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INTRODUCTION

Greek fisheries statistics for 1928-2007 have been col-

lected by various organisations (for an extended dis-

cussion see Moutopoulos & Stergiou, 2011), and tho-

se of the Hellenic Statistical Authority (HELSTAT,

previously known as National Statistical Service of

Greece, NSSG) are more robust, reliable and consis-

tent (for a discussion see: Stergiou et al. 1997; Papa-

constantinou et al., 2002; Tsikliras et al., 2007).

HELSTAT marine fisheries statistics have been

recorded and published in annual bulletins covering

two different periods: 1928-1939 (GSSG, 1934-1940)

and 1964 to present (HELSTAT, 1966-2009). The

available data included, among others (see Stergiou

et al., 1997 for a full description), fisheries landings

per species and fishing subarea (i.e. Greek waters are

spatially allocated to 16 fishing subareas, see Fig. 1)

which have been presented elsewhere (for 1928-1939:

Moutopoulos & Stergiou, 2011; for 1964-2003: Ster-

giou et al., 2007). During 1969-2007, fisheries land-

ings were recorded for professional fishing vessels

with engine power ≥19 HP (henceforth called large

vessels), whereas during 1964-1969 landings were

recorded from all engined-vessels. The landings from

vessels with engine power <19 HP (henceforth called

small vessels) are recorded for 41 prefectures (Fig. 1)

by a different branch of HELSTAT, namely Agricul-

tural Statistics of Greece (ASG) (ASG, 1977-2009).

Tsikliras et al. (2007) reconstructed the total (i.e.
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all subareas combined) landings during 1964-2004 af-

ter the inclusion of landings from small vessels and

estimates of landings from certain large pelagic spe-

cies (i.e. Auxis thazard, Euthynnus alletteratus, Thun-
nus spp. and Xiphias gladius) that were taken from

FAO. Moutopoulos & Stergiou (2011) presented the

landings per species during 1928-1939, which were

recorded by GSSG, re-allocated the spatial distribu-

tion of landings from 29 custom port authorities to 15

HELSTAT subareas and summarized the total land-

ings from different sources for Greek waters during

1928-2007.

In the present study, the species landings by gear

and subarea (including the landings from small ves-

sels by subarea) were disaggregated in order to obtain

a continuous reconstructed time series of marine fish-

eries landings per gear and subarea during 1928-2007.

Our reconstructed landings refer only to commercial

landings (i.e. they do not include discards, illegal and

unreported catches as well as recreational fisheries

landings).

The reconstruction was based on the landing per

species, gear (i.e. trawls, purse-seines, beach-seines

and other small-scale gears operated from vessels

with engine power >19 HP) and subarea during 1990-

2007 that have been recorded by HELSTAT but have

never been published or presented before (provided

to us by Mrs A. Nasiakou, HELSTAT) in the annual

bulletins and thus were not accessible to the scientific

community at large. In addition, landings from small

vessels by prefecture were disaggregated for each of

the 16 HELSTAT subareas during 1970-2007 and

were added to the reconstructed landings derived

from large vessels during this period. We note that

landings before 1970 already included those of the

small vessels.

The above information will be a valuable reposi-

tory of knowledge for studying the effects of fishing

on marine ecosystems (Zeller & Pauly, 2006), useful

for re-evaluating the state of Greek fisheries and for

comparing with global fisheries trends (Pauly, 2008)

and will be the basis for developing mass-balanced

models (e.g. Pauly et al., 2000) for the Greek Seas

and testing various management scenarios (Mouto-

poulos et al., unpublised data).

MATERIALS AND METHODS

Greek fisheries landings per species were disaggre-

gated for each of the 16 fishing subareas (Fig. 1) and

gear (trawls, purse-seines, beach-seines and small-

scale gears) during 1928-1989 using the data shown in

Tables 1 and 2 and based on the methodology de-

scribed in Tables 3 and 4. The final reconstruction of

the Greek fisheries landings during 1928-2007 was

derived by summing the following final matrices (for

symbols, see Tables 3 and 4):

Total landings = Landings per species / subarea

(1970-2007) for small vessels (Q11) + Landings per

species/subarea/gear (1990-2007) (K)+Landings per

species/subarea/gear (1970-1989) (Z1) + Landings

per species/subarea/gear (1964-1969) (Z2)+Land-

ings for large pelagics/subarea/gear (1982-2007) (Z4)

+ Landings for large pelagics/subarea/gear (1964-

1981) (Z6)+Landings per species/subarea/gear (1950-

1963) (Z8)+Landings per species/subareas (15 sub-

areas)/gear (1940-1947) (Z10) + Landings per spe-

cies/subareas (16 subareas)/gear (1948-1949) (Z12)

+Landings per species/subareas (15 subareas)/gear

(1928-1939) (Z13).

Detailed landings per species/gear/subarea for

1928-2007 are presented in Table S5 (see online sup-
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FIG. 1. Map of Greek waters showing the division of the

fishing subareas allocated by the different fisheries statisti-

cal organizations; S3 to S18 indicate the 16 fishing subareas

(each enclosed by lines) allocated by the Hellenic Statistical

Authority of Greece; grey parts indicated the prefectures in-

volved in the collection of fisheries statistics from vessels

with engine power <19 HP by the Agricultural Service of

Greece during 1975-2007 (numbers follow Table S1, see on-

line supplementary material). Subareas S1 and S2 are out-

side Greek waters (Atlantic Ocean and North African Me-

diterranean coasts, respectively).
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plementary material, Table S5). Different types of

time-varying regressions (i.e. linear, quadratic, expo-

nential: trend analysis) (Stergiou & Christou, 1996)

were fitted to the reconstructed landings time series

of the different gears and for the dominant species

per gear (i.e. those with the highest mean percentage

contribution during 1928-2007). Best models were se-

lected based on the value of the coefficient of deter-

mination (R2) and regressions and slopes that were

significantly different from 0 (p<0.05) were identi-

fied. Finally, the pelagic /demersal ratio (P/D) was al-

so estimated for total (i.e. all subareas and gears com-

bined) landings during 1928-2007.

RESULTS

Total reconstructed landings

Greek total (i.e. all species/subareas/gears combin-

ed) reconstructed landings derived from all engined-

vessels increased by 2206% between 1928 and 2007,

ranging from 6073 tn (in 1928) to 133964 tn (in 2007),

with a maximum of 193256 tn, in 1994 (Fig. 2A).

Reconstructed total annual landings for each gear

(Fig. 2B) showed a gradual increase during 1928-

1994, with small-scale vessels exhibiting a much stee-

per increase (slope values=0.059) than those of the

remaining 3 gears (slope values; trawlers: 0.031, pur-

se-seiners: 0.039 and beach-seiners: 0.040). Since

1995, purse-seine, beach-seine and small-scale land-

ings gradually decreased (by 48.1%, 23.9% and 18.5%,

respectively). In contrast, trawl landings decreased

during 1994-1999 and then increased again almost to

the mid-1990s level.

The percentage contribution of each gear to the

total landings during 1964-2007, the period during

which landings were reconstructed (black circles in

Fig. 2A), is shown in Figure 2C. The percentage con-

tribution of purse-seiners and beach-seiners gradual-

ly decreased during 1964-2007 (from 46.6% and 13.4%

to 19.5% and 2.7%, respectively), whereas those of

trawlers decreased during 1964-1999 (from 20.7% to

11.9%) and then increased again to the mid-1960s

level (20.2% for 2007). In contrast, the percentage

contribution of small-scale landings gradual increased

272 D.K. Moutopoulos and K.I. Stergiou — Spatial disentangling of Greek commercial fisheries landings 

FIG. 2. Greek waters (i.e. all subareas combined). (A): annual original and reconstructed landings, 1928-2007; (B): annual

reconstructed landings per gear (i.e. trawlers, purse-seiners, beach-seiners and small-scale vessels), 1928-2007; (C): annual

gear contribution (%) of total (i.e. all species / subareas combined) landings per gear (i.e. trawlers, purse-seiners, beach-sein-

ers and small-scale vessels) (mean ± s.e. gear contribution), 1964-2007; (D): Pelagic per Demersal ratio (1928-2007). Dashed

line indicated the reference line for equal pelagic and demersal landings.



from 21.3% (in 1928) to 57.3% (in 2007), with a max-

imum of 62.3% in 1999 (Fig. 2C). The percentage

contribution of the landings of small vessels (those

recorded by ASG), increased from 25.6% (in 1970) to

32.5% (in 2007), with a maximum of 37.8%, in 2001.

The P/D ratio (Fig. 2D) remained stable during

1928-1949, fluctuating around 1.66, and increased to

2.76 in 1954 and then gradually decreased to 0.83, in

2007, with a minimum value of 0.76, in 2003.

Reconstructed landings per fishing subarea and gear

Annual total landings per subarea and gear during

1928-2007 are shown in Figure 3. More than 50% of

the time-series exhibited an exponential positive trend

(35 out of 64 time series), whereas 19 out of the 64

landings series exhibited a quandratic trend, nine

landings series a linear increasing trend and one land-

ings series a non-significant trend (that for subarea S9

for trawlers).

Landings from trawlers and other small-scale ves-

sels generally peaked during 1990-1998 for most fish-

ing subareas, whereas those from beach-seiners and

purse-seiners peaked over an extended period (1965-

1999), depending on subarea (Fig. 3). 

In subarea S12, three out of the four fishing gears

(i.e. trawlers, purse-seiners and small-scale vessels)

landings contributed equally to the total landings,

while, purse-seine landings dominated in subareas S8,

S11, S13 and S14 and small-scale vessel landings in all

the remaining subareas (Fig. 3). 

Trends in the landings of the dominant species per sub-
area and gear

The species dominating the landings of each gear var-

ied with subarea (Fig. 4). Thus, for trawlers, Spicara
smaris was the dominant species in eight subareas

(central-south Ionian and Aegean Seas: S5, S6, S7,

S10, S12, S15, S17 and S18), Merluccius merluccius
and Mullus barbatus each in two subareas, and S. flex-
uosa, Trachurus mediterraneus, Engraulis encrasicolus
and Natantia each in one subarea (Fig. 4). For purse-

seiners, Sardina pilchardus and E. encrasicolus domi-

nated the landings each in six subareas (S3-S6/S14-

S15 and S8-S13, respectively), Boops boops in three

subareas (south Aegean: S7, S17, S18) and Scomber
japonicus in S16. For beach-seiners, S. smaris domi-

nated the landings in all subareas except in the Thra-

cean Sea (S14), where landings where dominated by

S. pilchardus. Finally, for small-scale vessels, B. boops
was the dominant species in four subareas (south Ion-

ian and central-south Aegean Seas: S7, S8, S12 and

S17), Mugilidae, S. pilchardus and M. merluccius in

three subareas each (S10, S11 and S15; S4, S13 and

S14; S3, S5 and S9, respectively) and Dentex macro-
phthalmus and X. gladius in one subarea each (Cretan

Sea: S18, and south Ionian: S6, respectively) (Fig. 4).

The landings of the most abundant species per

subarea and gear exhibited variability and 61 out of

64 landings series displayed significant (p<0.05) trends

during 1928-2007 (Fig. 4). Species landings from traw-

lers and purse-seiners mostly exhibited significant

(p<0.05) exponential (for 6 out of 16 cases for each

gear) and quandratic (for 9 and 8 cases, respectively)

trends, whereas very few exhibited non significant

trends (for 1 and 2 cases, respectively). Species land-

ings from beach-seiners mostly exhibited significant

(p<0.05) quadratic trends (for 12 out of 16 cases), fol-

lowed by exponential trends (in 4 cases). Species

landings from small-scale vessels mostly exhibited sig-

nificant (p<0.05) exponential trends (for 12 out of 16

cases), in three cases linear increasing trends and in

one case a quandratic trend.

DISCUSSION

In the present study, we reconstructed Greek com-

mercial fisheries landings by gear and subarea for an

extended period and built a time series of total com-

mercial landings for 1928-2007. We also reconstruct-

ed the landings for 75 species, depending on the peri-

ods (see online supplementary material, Table S4),

for four gears and 16 subareas during for 1928-2007

(i.e. overall 4800 time series), all available in the on-

line supplementary material (see online supplemen-

tary material, Table S5). A similar compilation/recon-

struction of fishing effort by gear is also in progress

(Moutopoulos et al., unpublished data). The main

reason for doing such a reconstruction was, apart

from evaluating the historical development of the

Greek fisheries (see also Moutopoulos & Stergiou,

2011), to: (a) evaluate the status of the Greek fish-

eries using various ecological indices/analyses on a

gear/subarea basis (e.g. Marine Trophic Index: Pau-

ly & Watson, 2005; Fisheries in Balance Index: Pauly

et al., 2000; trophic spectra analysis: Libralato & Soli-

doro, 2010; pelagic/demersal ratios: Enin & Groger,

2004) and fisheries indices/analyses (e.g. catch-effort

models: Hilborn & Walters, 1992) and (b) develop

mass-balanced models (Ecopath with Ecosim; Pauly

et al., 2000) in order to outline the potential effects of

multi-species and multi-gear fisheries in a ecosystem-
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FIG. 3. Annual total (i.e. all species combined) landings per gear (i.e. trawls, purse- and beach-seines and small-scales) and

fishing subarea (subarea numbers followed Fig.1), Greek waters, 1928-2007. Significant (p<0.05) trends are also shown.

Numbers indicated mean (±s.e.) % contribution of landings per subarea.
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FIG. 4. Annual species landings for the most abundant species per gear-subarea, Greek waters, 1928-2007. Significant

(p<0.05) trends are also shown. Numbers indicated mean (±s.e.) % contribution of landings per gear-subarea.



based context and, thus, to evaluate different man-

agement scenarios for Greek waters. Disentangling

landings by gear on fine spatial scales is important be-

cause it reduces the bias in estimates of various eco-

logical indices (Pauly & Palomares, 2005) that might

lead to false conclusions about the state of fisheries

(Pauly, 2008).

The pattern of the total (i.e. all species/gears/sub-

areas) reconstructed landings during 1928-2007 dif-

fers from the one presented in Moutopoulos & Ster-

giou (2011) in that it includes the landings of small

vessels per subarea for the period 1970-2007. However,

the reconstructed total landings time series (Fig. 2A)

as well as those of each gear separately (Fig. 2B), pa-

rallels the pattern shown in Moutopoulos & Stergiou

(2011). The latter authors identified four different

phases in the development of the Greek fisheries:

1928-1946 (pre-development phase), 1947-1969 (growth

phase), 1970-1994 (fully tÔ over-exploited phase) and

1995-2007 (collapse phase). Our present analysis also

showed that the general trend for the vast majority of

the total (i.e. all species combined) landings per gear

and subarea (Fig. 3) and of the most abundant spe-

cies per gear and subarea (Fig. 4), was an increase

from 1928 up to mid 1980s-mid 1990s followed by a

decline for the remaining years, depending on each

case, which generally agrees with that of the total

landings.

This general pattern indicates that the different

phases identified in Moutopoulos & Stergiou (2011)

were not the result of aggregating landings over dif-

ferent gears and subareas but rather a general pattern

for most gears, subareas and dominant species. Thus,

the increasing trend of landings during the ‘fully tÔ

over-exploited’ phase (1970-1994), which is attributed

to the fleet modernization and geographic/bathymet-

ric expansion of the fisheries (Papaconstantinou &

Farrugio, 2000; Anonymous, 2001; Moutopoulos &

Stergiou, 2011) was followed by a general decline of

landings because fisheries have become unsustain-

able, independently of gear type and subarea. It is in-

teresting to note that the first sign of overexploitation

in Greek waters seem to have already occurred in the

early 1950’s, especially in enclosed gulfs where most

of fishing exploitation was concentrated during that

period (Ananiadis, 1970). For instance, during 1949-

1956 both the experimental landings and landings per

fishing effort of trawlers for M. barbatus and M. mer-
luccius decreased with time in the enclosed gulfs of

subareas S8, S13 and S14 (Ananiadis, 1970). Later,

several field studies have shown that some of the

most commercially important demersal species in

Greek waters (i.e. M. merluccius, M. barbatus, Pagel-
lus spp.) are also overexploited (Stergiou et al., 1997;

Politou, 2007). Small pelagic fish are also considered

to be overexploited (i.e. E. encrasicolus: Machias et
al., 2007 and S. pilchardus: Voulgaridou & Stergiou,

2003) and the same is true of large pelagic species

(i.e. X. gladius and Thunnus thynnus: ICCAT, 2003).

In addition, the overall mean trophic level of the

landings of the species with trophic level >3.5 in

Greek waters declined (fishing down) during 1995-

2007 (Stergiou, 2005).

Notable exceptions to the above-mentioned pat-

tern of landings evolution were the trawl landings in

S14 and S17, where landings continued to increase,

the purse-seine landings in S10, where landings in-

creased in the last years, the beach-seine landings in

S4, where landings sharply increased in the last years,

and the small-scale landings in S10 and S13, where

again landings continued to increase. With respect to

the landings of the most abundant species per gear

and subarea, the exceptions were E. encrasicolus (for

purse-seiners in S10 and trawlers in S11), M. merluc-
cius (for trawlers in S14), Mugilidae (for small-scale

vessels in S10) and S. smaris (for beach-seiners in S4,

for trawlers in S10 and S17), all of which increased

during the collapse phase.

Such exceptions might be related to the effect of

one or more of the following factors: (a) fisheries legi-

slation changes (i.e. various technical measure most

of which were established since 1953: Gonzalvo et al.,
2011; Moutopoulos & Stergiou, 2011), (b) eutrophi-

cation changes (i.e. originated either from the Black

Sea, influencing the northern-central Aegean waters:

see Stergiou et al., 1997; Nikolaidis et al., 2005, or lo-

cally in enclosed gulfs with limited water renewal, in

S4, S10: Stergiou et al., 1997; Ferentinos et al., 2010),

which generally enhance fisheries productivity, espe-

cially for small-pelagics (Caddy & Garibaldi, 2000),

(c) technological changes (Adamidou, 2007) and (d)

climatic changes (Tsikliras, 2008; Corsini-Foka, 2009).

However, the small number of such exceptions indi-

cates that they are probably related to local fishing

operations and/or other reasons. This is because the

four general factors mentioned above would have af-

fected many more cases of gear and species landings.

This requires the analysis of the landings of each

species participating in the landings per gear and sub-

area, which is outside the scope of the present paper.

There are only two cases that need to be stressed

here.
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Firstly, the trawl landings in the enclosed and re-

latively shallow subarea S11 (depth <100 m) increas-

ed, mostly because of the increase of E. encrasicolus
landings, in the last years (Fig. 3). Trawl landings rep-

resented a very small part of the total landings in S11

because of the all year ban on trawling since 1967 (No

1 Royal Decree 50/67). Thus, trawl landings should

have been zero because of this ban. The non-zero

landings must be attributed to the multiple licensing

system, according to which the same vessel operates

as trawler outside S11 and as purse-seiner within S11,

a fact that probably leads to local misreporting.

The second case refers to the increasing trend for

beach-seine landings in S4, as opposed to all other sub-

areas in which beach-seine landings decline because of

the gradual withdrawal of this gear (see below). Trawl

and purse-seine fishing is banned in a large part of S4

(i.e. the enclosed Amvrakikos gulf) since 1966 (No 8

Royal Decree 917/66) and 1953 (No A81 Royal De-

cree 23.3/8-4-53), respectively. In addition, the eu-

trophication of the Amvrakikos gulf has increased in

recent years (Ferentinos et al., 2010). These two factors

probably resulted in an increase in the populations of

S. pilchardus, S. smaris and B. boops and this is proba-

bly reflected in the increase of the beach-seine land-

ings for these species during recent years.

The low values of the percentage contribution per

gear (Fig. 2C) stressed the fact that the parameters

used for reconstruction are not varying a lot, thus re-

construction is feasible and robust. The decreasing

contribution of beach-seine landings (Fig. 2C) is at-

tributed to the gradual withdraw of beach-seiners

from Greek waters, which started in 1980 (Papacon-

stantinou & Farrugio, 2000) and will end with the

complete banning in 2013 (ER 1967/2006) as this gear

is considered to be harmful for both the stocks (Ster-

giou et al., 1996) and habitats (Katsanevakis et al.,
2010). Thus, through EU fundings, 30.6% of beach-

seiners have been withdrawn from Greek waters dur-

ing 1991-2007 (Katsanevakis et al., 2010). The in-

creasing contribution of trawl landings during late

1980’s is most probably attributed to the fleet mod-

ernization and geographic expansion of the trawl fish-

eries (Papaconstantinou & Farrugio, 2000; Anony-

mous, 2001). In addition, the gradual withdraw of

beach-seiners, which exploit the same demersal and

inshore species as trawlers do (Stergiou et al., 1996),

left room for the ‘expansion’ of trawling. 

The decreasing contribution of purse-seiners to

the total landings during 1964-2007 might be attrib-

uted to the decline in the abundance of small and lar-

ge pelagic species in recent years (as mentioned abo-

ve) and mainly to the steep increase of the landings of

small-scale vessels and trawlers, which both exploit

demersal and inshore species (Stergiou & Petrakis,

1993). As a result, the P/D ratio declined considera-

bly, illustrating the shift from pelagic to demersal do-

minance in landings (dashed line in Fig. 2D).

The very steep increase in the contribution of

small-scale vessels to the total landings during 1964-

1999 is attributed to their modernization (Papacon-

stantinou & Faruggio, 2000), which allowed vessels to

fish in more distant and deep waters than before, that

lead to a gradual engagement of small-scale vessels

into fishing for large pelagic and benthopelagic spe-

cies (Anonymous, 2001). The high percentage contri-

bution of the small-scale landings as a total (Fig. 2C)

as well as for most fishing subareas highlights their

significant importance for Greece and is a factor dif-

ferentiating Greece from other European countries

(Tzanatos et al., 2006). Thus, the next step of future

research should be the dissentagle of small-scale

landings into their constituent gear components (i.e.

netters and longliners).

It is important to note that a significant part of the

small-scale landings usually are directed to the local

market, hotels and restaurants (Tzanatos et al., 2006),

without passing through the wholesale market. Thus,

it is quite probable that small-scale landings are high-

ly underestimated and the illegal, unreported and un-

regulated (IUU) (Tinch et al., 2008) part of the small-

scale catches is probably very high. Thus, accurate es-

timates of IUU catches are very important for the

management of Greek resources, and require urgent

attention in terms of proper and regular estimation.
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