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The fishery of the norlhwest coast of Greece is revie
wed for 1964-1981. The mean annual (196.4-1981) total 
catch amounted 1692 tons. Fish accounted for 96.20/o whereas 
the p,oportion of cephalopods and crustaceans was very 
low, 2.10/o and 0.8% respectively_ Pilchard (Sardina pilchar
dus) dominated the landings wi'th a mean annual catch of 
440.5 tons, or 260/o of the grand total. Pickarel (Spicara sp.) 
and horse mackerel (Trachurus sp.) made up 260/o and 
18.40/o of the grand total respectively. Landings . were ana
lysed using complementary clustering and ordination te
chniques (multidimensional scaling). The analysis indicated 
that the composition of the catch changed greatly from 
1964-1971 to 1972-1981. Two main groups were indicated 
by both techniques: 1) pickarel, anchovy, hake, blue-whit
ing, flatfish, bogue, salema and chub mackerel, which are 
characterized by an increase in the catches and relative 
proportions during 1972-1981 as compared to 1964-1971, 
and 2) red pandora, grey mullet, red and s1ir1pped mullet, 
pilchaird. horse mackerel, crustaceans and cephalopods, which 
are characterized by a decline in the catches and the rela
tive percentages in 1972-1981 as compared to 1964-1971. 
It is rather probable that lrurge-scale changes in the hydro
meteorology of the Mediterranean Sea, described by many 
authors, are rensponsible for this shift in the species com-, 
position of the catch. 

INTRODUCTION 

Available information ,on the fishery of the western ooast- of Greece i, 
limited to data for the Patraikos Gulf and the lower part of the Ionian Sea 
(subarea 05, F,ig. 1) (Ste r g do u, 1986a; Papa c on stan U no u et aL., 1987; 
S t e r g i o u et al., in press). In the present study, which is part of a revi ew 
of the fishery in Greek waters undertaken by the author, information per
tinent to the composition of the fishery, by main commercial species group, 



162 K. I. Stergiou 
Multivariate analysiS of Greek coastal tlshery 

Acta Adriat., 29 (1/2): 161-170 (1988) 

of the northwestern ooast of Greece (Ionian Sea: subareas 03 and 04, Fig. 1), 
dur.ing 1964-1981, is presented and analyzed using multivaciate techniques 
(cluster and ordi;na1lion analysis). Data are taken from the Nattlonal Stati
"tical Service of Greece (1968-1985). This, together with data on the fishery 
of the Addatic Sea and the remaJning part of the Ionian Sea, w'Hl ultitmately 
oontribute to the understanding of the factors responsible for spatial aid 
temporal changes of fishero resources and will enable us to make deois:ions 
for rationial management. 

MATERIAL AND METHODS 

Data sources 

The data to be analyzed here are time series of annual catches in sub
areas 03 and 04 (loman Sea, Fig. l) taken from the National S1Jatistical Ser
vice of Greece (1968-1985, 15 cissues). Fishery cakh statistics in Greek wa
ters has bee.n maimtaii.rned on a monthly basi,s since JamUJa.iry 1964 by the 
Statistical Service of Greece. Far a better evaluati-on of the avaiilable data, 
the Greek waters haive beern di~ded imito 16 fisibiimg sU!ba,reas, 03 through 
18 (Fig. 1) . s ,ubarea,s 01 antd 02 refer to the Atlantic ocean amd the north 
coast of Africa respectively. Data are collected for each fishing vessel sepa
rately through the local custom authorities. For each vessel, a statistical 
quest1onna:ire is provided showing the quantity of fish caught during the 
prevtlous month (or that the vessel did nat work). The catches of the inland 
waters and sport fisheries are n o~ included in the grnnd total. In addihon, 
since 1969, the catches of the small r.ing-netters, drifters and hlners, with 
engine horse power less than 19HP have nat been recorded by the local autho
rities (Stergii.ou, 1986:a). 

Mutlivariate analysis 

In order to identify any changes ~n the spec.ies compos,ition of the fishery 
in subareas 03 and 04, multivariate analysis was performed, based on the 
general strategy proposed by F i e 1 d et al. (1982). The stra,tegy i,nvolves lo
garithmic transforma1lion of the data, construction of Siimilarity matr!i.ces, 
and complementary clustering and ordination technti.que (multidimensional 
sca1i!Dg). If the r esu,lros of the two m-2thods ag,c.ee then driscorrti.JnJuilties may b-~ 
accepted a:s real (F i e 1 d et al.., 1982). Clustering was based on group ave
rage sorting, ordination on Kruskal's stress formula (Kru s ka 1, 1964). Both 
techniques are ba.sed on logarithmically transformed bi:omass dafa and the 
KruskaJ-Wallis measure of similarity (Le 1 a n d, 1986). Ordination was first 
performed i.n 3 dimenstons and the resulting stress was used as a starting 
podnt for ordination in two dimensions. The adequacy of the ordinabon re
presentation in 2 dimensi1ons was checked by comparjng the decrease i.n stress 
pa.ssing from 1 to 2 and 3 dimensions, and by checking the Shepard dfagram 
(F' i e 1 d et al., 1982). Normal (years arranged into groups) and i.nverse (spe
cies arranged into groups) analyses were performed. Statistical analysis was 
conducted usimg the SYSTAT StatisticaJ. Paokage for IBM PC/ET. 
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Fig. 1. Map showing fishing subareas in Greek waters. 
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RESULTS AND DISCUSSION 

The mean annual (1964-1981) total catch amounted to 1692 tons (Table 1). 
The mean arinual catch of subarea 04 (1021 tons) exceeded that of subarea 
03 (626 tons) by a factor of 1.6 (Table 1). F.ish made up the major part of 
the grand total, accounting for 96.20/o or 1628 tons. The proportion of cepha
lopods and crustaceans was very low, 2.1 O/o and 0.80/o recpectively. Pilchard 
(Sardina pilchardus) dominated the landings lin the area with a mean annual 
catch of 440.5 tons, or 260/o of the grand total. Pickarel (Spicara sp.) and 
horse mackerel (Trachurus sp.) made up 260/o and 18.4°/o of the graind total 
respectively (mean annual catch: 440.1 and 312 tons). Bogue (Boops boops) 
and salema (Sarpa salpa) represented 6.90/o or 117.6 tons annually (Table 1). 
Hake (Merluccius merluccius), blue whiting (Micromesistius poutassou), red 
pandora (Pagellus erythrinus), stripped mrullet (Mullus barbatus) iaind red mul
let (Mullus surmuletus) represented a m:nor part of the total catch, 127 tons 
annu1ailly (7.50/o). This must ,be reiliated to the ffiiilnor role of trawlers for both 
areas mainly due to the restricted o::mtinental shelf ·of the region. In general, 
trawlers account for less than 150/o ,of the total catch lin subarea 03, where 
the ma,in part of the catch ,is altr.ibuted to seiners and other cnastal boats. 
In subarea 04, less than 80/o ,of the grand total ds fished with trawlers. Here, 
the main part of the catch ds atrtr'ibuted tlo purse--seiners ~abo1ut 400/o), seiiners 
(about 260/o) and other coastal hoaits ~about 260/o) (Ste r g d o u, unpublished 
data). 

,The catches in subarea 05, for 1964-1981, have been oompiled by Ste r
g i o u (1986a) . The mean annual c11tch m. that area amouted to 2210 tons, 44.40/o 
::if which was attriibuted to purse-seiners, 350/o to trawlers, 11.50/o to seiners 
and 12.60/o to other ooastal boats. Pilchard ( Sardina pilchardus) and anchovy 
(Engraulis encrasicholus) made up 400/o (850 tons) of the total catch, whereas 
hake (Merluccius merluccius), blue whiting (Micromesistius poutassou), r-ed 
pandora (Pagellus erythrinus), and Mullus sp. amounted to 240 tons (130/o) 
annually. 

Tempo"ral vaniations in the catches displayed sirn'ilar pa;tterns of flu
ctuatiions cin both areas, exhibiting maxlima in mid 1960's and late 1970's and 
minima in 1975 (Table 1). The situatiion is different for subarea 05 where 
total catch manifested ma)."ii.ma in 1973 and 1981, minima in 1972 and 1979 
(Ste r g i o u, 1986a). 

The results of the mulfuV1ariate an:alyslils of the caitches per group dul!'ing 
1964-1981 are presented in Fjgures 2 and 3. Figure 2a is a dendrogram 
showing year affinities. Two main groups of years were di.stinguished: 1964-
-1971 (Group A) and 1972-1981 (Gr:oup B) . The results of multi.d'.imensio
nal . scahng, dehlneaitiing groups of years from the dendrogram (Fig. 2a), are 
shown in Figure 2b. This analysds gave essentially the same picture as the 
dendr:ogram. The resulting stress for the 2-D plot was Low 0.04475, whereas 
it was 0.0934 and 0.0216 for the 1-D and 3-D respectively. A signifdicairiil; 
dechne d.n pas&ing from 1 to 2 dirnen&ions together with the slJight deorease 
of stress in passing from 2 to 3 dimens'ions suggest tha,t the 2~D plot adequa
tely portrays the relationshiip between years (F ii e 1 d et al., 1982). The ade
quacy of the plot is also shown from the Shepard diagram (Fig. 2c) which 
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Table 1. Catches in tones and percentages by main species of the north western coast of Greece (fishing subareas 03 and 05) 5f~:-4 

► <'tn 
1 = Merluccius merluccius and Micromesistius poutassou, 2 = Engraulis encrasicholus, 3 =Pagellus erythrinus, 4= ~[& 
Spicara flexuosa and Spic11,ra smaris, 5 = Sardina pilchardus- 6 = Mullus barbatus and Mullus surmuletus, 7 = flatfish, lii~ia 
8 =Boops boops and Sarpa salpa, 9 = Mugil sp., 11 = Trachurus sp. , 12 = other fish, 13 = cephalopods, and 14 = ~eno 

• i:: 

crustacea. 1j § 
-e ~'< 
''"" _,.... 

YEAR TOTAL FISH 1 2 3 4 . 5 6 7 8 9 10 11 12 13 14 „ C/l 

... o 
"' ... 

19.64 2136.7 1977.8 28.7 10.4 43.8 433.3 7i3.7 • 116.4 2.1 83.0 105.9 2.0 71.6 376.6 76.3 72.9 To ,...., 
1965 2424.9 2303.8 32.3 37.0 35.4 384.2 755.9 • 102.3 • 4.5 116.4 118.4 12.8 248.3 487.8 64.7 24.9 

„ CD 
Q(t) 

1966 2215.0 2114.2 27.2 35.8 34.5 404.4 855.3 92.8 2.9 111.8 92.6 4.8 91.4 382.1 54.9 24.5 -... 
58 1967 2058.4 1933.1 32.3 14.5 40.1 433.5 608.6 97.5 2.7 97.1 119.3 9.1 43.3 471.2 59.5 29.7 5~ 

1968 2044.6 1909.8 31.3 21.4 52.5 425.3 555.4 106.7 2.5 112.2 152.6 4.8 47.7 443.6 69.4 19.2 ... 
1969 • 1910.2 1793.3 40.1 3.9 48.5 397.3 432.7 93.6 3.5 136.0 115.8 4.2 84.4 476.1 55.2 18.9 e 
1970 1416.4 1368.8 38.2 11.2 30.5 506.2 285.7 51.5 1.1 83.0 47.3 10.0 104.8 199.7 32 .5 14.7 i:!? 

"' 
1971 1816.5 1778.1 32.2 30.1 20.2 453.3 694.2 52.4 1.6 87.2 35.2 8.0 88.5 281.7 23.8 8.1 

::,' 
(t) .., 
'< 

MEAN 2002.8 1897.4 32.8 20.5 38.2 429.7 612.7 89.2 2.6 103.3 98.4 7.0 • 97.5 389.9 54.5 26.6 
O/o 94._7 1.6 1.0 1.9 21.5 30.6 4.5 0.1 5.2 • 4.9 0.3 4.9 19.5 2.7 1.3 

1972 1540.5 1504.2 29.2 56.1 18.6 409.3 454.8 39.9 0.9 109.6 21.5 · 5.4 139.2 220.4 32.6 3.0 
1973 1108.0 1093.8 19.6 13.3 9.6 454.6 206.5 24.3 2.2 125.5 10.4 8.7 68.7 150.6 13.6 0.4 
1974 1053.6 1036.7 23.3 53.0 11.9 439.4 187.0 33.3 0.7 97.8 7.5 0.7 54.5 129.3 12.1 3.1 
1975 635.3 629.9 9.0 8.8 6.2 252.4 156.4 20.2 2.5 32.6 4.8 4.5 21.8 110.9 3.2 2.0 
1976 991.6 971.2 22.2 126.9 17.2 344.6 190:1 32.2 1.7 90.2 3.0 9.9 18.8 117.7 14.8 2.3 
1977 1714.7 1686.0 38.6 64.8 39.7 518.7 453A 48.3 8.4 116.9 22.4 22.0 134.5 218.3 26.1 2.6 
1978 1998.9 1962.0 50.6 144.3 41.7 630.3 4'48.2 52.8 8.2 156.8 9.8 12.3 62.3 344.7 31.9 5.0 
1979 1939.4 1913.3 45.7 318.4 22.5 584.8 330.1 62.7 4.7 184.4 15.2 4.8 51.8 288.2 24.3 1.8 
1980. 1903.0 1804:8 66.6 93.2 19.1 424.0 313.4 • .74.7 . 18.1 193.3, 43.1 17.9 . 74.3 529,0 25,0 11.3 
1981 1545.1 1525.6 44.9 21.3 26.6 432.6 279.5 54.8 2.7 182.6 13.2 11.6 73.9 381.9 17.3 2.2 

MEAN 1443.0 1412.8 35.0 90.0 21.3 449.1 301.9 44.3 5.0 129.0 15.1 9.8 70.0 249.1 20.1 3.4 
O/o 97.9 2.4 6.2 1.5 31.1 20 .9 3.1 0.3 8.9 1.0 0.7 4.8 17.3 1.4 0.2 

ME;AN 1691.8 1628.1 34.0 59.1 28.8 440.5 440.1 64.2 3.9 117.6 52.1 8.5 82.2 311.7 35.4 13.7 
-0/o 96.2 2.0 3.5 1.7 26 .0 26.0 3.8 0.2 6.9 3.1 0.5 4.9 13.4 2.1 0.8 

..... 
O'l 
~ 
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is a plot of distances agaiiins:t iilillput simlillairliities or dissimlHarities. The res!i'dru,a;l 
variaibility about the regression line is small (Fig. 2c). 

Cluster and ordinatiJOin results for the spedi.es ainalysis (mverse arnally
sis ) are shown in Fig. 3. Stress was 0.207, 0.102 and 0.057 for the 1-D, 
2-D and 3-D plots. Two maiin groups were indicated by both techniques: 1) 
pickarel, anchovy, hake, blue-whiting, flatf.ish, bogue, salema and chub ma
ckerel (Group A) which are characterized by an increase in the catches and 
reiative pvoportions during 1972-1981 as compared to 1964-1971, and (2) 
red pandora, grey mullet, red and stripped mullet, pi:lchard, horse mackerel, 
cmstaceans and cepha,}opods (Group B) which are ohiar.acterized by a declinie 
in the catches and the reila,hlve percentages dn 1972-1981 as compaired to 
1964-1971. It ,i.s \impollta!nt ito IIlfOite that the pel:ag.ic .spedies a:re clus'tered llnto 
two ma·in groups with respect to years: pilchard-horse mackerel and an
chovy-chub mackerel. This is found in agreement with the fhifts observed 
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Fig. 2. Dendrogram (a) , multidiimensional ordination (b) and She
pard diagram (c) showing classification of years into main 
grou.ps.A = 1964, B = 1965, C = 1966 etc. 

in the abundance of small pelagic fish in the Mediterranean (L a r r a n e t a, 
1980; Hernadez, 1983; Bas et al., 1985; Stergiou, 1986) and other 
areas of the world ocean (S o u ter and I s a a c s, 1974; L a s k e r, 1985). 

The analysis incticaited that the composiffikm of the catch changed great'ly 
from 1964-1971 to 1972-1981. Although this shift may be related to the 
fact that catches of small coastal boats (small ring-netters, drifters, liners 
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wiith HP < 19HP) have not been reool'ded since 1969, tms does n:o!t seem pro
baible for rthe foillowiirng reasons. FJr&tly, the pl'!oportions of the catch per spe
ciies group attributed ,to these boarts ra1re similm-, to a great extent, for all 
gr01Ups ooncerned (Ste r g i o u, unpublished daJta). Secondly, fmm T•able 1 it 
is evident thart •catohes decliined IOll a st.ealdy basis trom 1965 through 1975. 
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Fig. 3. Dendrogram (a), multidimensional ordination (b) and She
pard diagram (c) showing classification of species into main 
g,rouips. 1 = Merluccius merluccius and Micromesistius pou
tassou, 2 = Engraulis encrasicholus, 3 = Pagellus erythrinus, 
4 = Spicara sp., 5 = Sardina pilchardus, 6 = Mullus barba
tus and Mullus surmuletus, 7 = cephalopods, 8 = crustacea, 

9 = flatftsh, 10 = Boops boops and Sarpa salpa, 11 = Mugil. 
sp., 12 = Scomber sp., and 13 = Trachurus sp. 

It is rather probable that large-scale changes in the hydrometeorology 
of the Mediterranean Sea, descrJbed by many authors (Z o r e - A r ma n d a, 
1963, 1969a, 1969b, 1971; Flocas and Arseni - Papadimitr[ou, 1974; 
B u 1 j a n and Zore - A r ma n da, 1979; F i e u x et al., 1979; B e t h o u x and 
I bane z, 1979; Stravi sd, 1984), are associated to these temporal variations 
in the composition and the level of the oa.tches. For instance, time series of 
climatic data at Trieste, Italy, indicate that air temperature, precipitation 
and sunshine were lower illl 1970s ,than tin 1960s (Stravi s i, 1984). It has 
been maintained (Zore - A r ma n da, 1963, 1969a, 1969b, 1971 ;P u ch e r -
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-Pet ko vli ć et al., 1971) that d,n periods of :increaS€d air pressure g,radrent 
civer the eastern Mediterranean the water exchange between its ba·sins inten
sifli.es, and, as a result, the salinity, nutrient content, temperature and ·,pri
mary productivity of the Adriatic Sea, and, in fact. of the whole eastern 
Mediterranean basin, rdse. In -addition. the species composition of the phyto
Platnlkt()tn communi'ity changes along with variati:ons in the hydrometeor,o!lo
~jcal env.ironment. However, changes in the species compos'itfon of phyto
c'lrrk'' :' .. on which larvae of -pelagic fish feed. affect larva! mortality ra,te, 
2.nd, hence. recru'Hment a<nd abundance in subsequent years. mav also be 
related to the sh~ft in abundance between some members of the pelag,ic fish 
community (Puch •er-Petković, et 'al .. 1971; Pucher-Petković and 
Zore-Armanda, 1973; ,Larraneta.1981). • 

A oonsiderable work devoted to the relation of climat,e and fisheries 
and the importance of ab:i:ofic factors as regulators of abundance and distri
bution of marine organisms for various areas of the wnrld ocean (see rievjews 
by H jo rt, 1914; Je n se h, 1939; C 1 a r k et al., 1975: C u s hi n g and D d c k
s on, 1976; C u s h :i n g, 1981: Le g g e t t et al., 1984) and the Mediterr:mea!I1 
(e. g. 2 u pano vi ć. 1968; P u ch e r - Pet kov i ć et al .. 1971; P u ch e r -
-Petković and Zor'e-:-Armanda. 1973 ; Regner and Gačdć. 1974 ; 
Stergiou 1986c; Sterg.iou and Zouroudis. 1986; Stergiou, in 
press 1) impl~es that more attentilon must be g,iven to the subject. 

However, anthropogen1c pressure (fishing) jj recent years seems to plav 
an important role ,in the distribution and abundance 0f populati,ons anrl. may 
d~sgurise, OT be superimposed on. natura! changes (Ste r g i o u 1n 'P'ress 2). 
Th'.is strongly reveals the necessity for monitori<ng marine ecosystems on a 
monthly (or annual) basis, both the abiotic (temoerature. saUn'itv. current<:. 
nutrients, etc.) and biotic conoonents (oroductivitv. distribution. abundance, 
spawning periods. extent of soawninit beds , distribution and abundance of 
larvae, etc.). Th:is will ultimatelv contribute to the assessment of th~ relative 
impact of natura} and anthropogenic changes on mari.ne populations and. 
hence, to the ratibnal management of fishery res,ources . 
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MULTIVARIJANTNA ANA:LIZA KOMERCIJALNOG RIBOLOVA 
SJEVEROZAPADNIH OBALA GRČKE, 1964-1981. 

K. I. Stergiou 

Nacionalni centar za istraživanje mora, Atena, Grčka 

KRATKI SADRZAJ 

Daje se pregled ribolova sjeverozapadnih obala Grčke za razdoblje 
1964-1981. Srednj:i godišnj:i ulov dosegao je 1692 tone (1 964-1981). U ukup 
nom ulo:vu ruba činli. 96,20/o dolk je postota!k g1avcmožaioa ii :l.'ailmva vrlo malli, 
2,l0io odnoS!lio 0,80/o. Srdela (Sardina pilchardus) prevladava u 1ovinama sa 
srednj,im godišnjlim u1ovom od 440,5 rt:icma 1i'1i 260/o. Gi:mce (Spicara sp.) učestVlll
je u ukupnom ulmnu sa 260/o ,a šnjuri (Trachurus sp.) sa 18,40/o. Lovli.ne Sll.l 

analii~ill"ane kl,uster ·ana11lizom i objelctli:w1om ana11.li.zom. Analize su poka~ale da 
se sastav lovina veoma promijenio od 1964-1971. do 1972-1981. Obje su me
tode pokazale da postoje dvije glavne grupe: 1) grupa koja sadrž,i girice, 
brgljuna, oslića, ugoticu, p1osnaticu, bukvu, salpu i lokardu li. koja je karak
teristična po tome da je njihov ulov i učešć.-e u ukupnom ulovu porastao u 
periodu 1972-1981. u odnosu na raniji pemod; 2) grupa koja sadrm arbuna, 

·ciple, trlju kamenicu, trlju, s-rdelu, šnjura, rakove i glavonošce kod koje je u 
periodu 1972-19811. ulov opao isto kao J relativno učešće pojedine vrste. Hid
rometeorološke promjene velikiih razmjera do kojih je došlo u području Sre
dozemlja, a lroje su opisali broj[lJi autori, vrlo vjeroj,atno su uzrok oviim pro
mj,enama u sastavu lov>itrJ.a. 


