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Executive summary
The updated management plan of the Greek bottom trawl fishery is based on
information on the exploitation pattern of the fishery, as well as, on assessments of the
stocks of the main target species in GSAs 20, 22 and 23. Due to lack of adequate
catch-at-age data, the stocks have been assessed by means of biomass dynamic model
approaches using official landing statistics reported by the Greek National Statistical
Service and fishery independent information (biomass indexes) obtained from the MEDITS
survey. In addition, the assessments accomplished by a STECF Ad-Hoc Expert Working
Group (STECF-EWG) have been considered. The EWG assessments were mostly based on
an unofficial reconstructed data set of effort/landings for the period 1964-2007. Besides, a
non-documented constant increase of fishing power has been assumed, which affects the
effective (standardized) effort estimates.
As it has been also pointed out by STECF, the reliability of the reconstructed time
series is unknown and discrepancies exist with data provided through DCF. Reservations
have been also expressed regarding the assumption about fishing power increases. A
thorough consideration of the STECF-EWG approach indicated that it overestimates the
effective fishing effort, at least for the more recent years (see chapter 6.3 for details). Based
on the above, the results of the EWG assessments were considered as highly uncertain to be
used for quantitative management advice (see chapter 6.4).
In our assessments, by using a shorter (28 years) data series of official landing statistics
and the biomass indexes derived from a fisheries independent survey, we avoided risky
assumptions about possible fishing power changes, as well as, questions related to data
consistency due to changes in the sampling design. Findings indicated that the stocks of
species inhabiting the slope, such as hake and pink shrimp, undergo high fishing pressure
and are in most cases overexploited. On the contrary, the stocks of species, such as red
mullets and picarel, inhabiting more shallow waters, are in a far better condition and seem
to be exploited in a sustainable way. Given, however, the lack of up to date information
(data were available up to 2009) the current stock status remains uncertain.
The proposed management plan includes specific temporal closures of the bottom trawl
and artisanal fisheries and it is based on simulations that have shown that these measures
would bring the overfished stocks in healthy condition provided that the spatial distribution
pattern of fishing effort will remain unchanged. However, the prohibition of bottom trawling
within 1.5 nautical mile from the coast (independently of depth), which has been
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implemented in Greece since 2011 in accordance with EC Regulation 1967/2006, may have
altered the exploitation pattern by shifting the fishing pressure towards relatively deeper
waters. In such a case, the fishing mortality on stocks like hake may have increased and the
estimates about improvement are becoming questionable. As the previous version of the
management plan was submitted in early 2012, changes in the fleet size after 2010 were not
taken into account. Simulations were updated in the current version, to consider fleet size
decreases occurred between 2009 and 2012. Those were equal to 6.7 and 8.5% for the
bottom-trawl and artisanal fleets respectively.
It is estimated that the proposed closures will not have serious socioeconomic
implications and they have been already discussed with Greek Fishermen Associations
which have not expressed major objections. This ensures a maximum degree of
implementation.
The management plan foresees that the fleets will be closely monitored through the
Greek Fisheries Data Collection Program established in accordance with EC 93/2010
Regulation. Monitoring will include concurrent at-market and at-sea sampling carried out
on monthly and quarterly basis respectively.
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1 Introduction
Bottom trawlers, even if numerically they constitute a small percentage of the Greek
fishing fleet (<2%), they have a production that corresponds at about 25-30% of the total
Greek fishery production in terms of biomass. Bottom trawl fishery is widespread in
Aegean, Ionian and Cretan seas in sandy and muddy fishing grounds up to 450m. The
majority of the fishing grounds, however, is distributed on the continental shelf and the first
part of the slope (depths up to 250m).
The Greek bottom trawl fishery has multi-species characteristics and similarly to all
Mediterranean demersal trawl fisheries, captures numerous fish species, although few of
them such as red mullets, hake and shrimps compose the main bulk of catches (Stergiou et
al., 2003).
As it happens to all Mediterranean fisheries (apart from that of bluefin tuna), the fishery
is managed through control effort regimes accompanied by various technical measures.
Direct effort is controlled through limitations in the the number of fishing licenses, as well
as through seasonal and spatial closures. The applied technical measures include minimum
catching size (MCS) regulations for several commercial species and control of gear
characteristics (mainly codend mesh-size). The specific management measures imposed by
the Community legislation through the Common Fisheries Policy (CFP) include: (a)
prohibition of fishing in depths less than 50m or at a distance less than 3 miles from the
coast (whatever it comes first), (b) prohibition of fishing at a distance less than 1.5 mile
from the coast independently of depth and, (c) MCS regulations and gear specifications.
Apart from the Community legislation, according to preexisting Greek legislation, the
bottom trawl fishery in the national waters is closed from June to September (4 months) and
it is not allowed at a distance less than one mile from the coast. The latter measure has
outweighed by the 1.5 mile trawl ban established through the EC legislation.
The present study examines the main characteristics of the Greek bottom trawl fishery
and the state of the stocks of certain species that are important targets of the fishery in order
to propose a management plan that can ensure the rational management of the demersal
resources in the Aegean (including Cretan) and Ionian seas. Besides aspects related with the
environmental impact of the fishery (e.g. discarding practices) and the socio-economic
impact of the proposed management measures have been also considered.
It should be noted that although GFCM/FAO considers the Cretan area as an
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independent management unit, in the present study we considered it jointly with the Aegean
region, mainly due to the fact that bottom trawling activities are very limited in the Cretan
region and the available information does not always allow to split landings according to the
origin of the catches.

2 Fishing fleet characteristics
According to the Community fleet register in the total number of the professional
fishing vessels in Greece was 17,248 in 2009. The number of bottom trawls was 322, the
number of purse-seines was 267 and the rest 16,659 vessels were using various types of
longlines and nets constituting the artisanal multi-license fleet. The evolution in terms of
numbers of boats an engine power for both the total fleet and the bottom trawls, in the
period 1991-2009 is presented in Table 2.1 and shown graphically in Fig. 2.1. The reduction
of the total fleet, in terms of number of boats was 22.46% and in terms of engine power
(kW) was 30.49% . Concerning the bottom trawlers, the corresponding reductions were
23.52% and 22.98% respectively. The mean length of the bottom trawlers was 25.07m and
the mean age 23.05 years.
Based on the registration port, the spatial distribution of the total fleet and the bottom
trawlers is presented in Figures 2.2 and 2.3. The 39.58% of the total fleet is registered in the
Central and N. Aegean, 30.31% in the S. Aegean, 5.45% in Crete and 24.66% in the Ionian
region. Regarding bottom trawlers, the majority of them is registered in the North Aegean
sea (41.61%), and together with the vessels of the Central Aegean constitute 60.25% of the
total number of bottom trawlers that operate in the Greek waters. The remaining
bottom-trawlers are distributed as follows: 26.71% in the S. Aegean, 2.17% in Crete and
10.87% in the Ionian region.
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Fig. 2.1. Evolution of the total fishing fleet (left) and the trawlers (right) in terms of number (N) and
engine power (kW) for the period 1991-2009.

Table 2.1. Evolution of the total fishing fleet and trawlers separately for the period 1991-2009.
Year
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

N
Vessels
22,246
21,563
20,754
20,791
20,628
20,552
20,530
20,476
19,804
19,664
19,714
19,114
18,687
18,350
18,084
17,824
17,538
17,324
17,248

Total fleet
Eng. power
(kW)
729,359.8
717,532.3
687,430.8
684,947.6
669,346.8
667,195.2
666,882.4
656,975.6
628,614.9
618,383.7
620,610.6
591,059.4
566,718.6
547,555.9
534,076.8
526,821.1
517,539.8
510,571.4
506,997.5

Mean
age
17.38
17.88
18.36
18.87
19.39
19.85
20.30
20.79
21.16
21.78
22.36
22.70
23.19
23.60
23.80
24.34
24.88
25.58
26.36

N
Vessels
421
425
415
414
398
393
382
364
356
354
349
333
333
326
326
326
323
323
322

Bottom trawlers
Eng. power
Mean
(kW)
age
122,210.7
22.53
123,646.6
22.13
121,048.5
22.31
120,384.5
22.13
115,659.3
21.75
114,579.3
21.55
111,664.2
21.44
105,571.5
21.55
103,607.1
21.24
103,341.3
21.26
102,087.2
21.19
97,400.9
21.04
97,201.9
20.86
95,243.8
20.44
95,025.3
20.44
95,241.0
20.84
94,521.8
21.45
94,521.3
22.24
94,132.2
23.05

Mean
length (m)
22.14
22.33
22.52
22.68
22.77
22.98
23.26
23.40
23.66
23.87
24.08
24.15
24.43
24.75
24.94
24.99
25.05
25.07
25.07
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Fig. 2.2. Distribution of the total Greek fishing fleet according to the registration port.

Fig. 2.3. Distribution of the bottom trawlers according to the registration port.
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3 Fishing effort
The bottom trawl fishery is prohibited in the Greek national waters from June to
September (4 months). This closure which is enforced since the middle 60s aims to the
protection of spawners and recruits of several demersal fish that reproduce in late
spring-early summer. Additionally, there are local closures either throughout the year or
seasonally, on certain regions, mainly mouth rivers and gulfs (Table 3.1 and Fig. 3.1).
Unfortunately information on the fluctuations of the nominal fishing effort between
years is lacking, mainly due to the fact that the Fisheries Data Collection Program has not
implemented in Greece on a continuous basis. In order to obtain a picture on the spatial
distribution of effort of the bottom trawlers and identify within year variations we utilize
VMS data for the year 2009 provided by the Greek Coast Guard authorities. VMS is a
satellite-based monitoring system which at regular intervals provides data to the fisheries
authorities on the location, course and speed of fishing vessels, and according to the
Commission Regulation (EC) No 2244/2003 all fishing vessels larger than 15 meters in total
length are equipped with this system. The VMS system covers all Greek bottom trawlers.
The 2009 VMS data for the bottom trawlers were analyzed and cartographic maps were
produced to identify major fishing grounds and estimate the spatial distribution of nominal
fishing effort on a monthly scale. Fishing effort was expressed as days-at-sea,
GT*days-at-sea and kW*days-at-sea. Results from the analysis showed that 313 trawlers
were operating in 2009 having in total: 51,770 days-at-sea, 5,278,916 GT*days-at-sea and
15,323,449 kW*days-at-sea. On the continental shelf (depths <200m) it was recorded the
76% of the total fishing effort. The majority of the bottom trawlers (~80%) were exploiting
the fishing grounds of the Aegean Sea. The most important fishing grounds seem to be
located at the northern part of the Aegean Sea whereas fishing effort reaches up to 45% of
the total, in terms of GT*days at sea. The fishing effort at the central and northern part of
the Aegean Sea as a group, reaches up to 55.62% of the total. The corresponding values for
the southern Aegean Sea-Crete and the Ionian Sea are 32.56% and 11.83% respectively
(Fig. 3.2).
Analysis of monthly data indicated that the total fishing effort is rather homogeneously
distributed among months (Table 3.2). Similarly, the spatial pattern of fishing effort does
not show important differences among months (Figures 3.3-3.10).
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Table 3.1. Detailed list of bottom trawling prohibitions in Greek waters (further to EC legislation).
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Fig. 3.1. Regions with specific additional closures to the bottom trawl fishery (Note: from June-September is
closed in all Greek national waters)
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Table 3.2. Monthly allocation of fishing effort.
Month

Total

N of bottom trawlers GT*days

%

2009-01

277

572,829

10.85

2009-02

282

594,530

11.26

2009-03

296

695,946

13.18

2009-04

299

646,997

12.26

2009-05

284

705,312

13.36

2009-10

302

729,863

13.83

2009-11

301

718,466

13.61

2009-12

291

614,974

11.65

5,278,916

Fig. 3.2. Spatial Distribution of the total fishing effort (GT*days at sea) of bottom-trawlers in 2009.

11

Fig. 3.3. Spatial Distribution of the fishing effort (GT*days at sea) of bottom-trawlers in January 2009.

Fig. 3.4. Spatial Distribution of the fishing effort (GT*days at sea) of bottom-trawlers in February 2009.
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Fig. 3.5. Spatial Distribution of the fishing effort (GT*days at sea) of bottom-trawlers in March 2009.

Fig. 3.6. Spatial Distribution of the fishing effort (GT*days at sea) of bottom-trawlers in April 2009.
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Fig. 3.7. Spatial Distribution of the fishing effort (GT*days at sea) of bottom-trawlers in May 2009.

Fig. 3.8. Spatial Distribution of the fishing effort (GT*days at sea) of bottom-trawlers in October 2009.
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Fig. 3.9. Spatial Distribution of the fishing effort (GT*days at sea) of bottom-trawlers in November 2009.

Fig. 3.10. Spatial Distribution of the fishing effort (GT*days at sea) of bottom-trawlers in December 2009.
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4 Landings
According to the records of the Greek National Statistical Service, total landings of the
professional marine fishing vessels having engine horse-power (HP) higher than 20 show a
declining trend in the 1994-2000 period being rather stable afterwards (Fig. 4.1). This
reduction can be, at least partly, attributed to the fleet size decrease mentioned in the
previous paragraph.
The production of bottom trawlers is fluctuating without any overall trend. Increasing
trends are observed in the 2000-2007 period which can be mostly attributed to increased
catches of certain species such as shrimps. Although not any specific studies have been
conducted it can be speculated that the modernization of the fleet occurred in late 90s
resulted in increases in the effective fishing effort and to changes in the fishing pattern by
expanding fishing activities to deeper waters, which are reflected on the catch levels of that
period. Probably, the modernization of the fleet compensated to a certain extent the decrease
in the number of vessels. The contribution of bottom trawlers to the total production is
rather stable in the last few years of the examined period (1991-2009) fluctuating between
27-30% (Table 4.1). Unfortunately catch statistics were not available beyond 2009.
Regarding the species composition of the landings, bottom trawling is a typical
multi-species fishery and past studies have shown that their landings include around to 70
fish, crustacean and cephalopod species (Stergiou et al, 2003). Catches of most species,
however, are very low and a small number of species including hake, red mullets, shrimps,
horse mackerels and picarel usually account for about 40% of the total catch.
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Fig. 4.1. Total and bottom trawlers' landings for the period 1991-2009.
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Table 4.1. Bottom trawl vs total landings for the period 1991-2009.
Year

Bottom trawl
landings (t)

Total landings Bottom trawl landings (%
(t)
of the total)

1991

24385

123684.3

19.72

1992

23220

141314.7

16.43

1993

21708

155200.3

13.99

1994

31642

181633.4

17.42

1995

27470

149968.8

18.32

1996

27013

149985.5

18.01

1997

29502

147734.5

19.97

1998

19859

106981.8

18.56

1999

16933

109554.9

15.46

2000

19792

88104.4

22.46

2001

17549

83256.8

21.08

2002

18553

85907.3

21.60

2003

20404

84400.9

24.18

2004

23399

87418.2

26.77

2005

23809

87463.9

27.22

2006

25728

92014.7

27.96

2007

27126

90344.9

30.03

2008

23353

85496.5

27.31

2009

21953

80048.4

27.42

5 Environmental impact – Discarding
The bottom-trawl fishery exploits sandy/muddy bottoms at depths greater than 50m.
Therefore shallow sea-grass habitats are not affected. In any case, trawling over sensitive
habitats such as Posidonia and maerl beds is forbidden through EC and national regulations.
Recent studies indicate that the annual discard ratio of the bottom trawl fishery, in terms
of biomass, ranges from 28-35% depending on the area and the season (Machias et al,
2004; Tsagarakis et al, 2008). Given the high biodiversity of the Mediterranean Sea, the
main bulk of discards is composed of non commercial species that are totally discarded.
Discard ratios of the main target species such as hake, red mullets and pink shrimp fluctuate
from 0-11% , and are due to the incidental captures of undersized individuals (Table 5.1).
As an example, Fig. 5.1 shows the seasonal length frequency distribution of discarded and
marketable hake individuals in the Aegean Sea.
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Table 5.1. Percentage biomass discards ratios, for some important target species.
AREA

Species

AEGEAN

Merluccius merluccius (hake)

9.95%

Mullus barbatus (red mullet)

1.98%

Mullus surmuletus (striped mullet)

0.34%

Parapenaeus longirostris (pink shrimp)

10.70%

Merluccius merluccius

5.92%

Mullus barbatus

1.51%

Mullus surmuletus

0.28%

Parapenaeus longirostris

6.57%

IONIAN

Discard ratio(%)

Fig. 5.1. Percentage length frequency distribution (total length in mm) of the discarded (white columns) and
marketable (black columns) fractions of Merluccius merluccius (hake) in the Aegean Sea. Each bar shows the
percentage contribution of the given size-class to the corresponding fraction.
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6 State of the main stocks
The lack of a sufficient time series of catch-at age data, which is due to the
discontinuous implementation of the Fisheries Data Collection Regulation in Greece
(implemented only in 2003-2006 and in 2008) does not allow the analytical assessment of
the demersal resources. This point has been also raised during the 2010 assessment sessions
of the SGMED/STECF sub-group and it was finally decided to carry out preliminary
assessments of certain stocks in the region by means of biomass dynamic
(surplus-production) model approaches . Those assessments were based on a time series of
landings data reported by the Greek National Statistical Service and the abundance indexes
obtained from the “MEDITS” surveys that have been accomplished in the Aegean and
Ionian seas. The assessments carried out by the SGMED/STECF sub-group used data up to
2006.
By applying the same methodology (details are given in chapter 6.2), the present study
updates those assessments using data up to 2009. Moreover, one additional species (picarel)
has been assessed given that after the banning of the beach-seine fishery the species is
mainly fished by bottom trawlers. Hence, five species that are among the main targets of
the fishery have been finally studied: Mullus barbatus (red mullet), Mullus surmuletus
(striped mullet), Merluccius merluccius (hake), Spicara smaris (picarel) and Parapenaeus
longirostris (pink shrimp).
In order to account for certain differences in the “MEDITS” sampling scheme
throughout the years, the survey indexes have been previously standardized through
commonly used statistical techniques (see next chapter).
Apart from the aforementioned biomass dynamic model approach, the results of a
recent assessment of the Greek demersal resources carried out by an STECF Expert Ad-hoc
Working Group (STECF-EWG) have been considered, as requested by DG-MARE. Results
of that assessment are discussed in relation to the present findings, taking also into account
the comments of the STECF (plenary session 5-9 November 2012) on the report of the
STECF-EWG. This is presented in chapter 6.3 and a final overview is provided in chapter
6.4
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6.1 Temporal trends of survey (MEDITS) biomass indexes

The data used for the estimation of species biomass trends over time were obtained
from the MEDITS surveys accomplished in the Aegean and Ionian seas during the
1994-2008 period. The MEDITS surveys are carried out annually during the late
spring/early summer period in various areas of the Mediterranean Sea and include sampling
with bottom-trawl at predefined stations over the shelves and the upper slopes from 10 to
800 m depth. Further details on the standardized sampling protocol that was followed can be
found elsewhere (e.g. Bertrand et al., 2002). A total of about 180 stations were annually
sampled in the Aegean and Ionian seas (Fig. 6.1).
For the currently examined species the biomass estimates per station expressed in terms
of kg/km2 were analyzed by means of Generalized Additive Modeling (GAM) techniques
(Hastie and Tibshirani, 1990). The main advantage of GAMs over traditional regression
methods are their capability to model non-linear relationships (a common feature of many
ecological data-sets) between a response variable and multiple explanatory variables using
non-parametric smoothers. In the present case the non-linear predictors included sampling
position (entered as the latitude - longitude interaction) and depth, while the “year” was
entered as a categorical variable. Hence the final model was of the form:
biomass index ~ as.factor(year) + s(depth) + s(lat, lon)
In all cases, apart from the striped mullet, a Gamma error structure mode and a log link
function were assumed based on the preliminary analysis of model residual plots. For
striped mullet, due to the existence of a large number of zero observations, only the
presence/absence per station was analyzed assuming a binomial error structure model and a
logit link function. Analysis was accomplished separately for the Aegean (including Cretan)
and Ionian seas and included only the depth range where the corresponding species was
found.
Model fitting was accomplished by means of the “mgcv” package (Wood, 2004) under
the R language environment (R Development Core Team, 2011) and statistical inference
was based on the 95% significance level.
Detailed results of the GAM modeling including the analysis of deviance tables and the
percentage of explained variance in each case are given in Annex I. In all cases, apart from
the striped mullet in both areas and the red mullet in the Ionian Sea, differences among
years were significant. However, not any specific trends were identified except of the case
20

of picarel whereas higher indexes are generally observed in the latest years (Figures 6.2,
6.3). Depth plots indicate that hake and pink shrimp are more abundant on the continental
slope (depths >200m) while the rest of the species show preference for continental shelf
areas (Figures 6.4, 6.5).

Fig. 6.1. Distribution of the MEDITS sampling stations over the 50-100, 100-200, 200-500 and 500-800
bathymetric zones.
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6.2 Biomass dynamic model assessment
A non-equilibrium Schaefer production model was applied in the Aegean (including
Cretan) and Ionian seas for each of the aforementioned species using landings data for the
1990-2009 period and the estimated standardized indexes of the “MEDITS” surveys for
years 1994-2008 (see chapter 6.1). Indexes were rescaled to a scale 1-10 to eliminate
negative values. The approach was similar to that followed in the 2010 SGMED/STECF
assessments and to facilitate transparency and result's reproduction all model runs were
accomplished through scripts developed under the R language environment (Tserpes,
2008a). Estimates of model parameters were obtained using a least squares criterion of fit
assuming normally distributed residual errors between the observed and expected
abundance indexes. Confidence intervals were obtained through bootstrapping (one
thousand bootstrap replicates).
Estimates of the initial biomass ratio that were needed in order to achieve model
convergence were roughly based on information about the exploitation rates at the
beginning of the modeling period that were obtained from past studies (Papaconstantinou et
al, 1991; Vassilopoulou & Papaconstantinou, 1991). Different exploitation rates around
those values were tested and those giving the best model residual plots were finally used.
Figures 6.6-6.10 show yearly biomass (B) and fishing mortality (F) ratios in relation to
MSY levels, as well as, landings in relation to MSY. The top left “kobe” plots summarize
the biomass and fishing mortality ratios. When B/Bmsy > 1 and F/Fmsy < 1 the stock is
considered to be at a healthy state. In the opposite case the stock is considered to be at risk.
When both ratios are smaller than one the stock is considered to be overfished (but no
overfishing presently occurs), while the opposite case indicates that overfishing occurs but
stock biomass is not at present in an overfished condition.
Table 6.1 summarizes the situation for the last year (2009) of the analysis. It should be
noted that absolute biomass and fishing mortality estimates of production models tend to be
biased due to uncertainties in the estimates of the catchability coefficient (q). The estimates
of q are canceled when calculating ratios. Therefore, absolute estimates should not be used
as management guidelines, which instead should be based on the ratio ones (Prager, 1994).
Ratio estimates show that red mullets and picarel stocks are in healthy condition and
exploitation is far lower than the corresponding MSY levels. On the contrary, both hake
stocks undergo a small degree (~10%) of overfishing but their biomass is at safe levels. The
26

pink shrimp stock of the Aegean Sea is at a slightly overfished condition but current F is
marginally at safe levels. Regarding the pink shrimp stock of the Ionian Sea, both, stock
biomass and fishing mortality are at safe levels.

27

28

29

30

31

32

6.3 STECF-EWG assessment
The detailed report of the EWG together with the STECF comments can be
downloaded from the STECF website. In this chapter the most important points are
discussed.
The EWG based its assessment on an unofficial reconstructed data set of the Greek
landings and effort for the period 1964-2007 which is supposed to include estimates for
small artisanal boats that are missing from the official statistics. It has been also assumed an
annual increase of 2.74% of the fishing power for all fleet sectors, due to fleet
modernization.
We think that there is no scientific basis for the adoption of the reconstructed data as
they are based on simple linear extrapolations of existing short time observations on
landings and do not take into consideration any changes in effort and exploitation pattern
occurring over time. As it is for instance shown in Fig. 6.11 (extracted from Tsikliras et al.,
2007), a poor linear fit over the 1975-1989 period was used to estimate missing landings for
small coastal boats for the years 1969-1974. Moreover, the suitability of the adopted
coefficient (2.74%), which implies a continuous increase in fishing power, has not been
previously documented for the Greek fisheries. Given, that the modernization of the fleet
occurred mostly from middle 80's to middle 90's, it is questionable if after that period the
fishing efficiency has been increased in a way that justifies the adoption of the coefficient.
Regarding bottom-trawlers, it is noticeable that although the size of the fleet is
decreasing since the early 90's (see Fig 2.1) the adoption of the coefficient results in
estimating continuously increasing trends in effective (standardized) effort (see Fig 6.12
extracted from EWG report). Such a finding is far from reality given that the annual
nominal effort (fishing days) is decreasing in the last 15 years (as a result of fleet capacity
reduction schemes) and there are not running any modernization programs which could
favor fishing power. On the contrary, it is expected that the recent increases of cod-end
mesh size have reduced catchability for relatively small size species (e.g red mullets,
picarel, etc) and juveniles of larger species (e.g. hake), resulting probably in fishing power
decreases. Therefore, it is expected that the effective effort, as the product of nominal effort
and fishing power is decreasing, and not the opposite picture appearing in Fig. 6.12. Similar
problems arise regarding the beach-seine fleet (see comments below under the picarel
section).
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The aforementioned reservations are in line with those of STECF which claims that “it
is unable to judge how representative the reconstructed data set is of the true historical catch
composition” and that “has no basis to judge whether the value of 2.74% per year is
representative of the vessels in the Greek fleet”. Moreover, STECF notes that “the
reconstructed time series of landings for the period 2003-2008 does not match the time
series of landings for that period reported under the DCF”.
For the above reasons we consider that the findings of the STECF-EWG assessment
are highly uncertain to be used for quantitative management advice. However, despite our
reservations, below we consider the main findings of the STECF-EWG as it has been
requested by DG-MARE.

Fig. 6.11. Annual landings of small scale boats (extracted from Tsikliras et al., 2007).

Fig. 6.12. Standardized effort for bottom-trawlers (extracted from EWG report)

34

The attached table, extracted from the STECF-EWG report, summarizes the state of the
examined stocks. The EWG examined some additional species that are not included in the
current assessment such as bogue (Boops boops), blotched picarel (Spicara flexuosa) and
Norway lobster (Nephrops norvegicus). On the other hand, pink shrimp (Parapenaeus
longirostris) which is a species fished entirely by bottom trawlers in large quantities (one of
the three most important species) has not been considered at all by the STECF-EWG.

Regarding bogue, the bottom trawl catches are negligible in comparison to that of
other gears (see Fig 6.13 extracted from EWG report). Norway lobster catches represent a
very low percentage of the total catch (0.5 and 2.5% in GSAs 20 and 22&23 respectively)
and, as demonstrated in EWG report, the species is also fished in relatively high proportion
(up to 50%) by other gears. Blotched picarel is of very low commercial value (catches are
often discarded but discards were not considered in the assessment) and its landings are
generally mixed with those of Spicara maena. Besides, they are very low, equivalent to
those of Norway lobster. Out of the three species of the Spicara genus, Spicara smaris
(picarel) is the most important species in term of catches and value and it is worth
considering.
Based on the above, we think that bogue, Norway lobster and blotched picarel should
not be considered in a bottom-trawl management plan and below we are focusing on the
findings about hake (in both GSAs) and picarel (in GSA 22&23), which according to EWG
report, undergo the highest overexploitation. Moreover, these findings are having the greater
discrepancy with the present assessment. Few more stocks, such as Mullus barbatus and
Mullus surmuletus in GSA 22&23, were also found to be unsustainably exploited, contrary
to our results . The reported over-exploitation, however, is at relatively low levels and even
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if these findings are used for advice, management measures aiming to optimize hake
exploitation (see chapter 7.1) would also drive both Mullus stocks at sustainable levels.

Fig. 6.13. Landings of bogue in GSA 22&23 by gear (extracted from EWG report).

Hake in both GSAs
First of all, it seems that the F0.1 value mentioned in the summary table is mistaken.
The report includes calculations for two different Fcurrent and F0.1 values: one corresponding
to the mean for ages 1-4 and a second one corresponding to the mean of all ages. Given that
the Fcurrent value appearing in the table corresponds to the mean for ages 1-4, for consistency
reasons the corresponding F0.1 should be selected, which is not the case. Based on the
assessment results, instead of 0.27 and 0.24 for F0.1, it should be 0.39 and 0.40 respectively.
For both stocks (GSA 20, 22&23), the ASPIC model revealed that they are exploited in
a sustainable way (fishing mortality and biomass ratios at optimum levels). ASPIC results,
however, have been ignored claiming poor model fits and unrealistic low F estimates and
advice was based only on SURBA and VIT. Regarding the comment about unrealistic F, the
ASPIC author indicates that attention should be paid only on biomass and F ratio estimates
and explains why absolute values should not be considered for management purposes (see
explanation on last paragraph of chapter 6.2). Concerning the argument about poor model
fits, it should be taken into account that it is generally difficult to obtain fits with high R
values in surplus production models and the fits from the hake stocks were by no means
worse than those obtained for other stocks where the ASPIC modeling was considered
acceptable and used for advice. For instance, Figure 6.14 and 6.15 contrast ASPIC model
fits for hake and picarel in GSA 22&23 where advice about picarel was based on ASPIC.
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Conclusively, we think that ASPIC results should also be taken into account (as it
happened in nearly all other cases) and it should be more appropriate to conclude that due to
contradictory results it was difficult to identify the state of the stocks and suggest
precautionary and adaptive management approaches.

Fig. 6.14 ASPIC fits for hake in GSA 22&23 (extracted from EWG report).

Fig. 6.15 ASPIC fits for picarel in GSA 22&23 (extracted from EWG report).

Picarel in GSA 22&23
Advice has been solely based on ASPIC findings as SURBA results have been
considered unreliable. In this way, the advice has totally ignored the biomass trends
identified from the fishery independent survey (MEDITS), which is the most objective
observation, given the reservations above-mentioned about the reconstructed catch/effort
data series used for ASPIC modeling. Contrary to ASPIC results, both the raw biomass
index (see Fig. 6.16 extracted from EWG report) and the standardized biomass index shown
in Fig. 6.2 show increasing biomass trends.
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In this case, there can be clearly seen the problems of using non properly documented
reconstructed data (especially effort) and an arbitrary global coefficient to estimate fishing
power increases.
Due to its coastal distribution, picarel is traditionally fished by beach-seiners whose
number has been gradually decreasing since early 00's, due to the European legislation. It
should be noted that beach- seiners do not exist any more nowadays. The observed decrease
in picarel landings is, at least to a certain extent, due to the decreased fishing activity (and
consequently effort) of beach seiners. However, contrary to the existing situation, the
standardized series of beach-seine effort indicates increasing trends in the last years (see red
line in Fig. 6.17 extracted from EWG report), obviously due to the use of the fishing power
coefficient. This effort overestimation leads ASPIC to estimate over-exloitation in the latest
years as the input data indicate inverse relationship between ladings end effort.
Conclusively, we think that ASPIC estimates cannot be used for management advice
because they are based on inaccurate input data and estimates on the stock trends should be
based on the survey biomass trends.

Fig. 6.16. Survey biomass trends of picarel in GSA 22&23 (extracted from the EWG report).

Fig. 6.17. Standardized effort of beach-seiners (extracted from the EWG report).
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6.4 Overview of assessments
Our results demonstrated that the stocks of three of the examined species (red mullet,
striped mullet and picarel) are at a healthy state and their current (2009) exploitation rates
are at safe levels. The stocks of the aforementioned species were over-fished till the late 90's
but improvement has been observed thereafter. Given that those fish are of relatively small
size and their depth distribution pattern shows that they are quite abundant in shallow waters
(see Figs 6.4, 6.5), it seems that the progressive implementation of increases in the trawl
codend mesh-size and the prohibition of bottom trawling in depths < 50m had positively
affected the state of their stocks. In the case of picarel, in particular, the decrease of the size
of the beach-seine fleet had an additional positive effect on its stocks as the species is
commonly targeted by that gear.
On the contrary, the stocks of species, such as hake and pink shrimp, which mostly
inhabit the lower part of the shelf and the slope (see Figs 6.4, 6.5) are in a much worse
condition. Stock biomass of both species shows a general decreasing trend in the last 4-5
years of the study. At present, both hake stocks undergo slight overfishing and their
biomass is just above the estimated safe levels. The current fishing pressure on pink shrimp
stocks is at marginally safe levels but the Aegean stock is slightly overfished. The Ionian
stock of pink shrimp is still at safe levels. Although there are not any relevant data, it is
reasonable to assume that the recent banning of bottom trawling in depths < 50m resulted in
shifts of fishing effort at deeper waters. In addition, deeper international waters of the
Aegean and Ionian seas are in the latest years exploited by foreign fleets targeting mainly
red shrimps. It is likely that the above have a negative effect on several species inhabiting
relatively deeper regions.
The assessments of the STECF-EWG indicated severe over-exploitation of hake in both
GSAs, as well as, of picarel in GSA 22&23. As it is mentioned in the previous chapter, we
consider that the main drawback of the STECF-EWG assessments is the use of a
questionable data set and assumptions that are probably leading to biased results. As a
consequence, it seems quite risky to base management advice solely to those results. Our
assessment used a shorter data series than the EWG one, and it was based on the official
landing statistics reported by the Greek National Statistical Service for the 1990-2009
period and the biomass indexes derived from a fisheries independent survey. In this way, we
avoided risky assumptions about possible fishing power changes, as well as, questions
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related to data consistency due to changes in the sampling design.
Given, however, that the current assessments use data up to 2009, it cannot be argued
that findings offer a picture of the current stock status. The same is also valid for the EWG
assessments which use data up to 2008, and as STECF argues, “the results should only be
taken to be an indication of the trends in exploitation status and stock biomass over the
historic time series and may not be representative of the current status”. Unfortunately, the
lack of implementation of DCF in the recent years does not allow up-to date estimates on
the state of the stocks.
Bearing in mind the aforementioned problems and data limitations we think that it is
safer to use the current assessment results as basis for management advice and evaluation of
different exploitation scenarios that are included in the next chapter.
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7 Stock Management

7.1 Proposed management actions
Assessment results suggest that in order to avoid further biomass reductions of the hake
stocks that currently undergo overfishing is essential the adoption of a management plan
that will bring back stocks in a healthy state. Given the multispecies nature of the
bottom-trawl fishery, the pink shrimp stock of the Aegean Sea, which does not currently
undergo overfishing but it is at low biomass levels, would also benefit from such a plan.
In the present study, we attempt to simulate the short-medium term effects of a series of
management measures aiming to bring the hake stocks in a healthy state. The management
measures concern temporal fishery closures that will result in effort reductions, not only of
the bottom-trawl fleet but also of the long-line and static-net metiers of the the multi-license
artisanal fleet that target hake. According to the records of the Greek National Statistical
Service, hake landings of those metier in 2009 reached up to 36% of the total hake landings
(Fig. 7.1).
Specifically, the simulated management scenario considers: (a) an additional 15-day
closure of the bottom trawl fishery in the Aegean (including Cretan) and Ionian seas split
equally in December and May, and (b) an one month closure (February), in the same
regions, of the two other metiers targeting hake. It should be noted that all Greek demersal
fleets operate in the aforementioned regions.
Based on the monthly allocation of fishing effort (Table 3.1) the half-month closure of
the bottom-trawl fishery corresponds to a 6.3% reduction of the total trawlers' fishing effort.
For the artisanal metiers, given that February is a month of relatively high activity for them
it is estimated that this closure will reduce their total effort by ~10% (Helenic Centre for
Marine Research, unpublished data). In the projections it was also taken into account that
since 2009 the bottom-trawl and the artisanal multi-license fleet have been reduced by 6.7
and 8.5% respectively (Bottom trawlers: 313 in 2009 and 292 in 2012, Artisanal: 16647 in
2009 and 15240 in 2012). Based on the above the total effort reduction for the bottom-trawl
and the artisanal fleets will be 13 and 18.5% respectively). Assuming no change in the
exploitation pattern and considering the contribution of each fishery to the total catch, those
reductions will reduce overall fishing effort directed to the hake stocks by ~15%. Certainly
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the scenario assumes that neither the number of fishing licenses will increase, nor the
days-at-sea per vessel (i.e the 4-month fishery closure for the bottom trawlers will be kept).
Due to the multi-species nature of the bottom-trawl fishery, its half-month closure will
be also beneficial for all demersal fishes captured by that gear. Apart from the pink shrimp
stocks, however, the stocks of the rest of the examined species undergo sustainable
exploitation and their biomass is at safe levels. Hence, projections are focusing on hake and
pink shrimp stocks. It should be noted, that, contrary to hake, pink shrimp is exclusively
fished by bottom trawlers; thus effort reduction will be up to 13%.
For comparisons, projections of the status quo condition (year 2009) were also
simulated. Fishing mortality (F) was always assumed to be linearly related to the fishing
effort. Simulations assumed that the stocks follow the Schaefer production model (logistic
growth) and the parameter estimates (r, k) obtained in chapter 6.2 were used. Hence future
biomass (B) and catch levels (C) were estimated through the equations:
Bt = Bt-1 + rBt-1(1-Bt-1/k)-FBt-1 and Ct = FBt
A Mode-Carlo approach was followed and projections were simulated 1000 times
assuming that initial biomass (last assessment year, i.e. 2009) follows a uniform distribution
within the limits of the 10 and 90% percentiles of the logistic model estimates. Projections
were extended for 11 years to future (up to 2020). Runs were made through scripts
developed under the R language environment.
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Fig. 7.1. Contribution of bottom-trawl and other artisanal metier to the hake landings.

7.2 Scenario evaluations
Scenario results for the hake and pink shrimp stocks are summarized in Figures 7.2-7.5.
For hake, under the status quo scenario, which assumes continuation of the current
overfishing situation, hake stocks will enter to a “risky” condition within the next 3-4 years.
On the contrary the pink shrimp stock of the Aegean Sea which was overfished but not
currently undergoing overfishing will become “healthy”. The pink shrimp stock of the
Ionian Sea will continue to be at a healthy condition as it was in the last assessment year.
The scenario assuming temporal fishery closures will bring and stabilize the hake
stocks at optimum levels. This was expected since the stocks were previously marginally
overfished and the simulated fishery closures assumed fishing mortality lower than Fmsy.
Regarding the pink shrimp stocks, their biomass will further increase and will become
20-30% higher than Bmsy.
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7.3 Socioeconomic implications
The proposed fishery closures are relatively short and as it can be seen in the projection
plots, catches will remain around the average values of the last decade. Therefore, no major
change in the fishers' income are expected. In addition, the artisanal vessels targeting hake
are multi-license and can relatively easily switch to other fishing activities during the
temporal closure. This implies that no major changes in employment are expected. It should
be noted that the proposed closures have been already discussed with Greek Fishermen
Associations and no major objections have been expressed, a fact that facilitates
implementation.

7.4 Fishery monitoring
Based on the Community legislation the bottom-trawl fishery is prohibited in depths
less than 50m or at a distance less than 3 miles from the coast (whatever it comes first) and
at a distance less than 1.5 mile from the coast independently of depth. Apart from the
Community legislation, according to preexisting Greek legislation, the bottom trawl fishery
in the national waters is closed from June to September (4 months).
Given that the hake stocks face overfishing problems, the proposed monitoring plan
concerns not only the activities of the bottom trawl fleet, but also the activities of the
artisanal fleets (gillnet and longline metiers) targeting hake. Those metiers operate
throughout the year but fishing effort is higher in the winter-spring months. The proposed
management plan includes: (a) an additional 15-day closure of the bottom trawl fishery in
the Aegean (including Cretan) and Ionian seas, split equally in December and May, and (b)
an one month closure (February), in the same regions, of the two other metiers targeting
hake.
The fleets will be closely monitored through the Greek Fisheries Data Collection
Program established in accordance with EC 93/2010 Regulation. Monitoring will include
concurrent at-market and at-sea sampling carried out on monthly and quarterly basis
respectively. Market sampling will provide information on the species and size composition
of the landings while at-sea sampling will aim to identify, on a trip basis, the size
composition of the catch for all commercial and discarded species. In addition, temporal
population rate fluctuations, not only for hake but for several demersal species, will be
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followed through the “MEDITS” bottom-trawl survey that is accomplished on an annual
basis. All monitoring activities, including the “MEDITS” survey, will cover all areas
exploited by the Greek fleets, i.e Aegean, Cretan (FAO GSAs 22 and 23) and Ionian seas
(GSA 20) .
The main target stocks of the bottom trawl fishery will be evaluated on an annual
basis and assessments will include all species examined in the present study i.e.:
•

Hake

•

picarel

•

Red mullet

•

Striped mullet

•

Pink shrimp
Reference points will be set in accordance with those mentioned in article 5 of EC

Reg. 2371/2002 about the recovery of over-exploited stocks and in the present case they will
be expressed in terms of fishing mortality (F) and stock biomass (B) rates. Specifically, for
all stocks F/Fmsy and B/Bmsy ratios that equal to 1 will be considered as limit reference points.
The ratio F/Fmsy=1 will be considered as the maximum allowed exploitation rate and the
B/Bmsy=1 as the minimum accepted stock biomass level. In case that the annual assessments
reveal that F/Fmsy is higher than 1 and B/Bmsy is lower than 1 for any of the examined stocks,
a fact indicating the presence of over-exploitation, additional management measures will be
taken. Based on the identified over-exploitation level those measures will include
complementary fishery closures aiming to bring exploitation rate at optimum levels.
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8 General conclusions
Due to lack of appropriate data, the current analysis of the stock status was based on
dynamic model approaches that does not allow to identify recruitment fluctuations, as well
as the impact of fishery on individual cohorts. However, our results suggest that the stocks
of species mostly inhabiting the continental shelf, are at safe levels. On the contrary, species
that show preferences to relatively deeper waters are at an over-fished condition.
It is very likely that the prohibition of bottom trawling in depths less than 50m or
within three miles from the coast (whatever comes first), which established in the last years,
has resulted to a shift of the fishing effort towards deeper waters, implying additional
pressure on certain stocks. Therefore, management actions focusing on the protection of
stocks of the upper shelf and continental slope zones may be necessary in several cases.
Assuming no change in the exploitation pattern, scenario projections indicated that
the proposed fishery closures would bring the overfished stocks to a healthy state within the
next few years. However, the prohibition of bottom trawling within 1.5 nautical mile from
the coast (independently of depth), which has been implemented in Greece since 2011 in
accordance with EC Regulation 1967/2006, may seriously affect the spatial distribution of
effort of the bottom trawlers. Although, at the time of preparation of this report compiled
VMS data were not available for 2012, it is likely that this measure have altered the
exploitation pattern by shifting further the fishing pressure towards relatively deeper waters.
In such a case, fishing effort on stocks like hake may have increased and our estimates about
improvement are becoming very uncertain.
A recent study, in the southern part of the Aegean Sea, that attempted to forecast the
effects of expanding the prohibition of bottom trawling to 1.5 nautical mile from the coast
concluded that 34% of the bottom-trawl fishing effort will shift towards deeper waters and
that the overall catches of stocks mostly inhabiting the continental shelf will be reduced by
~29% , mainly due to decreases in red mullet and picarel catches. Income reductions will
reach up to 24% (Tserpes et al, 2008b; 2011).
Traditionally, the bottom-trawl fishery in the Mediterranean is mostly exploiting
fishing grounds of the continental shelf and the upper-slope zone and it has been argued that
this fishing pattern favored the protection of species such as hake, where large adult
individuals inhabit deeper non-intensively exploited waters (Caddy, 1993). Fishing
prohibitions on shelf areas without corresponding reductions of fishing effort would result
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to increased fishing activities in deeper waters with negative and sometimes unpredictable
effects for several stocks.

9
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ANNEX I - Analysis of deviance for the GAM models applied on the survey data
RED MULLET - AEGEAN
Family: Gamma
Link function: log
Formula:
bio ~ as.factor(year) + s(depth) + s(lat, lon)
Parametric coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept)
3.30534 0.26875 12.299 < 2e-16 ***
as.factor(year)1995 -0.11800 0.35713 -0.330 0.74123
as.factor(year)1996 0.33091 0.33855 0.977 0.32880
as.factor(year)1997 0.40355 0.33358 1.210 0.22691
as.factor(year)1998 0.48505 0.32569 1.489 0.13699
as.factor(year)1999 0.53225 0.34037 1.564 0.11847
as.factor(year)2000 1.08207 0.33554 3.225 0.00134 **
as.factor(year)2001 0.36140 0.33968 1.064 0.28784
as.factor(year)2003 0.79999 0.33454 2.391 0.01713 *
as.factor(year)2004 0.35885 0.33107 1.084 0.27889
as.factor(year)2005 -0.10385 0.33058 -0.314 0.75353
as.factor(year)2006 0.07716 0.33859 0.228 0.81982
as.factor(year)2008 0.37619 0.34483 1.091 0.27578
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Approximate significance of smooth terms:
edf Ref.df
F p-value
s(depth) 1.374 1.65 67.473 <2e-16 ***
s(lat,lon) 25.624 28.27 7.029 <2e-16 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) = 0.13 Deviance explained = 35.9%
GCV score = 2.0644 Scale est. = 1.8076 n = 575
Parametric Terms:
df F p-value
as.factor(year) 12 2.725 0.00137
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RED MULLET - IONIAN
Family: Gamma
Link function: log
Formula:
bio ~ as.factor(year) + s(depth) + s(lat, lon)
Parametric coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept)
3.60963 0.63713 5.665 6.63e-08 ***
as.factor(year)1995 -0.23276 0.85122 -0.273 0.785
as.factor(year)1996 -0.52536 0.75083 -0.700 0.485
as.factor(year)1997 0.22954 0.79393 0.289 0.773
as.factor(year)1998 0.23987 0.70404 0.341 0.734
as.factor(year)1999 0.50225 0.70408 0.713 0.477
as.factor(year)2000 -0.27587 0.71260 -0.387 0.699
as.factor(year)2001 -0.05227 0.71663 -0.073 0.942
as.factor(year)2003 0.37980 0.70149 0.541 0.589
as.factor(year)2004 0.01717 0.70430 0.024 0.981
as.factor(year)2005 -0.44682 0.71313 -0.627 0.532
as.factor(year)2006 0.27725 0.71685 0.387 0.699
as.factor(year)2008 0.59779 0.71455 0.837 0.404
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Approximate significance of smooth terms:
edf Ref.df
F p-value
s(depth) 1.514 1.875 8.212 0.000542 ***
s(lat,lon) 2.000 2.000 16.717 2.54e-07 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) = 0.0106 Deviance explained = 26.5%
GCV score = 1.9244 Scale est. = 1.6042 n = 177
Parametric Terms:
df F p-value
as.factor(year) 12 1.103 0.362
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STRIPED MULLET - AEGEAN
Family: binomial
Link function: logit
Formula:
pa ~ as.factor(year) + s(depth) + s(lat, lon)
Parametric coefficients:
Estimate Std. Error z value Pr(>|z|)
(Intercept)
-1.4583 0.3280 -4.446 8.74e-06 ***
as.factor(year)1995 0.6638 0.4235 1.567 0.1170
as.factor(year)1996 0.6485 0.4076 1.591 0.1116
as.factor(year)1997 0.2560 0.4037 0.634 0.5259
as.factor(year)1998 0.8711 0.4005 2.175 0.0296 *
as.factor(year)1999 0.5848 0.4036 1.449 0.1473
as.factor(year)2000 0.5302 0.4004 1.324 0.1855
as.factor(year)2001 0.1558 0.4058 0.384 0.7010
as.factor(year)2003 1.0275 0.3989 2.576 0.0100 *
as.factor(year)2004 0.3352 0.3982 0.842 0.3998
as.factor(year)2005 0.1328 0.4008 0.331 0.7405
as.factor(year)2006 0.4432 0.3966 1.118 0.2638
as.factor(year)2008 0.6320 0.3947 1.601 0.1094
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Approximate significance of smooth terms:
edf Ref.df Chi.sq p-value
s(depth) 1.00 1.001 118.2 <2e-16 ***
s(lat,lon) 26.38 28.481 261.6 <2e-16 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) = 0.298 Deviance explained = 26.9%
UBRE score = 0.025418 Scale est. = 1
n = 1418
Parametric Terms:
df Chi.sq p-value
as.factor(year) 12 17.35 0.137
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STRIPED MULLET - IONIAN
Family: binomial
Link function: logit
Formula:
pa ~ as.factor(year) + s(depth) + s(lat, lon)
Parametric coefficients:
Estimate Std. Error z value Pr(>|z|)
(Intercept)
-1.5457 1.1474 -1.347 0.178
as.factor(year)1995 -2.0335 1.6006 -1.270 0.204
as.factor(year)1996 -2.1537 1.5727 -1.369 0.171
as.factor(year)1997 -2.0360 1.5877 -1.282 0.200
as.factor(year)1998 -1.9272 1.3524 -1.425 0.154
as.factor(year)1999 -1.5399 1.2979 -1.186 0.235
as.factor(year)2000 -0.4171 1.2346 -0.338 0.735
as.factor(year)2001 -1.0550 1.2647 -0.834 0.404
as.factor(year)2003 -1.4818 1.2998 -1.140 0.254
as.factor(year)2004 -0.4207 1.2332 -0.341 0.733
as.factor(year)2005 -1.9312 1.3600 -1.420 0.156
as.factor(year)2006 -2.0525 1.3661 -1.502 0.133
as.factor(year)2008 -1.0430 1.2657 -0.824 0.410
Approximate significance of smooth terms:
edf Ref.df Chi.sq p-value
s(depth) 3.126 3.812 9.076 0.0523 .
s(lat,lon) 6.176 8.278 19.708 0.0135 *
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) = 0.177 Deviance explained = 28.8%
UBRE score = -0.23675 Scale est. = 1
n = 288
Parametric Terms:
df Chi.sq p-value
as.factor(year) 12 10.67 0.558
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picarel - AEGEAN
Family: Gamma
Link function: log
Formula:
bio ~ as.factor(year) + s(depth) + s(lat, lon)
Parametric coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept)
2.81392 0.65892 4.271 2.56e-05 ***
as.factor(year)1995 0.70371 0.82694 0.851 0.39541
as.factor(year)1996 0.07585 0.75989 0.100 0.92055
as.factor(year)1997 0.67931 0.75484 0.900 0.36882
as.factor(year)1998 1.85067 0.75624 2.447 0.01492 *
as.factor(year)1999 1.48851 0.75022 1.984 0.04808 *
as.factor(year)2000 1.23530 0.77272 1.599 0.11086
as.factor(year)2001 1.94656 0.73239 2.658 0.00825 **
as.factor(year)2003 1.95523 0.73916 2.645 0.00856 **
as.factor(year)2004 2.05957 0.72725 2.832 0.00491 **
as.factor(year)2005 1.88477 0.71884 2.622 0.00915 **
as.factor(year)2006 1.87138 0.72441 2.583 0.01022 *
as.factor(year)2008 2.18506 0.72577 3.011 0.00281 **
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Approximate significance of smooth terms:
edf Ref.df F p-value
s(depth) 5.037 6.05 7.298 2.25e-07 ***
s(lat,lon) 15.576 19.89 3.791 1.91e-07 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) = 0.0976 Deviance explained = 29.1%
GCV score = 3.9394 Scale est. = 3.2852 n = 361
Parametric Terms:
df F p-value
as.factor(year) 12 3.448 8.54e-05
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picarel - IONIAN
Family: Gamma
Link function: log
Formula:
bio ~ as.factor(year) + s(depth) + s(lat, lon)
Parametric coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept)
2.3834 0.7532 3.164 0.00201 **
as.factor(year)1995 -1.8392 1.0663 -1.725 0.08734 .
as.factor(year)1996 -1.6322 1.0872 -1.501 0.13610
as.factor(year)1997 -1.0409 1.2548 -0.830 0.40858
as.factor(year)1998 0.5015 0.9131 0.549 0.58396
as.factor(year)1999 -0.2764 0.8611 -0.321 0.74881
as.factor(year)2000 1.0199 0.8467 1.205 0.23094
as.factor(year)2001 1.1662 0.8485 1.374 0.17208
as.factor(year)2003 0.5773 0.8288 0.697 0.48755
as.factor(year)2004 0.3829 0.8461 0.453 0.65174
as.factor(year)2005 1.8369 0.8419 2.182 0.03121 *
as.factor(year)2006 1.6832 0.8535 1.972 0.05109 .
as.factor(year)2008 1.7171 0.8282 2.073 0.04047 *
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Approximate significance of smooth terms:
edf Ref.df
F p-value
s(depth) 1.672 1.987 5.409 0.00583 **
s(lat,lon) 13.240 16.309 13.941 < 2e-16 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) = 0.0428 Deviance explained = 65.6%
GCV score = 2.9225 Scale est. = 1.8897 n = 139
Parametric Terms:
df F p-value
as.factor(year) 12 4.173 2.16e-05
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HAKE - AEGEAN
Family: Gamma
Link function: log
Formula:
bio ~ as.factor(year) + s(depth) + s(lat, lon)
Parametric coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept)
3.84067 0.13953 27.526 <2e-16 ***
as.factor(year)1995 -0.42788 0.19458 -2.199 0.0280 *
as.factor(year)1996 -0.32295 0.18039 -1.790 0.0736 .
as.factor(year)1997 -0.16901 0.17551 -0.963 0.3357
as.factor(year)1998 -0.24803 0.17312 -1.433 0.1522
as.factor(year)1999 -0.07629 0.17413 -0.438 0.6613
as.factor(year)2000 -0.13213 0.17692 -0.747 0.4553
as.factor(year)2001 -0.39818 0.17634 -2.258 0.0241 *
as.factor(year)2003 0.08851 0.17522 0.505 0.6135
as.factor(year)2004 -0.16408 0.17573 -0.934 0.3506
as.factor(year)2005 -0.11641 0.17681 -0.658 0.5104
as.factor(year)2006 0.31562 0.17553 1.798 0.0724 .
as.factor(year)2008 0.15345 0.17375 0.883 0.3773
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Approximate significance of smooth terms:
edf Ref.df F p-value
s(depth) 7.294 8.264 24.82 <2e-16 ***
s(lat,lon) 26.646 28.624 16.92 <2e-16 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) = 0.179 Deviance explained = 33.6%
GCV score = 1.4144 Scale est. = 1.3321 n = 1448
Parametric Terms:
df F p-value
as.factor(year) 12 3.746 1.3e-05
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HAKE - IONIAN
Family: Gamma
Link function: log
Formula:
bio ~ as.factor(year) + s(depth) + s(lat, lon)
Parametric coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept)
2.8385 0.3406 8.334 4.49e-15 ***
as.factor(year)1995 0.9841 0.4181 2.354 0.01933 *
as.factor(year)1996 0.3877 0.3994 0.971 0.33269
as.factor(year)1997 0.3550 0.4319 0.822 0.41186
as.factor(year)1998 0.1834 0.3876 0.473 0.63638
as.factor(year)1999 0.1125 0.3967 0.284 0.77689
as.factor(year)2000 0.6657 0.3926 1.696 0.09116 .
as.factor(year)2001 0.3807 0.3861 0.986 0.32500
as.factor(year)2003 0.7836 0.3838 2.041 0.04221 *
as.factor(year)2004 0.8554 0.3876 2.207 0.02816 *
as.factor(year)2005 0.6875 0.3868 1.778 0.07663 .
as.factor(year)2006 0.9590 0.3862 2.483 0.01366 *
as.factor(year)2008 1.1125 0.3838 2.899 0.00407 **
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Approximate significance of smooth terms:
edf Ref.df F p-value
s(depth) 6.133 7.189 6.086 1.04e-06 ***
s(lat,lon) 11.682 15.254 9.254 < 2e-16 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) = 0.476 Deviance explained = 47.9%
GCV score = 1.0374 Scale est. = 0.84241 n = 292
Parametric Terms:
df F p-value
as.factor(year) 12 3.058 0.000471
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PINK SHRIMP - AEGEAN
Family: Gamma
Link function: log
Formula:
bio ~ as.factor(year) + s(depth) + s(lat, lon)
Parametric coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept)
1.2729 0.2542 5.007 6.72e-07 ***
as.factor(year)1995 0.8129 0.3120 2.605 0.00935 **
as.factor(year)1996 1.4278 0.2903 4.918 1.05e-06 ***
as.factor(year)1997 1.5863 0.2935 5.405 8.41e-08 ***
as.factor(year)1998 1.4890 0.2909 5.119 3.80e-07 ***
as.factor(year)1999 1.6022 0.2891 5.542 3.99e-08 ***
as.factor(year)2000 1.7255 0.2897 5.955 3.80e-09 ***
as.factor(year)2001 1.7779 0.2921 6.087 1.74e-09 ***
as.factor(year)2003 2.1313 0.2883 7.393 3.43e-13 ***
as.factor(year)2004 1.7885 0.2927 6.110 1.52e-09 ***
as.factor(year)2005 1.7360 0.2888 6.010 2.74e-09 ***
as.factor(year)2006 1.7992 0.2880 6.248 6.56e-10 ***
as.factor(year)2008 1.3413 0.2879 4.659 3.69e-06 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Approximate significance of smooth terms:
edf Ref.df F p-value
s(depth) 7.585 8.486 15.01 <2e-16 ***
s(lat,lon) 28.008 28.906 24.36 <2e-16 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) = 0.274 Deviance explained = 43.1%
GCV score = 1.5969 Scale est. = 1.4425 n = 900
Parametric Terms:
df F p-value
as.factor(year) 12 7 3.2e-12
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PINK SHRIMP - IONIAN
Family: Gamma
Link function: log
Formula:
bio ~ as.factor(year) + s(depth) + s(lat, lon)
Parametric coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept)
2.32409 0.56981 4.079 6.96e-05 ***
as.factor(year)1995 0.01520 0.73761 0.021 0.9836
as.factor(year)1996 -0.14781 0.62974 -0.235 0.8147
as.factor(year)1997 0.04600 0.66817 0.069 0.9452
as.factor(year)1998 -1.06872 0.61356 -1.742 0.0834 .
as.factor(year)1999 -0.73127 0.61248 -1.194 0.2342
as.factor(year)2000 -0.49533 0.61659 -0.803 0.4229
as.factor(year)2001 -0.79812 0.61797 -1.292 0.1983
as.factor(year)2003 -0.07171 0.60700 -0.118 0.9061
as.factor(year)2004 -0.04569 0.60892 -0.075 0.9403
as.factor(year)2005 0.53205 0.61622 0.863 0.3891
as.factor(year)2006 -0.37349 0.61026 -0.612 0.5414
as.factor(year)2008 -0.14722 0.61444 -0.240 0.8109
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Approximate significance of smooth terms:
edf Ref.df F p-value
s(depth) 2.074 2.428 3.486 0.0248 *
s(lat,lon) 17.536 21.017 6.241 1.16e-12 ***
--Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
R-sq.(adj) = 0.398 Deviance explained = 57.9%
GCV score = 1.2495 Scale est. = 0.89262 n = 202
Parametric Terms:
df F p-value
as.factor(year) 12 3.464 0.00014
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