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APPENDIX S1 

Supplemental tables 

Table S1. Bioeconomic model parameter values and their sources for northern pike (Esox 

Lucius) and common carp (Cyprinus carpio). 

Symbol Description  

(unit, where applicable) 

Value or range for fish life-history 

types (source, where applicable) 

Pike Carp 

Index variables   

t  year (y) 0 - 150 0 - 150 

a  Age class (y) 0 - 
maxa  0 - 

maxa  

maxa  Maximum age of a fish (y) 15 (5) 20 (18) 

g   Growth trajectory within an age class 1 - 11 1 - 11 

Growth 

 

   

maxL  Mean maximum size a fish can attain at maximum 

age (
maxa a= ) in an environment free of 

intraspecific competition (
total 0B = ) (cm) 

120 110 

0L  Length of fish at hatch (cm) 0.8 (7) 0.6 (9) 

maxh  Mean maximum annual growth increment (cm) 24.0 (10) 21.3 (14)** 

Lgσ  Proportional deviations from the mean 
maxh in the 

positive and negative direction, assuming a range 

of 3 standard deviation units and a coefficient of 

variation of 0.1 

-0.3 to 0.3 -0.3 to 0.3 

1/2B  biomass density at which the growth increment is 

halved (kg ha-1) 

100.0 (10) 454.5 (14)** 

G  Annual reproductive investment 0.58 (10) 0.49 (14)** 

w  Scaling constant for length-mass relationship (g 

cm-l) 

0.0048 (19) 0.020 (17) 

l  Allometric exponent for length-mass relationship 3.059 (19) 2.97 (17) 

Maturation   

1b  Intercept of the maturation reaction norm (cm) 36.6 (7)* 30.8 (6)* 

2b  Slope of the maturation reaction norm (cm y-1) -3.25 (7)* -3.31 (6)* 

Reproduction   

ω   Relative fecundity (g-1) 34 (11) 220 (16) 
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δ   Hatching success  0.75 (12) 0.75 (3) 

Φ   Sex ratio (% female spawners) 0.5 (13) 0.5 (4) 
ρ  reproductive success of hatchery strain fish 

relative to wild fish 

1.0 or 0.56 (8) n.a. 

Mortality   

α  Maximum survival rate of larvae to age-1 1.71 10-4 (10) 2.00 10-5 (4) 

β   Strength of density-dependence on larvae to age-1 

survival (ha) 

6.87 10-6 (10) 2.00 10-8 (4) 

2
h  Proportion of hatchery larvae that transitioned to 

wild strain fish due to natural selection 

0.0 or 1.0 n.a. 

γ  Relative survival of age-0 hatchery fish relative to 

age-0 wild fish 

1.0 or 0.5 (8) n.a. 

Ngσ  Proportion of fish in a growth trajectory g

assuming a normal distribution with a mean 
maxh  

and a coefficient of variation of 0.1 

0.37 to 7.56 10-6 

(calculated) 

0.37 to 7.56 10-6 

(calculated) 

EquilibD  Unexploited equilibrium effective density, which 

was considered to be the 2L
D after model 

stabilization but prior to the introduction of 

stocking and fishing (cm2 ha-1) 

32168.4 

(calculated) 

 

277123 

(calculated) 

ϒ  Strength of density-dependence on the allometry 

of size-dependent natural mortality (see 

supplement for derivation) 

0.27 (15) 0.27 (15) 

y  Steepness of size-dependent vulnerability curve 0.3 0.3 

z  Size as a proportion of maxL  used when calculating 

the size 50L  at which 50% of the fish are 

vulnerable to capture 

0.18 0.18 

shiftL
 

Bias correction factor for the minimum size of fish 

that can be captured that is used when calculating 

the size 50L  (cm). See Johnston et al. 2013 for 

more details. 

10 10 

 

q  Catchability reflecting skill level (ha h-1)  0.20 0.20 

hf  Proportion of fish dying from hooking mortality 0.05 0.05 

nf  Proportion of fish below the minimum-size limit 

MSL  harvested illegally 

0.05 0.05 

2γ  Relative survival of recruited hatchery origin fish 

relative to wild fish 

Immature 

1.0 or 0.5 (8) 

Mature 

1.0 or 0.9 (8) 

n.a. 
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Stocking   

sL  length of fish at stocking (cm) 2.0, 20.0, 
SaL   4.0, 15.0, 40.0 

Sa   Age at which recruited fish (adults) were stocked 

(y) 

2 (2) 2 (2) 

S0J  The density of age-0 fish stocked (ha-1) Fry 

0 to 4887 

Fingerlings 

0 to 90 (2) 

Fry 

0 to 1967 

Fingerlings 

0 to 155 (2) 

S,tN  The density of recruited fish of age 
Sa  stocked 

(ha-1) 

0 to 39 (2) 0 to 23 (2) 

θ   Linear coeffient of allometric stocking cost to size 

relationship 

0.009459 (2) 0.003535 (2) 

λ   Exponent of the allometric stocking cost to size 

relationship 

1.736 (2) 1.923 (2) 

Angling regulations    

MLL  Minimum-length limit (cm) 0 - 
maxL  0 - 

maxL  

DBL   Daily bag limit (d-1) 10 10 

LA  Density of angling licenses issued 

(= density of licensed anglers) 

1, 5, 10 1, 5, 10 

L€  Annual angling license cost (€) 100 100 

Angler Effort Dynamics   
ϕ  Persistence of fishing behaviour (= relative 

influence of last year’s realized fishing probability 

on the current year’s realized fishing probability) 

0.5 (10) 0.5 (10) 

maxd  Maximum number of days that an angler would 

fish annually irrespective of fishing quality (d) 

20 20 

Ψ  Average time an angler will fish in a day (h) 3 (2) 3 (2) 

refl  Reference average size of fish caught (cm) 37 36 

T
L   Threshold length defining trophy-sized fish (cm) 100 90 

noU  utility gained from not fishing 0.2489 (1)‡ 0.2489 (1)‡ 

out U  utility gained from fishing elsewhere 0.4371 (1)‡ 0.4371 (1)‡ 

in U  basic utility gained from fishing in the region -0.686 (1)‡ -0.686 (1)‡ 

Spp U  PWU of fishing for most preferred species 0.0655 (1)‡ 0.0655 (1)‡ 

1u  Cost coefficient -0.518 (1)‡ -0.518 (1)‡ 

2u  Daily catch coefficient 0.1230 (1)‡ 0.1219 (1)‡ 

3u  Average size coefficient 1.2357 (1)‡ 1.2263 (1)‡ 
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4u  Trophy catch coefficient 0.0254*100 (1)‡ 0.0357*100 (1)‡ 

5u  Crowding coefficient -0.0424*0.5 (1)‡ -0.0392*0.5 (1)‡ 

6u  MLL linear coefficient 0.005 (1)‡ 0.0032 (1)‡ 

7u  MLL quadratic coefficient -0.0001 (1)‡ -0.0001 (1)‡ 

8u  Daily bag limit linear coefficient -0.0104 (1)‡ 0.0085 (1)‡ 

9u  Stocking frequency coefficient 0.1006 (1)‡ 0.0632 (1)‡ 

10u  Catch composition coefficient 0.0595 (1)‡ 0.1013 (1)‡ 

n.a., not applicable. 

(1) Arlinghaus et al. (2014); (2) Arlinghaus et al. Unpublished data; (3) Babiak et al. (1997); (4) Brown and Walker 

(2004); (5) Craig and Kipling (1983); (6) Crivelli (1981); (7) Frost and Kipling (1967); (8) Hühn et al. (2014); (9) 

Jelkić et al. (2012); (10) Johnston et al. (2013); (11) Kipling and Frost (1969); (12) Kipling and Frost (1970); (13) 

Le Cren et al. (1977); (14) (Lorenzen 1996b) and Vilizzi et al. (2013); (15) derived from Post et al. (1999), see 

supplement; (16) Tempero et al. (2006);  (17) Vilizzi et al. (2013), worldwide average; (18) Weber et al. (2011); 

(19) Willis (1989).  

* calculated from the source data by determining maturity ogives and then calculating the probabilistic maturation 

norm. See Heino et al. (2002) and Barot et al. (2004) for methods. The slope represents the age and size at which the 

probability of maturation is 50%. 

** calculated from source data using method described in Johnston et al. (2013). 

‡ parameter values used were modified slightly from those reported by Arlinghaus et al. (2014) so that the 
MLLU , 

the part-worth utility function of MLL, was quadratic in form rather linear. This was done because the quadratic 

form best described the data for pike and carp a quadratic. 
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Supplemental figures 

 

Figure S1. Size-dependent vulnerability of fish to capture by anglers. The black and gray diamonds illustrate the 

average size at stocking of pike and carp, respectively, for fry, fingerlings and adults. The vertical dashed lines 

represent the average size a fish achieves by its third birthday (age-2 at the end of the year) for pike (black) and carp 

(gray), which we use to define the vulnerable population.  
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Figure S2. Species- and size-dependent stocking cost relationship determined from information provided by German 

angling clubs (Arlinghaus et al. 2015). 
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Figure S3. Part-worth utility functions describing the preferences of angler from Lower Saxony for catch related and 

non-catch related attributes when fishing for pike and carp, obtained from a choice experiment carried out by 

(Arlinghaus et al. 2014) and using the equations 9a-9i in Table 1 and the parameter set given in Table A1. 
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Figure S4. Relative length distribution of pike age-1 to age-4 cohorts in an unstocked population with a minimum-

length limit of 42 cm and a latent fishing pressure of 5 anglers ha-1. Values are for the beginning of the year. Other 

cohorts are not depicted.
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Derivation of unpacked stock-recruitment 

Survival of age-0 fish during the pre-stocking phase 
1s  and the post-stocking phase 

2s  were 

described by two Ricker stock-recruitment relationships. The method used by Lorenzen (2005) 

was modified to follow a Ricker model rather than a Beverton-Holt model to be more 

representative of early survival for pike (Johnston et al. 2013) and carp (Brown and Walker 

2004). Overcompensation can result from cannibalism (Hilborn and Stokes 2010), a factor that is 

common in pike (Wright and Giles 1987, Skov et al. 2003). Cannibalism also occurs in carp 

populations (Tonn et al. 1994), but reduced age-0 survival at higher adult densities could also be 

the result of starvation, due to the overlap in diet with larger carp which have an exploitative 

advantage (Tonn et al. 1994). Larger reproductive investment of larger individuals at lower adult 

densities could also be a factor contributing to a Ricker-type stock-recruitment relationship 

(Weber and Brown 2013). The 
1α and 

2α  parameters, describing the maximum survival rate of 

fish, and 
1β  and 

2β  parameters, describing the strength of the density-dependence during pre- 

and post-stocking, respectively, were derived in a manner similar to that used by Lorenzen 

(2005). Length-survival relationships and parameters from the original stock-recruitment 

relationship were used as follows: 

Assuming under zero density the survival rate of larvae to recruitment at age-1 
*

s  was equal to 

the maximum survival rate α  from a Ricker stock-recruitment relationship. 

*

1

max
* 0

rec

M

hL
s

L
α

 
= =  

 
 

where,  
0L  is the larval length at hatch, 

recL is the average length at recruitment, 
*

1M  is the 

natural mortality rate at 1cm, and
maxh is the maximum somatic growth rate. The previous 

equation can be used to solve for 
*

1M , 

1

*
*

max
0

rec

ln

ln

s
M h

L

L

= . 

Note that
1M for unrecruited fish (age-0) is much higher than for recruited fish (Lorenzen 2005). 

The maximum survival rates during the two phases, pre-stocking 
1α and post-stocking 

2α , can 

then be determined, 

*

1

max
0

1

M

h

s

L

L
α

 
=  
 

and 

*

1

max

2

rec

M

h
sL

L
α

 
=  
 

  such that 
1 2α α α= , 
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where 
s

L is the length of fish at the time of stocking. One can also solve for 
1β  and 

2β  , if 

1

*
* 2

max max
0

rec rec

ln ln

ln ln s

s s
M h h

L L

L L

= =  

Then by substituting in the Ricker relationships it can be simplified to 

0

1
0

rec

ln

ln

s

L

L

L

L

β β=  

Assuming 

1 0
1 0 2 1 0 0

1 2 1 2

N
N b N e N

s s e a e e
ββ α βα α

−− − −= =  

2β can be determined, using 
1α and 

1β ,  

1 0

1
2

1

N
e

β

β ββ
α −

−
=  
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Derivation of density-dependent allometric mortality 

It is now generally accepted that mortality in fish is related to size in the post-recruited stage 

(Mangel 2017). Thus, like age-0 fish, survival of age-1 and older fish was also assumed to be 

size-dependent and density-dependent using a relationship described by Lorenzen (1996a, 2000).  

c

L r

r

L
M M

L

 
=  

 
   

where 
L

M was the instantaneous natural mortality rate of a fish of length L , 
r

M  was the 

instantaneous natural mortality rate of a fish of reference length 
r

L , and c  was the allometric 

exponent of size-dependent mortality relationship. Lorenzen (2000) determined 1c = −  to be the 

best fit model to describe the allometry of mortality, and values for c  reported by Lorenzen 

(1996a) for unexploited lakes were in this range. Thus, in unexploited systems natural mortality 

is inversely proportional to length (Lorenzen 2005). 

1

1
LM M

L

 =  
 

, 

where
1M is defined as the natural mortality per unit length (i.e., 

rL = 1 cm) and is usually around 

15 for recruited wild fish (Lorenzen 2005). Note that
1M for unrecruited fish (age-0) is much 

higher than for recruited fish (Lorenzen 2005). Based on mortality estimates from the literature 

when size/age was known, we found that 
1 maxM h≅  across a number of species (Figure S5). 

While we did not do an exhaustive literature review, this finding is supported by other studies. In 

his seminal paper, (Pauly 1980) found that natural mortality was dependent on growth 

parameters estimated from the von Bertalanffy growth model, and more recent investigations 

found that size-dependent mortality was also dependent on asymptotic size and the von 

Bertalanffy growth rate parameter (Lorenzen 2000, Gislason et al. 2010, Charnov et al. 2013); 

parameters that when combined represent the growth rate near 
0t  (Gallucci and Quinn 1979). 

Thus, we assumed that 
1 maxM h=  when deriving our density-dependent allometric mortality 

relationship. 
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Figure S5. Comparison of some data to predictions from the size-dependent mortality function based on the 

assumption that 
1 maxM h= . Sources: pike (Kipling and Frost 1970, Treasurer et al. 1992), carp (Koehn et al. 2000, 

Brown et al. 2005, Vilizzi et al. 2015), others (Le Cren et al. 1977, Lind 1977, Crisp 1994, Cox 2000, Post et al. 

2003) 

Size-dependent mortality is often assumed to be the result of how susceptible fish are to gape-

limited predators (e.g., Askey et al. 2013), but might also result from larger fish having an 

exploitative advantage over a common resource (Tonn et al. 1994). Our model assumes that 

mortality is a function of fish size and the density of fish in the system, which reflects the density 

of predators as well as competitors, given the cannibalistic nature of the species modelled. 

Density-dependence in the size-dependent mortality relationship was introduced by making  c  

density-dependent. This assumes that the mortality rate of large fish will likely change very little, 

if at all, with density, but predator density will affect smaller fish. By having the effect of density 

on mortality dissipate with size, we assume that there are fewer predators of sufficient size to 

prey upon larger fish and that larger fish have an exploitative advantage over resources (e.g., 

they can have riskier foraging behaviour).  

Density-dependent mortality is often assumed to be more important in the regulation of the early 

life stages in fish, while density-dependent growth is thought to be more important in the later 

life stages (Lorenzen 2008). Our model reflects this finding while avoiding a knife-edge from 

density-dependent to density-independent survival. However, studies have documented density-



14  

dependent survival in age-1 fish (e.g, Post et al. 1999), and Johnston et al. (2007) documented 

density-dependent survival in mature bull trout (Salvelinus confluentus), which was more severe 

in the younger (smaller) adults spawning for the first time. Thus, density-dependent mortality in 

later life stages is not unsupported.  

To derive the density-dependent relationship for c  we first needed to determine a fixed pivot 

point of the size-mortality curve. We used 
max,r LM as the reference mortality rate and 

maxL as the 

reference length at this fixed point, because fish at this size are assumed to have density-

independent mortality. 
max,r LM was calculated as follows, 

max

1

max max max
, 1 max

,1cm max1

c

r L

r

L L h
M M h

L L

−   = = =   
  

, 

assuming that 1c = −  to represent an unexploited system. Thus, 

max,

max

c

L r L

L
M M

L

 
=  

 
. 

Assuming that 1c = −  at the equilibrium effective density when the population is unfished and 

unstocked, we were able to generalize a relationship for determining c  across species by using 

relative effective density 
relD  rather than absolute effective density 2L

D .   Relative effective 

density was calculated as, 

2 Equilib

rel

Equilib

L
D D

D
D

−
= , 

Where, EquilibD was the unexploited equilibrium effective density achieved prior to the 

introduction of fishing or stocking. Relative effective density influenced c  as follows, 

max

rel

,

ln[1 (1 ) ]
1

ln( )r L

D
c

M

+ − ϒ
= −  

where, ϒ was a constant derived from combining density-dependent growth and survival 

relationships from Post et al. (1999). We informed our model using published relationships on 

density-dependent growth and growth-dependent mortality of rainbow trout (Oncorhynchus 

mykiss) reported by Post et al. (1999), because of the exceptional quality of the data. 

Post et al. (1999) report two relationships in their study, density-dependent growth and growth-

dependent mortality for three size classes of age-1 rainbow trout.  
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21, 1,g g g L
h D= ϒ + Λ  

2, 2,g g g gM h= ϒ + Λ  

Where, gh and gM were the somatic growth rate and the natural mortality rate of a size-class g , 

respectively, 1,gϒ and 2,gϒ were the intercept terms, and 2,gΛ and 2,gΛ the slope terms, and 2
L

D  is 

the effective density of the population. Combining these two equations rendered, 

22, 2, 1, 1,( )g g g g g L
M D= ϒ + Λ ϒ + Λ . 

As there were no significant differences among slopes or intercepts for three size classes in the 

growth-mortality relationships presented by Post et al. (1999), for simplicity we averaged all 

coefficients across the three size classes and modified them from specific rates to annual rates 

assuming 138 days (average period from stocking to removal). Thus, 

2
L

M D= ϒ + Λ  where 
2 2 1ϒ = ϒ + Λ ϒ  and 

2 1Λ = Λ Λ . 

Assuming 
maxL h= , the average size of the fish at the beginning of the year, and that 

maxr
L L= , a 

length at which mortality is fixed, 

2
max max

( 1)max
, ,

max

c

c

r L r LL

h
M D M M

L

+ 
= ϒ + Λ = = 

 
 , 

because 
max

max
,

max

r L

h
M

L

 
=  
 

. 

Solving for c   

2

max,

ln( )
1

ln( )
L

r L

D
c

M

ϒ + Λ
= −  

To make this equation general across species, one can assume that densities are relative to some 

reference density 2 ,rL
D and substitute relative effective densities 

relD  for 2
L

D  , where 

2 2

2

,r

rel

,r

L L

L

D D
D

D

−
= . 

If one assumes that the reference effective density is the density at which 1c = − , then 1M =  for 

a fish of size 
maxh  . Thus, 
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2 .L r
M D= ϒ + Λ , so 

2 ,r

1
L

D
− ϒ

=
Λ

. 

One can use this to simplify the calculation of c  , as follows 

If 2 2 2rel rel,r ,r

1 1
L L L

D D D D D
− ϒ − ϒ = + = + Λ Λ 

, 

then 
2

max max

rel

, ,

1 1
ln

ln( )
1 1

ln( ) ln( )
L

r L r L

D
D

c
M M

 − ϒ − ϒ  ϒ + Λ +   ϒ + Λ Λ Λ   = − = − ,  

which can be simplified to 

[ ]
max

rel

,

ln 1 (1 )
1

ln( )r L

D
c

M

+ − ϒ
= − . 

Calculating c  for the range of effective densities reported in Post et al. (1999) (0 to 4.4 10-5 cm2 

ha-1), the predicted values for c  fell within the range of -0.26 to -1.42.  Given the 95% CI for c  

reported by Lorenzen (1996a) for unexploited lakes (adjusted from weight to length by 

multiplying by 3) were around -0.67 to -1.07, this range for exploited lakes was considered to be 

reasonable. 
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Model sensitivity to density-dependent mortality in age-1 and older fish 

Given the uncertainty associated with the density-dependent mortality relationship for age-1 and 

older fish, we investigated the model outcomes in the absence of density-dependence in this 

relationship (i.e., c  was held constant at -1). Results were qualitatively similar (Figures S6-S8). 

Fingerling stocking still resulted in the greatest total density and fry stocking generally the least, 

at similar stocking expenditures. Stocking adults resulted in the highest density of fish vulnerable 

to capture and the highest catch rates. Stocking only resulted in greater net WTP than the use of 

MLLs alone when the population was overexploited or natural reproduction did not occur. The 

cost of producing fish that survive to age-3 was greatest for fry and least for adults. The net 

economic benefit of stocking only exceeded the use of MLLs alone when populations were 

overexploited or would not otherwise exist. In such cases, low stocking rates and high latent 

fishing pressure resulted in the greatest net benefit. 

There were, however, some small qualitative differences and some quantitative differences that 

are worth highlighting. When stocking carp into lakes with high latent fishing pressure (10 

licenses ha-1), we did not find that under liberal length limits fingerling stocking resulted in 

greater vulnerable fish density and catch rates (Figure S7). This occurred because there was no 

compensatory reduction in fingerling survival in response to the low density of predators in the 

system caused by heavy exploitation. For similar reasons, we did not find situations where the 

survivor costs of fingerlings were cheaper than the production of adults when density-dependent 

mortality in age-1 and older fish was absent (Figure S7).  

Some quantitative differences of note relate to fish abundance. Unlike the density-dependent 

scenarios, when density-dependent mortality in age-1 and older pike was absent, even low latent 

fishing pressure was sufficient to threaten the sustainability of pike populations under liberal 

MLLs, because the population was unable to compensate for fishing mortality through changes 

in small fish survival (Figure S7). This also resulted in the population being unsustainable under 

higher MLLs in the unstocked scenario. In comparison to the density-dependent scenarios 

stocking high densities of pike fingerlings and adults resulted in greater fish densities and similar 

or greater catch rates, because there was no density-dependent regulation limiting the survival of 

these stocked fish and overall abundance (Figure S7). By contrast, stocking low densities of pike 

or not stocking resulted in lower densities than the density-dependent scenarios, because there 

was no compensatory response. Carp had lower densities and catch rates when density-

dependent survival was absent (Figure S7). In terms of socioeconomic outcomes, survivor costs 

were higher for both pike and carp in the absence of density-dependent survival. For pike, the 

lack of density-dependent survival resulted in higher net WTP and net benefits, and the MLL at 

which the net benefit of stocking exceeded the net benefit of only using MLL was higher, in the 

high latent effort scenarios (Figure S7) The inability for the population to compensate for high 

fishing mortality through changes in natural mortality resulted in populations being 

unsustainable at higher MLLs. 
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Figure S6. The effects of stocking pike fry (2 cm), fingerlings (20 cm) and adults (age-2, 35-40 cm) at a range of 

densities across a range of minimum-length limits (MLLs) and a range of stocking densities (Table S1) calibrated to 

reflect the range of annual expenditures (0-154 € ha-1) on pike stocking by angling-clubs in Germany (Table 2, 

scenario 1). Effects of stocking and MLLs on total fish density, density of vulnerable fish (age-2 and older fish at 

year end), catch rates, change in angler welfare (net willingness-to-pay, WTP) relative to the unregulated and 

unstocked case, per capita costs of stocked fish surviving to a vulnerable size (their third birthday), and net 

economic benefit, were evaluated. Latent fishing pressure was moderate (5 licenses ha-1). Very close contour lines 

indicate rapid changes in the performance measure. Model conditions were identical to those of used to produce 

Figure 2, with the exception that density-dependent mortality of age-2 and older fish was absent. 
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Figure S7. The effect of stocking pike and carp fry, fingerlings and adults at densities that represent annual stocking 

expenditures of 0, 5, and 100 € ha-1 (Table 2, scenario 2). For pike, these expenditures corresponded to densities of 

0, 159 and 3174 fry ha-1 (2 cm), 0, 3 and 58 fingerlings ha-1 (20 cm), and 0, 1 and 24 adults ha-1 (age-2), 

respectively, and for carp to densities of 0, 98 and 1967 fry ha-1 (4 cm), 0, 8 and 155 fingerlings ha-1 (15 cm) and 0, 

1 and 23 adults ha-1 (40 cm), respectively. Effects of stocking and MLLs on total fish density, density of vulnerable 

fish (age-2 and older fish at year end), catch rates, change in angler welfare (net willingness-to-pay, WTP) relative 

to the status quo, per capita costs of stocked fish surviving to a fully vulnerable size (their third birthday), and net 

economic benefit, were evaluated under low and high latent fishing pressure (1 and 10 licenses ha-1, respectively). 

The grey areas indicate situations where the benefit to anglers was not greater than the status quo (no stocking and 

no MLL), or where there was no positive net economic benefit. Model conditions were identical to those of used to 

produce Figure 4, with the exception that density-dependent mortality of age-2 and older fish was absent. 
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Figure S8. The sensitivity of pike model outcomes to changes in model assumptions, under annual stocking 

expenditures of 0, 5, and 100 € ha-1, and moderate latent fishing pressure, 5 licenses ha-1 (Table 2, scenarios 3 and 

4). For pike, these expenditures corresponded to densities of 0, 159 and 3174 fry ha-1 (2 cm), 0, 3 and 58 fingerlings 

ha-1 (20 cm), and 0, 1 and 24 adults ha-1 (age-2), respectively. The left column represents the unmodified, base 

model (Table 2, scenario 1). The second and third columns represent lower stock productivity ( / 2α , Table 2 

scenario 3A) and lower habitat capacity resulting in stronger density-dependence ( 2 β⋅ , Table 2 scenario 3B), 

respectively. The fourth and fifth columns represent the reduced fitness scenario (relative survival of stocked age-0 

fish was 50%, of stocked adults was 90%, and relative reproductive success was 56% compared to wild fish), with 

zero heritability (Table 2 scenario 4A), and 100% heritability (Table 2 scenario 4B). The grey areas indicate 

situations where the benefit to anglers was not greater than the status quo (no stocking and no MLL), or where there 

was no positive net economic benefit. Model conditions were identical to those of used to produce Figure 5, with the 

exception that density-dependent mortality of age-2 and older fish was absent. 
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