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Overview 

For small cetaceans bycatch in fishing gear is one of the largest threats towards their conservation. In 

order to effectively manage this threat, an estimation of the maximum number of animals that can be 

killed by anthropogenic activities each year is required. Such calculations rely on species or population 

specific information on population dynamics, and information on the current state of the population 

relative to carrying capacity. Here, we calculate the mortality limit for the Belt Sea population of harbour 

porpoises (Phocoena phocoena) based on a modified potential biological removal (mPBR) method. We 

estimate that for the population to reach the conservation objective set by ASCOBANS (the population 

should reach 80% of carrying capacity (assumed here to be 50,000 animals), with the assumption that 

this is achieved within 100 years with an 80% probability) a maximum of 29 animals can be removed 

annually. This removal rate applies a recover factor (Fr) of 0.1 that accounts for many uncertainties in 

population dynamics, abundance estimates, and the current removal rate and depletion level of the 

population. However, even using the highest possible Fr value (1.0) (which is not recommended for 

populations with unknown status and does not allow the population to reach the conservation objective), 

the mPBR limit of the population is 292, which is still significantly lower than the current estimated 

levels of bycatch in this population (~700 a year). Therefore, urgent action is required in order to ensure 

that this population is able to reach the conservation objective and achieve good environmental status 

under a range of European legislation.  

 

  



Introduction 

The loss of individuals from a population can come from either natural or anthropogenic factors, with 

bycatch in fisheries being one of the main threats for many species and populations (“units”) of small 

cetaceans (Brownell et al., 2019). There are three populations of harbour porpoises (Phocoena 

phocoena) in the Baltic region; 1) the North Sea population, with a management range from the northern 

Kattegat, through Skagerrak to the entire North Sea, 2) the Belt Sea population in the western Baltic 

Sea, Belt Sea, the Sound and southern Kattegat, and 3) the Critically Endangered Baltic Proper 

population in the inner Baltic Sea. The three populations are morphologically and genetically distinct 

(Wiemann et al., 2010; Galatius et al., 2012; Lah et al., 2016), and also have limited overlap in 

distribution during the summer breeding season (Sveegaard et al., 2011; Sveegaard et al., 2015; Carlén 

et al., 2018). Under the EU Habitats Directive (92/43/EEC), all Member States are required to monitor 

the abundance of the populations as well as the level of bycatch, and to report results and implement a 

strict system of protection for the species. The status of the populations and the level of bycatch also 

needs to be reported under the Marine Strategy Framework Directive (MSFD) (2008/56/EC). 

Additionally, an estimate of a limit for sustainable mortality is needed for each population under D1C1 

of the MSFD, which is implemented as an indicator threshold within the Helsinki Commission 

(HELCOM) every six years. However, for many species and populations these thresholds are missing. 

Therefore, as a part of the HELCOM BLUES project (https://blues.helcom.fi/), Task 2.1 aimed to 

improve the state of indicator assessments for bycatch for a range of species, including for the harbour 

porpoise.  

One of the most common ways to estimate a mortality limit is to calculate the potential biological 

removal (PBR) for a species or population. This method was developed as a framework within the 

Marine Mammal Protection Act (MMPA) in the USA, relying on an absolute abundance estimate (and 

precision) to determine a threshold above which removal would prevent a population from reaching a 

defined conservation objective (Wade 1998). In the case of the MMPA, the conservation objective is 

defined based on two criteria; 1) that a population that is at the maximum net productivity level (MNPL) 

is able to remain there for 20 years, and 2) that a population that is at 30% carrying capacity (K) is able 

to reached MNPL in 100 years (Wade 1998). This method has been applied to a range of species around 

the world (Slooten et al. 2006, Stensen et al. 2012, Parra et al. 2021), however, in many cases, regions 

have a different conservation objective than that set by the MMPA. 

 

In the Baltic Region, the Agreement on the Conservation of Small Cetaceans of the Baltic, North East 

Atlantic, Irish and North Seas (ASCOBANS) has set a conservation objective for harbour porpoises that 

“populations should be kept at or restored to 80% of their carrying capacity” (Resolution 3.3 on 

Incidental Take of Small Cetaceans); however, no time frame or indication of certainty has yet been 

specified. Estimates of mortality limits have previously been calculated for harbour porpoises in the 



Baltic region based on this conservation objective (Berggren et al. 2002). However, these calculations 

were based on hypothetical population structures at the time that are now known to vary from the 

assumptions made. ASCOBANS have also passed two resolutions (Resolution 3.3 and Resolution 5.5 

on Incidental Take of Small Cetaceans) which state that for harbour porpoises, bycatch should be 

reduced to less than 1% of the best available population estimate as an “intermediate precautionary 

objective”, with bycatch of above 1.7% of the population being an “unacceptable interaction”. Based on 

this, a threshold limit on bycatch for the Belt Sea population has previously been set as <1% of 

population size within the HELCOM “Number of drowned mammals and waterbirds in fishing gear” 

indicator (HELCOM 2018). However, limits based on a percentage of the population do not take 

population dynamics and demographic differences between species and populations into account (Genu 

et al. 2021). Additionally, factoring in potential sources of biases when assessing mortality limits is 

essential when evaluating the best management strategy (Moore et al. 2013, Genu et al. 2021).  

 

Recent work on the North Sea population has resulted in a modified PBR method (mPBR) that is tuned 

to the ASCOBANS conservation objective (Genu et al. 2021), allowing this method to also be applied 

to the Belt Sea population for the first time. While the PBR approach is not as robust as the Removal 

Limits Algorithm (RLA) method for calculating mortality limits (used for example for the North Sea 

population of harbour porpoises, Genu et al. 2021), a lack of reliable data on bycatch rates over time for 

the Belt Sea population makes the use of the RLA method impossible. Therefore, mPBR is currently the 

best method available to calculate a mortality limit for the Belt Sea population. The aim of this study 

was to calculate the mPBR mortality limit of the Belt Sea population of harbour porpoises. The results 

will be presented to the HELCOM Expert Group on Marine Mammals (EG MAMA) and HELCOM 

State and Conservation (S&C) as a new proposed threshold value for potential approval and inclusion 

in the third Holistic Assessment of the Ecosystem Health of the Baltic Sea (HOLAS III).   

Methods 

Population demographics modelling 

The first step to determine an mPBR mortality threshold is to complete a population dynamics model. 

The RLA package (Genu at al. 2021) in R (R Core Team, 2021) was used to simulate a generalized 

logistic (Pella-Tomlinson), density-dependent, and age-disaggregated model using the function 

“pellatomlinson_rla” (Genu et al. 2021). This model allowed population-specific demographic 

parameters to be utilised to simulate population growth towards carrying capacity (K). Carrying capacity 

was set to 50,000 based on an abundance estimate of 51,660 (CV=0.30) for an area with major overlap 

with the management range of this population (SCANS 1994, Hammond et al., 2002, revised in 

Hammond et al. 2021). The female:male sex bias in relative vulnerabilities to bycatch was defined as 

1.0:1.2 (Lockyer and Kinze, 2003), and the proportion of females that are mature for each age was 



defined based on the results of Kesselring et al. (2017). Additionally, the female:male sex ratio at birth 

was assumed to be 1.0:1.1 (Lockyer and Kinze, 2003). All other required demographic parameters were 

assumed to be consistent with those used for the North Sea population of harbour porpoises (see Genu 

et al. 2021). 

The “pellatomlison_rla” function then simulated the impact of randomised removals as a result of 

unregulated bycatch to deplete the population to likely current day levels. Bycatch was assumed to occur 

over a 60 year period from 1960, when fishing effort largely increased in the Belt Sea region due to 

modernisation of fishing methods, up until the most recent abundance estimate from a dedicated survey 

in 2020 (MiniSCANS II, Unger et al. 2021). Randomised bycatch was assumed to be between 0.1% and 

5% of K. A total of 100,000 simulations were completed, and the scenarios that resulted in final 

population depletion levels at the end of the 60 year period of between 30% and 70% of K were selected 

to be utilised in the mPBR management scenarios.  

Modified Potential Biological Removal calculation 

Potential biological removal (PBR) is a method for estimating the maximum number of animals, 

excluding natural mortalities, that can be removed and still allow a population to reach a particular 

conservation objective (Wade 1998). PBR is typically calculated as: 

𝑃𝐵𝑅 = 𝑁𝑚𝑖𝑛 × 0.5𝑅𝑚𝑎𝑥 × 𝐹𝑟 

Where Rmax is the highest possible population growth rate of the population, and Nmin is the 20th 

percentile of the most recent abundance estimate, calculated as the lower percentile of a log-normal 

distribution: 

𝑁𝑚𝑖𝑛 =
�̂�

𝑒𝑥𝑝(𝑍√𝑙𝑛 (1 + 𝐶𝑉(�̂�)
2
))

 

Where �̂� is the most recent abundance estimate for the population, CV is the coefficient of variation 

from the abundance survey, and Z is the standard normal deviate for the 20th percentile (0.842) (Wade 

1998). For the management area of the Belt Sea population, the most recent unbiased abundance 

estimate from MiniSCANS II is 17,301 (95% CI = 11,695-25,688; CV = 0.20) (Unger et al. 2021), 

resulting in an Nmin of 14,644 animals. 

When calculating PBR, Fr is a recovery factor that is set between 0.1 and 1.0, with the value used 

influencing the rate at which a population can recover and the populations ability to reach a pre-

determined conservation objective. In the EU region, the conservation objective defined by 

ASCOBANS, that “populations should be kept at or restored to 80% of their carrying capacity (K)” 

(Resolution 3.3), is the most relevant. In this study, a modified PBR (mPBR) method (Genu et al. 2021) 



was used to tune the results of the PBR model to the ASCOBANS conservation objective, under the 

assumption that this objective needed to be achieved with a probability of 80% within 100 years.  

The function “pbr_nouveau” (Genu et al. 2021) was then used to complete robustness trials, to determine 

the value for Fr required for the population to achieve the conservation objective of ASCOBANS, under 

different scenarios of biases in data inputs (Table 1). The scenarios tested mirrored that of previous 

studies (Wade et al. 1998, Genu et al. 2021), and all scenarios were completed for two different CV 

values (0.2 and 0.4) that were based on the minimum and maximum CVs obtained during the five 

abundance surveys that have been completed for this population (Hammond et al., 2002, Hammond et 

al., 2013, Viquerat et al., 2014, Hammond et al., 2021, Unger et al. 2021). The output from the 

“pellatomlison_rla” was further reduced prior to running each robustness trial, by selecting population 

scenarios that met the required CV, Maximum Net Productivity Level (MNPL), population growth rate 

(Rmax) for each trial. The lowest Fr value required for the population to achieve the conservation objective 

across all robustness trials at the CV of the most recent abundance survey (MiniSCANS II, CV = 0.2) 

was then used in the calculation of mPBR in the PBR calculation equation shown above.  

Results and discussion 

Population demographics modelling 

A total of 5,370 simulations resulting in a population with depletion levels between 30% and 70% of 

carrying capacity (50,000 animals) were randomly selected. In comparison, the current level of depletion 

of the population (17,301 animals) with the carrying capacity assumed in this study is 34.6%. The 

simulations were further reduced to model population trajectories under different scenarios, resulting in 

approximately 300 simulations to complete each robustness trial (specific numbers for each trial are 

given in Table 1). 

 

Table 2: Calculated potential biological removal (PBR) mortality limit values for the Belt Sea population of harbour porpoise 

(Phocoena phocoena) based on the most recent abundance estimate and associated CV from MiniSCANS II (17,301 (95% CI 

= 11,695-25,688; CV = 0.20) (Unger et al. 2021)). In order to meet the conservation objective of ASCOBANS under potential 

scenarios of bias in the available data, a recovery factor (Fr) of 0.1 and PBR of 29 animals is required (grey line). 

Fr PBR mortality limit 

0.1 29 

0.2 58 

0.3 87 

0.4 117 

0.5 146 

0.6 175 

0.7 205 

0.8 234 

0.9 263 

1 292 



 

Figure 1: Mean trajectories of depletion level for the Belt Sea population of harbour porpoises (Phocoena phocoena) over 100 

years of management with various levels of recovery factors (Fr) (A). The probability that the population will achieve the 

conservation objective of reaching 80% of carrying capacity (red line panel A) within 100 years is shown (B). Values are shown 

for the base case scenario that assumes a Maximum Net Productivity Level (MNPL) of 0.5, a population growth rate (Rmax) of 

4%, coefficient of variation of the abundance estimate of 0.2, and no bias in any of the factors that could influence the 

calculation of potential biological removal. Each Fr tested is shown, and only Fr values of 0.1 and 0.2 allow the population to 

have a >80% probability (red line panel B) of reaching the conservation objective (80% of K within 100 years).  

 

Modified Potential Biological Removal calculation 

The PBR calculated for each possible Fr value based on the most recent abundance estimate and 

associated CV (17,301 (95% CI = 11,695-25,688); CV = 0.20, Unger et al. 2021) is shown in Table 2. 

The Fr required for the population to reach the conservation objective (80% of K within 100 years, with 

an 80% probability) for the base case scenario (0A) was 0.2 (for both a CV of 0.2 and 0.4) (Table 1, 

Figure 1). However, the base case scenario assumes no bias in the data available. In order to achieve all 

scenarios tested (with a CV of 0.2), an Fr of 0.1 is required in order for the Belt Sea population of harbour 

porpoises to meet the conservation objective (Table 1). Simulated trajectories of the base case scenario 

(0A, n = 302) with an Fr value of 0.1 are shown in Figure 2. The scenario where bycatch is 

underestimated (scenario 1A) requires an Fr of 0.1 for the conservation objective to be reached (Table 1). 

 

Using an Fr of 0.1, the calculated mPBR mortality limit was 29 animals (Table 2). If using the highest 

Fr possible (1.0) the calculated PBR was 292 (Table 2). However, with a CV of 0.2, no scenario allowed 

the population to reach the conservation objective with an Fr of 1.0. The highest Fr that allowed the 

population to reach the conservation objective with a CV of 0.2 was 0.4 in scenario 3A (Rmax 

underestimation), scenario 8A (higher MNPL, and bycatch underestimation), and scenario 10A 

(carrying capacity degradation). All seven other scenarios (with a CV of 0.2) required an Fr of 0.2 or 0.1 

to achieve the conservation objective (Table 1).  



Table 1: Robustness trials to determine under which scenarios and recovery factor (Fr) value the Belt Sea population of harbour porpoise (Phocoena phocoena) is able to reach the conservation 

objective of ASCOBANS, that the population reaches 80% of carrying capacity (here assumed to be 50,000 animals), within 100 years with 80% certainty. The scenarios tested (and numbers 

given for the scenario) reflect that of Genu et al. 2021, except that scenario 4A and 4B (higher CV of the abundance estimate) were excluded in this study and instead the likely range of CVs 

obtained for abundance estimates in this population (0.2-0.4) were tested for every scenario.  

Robustness trial Scenario n q MNPL Ktrend Frequency Rmax CV b.byc b.abund b.Rmax byc.CV cata. Fr 

Base case scenario 
0A 302 0.2 0.5 1 6 0.04 0.2 1 1 1 0.3 0 0.2 

0B 298 0.2 0.5 1 6 0.04 0.4 1 1 1 0.3 0 0.3 

Bycatch underestimation 
1A 302 0.2 0.5 1 6 0.04 0.2 2 1 1 0.3 0 0.1 

1B 298 0.2 0.5 1 6 0.04 0.4 2 1 1 0.3 0 0.1 

Abundance overestimation 
2A 302 0.2 0.5 1 6 0.04 0.2 1 2 1 0.3 0 0.1 

2B 298 0.2 0.5 1 6 0.04 0.4 1 2 1 0.3 0 0.1 

Maximum Productivity rate 

underestimation 

3A 302 0.2 0.5 1 6 0.04 0.2 1 1 0.5 0.3 0 0.4 

3B 298 0.2 0.5 1 6 0.04 0.4 1 1 0.5 0.3 0 0.6 

Higher bycatch coefficient of 

variation 

5A 302 0.2 0.5 1 6 0.04 0.2 1 1 1 1.2 0 0.2 

5B 298 0.2 0.5 1 6 0.04 0.4 1 1 1 1.2 0 0.2 

Lower survey frequency 
6A 302 0.2 0.5 1 10 0.04 0.2 1 1 1 0.3 0 0.2 

6B 298 0.2 0.5 1 10 0.04 0.4 1 1 1 0.3 0 0.2 

Lower MNPL 
7A 289 0.2 0.45 1 6 0.04 0.2 1 1 1 0.3 0 NA 

7B 311 0.2 0.45 1 6 0.04 0.4 1 1 1 0.3 0 0.1 

Higher MNPL + bycatch 

underestimation 

8A 298 0.2 0.7 1 6 0.04 0.2 2 1 1 0.3 0 0.4 

8B 302 0.2 0.7 1 6 0.04 0.4 2 1 1 0.3 0 0.4 

Catastrophic events happening 
9A 302 0.2 0.5 1 6 0.04 0.2 1 1 1 0.3 0.1 0.2 

9B 298 0.2 0.5 1 6 0.04 0.4 1 1 1 0.3 0.1 0.2 

Carrying capacity degradation 
10A 302 0.2 0.5 0.5 6 0.04 0.2 1 1 1 0.3 0 0.4 

10B 298 0.2 0.5 0.5 6 0.04 0.4 1 1 1 0.3 0 0.5 

n = number of simulations used to test the scenario; q = the quantile used to estimate Nmin, where Nmin is the 20th percentile of the most recent abundance estimate, calculated as the lower percentile 

of a log-normal; MNPL = maximum net productivity level of the population. Ktrend = the trend in carrying capacity over the course of the simulation as a fraction of K at the beginning. Frequency 

= how often abundance surveys are completed; Rmax = maximum theoretical or estimated productivity rate of the population; CV = coefficient of variation of the abundance estimate; b.byc = bias 

in the bycatch estimate as a factor of the true value (i.e. 1 = no bias, 2 = bycatch has been underestimated by a factor of 2); b.abund = bias in abundance estimate as a factor of the true value; b.Rmax 

= bias in Rmax as a factor of the true value; byc.CV = coefficient of variation of the bycatch estimate; cata. = strength of a catastrophic event happening (0 = no catastrophic event, 0.1 = 10% of 

the population are lost at a random stage of the simulation).



 

Figure 2: Trajectories of all 302 simulations of the population dynamics of the Belt Sea population under the base case scenario 

(0A) (assumes a Maximum Net Productivity Level (MNPL) of 0.5, a population growth rate (Rmax) of 4%, coefficient of 

variation of the abundance estimate of 0.2, and no bias in any of the factors that could influence the calculation of potential 

biological removal) with a recovery factor of 0.1. The blue line represents the same mean line presented in Figure 1. The red 

line shows the 80% depletion level of carrying capacity (K), which is in line with the conservation objective of ASCOBANS. 

 

Discussion 

The current threshold used by HELCOM as an indicator for bycatch of harbour porpoise in the Belt Sea 

population has been set at <1% of the population, which is equal to 173 animals based on the most recent 

abundance estimate (Unger et al. 2021). This number corresponds to an Fr of approximately 0.6 (Table 

2), which did not allow the population to reach the conservation objective in any scenario tested (Table 

1). Although population modelling has suggested that the MNPL for this population may be slightly 

higher than used here (0.6 vs. 0.5) (IMR/NAMMCO 2019), this calculation was only based on the first 

four abundance estimates for the population, which did not take into account the most recent (and most 

precise: CV = 0.2) abundance estimate that showed the lowest point estimate for the abundance of this 

population to date (Unger et al. 2021). Given the likely reduction in population size since the population 

model suggesting a higher MNPL was completed, the use of 0.5 for MNPL (the same as that used in 

Wade 1998 and Genu et al. 2021) is possibly more reflective of the actual growth rate of the population. 

Therefore, the use of the current threshold in the HELCOM indicator is unlikely to allow the population 

to reach the conservation objective set by ASCOBANS.   



In order to reach the conservation objective of ASCOBANS for all scenarios tested, an Fr value of 0.1 

is required, resulting in an mPBR mortality limit, and new proposed threshold for this population, of 29 

animals (for comparison to the current threshold setting method for the indicator, this would relate to 

0.17% of the population) (Table 1 and 2). The lower the Fr (and level of bycatch) the faster the population 

will grow towards the conservation objective of 80% of K. In Figure 1 it is possible to see that even in 

the base case scenario (0A) (i.e., with no biases in the available data), it is only possible for the 

population to sustain its current level of depletion (current population size) with an Fr of 0.7 or lower, 

which equates to a mortality limit of 205 animals if the conservation aim is to only maintain the current 

population size and not allow the population to recover. Any higher level of mortality will likely result 

in a population decline.  

 

However, it is very difficult to assess exactly how much bycatch currently occurs in this population. The 

data available to assess bycatch rates are scarce, difficult to interpret, and not comparable across ICES 

sub-divisions, years and countries (see Table 2 in the report of the HELCOM ACTION project for an 

example). Additionally, data on fishing effort are not reported by all countries, nor for all fisheries likely 

to result in bycatch. The low quality of data reported makes reliable estimates of bycatch impossible, 

resulting in estimates that are biased and likely an underestimate of the actual mortality level. In 2014, 

a total of 33 porpoises were reported to ICES as bycatch in the Belt Sea population management area 

(32 in Denmark, 1 in Germany, and 0 in Sweden) (IMR/NAMMCO 2019). These reported numbers 

alone exceed the mortality threshold proposed here for this population, even before relying on fishing 

effort data to produce estimates of total bycatch. On top of this, a proportion of stranded animals are 

also determined to have been killed by bycatch every year that are often not reported to ICES and 

included in these numbers. For example, in Sweden alone, 31% of the animals collected and necropsied 

in the period 2006-2020 were considered to have been killed by bycatch or probably bycatch (Neimanis 

et al. 2022). Over the same period, 348 porpoises were reported dead within the Belt Sea population 

assessment unit management area to the Swedish Museum of Natural History database (tumlare.nrm.se). 

Assuming a similar cause of death ratio for all stranded animals to those collected, this results in an 

extra 107 animals reported dead due to bycatch over this 15 year period in Sweden alone (mean of 7 

animals a year in Sweden). This is concerning, given the low mortality limit required in order for the 

population to reach the conservation objective. 

 

Although there are poor quality data on the rate of bycatch for the Belt Sea population, it has been 

suggested that the number of bycaught animals (and therefore, likely the bycatch rate) is decreasing over 

time, likely as there is less commercial fishing in the area (IMR/NAMMCO 2019). In 2019, 16 harbour 

porpoises were reported to be captured in nets in ICES Subdivisions 22 and 23, and in 2020, only five 

harbour porpoises were reported to be captured in nets in the same area (ICES 2021). However, 2020 

was also the year of the lowest point estimate of abundance for the population to date (Unger et al. 



2021).  In the OSPAR area, which only encompasses part of the Belt Sea population distribution range, 

modelling as a part of the Workshop on Estimation of Mortality of Marine Mammals due to Bycatch 

(WKMOMA) has shown that in recent years (2015-2020) there has actually be a higher rate of bycatch 

of harbour porpoises (ICES 2021). The bycatch rate for the Swedish Kattegat and Skagerrak in the 1990s 

was estimated to be ~4% of the population (Nui et al. In review). The most recently available estimate 

of total bycatch for this population (~700 animals/year, reduced from >1000 animals/year previously; 

IMR/NAMMCO 2019) from a population of 17,301 individuals is still a bycatch rate ~4% of the 

population. This implies that it is possible that although the number of animals bycaught and fishing 

effort is decreasing, the population may also be decreasing, resulting in a similar proportion of the 

population bycaught over time, and at rates that are still too high for the population to sustain itself.  

 

The mPBR model calculations completed in this study confirm that the most recent estimates of total 

bycatch of approximately 700 animals a year is unsustainable. On top of this, this estimate of total 

bycatch is only based on effort in Sweden and Denmark (excluding Germany), and there is a large 

number of smaller vessels and part time fisheries that likely cause bycatch that do not have their effort 

included in the estimate (IMR/NAMMCO 2019). This implies that the total bycatch is likely even higher 

than estimated, supporting the need for the use of an Fr of 0.1 for the population that accounts for an 

underestimation in the amount of bycatch reported. Even when not considering the ASCOBANS 

conservation objective, and only completing a traditional PBR calculation with a non-conservative Fr 

value of 1.0, the total allowed bycatch was calculated to be 292 animals (Table 2), i.e. less than half the 

amount current estimate of bycatch each year.  

 

Under the MMPA in the USA, for assessment units that are depleted, threatened or have an unknown 

status it is generally recommended that Fr is set to a maximum of 0.5 (Barlow et al. 1995, Wade 1998), 

and Fr of 1.0 should only be used if the population is increasing (Protected Resources 2016). Given that 

no abundance thresholds are yet set for the Belt Sea harbour porpoise population under HELCOM, and 

the most recent abundance estimate was lower than previous estimates, the status should be considered 

“unknown” as a default (Protected Resources 2016). However, using an Fr of 0.5 will not allow the 

population to reach the conservation objective set by ASCOBANS under all scenarios tested (with a CV 

of 0.2) (Table 1), again supporting the need for a much lower Fr of 0.1 in this population. Therefore, 

bycatch needs to be reduced significantly in order for this population to be in good environmental status 

and reach the conservation objective.  

Conclusions  

The mPBR mortality limit for the Belt Sea population was calculated to be 29 animals. This is far lower 

than current estimates of bycatch for the population (~700 animals), which is of great concern given that 

estimates of bycatch are likely to be an underestimation. The total amount of bycatch should be lowered 



immediately in order for the population to reach the conservation objective of ASCOBANS. This can 

be achieved by a) reducing fishing effort with gear in metiers known to cause bycatch, b) introducing 

spatial or temporal closures, c) making changes to fisheries practices in the area, such as gear 

modification or the use of pingers, or d) by a combination of tailored measures. The threshold used for 

the HELCOM indicator “Number of drowned mammals and waterbirds in fishing gear” for the Belt Sea 

population of harbour porpoises should also be modified to 29 individuals. Future effort should be 

directed towards improving the reporting of bycatch occurrence and fisheries effort in the region so that 

reliable bycatch rates can be estimated. These data would assist in correctly assessing this indicator, and 

also contribute to the building of a time series of data on bycatch rate that would allow a calculation of 

the mortality limit using the more robust RLA method for the population. Higher accuracy in the data 

collected and less room for potential bias also results in a higher possible mortality limit as there is less 

need to factor in uncertainty in the thresholds given. 
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