds. This could, for example, significantly decrease the distance of communication between a mother and her calf, or result in failure to detect a fishing net (Hermannsen et al., 2014). Together, all these threats mean extremely high pressure is being put on the Baltic Proper harbor porpoise, and female harbor porpoises in the German Baltic Sea often do not live long enough to reproduce even once (Kesselring et al., 2017, 2018; Siebert et al., 2020). It has recently been shown that the Baltic Proper population would be viable without anthropogenic stressors, but that even low levels of bycatch in combination with the rather low fecundity rate will almost certainly lead to population collapse (Cervin et al., 2020).

The severe threat of extinction to the harbor porpoise in the Baltic Proper has been known about for decades. In 1976, a paper was submitted to the International Council for the Exploration of the Sea (ICES) Marine Mammals Committee stating that the harbor porpoise was endangered in Swedish waters, especially in the Baltic Sea (Otterlind, 1976). In 1988, Skóra et al. (1988) noted that observations of harbor porpoises had decreased in Polish waters since the world wars. Various actions by international organizations have followed:

• In 1992, the harbor porpoise was listed in annexes II and IV of the EU Habitats Directive;

• In 1996, the Baltic Marine Environment Protection Commission or Helsinki Commission (HELCOM) adopted Recommendation 17/2 on the Protection of harbor porpoise in the Baltic Sea Area9;

• In 2003 the ASCOBANS Recovery Plan for Baltic Harbor Porpoises, the Jastarnia plan, was adopted10;

• In 2008, the Baltic harbor porpoise was listed as Critically Endangered by the IUCN (Hammond et al., 2008); and

• For many years, the IWC Scientific Committee has repeatedly expressed serious concern for the population (IWC, 2020).

Within the range of the Baltic Proper harbor porpoise population, Natura 2000 sites were designated for the harbor porpoise in 2001–2002 by Poland, in 2004 and 2007 by Germany, in 2009 by Denmark and in 2016 by Sweden. Numerous scientific papers have been published on the critical situation, calling for action (Otterlind, 1976; Berggren, 1994; Koschinski, 2001; Berggren et al., 2002), but no conservation measures or management plans have been applied, either within or outside these protected areas. Static net fisheries throughout the Baltic have continued to operate although there has been a reduction in fishing effort during the last decade due to various factors including a ban on cod (Gadus morhua) fisheries which was intended to protect the Eastern Baltic cod stocks, and was not related to the harbor porpoise population status.

Despite multiple studies showing a small but consistent separation, genetically, morphologically and spatially, between the Baltic Proper and the Belt Sea populations (see for e.g., Galatius et al., 2012; Lah et al., 2016; Carlén et al., 2018), there is still discussion about whether or not the Baltic Proper population can be considered separate. This has severely hindered conservation efforts, with countries essentially arguing that, if it is not a separate population, there is no need to ensure its survival. In fact, this argument was raised as recently as 2019, when the German Federal Ministry of Food and Agriculture effectively blocked the process to list the Baltic Proper harbor porpoise in Appendix I of CMS11. Two of the arguments used by the German Ministry largely mirror the arguments that have been used for decades, openly or covertly, to avoid taking conservation measures to protect this population: (1) the Baltic Proper harbor porpoise is not a separate entity and is therefore not in danger of extinction, and (2) conservation measures to protect the Baltic Proper harbor porpoise would mean the end of traditional small-scale static net fisheries. A third argument has been that (3) widespread use of ADDs would ensonify a large proportion of the harbor porpoise habitat and would cause disturbance and behavioral reactions that could in turn have population-level effects. A fourth argument used by the German Federal Ministry of Food and Agriculture is that (4) the population size has increased in the North and Baltic Seas during the last decade.

We contend that:

(1) there are numerous scientific studies showing that the Baltic Proper harbor porpoise is in fact a separate population (see above). It is also highly unlikely that the Baltic Proper would be re-colonized by porpoises from the neighboring Belt Sea population, meaning that precautionary action should be taken;

(2) fisheries need to change as static nets are a serious threat to porpoises and many other species such as seals and seabirds in the Baltic, and we, therefore, need to find alternative gears and, in some cases, use ADDs to avoid bycatch. Indeed, ICES (2020) has deemed the use of ADDs necessary to protect the Baltic Proper harbor porpoise;

(3) harbor porpoises could be disturbed by the sound from ADDs and feeding, nursing and mating behaviors could be interrupted, however further study is necessary to understand this interaction. Furthermore, unless we are willing to completely close down static net fisheries, we will have to make the choice between disturbance from ADDs or lethal bycatch, until alternative mitigation methods and/or viable alternative fishing gear have been developed;

(4) there is no evidence of an increase in numbers of the Baltic Proper population, in fact there is only one estimate of the population size to date (SAMBAH, 2016) which points to critically low numbers. There is also no significant change in numbers in the Belt Sea or the North Sea (Evans, 2020).

One specific issue has been hindering the use of ADDs in the Baltic Sea, namely the fact that early versions of ADDs emitted sound at frequencies that were clearly audible to seals and other species attracting them to the fish in the nets (Bordino et al., 2002; Read et al., 2003; Carretta and Barlow, 2011; Snape et al., 2018). However, there are now models of ADDs on the market that emit sound at frequencies above seals' hearing range (Cornwall Wildlife Trust, 2013; Øien and Haug, 2017).

Another issue that has hindered effective conservation is the lack of data on bycatch. Under EU Council Regulation (EC) No. 812/2004, Member States were required to put in place monitoring and/or scientific studies to collect data on incidental catches from 1 January 2005, but the resulting data has been found sorely lacking (STECF, 2019). After the repeal of this regulation in 2019, collection of data on bycatch should take place under the Data Collection Framework (DCF) Regulation (2017/1004). However, concern has been raised that DCF observers focus on the catch that is taken on board, and therefore would miss many bycatch events which are usually detected during the hauling of nets. Under the Habitats Directive article 12.4, Member States are also requested to establish a system to monitor incidental capture and killing of species listed in Annex IV, which includes the harbor porpoise. However, few Member States have put in place such a system. Throughout the EU, the lack of data has been seen as a reason to not take action.

The failure of Germany to bring forward the proposal to list the Baltic Proper harbor porpoise in Appendix I of CMS means that the next chance to achieve this will likely be at the next CMS Conference of the Parties (COP), presently scheduled for 2023. In the meantime, a group of non-governmental organizations (NGOs) proposed a concerted action for the Baltic and Iberian harbor porpoise populations, which focuses on their own contributions whilst making the case for urgent action, and this was adopted at the CMS COP 13 in February 2020 (Anon, 2020).

After almost half a century of warnings, there is some movement at the European level to take active measures to protect the critically endangered Baltic Proper harbor porpoise. In July 2019, a group of NGOs submitted a proposal to the European Commission for emergency measures for this population, based on article 12 of the CFP (Regulation 1380/2013). This eventually lead to ICES publishing special request advice on “emergency measures to prevent bycatch of common dolphin (Delphinus delphis) and Baltic Proper harbor porpoise (Phocoena phocoena) in the Northeast Atlantic” in May 2020 (ICES, 2020). This advice lists recommended measures to prevent bycatch of the Baltic Proper harbor porpoise, which includes closures of static net (i.e., trammel net, gillnet and semi-driftnet) fisheries within Marine Protected Areas (MPAs) designated for the harbor porpoise and obligatory use of ADDs in all static net fisheries outside those MPAs, within the entire population distribution range. If all of these measures are implemented together, as described in the advice, it is expected that bycatch will reach a low enough level to allow the population to recover. However, it is still up to the countries around the Baltic Sea to ensure implementation through joint recommendations under the CFP (Regulation 1380/2013). For the Marine Baltic biogeographic region, decisions on such joint recommendations are taken in Baltfish (the regional fisheries body Baltic Sea Fisheries Forum), and the ICES advice and the resulting joint recommendations are currently (i.e. as of October 2020) being discussed. Several countries have already expressed their hesitance to implement the ICES advice in full, and the measures proposed in the first draft proposal from Baltfish do not go far enough to sufficiently reduce bycatch risk. Meanwhile, the European Commission is expecting Member States to act to fulfill their obligations under European environmental law. If insufficient measures are proposed by Baltfish, the Commission will likely implement emergency measures that are in line with the ICES advice. However, such emergency measures are only in effect for a maximum of 12 months.

The same group of NGOs also submitted a formal complaint to the European Commission in July 2019 concerning the non-compliance of 15 Member States with the Habitats Directive in failing to establish a system to monitor the incidental capture and killing of cetaceans, and for failing to take further measures to ensure that incidental capture and killing does not have a significant negative impact on the species concerned12. In July 2020, the Commission initiated an infringement procedure toward Sweden for non-compliance with Articles 6.2 and 12.4 of the Habitats Directive13. The Commission is also looking at other Member States for similar non-compliance issues. For Sweden, where 98% of the Baltic Proper porpoise population resides during the summer reproductive period, there now seem to be several incentives to take immediate and decisive action to protect this population, and we sincerely hope that other countries in the population range will also act swiftly and decisively.

In summary, the primary threat to this population is, again, fisheries-related but this is exacerbated by pollution impacts and unhelpful politics. Given the poor status of the population, urgent action must be taken on several fronts, including measures to mitigate bycatch as well as public engagement work to help the public and policy makers better understand this situation.



Black Sea and Sea of Azov

The Black Sea, like the Baltic Sea, is another inland sea. It is situated between south-eastern Europe and Asia Minor (Birkun, 2002a). At the north-eastern corner it is connected to the Sea of Azov and in the southwest to the Sea of Marmara and the Mediterranean (Rohling et al., 2009). Black Sea harbor porpoises (P.p. relicta) are found mainly in the coastal waters of the Black Sea and, seasonally, they are also found in the Seas of Azov and Marmara (Vishnyakova and Gol'din, 2015). The Kerch Strait (Russia/Ukraine), Cape Sarych to Cape Khersones (Ukraine) and Cape Anaklia to Sarp (Georgia) have all been recognized by ACCOBAMS as Areas of special importance for Black Sea harbor porpoises14.

The species entered the Black Sea between 5,000 and 8,000 ago after the Black Sea was reconnected to the Mediterranean ~8,000 ago (Rohling et al., 2009; Fontaine, 2016), and has been separated from the eastern Atlantic populations of harbor porpoises for thousands of years (Viaud-Martínez et al., 2007; Fontaine et al., 2012). They share no haplotypes and are morphologically different with smaller bodies and skulls, wider and longer rostrums, and other physical differences. Within the subspecies, P.p. relicta it has been suggested that there may be differentiated subpopulations with different stocks in the north-west, north-east (Crimean and Caucasian), south-east and south-west areas of the Black Sea (Mikhalev, 2005) and the Sea of Azov (Gol'din, 2004). Porpoises from the Sea of Azov are slightly larger than those from the Black Sea and have distinct skull morphology (Gol'din and Vishnyakova, 2015). Sexual dimorphism is also pronounced in the Sea of Azov, with females being significantly larger than males (Gol'din and Vishnyakova, 2015). However, genetic analysis has, so far, shown a nearly complete genetic homogeneity across the subspecies' range and, therefore, the morphological differences may be due to other processes (Ben Chehida et al., 2020).

In 2008, the Black Sea harbor porpoise population was estimated to be, at the most, in the low tens of thousands (Birkun and Frantzis, 2008), which is thought to be 70–90% lower than historical numbers (Birkun and Frantzis, 2008; Fontaine et al., 2012). This drastic decline is attributed to (1) extensive directed hunting that killed tens of thousands of porpoises every year and took place from the 1830s until it was first banned in Romania, Bulgaria and the former Soviet republics in 1966, and then in Turkey in 1983, with some illegal hunting taking place until 1991 (Berkes, 1977; IWC, 2004; Birkun and Frantzis, 2008); and (2) incidental bycatch in, mainly, bottom-set gillnets for turbot (Scophthalmus maeoticus). This is currently the main cause of harbor porpoise mortality in the Black Sea, killing thousands of animals each year (Birkun and Frantzis, 2008; ACCOBAMS, 2020a).

Additionally, harbor porpoises in the Black Sea face an accumulation of anthropogenic threats (Birkun, 2002a), which are similar to those facing the Baltic Proper harbor porpoise. Pollution from shipping, industrial and mining wastes, nutrients from agriculture, sewage, and other sources is a significant issue in the Black Sea (Birkun, 2002a). Harbor porpoises there are contaminated by heavy metals and organochlorine residues, including dichlorodiphenyltrichloroethane (DDT) and PCBs (Tanabe et al., 1997; Evtimova et al., 2019). The Black Sea has also undergone ecosystem changes very similar to those of the Baltic Sea, with eutrophication, overfishing, and removal of top predators leading to regime shifts in the relatively species-poor ecosystem (Oguz and Gilbert, 2007).

Porpoises have also been subject to mass mortalities, for example during unusual events such as when the Sea of Azov freezes and porpoises get trapped in the ice, unable to reach the Black Sea through the Kerch Strait (Birkun, 2002b) There were also mass deaths due to parasitic and bacterial infections in 1989 and 1990 (Birkun and Frantzis, 2008). Sometimes the reason for an unusual mass mortality of cetaceans cannot be determined, for example the reason for 114 cetaceans (at least 53 of which were harbor porpoises) stranding in the Turkish Western Black Sea in 2009 (Tonay et al., 2012b).

Today, activities related to oil and gas extraction in the Black Sea region are undertaken without the necessary monitoring of cetaceans (ACCOBAMS, 2020a). Construction work in the Kerch Strait, which is one of the areas recognized by ACCOBAMS as an Area of special importance for Black Sea cetaceans, including the harbor porpoise, is carried out without mitigation measures to limit the effects of underwater noise.

Studies looking at using ADDs to mitigate bycatch of harbor porpoises have been carried out in recent years, however, the results are somewhat contradictory. In a study using 10 kHz ADDs in the turbot fishery in Bulgarian waters bycatch was significantly reduced (Zaharieva et al., 2019), while another study showed that ADDs did not have the intended effect (Gol'din et al., 2020).

The isolation of the Black Sea porpoises makes them especially vulnerable, as does the degraded nature of their environment. Again, bycatch is the most prominent and urgent threat and gillnets the most obvious problem. EU directives are only valid in part of the Black Sea, so international collaboration including other ranges states and testing and implementation of bycatch mitigation methods, such as ADDs and alternative gear, should be the highest priority.



Mediterranean

Records of harbor porpoises in the Mediterranean are rare (Rosel et al., 2003). A small number of cases of live or stranded porpoises have been reported in the northern Aegean (Frantzis et al., 2001) and Turkish or southern Aegean Sea (Güçlüsoy, 2008; Tonay and Dede, 2013). These animals are P.p. relicta and likely to have entered the Aegean from the Black or Marmara Sea through the Strait of Çanakkale, although there is also the possibility that they belong to a local, isolated geographically discrete population (Frantzis et al., 2001). Some genetic studies have hinted at the possibility of an isolated harbor porpoise population in the Marmara Sea (Viaud-Martínez et al., 2007; Tonay et al., 2012a), however, Ben Chehida et al. (2020) found genetic homogeneity across samples from the Aegean, Marmara, Black and Azov Seas. Further research in the area is clearly needed to confirm this and, if there is a distinct population, it is clearly small and vulnerable.




CONSERVATION STATUS OF OTHER PORPOISE SPECIES

As already noted for the harbor porpoise, although a species may have one status regarding its risk of extinction on a global scale, subpopulations and subspecies often need to be assessed separately and may fall into a different category. The Dall's porpoise (Phocoenoides dalli), for example, has only been assessed globally (LC) but the assessors noted that subspecies P.d. truei only inhabits the western North Pacific (Jefferson and Braulik, 2018) and, as it constitutes a single population (IWC, 2002), it deserves a separate assessment.

The spectacled porpoise (Phocoena dioptrica) was also listed as LC in its most recent assessment in 2018 but the assessors noted that it could easily have been listed as DD again (as it was in 2008) because information about it is sparse and there are no abundance estimates (Dellabianca et al., 2018). In fact, the assessors also considered listing it as NT before opting for LC, whilst noting that this status should be considered as provisional pending further information. The NT status for Burmeister's porpoise (Phocoena spinipinnis) is also considered provisional and the species may require the status of VU (Félix et al., 2018). The Peruvian population of Burmeister's porpoise may require a higher risk category than other populations and could, in fact, require its own taxon. Likewise, the assessors of the Narrow-ridged finless porpoise (Neophocaena asiaeorientalis) recommend that at least two sub-populations should be assessed separately (Wang and Reeves, 2017a).

Other porpoise species face similar threats to those encountered by the harbor porpoise in Europe. Some have been hunted e.g., Burmeister's porpoise in the Peruvian Pacific (Félix et al., 2018; Van Waerebeek et al., 2018) and Dall's porpoises in Japan (Jefferson and Braulik, 2018). Bycatch is also an all-pervading issue for many other porpoise species e.g., Burmeister's porpoise, Dall's porpoise, Indo-Pacific finless porpoise, Narrow-ridged finless porpoise, Yangtzee finless porpoises and the vaquita (Wang et al., 2013; Wang and Reeves, 2017a; Félix et al., 2018; Jefferson and Braulik, 2018; Brownell et al., 2019). The need for better international cooperation to address threats is highlighted in all cases and especially for the vaquita (Phocoena sinus), where bycatch (much of it in illegal gillnets) has driven the species to the brink of extinction with an estimated population of only 19 individuals remaining (Jaramillo-Legorreta et al., 2019). See section Vaquita below.


Vaquita

According to the Cetacean Specialist Group of the IUCN, the vaquita, Phocoena sinus, is currently the most endangered cetacean worldwide, with a highly restricted range in the upper Gulf of California in Mexico, mainly in a small area near the town of San Felipe15. In 1990, the vaquita was moved from VU to EN (Rojas-Bracho and Taylor, 2017). In 1996, it became critically endangered (CR). It was not assessed again for the Red List until 2007 (when it was still considered CR) and then again in 2017 (also CR).

The most serious threat to the vaquita's survival has long been known to be mortality in gillnets of various mesh sizes (Rojas-Bracho and Taylor, 2017). The International Committee for the Recovery of the Vaquita (CIRVA), established in 1997, has consistently called for a permanent ban on all gillnets throughout the range of the vaquita, and also on gillnet manufacture and possession. In 2017, the transport and use of gillnets was made illegal but with exemptions for two fish species (the Pacific sierra, Scomberomorus sierra and the Gulf corvina, Cynoscion othonopterus). Night fishing was also banned and launch and landing points were restricted. However, illegal fishing has continued, a situation exacerbated by the illegal fishery for the critically endangered totoaba, Totoaba macdonaldi, a large fish species whose swim bladder fetches very high prices in the Asian market (Alvarado Martínez and Martínez, 2018). Both the vaquita and the totoaba are on Appendix I of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), meaning that international trade in them is meant to be banned.

The vaquita has been little studied but in many respects appears to be similar to the much better-studied harbor porpoise (Rojas-Bracho et al., 2006). Longevity for both species is 20 years+ and both become sexually mature between about 3 and 6 years old. A significant difference between the two species is that the vaquita may not breed annually, unlike some populations of the harbor porpoise, although this has recently been questioned (Taylor et al., 2019).

Following a CIRVA recommendation, an attempt was made in 2017 to capture some vaquitas and take them into a protective sanctuary (Pennisi, 2017). This attempt failed and is unlikely to be repeated.

In 2020, at its most recent meeting, the Scientific Committee of the IWC received news of vaquita sightings made during surveys in 2019 (IWC, 2020). While individuals were recorded, sightings were too few to support mark-recapture estimation of population size and expert elicitation suggests a population now of only 4-17 individuals. It was also reported that there was continued “rampant illegal gillnet fishing” in the vaquita's range (including within the “Zero Tolerance Area” designated to protect the species). More positively, it was estimated that there were 3 calves. The fact that this greatly diminished population is still breeding gives some hope for its survival.

Nonetheless, the population is very small, and the IWC Scientific Committee reiterated its grave concern about the vaquita's plight and the urgent need to remove gillnets from the species' range (IWC, 2020). It also repeated its previous recommendation “that the Government of Mexico fully mobilize its enforcement assets to eliminate illegal fishing in at least the Zero Tolerance Area where the goal must be to remove any illegal net within hours of its deployment.” The Scientific Committee also made some very specific recommendations for the Mexican government, including the need for 24-h surveillance and monitoring to address illegal fishing.

One primary lesson from the vaquita's situation may be that once a taxon has declined to a certain level, recovery is highly problematic, if not impossible. Hence, action needs to come at a much earlier stage. The assignment of a status of “critically endangered” should not be seen as the “starting gun” for urgent action. It needs to come earlier when there are warning signs, such as high bycatch.




DISCUSSION AND CONCLUSION

Bycatch in fisheries is the main and most immediate threat to European harbor porpoise populations, including the critically endangered Baltic Proper and the newly-recognized Iberian populations. In practice, mitigation could be carried out through the closing of high-risk fisheries in important areas of harbor porpoise distribution, and through the use of alternative gear, gear adaptations or ADDs. All of these measures cost time and money and action would also need to be enforced. In the EU this should be through the implementation of existing legislation such as the CFP and Habitats Directive, as well as the effective monitoring of bycatch and fishing effort. Other threats such as environmental contaminants and disturbance also need to be tackled, and, in some cases, further research and public education campaigns are essential.

Indeed, the time has long been ripe to take decisive action. Over 30 years ago, the worrying conservation status of many small cetaceans was highlighted by Brownell et al. (1989) in their article “The plight of the ‘forgotten’ whales.” They pointed out that although many populations of “great whales” were either stable or on the road to recovery thanks to international bans on whaling and other protective measures, many small cetaceans were on a downhill trajectory. Little was known about the vaquita at that time, but they knew that it should be considered “endangered.” Unfortunately, it seems that porpoises are still very much “out of sight, out of mind” for many governments, policy makers and the general public. Recently, over 350 cetacean scientists signed a public statement highlighting their concern about the status of cetacean populations worldwide and calling for precautionary action from the international community16. In the list of endangered species accompanying the statement they specifically mention four porpoise species (including the Baltic Proper subpopulation of the harbor porpoise) and two subspecies.

We have long known that as a population becomes smaller it becomes increasingly difficult to measure its trajectory (Taylor and Gerrodette, 1993) and, consequently, detection of a decline should not be a criterion for action for a rare species. Without wishing to be defeatist, we fear it may be too late to save the vaquita. Its lasting legacy could be that we learn from its demise and tackle bycatch urgently in other porpoise populations.

In Europe, fisheries are of significant economic and political concern, so addressing bycatch is particularly difficult. Whilst there are some promising results from ADDs, any changes to fisheries practices will entail economic costs. Is society willing to pay such costs to protect a species that many people still fail to recognize and yet is no less a part of European fauna than a brown bear (Ursos arctos) or a gray wolf (Canis lupus)? Perhaps the response in Germany to the proposal that the Baltic Proper harbor porpoise should be listed on Appendix I of CMS provides an important lesson, seemingly showing that immediate economic concerns are judged more important, despite many years of formally discussing the status and conservation needs of the Baltic Proper harbor porpoise, notably at ASCOBANS, which has a dedicated conservation action plan for it. It appears that German ministries may have disagreed and instead of taking a precautionary position, the Federal Ministry of Food and Agriculture decided that this population did not require protection, both because the entire species is not considered endangered and because of the problems that action would present to the relevant fisheries. The logical conclusion of this position is that it is acceptable to allow population units to become regionally extinct. Would the same argument be made in favor of a distinct population of a well-known terrestrial species, such as a giraffe (Giraffa camelopardalis)? We think not and we would like to see porpoises being offered the appropriate level of protection.

Bycatch is clearly not the only issue for these species. The threat from PCBs, may be significant at even lower levels than previously thought (Williams et al., 2020) and other novel compounds also accumulate in porpoise bodies and are passed to their young, for example phthalate metabolites (Rian et al., 2020). Additionally, “disturbance,” including acoustic disturbance, has been identified as a problem, especially because of the high metabolic requirement of a small animal living in a cold environment to feed at a high and almost continuous rate (IAMMWG et al., 2015; Wisniewska et al., 2016; Evans, 2020).

More positively, the EU is now starting to act to address the threats to cetaceans in Europe and some new international initiatives to develop and provide appropriate mitigation advice are in progress. Arguably, foremost among these is IWC's bycatch mitigation initiative. The IUCN's primary role to date has been to identify the statuses of cetacean species but it, too, is now moving to try to assist directly in conservation action, establishing a new group to work on what they are calling “integrated conservation planning for cetaceans”17.

We agree with others that conservation must be multifaceted, adaptable, and tailored to local conditions (e.g., IAMMWG et al., 2015). Our main conclusion is that porpoises in general should be regarded as exceptionally vulnerable. They live on an energetic knife-edge; they have a relatively low reproductive rate and a propensity to accumulate certain pollutants and they are subject to fisheries bycatch and the escalation of other harmful human activities in their particular habitats. Comparing the critically endangered vaquita with a widespread species, such as the harbor porpoise, re-emphasizes the vulnerability of small distinct population units. The legislation in Europe appears relevant but what seems to be lacking is compliance by Member States in the form of appropriate implementation and follow-up. We believe that a speedier and much more precautionary response to what may be judged as unsustainable removals needs to be made, accompanied by more action on chemical pollution and disturbance. A further challenge that needs to be addressed is an educational one focused on introducing the harbor porpoise to the many people in Europe who do not know it exists or cannot identify it (Nunny et al., 2020), let alone recognize the need to conserve it.
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FOOTNOTES

1https://marinemammalscience.org/species-information/list-marine-mammal-species-subspecies/

2https://www.iucnredlist.org

3https://www.iucnredlist.org/assessment/process

4https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31992L0043

5Conservation Plan for Harbor Porpoises (Phocoena phocoena L.) in the North Sea, Conservation Plan for the Harbor Porpoise Population in the Western Baltic, the Belt Sea and the Kattegat and Recovery Plan for Baltic Harbor Porpoises: https://www.ascobans.org/en/documents/action-plans.

6https://nammco.no/topics/hunting/

7https://nammco.no/topics/catch-database/

8http://maps.helcom.fi/website/mapservice/

9https://www.helcom.fi/wp-content/uploads/2019/06/Rec-17-2.pdf

10https://www.ascobans.org/en/document/adoption-and-implementation-jastarnia-and-north-sea-plans

11https://www.bmel.de/SharedDocs/Pressemitteilungen/DE/2019/072-schweinswale.html

12https://ec.europa.eu/commission/presscorner/detail/en/INF_20_1212

13Article 6.2: Member States shall take appropriate steps to avoid, in the special areas of conservation, the deterioration of natural habitats and the habitats of species as well as disturbance of the species for which the areas have been designated, in so far as such disturbance could be significant in relation to the objectives of this Directive.

Article 12.4: Member States shall establish a system to monitor the incidental capture and killing of the animal species listed in Annex IV (a). In the light of the information gathered Member States shall take further research or conservation measures as required to ensure that incidental capture and killing does not have a significant negative impact on the species concerned.

14https://accobams.org/conservations-action/protected-areas/

15https://iucn-csg.org/vaquita/

16https://www.mammalresearchinstitute.science/whale-unit

17https://iucn-csg.org/integrated-conservation-planning-for-cetaceans-icpc/
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