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Model assumptions
In designing a model for PVA it is important to ensure that complexity corresponds appropriately to data availability (Ralls et al., 2002). Model complexity is largely determined by the life history of the species in question, the research objectives, and the quality and availability of demographic data (Radchuk et al., 2016).  This study relies on demographic data collected from colonies throughout the species range. Thomas et al. (2019) constructed a Bayesian age-structured model of UK grey seal population dynamics using informative priors of demographic data from studies of grey seal colonies in the UK, Canada, and Baltic Sea. These demographic data are challenging to collect, and in the past have often relied on long-term monitoring programmes (e.g. den Heyer et al., 2013) or culls (e.g. Harwood & Prime, 1978). There are no equivalent data available from the Irish population of grey seals and the posterior distributions from the analysis by Thomas et al. (2019) provide the most informative demographic data available for our models.
Another important consideration is whether the duration of simulations is appropriate for the life history of the study species. When designing a model for PVA, simulations should be run for a long enough duration so that, accounting for the generation time of the species, long-term population trends can be detected and transient dynamics due to initial simulation conditions can be avoided (Pe’er et al., 2013). Given the maximum lifespan and age at first breeding of grey seals, 100 year simulations were considered sufficient to detect multi-generational effects while allowing for the reporting of a widely-used standard in conservation; the probability of extinction after 100 years (IUCN, 2010). 
Without historical data and regular population surveys it is difficult to infer the population carrying capacity. In this case, assuming a large K of double the current population size allowed us to identify bycatch pressures resulting in a limited population size that would have been masked if the assumed K was too small. A sensitivity test where simulated K ranging from the initial population size (N) being at K already to one quarter of K, showed that higher values of K resulted in populations that took longer to reach K and growth rates which showed early signs of plateau at lower values of K did not plateau until much later when K was higher (figure S1). Rates of decline were unaffected.
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Figure S1: Sensitivity test of the effect of assumed carrying capacity K on simulations of the Irish grey seal population. Each panel shows the simulated effect of bycatch levels on population growth or decline with carrying capacity ranging from the initial population size (K = N; i.e. a population already at K), to four times the initial population size (K = 4N).
In designing how the number of seals to be removed from the population each year as bycatch, we chose between removing a constant number of individuals each year, or removing an initially defined number, which was then scaled with population growth or decline. Constant bycatch removals resulted in overly-accelerated rates of population decline, and scenarios where greater numbers of seals were “bycaught” than were remaining in the population. We therefore decided that scaling the number of seals caught by population size ensured that a constant proportion of the population was removed rather than a constant number. We judged that this was more appropriate as studies suggest that encounter rates have a significant effect on seal bycatch rates, as bycatch rates increase when nets are set close to major colonies or in highly turbid water (Luck et al. 2020). The main limitation of this approach, was that when a declining population reached almost zero percent of its initial population size, the bycatch rate was reduced by the same amount. Therefore, populations on the cusp of extinction would not be reduced any further in these simulations. As we know from the extinction of the baiji (Lipotes vexillifer) and the pending extinction of the Vaquita (Phocoena sinus), a small population size does not provide perfect protection against bycatch (Taylor et al., 2017; Turvey et al., 2007). Therefore, the risk of extinction for grey seal populations as severely reduced as some of our simulations predicted would indeed have a much higher possibility of extinction than predicted by our models. Therefore, we deliberately centred the discussion of the results on the scale of population declines rather than the probability of extinction, defined in Vortex as when only one sex remains in the population.
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Figure S2: Simulated negative binomial distribution of bycatch mortality among age classes of grey seals in the scenario in which bycatch mortality was biased towards pups and juveniles (“juvenile bias”).
Table S1: Mean (standard deviation) population growth rates over 100 years and 1000 simulations under each scenario.
	
	
	
	Bycatch rate (initial seals per year removed from population)

	Scenario
	Supplementation
	Colony name
	0
	100
	200
	300
	400
	500
	600
	700
	800

	Baseline
	0
	Ireland
	0.07 (0.01)
	0.05 (0.01)
	0.04 (0.00)
	0.03 (0.00)
	0.01 (0.00)
	0.00 (0.00)
	-0.02 (0.00)
	-0.03 (0.00)
	-0.05 (0.01)

	Female bias
	0
	Ireland
	0.07 (0.01)
	0.05 (0.01)
	0.03 (0.00)
	0.01 (0.00)
	-0.01 (0.01)
	-0.03 (0.04)
	-0.03 (0.04)
	-0.02 (0.04)
	-0.02 (0.04)

	Juvenile bias
	0
	Ireland
	0.07 (0.01)
	0.06 (0.01)
	0.04 (0.00)
	0.03 (0.00)
	0.02 (0.00)
	0.00 (0.00)
	-0.01 (0.00)
	-0.03 (0.00)
	-0.04 (0.00)

	Male bias
	0
	Ireland
	0.07 (0.01)
	0.06 (0.01)
	0.05 (0.01)
	0.04 (0.00)
	0.03 (0.01)
	0.02 (0.01)
	0.01 (0.01)
	-0.01 (0.01)
	-0.02 (0.02)

	Immigration
	100
	Ireland
	0.07 (0.01)
	0.06 (0.01)
	0.05 (0.00)
	0.03 (0.00)
	0.02 (0.00)
	0.01 (0.00)
	0.00 (0.00)
	-0.01 (0.01)
	-0.01 (0.01)

	
	200
	Ireland
	0.08 (0.01)
	0.07 (0.01)
	0.05 (0.01)
	0.04 (0.00)
	0.03 (0.00)
	0.01 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	-0.01 (0.01)

	
	300
	Ireland
	0.09 (0.01)
	0.07 (0.01)
	0.06 (0.01)
	0.05 (0.01)
	0.03 (0.00)
	0.02 (0.00)
	0.01 (0.00)
	0.00 (0.00)
	0.00 (0.00)

	
	400
	Ireland
	0.09 (0.01)
	0.08 (0.01)
	0.07 (0.01)
	0.05 (0.01)
	0.04 (0.01)
	0.02 (0.01)
	0.01 (0.01)
	0.00 (0.00)
	0.00 (0.00)

	
	500
	Ireland
	0.10 (0.01)
	0.08 (0.01)
	0.07 (0.01)
	0.06 (0.01)
	0.04 (0.01)
	0.03 (0.01)
	0.02 (0.01)
	0.01 (0.01)
	0.00 (0.00)

	Differential bycatch rates at colony level
	0
	Blaskets
	0.05 (0.01)
	0.04 (0.01)
	0.02 (0.01)
	0.01 (0.01)
	-0.01 (0.00)
	-0.03 (0.00)
	-0.05 (0.01)
	-0.06 (0.01)
	-0.07 (0.03)

	
	0
	Donegal
	0.08 (0.01)
	0.07 (0.01)
	0.06 (0.01)
	0.05 (0.01)
	0.02 (0.01)
	0.01 (0.01)
	0.01 (0.00)
	0.00 (0.00)
	-0.01 (0.00)

	
	0
	Inishgort
	0.06 (0.01)
	0.04 (0.01)
	0.03 (0.01)
	0.01 (0.01)
	0.00 (0.00)
	-0.02 (0.00)
	-0.04 (0.00)
	-0.06 (0.01)
	-0.07 (0.02)

	
	0
	Inishkeas
	0.06 (0.01)
	0.04 (0.01)
	0.03 (0.00)
	0.01 (0.01)
	0.01 (0.00)
	0.00 (0.01)
	-0.02 (0.02)
	-0.05 (0.01)
	-0.06 (0.01)

	
	0
	Lambay
	0.09 (0.01)
	0.08 (0.01)
	0.07 (0.01)
	0.05 (0.01)
	0.02 (0.01)
	0.02 (0.01)
	0.01 (0.01)
	0.01 (0.01)
	0.00 (0.00)

	
	0
	Saltees
	0.07 (0.01)
	0.06 (0.01)
	0.04 (0.00)
	0.01 (0.00)
	0.00 (0.00)
	-0.01 (0.01)
	-0.01 (0.02)
	-0.02 (0.04)
	-0.03 (0.06)

	
	0
	Slyne
	0.13 (0.02)
	0.12 (0.03)
	0.09 (0.03)
	0.06 (0.03)
	0.00 (0.00)
	-0.02 (0.00)
	-0.04 (0.01)
	-0.05 (0.01)
	-0.06 (0.02)



Table S2: Mean probability (standard deviation) of the population becoming extinct within 100 years under each scenario.
	Scenario
	Supplementation
	Colony name
	Bycatch rate (initial seals per year removed from population)

	
	
	
	0
	100
	200
	300
	400
	500
	600
	700
	800

	Baseline
	0
	Ireland
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.10)

	Female bias
	0
	Ireland
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)

	Juvenile bias
	0
	Ireland
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.02 (0.44)

	Male bias
	0
	Ireland
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)

	Immigration
	100
	Ireland
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)

	
	200
	Ireland
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)

	
	300
	Ireland
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)

	
	400
	Ireland
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)

	
	500
	Ireland
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)

	Differential bycatch rates at colony level
	0
	Inishkeas
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.02 (0.43)
	0.01 (0.33)

	
	0
	Inishgort
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.01 (0.24)
	0.02 (0.45)
	0.01 (0.28)

	
	0
	Donegal
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)

	
	0
	Blaskets
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.17)
	0.01 (0.26)
	0.01 (0.28)
	0.00 (0.17)

	
	0
	Saltees
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)

	
	0
	Slyne
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.10)
	0.01 (0.34)
	0.01 (0.3)
	0.01 (0.28)

	
	0
	Lambay
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
	0.00 (0.00)
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