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Appendix S3. Calculating reproductive value.  

 We let 𝑆 𝑎  denote survival to age a,  denote fecundity at age a, determined by 

size at age and the allometry between size and fecundity,  the number of individuals of 

age a in the steady state population, and  the probability that an individual of age a is 

sexually mature.   

At the steady state, the growth rate of the population is 0, so that reproductive value as 

defined by Fisher (1930) is  

                                                 (S3.1)
 

This is the expected current and future contribution of offspring of an individual who is alive at 

age a.  This metric is a bit misleading since it presumes that the individual is alive at age a, 

which may happen with vanishingly small probability (Hamilton 1996).  

As a more relevant metric for conservation, we consider the contribution of individuals of 

age a or older to the total egg production of the steady state population 

                                                  (S3.2)

 

𝑊 𝑎  is the relative contribution of each age to steady state population production. It allows us 

to compare the reproductive values of different ages, relative to the generation time. This 

definition is equivalent to the left eigenvector of an age-structured population matrix that has 

been scaled by juvenile reproductive value.  

Finally, we can calculate relative current fitness, or the contribution of individuals exactly 

of age a to the total egg production of the steady state population 

                                                 (S3.3)

 

In this form, the sum of relative fitness over all ages is equivalent to lifetime fitness, again scaled 

to 1.  

Each of these functions describes a different aspect of the relationship between 

expected female reproductive success and age. To illustrate this, in Fig. S3.1, we iterated the 

age structured model for the population dynamics of Atlantic Spiny Dogfish (Squalus acanthias) 
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populations using published estimates of life history parameters and vital rates (Marques da 

Silva and Ross 1993, Campana et al. 2006, Table S3.1) to show how 𝑉 𝑎 ,𝑊(𝑎), and 𝑤(𝑎) 

change with age (assuming fishing mortality F is zero). We used these same data to 

parameterize our age- and size-structured population dynamics model (described in 

Supplement 2). All individuals “recruited” to our population model at a minimum size LR. We 

adjusted the recruitment function parameters so that the population reached a steady state 

(without fishing) (Fig. S3.2, bottom left panel).  

For Box 2, we repeated this process for several species with age-specific life history 

data available (Figs. S3.3-S3.5; Table S3.1). Box 2 shows the relationship between life history 

traits and the relative fitness of each age class in the steady state population (using Eq. S3.3).  

 

Table S3.1. Data used to calculate relative fitness of each age in Box 2.  
Species Amax amat M(a) L∞ k ω c α β Reference 

North Atlantic 
Spiny Dogfish 

(Squalus 
acanthias) 

29 13 

 
A0: 0.14 

A1-5: 0.06 
A6+: 0.04 

  

125 0.09 0.3 0.0004 0.74 8 ×10-8 

Marques da 
Silva and 

Ross 1993; 
Campana 
et al. 2006 

 
Winter Skate 
(Leucoraja 
ocellata) 

 

20 13 
0.22 

(age-specific 
estimates 

unavailable)  
111 0.05 0.1 0.02 0.08 1 ×10-10 Frisk 2010 

North Pacific 
Bluefin Tuna 

(Thunnus 
orientalis) 

17 5 

 
A0: 1.6 

A1: 0.46 
A2: 0.27 
A3: 0.20 

A4+: s0.12 
 

320 0.1 0.3 10 0.004 1 ×10-10 

Mangel et 
al. 2010; 

Anonymous 
2008 

Yelllowfin 
Tuna 

(T. albacares) 
14 3.5 

 

A0: 6.1 
A1: 1.5 

A2: 0.68 
A3: 0.44 
A4: 0.69 
A5+: 1.5 

180 0.4 0.3 10 0.002 1 ×10-10 

Hampton 
2000; Juan-
Jordá et al. 

2013 
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	Figure Captions  

 Fig. S3.1. In (a) we plot 𝑉 𝑎  over age using Eq. S3.1 and estimates of age-specific 

mortality, maturity and length. We made some necessary simplifying assumptions about the 

relationship between fecundity and age. In (b) and (c) we used Eqs. S3.2 and S3.3 to calculate 

and plot the reproductive value 𝑊 𝑎  and relative fitness 𝑤(𝑎) of a female in the steady state 

population.  

	

	



Figure	
  S3.1:	
  The	
  rela1onship	
  between	
  age	
  and	
  different	
  metrics	
  
of	
  reproduc1ve	
  value	
  and	
  fitness	
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Figure	
  S3.2:	
  N.	
  Atlan1c	
  Spiny	
  Dogfish	
  (Squalus	
  acanthias)	
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Figure	
  S3.3:	
  Winter	
  Skate	
  (Leucoraja	
  ocellata)	
  
	
  	
  



Figure	
  S3.4:	
  North	
  Pacific	
  Bluefin	
  Tuna	
  (Thunnus	
  orientalis)	
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Figure	
  S3.5:	
  Yellowfin	
  Tuna	
  (Thunnus	
  albacares)	
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