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1 Objective 
The demographic model was developed specifically for the assessment of the Camargue eel 
stock. However, its general formulation makes it suitable to describe the demography of other 
eel populations, provided that a sufficient number of data are available for parameter 
calibration. 
The model covers the whole continental phase of European eel’s life cycle, from the 
recruitment at the glass eel stage until the escapement of silver eels migrating to oceanic 
spawning grounds. It defines the eel stock and the harvest structured by age, length, sex and 
maturation stage (yellow or silver) on an annual basis.  

2 Conceptual description 
The model takes specifically into account: 

- recruitment variability from year to year, 

- density dependent survival of glass eels, 

- distinct growth paths for undifferentiated, male and female eels, (Melià et al., 2006a; 
Melià et al., 2006b) 

- sex and length dependent sexual maturation, (Bevacqua et al., 2006)   

- natural mortality 

- fishing mortality dependent on fishing target (glass, yellow or silver eels), fishing effort 
(i.e. nets per days) and gear selectivity. 

 The model needs to be assessed on recruitment indicators and catch data lasting at least a time 
period 2-3 years longer than the supposed female continental span (i.e. 9 years for the 
Camargue lagoons where life span is maximum 6 years). Once it’s been assessed the model 
can be used to simulate future scenarios according to future supposed recruitment, fishing 
effort and natural conditions. 
The model contains two sub-models regarding maturation and growth. These sub-models 
should be assessed on data concerning length-age-sex (growth model) and length-month of 
capture-maturation stage-sex (maturation model). When those data are not available the 
growth and maturation parameters calibrated in Camargue lagoons can be adjusted for 
different population just knowing average age and length of mature eels of these populations. 
Even if specifically developed for the Camargue lagoons the model is likely to provide general 
management information (a kind of “what happens if”) that  could be applied to similar 
ecosystems.   
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3 Publications 
Melià et al., 2006a; Melià et al., 2006b; Bevacqua et al., 2006 

4 Detailed description  

4.1  The model 
The model presented here is an extension of De Leo and Gatto’s (1995) model. We divide the 
eel population into five classes by sexual maturation and by sex. We introduce five population 
variables ni(x,l,t) which are the joint probability densities for an eel of class i (i.e. 
undifferentiated, yellow males, yellow females, silver males or silver females) to have length l 
at age x and time t. The length structure of a cohort evolves in time, driven by body growth, 
survival, sexual differentiation and maturation. Eel recruitment is considered to take place 
instantaneously once per year. Age zero is set conventionally at the age at which glass eels 
become pigmented and metamorphose to elvers. The total number Ni(t) of eels of class i 
present in the lagoon at time t can be calculated by summing up the abundances of each 
cohort. and similarly the model permits to calcolate the total catch (in numbers) at time t. 
Using the growth model and the allometric relationships between total length and body mass 
proposed by Melià et al. (2006a) for the Camargue population the model estimates the length 
structure of the catch, the overall biomass of eels of class i present in the lagoon and the total 
catch (in biomass) at time t.  

4.2 Recruitment 
We assume that the number E of eels surviving from glass eel until metamorphosis to the elver 
stage is linked to glass eel’s recruitment by a Beverton-Holt survival function. As glass eel 
recruitment is not directly known, E can be estimated from glass eel’s CPUE or any other 
recruitment index.  

4.3 Body growth and sex differentiation 
Eel growth is characterized by clear sexual dimorphism and high inter-individual variability 
(Vøllestad 1992, Panfili et al. 1994, De Leo and Gatto 1995). Sex determination is metagamic, 
and is influenced by environmental factors and population density (Melià et.al, 2006a). Also, 
sex differentiation is delayed in time and likely triggered by reaching a certain body size rather 
than age (Bieniarz et al., 1981; Colombo et al., 1984). We explicitly account for all these 
peculiar features by using a stochastic version of the model proposed by Melià et al. (2006a). 
In its deterministic form, this is a modified von Bertalanffy (1957) model, in which three 
distinct growth curves are used for undifferentiated individuals, males and females. The model 
(see Melià et al. 2006a for details) has eight parameters: six classical von Bertalanffy growth 
parameters – L0 (length at age zero, i.e., at metamorphosis from glass eel to elver), kU, kF, and 
kM (Brody coefficients for undifferentiated, females and males), L∞F and L∞M (asymptotic 
mean lengths of females and males) –  and two additional parameters for sex differentiation, 
namely L* (length at sex differentiation) and age x* (age at sex differentiation).  

4.4 Sexual maturation 
Sexual maturation of eels, like sexual differentiation, depends upon body size rather than age, 
with fast-growing individuals maturing earlier than slower ones. Also, length at 
metamorphosis differs between sexes. To describe the maturation process, we link the fraction 
of metamorphosing eels to body length through a sigmoid curve (Bevacqua et al., 2006). 
Mature eels surviving natural and fishing mortality are considered to leave the continent at the 
end of the year. 
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4.5 Natural mortality 
Experimental information about natural mortality of the European eel is up to now very 
scarce, and at present we do not know if eel survivorship is more strongly linked to eel age 
rather than body size, nor if females and males are subject to different mortality rates, nor 
even if individual survivorship is influenced by population abundance along the whole life 
span of an eel. For this reason, previous demographic models have been based on a priori 
assumptions such as age-dependent mortality (De Leo and Gatto, 1995) or constant mortality 
rate (see, e.g., Dekker 2000). Here we hypothesize that density dependence acts only in the 
early life stages (as described in the section about recruitment), and that yellow and silver 
eels’ survivorship is constant, using the same approach  proposed by Dekker (2000). 

4.6 Fishing mortality 
Commercial fishing can affect separately glass, yellow and silver eels.  We assume yellow eel 
catches to be proportional, through a catchability coefficient q, to the fishing effort E 
(measured as the number of nets multiplied by the fishing time) and the population size. No 
device saturation is considered, supposing  nets are regularly emptied by fishermen. The 
effectiveness of nets depends upon eel size l and can be represented by means of a selectivity 
curve ϕ(l). To evaluate the selectivity of the fyke nets, we use the method proposed by De Leo 
and Gatto (1995), moreover the selectivity model permits to consider the existence of 
minimum landing sizes. 
The fraction of eels harvested by fishermen is given by 
h(l,t) = 1 – exp (-q E(t) ϕ (l))                                                                                                    (1) 
Similarly we simulate the effects of glass and silver eel fisheries but in these case we assume a 
selectivity equal to one.  
Note that if we know, for a certain length class, the annual fraction of eels harvested by 
fishermen we do not need to calibrate q neither to know E nor ϕ(l). 

5 Data requirements 
The calibration of the model requires the following data to be available: 

- glass eel recruitment, cpue, or any other indicator of annual glass eel recruitment (over a 
period of at least 7-10 years, or more for northern European regions) 

- annual fishing effort (i.e. total number of nets per year), covering the same period as for 
glass eel recruitment 

- mesh size and/or minimum landing size  

- annual harvest data (in biomass), possibly disaggregated by sex, (covering at least the last 
2-3 years for which recruitment and fishing effort are known) 

- annual length structure of the catch (number of eels by length class), possibly 
disaggregated by sex (covering the same period as for harvest data) 

Data required to calibrate growth curves: 

- at least 100 age-length-sex data covering the whole age and length span of the 
population, plus at least 100 length-sex data of eels between 200-400 mm to estimate sex 
ratio at sex differentiation 

Data required to calibrate maturation curves: 

- at least 100 length-sex-month-maturation stage data covering the whole length span of 
the population and the whole maturation period (autumn-winter) 
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6 Computer implementation 
The model has been implemented in MatLab®, The MathWorks Inc. 

7 Output 
The model allows simulating the dynamics of stock and harvest with an annual time step, 
providing data about: 

- number of individuals by length, sex, maturation stage and age class; 

- total biomass by sex, maturation stage and age class. 

Therefore, it can be used to assess, for example, the density of eels in a given class, the 
fraction of silver eels which manage to escape fishing and migrate towards the ocean, the 
impact of fishing on the different length/maturation classes. It can also be used to simulate the 
impact of different fishing policies (by changing fishing effort, mesh size, etc.) or the effect of 
a progressive recruitment decline. 

8 Applications 
The demographic model is a useful tool for assessing both the standing eel stock and the 
landings, thus providing a deeper insight on the status of the local stock and the impact of 
fishing on its dynamics. In fact the model allows us to reconstruct the past dynamics of the 
stock and to foresee the futures ones under different management scenarios. 
Moreover, the model allows us to estimate not only the biomass (standing and captured) but 
also its length-sex and maturation stage distribution. This information is crucial for both 
economical and biological reasons. In fact, a 500 grams eel has not the same value (both 
biologically and economically) as two 250 grams eels.  
The model is also a powerful tool to evaluate  the effect of alternative management scenarios 
on the standing stock, the catch and the silver eel escapement. Therefore, the model can be 
used to explore the demographic consequences of: different levels of harvesting effort 
(separately for glass, yellow and silver eels), the introduction of a minimum landing size, the 
temporary or permanent banning of fisheries activities, the introduction of catches quota, the 
presence/absence of obstacles to downstream/upstream migration, different mesh sizes and 
increasing levels of catchability due to technical improvements. The model allows us to 
explore the population dynamics under different hypothesis regarding vital rates and  
demographic processes, such as recruitment, body growth, maturation length, natural mortality 
and carrying capacity of the system.  Finally, the model is notably suited to assess both the 
current and the pristine spawning stock simulating population dynamics using historical 
fishing efforts and recruitments (for the current state) and in absence of any fishing activities 
and with pre-collapse recruitment levels (for the pristine state). Furthermore the model allows 
for the assessment of the fishing effort and/or of the recruitment that could guarantee a 
sustainable spawning stock (40% of the pristine one).  

8.1 Application to Lake IJsselmeer data 

8.1.1 Simulation horizon 
The model was run for the period from 1938 until 2038 

8.1.2 Recruitment 
The number of elvers entering the system has been estimated from observed glass eel’s CPUE 
from 1938 until 2005. From 2006 we used the average CPUE of the last 4 years observed.  

8.1.3 Sex ratio 
We used a fixed sex ratio at differentiation equal to 1:1 
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8.1.4 Growth curves 
Due to the lack of data to calibrate ex novo growth curves as described in Melià et al.(2006) 
we used observed data on silver eels to fit the growth curves, calibrated by Melià et al.(2006) 
for the Camargue lagoons, on IJsselmeer system. Observed data suggested us to use different 
growth parameters for before and after 1970. The growth curves effectively used since 1970 
for IJsselmeer are the ones in Figure 1.1 

 

Figure 8-1 Growth curves for undifferentiated, males (lower line) and females (upper line) since 
1970. See Melià et al. (2006a) for details. IJsselmeer case  

8.1.5 Maturation curves 
We used observed data in IJsselmeer to calibrate maturation curves as described in Bevacqua 
et al. (2006). Observed data suggested us to use different maturation parameters for before and 
after 1970. The maturation curves effectively used since 1970 for IJsselmeer are the ones in 
Figure 1.2. 

 

Figure 8-1 Maturation curves for males (blue) and females (red) since 1970. IJsselmeer case  

8.1.6 Fisheries 
- glass eels: there is no glass eel fishery in IJsselmeer   
- yellow eels: following the suggestion of the data provider, from 1938 until 2005, we used 

an annual fishing mortality rate equal to 1×ϕ(l) where ϕ(l) is the selectivity estimated for 
an 18 mm mesh size net.  

- silver eels: following the suggestion of the data provider, from 1938 until 2005, we used 
an annual mortality rate equal to 0.7. 
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8.1.7 Natural mortality  
We used an annual constant natural mortality rate equal to 0.01 from 1938 until 1950 then we 
estimated the time variation of the natural mortality rate (from 0.01 to a maximum level of 
0.54).   

8.1.8 Main results 
The unknown parameters of the model have been calibrated to fit annual observed yellow and 
silver eel catches (see Figure 8-2 for fitting on yellow catches) with estimated ones.  

 

 

Figure 8-3 Observed (blue) and predicted (red) annual yellow catches. IJsselmeer case  

Figure 8-3 shows the estimated spawning stock biomass distinguishing male and female 
contributions. 

 

Figure 8-4 Predicted spawning stock biomass constituted by males (blue) and females (red). 
IJsselmeer case 

Figure 8-4 shows the estimated actual spawning stock, the unexploited estimated spawning 
stock and since 2006 the estimated spawning stock under different recruitment and 
management scenarios. 
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Figure 8-5 Predicted spawning stock (males plus females) under different recruitment and 
management scenarios. IJsselmeer case 

8.1.9 Peculiarities of the IJsselmeer study case 
The study case is characterised by important fluctuations in the biological parameters 
regarding growth (and consequently all the length dependent processes) and natural mortality. 
Since 1970 maturation length seems to be increasing (possibly due to lower densities).  
Unfortunately this fact, together with overexploitation of yellow eels (every year more than 
60% of yellow stock is fished), makes maturation more difficult (especially for females) 
because eels need more years to attain an increased maturation size and during this time period 
they have a very high probability of being  fished. Most of the spawning stock biomass is 
made up of males (Figure 1.4), in spite of being smaller than females, because the yellow male 
fishery is limited by net selectivity and by a shorter male residence period in the lake. For the 
same reason most of the yellow harvest is composed of females.     

8.2 Application to Lough Neagh data 

8.2.1 Simulation horizon 
The model was run for the period from 1931 until 2031 

8.2.2 Recruitment 
The number of elvers entering the system has been estimated from recorded elver stocking 
(Rosell et al., 2005); since 2006 we supposed a recruitment equal to the average of the last five 
years. Following a suggestion from the data provider, from 1936 to 1968, we supposed an 
additional natural recruitment equal to the stocked one; from 1969 to 1984 this natural 
recruitment linearly dropped to zero. The model calibrates different juvenile survival of elvers 
with different origin (natural recruitment, stocking of local elvers, stocking of imported 
elvers).  

8.2.3 Sex ratio 
We had data regarding the annual sex ratio of silver eel. We back calculated, taking average 
fishery and natural mortality by literature, the sex ratio at differentiation time needed to obtain 
the observed sex ratio at escaping time; then we calibrated a linear relationship between sex 
ratio at differentiation time and estimated recruitment of 17 years before (17 is the average 
time eels need to get mature). The estimation of the relationship between sex ratio and 
previous recruitment density still presents some obscure points but at least permitted us to 
consider, even with a simple approach, this important phenomenon that has such 
consequences on eel population dynamics.  
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8.2.4 Growth curves 
Due to the lack of data we could not calibrate, ex novo, growth curves as described in Melià et 
al.(2006a). We used observed data on silver eels to adjust the growth curves, calibrated by 
Melià et al.(2006) for the Camargue lagoons, for Lough Neagh system. The growth curves 
effectively used for Lough Neagh are the ones in Figure 8-6 

 

Figure 8-6 Growth curves for undifferentiated, males (lower line) and females (upper line) since 
1970. See Melià et al. (2006a) for details. Lough Neagh case.  

8.2.5 Maturation curves 
We used observed data in Lough Neagh to adjust the maturation curves described in Bevacqua 
et al. (2006) to Lough Neagh data. The maturation curves effectively used for Lough Neagh 
are the ones in figure 1-7  

 

Figure 8-7 Maturation curves for males (blue) and females (red). Lough Neagh case. 
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8.2.6 Fisheries 
- glass eels: there is no glass eel fishery in Lough Neagh   
- yellow eels: knowing the annual fishing effort, the minimum landing size and estimating a 

catchability factor we calibrated an annual mortality rate due to yellow eel fishery.  
- silver eels: we used the annual mortality rate for silver eels suggested in Rosell et al., 

2005. Consequently every year about 30% of the silver stock is fished  

8.2.7 Natural mortality  
We used an annual constant natural mortality rate equal to 0.08 according to the fact that the 
cumulative rate on the maximum life span (30 years for Lough Neagh) had to be 2.52 as 
suggested by Dekker (2000).   

8.2.8 Main results 
The unknown parameters of the model have been calibrated to fit annual observed yellow and 
silver eel catches (Figure 8-8 for yellow catches) with estimated ones.  

 

Figure 8-8 Observed (blue) and predicted (red) annual yellow catches. Lough Neagh case.  

Figure 8-9 shows the estimated spawning stock biomass distinguishing male and female 
contributions. 

 

Figure 8-9 Predicted spawning stock biomass constituted by males (blue) and females (red) 
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It’s interesting to note that, while the total recruitment decrease, the proportion of females 
increases so that after 2000 most of the spawning stock is constituted by females.  
Figure 8-10 shows the estimated actual spawning stock, the unexploited estimated spawning 
stock and since 2006 the estimated spawning stock under different recruitment and 
management scenarios. 

 

 

 
 

 

Figure 8-10 Predicted spawning stock (males plus females) under different recruitment and 
management scenarios. Lough Neagh case. 

Figure 1.10 clearly shows that the actual spawning stock (black line) corresponds to about 
10% of the one we could have with the same historical recruitment but without historical 
fishing (blue line). Moreover the simulations show that the real cause of this 90% loss of 
spawning stock was not the silver fishery but the yellow one; in fact, when we propose to 
close the silver fishery (yellow line) just a small increase in the spawning stock is achieved 
above the release of silver eel. This is due to the fact that silver fishery affects the cohort just 
when the individuals are mature whilst the mortality due to yellow fishery affects the cohort 
for the entire life span except the first years in which the eels did non reach the landing size 
yet.  Another interesting result is that if we propose to ban fishery activities we need about 17 
years to see the full consequence, due to the life span of eels in Lough Neagh 

8.2.9 Peculiarities of the L. Neagh study case 
The study case was interesting because there are three different kinds of recruitment: natural, 
local restocking and imported restocking. The calibration of the juvenile mortality rates 
corresponding to the first weeks in the system show that imported elvers are more susceptible 
than local ones (maybe  due to the transport stress or to different environmental conditions).  
Moreover, naturally recruited ones appeared to be even more susceptible but this last result, 
while difficult to explain, may be an indication that when we supposed a natural recruitment 
equal to the observed stocked one this was an overestimate and consequently we forced the 
model to increase their juvenile mortality, which may be incorrect.  Actually, the fact that 
natural recruited eels have higher mortality than stocked ones does not seem to have logical 
biological reason.     
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8.3 Application to Shannon data 

8.3.1 Simulation horizon 
The model was run for the period from 1951 until 2031 

8.3.2 Recruitment 
The number of elvers entering the system has been estimated by the data provider from 1959 
to 2005, before 1959 we used an average recruitment based on the data regarding the period 
1959-1964 whilst after 2005 we supposed a constant recruitment equal to the average of the 
period 1997-2005.  

8.3.3 Sex ratio 
We used a fixed sex ratio at differentiation equal to 1:1 

8.3.4 Growth curves 
We missed data to calibrate, ex novo, growth curves as described in Melià et al.(2006a). We 
used observed data on silver eels to fit the growth curves, calibrated by Melià et al.(2006a) for 
the Camargue lagoons, on Shannon system. The growth curves effectively used are the ones in 
Figure 8-51 

 

Figure 8-11 Growth curves for undifferentiated, males (lower line) and females (upper line) since 
1970. See Melià et al. (2006a) for details. Shannon case.  

8.3.5 Maturation curves 
We used observed data in Shannon to calibrate maturation curves as described in Bevacqua et 
al. (2006). The maturation curves effectively used since are the ones in Figure 1.12  
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Figure 8-16 Maturation curves for males (blue) and females (red). Shannon case. 

8.3.6 Fisheries 
- glass eels: glass eel fishery started in 1997 and the fraction of the stock harvested has 

been estimated by the data provider from 1997 to 2005. Since 2006 we supposed an 
average glass eel fishery effort based on previous observed data.   

- yellow eels: fishing official effort (number of using nets and hooks) is known only from 
1992. Before 1992 there was only illegal fishing that considerably affected the system 
dynamics. Calibrating the model we estimated the catchability of the two gears (net and 
hook) and the magnitude of illegal fishing before 1992, from 1992 the system has been 
better monitored and illegal fishing has been neglected.  

- silver eels: we used an annual mortality rate estimated by the data provider year by year.  

8.3.7 Natural mortality  
We used an annual constant natural mortality rate equal to 0.19 according to the fact that the 
cumulative rate on the maximum life span (13 years for Lough Neagh) had to be 2.52 as 
suggested by Dekker (2000).   
 

8.3.8 Main results 
The unknown parameters of the model have been calibrated to fit annual observed yellow and 
silver eel catches (Figure 8-17 for yellow catches) with estimated ones.  
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Figure 8-13 Observed (blue) and predicted (red) annual yellow catches. Shannon case.  

Figure 8-18 shows the estimated spawning stock biomass distinguishing male and female 
contributions. 

 

Figure 8-14 Predicted spawning stock biomass constituted by males (blue) and females (red). 
Shannon case. 

Figure 8-19 shows the estimated actual spawning stock, the unexploited estimated spawning 
stock and since 2006 the estimated spawning stock under different recruitment and 
management scenarios. 
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Figure 8-15 Predicted spawning stock (males plus females) under different recruitment and 
management scenarios. Shannon case. 

8.3.9 Peculiarities of the Shannon study case 
The calibration of the model permitted us to have a rough estimate of the magnitude of the   
illegal fishing occurring before 1992 (around 20 tons per year). We could not neglect this 
illegal fishing because it had clear consequences on the silver catches of the 90’s.  Actual 
spawning stock (Figure 1.15 black line) is about 10% of the one we had with out fishing 
activities (Figure 1.15 blue line). Anyway it’s interesting to note that the main problem is the 
declining recruitment, in fact if we suppose an historical recruitment from 2006, in a few years 
we could obtain about 600 tons of spawning stock (Figure 1.15 violet dotted line).   

8.4 Application to Burrishoole  

8.4.1 Simulation horizon 
The model was run for the period from 1931 until 2030 

8.4.2 Recruitment 
The lack of recruitment data for the Burrishoole system is one of the weakest point of the 
model We do not have any annual indication of recruitment except two estimates, one for 
1980 and the other in 1988, respectively 2.000.000 and 250.000 individuals.  We estimated 
recruitments from 1981 to 1987 supposing a linear drop from 1980 to 1888, from 1951 to 
1979 and from 1989 to 2030 we supposed two linear trends with unknown slopes (to be 
estimated).  

8.4.3 Sex ratio 
We had data regarding silver sex ratio year by year. We back calculated the sex ratio at 
differentiation time needed to obtain the observed sex ratio at escaping time. We calibrated a 
linear relationship between sex ratio at differentiation time and recruitment supposing that 
minimum recruitment is associated to the most skewed (in favour of females) sex ratio. The 
estimation of the relationship between sex ratio and previous recruitment density still presents 
some obscure points but at least it permitted us to consider, even if through a simple approach, 
this important phenomenon that has consequences on eel population dynamics.  
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8.4.4 Growth curves 
We had no data to calibrate, ex novo, growth curves as described in Melià et al.(2006a). We 
used observed data on silver eels to fit the growth curves, calibrated by Melià et al.(2006a) for 
the Camargue lagoons, on Burrishoole system. The growth curves effectively used are the 
ones in Figure 8-16 

 

Figure 8-16 Growth curves for undifferentiated, males (lower line) and females (upper line) since 
1970. See Melià et al. (2006a) for details. Burrishoole case.  

8.4.5 Maturation curves 
We used observed data in Burrishoole to calibrate maturation curves as described in Bevacqua 
et al. (2006). The maturation curves effectively used are the ones in figure 1.17  

 

Figure 8-17 Maturation curves for males (blue) and females (red) since 1970. Burrishoole case. 

8.4.6 Fisheries 
- glass eels: there is no glass eel fishery in Burrishoole 
- yellow eels: there is no yellow eel exploitation in Burrishoole  
- silver eels: there is no silver eel exploitation in Burrishoole. 
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8.4.7 Natural mortality  
Burrishoole is an unexploited system and permitted us to calibrate an annual natural mortality 
rate without taking it from literature.   

8.4.8 Main results 
The unknown parameters of the model have been calibrated to fit annual spawning stock 
estimated by field works (Figure 8-18) with the ones estimated by the model.  

 

Figure 8-18 Observed (blue) and predicted (red) annual spawning stock. Burrishoole case.  

The model is clearly underestimating the spawning stock output from about 2000 onwards, 
compared to the observed output.  This may be due to making an inaccurate assumption 
regarding the levels of recruitment, in fact the estimated spawning stock starts to decline in 
1996, 16 years later than the drop in the recruitment, consequent with the fact that eels need 
about 16 years to attain maturation size.  However, the 16 years to maturation may be too low 
for the Burrishoole population where the mean age for males is about 20 years and the females 
is about 30 years. 
. 
Figure 8-19 shows the estimated spawning stock biomass distinguishing male and female 
contributions. 

 

Figure 8-19 Predicted spawning stock biomass constituted by males (blue) and females (red) 
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The estimated recruitment is presented in Figure 1.20; note that the magnitude and the trend of 
the estimated recruitment depends on the two “observed” recruitment in 1980 and 1988 
 

 

Figure 8-20 Predicted recruitment for Burrishoole. 

8.4.9 Peculiarities of the Burrishoole study case 
The difficulty with the Burrishoole system was the lack of data on recruitment, a problem 
common to many catchments.  Moreover, the recruitment estimate for 1980 (2.000.000 
individuals) seems to be high when compared to the annual silver productivity of the system 
(about 600 kg). Maybe 1980 was year of high recruitment and drove us to overestimate all the 
past recruitments, or else the model over-estimate the productivity of the catchment which is 
relatively poor.  Over-estimation of recruitment can consequently cause over-estimation of 
juvenile mortality (juvenile estimated survival rate is about 0.0004) and adult natural mortality 
rate that resulted to be 0.36, much higher than the 0.14 usually used for adult eels (Dekker, 
2000).  
Regarding Burrishoole system it is interesting to note that silver sex ratio start prior to the 
80'sform a male dominated one to a higher ratio of females. Average silver age in 1988 was 29 
years (21.8 for males and 32.4 for females). If we assume that sex ratio depends on juvenile 
density (i.e. high recruitment causes low males percentage for that cohort) we are induced to 
think that recruitment started dropping about 20 years before the 80's or else there were other 
changes in the catchment (such as acidification, productivity) which are less well known. 
More accurate studies on dependence of sex ratio on density could help in estimating past 
recruitments. 
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Annex 1:  Pros and Cons of Demographic Camargue model 
 
This table has been filled in by Daniele Bevacqua against each item, giving Yes or No to 
whether the model uses data, and/or parameters (plus number of parameters used),  to model 
the processes. 
 
What is the 
question(s) that the 
model is designed to 
answer? 

Management needs to have sustainable use, and improve general 
knowledge of the biological cycle of the species. 

What are the main 
outputs from the 
model? 

Biomass and number of spawning stock by age, length, sex and 
maturation structure under different management scenarios, such as 
stocking, fishing regulations, some environmental conditions. To 
calibrate biological parameters, such as juv. mort., carrying 
capacity, fisheries impact (all types). 

What are the possible 
outputs from the 
model? 

Catches and standing stock of all stages structured by age, length, 
sex and maturation structure under different management scenarios, 
such as stocking, fishing regulations, some environmental 
conditions. 

Process Data 
driven 

Parameters 
(number) 

Comments 

Recruitment 

Y Y (2) 

Converting rec index to 
numbers, rec. data needed 
for a few years more than the 
life span 

Food, feeding N N  
Environmental 
parameters, 
temperature, pH, 
productivity 
habitat quality etc 

Y N 

Possible to adjust growth 
rate with temperature 

Growth  N Y (8) See above 
Sex differentiation N Y (2)  
Nat mort N Y (1)  
Fish mort Y Y (3) Effort input needed for a few 

years more than the life span 
Anthropogenic mort. 
(intakes, turbines etc N N Turbine mortality can easily 

be added 
Movement up 
Movement down 

N N  

Silvering N Y (6)  
Dens dep, growth  N N  
Dens dep, sex diff.  N Y  
Dens dep, mort. N Y Juvenile mort., para incl 

above 
Dens dep, movement N N  
Dens dep, maturation N N  
Territoriality N N  
Other processes N N  
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Data requirements Provide a brief account of 
needs and possibilities, and 

dependency 

comments 

Parameter number 
in model 

22  

Tuning data for 
calibration, 

up to 19, usually 3 parameters 
tuned by catch in biomass 
structured by sex and 
maturation stage (not by 
length) 

Catch needed for some years in the 
end of time series 

Data driven 
quantify, 

recruitment index and fishing 
effort 

 

 
Model type Yes or No, 

give uses in 
order of  

importance (1-
----4 etc) 

comment 

Conceptual model (no 
calculation) 

N  

Ad hoc calculations N  
General model Y 4  
Case specific  Y 2  
Case specific with tuning Y 1  
Alternative model structure Y 3 sex differentiation 
  
 
Model features  comment 
Parameter sensitivity, confidence 
intervals 

N possible 

Stochastic N  
Model validation (checking 
predictions against data not included 
in the) 

Y split time series if long 
enough 

Time dependent result Y  
Equilibrium  Y  
 
What resources are required for further  
model development 

 

data sex differentiation in small yellow eels, mark-
recapture on standing stock, estimates of 
spawning stock 

modelling calibrate also on length structure of catches of 
yellow and silver eels, sensitivity analyses on 
parameters and output, bootstrap input data 
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What are the main strengths of your model? 
All functions have biological meaning and are calibrated. 
 
What are the main weaknesses of your model?  
Natural mortality taken from literature (not calibrated), fixed sex ratio at differentiation when 
lacking data. 
 
 What is the distance (in 

type of model) between 
your model and others?  

 (1: closer to 5) 

Which model could be 
usefully combined (not 
merged) with yours? 

1: best 2:useful 3: no at all 
Swedish analytical model 1 1 
Demographic model - - 
SMEP 4 5 
LVPA 2 2 
GEMAC 5 4 
GlobAng 3 3 

 (other models, define it)   
   
   
   
   
 
 
 


