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1 Introduction 
The model simulates the population dynamics of a batch of glass eels, recruited a certain day, 
and its becoming through natural mortality M, fishing mortality Fdj, pumping mortality F’dj, 
migration and settling Sdja as it gets older. Each batch of glass eel is identified by the day and 
age Ndaj. The structure in pigment stages within a batch is calculated using the pigmentation 
time. Pigmentation time φd,a,j is calculated from the chronicle of temperatures and salinities. 
So basically, the model is based on two parallel matrixes Nd,a,j and φd,a,j. The aim of the model 
is to evaluate the impact of anthropogenic activity on glass eels population in order to enhance 
eel management. 
The model was adapted to two case studies, the Gironde, a large open estuary with a fishery 
divided in several areas, and the Vilaine a smaller estuary where the fishery is concentrated at 
the bottom of a dam. The processes were not entirely fitted and the result presented should 
only be considered as illustrative. The description and the results of the model concern 
GEMAC 1.16 version. 

2 Model structure 

2.1 Recruitment index 
A model of recruitment is provided to apply GEMAC to any river basin in Europe. Where 
good recruitment data are available, they are used instead of the recruitment model. In order to 
make the best use of the data available in each basin, the recruitment must be modelled on a 
daily scale.  
Considering the data available (Figure 2 and Table 1), 3 steps corresponding to 3 scales were 
needed: annual, monthly, daily scales. The first step is the modelling of an annual index of 
recruitment which provides the total level of recruitment in the basin for a given year. 
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Monthly and daily models were used to distribute this annual recruitment per month or per 
day. 
Two models were fitted using Generalized Additive Models (Hastie & Tibshirani, 1990) and 
one using multinomial generalized model (Yee & Mackenzie, 2002). We tested all possible 
models with selected variables and chose the model according to AIC (Burnham & Anderson, 
2002). The model validity was assessed using three indicators: diminution of the deviance, 
correlation between predicted value and observed value for the initial (training) data and 
correlation with additional (validation) data (Table 1). 
 
The combination of those three models allowed predicting an index of daily recruitment (Rd) 
in a given basin from a relatively simple data (Figure 2). The model fitted low frequency 
variation of daily recruitment but was less accurate to fit high frequency variations, i.e. day to 
day variations.  

Table 1. - Summary of annual, monthly and daily recruitment models 

2.2 Absolute recruitment. 
Accessing absolute abundance was not 
essential to compute %SPR as this figure is a 
ratio. In places where a biomass escapement is 
needed, absolute recruitment is obtained by 
multiplying the relative index (Rd) with a 
scale parameter (R0). This scale parameter has 
to be fitted using absolute recruitment 
available from the Vilaine basin, or from 
basins involved in the INDICANG program or 
can be fitted internally.  

Model
# initial + 
additional 
stations

Temporal 
coverage

Link / 
distribution

# of models 
tested

Selected 
variables

Explained 
deviance

Correlation 
observed - 
predicted 

(init. / add.)

Annual
8 + 7 

european 
(Ices, 2005)

1950-2004 Log / 
gamma 14861

Year; Latitude 
Basin surface 

NAO –1 yr
64% 0,66 / 0,50

Monthly
8 + 0 

european 
(Ices, 2005)

mean Logit / 
multinomial 1 Latitude  88% 0,89 / -

Daily
Vilaine 

Gironde 
(+Loire)

96-99 +2000 
91-99 +2000 

(+ 2001-2003)

Log / 
gamma 512

Tide coef.; Flow 
Temp.; Monthly 

index
34% 0,51 / 0,70

Figure 2.- Localization of stations used to fit and validate 
annual, monthly and daily models of recruitment 
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Figure 1.- Prediction and observed value of daily 
recruitment in the Vilaine basin for the period 1996-2000. 
The 2000 season was not included in the initial dataset
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2.3 Population dynamic  
The filtration rate of a fishery is considered as an estimation of the fishing effort. Filtration 
rates may be larger than one if the volume filtered by the fishery (Ψdj) is larger than the 
volume in the fishing area (Ψ0j). A concentration (or catchability) factor ψ is used to relate F to 
the effort. 
F= Fdj= ψ Ψdj/Ψ0j     for fisheries 
F’= Fdj= ψ Ψ’dj/Ψ0j for industrial filtrations 
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 Figure 3.- Efficiency of the glass eel fishery e= Cdj /ΣaNd-1,a plotted against filtration Ψdj (m3). 
Modelled for 1999 (black) and 2000 (blue) in the Vilaine, and observed by marking recaptures 
from 1999 to 2004 (orange). 

The sum of mortality and settlement (instantaneous disappearance rate) corresponds to the 
number of glass eel “disappearing” from the water column. 

Zdj=M+Fdj+ F’dj +Sϕj disappearance rate  

The population dynamics is written classically, the recruitment occurs for a=1 in the 
downstream area j=1. 
Nd,a=Rd

 a=1, j=1   (downstream area) 
Nd,a=Nd-1,a-1e-Zda  remaining numbers for a < d  
Nd,a=0 a>d 

It can be illustrated in practise by the following matrix (Figure 4). In the model the third 
dimension will correspond to different years or compartments and a fourth dimension will be 
used for pigment stages. 
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Figure 4.- Schematic diagram of the model in one area 

Summing along the age dimension in is possible to calculate 
Ndj=ΣaNdaj   daily glass eel number  
Cdj=ΣaNd-1,a-1,j Fdj(1-e-zdaj)/Zdaj daily capture  
C’dj=ΣaNd-1,a-1,j F’dj(1-e-zdaj)/Zdaj daily mortality in industrial pumping 
CSdj= ΣaNd-1,a-1,j Sdaj(1-e-zdaj)/Zdaj daily settling  
CMdj= ΣaNd-1,a-1,j M(1-e-zdaj)/Zdaj daily natural mortality  

2.4  Modelling pigmentation time 
For each batch Nd,a,j we associate a pigmentation time φd,a,j, used to calculate the pigment stage 
structure.  

2.4.1 Daily pigmentation time (ϕ’d) 
The daily pigmentation time φ’ is calculated from temperature and salinity of the previous 
day. We use the model built from experimental data (Briand et al., 2005). 

 
The daily pigmentation time of the first day, first age is regarded as null. 
 

Age (in days)  D
uration (in days) 

 

Pseudo – cohorts = batches 
evolving along time 

Σ =Glass eel numbers 

Σ =Recruitment (d=1) 
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Figure 5.- Modeling of efficient time according to temperature (-) and salinity (…) by beta 
functions (Briand et al., 2005) 

2.4.2 Pigmentation time (ϕd,a,j) 
The pigmentation time φd,a,j, is calculated from daily pigmentation time φ’ and cumulated 
daily pigmentation time φ d-1,a-1,j of the previous day. φd+1,a+1,j=φd-1,a-1,j+φ’d,j. 

2.4.3 Additional pigmentation time (ϕ0) 
For the first age, we calculate an additional pigmentation time. This time (φ0dj) is calculated 
as the daily pigmentation time φ’d,j multiplied by a parameter (d0). This parameter 
corresponds to the duration in days for the glass eels to arrive to the downstream area. 

2.5 Stage structure 
Applying pigmentation time it is possible to calculate the pigment stage structure with gamma 
cumulated functions (Briand et al., 2005). 

 
VIA0 cum percentage of glass eels in the category VIA0+VIA1+VIA2+VIA3  
VIA0= VIA0 cum -VIA1 cum 
VIA1 cum= G(ϕ;p2;1), VIA2 cum= G(ϕ;p3;1), VIA3 cum= G(ϕ;p4;1) 
Nd,a,j,VIA0= VIA0x Nd,a,j 

Figure 6.- Modeling of cumulated percentage per stage according to the pigmentation time by 
gamma cumulated functions (Briand et al., 2005) 

2.6 Settlement 
The settling rate is calculated from a logistic function. This function is flexible, and allows a 
threshold effect to occur, for instance a much reduced settlement at stage VB.  
S= instantaneous settling rate 
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S=-ln(1/1+exp(-ln19*(ϕ-p11)/p10)), so that Exp(-S)= 1/(1+exp(-ln19(ϕ-p11)/p10)) 

2.7 Natural mortality 
This parameter cannot be fitted along settlement, three hypotheses based on the literature: 
High value:  Md = 0.02 
Berg & Jorgensen (1994): stocking experiments 
   ~ 50 % survival in 1 month  
  Note: Zd=0.06 (Jessop, 2000)  
Mean value:  Md= 0.01 
   ~ 75 % survival in 1 month 
Low value :  Md= 0.005 
Bisgaard & Pedersen (1991): wild eel<15 cm 
  Zd=0.0049 
Adam (1997): wild eel between 1 and 2 year old, M=1.62  Md=0.0044 

2.8 Migration 
In the case of estuaries where the fishery is divided into several zones, the model must take 
into account the population within each zone and the migration between zones.  
The numbers can be separated into a remaining (O) and an emigration number (E). The 
transition matrix T is split into To, the remaining rate matrix and Te, the emigration rate 
matrix. The matrixes are computed as following, with τj being the daily migration rate from 
compartment j to j+1 (for a linear estuary). 
To j,j=1- τj   j<n 
To n,n=1 
To i,j=0  for i≠ j  
Te j-1,j = τj-1  j>1 
Te i,j=0  for i≠ j-1 
E d-1,a,j =Nd-1,a,j xTe                                           emigrating numbers 
O d-1,a, j =Nd-1,a,j xTo                                           remaining numbers  
Below an example of transition matrix with T=To+Te and 4 areas 
 [,1] [,2] [,3] [,4] 
[1,] 0.99 0.01 0.00 0.00 
[2,] 0.00 0.99 0.01 0.00 
[3,] 0.00 0.00 0.99 0.01 
[4,] 0.00 0.00 0.00 1.00 
In the model without migration, the two matrices of pigmentation time and numbers have the 
same size and each cell of the matrix of numbers Nd,a is associated with a value of 
physiological time φd,a. However, where several areas are accounted for, the glass eels that 
migrate can have different pigmentation times than the glass eel in the receiving area, as 
temperature and salinity conditions may differ between zones. So the simple relationship 
between the pigment time and population matrices no longer applies. The solution suggested 
is to compute pigmentation time for each cell of the matrix (d,a) using the proportion of 
migrating numbers versus number in the receiving area, and the pigmentation time collected in 
each area.  Thus, after migration, the pigmentation time is computed as following : 
ϕ d,a,j= (ϕ d,a,j-1 E d,a,j+ ϕ d,a,j Od,a,j)/( E d,a,j+ Od,a,j ) 
A further problem arises in computation as pigmentation time φ influences the settlement (S), 
which in turn affects the total mortality rate (Z), numbers (N),  migrating numbers, and finally 
influences ϕ… The model uses a sequential process to incorporate this loop.  
For a=1 
Nd,a,j=NdR

  a=1, j=1 (downstream area) 
 
For d=1 
No migration or mortality 
 



FP6-project 022488 lime p. 61 

 
For d>1, and a < d we compute in loop and in the following order 
 
E d-1,a, j =Nd-1,a, j xTe emigrating numbers 
O d-1,a, j =Nd-1,a, j xTo remaining numbers   
ϕ d-1,a,j= (ϕ d-1,a,j-1 Ed-1,a,j+ ϕ d-1,a,j Od-1,a,j))/( E d-1,a,j+ Od-1,a,j)         j=2…n,  new pigmentation time 
ϕ d,a,j= ϕ d-1,a-1,j +ϕ’d,j  pigmentation time for a < d  
S d,a,j =-ln(1/1+exp(-ln19 x (ϕ d,a,j -p11)/p10)) settlement /accounting for change in ϕ, 
Z d,a,j =M d,a,j +F d,a,j + F’ d,a,j +S d,a,j  instantaneous disappearance rate 
 including change in S, 
Nd,a,j=Nd-1,a-1,j. x e-Zdaj  x T stock for a < d 
 
Nd,a,j=0 a > d 
ϕ d,a,j = 0  

2.9 Proportion of settled glass eels relative to pristine conditions 
For each area j, the escapement corresponds to the sum of the settlement and the glass eel 
number remaining the last day (d=n). The escapement computed for a given fishing effort (F) 
and industrial filtration (F’) corresponds to: ESCFF’=ΣdCSdj + ΣaNd=n,a,j. To calculate the result 
in pristine conditions (no fishing, no industries), we fix F=F'=0 and run GEMAC again to 
compute ESCF=0,F'=0. The number of Settled per recruit relative to unfished conditions (%S/R) 
is defined as following : %S/R=(Settled per recruit F)/(Settled per recruit)F=0= ESCFF’/ 
ESCF=0,F’=0. 
It is related to the %SPR, percentage of spawner per recruit, representing the actual proportion 
of spawner produced by a basin relatively to unfished conditions through multiplying similar 
percentages occurring at other life stages :  
%SPR=%S/R x %Y/S x %SPY x %SPS. Where %SPY=(Silver per yellow) F/( Silver per 
yellow)F=0 and  %SPS=(Spawner per silver) F/( Spawner per silver)F=0 which are in fact 
produced in several other models in SLIME and %Y/S which represents the number of yellow 
eel per settled, i.e. the loss due to anthropogenic impacts during the settlement and before the 
yellow eel stage. Calculation of this last phase is not considered by any models in the project. 
Without additional information, it can be considered as being equal to one. 

2.10 Relation to a biomass reference point 
GEMAC was first designed to calculate a proportion of settled glass eel relative to unfished 
conditions or a percentage of settled per recruit (%S/R). As the first draft of the proposal of 
regulation (Commission of the European Communities, 2005) suggests a target in biomass, an 
additional module was created to convert %S/R into proportion of settled glass eel relative to 
pristine conditions. We choose to simply multiply the %S/R by a coefficient (θr) representing 

the decrease of the recruitment since a pristine state. Following the recommendations of the 
EIFAC/ICES working group on eel (ICES, 2006), θr is the decrease of recruitment from the 

level of the current year compared to 100% of the mean level during the period 1950-1979. 
This approach takes the cautious assumption that eel isn't subject to density-dependence. The 
recruitment level was calculated with our recruitment model which can give an index of 
recruitment from 1950 to 2004 and that can be updated for following year as soon as data from 
WGEEL will be available.  
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Figure 7.- Coefficient (θr) representing the decrease of the recruitment since a pristine state (1950-
1979) for a river at 55°N and 45°N. 

The Figure 7 shows the effect of the latitude in the calculation of θr. In 2004, this coefficient 

is 13,4% for a river (Gironde) in 45°N and 1,3 % for the same river at 55°N. 

2.11 Modification for standing fisheries 
In estuaries where the fishery consists of standing (passive) fishing gears, the idea is to 
separate the estuary into areas, each area being divided from the other by a fishing gear (ex : 
fyke net). The number of glass eel caught corresponds to a proportion of the glass eels 
migrating from one area to the other. The fishing efficiency is evaluated by the surface (or 
flow rate) of the gear according to the total surface (or total flow) of the estuary. 
For d>1, and a < d we compute in loop and in the following order 
E d-1,a,j =Nd-1,a,j xTe emigrating numbers 
Od-1,a, j =Nd-1,a, j xTo remaining numbers  
ϕ d-1,a,j= (ϕ d-1,a,j-1 E d-1,a,j+ ϕ d-1,a,j Od-1,a,j))/( E d-1,a,j+ Od-1,a,j) j=2…n,  new pigmentation time 
ϕ d,a,j= ϕ d-1,a-1,j +ϕ’d,j  pigmentation time for a < d  
S d,a,j =-ln(1/1+exp(-ln19 x (ϕ d,a,j -p11)/p10)) settlement /accounting for change in ϕ, 
Z d,a,j =M d,a,j + S d,a,j  

Nd,a,j=(Ed-1,a-1,j x e-Zdaj  +Id-1,a-1,j x e-(Zdaj+Fdaj )) stock for a < d   
   
 
Nd,a,j=0 a > d 
ϕ d,a,j = 0 
 
 
 
 
 
 
 
 
 
 

Area 1 Area 2 Area 3 

S+M S+M+F 
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3 Data and parameter requirement  

3.1 Annual and monthly recruitment 
The data necessary to implement the gam and glm model have been collected in the working 
group report (ICES, 2005) and during the glass eel monitoring program (Dekker, 2002). To 
apply the annual and monthly model to stations not included in one of this report, the 
following easily-gathered data should be provided: 
• latitude, 
•  year, 
•  catchment area.  
The data necessary to run the daily recruitment model are detailed in the following part. Other 
data such as tide range index or NAO are already gathered. 

3.2 Daily recruitment and the daily population model 
For each year, ideally, the season starts from 1st November and ends 31st April, but the data set 
can be longer if necessary. The volume of the different fishing areas and the specification of 
the area where recruitment occur are needed once. The other data need to be provided by area, 
in a table with daily values for: 
• Temperature: temperature of the corresponding area (important for pigmentation). 
• Salinity: g/kg constant, measured or provided by a model (less important for 
pigmentation). 
• Flow (m3/s) 
• Filtration for the fisheries (m3), 
• Filtration for the industries (m3), 
To fit the model one or several of the following daily data are required, these data can be 
punctual estimations: 
• CPUE: Catch Per Unit of Effort 
• Total catch: total catch of the fishery 
• Glass eel stock evaluation 
• Pigmentation stage structure with stages more advanced than VIA2  cumulated in one 
stage VIA3+. 

3.3 Parameters fitted externally 
• The calibration of the pigmentation used eight parameters (p1..p8). It was externally 
fitted on experimental data. Glass eels were kept in cages in freshwater and estuary, in 
conditions as close as possible to the wild. The pigmentation was recorded, and fitted 
using the model described in paragraph 3.4 (Briand et al., 2005). 
• Eventually a relation between effort (hours) and filtration rate (m3) for each metier 
and/or area can be computed, and hours used as a model entry instead of filtration. 
• Natural Mortality (see 2.7) 
• The initial parameters for migration speed can be provided by the analysis of cross 
correlation of catches at different locations in the estuary for data rich context and by using 
shift in seasonal abundance peak where less data are available. Both approaches are 
described for the Gironde basin (Beaulaton & Castelnaud, 2005). Migration speed can then 
be used to calculate migration rates between areas. 

3.4 Parameters to be fitted 
• Initial delay before entering the downstream area (d0),  
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• concentration for each area (ψj),  
• settlement p10, p11 
• scale for recruitment r0 
• migration rates τj 

4 Model adaptation and calibration to cases studies 

4.1 The Vilaine 
The model was adapted to run and fit several years in the same session. The structure of the 
model is similar to a spatial model where each year is considered as a separate area with 
recruitment.  

4.1.1 Data 
The fitting was performed on four sources of data.  
1 ) The pigment stage structure, respectively 20, 24, 3, 8 and 8 samples collected in the 
estuary during the five seasons (Figure 9). 
2 ) The stock estimations collected from marking recaptures (see case study description, 
Table Vil. d), providing values for the glass eel stock assessment after the fishing season. 
3 ) The catches of the fishery, available only until 2000. 
4 ) The total catches of the fishery. 

4.1.2 Model calibration 
As good recruitment data were available in the Vilaine (Briand et al., 2003), and in order to 
enhance the accuracy of the recruitment model, a daily recruitment model was fitted only on 
the Vilaine data series collected between 1996 and 2000. Recruitment peaks in February 
(Figure 8A). The daily recruitment (GAM) calculated for the Vilaine provided a good fit of 
the data (pearson correlation 0.69), the variable adjustments are summarised in Figure 8B.  
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Figure 8.- A/Monthly distribution of glass eel recruitment in the Vilaine and B/ variable 
adjustment for the daily distribution of glass eel recruitment in the Vilaine, mens2 =monthly 
recruitment index of GEMAC recruitment model, debit=flow, coef_brest=tide and temp= 
temperature. 

During the calibration procedure, the catches during sampling trips, done after the season were 
overestimated. Two different glass eel concentration parameters (ψ 1 and ψ 2) were thus used 
whether the fishing was performed as part of the commercial fishery or during sampling trips. 
This different catch efficiency makes sense since the glass eel concentrate near the dam after 
the fishing season. The calibration of the remainder of the model was thus performed on R0 
(six parameters, one for each year), φ0, p10, p11, ψ 1 and ψ2.   

Figure 9.- Observed and modelled pigment stages in the Vilaine, the vertical line indicates the date 
of the fishery closure (1998-1999).   

This fitting failed to provide sensible results for settlement, for instance the settlement fitted in 
Figure 10 indicates a settlement at stage VIA0 that is mostly in the first day from arrival in the 
estuary. The final fitting was thus performed without p10 and p11 which were manually set at a 
level where most settlement occurs between VIA1 and VIA3 stage. 
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Figure 10.-  Mean repartition of the pigment stage structure of settled glass eel during the fishing 
season 1998-1999 in the Vilaine, after calibration of settlement parameters using observed pigment 
stages data. 

4.2 The Gironde 

4.2.1 Data 
The Gironde basin is the tidal part of the Garonne basin and comprises a common brackish 
estuary and two distinct freshwater estuaries (one for the Garonne river and one for the 
Dordogne river). We decided to divide the Gironde basin in two separate reaches, where no 
exchanges occur between the right and left part of the estuary. This assumption, although 
partially false, is supported by the very large width of the estuary, by difference in speed 
migration speed of glass eels (Beaulaton & Castelnaud, 2005) and by the factual division of 
the estuary with two navigation channels and with many islands in the upper part of the 
brackish estuary (Figure 11).  
Catch data are aggregated by the Cemagref according to 12 fishing areas (Girardin et al., 
2005). For the purposes of GEMAC, some areas were grouped, resulting to 9 areas, 2 in the 
left side of the brackish estuary, 2 in the right side of the brackish estuary, 2 in the tidal 
Garonne and 3 in the tidal Dordogne. In the most upstream areas of the Garonne and the 
Dordogne, the fisheries were considered negligible. The large push net (pibalour) fisheries 
take place in the four brackish areas, and the small push net (drossage) fisheries in three 
upstream sectors. A nuclear power plant is located in the brackish estuary. These 3 
anthropogenic impacts are considered in the application of GEMAC. The scoop net (tamis) 
fisheries are neglected in a first approach as their catches were low in the recent years. 
The nuclear power plant has a mean value of 3.5 sections in power. Each section pumps 3.6 
millions of m3 per day. The mean pumped volume is 12.6 millions m3, and cumulated 
mortality is 15% over a week for the glass eel circulating in the cooling system (Roqueplo et 

al., 2000). This is equivalent to a daily volume of water of volume of 1.89 millions of m3 

where all glass eel are killed. The instantaneous rate of industrial mortality F’dj was modified 
from F to account for this result. 
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Figure 11.- Map of the Gironde basin and areas used for the model. 

The catch and effort data were gathered from a sample of cooperative fishermen. Because of 
the low number of cooperative fishermen in some areas and to be able to extrapolate catch and 
effort to the whole fisheries for each day, we fitted a model on these data. We used a delta-
gamma model (Stefánsson, 1996) to fit daily effort and catch of Gironde from 1983 to 2002. 
Delta model is used to fit daily effort (probability for a fisherman to go fishing) and the 
combination of the delta and gamma models to fit daily catch. Both models were Generalized 
Additive Model (Hastie & Tibshirani, 1990) and use as explanatory variables: metier, 
fisherman, year, fortnight, day (to take into account weekly closure), area, temperature, tide, 
flow. We used the number of fishermen in each area a given year to have the total daily effort 
and catch. For 1999, the year used in GEMAC, the total effort and catch for the whole year 
and basin were consistent with estimates of classical method (Girardin et al., 2005). 
The volume filtered by drossage was estimated in winter 2005-2006 for the same boat and 
during 4 different days by the local fisherman association to 15 482 m3 for an effective effort 
of 96 minutes. The filtration speed of large push net was guessed using results of small push 
net and our empirical knowledge 
The water volume was evaluated and should be enhanced by the use of a GIS (in progress). 

4.2.2 Model calibration 
The optimisation of all parameters together has failed due to a too large number of parameters 
needed for nine areas. This point will need further improvement in the next version of 
GEMAC (see paragraph 6). 
To obtain realistic results, a step by step calibration was used: 
• No concentration parameter ψ was used. 
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• Settlement parameters p10 and p11 were manually set at a level where most settlement 
occurs between VIA1 and VIA3 stage (see paragraph 4.1.2). 
• The initial pigmentation time has been fixed to 0. 
• The natural mortality has been fixed from literature data (see paragraph 2.7). 
• migration rates have been calculated as 4,5/length of each zone (modified from 
Beaulaton & Castelnaud, 2005). 
• The scale parameter for recruitment was optimised according to catches and densities 
The results were in the order of magnitude for densities and catches (Figure 12 and Figure 13), 
and repartition of catches to each area was also good. 

 

Figure 12.- Example of output of the model for the Isle area (modelled and observed catches) 
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Figure 13.- Example of output of the model for the Médoc (left side of the brackish estuary) 
upstream area (modelled and observed (by a scientific fisheries) densities) 
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5 Management scenarios 
To test the ability of GEMAC to evaluate management measures, we tested several scenarios 
and compared the application of these scenarios for the Vilaine and the Gironde basin. These 
scenarios were established following what was foreseen as emergency measures: a decrease in 
effort of 50% (Commission of the European Communities, 2005). We compute the %S/R for 
the current situation for comparison purposes. We tested the following scenarios: 
• “licence control”: daily effort is divided by 2 
• “fortnight 1 closure”: the effort of the first fortnight of each month is reduced to 0, as 
in the original proposal of the EU commission. 
• “fortnight 2 closure”: the effort of the second fortnight of each month is reduced to 0. 
• “daily closure”: the effort of even day is reduced to 0. 
• “01-01 / 15-03 opening”: the fishing is authorised only from the 1st January to the 15th 
March. Three different alternatives were tested, each decreasing the effort more than 50% : 
“01-01 / 28-02”, “16-01 / 28-02” and “01-02 / 15-03”. The dates for the seasonal opening 
were chosen so that the peak of season was included, which is the most plausible scenario 
in case of a negotiated shortening of the season. 
In the Gironde case, the term effort designed both fishery filtration and industrial intake, even 
if a nuclear power plant closure is unrealistic. 
 Due to the failure in the calibration process, the following figures should not be taken as 
definitive and are given for illustrative purposes 
The first difference between the Vilaine and Gironde basins is for the current situation, which 
reveals a huge difference in anthropogenic impact. While the Vilaine has a %S/R of 34%, the 
Gironde exhibits a %S/R of 77%. The Vilaine is known to have a very high fishing pressure 
with less than 5% of glass eels escaping during the fishing season (Briand et al., 2003). In this 
context, a 34% S/R seems too high, but it is mainly due to the seasonal closure taken into 
account in GEMAC. In the Gironde basin the impact of the Isle fishery is in progress through 
the Indicang program and no global evaluation has been done. These %S/R correspond, thanks 
to θr, to a proportion of settled glass eel relative to pristine conditions of 7% and 19% 
respectively for the Vilaine and Gironde basin. (Figure 14). 
All management measures but seasonal opening are equivalent in the Gironde basin, whereas 
a licence control or a daily closure have almost no effect on %S/R in the Vilaine. In the 
Vilaine, a Fortnight closure has an intermediate effect and seasonal opening are the most 
efficient for decreasing the %S/R. In the Gironde basin a seasonal opening equivalent to 
decrease of 50% of effort are less efficient than other measure leading to a 50% decrease of 
effort. For both basins the choice of the dates of opening have very different effect even if the 
length of the season is equivalent (“16-01 / 28-02” and “01-02 / 15-03” scenario). 
The difference in the pattern of response is certainly due to the starting point. In a very heavily 
exploited estuary like in the Vilaine basin, the current situation leads the fishermen to catch 
almost all glass eels (Briand et al., 2003). If the number of fishermen is reduced (“licence 
control” scenario), the only effect is that all glass eels are shared between remaining fishermen 
and in the “daily closure” scenario, the glass eels rescued during even days are caught during 
odd days. 
No general conclusion can be deduced from these two case studies concerning the more 
efficient way to reduce the anthropogenic impact, and this point out to (1) the necessity of 
local adaptation of management measures, (2) the absence of equivalence between a reduction 
in effort and a reduction in catch and mortality. 
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Figure 14.- Effect of management scenarios on the %S/R in the Vilaine and the Gironde basins, the 
results should be considered with caution since both case studies weren’t properly fitted. 

6 Future improvement 
Natural mortality, fishing mortality and settlement all lead to the same result in the model, i.e. 
a removing of glass eel from the estuary. A separate fitting of the settlement seems necessary 
through experimental work. The model calibration procedure will have to ensure that the 
spatial and temporal structure in pigment stages is properly described in both estuaries with an 
important fishing pressure and in estuaries without fishing. A proper calibration of natural and 
fishing mortality would require knowing the daily catches and some absolute daily recruitment 
estimates, which could be provided by the indicang project. 
A validation of the model with completely original data (Loire) is foreseen. An application of 
the model on the Tiber will is also being implemented using the modification for standing 
fisheries. 
The approximation done for pigmentation time in cases where migration occurs (see 2.8, 
migration) will be removed in a further version of GEMAC (version 2.0 in progress). A class 
of pigment time will be implemented instead of age. Changes in daily pigmentation time will 
drive the progress from class to class in the pigmentation time dimension of the population 
array. 

7 Running platform 
The model has been developed with the GNU licensed software R (Ihaka & Gentleman, 1996) 
downloadable at http://www.r-project.org/. 
Several package were used minpack.lm (Elzhov, 2005) (fitting alogorithm), abind (Plate & 
Heiberger, 2004)(to work with arrays), gam (Hastie, 2005)}, gtool (Warnes, 2005), and vgam 
(Yee, 2005) (for vglm).  

8 User Friendly Interface 
A user friendly interface was developed under Sciviews (Grosjean, 2003) and TCL/TK 
language to keep track of the modification and adaptation of the model between the different 
users and to help choices such as the calibration procedure and manually searching of the 
parameters. This user interface is not indented for managers but to facilitate the exchange 
between developers and persons holding data within case studies. 
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Annex 1:   Notations 
 
a age (number of days from arrival in estuary, recruitment = 1) 
d day 
j area  
s stage 
Rd recruitment index for a=1, j=1 
R0 scale parameter to convert the recruitment index to absolute 
  recruitment 
Nd,a,j,s numbers for d, a, j 
Nd,a,j,VIA0 numbers for d, a, j, stage VI A0 
Ndj numbers for d, j 

φd,a,j pigmentation time 

φ’dj daily pigmentation time calculated from temperature and  
 salinity 

φ0dj initial pigmentation time (for a=1, at the river mouth) 

d0 duration before entering first area φ0dj= d0* φ’dj 
VIA0 cum cumulative stage distribution i.e. VIA0cum (VI A0+VI A1+VI A2+  
 VI A3) 
VIA0 population percentage at stage VIA0 
Sd,a,j instantaneous settling rate 
M instantaneous rate of natural mortality  
Fdj instantaneous rate of fishing mortality 
F’dj instantaneous rate of anthropogenic mortality (other than fishery:  
 industrial filtration) 
Cdj daily capture by the fishery 
C’dj daily mortality by industrial filtration 
CM dj daily natural mortality 
CS dj daily settlement  
Zdaj instantaneous disappearance rate (Zdaj= Fdj+ F’dj + M + Sd,a,j) 
τj migration rate from area j to area j+1 
Te emigration rate matrix 
To remaining rate matrix 
T transition matrix (for migration) T= To+Te 
E d,a,j  E d,a,j =Nd,a,j xTe emigrating numbers 
O d,a, j  O d,a,j =Nd,a,j xTo remaining numbers 
Ψdj water volume filtrated by the fishery 
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Ψ’dj water volume filtrated by the industries 
Ψ0j volume of the fishing area 
ψj parameter of glass eel concentration F= ψjΨdj /Ψ0j 
p1..p4 parameters used to calculate VIA0 cum..VIA3 cum  
p5, p6 parameters to calculate pigmentation time from temperature 

p7, p8 parameters to calculate pigmentation time from salinity 

p10, p11 settlement parameters 
θd daily transformed temperature 
δd daily transformed salinity 
Θd(θd;p5;p6) beta cumulative function of θd 
Δd-1 (δd;p7;p8) 1-Beta cumulative function of δd 
θr decrease of the recruitment since a pristine state 
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Annex 2:  Pros and Cons of GEMAC model 
This table has been filled in by C. Briand and L. Beaulaton 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? 

 
Test compliance of glass eel fisheries and intakes of glass eel 
Derive management proxy (filtration rate) 

What are the main 
outputs from the 
model? 

Calculate %Settled Glass Eel per Glass Eel 
Calculate glass eel escapement 
 

What are the possible 
outputs from the 
model? 

Settled glass eel number per day per area 
Predicted catches 
Predicted stock of non-settled glass eels 
Pigmentation stage structure 

Process Data 
driven 

Parameters 
(number) 

Comments 

Recruitment N (9) 
Y (season duration in days 
nDay) 

 
 
0 or 1 

Temperature NAO, … 
Arrival at the estuarine 
mouth 

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

Y (2*nDay)  

 

Growth  n 9 pigmentation 
Sex differentiation n n  
Nat mort n 1  
Fish mort Y (nZone*nMetier*nDay) nZone*nMetier catchability 
Anthropogenic mort. 
(intakes, turbines etc Y (nIntakes*nDay) nIntakes  

Movement up n nZone-1 
2 

dispersion 
settlement 

Movement down n n Not yet implemented 
Silvering n n  
Dens dep, growth  n n  
Dens dep, sex diff.  n n  
Dens dep, mort. n n  
Dens dep, movement n n Not yet implemented 
Territoriality n n  
Other processes    
 
Data requirements Provide a brief account of needs 

and possibilities, and 
dependency 

comments 

Parameter number in 
model 

13+ nZone*nMetier + nIntakes  

Tuning data for 
calibration, 

10 * nZone*70 
 
50 *  nZone * nMetier 
50 *  nZone 

70 GE * 10 days of sampling 
(Pigmentation stage) 
capture  
density 

Data driven quantify, 3*nDay + (nZone*nMetier*nDay) 
+ 
(nIntakes*nDay) 

 

 



p.76 lime FP6-project 022488 

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 n  
Case specific  n  
Case specific with tuning 1 Derivate proxy for management 
Alternative model struct 4 Not yet finished 
  
 
Model features  comment 
Parameter sensitivity, confidence intervals Y For %SGEpGE 
Stochastic n  
Model validation (checking predictions 
against data not included in the model 

n  

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

 

data Absolute recruitment provided by IndicAng 
modeling Settlement process 
 
 
 

 
  
 
What are the main strengths of your model? 
 
It was built to answer the question of compliance and will be easily adapted to derive proximate criteria. 
The model can easily be adapted to a data-poor context (recruitment and catches unknown) and still 
estimate a proportion of escapement relative to unfished conditions. In a data rich context, it will provide 
an escapement target of settled glass eel, which should be the starting point of all other models in slime. 
Even in basin with no glass eels fisheries, the model can be used to estimate the recruitment of glass eel 
(at the mouth of the estuary), thanks to its recruitment module. Indeed this module is able to provide 
either a monthly recruitment index according to the latitude, and the year, or a daily recruitment if daily 
parameters such as flow and temperatures are known.  
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We think that the estimation of the fishing and pumping mortality is quite robust. The model is not 
sensitive to parameter variation in an elasticity analysis. The model relates fishing effort and fishing 
mortality and allows testing for management scenarios 
 
 
 What are the main weaknesses of your model ?  
 
Since this model was developed for the slime project, it needs further validation and calibration in 
several estuaries. The pigment stage structure developed in this model is based on one set of experiment, 
and there is a concern that the glass eel in the wild (swimming) might pigment differently from those 
kept in cages. There is a need for absolute recruitment, catches and density estimates to calibrate 
settlement along with fishing mortality, as the two processes lead to the same “disappearance” of glass 
eel from the fishing area. There is also a large uncertainty on the level of natural mortality. 
 
 
 Which distance (type of model)  

between a model and yours?  
(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 5 3 
Demographic model 3 1 
SMEP 2 1 
LVPA 5 4 
GEMAC - - 
GlobAng 2 1 
 (other models, define it)   
 


