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	Species
	
	
	 
	
	
	
	
	

	
	Natural adult mortality
	↑
	↑
	++/++
	Yes/Yes
	Populations with higher rates of natural adult mortality require higher levels of recruitment to persist. Associated fisheries are therefore more susceptible to catch declines caused by a concentration of fishing effort. However, associated fisheries will also be more susceptible to catch increases through larval dispersal. Measured exchange of larvae across reserve boundaries [1,2] allow to predict that catch increases should outweigh catch declines, causing moderate increases in both maximum reserve coverages without fisheries costs and optimum reserve coverages for fishery rebuilding. Empirical data on natural adult mortality are not widely available, but estimates can be made based on growth and ambient water temperature (e.g. [3]). 

	[4,5,6]

	
	Growth
	
	↓
	↓
	+/+
	Yes/Yes
	Higher growth rates have implications opposite to those described above for higher mortality rates. That is, fisheries are less susceptible to catch declines caused by the concentration of fishing effort, which, in turn, means that they will also benefit less from catch increases through larval dispersal. Compared to other parameters, associated impacts on reserve coverages are minor. Empirical estimates of growth rates are available for many fishery species and positively correlated with rates of natural adult mortality.
	[4,5,6]

	
	Movements
	
	
	
	
	
	
	

	
	
	Larval dispersal
	↑
	↓↑
	+++/++
	Yes/Yes
	Larval dispersal benefits the rebuilding of depleted fisheries. It also decreases the susceptibility of healthy fisheries to potential catch declines caused by a concentration of fishing effort. However, reserve coverages for optimal fishery rebuilding might peak at low levels, such as 25%, if target species are maximally productive when their spawning biomass is low [7]. The first measurements of realized larval dispersal (i.e. successful settlement of larvae) from reserves to fished areas have recently become available [1,2,8].  
	[6,9,10,11]

	
	
	Juvenile spillover
	↑
	↓↑
	+++/++
	Implicit/
Implicit
	The implications of active movements of juveniles from reserves to fished areas are functionally equivalent to the effects described above for larval dispersal, provided that juveniles are not fished [10]. If juveniles are targeted by fisheries, their spillover is functionally equivalent to that of adults (see below). Little empirical information on juvenile movements across reserve boundaries is currently available.
	[4,10]

	
	
	Adult spillover
	↑
	↑
	+++/++
	Yes/Yes
	Spillover of adults from reserves to fished areas decreases the susceptibility of fisheries to potential catch declines through concentrated fishing effort, but it may require unrealistic levels of coverage for fishery rebuilding. The lowest fishery value of reserves must be expected if fished species have highly mobile adults, but are sensitive to further declines in spawning biomass caused by a concentration of fishing effort outside of reserves. Data on the movements of adult fishes are increasingly available (e.g. [8]), but substantial uncertainty remains (see [12]).   
	[4,13,14]




	
	Density-dependence
	
	
	
	
	
	

	
	
	Pre-settlement
	↓
	↑
	+++/+++
	Yes
(Fig. S5)/No
	Fewer larvae will reach and satisfy recruitment capacities at local fishing grounds if density-dependent mortality operates prior to settlement. If pre-settlement density-dependence is substantial, it will therefore decrease the efficency of reserves to compensate for a concentration of fishing effort, resulting in lower catch and maximum reserve coverages for biodiversity conservation. Under strong sensitivity to local larval supply, the same effect will also reduce the capacity of reserves to rebuild fisheries. However, if fished populations are largely insensitive to local larval supply, optimum reserve coverages for fishery rebuilding can increase. There is very little empirical data available to parameterize the magnitude of pre-settlement density-dependence. Importantly, realized dispersal distances of larvae incorporated into our models [1] are independent of density-dependence effects prior to settlement.
	[6,15]

	
	
	Post-settlement
	
	
	
	
	
	

	
	
	Intra-cohort
	↓
	↓
	+++/++
	Yes/Yes
	It is widely acknowledged that density-dependent mortality after settlement is substantial [16], which implies that healthy fish populations are not sensitive to larval supply. However, under full exploitation or over-exploitation, catch might decline or increase sharply for a given change in larval supply, resulting in the overall greatest sensitivity of fisheries to reserve enforcement. Fish populations that are more sensitive to larval supply when they are healthy experience greater declines for the same absolute level of fishing pressure. However, their fisheries are relatively less sensitive to changes in larval supply (see Fig. S1) and, thus, reserve enforcement. Several meta-analyses allow to parameterize Beverton-Holt and Ricker functions to represent post-settlement density dependence in models (e.g. [17,18]), but high uncertainty remains.
	[6,15,19,20]

	
	
	Inter-cohort
	↓
	↑
	+++/+++
	Yes
(Fig. S5)/No
	Inter-cohort density-dependent mortality after settlement refers to trophic and behavioural interactions among different age groups. Cannibalism of adults on larvae or juveniles is a common example, resulting in an effect known as "overcompensation". Overcompensation means that fewer recruits will enter adult populations while their biomass approaches unfished levels, which is generally represented in models based on Ricker's recruitment function. Intuitively, strong overcompensation can lead to substantial increases in the level of reserve coverage required to rebuild biomass and catch. Strong overcompensation will also tend to reduce maximum reserve coverages without fisheries costs, because it implies that deviations from optimum yields will be steep. However, empirical support for strong overcompensation is limited, with empirical fits of the Ricker function generally resembling a Beverton-Holt stock-recruitment relationship (e.g. [18]).
	[6,21,22,23]

	
	
	Inter-specific
	↓↑
	↓↑
	+++/+++
	No/No
	Density dependent mortality caused by interactions among different species can have the same implications as described above for both intra- and inter-cohort density-dependence. The effect of such interactions could be even more important than intra-specific interactions. However, there is very limited empirical data to support the parameterization of inter-specific density-dependence, both in terms of magnitude and direction, given that a disadvantage for one species would likely result in a benefit to another.
	[24]

	
	Fishery
	
	
	
	
	
	

	
	
	Exploitation level
	↓
	↑
	+++/++
	Yes/Yes
	With no catch regulations in place, the concentration of fishing effort under increasing coverage of reserves is likely to cause under-exploited fisheries to approach the maximum sustainable yield. Under full exploitation or moderate over-exploitation, reserve enforcement is likely to reduce catch unless fish movements from reserves into fished areas can compensate for the concentration of fishing effort outside of reserves. Under heavy overfishing, reserve enforcement is likely to increase catch up to a point when larval dispersal and spillover from reserves convey no further catch increases relative to the confounding effect of further concentration of fishing effort.
	[4,5,20]

	
	
	Effort displacement
	↑
	↑
	+++/++
	Yes/Yes
	Perhaps counterintuitively, the displacement of fishing effort from reserves to fished areas enables higher reserve coverages without impacts on healthy fisheries. It also requires higher reserve coverages to rebuild depleted fisheries. If the fishing effort in formerly unprotected locations would simply disappear, fisheries targeting initially healthy populations will be overall less productive. If fisheries are depleted prior to reserve enforcement, the maximum sustainable yield will be achieved at lower reserve coverages, because catch increases delivered by growing spawning biomass and larval dispersal from reserves do not have to compensate for the negative impacts of fisher concentration.
	[4,25]; 

	
	
	Fisher mobility
	↑
	↓
	++/++
	Yes 
(Fig. S4)/No
	The capacity of fishers to harvest their target species optimally (ideal free distribution) increases the magnitude of catch increases that reserves can provide. Maximum catch increases can also be achieved at lower levels of reserve coverage if fishers effectively exploit productivity rather than if they are stationary. Similarly, potential catch declines of healthy fisheries tend to be reduced and might occur at higher levels of coverage if fishers are non-stationary. A common assumption is that fishers perceive optimal yields around marine reserves, thus preferentially exploiting the edges of reserves ("fishing the line" [26]). However, fisher behaviour remains difficult to generalize, specifically if conditions are complex and fisher movements are not "free" [27].
	[10,13,28,29]

	
	
	Partial non-compliance
	?
	↑
	?/++
	Yes 
(Fig. S5)/No
	Partial non-compliance requires a potentially substantial increase in the level of reserve coverage required to rebuild fisheries optimally. The implications of partial non-compliance for levels of reserve coverage without any costs to healthy fisheries are less clear, because the relationship between levels of poaching and harmful fisher concentrations outside of reserves is likely to be negative. While partial non-compliance is highly likely, there are generally no quantitative estimates of poaching, specifically not in complex situations where it is most likely to occur. We believe that the management target should be to try and eliminate any poaching.
	[30]

	
	
	Catch regulations
	↑
	↓
	+++/+
	No/No
	Fishery regulations other than reserves should increase the level of reserve coverage that healthy fisheries can tolerate, because negative impacts caused by the concentration of effort in fished areas will be mitigated or completely avoided. Similarly, substantially lower levels of reserve coverage can be required to rebuild depleted fisheries if other regulations function to protect adult spawning biomass and ecosystems from fishing.
	[13,20]

	
	
	Socio-economic context
	↓↑
	↓↑
	++/+++
	Yes 
(Fig. S9-S10)/
Implicit
	[bookmark: _GoBack]Our study focused on the situation of fishers with a high dependence on fishing and no or very limited alternative livelihood opportunities. If fisher livelihoods are more diverse or flexible, fishers may enter and exit fishing activities myopically in response to current profits [29,31]. Moderate variation in fishing effort under open access conditions can stabilize fishery profits around long-term optima, while highly dynamic responses of fishers might result in fishery collapse (the “tragedy of the commons“ scenario) [32]. Generic reserve coverage targets of 20-30% can help ensure that long-term profits close to the maximum economic yield are sustained in the long-term, regardless of initial fishing intensity and whether fishing effort is constant or highly dynamic (Fig. S9A-B). Given that fishing costs are likely to increase as the biomass of fished populations declines, thresholds in profitability (the so-called “stock effect”) [22] might reduce maximum reserve coverage targets for biodiversity conservation benefits without fishery costs (Fig. 9C-D). In contrast, optimum reserve coverage targets for fishery rebuilding remain unchanged, but fisheries might not always become profitable again. However, generalizing such implications of socio-economic context is challenging as suitable reserve coverage targets will depend on interactions between multiple factors, including (1) local costs and revenues for a given catch and fishery status, (2) the change in effort (access) for a given change in profit, (3) the time over which fisheries are assessed, and (4) the change in costs and revenue over this time (see e.g. Fig. S10). 
	[11,22,29,33,34]

	
	Environment
	
	
	
	
	
	

	
	
	Stochasticity in recruitment
	↑
	↑
	++/++
	Yes
(Fig. S5)/No
	Fluctuations in recruitment caused by climatic and other environmental variations appear to be likely and strong [18,35,36]. Fish biomass protected in reserves could mitigate such fluctuations by ensuring higher minimum levels of larval supply [5]. Achieving such a buffering function of reserves will require higher reserve coverages. However, the magnitude and causes of recruitment variation are still highly uncertain. Moreover, it is not clear to what extent a relative increase in protected biomass would help stabilize and sustain the long-term productivity of fishery catch.
	[5,37]

	
	
	Gradients in habitat quality
	↓↑
	↓↑
	++/+++
	Yes 
(Fig. S6)/No
	Gradients in habitat quality are likely to be encountered whenever reserve are implemented, but such gradients do not change the validity of generic advice on reserve coverage targets as long as the placement of reserves is non-systematic, i.e. covering areas of both low and high habitat quality in similar frequency. However, reserves themselves could cause or intensify habitat quality gradients, because the concentration of fishing effort degrades habitat quality in fished areas. In this case, fewer than expected larvae exported from reserves might recruit into adjacent fisheries. Another possible effect is that an initial increase in habitat quality, fish biomass and larval export within reserve boundaries is followed by an increase in adult spillover from reserves (see below under behavioural interactions).
	[10,38,39]

	
	
	Asymmetric connectivity
	↓
	↓
	++/+++
	Yes 
(Fig. S7)/No
	Asymmetry in the connectivity of fish populations caused by the dynamic dispersal of fish larvae with ocean currents tends to increase the sensitivity of fisheries productivity to reserve enforcement. That is, systematic reserve network designs could fundamentally impact fishery outcomes for good or bad. A forcedly poorly informed placement of reserves with respect to asymmetric connectivity (likely in many regions) could cause catch declines below PGY under lower reserve coverages if fisheries are healthy. However, there would be little or no impact on reserve coverage targets to rebuild depleted fisheries. The first empirical larval dispersal matrices are yet to be published, leaving researchers and managers largely unable to incorporate this critical process into management advice.
	[33,40]

	
	
	Trophic interactions
	↓↑
	↓↑
	+++/++
	No/No
	Trophic cascades in and adjacent to reserves can benefit some and disadvantage other species, making generic predictions under complex fishery conditions difficult or impossible. However, under heavy overfishing, both predator and prey species are likely to increase in abundance [41]. Moreover, the vast majority of species across taxonomic and functional groups has been found to increase in both density and biomass within reserves [42,43,44]. Presuming that local reserves sizes enable some protection of adults but still allow for larval export, complex, multi-species fisheries should thus experience net benefits.
	[28,41,45]

	
	
	Behavourial interactions
	↓↑
	↓↑
	?/+++
	No/No
	Behavioural interactions among individuals of the same and other species could have similar implications for the fishery functioning of reserves as trophic interactions. However, the impact of such interactions is largely unknown. One potentially important cause of density-dependent movements of adults from reserves to fished areas is an increase in competition while fish densities approach unfished levels [46].
	

	
	Reserve network design
	
	
	
	
	
	

	
	
	Location of reserves
	↓↑
	↓↑
	+++/+++
	Yes
(Fig. S6-7)/
No
	Spatial prioritization of reserve locations, for example, based on dispersal connectivity or habitat quality, can fundamentally impact fisheries productivity. This includes the level of reserve coverages with no costs to healthy fisheries as well as the optimum reserve coverage required for maximum catch increases from depleted fisheries. If the prioritization process was entirely fishery-focused and environmental information was robust, maximum yields are likely to be achieved by closing overall lower proportions of fishing grounds. Similarly, under such conditions, a focus on biodiversity conservation might enable covering a very high proportion of fishing grounds in reserves without harming local fisher livelihoods or economic returns.
	[33,40]

	
	
	Size of reserves
	↓
	↓
	+++/+
	Yes/Yes
	Increasing the size of individual reserves will reduce their capacity to subsidize fishery catch through larval dispersal or adult spillover. However, reserves need to be large enough to protect some adults for any conservation and fishery benefits to accrue. Decisions on reserve size and reserve coverage are thus linked in terms of fishery impact, but they are physically independent unless fishing grounds are small or reserve coverage is high (>50%).
	[9,47]
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