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	Sheet reference
	BDC 2022/sea lamprey Petromyzon marinus

	Area Assessed*
	OSPAR Regions where the species occurs: I, II, III, IV
OSPAR Regions where species is under threat and/or decline: I, II, III, IV
* Breeding and spawning area in rivers and rearing area in the sea. Region V NA.

	Title
	Status Assessment 2022 – Sea lamprey










	Key message
	The status of sea lamprey is still poor in OSPAR Regions I to IV (Arctic Waters; Greater North Sea; Celtic Seas; and Bay of Biscay and Iberian Coast). Physical obstacles for the species migration and freshwater habitat loss are the key pressures for the assessed sea lamprey breeding populations. Dams, habitat loss, pollution, still pose a significant threat to the species. Sea lamprey is listed on most of the national Red List in most countries in OSPAR Regions I to IV with status as threatened or near threatened.
	Assessment of status
	Distribution
	Population /abundance
	Condition (such as . breeding productivity)
	Previous OSPAR status assessment
	Status (overall assessment)

	REGION
	I
	←→ 1,5
	←→ 1,5
	←→ 1,5
	●
	Poor

	
	II
	←→ 1,5
	←→ 1,5
	←→ 1,5
	●
	Poor

	
	III
	←→ 1,5
	←→ 1,5
	←→ 1,5
	●
	Poor

	
	IV
	←→ 1,5
	←→ 1,5
	←→ 1,5
	●
	Poor

	
	V
	 
	 
	 
	 
	NA



Explanation to table: 
Distribution, Population size, Condition
Trends in status (since the assessment in the background document)
↓ 	decreasing trend or deterioration of the criterion assessed 
↑ 	increasing trend or improvement in the criterion assessed
←→ 	no change observed in the criterion assessed 
?  trend unknown in the criterion assessed
Previous status assessment: if QSR 2010 then entry Regions where species occurs ( ○) and has been recognised by OSPAR to be threatened and/or declining (● ) based on Chapter 10 Table 10.1 and Table 10.2. If a more recent status assessment is available, then enter ‘poor’/’good’
Status*(overall assessment)
red – poor 
green – good
? -  status unknown. 
NA - Not Applicable 
*applied to assessments of status of the feature or of a criterion, as defined by the assessment values used in the QSR 2023 or by expert judgement.
Types of assessment:
1 – direct data driven, 
2 – indirect data driven, 
3 – third party assessment close-geographic match, 
4 - third party assessment partial-geographic match  
5 – expert judgement. 
(Use more than one number when mixed methods were used)

Threats and impacts
Trends in status (since the assessment in the background document)
 
	Assessment of threats
	Barrier to species movement (Obstacles blocking access to upstream migration)
	Freshwater habitat loss (Other habitat deterioration)
	Removal of target species/non-target species (Fishing at estuary/river, bycatch at sea)
	Input of other substances, synthetic and non-synthetic
	Food limitation
	Climate change
	Evidence of threats/impacts

	REGION
	I
	←→1,5
	←→5
	N/A
	←→1
	?
	?
	 

	
	II
	←→1,5
	←→1,5
	?
	←→1
	?
	?
	 

	
	III
	←→1,5
	←→1,5
	?
	←→1
	?
	?
	 

	
	IV
	←→1,5
	←→1,5
	←→1,5
	←→1
	?
	←→1,5
	 

	
	V
	 
	 
	 
	 
	 
	 
	NA






Explanation to table: 
Key Pressure
↓	key pressures and human activities reducing 
↑	key pressures and human activities increasing
←→ 	no change in key pressures and human activities
? Change in pressure and human activities uncertain
Threats or impacts (overall assessment)
red – significant threat or impact;
green –no evidence of a significant threat or impact
Blue cells – insufficient information available 
Types of assessment:
1 – direct data driven, 
2 – indirect data driven, 
3 – third party assessment close-geographic match, 
4 - third party assessment partial-geographic match  
5 – expert judgement. 
(Use more than one number when mixed methods were used)

 



	Confidence
	Few quantitative data exist regarding the abundance of sea lamprey. Thus, the assessment of trends relies to some extent on expert judgement. The confidence in the threat assessment may to some extent be low, because the understanding of singular as well as interactive effects of environmental pollution, harvesting, habitat modification etc. is poor.  Nevertheless, the Red List status of sea lamprey in different countries, at least the most recent ones, should be reliable. 

	Background Information
  

	Year added to OSPAR list: OSPAR 2009
The original evaluation of sea lamprey against the Texel-Faial criteria referred to decline, rarity and sensitivity, with information also provided on threats, was carried out in 2009 (Curd 2009).
Global/regional importance: Sea lamprey is an anadromous species spawning in rivers. In the OSPAR Maritime Area of concern, the nursery areas for sea lamprey are in the Atlantic Ocean, North Sea, Skagerrak, Kattegat and Mediterranean Sea. There is no estimate of the numbers of adult sea lamprey entering freshwater to spawn within the four OSPAR regions. However, some data exists including those based on expert judgement. 
Decline: The abundance of sea lamprey has declined significantly over the past decades throughout OSPAR Regions I to IV as shown by the national Red List assessments. 
Sensitivity: Sea lamprey was nominated for inclusion on the OSPAR List on the basis of an evaluation of its status according to the Criteria for the Identification of Species and Habitats in need of Protection and their Method of Application (the Texel-Faial Criteria) (OSPAR 2003). Particular reference was given to its decline in recent years/decades, rarity, and sensitivity to different threats from human activities in its freshwater stage. At the southern limits of the Sea lamprey distribution area, the increasing frequency of dry years with prolonged droughts followed by waterway siltation and fires, are expected to severely impact lamprey production (Moser et al., 2020). Dewatering, dredging, hypoxia, chemical pollution, and predation on larvae by native or non-native fish species during their downstream migration. The larval lamprey is considered to be fairly resilient during the period when they are burrowed into the silt of rivers and streams, for several years (cf. Clemens 2019). However, during this larval stage, dredging activities can be a considerable threat.

Anthropogenic pressures and biological factors: The principal threats to sea lamprey are obstacles blocking access to spawning areas, destruction and removal of suitable spawning and larval habitat, reduction of water flow, overexploitation, illegal fishing in brackish and fresh waters and poor water quality.  fishing at estuaries and rivers, bycatch at sea and pollution are much more serious threats in southern regions of OSPAR.
Last status assessment: OSPAR (2009) concluded that sea lamprey qualified under its criteria due to a strong and continuously population decline in recent years, uncontrolled threats and inadequate conservation measures. 


	Geographical range and distribution

	The sea lamprey is an anadromous species distributed on both sides of the North Atlantic (Wilson & Veneranta 2019 (Eds.)) (Figure 1 and Figure 2). In North America, it occurs on the east coast from Labrador (Canada) in the north (53°N) to Florida (USA) in the south (30°N). In Europe, it can be found from the Barents Sea (70°N) in the north, to the Iberian Peninsula (38°N) in the southwest, and to the Adriatic Sea (40°N) in the southeast. Occasionally, it is also found in the Aegean Sea and the Levantine Sea, i.e. in eastern Mediterranean.  It also occurs off Iceland, Greenland, and in the North Sea. However, it is rare in the Baltic Sea. Sea lamprey has occasionally also been found at lower latitudes in northern Africa. Several landlocked populations of sea lamprey inhabit the North American Great Lakes, but to our knowledge none in Europe (Kottelat & Freyhof 2007). In the Iberian Peninsula, it occurs in most major rivers flowing into the Cantabrian Sea and the Atlantic Ocean (Mateus et al., 2012), as well as some into the Mediterranean. 
[image: ]
Figure 1 The distribution of sea lamprey worldwide
[image: ]
Figure 2 The distribution of sea lamprey in more detail in Europe based on different sources between 1980 and 2021. Reference: GBIF, Global Biodiversity Information Facility. This map is missing the presence in some rivers in Portugal:  Minho, Lima, Cávado, Douro, Vouga, Mondego, Tagus and Guadiana (Pedro R. Almeida, pers. comm.) and rivers in northern Norway (Hesthagen et al., 2020).

	Population/
abundance 
Extent (habitats)

 
	The status of sea lamprey within the OSPAR Maritime Area has been continuously deteriorating since the last assessment in 2009. However, recent trends throughout OSPAR Regions I to IV may differ. In Sweden, the Red List status has changed in recent years from Nearly Threatened in 2015 to Endangered in 2020. In the Netherlands, the number of sea lamprey have declined steadily since 1960, with minimum numbers reached in the 1970s and 1980s. However, they never completely disappeared from the Meuse and the Rhine. Since 1990, there has been a slight, but continuous increase in numbers in some rivers. Historical datasets for four European rivers up to late 2000 (Adour, Garonne, Vilaine and Rhine) show an increased number of sea lamprey since the 1990s (Beaulaton et al., 2008).
Regarding the most important populations of sea lamprey, which are concentrated in the southwestern regions of the continent (north–central Portugal, north–northwest of Spain, and west–southwest of France; Beaulaton et al. (2008), Mateus et al. (2012), Silva et al. (2016), the Galician rivers present the highest densities and biomasses of larvae recorded in Europe. Between 2007 and 2011, Silva et al. (2016) reported signs of population increase. However, this trend requires further confirmation. 
In France, data from fish pass monitoring in the upstream reaches of the Garonne and Dordogne rivers show a dramatic decrease from tens of thousands of adult lampreys during the 2000s, to nearly zero at present (Gracia et Caut 2015, Carry et al., 2017).
In Portugal, sea lampreys were historically reported from Minho, Lima, Neiva, Cávado, Ave, Douro, Vouga, Mondego, Tagus, and Guadiana basins (Baldaque da Silva 1891). Presently, they have disappeared from River Ave and River Neiva and considering the official fishing records, lamprey catches are mostly (about 85%) from the northern and central rivers (Minho, Lima, Vouga and Mondego rivers), that have been previously identified as distinct management units (Lança et al. 2014). In Mondego River where several measures implemented to improve river connectivity took place, sea lamprey larvae abundance upstream from the first obstacle to migration located 45 km from the river mouth increased by about 40% from 2011 to 2016 (Moser et al., 2020), reaching a peak of 100 fold in 2019 (Pedro R. Almeida, unpublished data). However, since 2015, monitoring data from the fish pass placed at this obstacle showed a substantial decrease in total numbers of adult spawners in several years.
Current management and restoration measures appear so far to be highly insufficient to allow for a full recovery of sea lamprey in the OSPAR Regions.
    

	Condition 

	The impact of human activities has led to a drastic restriction and fragmentation of the distribution area of sea lamprey in freshwaters and has contributed to its placement on the Red list of threatened species in Europe (see Beaulaton et al., 2008, Curd 2009, Wilson & Veneranta 2019 (Eds.). Some Red list assessments in OSPAR Regions I to IV indicate that the species is still under threat (Table 1). In Northern Europe, sea lamprey is Near Threatened in Norway and Endangered in Sweden. In Denmark, sea lamprey is rare and historical descriptions indicates a population decline in at least some rivers (Olesen et al., 2008, 2009). In 2010 it was also considered rare and regarded as Vulnerable. However, in 2019 their status was stated as Data Deficient (DD) (Carl & Møller 2019). In the Helcom area, sea lamprey was classified as Endangered in 2007, but had improved to Vulnerable in 2013.  (HELCOM 2013). In Germany, Wales, Republic of Ireland and France, sea lamprey is classified as Near Threatened. In Wales, sea lamprey is regarded as Near Threatened. In England and Scotland, the status is unknown, but the same status is presumed. In Belgium, sea lamprey is either Extinct (Flanders) or Regionally Extinct (Wallonia). In Spain and Portugal, sea lamprey is classified as Vulnerable, except for some populations inhabiting rivers in the southern basins of Spain where it is Endangered.

	
Table 1. Red list status for sea lamprey in different OSPAR Contracting Parties (Beaulaton et al. 2008, OSPAR 2009 (Curd 2009), Wilson & Veneranta 2019 (Eds.), personal communication from experts in different countries). *Expect the same status as for Wales.
	Country
	Second most recent assessment (year)
	Status at the second most recent assessment
	Recent   assessment (year)
	Status at the most recent   assessment

	Norway
	2015
	NT
	2021
	NT

	Sweden
	2015
	NT
	2020
	EN

	Denmark
	2010
	VU
	2019
	DD

	Germany
	1998
	EN
	2009
	NT

	Belgium, Wallonia
	
	
	2010
	RE

	Belgium,Flanders
	
	
	2014
	EN

	The Netherlands
	
	
	1997
	EN

	Scotland
	
	
	2021*
	NT*

	England
	
	
	2021*
	NT*

	Wales
	
	
	2021
	NT

	N. Ireland
	
	
	2021
	EN

	Rep. Ireland
	
	
	2011
	NT

	France
	2005
	VU
	2009
	NT

	Spain
	2001
	VU
	2011
	EN

	Portugal
	
	
	2005
	VU







	Threats and impacts

	Obstacles to migration, commercial fishing and illegal fishing in brackish waters as well as in rivers are the main threats to sea lamprey in southern areas such as in Portugal (Pereira et al. ,2017, Clemens et al. 2020, Stratoudakis et al., 2020, Almeida et al., 2021).   
In freshwater, along with river fragmentation by dams and weirs, habitat degradation associated with dewatering, dredging, hypoxia and degraded water quality (Wilson & Veneranta 2019 (Eds.) are among the main threats associated with the loss of suitable spawning and larval habitat. Moreover, increasing frequency of dry years with prolonged droughts followed by waterway siltation and fires, are expected to severely impact sea lamprey productivity (Moser et al., 2020).   
In Norway and Sweden, barriers (dams and weirs etc.) blocking access to spawning sites and changes of the hydrodynamic regimes for hydroelectrical purposes are considered to be the most serious threat. This will reduce the habitat available for the larval stage and thus recruitment with effects not only on larval survival but also on spawning possibilities.
In Germany, obstacles to migration, canalized rivers with high water flow velocities, and loss of large shark, bony fish and marine mammals for attachment in the ocean are the main threats.


	Measures that address key pressures from human activities or conserve the species/habitat

	Analysis of yield data from the commercial fisheries in either the ocean or rivers may detect possible over-exploitation and implementation of a proper adaptative fishery management for sea lamprey. Fishways monitoring can provide crucial information regarding fishways efficiency and contribute to mitigate impacts associated with barriers to migration. The distribution of spawners and redds along rivers may point to problems of accessibility and inability to colonize rivers to their capacity (Kelly & King 2001, Igoe et al., 2004, King et al., 2011). Thus, redds and adults may be concentrated downstream of major weirs, being restricted to the lower reaches of rivers. Few data exists on the breeding success. However, low densities of larvae are a measure of either habitat disruption of spawning grounds or high mortality due to poor water quality. In the River Ave in northern Portugal, the sea lamprey population has now vanished, probably due to pollution (Mateus et al., 2012). Industrial pollution is probably also responsible for the extremely low density of sea lamprey larvae in the lower reaches of the River Cávado (Almeida et al., 2002). 
 

	Conclusion (including management considerations) 

	No improvement in the status of sea lamprey in OSPAR Regions I-IV since the first assessment in 2009 can be documented. Thus, the present assessment confirms that sea lamprey is still a threatened and declining species. This is evident both in terms of Red List assessments and distribution. Barriers/obstacles, habitat degradation, over-harvesting and pollution remain the most serious threats for sea lamprey populations. Climate change might also be a threat in some areas.
There has been an increased focus on sea lamprey during recent years, and several research programmes have been initiated. However, in some regions/countries there is a lack of sufficiently long time series to be able to detect consistent trends in the number of spawners. Furthermore, national legislation and different mitigation measures have been introduced in some European countries, to sustain sea lamprey numbers and to protect their habitat (Stratoudakis et al. 2016, Clemens et al., 2020). Several countries have also initiated monitoring programs, e.g. Sweden, Wales and Portugal (Stratoudakis et al., 2016, 2020).
Habitat restoration only takes place in a few countries. Barrier removal should benefit sea lamprey by increasing available habitat. Fishways vary in effectiveness and are often inadequate. Thus, long-term monitoring programs should ensure the correct assessment of its efficiency and identification of proper adjustments. This implies research opportunities encompassing ecohydraulics, biotelemetry and engineering (Lucas et al., 2020). 
Water quality should be monitored and improved if necessary. 
Maintenance of a sustainable fishery and stocks must also be encouraged, and legislation should be carefully revised in all countries holding sea lamprey fishery. An adaptive fishery management could benefit both conservation and exploitation of sea lamprey. At present, specific conservation measures targeted at protecting sea lamprey are  now initiated and different threats should be reduced. Thus, sea lamprey should still be included in the OSPAR List of Declining Species.  

	Knowledge Gaps 


	Data on abundance and stock structure of sea lamprey in different regions of OSPAR should be improved in order to assess trends. Sea lamprey status in the Red List is presently to a large extent based on expert judgement. Furthermore, several countries have not carried out any assessment over the past 10 to 15 years. Estimates of stage-specific mortality, distribution at sea and preferred host are required. Overfishing may affect sea lamprey in some areas where it is still commercially important (Wilson & Veneranta 2019 (Eds.), Almeida et al. 2021). However, there is insufficient reliable data on the exploitation rates and the impact of illegal fishing. Furthermore, optimizing sea lamprey passage through different fishways should be a main concern (Pereira et al., 2017, 2019). Any impact of climate change-induced flow alteration and increased temperatures in rivers should be studied. Its impacts on species distribution and availability of hosts must also be better understood. The parasitic oceanic life stage is still a “black box” for anadromous lampreys in general. For a global overview of the pressures that affect this species abundance more information is needed concerning the dynamic lamprey-host interactions, combined with studies on oceanographic limiting factors affecting the number of spawners (Quintella et al., 2021). 


	
	AUDIT TRAIL

	Method used
	Main source of information: 
Assessment is based on a mixture of information given by expert appointed by OSPAR delegates in each country and review of relevant literature. In addition, a questionnaire was sent to all 13 partners (See additional information concerning methods used). OSPAR did not appoint any experts for Belgium and Spain. Thus, our assessment needed to some extent to rely on written sources available, which may result in insufficient evaluation. Information given by these scientists were highly valuable; Germany by M. Müller and R. Fricke , Northern Ireland by Dennis Ensing, Portugal by Pedro R. Almeida, Catarina S. Mateus, Esmeralda Pereira, Sílvia Pedro and Bernardo R. Quintella, Sweden by Mikael Svensson and Wales by Tristan Hatton-Ellis, Alex Scorey & Ida Nielsen. Pedro R. Almeida and Mikael  Svensson gave valuable comments on a draft of the report.


	[bookmark: _Hlk97918197]Confidence
	Few quantitative data exist regarding the abundance of sea lamprey. Thus, the assessment of trends relies to some extent on expert judgements. The confidence in the threat assessment may to some extent be low, because the understanding of singular as well as interactive effects of environmental pollution, harvesting, habitat modification etc. is poor.  Nevertheless, the Red List status of sea lamprey in different countries, at least the most recent ones, should be reliable. 

	Assessment methods
(additional information)
	The assessment is based upon literature, national monitoring programs and expert judgement given by some of the partners. A questionnaire was sent to all 13 partners (England, Wales, Scotland and Northern Ireland separately). We asked for (i) distribution, (ii) population size in fresh waters including assessment using Habitat directive (HD) at a national or sub-national level (Continental, Atlantic, Mediterranean), (iii) number of rivers with sea lamprey where spawning takes place or assumed to take place, and possible  status in different categories (healthy, damaged, extinct and unknown status), (iv) all Red List status carried out, (v) most serious threats, (vi) existing management measures and (vii) important publications. Answers from six partners was received: Germany, Norway, Northern Ireland, Portugal, Sweden and Wales.  In addition, an evaluation of the most serious threats was received from France. France and Spain (Galicia region), together with Portugal, are important countries in order to assess global trends for sea lamprey because the bulk of the population of spawners are found in rivers in these three countries. Thus, lack of national assessments from France and Spain are deplorable. 


	Geographical range and distribution (additional evidence & information)
	In Norway, sea lamprey is recently recorded in 51 rivers from the south-eastern area bordering Sweden, to Finnmark in northern Norway (Hesthagen et al. 2020). In Sweden, spawning sea lamprey has been observed in a total of 18 main rivers along the west coast, from Öresund Strait to the Norwegian border (Havs- och vattenmyndigheten 2020). Occasionally, single individuals enter the Baltic Sea, and some individuals have been observed in a small number of rivers in the counties of Skåne and Blekinge in the southeast. In Denmark, reproductive behaviour was recorded in 16 catchments, and in seven of these catchments only single individuals showing reproductive behaviour was recorded (Olesen et al. 2009). In UK rivers, sea lamprey is widespread, and records are concentrated to East Anglia, the south-west and south, and east Scotland. The rivers Wye and Severn are particular strong holds of sea lamprey (Davies et al. 2004). There are no records from the Northern Isles and the Inner Hebrides, and sea lamprey appears to be absent from much of north-west England and the Midlands, with only sparse records from the southern counties. In Wales, sea lamprey is historically found in most major river systems, totally 20. There are particularly good populations in the rivers Dee in north Wales, River Tywi in south west and the rivers Usk and Wye in south east (Davies 2016). In the rivers Eastern Cleddau and Western Cleddau, sea lamprey is now extinct. In Northern Ireland, sea lamprey spawning has been observed in three river basins in recent years; Foyle, Bann, and Kilkeel (Goodwin et al. 2009, Niven & McCauley 2013). Further observations of adults have been made on the Rivers Lagan, Faughan, Bush, and Roe. In the Republic of Ireland, sea lamprey has been observed to spawn in the River Moy in Ballina, the River Corrib in Galway, River Fergus in Ennis, River Shannon at Castleconnell and Plassey, the neighbouring River Mulkear at Annacotty, at the Cork Waterworks on River Lee, the Munster Blackwater in Fermoy and in the River Suir at Clonmel. Redd count surveys have been carried out on the Munster Blackwater and Slaney and the Suir and Nore (Kelly & King 2001, O’Connor & Byrne 2004). In The Netherlands, sea lamprey used to migrate from the North Sea upstream in the river Rhine up to Basel and in the Meuse up into Belgium (Curd 2009). Also in the Scheldt and the Ems the sea lamprey was common. In Germany, sea lampreys are very rare, occurring in the main rivers draining to the North Sea (Rhine, Elbe, Weser and Ems) as well as in major tributaries, and the Odra catchment area draining into the Baltic Sea. In France, sea lamprey is present in a number of small rivers in Brittany, in the Loire, the Gironde estuary, the Adour, and in the Rhône and a few other Mediterranean streams (Curd 2009). In Portugal, the sea lamprey occurs in all major river basins (Minho, Lima, Cávado, Douro, Vouga, Mondego, Tagus and Guadiana), being more abundant in the central and northern regions of the country (Mateus et al. 2012). In Spain, sea lamprey is present on the Cantabrian and Galician coasts, and in the Guadalquivir and Guadiaro estuaries, Guadalete river, Barbate river and Guadiana river. Based on data per 2007, the southern populations in Spain are critically endangered, while the northern populations are suffering a strong decline, except for the Galician Atlantic river populations (cf. Curd 2009).

	Population/abundance (species)

	In the Nordic countries, the abundance of adult sea lamprey is very low. In Norway, the figures are based on expert judgement, assessed to 600-1500 specimens (Hesthagen et al. 2020). In Sweden, the corresponding numbers are estimated at 160-530 specimens. In some countries, estimates are based on the Habitat Directive assessment (Table 2). However, these estimates are highly uncertain as indicated by minimum and maximum values. Sea lamprey is most abundant in France and Portugal, with estimates reaching 75 000 to 100 000 adult specimens. 

Table 2. Number of sea lamprey spawners in rivers and tributaries in different countries, OSPAR regions and geographical regions, either observed, estimated or assessed by experts (N-S) or based on the Habitat Directive (HD). Min and Max values are suggested.  
	Year/
Period
	Country
	OSPAR
region
	Biogeo-graphical 
region
	Min
	Max
	Data

	2020
	Norway
	I
	ARCTIC
	500
	1000
	N-S

	2020
	Norway
	II
	ARCTIC
	100
	500
	N-S

	
	
	
	
	
	
	

	2013
	Sweden
	II
	BOR
	1200
	1800
	N-S

	2019
	Sweden
	II
	BOR
	160
	530
	N-S

	
	
	
	
	
	
	

	2007-2012
	Germany
	II
	CON
	100
	5000
	HD

	2013-2018
	Germany
	II
	ATL
	15085
	15085
	HD

	2013-2018
	Germany
	II
	CON
	13225
	13225
	HD

	
	
	
	
	
	
	

	2007-2012
	Netherl
	II
	ATL
	5000
	10000
	HD

	
	
	
	
	
	
	

	Last known
	UK
	II+III
	ATL
	174
	174
	HD

	
	
	
	
	
	
	

	2007-2012
	France
	II
	ATL
	20000
	150000
	HD

	2007-2012
	France
	III
	CON
	30000
	150000
	HD

	2013-2018
	France
	II
	ATL
	2000
	15000
	HD

	2013-2018
	France
	III
	CON
	3000
	15000
	HD

	Last known
	France
	II
	CON
	100
	1000
	N-S

	Last known
	France
	II
	ATL
	1000
	10000
	N-S

	Last known
	France
	III
	ATL
	1000
	10000
	N-S

	Last known
	France
	IV
	ATL
	10000
	100000
	N-S

	
	
	
	
	
	
	

	2013-2018
	Spain
	IV
	ATL
	53
	5300
	HD

	2013-2018
	Spain
	IV
	MED
	143
	600
	HD

	
	
	
	
	
	
	

	2021
	Portugal
	IV
	ATL
	10000
	50000
	N-S

	2021
	Portugal 
	IV
	MED
	10000
	75000
	N-S





	Condition 

	In rivers, the abundance of sea lamprey is to a large extent limited by the occurrence of weirs and other physical obstacles, preventing them from assessing spawning habitats located in upper stretches (Silva et al. 2016).
In many rivers, the breeding success of sea lamprey is seriously affected by poor water quality through different sources of pollution. In some rivers, physical degradation of the habitat may also affect the breeding success.
In brackish waters as well in some rivers in southern areas, sea lamprey suffer from overfishing and illegal fishing. However, this is not the case in Nordic counties such as Norway and Sweden.
 

	Threats and impacts

	Sea lamprey populations are at risk from a number of anthropogenic pressures, most notably habitat destruction, pollution, engineering works, overharvesting  (Maitland et al. 2015). Measures for protection of sea lamprey should mainly focus on improving the situation along their migration routes. This involves both estuaries and freshwater habitats with their spawning grounds. This includes both improved accessibility as well as preventing pollution and protection of the spawning grounds. Thus, the spawning and breeding success should be surveyed. Restoration of spawning and larval habitats should also be an important option. It is important to avoid that habitat restoration in rivers only focus on single species such as Salmonidae. This can be in conflict with the demands of other fish species such as sea lamprey. Thus, spawning areas should be mapped to avoid such conflicts.
Physical obstacles in rivers presents a serious threat for sea lamprey during their   upstream migration in all countries. This is a critical period when they do not feed and they experience a dramatic decline in energy reserves (Silva et al. 2016). The presence of obstacles in rivers increases energy consumption during their upstream migration, leaving less resources available for reproduction (Lucas et al. 2009, Quintella et al. 2009). This will decrease their possibility of reaching suitable spawning grounds. The  loss of other large migratory fish species such as Atlantic salmon or sturgeon, will reduce the capacity of sea lamprey to migrate upstream.   
Overfishing may also affect sea lamprey abundance in some areas where it is still commercially important. This is the case in Portugal, Spain and France which hold the main populations of sea lamprey in the OSPAR regions (Mateus et al. 2012, Silva et al. 2016; Almeida et al. 2021). However, to identify and quantify possible overexploitation is difficult, and a proper fishery management is strongly needed (Araújo et al. 2016; Almeida et al. 2021). Illegal fishing in both estuaries and  rivers may also be a threat.
There is now some data available about sea lamprey regarding effects of climate change (Lassalle et al. 2008). Increasing frequency of dry years with prolonged droughts followed by waterway siltation and fires, are expected to severely impact lamprey production (Moser et al. 2020). Moreover,  reduction in prey species in the sea may also be a threat, related to both overfishing and climate change. Main preys of parasitic phase sea lamprey are not yet identified (Quintella et al. 2021). The decline of sea lamprey is most likely not attributed to single causal factors, but is rather due to a combination of several anthropogenic stressors. Thus, in summary, the causes of their decline may be complex. In the years to come it is urgent to reveal possible causal links between the different threats and their possible population consequences. Never the less, in order to perform conservation actions, it is important to assess effects of single factors.  


	Measures that address key pressures from human activities or conserve the species/habitat

	Weirs and dams may impede migration to spawning grounds. In comparison to other migratory species in rivers such as Salmonidae, sea lamprey is less capable at passing obstacles. Thus, that should be focused in migration programs.
Pollution control is an important task in many rivers holding sea lamprey throughout OSPAR regions I-IV.
Overfishing is a problem both in estuaries and rivers. Thus, this should be revealed through monitoring programs, as well as more accurate yield data should be obtained. 

	Knowledge gaps 
	It should be more focus on anthropogenic stressors potentially responsible for the continuation of the population decline of sea lamprey. The assessment of the number of spawners in different rivers throughout OSPAR are based on different methods such as counts, estimates and expert judgement. Consequently, any comparison between different systems/rivers may be difficult. Thus, there is a need for more comprehensive monitoring programs focusing on the larval stage and spawners to assess population abundance and possible trends. Thus, our understanding of the population dynamics and abundance would benefit from assessing their breeding success.
Our knowledge of sea lamprey in marine areas is still very limited, both regarding their distribution and exploitation rate (Mateus et al. 2021; Quintella et al. 2021).Studies in estuaries should also be included. Based on genetic analysis, homing in sea lamprey is obviously not strong (Waldman et al. 2008). This is quite logic because they hitch-hike with larger prey (also Salmonidae), and consequently are unable to choose feeding areas in the sea and finally where spawning takes place in rivers. Thus, sea lamprey may not return to their natal river to spawn. This means that there is to some extent a common European pool of sea lamprey in the ocean. Thus, this stock should be managed accordingly. Attempts should be made to reveal genetic structure in sea lamprey in the ocean in OSPAR regions and in rivers in different countries (Almada et al. 2008). There are distinct stocks on each side of the Atlantic Ocean, e.g. European versus anadromous North American populations. It should also be mentioned that pheromones can be useful for sea lamprey migration (Sorensen & Hoye 2007).
 
The most serious threat for sea lamprey seems to be barriers blocking their access to spawning areas in rivers, destruction of suitable habitat for spawning and larval survival, reduction of water flow, illegal fishing, overfishing and poor water quality. Reduced prey availability is probably also a threat. eDNA should be used more comprehensively to identify spawning sites and other critical habitat (e.g. for larval survival), especially if improvements to distinguishing genetically similar groups are possible (Bracken et al. 2018, Zancolli et al. 2018, Lucas et al. 2020). 
Marine environments may play a critical role in population dynamics of sea lamprey yet remain a “black box” in anadromous lampreys such as sea lamprey (Lucas et al. 2020, Quintella et al. 2021). 
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