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Abstract

The hake (Merluccius merluccius) is one of the main commercial and heavily exploited species of
the demersal fishery of the coastal countries in the Adriatic Sea. This paper aims to the test the
comparability among two different methods for the assessment of the hake stock, specifically in the
Adriatic Geographical SubAreas (GSAs) n° 18. Data from 1996-2006 trawl surveys carried out in
the GSA n° 18 (MEDITS) were analysed by using both Empirical Indicators and SURBA method.
The paper highlights the comparability of the results obtained with the application of the two
methods.

1. Background

The hake (Merluccius merluccius) is one of the main commercial and heavily exploited species of
the demersal fishery of the coastal countries in the Adriatic Sea. In recent years the General
Fisheries Commission for the Mediterranean is promoting joint stock assessment exercises; during
the 10™ GFCM Scientific Advisory Committee (SAC) meeting a specific request to carry out joint
stock assessment of hake (Merluccius merluccius) and associated species in each Geographical
SubAreas (GSAs, or a group of GSAs, as adequate), using both commercial catches and trawl
survey was formulated. The request was discussed and included into the FAO AdriaMed Project
work plan for 2008 during the 9™ AdriaMed Coordination Committee (December 2007, AdriaMed,
2008) where the Adriatic experts recognized the importance to take advantage of the great amount
of data collected so far in the Adriatic Sea on Merluccius merluccius and associated species.

In this context during the AdriaMed Working Group on Demersal Fisheries Resources (June 2008,
Kotor, Montenegro) the Adriatic experts discussed on the utilization of trawl surveys versus
commercial catches data to perform this exercise keeping in mind the results of the meeting of the
Scientific, Technical and Economic Committee for Fisheries (STECF) Subgroup on the
Mediterranean (SGMED-08-01, Brussels 10 - 14 March 2008) during which a review of the main
stock assessment methods was made highlighting the pros and cons for each method. A possible
approach focusing on Merluccius merluccius was proposed taking into consideration only survey
data by age-class and year using a model which can only be used to estimate relative rather than
absolute population numbers (Survey Based Assessment, SURBA). The importance of having
scientifically sound, comprehensible and suitable tools available for describing the actual status of
the resources to support the fishery management process was concurred by the Working Group that
agreed to apply this method on the selected species in the Adriatic Sea GSAs. Furthermore, the
utilization of bio-economic indicators for the assessment was also suggested as a possible
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alternative method to be compared with the classic analytical methods. On the basis of the existing
data, a collective working session was organised to test the feasibility of this exercise, at GSA 18
level.

2. Introduction

The mediterranean hake is one of the most important demersal species in the GSA n° 18 (Southern
Adriatic Sea), due to the relative abundance and economic value (Jukic et al., 2001; Ungaro et al.,
1993; 2002; 2003). The fishery of the hake in the southern Adriatic Sea is carried out mainly by
trawlers (Vrgoc et al., 2004) but fixed nets and mostly bottom long lines are used also (Ungaro and
Marano, 1996; De Zio et al., 1998; Vrgoc et al., 2004).

Due to the impact on fishery activities in the basin, the hake was considered one of the main shared
stocks in the GSA n° 18 and to require appropriate assessment and management rules by means of
effective cooperation among the Countries (AdriaMed, 2000).

The assessment of the resource in the basin has been approached in the past using the analysis of
trawl surveys time-series (Marano et al., 1998; Ungaro et al., 1998), Analytical Models (Ungaro and
Marano, 1996), Surplus Production models (Osmani et al., 2002) and Empirical Indicators (Ungaro
et al., 2006; Ceriola et al., 2008). All the used methods highlighted a situation of growth overfishing
altough the resource not experienced a major crisis for a long time (Ungaro et al., 2003).

In recent times the “state” of the hake stock in the basin was approached using the Traffic Lights
method (Caddy, 2002; Caddy et al., 2005) exploiting a panel of Empirical Indicators (Ceriola et al.,
2008). The use of empirical indicators can be useful to assess the impacts of fishing both at
ecological and at socio-economic level (Fulton et al., 2005). Moreover, the indicators can describe
in a simple way the complexity of the impacts and management processes to a non-specialist
audience (Jennings, 2005). The STECF-SGMED of the European Commission considered the
empirical indicators as potential useful and appriopriate, especially for the current situations of data
shortage in the Mediterranean (STECF-SGMED, 2008).

Together with the empirical indicators, the STECF-SGMED proposed others stock assessment
methods (STECF-SGMED, 2008) and among others the SURBA (Survey Based Assessment).
SURBA is a VPA based model that assumes the fishery mortality is separable into an age (s) and a
year effect (f) (Needle, 2003; Beare, 2005). The method has been proved to be a useful technique
for investigating the dynamic of the fishery independently of the commercial catch and CPUE data
(ICES, 2002), and it runs processing trawl surveys data (i.e. standardized abundance indices,
proportion of mature individuals, etc.).

The main purpose of the present paper is to investigate the comparability of the scientific results
obtained applying Empirical indicators and SURBA method for the stock assessment of the hake in
the Adriatic GSA n. 18.



3. Materials and Methods

3.1 Survey data collection

The basic data come out by eleven bottom trawl surveys carried out in the GSA 18 in the
framework of the EU programme MEDITS (Mediterranean International Trawl Survey) (Bertrand
et al., 2002). The related TA, TB and TC output files have been used. The surveys covered the 83%
of the potential trawlable bottoms from 10 m to 800 m depths in the Southern Adriatic, excluding
the Montenigrin waters only, and the sampling stations were located according to a depth-stratified
random design (for further details on survey sampling protocols see Bertrand et al., 2002).

The surveys analysed in this paper were performed every year during the spring—summer season in
the time period 1996-2006. All the data and pre-elaborated results needed for further analysis were
obtained by using the FAO Software “ATrIS” provided by the FAO-AdriaMed Project (Gramolini
et al., 2005).

3.2 Empirical Indicators

The following indicators - and relative statistical estimators - (Ungaro et al., 2006; Ceriola et al.,
2008) were calculated by the software ATrIS according to the data avalaibility and quality for the
surveys 1996-2006:

- Biomass index (arithmetic mean, geometric mean, 751 percentile);

- Abundance index (arithmetic mean, geometric mean, 75" percentile);
- Recruitment index (arithmetic mean, geometric mean, 75t percentile);
- Spawner index (arithmetic mean, geometric mean, 75" percentile);

- Body weight (mean);

- Body length (arithmetic mean, median, 75" percentile);

- Mean body length excluding recruits (arithmetic mean);

- Mean body length of the spawners (arithmetic mean).

Raw biomass and abundance data, as well as the other collected biological parameters, have been
standardised to the bottom surface unit (km™) by using the swept-area method (Sparre and Venema,
1998). The recruitment index was calculated after the identification of the threshold size to separate
the recruits from the other fraction of the sampled stock. The recruits threshold size for each survey
was estimated as the mean length of the 1st component of the poly-modal pooled length frequency
distribution (LFD) plus 1 standard deviation (Fiorentino et al., 2003). The spawner index was
calculated considering the size of 292 mm TL as the Lmsgq, for the female hake stock in the GSA n°
18; the chosen maturity length for the hake corresponds to the mean value from the “Adriatic”
bibliography on the subject (Vrgoc et al., 2004).

The panel of indicators and relative estimators was displayed using the “Traffic Light” system (TL)
(Koeller, 2002; Caddy, 2002). According to the Traffic Light approach a judgment codified by a
specific colour was assigned to every year in the time series of each indicator: positive = green,
intermediate/neutral = yellow, negative = red. For each indicator, the boundary values to assign
judgement/colour were set according to the percentile values (33™ and 66™, respectively) in the time
series (Halliday et al., 2001; Ceriola et al., 2007). The green colour was assigned to years with value
>66th percentile of the time series; the yellow colour was assigned to years with value included
between the 66th and 33rd percentile of time series; the red colour was assigned to year with value
<33rd percentile (Ceriola et al., 2008).



Moreover, the relationships among indicators time-series were investigated by means of the
correlation matrix and the visualization of the main indicative trends.

3.3 Survey Based Assessment Model (SURBA)

The survey based model was applied to the same data set exploited for the the estimation of
empirical indicators (MEDITS surveys from 1996 to 2006).The software SURBA 2.10 was used to
run the model. The same model requires the survey data by age-class and year, basically
standardized abundance indices, mean weight, proportion of mature individuals, natural mortality
and catchability. The ouputs of the model are the mean-standardised survey abundance indices by
age and year, the mean stock weights-at-age, the mean estimated trend in F, the temporal trend in
estimated F by age group, the temporal trend in relative SSB and the fitted temporal trend in model
parameters (F, SSB, Recruitment) (Needle, 2003). The software also includes a deterministic
forecasting capability.

The length data from surveys were transformed in age data by means of a von Bertallanfy growth
equation, as the SURBA model needs indices by age-class. A “slow growth” function was chosen
for the hake of the GSA n° 18: Loo = 94.04 cm; K = 0.11; ty = -0.63 (parameters provided by N.
Ungaro). Five age class were identified for the data processing (age 0, 1, 2, 3, 4"). Proportion of
mature individuals by age-class was calculated considering as “mature” the individuals staged 3 and
4 according to the maturity scales provided by MEDITS protocols (Bertrand et al., 2002). The
vector of natural mortality was used as the input for the model, ranging from 0.6 (age 0) to 0.2 (age
4"). Moreover, the catchability value was fixed as 1 for all age-classes.

The chosen parameters has been valued as suitable for the hake stock in the southern Adriatic
altough the SURBA estimates are not particularly sensitive to the estimation settings used (Needle,
2003).

4. Results

4.1 Empirical Indicators

The results from the calculation of empirical indicators and the Traffic Light display are reported in
the Table 1 and Figure 1. The displayed colours distribution highlights a “bad” or “intemediate”
situation of the hake stock in the period from 1998 to 2004 after “good” 1996 and 1997 years.
During the 2005 and 2006 most of the indicators are in the “good” area. It is very interesting the
picture describing an apparent relationship among relative low level of recruitment in the years
1997, 1998, 1999, and the decrease of spawners indicators and body length indicators in the
following years (respectively in the triennium 2000-2002 and 2003-2005).

The correlation matrix of the indicators’ time trends is reported in Figure 2. According to the
correlation coefficient values, the strongest positive relationships are between the recruitment
indicators and total abundance indicators. High significant positive correlation was also found
between spawners indicators and total biomass indicators. Moreover, recruitment indicators
negatively affect the body length indicators and, of course, the mean body weight.

In Figure 3 and 4 the graphs related to the time-series with the highest positive and negative
correlation coefficient respectively are reported.



Tab. 1 — GSA 18: 33" and 66" percentile values for the chosen indicators (time period 1996-2006).

TOTAL BIOMASS INDEX

total biomass arithmetic mean (kg*km - )

total biomass geometric mean (log kg*km - )

total biomass 75° percentile (kg*km - )

133" percentile value

18.46

2.39

27.24

|66™ percentile value

27.36

2.68

38.47

TOTAL ABUNDANCE INDEX

total abundance arithmetic mean (n*km 5 )

total abundance geometric mean (log n*km i )

total abundance 75° percentile (n*km ! )

133" percentile value

450.06

4.86

586.83

|66™ percentile value

651.37

5.21

748.93

RECRUITMENT ABUNDANCE INDEX

recruits abundance arithmetic mean (n*km - )

recruits abundance geometric mean (log n*km - )

recruits abundance 75° percentile (n*km - )

|33 percentile value

210.28

3.32

222.16

|66™ percentile value

352.52

3.68

392.33

SPAWNER ABUNDANCE INDEX

spawners abundance arithmetic mean (n*km™)

ic mean (log n*km™')

spawners abundance 75° percentile (n*km ")

P g
|33m percentile value 12.11 1.34 22.19
|66™ percentile value 20.60 1.61 29.27

BODY WEIGHT BODY LENGTH

mean value (g) mean body length excluding the recruits (mm) mean body length of the spawners (mm)
|33m percentile value 35.16 198.73 358.07
|66™ percentile value 46.08 204.51 379.74

BODY LENGTH
body length arithmetic mean (mm) body length 75° percentile (mm) body length median (mm)
|33m percentile value 142.64 179.09 114.74
[66™ percentile value 154.21 194.18 128.13
[ YEAR
INDICATORS Estimators

TOTAL BIOMASS INDEX

total biomass
arithmetic mean

total biomass
geometric mean

total biomass 75°
percentile

TOTAL ABUNDANCE INDEX

total abundance
arithmetic mean

total abundance
geometric mean

total abundance 75°
percentile

RECRUITMENT ABUNDANCE INDEX

recruits abundance
arithmetic mean

recruits abundance
geometric mean

recruits abundance
75° percentile

SPAWNER ABUNDANCE INDEX

spawners abundance
arithmetic mean

spawners abundance
geometric mean

spawners abundance
75° percentile

BODY WEIGHT (g)

mean value

BODY LENGTH (TL, mm)

body length
arithmetic mean

body length 75°
percentile

body length median

mean body length
excluding the
recruits

mean body length of
the spawners

Figure 1. GSA 18: Traffic Light display for the hake stock in the time period 1996-2006.



INDICATOR total biomass index total abundance index recruitment abundance index spawner abundance index body weight hody length
— it “Seone [ i s | st | i | st | st | o, | e | abmios | N | s | | st | vy g | " | i
mean mean LE; mean = ‘mean 75° percentile ar::gg:a'ﬂc QEI‘::::I“"E 75° percentile ar:::‘:;i‘m QEI?::::‘HE 75° percentile mean 75" percentile median ex‘i‘::r'::i?s‘he spawners

_ total biomass arithmetic mean 1.00 0.80 0.84 0.80 068 0.55 0.70 0.81 0.76 0.77 0.08 0.08 -0.05 0.22 -0.01 0.08
ot blomass total biomass geometric mean 0.75 084 063 056 066 079 073 078 0.10 012 -0.03 0.23 0.03 0.14
total biomass 75° percentile 0.62 071 048 037 052 082 082 0.84 0.26 026 014 032 013 0.11
total abundance arithmetic mean 1.00 Hges 088 0.85 086 043 028 028 -0.51 -041 -0.57 -0.10 -047 012
total abundance total abundance geometric mean 1.00 0.89 0383 0.88 0.54 036 042 042 036 -0.50 0.1 043 0.08
total abundance 75° percentile 096 085 0.99 o4 027 030 -041 -031 -049 -00z -0.39 0.29
recruits abundance arithmetic mean o0 | EEES 012 013 060 050 069 018 048 014
recrutment ™ recraits abundance geametric mean 1.00 0.16 003 0.04 056 052 069 031 037 017
recruits abundance 75° percentile 0.28 0.12 0.17 -0.50 -0.39 -0.56 -0.10 -0.43 0.31
spawners abundance arithmetic mean 100 e i 4 0.20 0.29 0.20 0.24 025 -0.2%
spawneﬁmu spawners abundance geometric mean 048 045 041 0.36 038 -0.21
spawners abundance 75° percentile 049 043 041 038 -0.07
hody weight mean value 1.00 0.96 0.91 058 0.15
body length arithmetic mean 1.00 85 083 0.22
body length 75° percentile 072 0.11
body length body length median 050 0.34
mean body length excluding the recruits 1.00 0.04
mean body length of the spawners 1.00

X positive correlation ( r value)

. .
X negative correlation (r value)

high significant positive correlation (2a = 0.001)
significant positive correlation (2a = 0.05)
high significant negative correlation (2a = 0.001)
significant negative correlation (2a = 0.05)
Correlation between estimators of the same indicator (not considered)

Figure 2. GSA 18: Correlation matrix of of the hake indicators’ time trends.
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Figure 3. GSA 18: Time trends of the two indicators with the highest correlation coefficient (positive).
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Figure 4. GSA 18: Time trends of the two indicators with the highest correlation coefficient (negative).

4.1 Survey Based Assessment

The results from the application of the SURBA model mainly consist of trends of abundance index
by year-class and by age, as well as the trend of mean stock weight-at-age, the fitted temporal trend,
the temporal trend of F , the trend of relative SSB an the trend of recruiment. The mentioned trends
are reported in the Figures 5, 6, 7,8, 9, 10 and 11.



Summarizing, the main results are: the consistency of the year-class “0” strongly decreased from
1997 to 1999 and after increased; the mean weight of the stock at the age “4™ highlighted an
apparent decreasing trend in the whole period; the fitted temporal trend was decreasing from 1997
to 2004 and increased in the last two years (tha same for the trend of F); the relative SSB
experienced a crisis between 2000 and 2002; the relative recruitment highlighted a strong peak
during the 2005.
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Figure 5. The hake stock in the GSA 18: mean-standardised survey abundance indices by age and year-class.
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Figure 6. The hake stock in the GSA 18: mean-standardised survey abundance indices by age and year.
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Figure 7. The hake stock in the GSA 18: mean stock weights-at-age.
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Figure 8. The hake stock in the GSA 18: fitted temporal trend.
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Figure 9. The hake stock in the GSA 18: estimated F (0-4).

llhake,llllinllll’llllgsa1 8llll,Illlmeditsllll’llllellll,llll(0_4llll,Illlgrp)llllll: Relatlve SSB

.22
.20
18+
.16+
144
A2+
.10+
.08
.06
.04+
.02 4

Relative SSB

2000 2005
Year

Figure 10. The hake stock in the GSA 18: estimated relative (mean-standardised) spawning stock biomass.
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Figure 11. The hake stock in the GSA 18: estimated relative recruitment at age 0.

The mean values of the parameters in the time-period 1996-2006 are (from SURBA outputs):
- Mean F (0-4) =0.927
- Mean relative spawning stock biomass (SSB) = 0.086
- Mean relative recruitment at age 0 = 3.074

Moreover, the model short time forecast gives a slight decrease of the yield, total stock biomass and
spawning stock biomass in the next three years with respect to the last investigated year (2006).

5. Conclusion

The data-sets from 1996-2006 trawl surveys in the GSA n° 18 were analysed by means of two
different methods. Most of the results obtained for the hake stock by using the empirical indicators
methodology and the SURBA model are scientifically sound and comparable. In fact, both the
methods highlighted similar trends in the recruitment and spawner availability (i.e. the decrease of
spawners index and SSB during the triennium 2000-2002). Moreover the trend of the 75° percentile
of body length (empirical indicator related to the presence of larger sizes) is very similar to the
trend of mean stock weights-at-age 4 from SURBA outputs.

The main conclusion from the analysis of the hake stock in the Southern Adriatic is the
confirmation of the strong dependence of the resource on the success of the recruitment (Ungaro
and Marano, 1996; Ungaro et al., 2003) and the apparent and light decreasing trend of the larger
hake specimens (older than four years).

In the end, both the used methods can be considered as suitable for the diagnosis of the state of the
hake stock in the GSA n° 18. Furthermore, the estimated 33" and 66™ percentile values of the
Empirical Indicators can be, respectively, comparable to limit reference value and target reference
value in the time series (Halliday et al., 2001; Ceriola et al., 2007), as well as Reference Points can
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be calculated using the SURBA estimates (SSB, recruitment indexes), exploring stock-recruitment
relationships (STECF-SGMED, 2008).
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