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Life history  

• Stock assessment needs of information on stocks 

and fisheries, and when we deal with 

elasmobranch species, often such information is 

lacking or is partial.  

• The approaches based on life history traits can be 

used for modelling population dynamics in 

elasmobranchs (Hoenig and Gruber, 1990; Cortés, 

1998, 2002; Smith et al, 1998; Simpfendorfer, 

1999; Mollet and Cailliet, 2002).  
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• A demographic analysis (Leslie matrix) that rely 

primarily on life history parameters was used for 

the definition of the status of the stock regarding 

its capacity of self-renewal  

• Leslie matrices are based on the Euler-Lotka 

equation, and needs of the definition of the 

survival at age, fecundity at age (female pups per 

female), age at maturity, and maximum 

reproductive age.  

The basic equation is the Euler-Lotka : 

 

 

 

where lt is the proportion of animals surviving to the 

beginning of a given age class, mt the age specific 

natality,  w is the maximum reproductive age, 

t=age and r is the intrinsic population growth rate  
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Life tables and Leslie matrices 

• It allows estimating the finite or annual rate of 
change from the estimated values of r. 

• the offspring number of an individual female 
belonging to a certain age 

• the  mean generation length ( the average time that 
occur between the birth of a parent and the birth of 
their offspring): 

• And other estimates as the time needed for the 
unexploited population for doubling its size and 
the stable proportion of each age Pt in the total 
demographic distribution of the population 

• It is also possible to estimate the intrinsic capacity 
for increase despite of the particular condition of 
the environment rm  

Information needed 

• Fecundity at age 

• Survival rates at age 

• lifespan 
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Fecundity at age  

Surviving 

fractions by age  

Raja asterias 

Stock assessment: Raja asterias 

proportion Female Reproductive

Age (t) surviving pups rate M= 0.561

(lt) (mt) (lt+1mt) lt+1mtt e
-rt

lt+1mte
-rt r= 0.2381

0 1 0 0 0 1 0 1 0.284109

1 0.570638 0 0 0 0.78813617 0 0.724 0.205705

2 0.325628 0 0 0 0.62115862 0 0.5242 0.148938

3 0.185816 0 0 0 0.48955758 0 0.3796 VERIFICARE 0.107836

4 0.106034 17 1.02861511 4.11446044 0.38583803 0.39687883 0.2748 0.078077

5 0.060507 27 0.914977991 4.57488996 0.30409291 0.27823832 0.199 stable age 0.05653

6 0.034527 34 0.662010453 3.97206272 0.23966662 0.15866181 0.1441 distrib of pop 0.04093

7 0.019703 39 0.435108262 3.04575784 0.18888993 0.08218757 0.1043 (prop. of inds 0.029635

8 0.011243 46 0.295124315 2.36099452 0.14887099 0.04393545 0.0755 in each age 0.021457

9 0.006416 50 0.183053468 1.64748121 0.11733061 0.02147778 0.0547 class Cx) 0.015535

10 0.003661 55 0.201358815 2.01358815 0.0924725 0.01862015 0.0396 3.519774847 0.011248

prod.pups 3.720248415 21.7292348 1.00 sommatory

23.53333 R0 5.84080212 0.22493322 MUST BE =1

media Net Reprod.rate G rm 2.91135068

Generation tx2

lenght

Life history table 
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Contour plots 

constructed displaying 

the values of r 

corresponding to 

different combinations 

of tc and F.  

Contours of yield per 

recruit 

Raja asterias 

Leslie matrices 

• In alternative to life tables, but obtaining 

almost identical results, age-structured 

matrix models as the Leslie matrices, are 

now frequently used in the assessment of 

shark populations. (i.e. Hoenig and 

Gruber,1990).  
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Data:fecundity and survivals at age 

0 0 0 16 26 34 40 46 50 54 54

0.74 0 0 0 0 0 0 0 0 0 0

0 0.55 0 0 0 0 0 0 0 0 0

0 0 0.41 0 0 0 0 0 0 0 0

0 0 0 0.30 0 0 0 0 0 0 0

0 0 0 0 0.22 0 0 0 0 0 0

0 0 0 0 0 0.17 0 0 0 0 0

0 0 0 0 0 0 0.12 0 0 0 0

0 0 0 0 0 0 0 0.09 0 0 0

0 0 0 0 0 0 0 0 0.07 0 0

0 0 0 0 0 0 0 0 0 0.05 0

 

• The Leslie Matrix can be  adapted to include 

information on fishing mortality at specific 

ages, or changes in the reproductive schedule 

• In order to assess how much influence the 

changes in the used estimates of the vital rates 

fecundity at age and mortality rates have on 

the population growth rate, the software 

allows the performance of sensitivity analyses   
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• sensitivity analysis is here reported as the elasticity, 

which is the proportional (relative) change of 

sensitivity. 

• This choice facilitates the comparisons related to the 

consequences (impact on the estimates of population 

growth rate) of small changes in fecundity and on the 

mortality rates, which are obviously expressed in 

different absolute scales   

• Elasticity analysis allows defining the 

management choices  likely to produce more  

benefits to the stock, by estimating how much 

vulnerable is the species to changes in the 

survival of the juveniles (or for the adults) 

depending on the characteristics of the species 

in question (small or large, slow or fast-

growing, long or short-lived species).  
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• The matrices were analyzed using Poptools, 

which is a versatile add-in for PC versions 

of Microsoft Excel that facilitates the 

analysis of matrix population models and 

simulation of stochastic processes. 

(http://www.cse.csiro.au/poptools/) 

species 

• The studied species are two rays Raja 

asterias and Raja clavata, and two catsharks 

Scyliorhinus canicula and Galeus 

melastomus  

• Which are the fisheries where the species 

are involved? 

http://www.cse.csiro.au/poptools/
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Raja asterias 

biological parameters 

Fem Mal

VonBertalanffy VonBertalanffy

Serena and Abella, 1999; Serena and Abella, 1999;

76 72,5

0,41 0,42

0 0

0,00192 0,00577

3,3216 3,0124

0,5 0,5

0,3 0,3

K (growth)

t0 (growth)

length-weight 

relationshipa (length-weight)

b (length-weight)

Sex

Growth model

Data source

L?  (growth)

sex ratio

M

Raja asterias 

fecundity at age 
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Raja clavata 

 

Galeus melastomus 
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Scyliorhinus canicula 
Sex Fem Mal

L?  (growth)
75,1 87,4

K (growth) 0,15 0,118

-0,96 -1,09

Data source Fishbase

0,004 0,004

3,01 3,01

0,5 0,5

0,26 0,26

sex ratio

M

t0 (growth)

length-weight 

relationshipa (length-weight)

b (length-weight)

Estimates of M 

• Use of all the information available, use of 

several empirical methods and literature 
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Estimates of fishing mortality  

• For Raja asterias, a Length Converted 

Catch Curve was performed with 

commercial catch collected in the Viareggio 

Port. An estimate of Z=0.79 was obtained, 

that corresponds to a fishing mortality rate 

of  F=0.49 assuming M=0.3  

Estimates of fishing mortality  

• For the other species, total mortality was 

estimated with the Gedamke & Hoenig 

method. For Raja clavata  F was estimated 

as 0.23 for the most recent years. In the case 

of Galeus melastomus, with the same 

method, the value of F for the last years was 

0.37 and for Scyliorhinus canicula the 

estimate of Fcurr was of 0.33.  
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Gedamke & Hoenig method 

• In this approach, the transitional behavior of 

the mean length statistic is derived for use 

in nonequilibrium conditions.  

Raja asterias Y/R 
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Raja asterias Y/R 

Raja asterias Y/R    the current F=0.49 is much higher than the F0.1 

estimated to be 0.2 and considered as a proxy of FMSY  and also to 

Fmax(0.29) and the F40%MSP(0.186).  
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Raja clavata Y/R 

 

Raja clavata Y/R 
 the current F=0.23 is much higher than the F0.1 estimated to be 0.076 and 

considered as a proxy of FMSY  and also to Fmax(0.104) and the 

F40%MSP(0.08).  
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Galeus melastomus Y/R 

Galeus melastomus Y/R, the current fishing 

mortality rate F=0.37 is much higher than the F0.1 estimated to be 0.11 

and considered as a proxy of FMSY  and also to Fmax(0.15) and the 

F40%MSP(0.09). 
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Scyliorhinus canicula Y/R 

 

Scyliorhinus canicula Y/R  the current F=0.33 

is much higher than the F0.1 estimated to be 0.13 and considered as a 

proxy of FMSY  and also to Fmax(0.18) and the F40%MSP(0.14).  
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RESULTS OF DEMOGRAPHIC ANALYSIS 

• Raja asterias  replacement at different 

levels of F and elasticity analysis 

RESULTS OF DEMOGRAPHIC ANALYSIS 

• Raja clavata replacement at different levels 

of F and elasticity analysis 
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RESULTS OF DEMOGRAPHIC ANALYSIS 

• Galeus melastomus replacement at different 

levels of F and elasticity analysis 

RESULTS OF DEMOGRAPHIC ANALYSIS 

• Scyliorhinus canicula replacement at 

different levels of F and elasticity analysis 
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• Raja asterias 

The results of the demographic analysis suggest that 

the level of F (Fcurr=0.49) with the current 

exploitation pattern (tc<1) do not guarantee 

sustainability for the stock. A fishing mortality of 

about 0.2 can be considered the limit in order to 

guarantee the self-renewal fishing with the current 

pattern (Lc=<1yr). 

R.asterias 

• The higher values are found in the survival-at-age 
cells, suggesting that is in the first ages where 
smallest changes in vital rates are likely to 
produce biggest changes in the population growth 
rate. For this species the analysis suggests that 
management measures aimed at protecting 
juveniles (e.g., mesh size increase, nursery area 
closures) should provide greater benefits to the 
population than a strategy aimed at protecting 
adults  
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• Raja clavata. The results of the 
demographic analysis suggest that the level 
of F (Fcurr=0.23) with the current 
exploitation pattern (tc<1) do not guarantee 
sustainability for the stock. A fishing 
mortality of about 0.05 can be considered 
the limit in order to guarantee the self-
renewal fishing with the current pattern 
(Lc=<1yr). 

R.clavata 

• The higher values are found in the survival-at-age 

cells, suggesting that is in the first ages where 

smallest changes in vital rates are likely to 

produce biggest changes in the population growth 

rate. For this species the analysis suggests that 

management measures aimed at protecting 

juveniles should provide greater benefits to the 

population than a strategy aimed at protecting 

adults. 
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• Galeus melastomus 

• The demographic analysis show that the current 

level of F (Fcurr=0.37) combined with the current 

exploitation pattern (tc<1) do not guarantee 

sustainability for the stock. A fishing mortality of 

about 0.06 is considered the limit in order to 

guarantee the self-renewal if fishing with the 

current pattern (Lc=<1yr). 

G.melastomus 

• The higher values are found in the survival-at-age 

cells, suggesting that is in the first ages where 

smallest changes in vital rates are likely to 

produce biggest changes in the population growth 

rate. For this species the analysis suggests that 

management measures aimed at protecting 

juveniles should provide greater benefits to the 

population than a strategy aimed at protecting 

adults.  
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• Scyliorhinus canicula 

• The results of the demographic analysis suggest 

that the level of F (Fcurr=0.33) with the current 

exploitation pattern (tc<1) do not guarantee 

sustainability for the stock. A fishing mortality of 

about 0.25 can be considered the limit in order to 

guarantee the self-renewal fishing with the current 

pattern (Lc=<1yr). 

S.canicula 

• The higher values are found in the survival-at-age 
cells, suggesting that is in the first ages where 
smallest changes in vital rates are likely to 
produce biggest changes in the population growth 
rate. For this species the analysis suggests that 
management measures aimed at protecting 
juveniles (e.g., mesh size increase, nursery area 
closures) should provide greater benefits to the 
population than a strategy aimed at protecting 
adults.  
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Conclusions 
 

• The used approach allowed to modify the Leslie 
Matrix in order to include information on fishing 
mortality at specific ages, or simulate changes in 
the reproductive schedule.  

• This was very useful for assessing whether the 
current levels of F of all the species combined 
with the current exploitation pattern are able to 
guarantee sustainability for the stocks.  

Conclusions 
• Elasticity allowed identifying the ages at which smallest 

changes in vital rates can produce biggest changes in the 
population growth rate 

• elasticity analyses suggest for all the species that is in the 
first ages where smallest changes in vital rates are likely to 
produce biggest changes in the population growth rate  

• Y/R analyses also show the relatively high current F values 
for all the stocks related to the RP F0.1 and suggest that a 
drastic reduction of  F should be necessary in order to 
drive the stocks to more productive and sustainable status.  

F0.1 Frep Fcurr

R.asterias 0.2 0.2 0.49

R.clavata 0.08 0.05 0.23

G.melastomus 0.11 0.06 0.37

S.canicula 0.13 0.25 0.33


