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Abstract 
 
This study presents the development of a Model of Intermediate Complexity for 

Ecosystem assessments (MICE; Plagányi et al., 2014) towards evaluating different 

scenarios for the management of the European hake and Norway lobster bottom trawl 

fishery in the central Adriatic Sea. These two species represent the target species, as 

well as the predators, of this study; they are two of the most important species fished by 

the bottom trawl fishery, accounting for both the highest landings and commercial value 

among demersal species in the area. 

The study area represents a zone of particular relevance for both economic and 

biological reasons. Economically, because the majority of catches of the northern and 

central Adriatic Sea come from this area and they account for an high commercial 

value; and biologically because it represents a nursery ground for hake and hosts a 

distinctive population of Norway lobster. Moreover, thanks to the peculiar circulation of 

the Adriatic Sea, upwelling phenomena occur in this area allowing the formation of a 

rich planktonic community that supports a richness in pelagic and demersal resources 

(Adriamed, 2006). This richness in species, as well as the significant importance of the 

area for the target species of this study and its considerable exploitation by fishing fleets 

of at least two countries (Italy and Croatia), make it an interesting case study for the 

development of an ecosystem approach to fisheries (EAF).  

Different models are available to reach EAF purposes, here the choice was made to 

develop a MICE approach, since it is well adapted to test specific management 

questions, as required by this study, and accounts for an intermediate complexity. The 

MICE was developed in a step-wise manner. Firstly, the conceptual model was defined: 

this represents the interaction between the trawl fishery, the two target species (Norway 

lobster and European hake) and their prey (grouped in four meaningful groups). 

Discards were also considered, representing a source of food for Norway lobster and 

being important in terms of management options. Secondly, management scenarios to 

be tested were determined: (i) base case (BC): an investigation into the effects of 

continuing the current situation, (ii) decrease in recruitment (DR): the effects of a 50% 

reduction in predator recruitment , (iii) increase in net selectivity for smaller individuals 

(S1), (iv) protection of larger individuals (S2) and (v) the imposition of a discard ban 

sensu Reg. EC No.1380/2013. 





highlighted the importance of predation as the main factor regulating the biomass of the 

prey groups. This is not surprising as they mainly comprise species not targeted by the 

fishery. 

This MICE application has demonstrated a capacity of a multispecies model for 

producing valuable management options to avoid ecosystem degradation sustaining the 

well-being of marine ecosystems and the fisheries they support; i.e. the crucial objective 

of an ecosystem approach to fisheries (Garcia et al., 2003; Pikitch et al., 2004). 

Moreover, the role of multispecies models of intermediate complexity in 

complementing single-species models in terms of simulating alternative management 

strategies and evaluating associated trade-offs (i.e. in a tactical, rule-based, management 

context), especially when taking trophic interactions into account, is highlighted. 
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the simpler, e.g. ELEFAN (Pauly and David, 1981), to the more complex, e.g. 

MULTIFAN -CL (Fournier et al., 1998), and they are normally used for the stock 

assessment of some migratory (e.g. swordfish (Xiphias gladius), yellow fin tuna 

(Thunnus albacares), Atlantic Bluefin tuna (Thunnus thynnus); ICCAT, 2010, 2011, 

2012a,b, 2014) and demersal species (e.g. witch flounder (Glyptocephalus 

cunoglossus); ICES, 2012), including hake (Merluccius merluccius; Aldebert and 

Recasens, 1996; GFCM, 2014). However, some concerns are expressed about the use of 

age-slicing methodologies, because they tend to underestimate recruitment variability 

and estimate individuals older than they actually are producing incorrect stock 

evaluations (Goodyear, 1987; Mohn, 1994; Restrepo, 1995; Kell and Kell, 2011, 

Ailloud et al., 2014). For these reasons, in most recent years efforts have been 

undertaken to develop length-based models less dependent by age composition. 

Initially, stock assessment models able to include both length and age composition were 

developed. These methods are able to perform an age-slicing within them and give 

results structured both by ages and sizes. Stock Synthesis (SS; Method and Wetzel, 

2013) represents an example of these methods; it incorporates MULTIFAN-CL which 

allows to input data by size and then estimate stock by age and length. The disadvantage 

of this kind of method is the fact that some processes, for example selectivity, are 

modelled by age so they do not change over the time causing a possible 

misspecification of the stock structure (Punt et al., 2013).  

To avoid this problem methods based on size-structure alone have been developed. 

They track growth from one size class to the next using a transition matrix to describe 

the probability of animals in a given length to growth into the following length (Hillary, 

2011; Punt et al., 2013). This approach is quite common and used for fish (e.g. Hillary 

et al., 2010), crustaceans (e.g. Punt et al., 1997) and molluscs (e.g. Breen, 2003). The 

transition matrix can be pre-specified or estimated within the model; if possible the 

second option is preferable because in this way the transition matrix will be more 

consistent with the information included in the assessment, and also the uncertainty can 

be considered (Punt et al., 2013). Length-based models have to be handled with 

attention because growth estimation by transition matrices makes it harder to identify 

cohorts, especially if there are big changes in size at age from year to year: this problem 

can be reduced using tag recapture data, being able to explicitly capture the growth of a 

given species, without assuming it from a von Bertalanffy growth equation (Punt et al., 

2013). 
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Different models are available to reach these purposes and they can be classified 

considering the kind of management answer they can generate or considering their 

complexity (Hollowed et al., 2000; Pláganyi, 2007). Regarding management 

perspectives, ecosystem models can be grouped in: (i) conceptual: aimed to developing 

knowledge about the processes occurring within the ecosystem considered, (ii) strategic: 

focused on the development long-term advice, linked to policy goals, and (iii) tactical: 

directed to the production of short-term advice linked to operational objectives (FAO, 

2008; Plagányi et al., 2014). Most of ecosystem models answer conceptual and strategic 

questions, but the necessity to develop tactical strategies, influencing daily fishing 

activity, is becoming a primary need for fisheries management (Plagányi et al., 2014).  

Taking in account  complexity, ecosystem models can be grouped in (Hollowed et al., 

2000; Plagányi, 2007): 

i. Extensions of single-species assessment models (ESAM) 

ii.  Dynamic multi-species models or Minimum realistic models (MRM) 

iii.  Dynamic system models 

iv. Whole of ecosystem models 

Extensions of single-species assessment models (ESAM) represent the simplest multi-

species approach, because they expand single-species assessment models incorporating 

only few additional interactions (e.g. Livingston and Method, 1998: Hollow et al., 2000; 

Tjelmeland and Lindstrøm, 2005). Features of these models are the capability to include 

predation in a simple way, e.g. modelling it as an alternative fishing fleet (e.g. Plagányi, 

2004), and the possibility to model functional predator responses either using simply 

formulations, e.g. Lotka-Volterra-type (e.g. Hilborn, 1990), or more complex 

expressions. 

On the other side of the spectrum, more complex models are included in the class of 

dynamic system and whole of ecosystem models. These include approaches taking into 

account all trophic levels of the ecosystem considered, from primary producers to top 

predators. Some of the most famous ecosystem models, e.g. ECOPATH with ECOSIM 

(EwE) (Pauly et al., 2000) and ATLANTIS (Fulton, 2001; Fulton et al., 2004c), are 

included in these groups. 

Ecopath with Ecosim (EwE) is composed by three components: i) Ecopath, a static, 

mass-balanced snapshot of the system ii) Ecosim, a time dynamic simulation module for 

policy exploration and iii) Ecospace, a spatial and temporal dynamic module primarily 

designed for exploring impact and placement of protected areas. The EwE suite can be 





http://www.hafro.is/gadget
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MICE represent a group of models taking in account a restricted number of species, 

fundamental to describe the crucial relationships of the ecosystem in exam. Their 

primary aim is to answer specific tactical management questions (e.g. gear restrictions, 

seasonal closures, etc.), incorporating the best characteristics of single-species models 

and the capability to estimate parameters using standard statistical methods. MICE are 

similar to MRMs, except for the fact that MRMs are not necessarily focused on 

answering ecosystem problems, the main objective of MICE approaches (Plagányi et 

al., 2014). 

 

Considering the aim of this research, that is to develop an ecosystem approach to 

fisheries to evaluate management scenarios for hake and Norway lobster living in the 

central Adriatic Sea, and the fact that models providing tactical decisions are less 

diffused but extremely necessary, this study focuses its attention on the development of 

a MICE. 

The MICE approach developed for this study is explained in detail in Chapter 5. 

 

1.4.1. Ecosystem approach to fisheries in Mediterranean Sea 

The Mediterranean basin represents a suitable area to develop ecosystem approaches to 

fishery: different implementations have been carried out during the last two decades. 

The most employed methodology is represented by Ecopath with Ecosim (EwE): it has 

been extensively used in different countries, such as France, Italy, Spain and Greece. 

France realized EwE models for different ecosystems, from coastal zones (e.g. Leloup 

et al., 2008) to estuaries (e.g. Rybarczyk and Elkaïm, 2003) and lakes (e.g. Reyes-

Marchant et al., 1993), whereas in Spain EwE models are related mainly to marine 

ecosystems (e.g. Sánchez and Olaso, 2004; Coll et al., 2006; Torres et al., 2013), as well 

as in Greece (e.g. Piroddi et al. 2010; Moutopoulos et al., 2013). A number of EwE 

approaches have been realized in Italy and some specifically within the Adriatic Sea 

(e.g. Carrer and Opitz, 1999; Brando et al., 2004; Libralato et al., 2002; Coll et al., 

2007; Coll et al., 2010; Fouzai et al., 2012). For example Coll et al. (2007) developed a 

complete EwE model to describe the structures and functioning of the food webs 

characterizing the north and central Adriatic Sea and to evaluate the impact of fishing 

activity on the entire ecosystem during the 1990s. The results highlighted important 

features of the area in exam, e.g. the relevant production of plankton by pelagic and 

benthic organisms, the role of keystone species of low and medium trophic levels (i.e. 



1 - Introduction 
 

17 
 

benthic invertebrates, zooplankton and anchovy), the importance of microbial food 

webs. Fishing activity resulted as severely impacting the principal elements of the 

ecosystem, particularly small pelagic species, that represent the key elements for the 

Adriatic environment. This, together with changes in oceanographic conditions and 

other anthropogenic interferences, contributed to modifying the structure and 

functioning of this ecosystem. 

Subsequently, Fouzai et al. (2012) expanded this model to include Ecospace, and this 

allowed to examine the effects of the creation of marine protected areas within the 

Adriatic sea, specifically one in the Pomo pit area and the other one northwards. 

Different scenarios of provisional closing to fishing activity and decrease of fishing 

effort for both demersal and pelagic fleets were taken in account and resulted in 

beneficial effects for a lot of commercial species. 

Recently, attempts to developing an Individual-based model (IBM) were presented by 

Zavatarelli and collaborators within the Perseus framework (EU project PERSEUS, 

http://www.perseus-net.eu/). In particular, an OSMOSE (Object-oriented Simulator of 

Marine ecOSystems Exploitation) approach for the Adriatic Sea was developed. 

OSMOSE belongs to the class of Dynamic System Models and is characterized by the 

possibility of representing the dynamics of the species considered, taking in account 

their spatial movements, and depicting the connection between predators and their prey 

using size-based opportunistic relationships. Spatial movements of biomass and 

functional groups are described coupled the Princeton Ocean Model (POM; Blumberg 

and Mellor, 1987), that is a physical oceanographic model describing circulation 

dynamics, with the Biogeochemical Flux Model (BFM; Vichi et al., 2007), a model for 

simulating the dynamics of the pelagic environment in the marine ecosystem. These 

models were then integrated within the OSMOSE framework, taking into account 11 

commercial species, e.g. European pilchard, European anchovy, horse mackerel, etc., 

and related data from 1990 to 2000. Results of this study highlighted the fact that the 

model seemed to work well estimating the biomass evolution of the species in exam, but 

some disagreement between observed and modelled values are shown, suggesting the 

need of some adjustments (EU project PERSEUS). 
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1.5 Aims and objectives 
In line with an ecosystem approach to fisheries, the main aim of this study is to 

construct a Model of Intermediate Complexity for Ecosystem assessments (MICE) for 

use in developing an ecosystem-cognisant approach to evaluating different management 

scenarios for the hake and Norway lobster bottom trawl fishery in the central Adriatic 

Sea.  

 

Chapter 2 introduces a series of important concepts related to the preparation of the data 

required for subsequent steps of the study. In particular, the fact that the study area is 

only a part of the entire management area (GSA 17), has required that official data 

collected for the Adriatic Sea (catches, landings, discards, trawl surveys) be subdivided 

according to the area of interest. Italian landings and discards data for both target 

species were thus scaled to the study area using information coming from the Vessel 

Monitoring System (VMS). In addition more complex single species stock assessment 

methods applied to the target species, as well as the MICE model, also needed 

information coming from fishery independent methods, represented by scientific 

surveys. VMS and scientific surveys are the objects of Chapter 2. 

The target species of this study are then tackled in two separate chapters: Chapter 3 for 

European hake and Chapter 4 for Norway lobster. Each of these chapters contains 

information about distribution and biology of the species target, as well as the single-

species stock assessment models used to evaluate the state of these resources in the 

study area. 

Chapter 5 represents the fulcrum of the study; here all the steps required to develop the 

MICE model are explained in detail. The chapter starts with a description of the 

conceptual MICE model, where the importance of considering the prey of the target 

species (the predators) is pointed out. The construction of the model is then described in 

a stepwise manner finishing with the description of the management scenarios tested. 

Considering that the effects of the new EU discard ban (EC, 1380/2013) are evaluated, a 

paragraph is dedicated to the survival probability of discards. Finally, predator and prey 

dynamics are put together to test the different management options. 

Conclusions, as well as, improvements and pitfalls of this study are discussed in chapter 

6. 
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modeled by age and/or length; in this case length-based selectivities were set. Based on 

the features characterizing bottom trawl selectivity and the length composition exploited 

by this gear, a double normal selectivity for both Italian and Croatian fishery was 

chosen (Figure 3.17). 

 

 
Fig. 3.17 Estimated length-based selectivity for Italian and Croatian bottom trawl. 

 

Considering that the GRUND survey used a net similar to the commercial one, a double 

normal selectivity was assumed for that too (Fig. 3.18). A cubic spline selectivity was 

assumed for the MEDITS survey, since this type of selectivity better suited to the 

smaller mesh size used in this survey (Fig. 3.19). These models allow to shape the 

selectivity curve closer to the length frequency distributions, favoring a better fitting 

particularly when LFDs are noisy, as in this case. 

 

 
 

 

 

Estimated stock biomass decreases continuously along the time series reaching the 

minimum value of 5730 tonnes in 2013 (Fig. 3.20), accordingly fishing mortality 

Fig. 3.18 Estimated length-based selectivity 
for the Grund survey. 

Fig. 3.19 Estimated length-based selectivity 
for the Medits survey. 
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Finally, VIT has the advantage that it allows a stock assessment even if the available 

data time series are short. This model can be run through a practical interface, reducing 

required computing and coding capabilities (Lleonart and Salat, 1992, 1997). On the 

other hand, the assumption of a steady state has various implications (e.g. strong inter-

annual variations in the estimated fishing mortality, especially in years when the age 

composition shows strong year-class effects) that suggest this model should only be 

used to draw qualitative conclusions; quantitative estimations should be carefully 

interpreted and only in the presence of short time series (Rätz et al., 2010). 

The MICE model, presented in Chapter 5, was carried out using the outputs of VIT 

model; this choice was supported by the fact that MICE approach was to be developed, 

therefore the simplest data represented the best choice to start the model and results 

from VIT were well adapted to this necessity. However, improvements of this work 

foresee the use of complex stock assessment models to describe the predator dynamics 

within the MICE model and the comparison of results. 



http://www.fao.org/fishery/species/2647/en
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Table 4.4. Data available for Norway lobster assessment in the study area. Years represent overall year range, but data may not be available for all intermediate years. 

 Italian area Croatian area 
Landings Time step 1 (1985-2013) Time step 1 (1985-2013) 

Step 2 (1985-2013) Time step 2 (1985-2013) 
Length frequency of commercial catches Time step 1 (2007-2013) Used Italian data 

Time step 2 (2006-2013) Used Italian data 
Surveys MEDITS (1996-2013) MEDITS (1997-2013) 

GRUND (2000-2007) GRUND (2001-2007) 
GRUND2 (1985-1998)  

Length frequency of survey catches MEDITS (1996-2013) MEDITS (1996-2013) 
GRUND (2000-2007) GRUND (2004-2007) 
GRUND2 (1993-1998)  

Growth From Froglia and Gramitto 1988 
Maturity From Froglia and Gramitto 1981 
Length weight relationship From Froglia and Gramitto 1988 
Natural mortality Calculated with PRODBIOM (Abella et al., 1997) 
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MICE philosophy of keeping things simple. Discard, representing fished individuals 

returning, dead or alive, into the sea (FAO, 1996), is also taken in account, since it is 

relevant for both the diet of Norway lobster and management priorities in the area. 

The aims of this model are: 

1. To investigate how the dynamics of predators and prey influence each other; 

2. To examine how the fishery may have the power to modify their interactions 

indirectly, as well as directly, further impacting the hake and Norway lobster 

stocks in the study area; 

3. To explore how different management scenarios influence the predator-prey 

system. In particular, investigating the controversial institution of a discard ban 

imposed by EC Regulation No. 1380/2013 (see section 5.4). 

 

 
Fig. 5.1. Conceptual model for the MICE of the Central Adriatic Sea. Prey groups are: CG2, crustacean 
group 2; FG2, fish group 2; FG1, fishing group 1;CG1, crustacean group 1; discards (DISC). Solid lines 
represent direct effects, dotted lines represent feedbacks. 
 

The MICE model was developed in a step-wise manner. Steps are strictly critically 

connected, sometimes in a woven way involving multiple iterations of the same process; 

the understanding of the work is facilitated by a flow chart (Fig. 5.2). 
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Fig. 5.2 Flow chart summarising the steps adopted to run the MICE model and derive future abundances of predators and prey under different management scenarios. Red 
boxes represent predator dynamics, whereas green boxes represent prey group dynamics. Predator and prey dynamics are linked in the projection model, blue box, 
representing the last step of the MICE model. 
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Table 5.2. Composition of the four prey groups and their presence (marked by an x) in the diet of the four 
groups of predator species. 

 

 

 

Prey species/Predators Juvenile hake Adult hake small N. lobster large N. lobster 

FISH GROUP 1 (FG1)         

Alosa fallax 
 

x 
  

Argentina sphyraena 
 

x 
  

Chlorophthalmus agassizi 
 

x 
  

Engraulis encrasicolus 
 

x x x 

Gadiculus argenteus 
 

x x x 

Lepidopus caudatus  x x x 

Maurolicus muelleri x 
 

x x 

Sardina pilchardus 
 

x 
  Sprattus sprattus 

 
x 

  
Tachurus mediterraneus  x   

Trachurus trachurs  x   

FISH GROUP 2 (FG2)         

Arnoglossus laterna 
 

x 
  

Boops boops  x   

Citharus linguatula 
 

x 
  

Gobius niger  x   

Lesueurigobius friesii   x x x 

Merlangius merlangus 
 

x 
  

Merluccius merluccius 
 

x 
  

Micromesistius poutassou 
 

x 
  

Mullus barbatus 
 

x 
  

Scorpaena notata 
 

x 
  

Spicara maena 
 

x 
  

Spicara smaris 
 

x 
  

Trigla lyra 
 

x 
  

Trisopterus minutus capelanus 
 

x 
  

CRUSTACEAN GROUP 1 (CG 1) 
    

Lophogaster typicus x x 
  

Meganyctiphanes norvegica x 
 

x 
 

CRUSTACEAN GROUP 2 (CG 2)         

Alpheus glaber 
 

x x 
 

Chlorotocus crassicornis 
 

x 
  

Goneplax rhomboides 
  

x x 

Monodaesus couchii 
  

x x 

Munida intermedia 
 

x x x 

Nephrops norvegicus 
  

x x 

Processa mediterranea 
 

x x x 

Solenocera membranacea 
 

x 
 

x 
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Fig. 5.3 Estimated prey preference probabilities for the predator groups: large Norway lobster, small 
Norway lobster, large hake and small hake for (A) the base case (BC), decrease in recruitment (DR), 
increase in net selectivity (S1) and protection of larger individuals (S2) scenarios, and (B) the discard ban 
(DB) scenario. Prey groups are as follows: CG1 (crustacean group 1), CG2 (crustacean group 2), DISC 
(discard), FG1 (fish group 1), FG2 (fish group 2), NEP (Norway lobster), SHKE (small hake). Upper and 
lower horizontal lines represent the first and third quartiles (25th and 75th percentiles), bold line is the 
median value, whiskers extend to the maximum and minimum value and points are outliers. 
 
In the presence of discards (Fig. 5.3A), discards themselves represent the favourite prey 

of Norway lobster, followed by benthic crustaceans (CG2) and fish group 1 (FG1). Fish 

group 2 (FG2) and crustacean group 1 (CG1) are consumed in small percentages, with 

CG1 eaten only by small Norway lobster. In the absence of discards, Norway lobster 

increase their preference for prey groups CG2 and FG1 (Fig. 5.3B). Hake do not 

consume discards, thus their diet is not influenced by its presence or absence (Fig, 5.3A 

and B). Small hake prefer small pelagic crustaceans (CG1), followed by FG1 and a 

small percentage of CG2. Instead, the favourite prey of large hake is FG1, followed by 

CG2, FG2 and CG1.  

Cannibalism is not preponderant for these species, however hake is the predator group 

that accounts for the highest prevalence of this feeding behaviour. Direct trophic 
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Discard estimates were essential for the calculation of the total catch of prey groups, as 

well as to model the discard ban scenario. 

Regarding landings, the IREPA database provided official Italian landings for FG1 and 

FG2, whereas Croatian landings were provided by FishStatJ (2015). These values are 

referred to the entire GSA 17. Data were scaled to the study area using VMS data for 

the Italian side, whereas Croatian landings were reduced to 30%, corresponding to the 

effort (fishing days) exerted in the study area (zone C of Croatian fishing zones) with 

respect to the overall area (PHARE, 2005). Once total landings for the study area were 

determined, discard amounts for each year were calculated using the mean value of 

4.45%. The resulting discard amount was split among prey groups considering the 

percentage shown in Table 5.4 and the corresponding values were added to the landings 

to obtain catches of prey groups (Table 5.5). 

 
Table 5.5 Estimated catches, in tonnes, for each prey group and year. 

Year 2006 2007 2008 2009 2010 2011 2012 2013 
FG1 24737 23870 20136 26257 25962 27978 34905 34313 
FG2 2488 2275 1923 1898 1764 2007 1966 2172 
CG2 314 301 254 325 320 346 426 421 

 

5.3.5 Intrinsic rate of increase 

The intrinsic rate of increase, r, describes how fast a population grows; the higher the r 

value, the faster the population grows. To estimate r it is essential to know the life 

history parameters for each prey group. These were mainly taken from FishBase (Froese 

and Pauly, 2015) and the literature. Growth parameters for each prey group are 

summarised in table 5.6, whereas relative references are included in Appendix B. 
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Fig. 5.7 Estimated carrying capacity, K (millions of tonnes), for each prey group: FG1 (fish group 1), FG2 
(fish group 2), CG1(crustacean group 1), CG2 (crustacean group 2). Upper and lower horizontal lines 
represent the first and third quartiles (25th and 75th percentiles), bold line is the median value, whiskers 
extend to the maximum and minimum value and points are outliers. 
 

 

5.4 Discards and survival probability  
In the European Union, discards represent a debated point since the European 

Commission issued a controversial regulation, EC Regulation No. 1380/2013, that 

foresees a ban on discarding, (a.k.a. landing obligations). This regulation predicts that in 

the Mediterranean, from 2017 (or 2019 in some cases), all catches of species subject to 

catch limits and/or minimum landing sizes should be retained and landed. This decision 

is considered controversial for a number of ecological and economic reasons. From an 

ecological perspective, if on one hand discards represent a waste of natural resources, 

on the other, the return of this organic material represents energy re-entering into the 

sea, supporting secondary production and energy recycle (Coll et al., 2008; Libralato et 

al., 2008). Moreover discards can be an important source of food for some species (e.g. 

invertebrates, marine turtles, marine seabirds; Tomas et al., 2002; Bozzano and Sardà, 

2002; Bicknell et al., 2013), and some species do not necessarily die in the process thus 

decreasing the effects of fishing mortality and favouring biodiversity (Sardà et al., 

2013). From an economic point of view, the discard ban may increase operational costs 

of fishing activity, since fishermen will be employed to manipulate, store and land 

products of low value, and this can favour the creation of new markets for fishmeal or 

black markets, increasing the depletion of these stocks (Sardà et al., 2013). Considering 

these controversies, the inclusion of a scenario simulating the discard ban is of 

particular importance. 
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target species (Fig. 5.8 A and B), that extends to all projected years with important 

consequences for the spawning stock abundance, which decreases from 2017 for hake 

and from 2016 for Norway lobster (Fig. 5.8 C and D). This scenario results in a marked 

decrease in the abundance of all length bins of both species compared to the BC (Fig. 

5.9). 

The protection of larger individuals (S2) appears to be particularly important, since 

stock abundance of both target species increases (Fig. 5.8 A and B), particularly of the 

larger length bins (Fig. 5.9). Consequently, spawning stock abundance shows a positive 

trend over the projected years (Fig. 5.8 C and D). Contrary to expectation, this measure 

has little effect on the cannibalistic relationship of both predators: no change is evident 

compared to the base case in the abundance of the smaller portion of either hake or 

Norway lobster (Fig. 5.9). 

The discard ban scenario (DB) does not appear to improve predator species, particularly 

Norway lobster abundance decreases immediately in 2014 to then follow a stable trend 

to 2022 (Fig. 5.8 B), whereas for hake the trend is very similar to the BC scenario. 

Moreover, the spawning stock abundance does not increase over the years, rather it 

decreases for Norway lobster (Fig. 5.8 C and D). 

Figure 5.10 shows the results for prey groups. As for predators, scenarios BC and S1 

describe similar results, depicting a continuous decreasing trend for FG1, CG1 and 

CG2, whereas FG2 presents a slight increasing trend. The DR scenario depicts the most 

favourable situation, since the decrease in FG1 is slower than in the base case scenario 

accounting for higher value (Fig. 5.10 A), FG2 increases markedly (Fig. 5.10 B) and 

CG1 and CG2 stay approximately stable after an initial decrease (Fig. 5.10 C and D). 

Scenario S2 results in visible differences compared to the base case scenario; FG1, CG1 

and CG2 decrease continuously to 2022, accounting for lower values with respect to 

BC, particularly CG2 (Fig. 5.10 C). FG2 shows an increasing trend to 2018, followed 

by a decreasing trend that accounts for lower values compared to the base (Fig 5.10 B). 

The DB scenario describes a trend similar to the BC scenario for FG1 and CG1 (Fig. 

5.10 A and V), whereas that for FG2 almost identical to the one resulting from scenario 

S2 (Fig. 5.10 B); CG2 follows a marked continuous decreasing trend to 2022 (Fig. 

5.10). 
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Table 5.8. Probability that the predicted abundance and spawning stock abundance (SSA) of predators and the total biomass of prey half way through (2017), and the end of 
the projection period (2022) will have increased (> 0.5) or decreased (< 0.5) with respect to the starting biomass (2013). Probabilities were calculated taking into account the 
variability associated to the predictions (i.e. resulting from 1000 iterations). 
 

 
Scenario 
  

Hake 
abundance 

Norway lobster 
abundance Hake SSA Norway lobster 

SSA FG1 FG2 CG1 CG2 

2017 2022 2017 2022 2017 2022 2017 2022 2017 2022 2017 2022 2017 2022 2017 2022 

Base Case (BC) 0.73 0.77 0.69 0.76 1.00 1.00 0.99 1.00 0.08 0.06 0.86 0.82 0.26 0.25 0.46 0.45 
Decrease Recruitment (DR) 0.05 0.03 0.04 0.03 1.00 0.48 0.53 0.26 0.18 0.25 0.90 0.91 0.41 0.45 0.49 0.51 
Selectivity 1 (S1) 0.77 0.80 0.69 0.75 1.00 1.00 0.99 1.00 0.06 0.05 0.86 0.81 0.27 0.25 0.47 0.45 
Selectivity 2 (S2) 0.87 0.94 0.90 0.96 1.00 1.00 1.00 1.00 0.06 0.04 0.82 0.70 0.26 0.25 0.45 0.42 
Discard Ban (DB) 0.75 0.80 0.45 0.45 1.00 1.00 0.81 0.80 0.08 0.05 0.88 0.85 0.27 0.26 0.46 0.45 
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CHAPTER 6 �± Conclusions 
 
The main aim of this study was to develop a Model of Intermediate Complexity for 

Ecosystem assessments (MICE; Plagányi et al., 2014) towards evaluating different 

scenarios for the management of the European hake and Norway lobster bottom trawl 

fishery in the central Adriatic Sea. These two species thus represent the target species, 

as well as the predators, of this study; they are two of the most important species fished 

by the bottom trawl fishery, accounting for both highest landings and commercial value 

among demersal species in the area. 

The study area is located in the central Adriatic Sea and includes the Pomo/Jabuka pits, 

the deepest part of the central and northern Adriatic Sea, and takes in account the 

fishing activity of the principal harbours exploiting this zone at depths greater than 100 

m. This area represents an important zone both economically and biologically. 

Economically because a great part of the catches of GSA 17 come from this area and 

they account for an high commercial value, whereas biologically because it represents a 

nursery ground for hake and hosts a distinctive population of Norway lobster. 

Moreover, thanks to the peculiar circulation of the Adriatic Sea, upwelling phenomena 

occur in this area allowing the formation of a rich planktonic community that supports a 

richness in pelagic and demersal resources (Adriamed, 2006). This richness in species, 

as well as the significant importance of the area for the target species of this study and 

the considerable exploitation of this zone by fishing activity, make it an interesting 

place to test multispecies management alternatives. 

Definition of management alternatives to apply in a multispecies context is one of the 

key objectives of ecosystem-based fisheries management (EBFM) and an ecosystem 

approach to fisheries (EAF). In particular, these approaches include the protection of 

ecosystems from majored degradation and irreversible change, as well as the broadening 

of our knowledge on the role of human activities in ecosystem dynamics (Garcia et al., 

2003; Pikitch et al., 2004). 

Different models are available to reach EAF purposes, here the choice was made to 

develop a MICE approach, since it is well adapted to test specific management 

questions, as required by this study, and accounts for an intermediate complexity. MICE 

represents a group of models taking in account a restricted number of species, 

fundamental to describe the crucial relationships of the ecosystem in exam. Their 
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primary aim is to answer specific tactical management questions (e.g. gear restrictions, 

seasonal closures, etc.), incorporating the best characteristics of single-species models 

and the capability to estimate parameters using standard statistical methods. 

In this case, the MICE model was developed in a step-wise manner. Firstly, a 

conceptual model was defined: this represents the interaction between the trawl fishery, 

the two target species (Norway lobster and European hake, �D�O�V�R�� �G�H�I�L�Q�H�G�� �³�S�U�H�G�D�W�R�U�V�´�� 

and their prey (grouped in four meaningful groups: mostly pelagic fish species �± FG1; 

mainly demersal fish species �± FG2; crustacean benthopelagic species - CG1; benthic 

crustacean species �± CG2). Discards were also considered, representing a source of food 

for Norway lobster and being important in terms of management options. Secondly, 

management scenarios to be tested were determined: (i) base case (BC), that is the 

investigation of the effects of the continuation of the present situation, (ii) the 

examination of the effects of a recruitment reduction of predators by 50% (DR), (iii) the 

impact of an increase in net selectivity for smaller individuals (S1), (iv) the effect of a 

protection of larger individuals (S2) and (v) the impact of the imposition of the discard 

ban (Reg. EC No.1380/2013). 

Finally, with the conceptual model and the desired outputs at hand, it was possible to 

develop the dynamics of each single functional unit, which were then joined within the 

MICE model and projected into the future (from 2013 to 2022) for the evaluation of the 

different management strategies selected. 

Regarding predator dynamics, it first of all necessary to evaluate their status applying 

single species stock assessments and producing the input values (i.e. fishing mortality 

rates and stock abundance at length) for the MICE. For hake three single species models 

were compared: a length cohort analysis (LCA with VIT (Lleonart and Salat, 1992; 

1997)), a statistical catch at length model (Mark3) and an integrated analysis (SS3; 

Methot and Wetzel, 2013). Results seem to favour estimates produced by the Mark3 

method, since it is a purely length based model, more appropriate to describe the length 

structure dynamics of hake. Moreover, being a statistical catch at length, it produces 

more accurate estimates compared to the VIT analysis, that it is too a truly length based 

model but is based on an assumption of steady state which can generate biased 

estimates. SS3 has to be mentioned; this method belongs to the set of models 

performing an integrated analysis and thus able to include a wide variety of input data, 

with different structures. This model, however, is not a purely length based model, 

making other methods more suitable to describe length based dynamics at hand. 



Chapter 6- Conclusions 
 

139 
 

Actually SS3 is one of the most used stock assessment models, especially outside 

Europe (e.g. Helu et al., 2000; Shoho et al., 2010; Cope, 2013). 

For the stock assessment of Norway lobster two models were compared: a simple length 

cohort analysis (LCA with VIT (Lleonart and Salat, 1992; 1997)) and CASAL (Bull et 

al., 2012). Both VIT and CASAL are purely length based models, but VIT has the limit  

of assuming a steady state, whereas CASAL performs an integrated analysis which 

takes care of this problem. CASAL seems to give more reliable estimates since it 

include a larger amount of data that better describe the specific biological features of 

this species, i.e. sex ratio related to moulting and reproductive behaviour. CASAL is a 

widely used method, mainly in the southern hemisphere (New Zealand and Australia) 

(e.g. Hillary et al, 2006; Candy and Constable, 2008; Cordue, 2014). 

The MICE model was develop using results from VIT assessments for both hake and 

Norway lobster. The reasons for choosing this assessment and not the others are two: 1) 

the VIT outputs represented the least complex inputs for the MICE model, satisfying the 

underlying MICE philosophy which embraces simplicity; 2) the investigation of a 

number of more complex stock assessment method (Mark 3, SS3, CASAL) is an 

important part of this study. The aim was to test possible improvements to single 

species models for two important species whose assessments to date has not been ideal. 

Nevertheless, the development of these models requires a considerable amount of time, 

as does the development of a MICE model. The VIT assessment, on the other hand is 

rather quick and the use of its results allowed the implementation of the MICE model to 

be more expedite. The more complex new single species approaches, Mark 3 and 

CASAL in particular, seem to perform better than VIT, probably giving more reliable 

estimates; their outputs are being tailored for the MICE model and will be included in 

future developments of this study. 

The inclusion of prey species within the model allowed us to investigate the effects of 

predation. Predation is a fundamental aspect of multispecies models. When predators 

are more generalist, as in this case, prey items can be partitioned into meaningful 

groups, with the net effect of reducing model complexity and calculations. In support of 

this, Yodzis (1998) demonstrated that when the weakest trophic relationships within an 

ecosystem were removed from a model, predictions did not undergo substantial 

changes; the contrary is true if important links were removed. 

Moreover, predation appears to be the main factor regulating the biomass of the prey 

groups; this is not surprising as they mainly comprise species not targeted by the 
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fishery. Similar conclusions are drawn in other studies, e.g. Punt and Butterworth 

(1995) showed the importance of taking into account all the important predator-prey 

interactions within the model, including predation and explained 90% of hake mortality 

in this way; Livingston and Jurado-Molina (2000) observed the influence of predation 

in limiting recruitment of pollock species, making the use of different fishing strategies 

almost not useless. We are not able to see more bottom-up type dynamics as we have 

not parameterised them given the lack the available data to do so (e.g. primary 

production, nutrients). We are aware of the importance of exploring and understanding 

such processes. The main issue, and one not at all specific to this example system, is 

that obtaining data to estimate these processes is far more difficult than collecting data 

on the top-down dynamics such as predation uptake and diet preference. The next step 

will thus be to incorporate such feedbacks as a function of the effect of prey groups in 

terms of biomass (and accounting for predator prey preference) on predator somatic 

growth and/o reproductive success. This is truly in line MICE philosophy where the 

representation of predator-prey interdependencies is simplified to what consumption 

affects (e.g. the effect of prey biomass on growth, reproduction or survival) rather than 

delving into the bioenergetics associated to consumption for which we have no 

supporting data (Plagányi et al., 2014).  

Finally, predator and prey dynamics were joined within the MICE model and projected 

into the future under different management scenarios. The base case scenario describes 

a rather stable status quo situation, for both predator and prey species, and for this 

reason it can easily shift to negative consequences. A possible decrease in recruitment 

of predators by 50%, easily caused by adverse environmental conditions affecting larval 

and/or juvenile phases or when stocks are highly exploited and individuals cannot grow 

to adult sizes, represents the worst situation for both predator species. Efforts should 

thus be directed towards avoiding this situation. The protection of adults appears to be 

the best management option, producing the most beneficial results for both predator 

species in terms of spawning stock abundance (SSA) and adult size. Under this 

scenario, prey groups showed a visible decrease compared to the base case scenario but 

this was not so relevant enough to discard the option. The management strategies 

available to act upon these results are the creation of a trawling ban in the Pomo area, as 

well as the use of flexible grids in front of the cod-end (Sardà et al.,2006; Bahamon et 

al., 2007) and the use of more selective fishing gear such as longlines and baited traps 
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(Santos et al., 2002; Morello et al., 2009). The former of these two options has recently 

been put in place for a trial period of one year.  

Finally, neither an increase in net selectivity for small predators nor a discard ban 

scenario showed modest tangible (if any in the case of the discard ban) beneficial effects 

on predator or prey groups. In particular, under a discard ban scenario, Norway lobster 

and the most consumed prey groups (FG2 and CG2) decreased with respect to the base 

case. This may have the net effects of inducing a possible reduction of biodiversity, 

possibly causing modifications of the trophic interactions characterising the impacted 

communities (e.g. shortening of food chains) (Groenewold and Fonds, 2000), altering 

benthic communities and reducing additional food sources for birds and turtles (Tomás 

et al., 2002; Suuronen and Erikcon, 2010; Bicknell et al., 2013; Depestele et al., 2014). 

This would add to the possible economic effects of a discard ban e.g. the possible 

creation of new markets (e.g. fishmeal), inducing fishermen to increase catches of 

undersized or illegal and non-commercial species, thus increasing the fishing mortality 

in particular on juvenile fish (Sardà et al., 2013; Bellido Millán et al., 2014). 

 

This MICE application has demonstrated a capacity for producing valuable management 

options to avoid ecosystem degradation sustaining the well-being of marine ecosystems 

and the fisheries they support, that is the crucial objective of an ecosystem approach to 

fisheries (Garcia et al., 2003; Pikitch et al., 2004). Other ecosystem models were tested 

in the Adriatic Sea, particularly whole-of-ecosystem models constructed to evaluate 

fisheries impacts and they do not portray a hopeful future for the Adriatic Sea, which 

has been reported as having possibly been subject to ecosystem over-fishing in the past 

30 years (Coll et al., 2007; Libralato et al., 2008; Coll et al., 2010a). These studies 

demonstrated the overall depletion of the Adriatic Sea ecosystem that caused important 

changes in the structure and functioning of this ecosystem, e.g. the increase of small and 

fast-growing organisms versus large and slow-growing organisms. In particular, the 

depletion of the Adriatic Sea ecosystem was caused by an increase in fishing activity in 

recent years, together with environmental changes, such as the increase of the water 

temperature. The overall depletion of the Adriatic Sea was further confirmed upon 

comparison with other 19 ecosystems (Coll et al., 2010b; Link et al., 2010). The 

importance of appropriate management of the Pomo/Jabuka Pit area is also highlighted 

(central Adriatic; Fouzai �H�W�� �D�O������ �������������� �H�V�S�H�F�L�D�O�O�\�� �L�Q�� �Y�L�H�Z�� �R�I�� �W�K�L�V�� �D�U�H�D�¶�V�� �V�W�D�W�X�V�� �D�V�� �D��
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nursery �J�U�R�X�Q�G�� �I�R�U�� �(�X�U�R�S�H�D�Q�� �K�D�N�H�� ���ä�X�S�D�Q�R�Y�L�ü and Jardas, 1986; Druon et al., 2015), 

one of the most important demersal species of the Adriatic Sea. 

Moreover, this MICE model highlights the role of multispecies models in 

complementing single-species models in terms of simulating alternative management 

options and evaluating associated trade-offs, especially when taking trophic interactions 

into account. By utilising all available data within a rigorous framework that accounts 

for the associated uncertainty, this approach represents a small step forward in terms of 

advancing an ecosystem approach to fisheries. 

Improvements and future perspectives of this model are foreseen and they include: (i) 

the expansion of the modelled area to the entire Adriatic Sea, (ii) the integration of new 

and more accurate single-species stock assessments, taking into consideration the 

different growth dynamics in different areas, as well as data from additional sources 

(e.g. abundance indices from Underwater TV survey for Norway lobster, Martinelli et 

al., 2013; spatial effort data to be used for splitting catches by area with VMS data, 

Russo et al., 2011); (iii) the incorporation of prey-predator feedbacks, (iv) the inclusion 

of better estimates of prey biomass and an investigation of the use of additional forms of 

the predator functional response, e.g. Holling type III, predator interference, Hassell-

Varley; and (v) the inclusion of environmental variables, e.g. temperature, oxygen and 

proxies for water replenishment/renewal in the Pomo/Jabuka Pits(Artegiani et al.,1997a; 

b) to understand whether these processes underlie hydrographic (Marini et al., 2006) 

and biological variations of importance for this Adriatic system. 
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The basic equations to pursue the stock assessment of hake with the Mark3 model are 
listed below. 
The codes for the Mark 3 assessment are also reported. The dat.file includes the input 
data used, and the pin.file comprises the starting values obtained by the initialization 
process. The tpl.file contains the actual ADMB assessment code. 
  
 
Equations 
 
Spawning stock biomass (SSB): 
 

  
 
where matl represents the maturity vector by length bin (l), Nl the number of individuals 
in each length bin (l) and wl  the mean weight of each length bin (l). 
 
Recruitment (R): 
 

  
 
where logR1 represents the logarithm of the number of individuals contained in the first 
length bin of each considered year divided by the survey selectivity, selsurv, for the first 
length bin.  
The survey selectivity is assumed to be logistic: 
 

 

where 
�T1 = length at 50% selectivity 
�T2 = length at 95% selectivity 
nl = number of length bins 
 
Fishing mortality by year and length bin (Ft,l) and survival rates by year and length bin 
(St,l) are calculated as follows: 
 

  

 
  

 
where logFt are the starting values for fishing mortality for each year, derived from the 
mean value among length bins of the ratio between the number of individuals in the 
catches and the number of individuals in the survey. Ml is natural mortality at length and 
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self is the selectivity for the commercial fishery, which is assumed to be a double 
normal function: 
 

 

 

 
Where: 
l = length bin 
�� = length bin at maximum selection (selectivity parameter 1) 
�1L = rate at which selectivity decays (selectivity parameter 2) 
�1U = rate at which selectivity reaches the maximum (selectivity parameter 3) 

 
Survey abundance by length (U1t,l) is given by: 
 

  

 
where U1t,l represents the number of fish caught by the survey by length bin (l) and year 
(t), logqsurv represents the starting value for the survey catchability, assumed to be 0.9, 
Nt,l is the number of individuals by length and year within the stock, St,l is the survival 
rate for each length bin and year and fsurv is the fraction of year gone by when survey 
starts and here the survey is assumed to start at the beginning of the year. 
 
Catches (Ct,l), by year t and length bin l, are estimated as follows: 
 

  

 
where Ft,l represents the fishing mortality by year and length bin, Mt,l the natural 
mortality by year and length bin, Nt,l the number of individuals in the stock by year and 
length bin and St,l the survival probability by year and length bin. 
 
Stock abundance by year and length bin (Nt,l): 
 

  

 
where Nt-1,j represents the number of individuals in the previous year (t-1) of a given 
length (j), �Jj,l represents the transition matrix from length j in year t-1 to length l in year 
t; l starts at the second length bin and St-1,j is the survival probability of the previous 
year (t-1) by length (j). See section 3.2.3 for the equation for �Jj,l 
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Codes for Mark 3 assessment. 
 

// ADMB DAT.file for M. merluccius stock assessment model MARK3 

// :: MARK 3 similar to SS 

// R. Hillary and S. Angelini (2014) 

 

##### length: 6 - 40+  # years: 2006 2013 

# lbins:6 14 20 22 26 28 30 32 34 36 38 40 

# no. of length bins 

12 

# min and max years 

2006 

2013 

# survey min and max years 

2006 

2013 

# fraction of year gone when survey starts 

0. 

# transition matrix 

0 0.82 0.18 0 0 0 0 0 0 0 0 0 

0 0 0.13 0.73 0.13 0 0 0 0 0 0 0 

0 0 0 0 0.70 0.30 0 0 0 0 0 0 

0 0 0 0 0 0.40 0.55 0.05 0 0 0 0 

0 0 0 0 0 0 0 1 0 0 0 0 

0 0 0 0 0 0 0 0.00 1.00 0 0 0 

0 0 0 0 0 0 0 0 0.11 0.89 0 0 

0 0 0 0 0 0 0 0 0 0.21 0.79 0 

0 0 0 0 0 0 0 0 0 0 0.31 0.69 

0 0 0 0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 1 

 

# maturity ogive 

0 

0 

0.5 

0.5 

0.5 

1 
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1 

1 

1 

1 

1 

1 

# M 

0.759 

0.386 

0.386 

0.263 

0.263 

0.219 

0.219 

0.219 

0.195  

0.195 

0.195 

0.181 

# observation error for catch data (CV) 

0.1 

# observation error for survey data (CV) 

0.25 

# effective sample size of catch length frequency data 

10 

# prior mean for survey catchability (muq) 

0.9 

# prior CV for survey catchability (cvq) 

0.1 

##### total catches in numbers (thousand) 

36018.2634  

17351.49757  

13904.89474  

10659.83113  

10322.20466  

10132.55077  

12244.60648  

10062.31741 

##### catch length frequencies 

0.04 0.54 0.15 0.21 0.03 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
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0.07 0.13 0.28 0.32 0.06 0.04 0.02 0.03 0.03 0.01 0.00 0.00 

0.10 0.20 0.22 0.29 0.05 0.03 0.02 0.03 0.03 0.01 0.00 0.02 

0.22 0.26 0.08 0.21 0.06 0.04 0.02 0.02 0.02 0.02 0.01 0.03 

0.20 0.26 0.08 0.22 0.06 0.04 0.02 0.02 0.02 0.02 0.01 0.03 

0.16 0.31 0.13 0.23 0.02 0.02 0.02 0.03 0.03 0.01 0.01 0.02 

0.30 0.22 0.07 0.25 0.05 0.02 0.01 0.01 0.02 0.02 0.01 0.02 

0.23 0.23 0.04 0.13 0.10 0.07 0.03 0.03 0.03 0.03 0.02 0.06 

##### wts (weight at length in kg)  

0.005 0.031 0.057 0.089 0.123 0.155 0.198 0.239 0.237 0.254 0.26 0.571 

0.005 0.032 0.061 0.091 0.133 0.162 0.21 0.251 0.295 0.343 0.34 0.573 

0.005 0.031 0.059 0.09 0.128 0.159 0.204 0.245 0.266 0.298 0.419 0.573 

0.005 0.031 0.06 0.091 0.13 0.162 0.203 0.248 0.287 0.327 0.425 0.579 

0.01 0.032 0.061 0.092 0.132 0.165 0.202 0.251 0.308 0.355 0.414 0.567 

0.009 0.031 0.058 0.09 0.131 0.166 0.208 0.25 0.307 0.351 0.437 0.592 

0.01 0.032 0.067 0.094 0.136 0.17 0.202 0.257 0.309 0.343 0.406 0.518 

0.01 0.031 0.06 0.092 0.131 0.159 0.195 0.246 0.309 0.371 0.398 0.592 

##### tuning (total N in 000s from MEDITS survey) 

32124 9527 1888 2154 558 283 186 103 83 65 92 160 

20894 8630 820 1501 417 350 178 205 103 43 35 115 

33055 7598 1819 2312 554 400 178 197 116 164 53 247 

3316 4495 876 1180 390 273 145 80 33 68 85 51 

7352 4624 909 644 200 164 87 36 43 38 57 82 

7613 6248 749 845 214 163 91 115 84 43 22 39 

23110 3602 766 1203 302 191 190 179 78 70 39 113 

5533 5147 741 1499 463 333 203 159 143 120 65 120 

 

 

// ADMB PIN.file for M. merluccius stock assessment model MARK3 

// :: MARK 3 similar to SS 

// R. Hillary and S. Angelini (2014) 

# the following three values represent the fishery selectivity Fselpar 

3.5  

1.5  

10  

# the following two values represent the survey selectivity Sselpar 

6 

4 

# the following eight values are logFpar 

-0.6421563 

-0.5794159 
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-0.3565372 

-0.2528373 

-0.3029269 

-0.3193075 

-0.3232366 

-0.3337357 

# the following eight values are logRpar 

10.50428 

10.07415 

10.53286 

8.233492 

9.029597 

9.064573 

10.17495 

8.745368 

# the following eleven values are logNpar 

9.162214 

7.543063 

7.675312 

6.324655 

5.645761 

5.22565 

4.631578 

4.421836 

4.178992 

4.521452 

5.07381 

0.9  # qpar 

# the following two values are logsdpar 

-2.995732 

-2.995732 
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// ADMB TPL.file for M. merluccius stock assessment model MARK3 

// :: MARK 3 similar to SS 

// R. Hillary and S. Angelini (2014) 

 

DATA_SECTION //this section descirbes the structure of the data in your model 

  init_int    nlength 

  init_int    minyr 

  init_int    maxyr 

  init_int    sminyr 

  init_int    smaxyr 

  init_number fsurv 

  init_matrix Gamma(1,nlength,1,nlength) 

  init_vector mat(1,nlength) 

  init_vector M(1,nlength) 

  init_number cvC 

  init_number cvS 

  init_number neff // effective sample size of catch length frequency data 

  number sdC 

  number sdS 

  // The escape sequence (!!) can be used to include one line of  

  // the user's code into the DATA_SECTION or PARAMETER_SECTION 

  !!sdC=sqrt(log(1.+cvC*cvC));sdS=sqrt(log(1.+cvS*cvS)); 

  init_number muq 

  init_number cvq 

  number sdq 

  !!sdq=sqrt(log(1.+cvq*cvq)); 

  init_vector ctotn(minyr,maxyr) 

  init_matrix clfreq(minyr,maxyr,1,nlength) 

  init_matrix weights(minyr,maxyr,1,nlength) 

  init_matrix tuning(sminyr,smaxyr,1,nlength) 

 

PARAMETER_SECTION  // this section is used to describe the structure of the parameters in 

your model 

  // double normal selectivity for fishery 

  init_bounded_vector Fsel(1,3,1e-2,100.) // A vector with index between 1 and 3,  

  // logistic selectivity for MEDITS survey 

  init_bounded_vector Ssel(1,2,1e-2,100.) 

  init_vector logFyrs(minyr,maxyr) // it means that we'll have a vector of eight values, since we  

  have eight years 
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  init_vector logRec(minyr,maxyr) // it means that we'll have a vector of eight values, since we  

  have eight years 

  init_vector logStartN(1,nlength-1) // it's a vector of eleven values, since the lengths are 12 

  init_number logqsurv 

  init_number logsdsurv //log-scale total SD for the survey :-) 

 

  vector self(1,nlength) 

  //vector selsurv(1,nlength) 

  vector sdvec(1,2) 

 

  sdreport_vector SSB(minyr,maxyr) 

  sdreport_vector Fbar(minyr,maxyr) 

  sdreport_vector R(minyr,maxyr) 

  sdreport_vector chat(minyr,maxyr) // model-predicted total catches 

  matrix F(minyr,maxyr,1,nlength) 

  matrix S(minyr,maxyr,1,nlength) 

  matrix N(minyr,maxyr,1,nlength) 

  matrix U1(minyr,maxyr,1,nlength) 

  matrix C(minyr,maxyr,1,nlength) 

  matrix phat(minyr,maxyr,1,nlength) // model-predicted catch length frequencies 

  number psum // useful later on 

  // These values participate to evaluate the objective function 

  number f_c 

  number f_clf  

  number f_s 

  number p_q 

  objective_function_value f 

 

PROCEDURE_SECTION //model calculations 

 

  get_mortality_and_survival_rates(); 

  get_numbers_at_length(); 

  get_catch_data(); 

  get_survey_at_length(); 

  calculate_report_vars(); 

  evaluate_the_objective_function(); 

  if (mceval_phase()) 

  { 

    write_mcmc(); 

  } 
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REPORT_SECTION // This section shows how to generate a report of ADMB program 

  report << "Likelihoods" << endl; // to skip a line after writing the object, it needs to include the     

  stream manipulator 'endl' at the end of the line 

  report << "f, f_c, f_clf, f_s, p_q" << endl; 

  report << f << endl; 

  report << f_c << endl; 

  report << f_clf << endl; 

  report << f_s << endl; 

  report << p_q << endl; 

  report << "Sigma parameters logsigmaU1" << endl; 

  report << logsdsurv << endl; 

  report << "Selectivities self, selsurv" << endl; 

  report << self << endl; 

  //report << selsurv << endl; 

  report << "Annual F multiplier from logFyrs" << endl; 

  report << mfexp(logFyrs) << endl << endl; 

  report << "Estimated total numbers in catch" << endl; 

  report << chat << endl << endl; 

  report << "Estimated length frequency in the catch" << endl; 

  report << phat << endl << endl; 

  report << "Estimated survey" << endl; 

  report << U1 << endl << endl; 

  report << "Estimated numbers of fish" << endl; 

  report << N << endl << endl; 

  report << "Estimated fishing mortality" << endl; 

  report << F << endl << endl; 

  report << "Estimated Fbar" << endl; 

  report << Fbar << endl << endl; 

  report << "Estimated SSB" << endl; 

  report << SSB << endl << endl; 

 

FUNCTION dvariable dnorm(const dvariable& x, const dvariable& mu, const dvariable& sd) 

  return 0.5 * (log(2*M_PI*sd*sd) + square(x-mu)/(sd*sd)); 

 

FUNCTION get_mortality_and_survival_rates 

  // Calculate selectivity from sel_coffs 

  // fishery: double normal 

  double ltmp;  

  for (int l=1; l<=nlength; l++)  { 
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 ltmp = double(l); 

 if(ltmp < Fsel(1)) { 

  self(l) = pow(2.,-square((ltmp-Fsel(1))/Fsel(2))); 

 } else { 

  self(l) = pow(2.,-square((ltmp-Fsel(1))/Fsel(3))); 

 } 

  } 

  F = outer_prod(mfexp(logFyrs),self); //the mfexp function is the exponential function 

  for (int t=minyr; t<=maxyr; t++) 

    //Fbar(t) = mean(row(F,t)(2,8)); 

    Fbar(t) = mean(row(F,t)); 

  for (int l=1; l<=nlength; l++) 

  S = mfexp(-(F+M(l))); 

 

FUNCTION get_numbers_at_length 

  for (int t=minyr; t<=maxyr; t++) // first length bin of each year 

    N(t,1) = mfexp(logRec(t));  

  for (int l=2; l<=nlength; l++) // from the second length bins 

    N(minyr,l) = mfexp(logStartN(l-1)); // logstartN(l-1) means the length before 

   

  for (int t=minyr+1; t<=maxyr; t++) { 

    for (int l=2; l<=nlength; l++) { 

 N(t,l) = 0.; 

 for(int k=1; k<=nlength; k++) { 

        N(t,l) += N(t-1,k) * Gamma(k,l) * S(t-1,k); // N per year and length is N times 

transition matrix times survival rates 

 } 

    } 

  } 

 

FUNCTION get_catch_data 

  // catch-at-length first 

  for (int l=1; l<=nlength; l++) 

  C = elem_prod(elem_div(F,(F+M(l))), elem_prod(1-S,N)); // efficient way to multiply and divide 

matrices :-) 

  // total catch in numbers 

  for(int t=minyr;t<=maxyr;t++) { 

 chat(t) = 0.; 

 for(int l=1;l<=nlength;l++) chat(t) += C(t,l); 

  } 
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  // get catch proportions 

  for(int t=minyr;t<=maxyr;t++) { 

 psum = 0.; 

 for(int l=1;l<=nlength;l++) psum += C(t,l); 

 for(int l=1;l<=nlength;l++) phat(t,l) = C(t,l)/psum; 

  } 

 

FUNCTION get_survey_at_length 

  //for (int l=1; l<=nlength; l++)   

     //selsurv(l)=1./(1.+mfexp(-Ssel(1)*double(l)+Ssel(2))); 

  // need total kgs of fish from numbers in 1000s 

  for (int t=sminyr; t<=smaxyr; t++) 

    for (int l=1; l<=nlength; l++) 

      U1(t,l) = mfexp(logqsurv) * N(t,l) * pow(S(t,l),fsurv); 

 

FUNCTION  calculate_report_vars 

 

  SSB = mat * trans(elem_prod(N, weights)); // trans means transforme (transpose so swap rows    

  with columns) 

  R = mfexp(logRec); 

 

FUNCTION evaluate_the_objective_function 

  f_c = 0.0; 

  f_clf = 0.0; 

  f_s = 0.0; 

  p_q = 0.0; 

  // Commercial total catch-in-numbers 

  sdvec(1) = sdC; 

  for (int t=minyr; t<=maxyr; t++) 

     f_c += dnorm(log(chat(t)), log(ctotn(t)), sdvec(1)); 

  // commerical catch length frequencies 

  for (int t=minyr; t<=maxyr; t++) { 

 for (int l=1; l<=nlength; l++) { 

  if(phat(t,l) > 0.) f_clf -= neff * clfreq(t,l) * log(phat(t,l));  

    } 

  } 

  // Survey 

  sdvec(2) = sqrt(square(mfexp(logsdsurv))+sdS*sdS); 

  for (int t=sminyr; t<=smaxyr; t++) 

   for (int l=1; l<=nlength; l++) 
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     f_s += dnorm(log(U1(t,l)), log(tuning(t,l)),sdvec(2)); 

  // prior for q for survey 

  p_q = dnorm(logqsurv,log(muq),sdq); 

  // Add all components 

  f = f_c + f_clf + f_s + p_q; 

 

FUNCTION write_mcmc 

  // Likelihoods 

  if (mcmc_lines == 0) 

  { 

    mcmc_like << "f f_c f_clf f_s p_q"  << endl; 

  } 

  mcmc_like << f << " " << f_c << " " << f_clf << " " << f_s << " "  << p_q << endl; 

  //parms 

  //mcmc_par << self << logFyrs << logRec << logStartN << logqsurv << logsdsurv << endl;  

  mcmc_par << self << logFyrs << logRec << logStartN << " " <<  logqsurv << " " << logsdsurv  

  << endl;  

  // Estimated number of fish 

  mcmc_N << N << endl; 

  // Length frequency distributions in catches 

  mcmc_phat << phat << endl; 

  // Number of individuals in the survey 

  mcmc_u1 << U1 << endl; 

  // Fbar 

  mcmc_f << Fbar << endl; 

  // Recruitment 

  mcmc_rec << R << endl; 

  // Biomass 

  mcmc_ssb << SSB << endl; 

  // Counter 

  mcmc_lines++; 

 

GLOBALS_SECTION 

  #include "admodel.h" 

  int mcmc_lines = 0; 

  ofstream mcmc_like("like.mcmc"); 

  ofstream mcmc_N("N.mcmc"); 

  ofstream mcmc_phat("lfdC.mcmc"); 

  ofstream mcmc_u1("NoIndS.mcmc"); 

  ofstream mcmc_par("parms.mcmc"); 
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  ofstream mcmc_f("f.mcmc"); 

  ofstream mcmc_rec("rec.mcmc"); 

  ofstream mcmc_ssb("ssb.mcmc"); 
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