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Abstract

In frame of fisheries management, a stock assessment using surplus production models incorpo-
rating environmental parameters was dealt with one of the most important commercially crusta-
cean fisheries resources along the Tunisian coast, the Melicertus kerathurus stock. The analysis
was carried out for a period of 17 years with a database including fishing efforts, catches, catch per
unit effort (CPUE) and sea surface temperature (SST). CLIMPROD is the software used to select the
appropriate model and fit to the fishery and environmental data. Overall, SST was positively cor-
related to the yield and abundance index (CPUE) explaining 47% and 57% of their variability re-
spectively, nevertheless. The incorporation of the SST in global model demonstrated that the SST
influenced both the catchability and the abundance of this species separately. In fact the impact of
SST leads to consider a production model impacted on the one hand by a linear relationship be-
tween the CPUE and the fishing effort, and on the other hand by also a linear relationship be-
tween the CPUE and the SST for both catchability or abundance of the species. The interpretation
of global model with environmental parameters is changed with the incorporation of climate pa-
rameter.
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1. Introduction

The last studies of stock assessment are based on age structured models but this type of a single-species stock
assessment cannot be easily applied to invertebrates because they are considered as hard-to-age species [1]. For
this reason and according to the data available we use surplus production models; however, these models take
into consideration only the fishing effort. Knowing that invertebrates are characterized by a short life cycle, so
they are often influenced by environmental factors [2]. Therefore, we associated fishing activities and climate
parameters to the management of this family.

Among the invertebrates we cited the crustaceans which were the hardest-to-age species compared to cepha-
lopods. This family presents 7% of the world captures production in marine fishing area and in inland water for
2010. The crustaceans are composed of 7 groups; the shrimp and prawn constitute the most considerable groups
presenting 51% of crustacean’s world capture and 4% of the total world capture [3].

Melicerthus kerathurus (Forskal, 1775) known as caramote prawn is one of this group. It is a demersal crus-
tacean, widely distributed inhabiting the Mediterranean sea and the eastern Atlantic from the south coast of
England to Angola [4] [5] and commercially is among the important species especially in the Mediterranean sea
and particularly in Tunisia [6].

Generally, Melicertus kerathurus has not been widely studied [7] even in Tunisia. The first studies began
since 1932. The major questions treated were about biology, dynamic, exploitation, fisheries technologies and
genetic [8]-[27].

In Tunisia, Melicertus kerathurus is captured along the entire coastline and is a target species by both trawling
and artisanal fleet. The south of the country is the most important productive zone during the last 17 years, with
a landing reaching up to 95%; among which 65% are from the trawl and 35% are from the artisan gear. However
the north and the east parts of the country represent a landing of 5%, where 66% are from the artisan gear.

Its economic contribution to the fishery sector is high because this species is one of these oriented to the ex-
portation. The fiecono in the south is managed through a regulation based on two closed fishing seasons. The
first is during the summer (from 10 May to 15 July) and the second is during the autumn (from 15 October to 15
November).

For this study, we exclude the south area and we focus on the north and the east area for a subsequent man-
agement of this species.

The object of this paper is presenting the utility of the effect of environmental parameters in stock assessment
and as basic information for future fishery management and fishing forecast for Melicertus kerathurus caught in
the north and the east of Tunisia, knowing that Melicertus kerathurus fishery is not controlled in this area.

2. Material and Method
2.1. Study Area

In the Mediterranean Sea, Melicertus kerathurus is collected along the coast especially in the three countries
namely, Tunisia, Italy and Greece. We focus our interest in Tunisia. The study area is located from the north to
the east of this region covering in the total 9 administrative regions (Figure 1).

2.2. Data Collected

Three databases were collected; the first was from FAO through FishStat

(http://www.fao.org/fishery/species/2587/en). Data collected were yearly landing of Melicertus kerathurus of
the important countries catching this species operating in the Mediterranean Sea and the Atlantic Ocean. The
second database was collected from General Direction of Fishing and Aquaculture (DGPA) in Tunisia. Data
were collected from commercial trawl and artisanal vessel operating in the north and the east of Tunisian coast.
The fishery statistics have been collected since January 1995 to December 2011. Data used are monthly Meli-
certus kerathurus landing and fishing effort for the nine administrative regions covering the north and the east of
Tunisia (Figure 1). Effort was estimated separately for the industrial trawl and artisanal fisheries, and standar-
dized in kg per trip of artisanal boats. The third database is climatic data, the parameter used is the sea surface
temperature (SST°C). This type of data was downloading from National Oceanic and Atmospheric Administra-
tion (NOAA) through this site: ftp:/ftp.emc.ncep.noaa.gov/cmb/sst/oimonth_v2/. The NOAA Ol.v2 SST
monthly fields are derived by a linear interpolation of the weekly optimum interpolation (OI) version 2 fields to
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Figure 1. Study area.

daily fields then averaging the daily values over a month. The monthly fields are in the same format and spatial
resolution as the weekly fields. The Ol sea surface temperature (SST) analysis is produced weekly on a one-
degree grid [28].

SST is averaged on a seasonal and yearly time scale. Two seasons are defined as hot covering the spring and
the summer and the cold covering the autumn and the winter. In the total, fishery and climatic data were availa-
ble for 17 year, from 1995 to 2011.

2.3. Statistical Analysis

The determination coefficient R” was carried out to explain the variation of Melicertus kerathurus catches. In
order to investigate the consistence patterns for each variable, a cross correlation was used to study the monthly
lagged correlation between the landing and the SST using STATISTICA as software. To evaluate the yearly re-
lationship between variables, a correlation coefficient was carried out between landing, effort, CPUE and SST
during hot and cold season.

The global models or surplus production models were adopted for stock assessment of Melicertus kerathurus
without and including environmental variables using CLIMPROD as software [29].

The fit assessment is mainly based on a Jacknife test which is a resampling technique [30] for the estimation
of the parameters and R? of the models.

For the simple stock assessment, the models were tested and fitted to the data obtained using the most com-
mon surplus production models: Schaefer’s linear production model [31] [32], the Fox’s exponential model [33]
and the generalized production model [34]. Nevertheless, the introduction of environmental variable in global
model helped us to test 20 equations derived from linear, exponential or quadratic, or a combination of those
according to its possible influence on abundance, catchability, or both [29].

3. Results

3.1. Actual Situation of Melicertus kerathurus Production in the Mediterranean Sea and
Tunisia

In the Mediterranean Sea, Melicertus kerathurus is caught along the country riparian the basin, the most impor-
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tant landing are coming firstly from Tunisia, second from Greece and thirdly from Italy. During the last 6 dec-
ades, Tunisia was always the first country fishing Melicertus kerathurus with a mean percentage of 40% from
1950 to 1980, to increase roughly reaching 83% in 1983 during 3 years. In contrary, to the years after, the land-
ing is varying from a year to year. The moving average for Tunisian production, presenting 2 domes, the first
one is small and covering 13 years from 1982 to 1994 nevertheless, the second one is more important and cov-
ering the period of 17 years from 1995 to 2011 (Figure 2).

For this paper we focus only on the second dome corresponding to the period from 1995 to 2011. For this pe-
riod, the Melicertus kerathurus landing are caught along the Tunisian coast from the north, passing by the east to
reach the south, where, 95% of the production is fished and the rest is from the north-east of the country (Figure
3). In the south, the production of this species presented a fluctuation with a decrease reaching the half of the south
production. Although, production caught from the north-east area presented an increase reaching the double.

In the south zone, Melicertus kerathurus fished by the industrial engine is the main exploitation method
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compared to the artisanal, which is the most important one for the north-east of Tunisia (Figure 4).

3.2. Assessment of Melicertus kerathurus Stock off the North-East of Tunisia Using
Classical Approach of Surplus Production Models

According to CLIMPROD results and basing on the test of Jacknife, the linear production model and the expo-
nential production model, usually named “Schaefer model” and “Fox model” respectively, were chosen to eva-
luate the stock situation for Melicertus kerathurus during the last 17 years (Table 1). For this case, coefficient of
determination R? explain just 45 (Schaefer model) and 43 % (Fox model) of the variation of the production by
the fishing effort and the rest is due to the white noise (Table 1).

The series of 17 years is splitted into 3 periods presenting 3 stock situations; from 1995 to 1997 presented an
over-fishing state then from 1998 to 2005 the stock pass by an under-fishing situation to be from 2006 to 2011
fully fished (Figure 5).

The maximum sustainable yield and the effort corresponding was presented in Table 2 with the lower and the
upper limit by 95%. The mean between the 2 models used show that the yield for the next year can’t exceed
144,014 Kg corresponding to a fishing effort of 187,563 trips.

3.3. Incorporation of Climate Parameter Using Classical Approach of Surplus Production
Models

The landings are quite variable at both monthly and yearly scales (Figure 6). The Melicertus kerathurus is fished
around the year particularly during the spring, the summer and the autumn (Figure 6) from the north to the east.
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Figure 4. Melicertus kerathurus landing caught by industrial and artisanal fisheries.

Table 1. Parameters of global model resulted from CLIMPROD software.

Parameters Model A b Determination coefficient R*>  Jackknife R*>  Test of Jackknife
Schaefer model CPUE=a+b*E 1.65593  —0.000005 0.45 0.32 Good
Fox model CPUE = aexp™™® 1.955182 —0.000005 0.43 0.25 Good

Table 2. Maximum sustainable yield and the effort corresponding with the lower and the upper limit by 95 % (MSE: maxi-
mum sustainable effort; MSY: maximum sustainable yield).

Target point  MSE lower limit 95% MSE MSE upper limit 95% MSY lower limit 95% MSY MSY upper limit 95%
Schaefer model 164,040.52 177,068.99 190,097.45 139,684.01 146,301.1 152,918.2
Fox model 155,982.3 198,056.32 24,0130.34 127,679.99 141,726.12 155,772.26
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Figure 5. Schaefer and fox model illustrated for Melicertus kerathurus fisheries in the north-east of tunisia.
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Figure 6. Monthly fluctuations of landing and SST from January 1995 to December 2011.

SST fluctuated within an obvious seasonal cycle, with a maximum in August (26.2°C) and a minimum in
February (14.8°C) (Figure 6). Year-to-year variations can be seen in the monthly extremes and in the annual
averages, which range from 19.4°C to 20.4°C (Figure 6).

The cross-correlation between the Melicertus kerathurus landing and the SST is showed in Figure 7. Lagged
correlations of monthly values of landing and SST are small, yet show consistent patterns for each variable
(Figure 7). In fact, for landing, correlation with SST clearly peaks with positive values between lags of [0; 2]; [6;
7] and [11; 12] months and negative values elsewhere.

The incorporation of climatic variable in global model using CLIMPROD presented that there is a significant
and stronger year-to-year correlation between CPUE and the landing and the effort even for both the hot and the

cold season, while, the correlation between CPUE and the SST is depending to the season, the correlation is sig-
nificant during the hot but none of the cold one (Table 3).
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Table 3. CLIMPROD results about correlation (R) between landing, CPUE, fishing effort and the SST during hot season.

Correlation coefficient (R) Landing CPUE Effort SST
Landing 1.000
CPUE 0.540" 1.000
Hot season .
Effort 0.026 —0.661 1.000
SST 0.465 0.570" —0.189 1.000
Landing 1.000
CPUE 0.540" 1.000
Cold season .
Effort 0.026 -0.661 1.000
SST 0.418 0.426 0.073 1.000

“Significant correlation.

CLIMPROD presented the impact of the SST and the fishing effort on the catchability and the abundance of
the Melicertus kerathurus during the hot season, which it’s corresponding to the recruitment and spawning pe-
riod (Table 4). Taking into account the environmental influence caused by the SST and the fishing effort on the
production, the models chosen (Table 4) demonstrated a clear difference on the results compared to the global
model without the incorporation of a climate parameter confirming the significant contribution of the combina-
tion of the effort and environmental parameter to study the double effect of the SST on CPUE affecting the cat-
chabilty by 54% and the abundance by 58% (Table 4).

The variability of the species abundance is influence by the SST. The model chosen present different situation
which depend on the water temperature. For SST = 21.3°C the stock is under-fished all the year except for 1995
and 1997 but for SST = 20°C the stock is considered over-fished from 1995 to 1997, under-fished from 1998 to
2005 and fully fished from 2006 to 2011. For the catchability, SST is playing also a role, in fact, when SST =
20°C, the stock is considered fully and under-fished whereas when the SST = 21.3°C the stock is fully even
over-fished (Figure 8).

According to the impact on the catchability and the abundance, Table 5 gives the maximum sustainable yield
and the effort corresponding with the lower and the upper limit by 95% depending on the SST.

4. Discussions

Melicerthus kerathurus is a demersal species widely distributed in the Atlantic and Mediterranean Sea [4] [5].
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Table 4. Models and parameters of global model resulted from the introduction of SST in the surplus production models.

Impact Model a b c Determination  Jackknife  Test of

coefficient R? R? Jackknife
Catchability =~ CPUE=a+b*V-cx(a+b*V)' *E  -10.248 0582 0.002x10° 054 0.32 Good
Abondances CPUE=a+b*V+c*E —-14.4923 0.787 —0.004x 103 0.58 0.42 Good

Table 5. Maximum sustainable yield and the effort corresponding with the lower and the upper limit by 95% (MSE: maxi-
mum sustainable effort; MSY: maximum sustainable yield) taking into account the SST effect on the global models.

Remarquables MSE lower limit MSE MSE upper limit MSY lower limit MSY MSY upper limit
values 95% 95% 95% 95%
Mean: 20.37 133,754.28 189,245.54 244,736.8 123,258.42 150,854.67 178,450.91
Median: 20.30 136,051.22 194,289.74 252,528.26 123,258.42 150,854.67 178,450.91
Catchability
Minimum: 20.00 146,390.92 219,940.13 293,489.33 123,258.42 150,854.67 178,450.91
Maximum: 21.30 107,174.68 140,170.57 173,166.45 123,258.42 150,854.67 178,450.91
Mean: 20.37 183,111.19 211,664.93 240,218.67 151,595.78 161,766.59 171,937.39
Median: 20.30 178,677.52 204,101.96 229,526.40 143,403.46 150,470.09 157,536.73
Abundance
Minimum: 20.00 157,855.86 171,099.90 184,343.95 95,684.54 106,072.39 116,460.23
Maximum: 21.30 241,011.44 314,108.81 387,206.18 264,440.31 355,998.4 447,556.49
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Figure 8. Melicertus kerathurus fishing effort and production in relation with SST during the hot season influencing the
catchability. Parables are CLIMPROD model outputs for minimum and maximum values of SST. Dark squares are data
points of the observed data.

This species lives on continental shelves in marine and brackish water at moderate depths from 5 to 90 m and
mainly at a depth of 40 m on sandy and sandy-muddy bottom and it hides in pits of detritus [35]. This species is
known as a littoral animal [12] [11] and its abundance decreases with the depth [36]. This species like shrimps is
more active at night and spends much of the day buried in sediment [11] as a behavioral response to low tem-
perature [37]. Like most Penaeus spp., after spawning in the pits of the offshore areas [10], post larvae invade
shallow coastal areas are rich in food. Afterwards juveniles migrate to the offshore in autumn and winter to
avoid extreme cold temperature [38] waiting for the spring and summer to return to the spawning areas [39].
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This species is known as among the most important commercial species in the Mediterranean sea and espe-
cially in Tunisia, mainly in the south (from Ras Kabboudia to Libyan and Tunisian limit) but also in the nor-
theastern coast of the country (from Algerian and Tunisian limit to Ras Kabboudia). According to [25] genetic
variability along the Tunisian coast was low and the significant population differentiation was located between
the two farthest points in the north (Tabarka) and the south (Djeba). Genetically, the Melicerthus kerathurus
population can be divided into two stocks; however, there is no direct evidence to consider the intermediate re-
gion (from Kalatlandalos to Gabes) as a putative contact zone between the two divergent entities [25]. For this
reason, to delimit the two stocks, fisheries analysis was presented, showing that the Melicerthus kerathurus ex-
ploitation was different from zone to zone; we noted that the south stock was targeted mainly by the trawl fleet
and the north-eastern one was caught especially by artisan fleet.

Global models presented 43% and 45% of the fluctuation of production due only to the effort and the rest was
due to white noise. For our case, we associated the white noise to environmental parameters to try to find a rela-
tionship between fishing activity and life condition of Melicertus kerathurus. In the frame of stock management,
this species will be dealt in the north-eastern cost separately from the south stock for an ultimate stock assess-
ment for a good management of this species to explain the inter and intra-annual variability of Melicertus kera-
thurus landing.

As the most crustacean it is known to be a short-lived species, and like cephalopod, these families are known
to be highly variable and influenced by environmental conditions [2] [40]-[42]. A lot of studies analyzed such
combination between abundance and environmental parameters for crustacean family in the world [41] [43]-[45]
[71] even in the Mediterranean Sea [46]-[52]; however, the analysis of relationship between climatic parameters
and abundance of Melicertus kerathurus was scare [53] [54]. The most important abiotic parameter used to
measure climate change is the sea surface temperature [55] which is an important indicator of the state of the
earth’s climate system [28]. According to [56] the water temperature can directly and indirectly affect marine
poikilotherm populations. And with a variable growth rate and a short life span (24 months) for Melicertus ke-
rathurus, [57] and [58] suggest a considerable impact of water temperature on the stock size. This is confirmed
also for the Melicertus kerathurus aquaculture. A considerable literature was dealing with the manipulation of
temperature and photoperiod, and showing the important role of these parameters; they played in gonadal matu-
ration and spawning [59]-[62]. For several species also, the SST was a critical parameter during spawning,
hatching success and timing, larval mortality, growth, recruitment and distribution [58] [63]-[65]; we cited for
example the SST effect on Octopus vulgaris in the eastern Tunisian coast [42]; besides to positive SST impact,
the negative one could be considered which was the case of deeper decapods crustacean because in the Mediter-
ranean Sea, the water temperature remained constant along the entire slope [46].

In this paper, we presented for the first time, the relationship between environmental conditions and Melicer-
tus kerathurus catches in the north-eastern coast of Tunisia, suggesting an environmental influences on Meli-
certus kerathurus catchability and abundance.

In fact, the relationship between catches and SST was without time-lags and the effect of environmental in-
fluence was considerable during the hot season controversy to the cold one. The association of hydrographic pa-
rameters and fishing presents the utility of this method in stock assessment compared to the classic approach of
production model without the incorporation of climatic parameters.

The introduction of these parameters in the case of Melicertus kerathurus stock presented an impact on the
abundance and the catchability of the species, which was the same case generally for the penaeid shrimp in sou-
theastern United states [66], also for pink shrimp in Cuba (Gonazalez-Yafiez and Ortiz-Bult6, 2002) [67], for
brown shrimp in the Gulf of Mexico [68] and for blue shrimp in the Gulf of California [69].

In Tunisian coast, during the hot season which coincided with recruitment period and the spawning period,
the SST influenced positively the abundance when the catchability was constant; this could be explained by the
important arrival of new recruits during the spring. In spite of that, the SST affected the catchability negatively.
In fact, the catchability is defined as the proportion of a fish population caught by one unit of fishing effort and
it depends on the accessibility (presence of the animal in fishing area) and the vulnerability (interaction between
the gear and the animal) [69]. Knowing that warmer temperatures allow reproduction over a longer period [70],
so the species goes to the bottom for spawning and the animals become non vulnerable to the trammel net al-
though their presence in fishing area. Therefore the catchability decreases with the increase of SST.

Overall, and according to the result founded in this paper we have a contrasting effect of SST on abundance
and catchability. We recommend during hot temperature to not increase the fishing effort in order to fish more
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crustacean. In contrary when the water temperature is low, it’s recommended to increase the fishing effort for a
yielded year. To know which SST recorded we increase or decrease the fishing effort, Figure 9 gives an idea
about the SST average during the hot season even in the summer and the spring months. CLIMPROD chose
some references points of SST (minimum, median, mean and maximum) to compare MSY and MSE for each
SST (Table 5). At 21.3°C, that corresponds to 26.04°C in summer and 17.02°C in spring; we should not increase
the fishing effort. However, at 20°C, fishing activity should be increased; this is corresponding to 23.7°C during
summer and 16.09°C during spring (Figure 10).

Today, the understanding of the relationship and the interaction between the environmental parameter and the
fishing activity is more realistic to the stock assessment and to the fishery management purposes to guarantee
sustainable exploitation of crustacean resources over time.
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