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E µ$17(- %*5 %",*5'&?F$("&, $9%*#)A-9$ '(* G11-#&9D +7#(,* H"1"''3=# G,$5#:#, 

'(" %1"3'&" '(*5 µ$("%(56&"9*B %,*2,?µµ"(*. ‘!$,&C"11*#(&9) 0&*1*23": ;&"6$3,&'- 

6$,'"3=# 9"& A"1?''&=# C&*1*2&9:# %D,=#’, 9"& "%*($1$3 (* "%*(71$'µ" µ&". '5#$,2"'3". 

"#?µ$'" '(* $,2"'(),&* /-1$%&'9D%-'-. 9"& 45'(-µ?(=# I$=2,"J&9). !1-,*J*,3". 9"& '(* 

$,2"'(),&* @6A5*1*23"..  

E $,$5#-(&9) µ*5 %,*'%?A$&" 5%*'(-,36(-9$ "%D %*11*B. "#A,:%*5., (*5. *%*3*5. 

9"& A" )A$1" #" $56",&'()'=. H" K$9&#)'= µ$ (*# 5%$BA5#* $,$5#-() (*5 $,2"'(-,3*5 

/-1$%&'9D%-'-. 9"& 45'(-µ?(=# I$=2,"J&9). !1-,*J*,3"., 0. 0"1"C?#-, %*5 C,3'9$("& 

<3%1" µ*5 "%D (" %,:(" C)µ"(? µ*5 '(* 6:,* (-. 7,$5#"., 5%),K$ 5%*µ*#$(&9D. <?'9"1*. 

9"& %*1B(&µ*. '5#$,2?(-..  

E $,2"'3" "5() <$# A" µ%*,*B'$ #" %,"2µ"(*%*&-A$3 6=,3. (- C*)A$&" (*5 

$%&C17%*#(D. µ*5 "%D (* $,2"'(),&*5 @6A5*1*23"., I. /'$,%7 9"& (-. !. !$,&'($,?9-, %*5 

%",$36"# D6& µD#* (" "1&$5(&9? <$<*µ7#", "11? 95,3=. (&. 2#:'$&. 9"& (* 6,D#* (*5..  L#" 

&<&"3($,* $56",&'(: '(*# 9"A-2-() @. +","9?'- 2&" (&. '5µC*517., (* $#<&"J7,*# (*5 9"& (-# 

$%&9*<*µ-(&9) 9,&(&9) (*5.  

H$,µ? $56",&'(: '(*5. 9"1*B. µ*5 J31*5. 9"& '5#$,2?($. 8. +"CC"<3" 9"& 8. 

!"1&"17K-, 2&" (- C*)A$&" 9"& (- '5µ%",?'("') (*5. 9"& '$ D1" (" µ71- (*5 $,2"'(-,3*5 

@6A5*1*23". (*5 GM+GHG. G%3'-. $56",&'(: (*5. J31*5. µ*5 2&" (-# Dµ*,J- 

9"A-µ$,&#D(-(?. µ".. 

H71= (71*. #" $9J,?'= (- C"A&? $52#=µ*'B#- µ*5 '(-# *&9*27#$&? µ*5, 2&" (-# 

5%*'(),&K- 9"& (- J,*#(3<" %*5 µ*5 %,*'7J$,"#. 
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AbstractAbstract   
 
 
 

A series of satellite images on sea surface temperature distribution and chlorophyll a 

concentration, processed under a Geographic Information Systems, were used for the study of 

the relationship between the spatiotemporal behaviour of large pelagic fish, as revealed from 

fisheries data for swordfish and tuna, and their environment, as described from the 

identification of oceanographic features and the calculation of spatial and environmental 

characteristics.  

Tuna and swordfish abundance distribution, as derived from fishery data, was placed 

near productive gyres, transient eddies, large-scale thermal fronts and along warm surface 

currents, such as the Levantine Intermediate Water. High abundance values were observed in 

areas of high primary productivity, characterized by mesoscale oceanographic features and 

mapped with GIS methods. The studied species seem to aggregate near upwellings, thermal 

fronts and gyres. The nature of the relationship of large pelagic fish and mesoscale productive 

features could not be determined, either due to the low spatial analysis of the fishery data, or 

because large predators can not be directly linked to primary productivity (Schick et al., 2004).  

The relationship between abundance index and statistical values of environmental (sea 

surface temperature and chlorophyll concentration) and spatial parameters, was studied by 

developing Generalized Additive Models (GAMs), as this statistical method can describe non 

linear relationships. Sea surface temperature was proven to be the most significant of the 

environmental parameters that were calculated. The optimum surface temperature for the 

aggregation of swordfish during the reproduction period is 240C and 220C for tuna. During the 

pro- and post reproduction periods low temperatures, indicative of upwelling or front 

presence, seem to favour tuna and swordfish accumulation. The temperature values, as derived 

from the GAMs, were used for the mapping of potential reproductive zones in the eastern 

Mediterranean.   
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;*,5J*,&97. $&9D#$. 9"("#*µ). $%&J"#$&"9). A"1?''&". A$,µ*9,"'3". 9"& 

'5297#(,='-. 61=,*JB11-. 9"& µ7A*<*&, %*5 "#"%(B6A-9"# '$ 45'()µ"(" I$=2,"J&9). 

!1-,*J*,3"., 6,-'&µ*%*&)A-9"# 2&" (- <&$,$B#-'- (=# '67'$=# (=# "1&$5(&9:# <$<*µ7#=# 

µ$2?1=# %$1"2&9:# &6AB=#, (D#*5 9"& K&J3", µ$ (* %$,&C?11*# 9"& %&* '529$9,&µ7#" µ$ 

=9$"#*2,"J&97. <&$,2"'3$. 9"& (&. 9&#)'$&. (=# $&<:# "5(:# '(* 6:,* 9"& (* 6,D#*.  

E "1&$3" (=# µ$2?1=# %$1"2&9:# &6AB=#, D%=. %,*9B%($& "%D (" 5%?,6*#(" <$<*µ7#", 

(*%*A$($3("& 9*#(? '$ %","2=2&9*B. 9591:#$., '$ %",*<&9*B. '(,*C31*5., '$ A$,µ&9? µ7(=%" 

µ$2?1-. 6=,&9). 913µ"9". 9"& 9"(? µ)9*. A$,µ:# $%&J"#$&"9:# ,$5µ?(=# D%=. (* Levantine 

Intermediate Water. >$2?1$. (&µ7. "JA*#3". %","(-,*B#("& '$ %$,&*67. µ$2?1-. 

%,=(*2$#*B. %","2=2&9D(-("., *& *%*3$. 6","9(-,3F*#("& "%D µ7'-. 6=,&9). 913µ"9". 

=9$"#*2,"J&97. <&"<&9"'3$. 9"& 6",(*2,"J*B#("& µ$ GIS µ$AD<*5.. /" 5%D µ$17(- $3<- 

'529$#(,:#*#("& '$ %$,&*67. "#"C1B'$=#, A$,µ&9:# µ$(:%=# 9"& '(,*C31=#, Dµ=. - JB'- 

(-. '67'-. (-. 9"("#*µ). (*5. µ$ (" A$,µ&9? µ7(=%" <$# 9"A*,3'(-9$, $3($ 1D2= (-. 6"µ-1). 

6=,&9). "#?15'-. (=# "1&$5(&9:# <$<*µ7#=#, $3($ $%$&<) *& µ$2?1*& "5(*3 A-,$5(7. <$# 

'5#<7*#("& ?µ$'" µ$ (-# %,=(*2$#) %","2=2&9D(-(" "11? µ7'= %*11"%1:# $%&%7<=# (-. 

(,*J&9). "15'3<". (Schick et al., 2004).  

N& '67'- (=# <$&9(:# "JA*#3". µ$ (&. '("(&'(&97. (&µ7. %$,&C"11*#(&9:# %","2D#(=# 

9"& 6=,&9:# %","µ7(,=# µ$1$()A-9$ µ$ (- C*)A$&" I$#&9$5µ7#=# !,*'A$(&9:# >*#(71=#, 

$K"&(3". (-. µ- 2,"µµ&9). '5'67(&'). (*5.. 8%D (*5. %$,&C"11*#(&9*B. %",?2*#($. %*5 

µ$1$()A-9"# - $%&J"#$&"9) A"1?''&" A$,µ*9,"'3" "%*<$36A-9$ '("(&'(&9? '-µ"#(&9). N& 

240C "#"<$36A-9"# =. - C71(&'(- $%&J"#$&"9) A$,µ*9,"'3" '5297#(,='-. (*5 K&J3" (-# 

%$,3*<* =*(*93". 9"& "#(&'(*36=. *& 220C 2&" (*# (D#*. /&. %$,&D<*5. %,&# 9"& µ$(? (-# 

=*(*93", *& 6"µ-17. A$,µ*9,"'3$. $%3'-. J"3#*#("& #" $5#**B# (-# '5297#(,='- (D#*5 9"& 

K&J3", $%$&<) %&A"#D# %,D9$&("& 2&" %$,&*67. "#"C1B'$=# 9"& A$,µ&9:# µ$(:%=#. N& (&µ7. %*5 

%,*795O"#  "%D (" GAMs 6,-'&µ*%*&)A-9"# 2&" (- 6",(*2,?J-'- <5#-(&9:# %$,&*6:# 

=*(*93". '(-# 8#"(*1&9) >$'D2$&*. 
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1. G&'"2=2)G&'"2=2)   
 

 
 
1.1 -,".%&"/0121 34(,+%&",0)45+ *,",4.1")2.)45+. 
 

/" A"1?''&" *&9*'5'()µ"(" (,*J*<*(*B#("& µ$ A,$%(&9? %*5 $3($ %,*7,6*#("& "%D 

6$,'"3$. $&',*7. $3($ "#"9591:#*#("& '(-# $%&J?#$&" (-. $BJ=(-. F:#-. µ$ (-# $&',*) (*5. 

"%D µ7'$. 9"& C"A&7. 5<?(&#$. µ?F$.. ;&"<&9"'3$. µ$("93#-'-. %1*B'&=# '$ A,$%(&9? 5<?(=# 

%,*. (-# $BJ=(- F:#-, 9"A:. 9"& J"&#Dµ$#" <&"(),-'-. A,$%(&9:# '(*&6$3=# 9"& J5(&9:# 

*,2"#&'µ:# '(-# $%&J?#$&" (-. A?1"''". $%&<,*B# '(-# 9"("#*µ) (-. %,=(*2$#*B. 

%","2=2&9D(-(".. 

N& %$,&*67. "#"C1B'$=#, *& *%*3$. "%*($1*B# (* 0.1% (-. $%&J?#$&". (*5 =9$"#*B, 

'529$#(,:#*5# (* 50% (-. %"29D'µ&". "1&$5(&9). %","2=2). (Valavanis, 2002). G9(D. (=# 

$%(? 9B,&=# %$,&*6:# "#?C15'-., %*5 9"("#7µ*#("& '$ <&?J*,$. %$,&*67. (*5 9D'µ*5, 9"& 

?11" µ7,- (=# =9$"#:# 6","9(-,3F*#("& "%D (*%&97. "#"C1B'$&., %*5 $µJ"#3F*#("& 9*#(? 

'(-# -%$&,=(&9) 5J"1*9,-%3<" 9"& 9"A*,3F*5# (- <5#"µ&9) (-. %","2=2&9D(-(". 9"A:. 9"& 

(-# "1&$5(&9) <,"'(-,&D(-(". N& "#"C1B'$&. %","9*1*5A*B#("& '$ %*117. %$,&*67. (*5 

9D'µ*5. /* !$,&C"11*#(&9D G,2"'(),&* 2&" (-# 81&$3" (*5 G&,-#&9*B (*5 NOAA (Pacific 

Fisheries Environmental Laboratory-PFEL) 76$& <-µ&*5,2)'$& <$39($. 7#("'-. (=# %",?9(&=# 

"#"C1B'$=#, C"'&FDµ$#*& '$ %$<3" $%&J"#$&"9). "(µ*'J"&,&9). %3$'-.. 

N& "#=µ"13$. $%&J"#$&"9). A"1?''&". A$,µ*9,"'3". (Sea Surface Temperature-SST) 

"%*($1*B# 7#" $5,7=. "%*<$9(D %",?2*#(" 2&" %*11? =9$"#*2,"J&9?, "(µ*'J"&,&9? 9"& 

µ$($=,*1*2&9? J"&#Dµ$#". P=,*("K&9? µ$2?1$. "(µ*'J"&,&97. 9"& =9$"#*2,"J&97. <&$,2"'3$. 

D%=. ("   El Nino, La Nina 9"& North Atlantic Oscillation (NAO) "%*($1*B# 7#" J5'&*1*2&9D 

(µ)µ" (-. '5µ%$,&J*,?. (=# SST "#=µ"1&:# (Philander, 1990; Ottersen et al., 2001).  

>$("C*17. (=# "7,&=# µ"F:# '56#? "%*<3<*#("& '$ SST "#=µ"13$., &<&"3($," '$ 

%",?9(&$. %$,&*67. %*5 6","9(-,3F*#("& "%D $%3µ*#$., '5#$6$3. A"1?''&$. "#"C1B'$&. %*5 

%,*9"1*B#("& "%D (*# ?#$µ*. N& "#(3A$($. $%&,,*7. (=# ("5(D6,*#=# µ$("C*1:# (*5 "#7µ*5 

9"& (=# SST "#=µ"1&:# µ$ C3"&$. <&"95µ?#'$&. 9"A*,3F*5# (-# 9591*J*,3" %*5 *#*µ?F$("& 

µ*5':#". (Konda et al., 1996). /* G,2"'(),&* !","9*1*BA-'-. (=# !",?9(&=# S9$"#:# 

(Coastal Ocean Observation Lab) (*5 !"#$%&'(-µ3*5 Rutgers µ$1$(? (-# "#?C15'- '(&. "9(7. 

(*5 New Jersey, µ$ (- 6,)'- CTD (Conductivity/Temperature/Depth), µ$(,)'$&. (-. 7#("'-. 

(*5 "#7µ*5 9"& <*,5J*,&97. $&9D#$. SST. N& Solanki et al. (1998) 6,-'&µ*%*3-'"# AVHRR 

(Advacned Very High Resolution Radiometer) SST $&9D#$. 2&" (- µ$17(- (=# 6","9(-,&'(&9:# 

(-. <&"<&9"'3". "#?C15'-. '(-# 8,"C&9) A?1"''", $#: *& Li & Shao (1998) %,D($&#"# 7#" 

GIS µ*#(71* $9(3µ-'-. (-. %,=(*2$#*B. %","2=2&9D(-(". C"'&FDµ$#*& '(- '5297#(,='- 

61=,*JB11-..  I&" (-# "%$&9D#&'- 9"& µ$17(- (-. <5#"µ&9). 9"& (-. 6=,&9). <*µ). (=# 

"#"C1B'$=#, 76*5# "#"%(56A$3 µ7A*<*& '5#<5"'µ*B µ$(,)'$=# CTD 9"& C"A5µ$(,3". (Su & 

Sheng, 1999), <&"#5'µ"(&9). "#?15'-. '$ <*,5J*,&97. $&9D#$. SST 9"& '5297#(,='-. 
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61=,*JB11-. (CHL) (Valavanis et al.,1999) 9"& <-µ&*5,23". <$&9(:# 7#("'-., %*5 "J*,*B# '$ 

<&"J*,7. SST D%=. %,*9B%(*5# "%D 5%7,5A,$. $&9D#$. (Demarcq & Faure,2000). 

L6*5# %,"2µ"(*%*&-A$3 %*117. %,*'%?A$&$. 9"("#D-'-. (-. "11-1$%3<,"'-. 9"& (=# 

<$'µ:# µ$("KB J5'&9:# J"&#*µ7#=#, C&*1*2&9:# <&"<&9"'&:# "#"%","2=2). 9"& "1&$5(&9:# 

"%*A$µ?(=#. P,*#&7. µ$ µ$2?1*5. %1-A5'µ*B. (-. ,729". (*5 G&,-#&9*B '(" @"%=#&9? #$,? 

'5µ%3%(*5# µ$ %$,&D<*5. 6"µ-1:# 7=. 9*#(? '(* µ7'* D,* SST $#: (" "1&$5(&9? "%*A7µ"(" 

5%),K"# J(=6? '$ %$,&D<*5. 5O-1:# SST. @'65,7. 6=,&97. '67'$&. µ$("KB "1&$5(&9:# 

"%*A$µ?(=# 9$J"1D%*<=# 9"& SST "#=µ"1&:# 76*5# $%3'-. %","(-,-A$3 '(-# T8 >$'D2$&*, 

D%*5 (" µ$2?1" "1&$5(&9? "%*A7µ"(" '5µ%3%(*5# µ$ (" D,&" SST "#=µ"1&:# %*5 $3#"& 

$#<$&9(&9? (=# SST µ$(:%=# ) "#"C1B'$=#.  

S. %,=(*2$#$3. %","2=2*3 (" <&?(*µ" (%*5 µ$(,&*B#("& <*,5J*,&9? "%D (*# '7#'*," 

SeaWiFS) A$=,*B#("& - C"'&9) %-2) (,*J). (=# %$,&''*(7,=# *&9*#*µ&9? '-µ"#(&9:# $&<:# 

&6AB=#. I$2*#D(" %*5 '5µC"3#*5# '(- '()1- (*5 #$,*B 9"& "5K?#*5# (-# %","2=2) 

<&"(Dµ=# 9"& '5#$%:. &6AB=#, ",6&9? %$,&2,?J-9"# '$ '67'- µ$ (-# "BK-'- (*5 %1"29(D# 

'$ #$,? (-. $B9,"(-. F:#-. (Sverdrup, 1953), '(&. $9C*17. %*("µ:# (Cury & Roy, 1989), '$ 

%",?9(&" '5'()µ"(" "#"C1B'$=# (Cushing, 1989), 9"& '$ %"1&,,*&"9? µ7(=%" (Ware & 

Thomson, 1991). 

/" =9$?#&" µ7(=%" $3#"& %$,&*67. &<&"3($,*5 $#<&"J7,*#(*., 2&"(3 '5#$&'J7,*5# '(- 

'5#$6) "#?µ$&K- (=# A,$%(&9:# '(*5. =9$"#*B.. /" '5'()µ"(" "5(? ($3#*5# #" <-µ&*5,2*B# 

F:#$. 'B291&'-. <&"J*,$(&9:# 5<?(&#=# µ"F:#, D%*5 '529$#(,:#*#("& %1"29(*#&9*3 

*,2"#&'µ*3 (Franks, 1992). 85() - '5'':,$5'- $%-,$?F$& 9"& (-# 9"("#*µ) <$5($,*2$#:# 

%","2=2:# 9"& %$1"2&9:# A-,$5(:#.  

 +"(? (- <&?,9$&" (=# ($1$5("3=# <5* <$9"$(&:# - 6,)'- <*,5J*,&9:# 

%$,&C"11*#(&9:# <$<*µ7#=# %",76$& #7$. <5#"(D(-($. '(-# µ$17(- (=# 6","9(-,&'(&9:# (=# 

=9$?#&=# µ$(:%=#. >7'= (=# <*,5J*,&9:# <$<*µ7#=# (* '(32µ" (=# µ$(:%=# $3#"& %17*# 

"#"2#=,3'&µ*, '$ <&"C"Aµ3'$&. (-. $%&J"#$&"9). A"1?''&". A$,µ*9,"'3". (SST), '(* BO*. 

9"& '$ $&9D#$. 6,:µ"(*. (-. $%&J?#$&". (-. A?1"''". (Belkin, 2002; Legeckis, 2002). 4$ 

%*117. µ$17($. 76*5# 6,-'&µ*%*&-A$3 6,*#*'$&,7. <*,5J*,&9:# <$<*µ7#=# 2&" (-# 

"#"2#:,&'- 9"& 6",(*2,?J-'- (=# =9$?#&=# µ$(:%=# '$ <&?J*,$. %$,&*67. (*5 9D'µ*5 

(Cayula & Cornillon, 1992; Cayula & Cornillon, 1995; Belkin & Gordon, 1996; Ferrier & 

Anderson, 1997; Bonatti & Rao, 1999; Bulgakov et al., 1999; Ullman & Cornillon, 1999; 

Hickox et al., 2000; Piola et al., 2000; Mavor & Bisagni, 2001; Mitchelson-Jacob & Sundby, 

2001; Ullman & Cornillon, 2001; Wang et al., 2001; Moore & Abbott, 2002; Valavanis, 2002; 

Hardman-Mountford & Glade, 2003; Acha et al., 2004; Kostianoy et al., 2004; Miller, 2004). 

4(-# 1$9?#- (-. ;5(&9). >$'*2$3*5 %*11*3 $,$5#-(7. 76*5# "#"J7,$& '67'$&. µ$("KB 

J5'&9:# 9"& C&*1*2&9:# "11-1$%&<,?'$=# '$ =9$?#&" µ7(=%" (Allen et al., 2001; Fielding et 

al., 2001; L’Helguen et al., 2002; Sabates et al., 2004), $#: '(-# +$#(,&9) 9"& 8#"(*1&9) 

>$'D2$&*, *& %1-,*J*,3$. 2&" (-# $µJ?#&'- µ$(:%=# %,*7,6$("& 95,3=. "%D µ$17($. ?11=# 

=9$"#*2,"J&9:# 6","9(-,&'(&9:# (Feliks & Ghil, 1993; Borzelli & Ligi, 1999; Velegrakis et al., 

1999; Nardelli et al., 2001; Valavanis et al., 2004).  
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 N& Ullman 9"& Cornillon (2000) %,"2µ"(*%*3-'"# µ&" "%*(3µ-'- (=# <5* 9B,&=# 

µ$AD<=# 6,)'-. <*,5J*,&9:# <$<*µ7#=# 2&" (-# "5(*µ"(*%*&-µ7#- "#36#$5'- *,3=# µ$("KB 

(=# 5<?(&#=# µ"F:# (=9$?#&" µ7(=%"), (* &'(D2,"µµ" 9"& (&. µ$AD<*5. %*5 '(-,3F*#("& '$ 

"12*,3Aµ*5. "#36#$5'-. <&"C"Aµ3'$=#, 9"& "#7J$,"# D(& (" %*'*'(? 1?A*5. %*5 *J$31*#("& 

'$ "#&9"#D(-(" "#36#$5'-. $#D. µ$(:%*5 $K",(:#("& "%D (-# $%&1*2) (-. *,&"9). (&µ). 

(threshold value) 9"A:. 9"& (-# 6=,&9) 913µ"9" (=# µ$(:%=#. !,D($&#"# (&. 91&µ"(*1*23$. 

(=# µ$(:%=#, %*5 "#"%(B''*#("& µ7'= (-. $J",µ*2). "5(*µ"(*%*&-µ7#=# µ$AD<=# 

"#36#$5'-. *,3=# '$ µ$2?1$. 6,*#*'$&,7. SST $&9D#=#, =. µ&" µ7A*<* %*5 %",76$& µ&" 

'("(&'(&9? "9,&C) $&9D#" $µJ?#&'-. (=# =9$?#&=# µ$(:%=#. 8%D (-# ?11- %1$5,? *& Shaw 

9"& Vennell (2000) %,*($3#*5# (-# $J",µ*2) $#D. "12D,&Aµ*5 %*5 ‘"9*1*5A$3’ (* µ7(=%*, 

'(&. 6,*#*'$&,7. SST $&9D#=# 9"& $#'=µ"(:#$& J5'&97. %","µ7(,*5. (=# µ$(:%=#, *& *%*3$. 

<$# %$,&1"µC?#*#("& '(&. µ$AD<*5. "#36#$5'-. *,3=#, D%=. µ7'- A$,µ*9,"'3", %1?(*. 9"& 

<&"J*,? A$,µ*9,"'3". 9"(? µ)9*. (*5 µ$(:%*5. N "12D,&Aµ*. "5(D. C,)9$ $%&(56) 

$J",µ*2) '(- 6",(*2,?J-'- (*5 µD#&µ*5 Q%*(,*%&9*B >$(:%*5 '(* T*(&*<5(&9D G&,-#&9D 

=9$"#D (Shaw and Vennell, 2001).  

E $K"2=2) "#=µ"1&:# '(-# 9"("#*µ) (-. SST () (-. '5297#(,='-. CHL) "%*($1$3 

µ&" "9Dµ" µ7A*<* 6",(*2,?J-'-. =9$?#&=# µ$(:%=#. E 6=,&9) 9"& 6,*#&9) 79("'- (=# 

*,3=# (7(*&=# "#=µ"1&:# "%*($1*B# 9"1*B. <$39($. µD#&µ=# '5'(-µ?(=# µ$(:%=#. !$,&*67. 

µD#&µ=# "#=µ"1&:# 5%*<$&9#B*5# A7'$&. =9$?#&=# µ$(:%=#. (Valavanis,2002). 

 

 
6)4#+, 1 46-µ"(&9) "%$&9D#&'- 9591=#&9:# 9"& "#(&9591=#&9:# 9&#)'$=#, 9"& J"&#*µ7#=# 'B291&'-. 9"& 
"%D91&'-. (Ocean circulation Open University Course Team). 

 
 
E 9591*J*,3" '$ 913µ"9" 1$9?#-. %$,&1"µC?#$& µ$2?1*5. =9$?#&*5. '(,*C31*5., %*5 

6","9(-,3F*#("& =. 9591:#$. ) "#(&9591:#$., "#?1*2" µ$ (-# 9"($BA5#'- 93#-'). (*5. 

(G&9D#"1). N& "#(&9591:#$. µ%*,*B# #" A$=,-A*B# =. 7#". (B%*. "#?C15'-., 6","9(-,3F*#("& 

"%D O56,D($," $%&J"#$&"9? B<"(" 9"& µ%*,*B# #" "#"2#=,&'(*B# '$ $&9D#$. AVHRR SST 

$K"&(3". (-. <&"J*,?. A$,µ*9,"'3". µ$ (&. %","9$3µ$#$. %$,&*67.. /" J"&#Dµ$#" "5(? 

5%*9&#*B#("& "%D %*1B%1*9" %,D(5%" ,$5µ?(=# "#7µ*5 9"& A?1"''"., µ$ (-# (*%*2,"J3" 

(*5 C5A*B #" %"3F$& '-µ"#(&9D ,D1*.  
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E %","9*1*BA-'- (-. <,"'(-,&D(-(". (=# '(,*C31=# '(*5. =9$"#*B. "%*9"1B%($& 

$%&J"#$&"9? 2$='(,*J&9? ,$Bµ"(", (-# $%*6&9D(-(" (-. '5297#(,='-. CHL 9"& $%*6&9? %$<3" 

(,*J*1-O3". &6AB=# '(-# "#*&6() A?1"''". N Thorpe (1998) '5#7A$'$ (- 40$() 2#:'- 2&" 

(*5. =9$"#*B., D%=. %,*795O$ 95,3=. "%D %","(-,)'$&. (*5 '(,*C&1&'µ*B '(*5. 

'(,=µ"(*%*&-µ7#*5. 9"& 9&#*Bµ$#*5. =9$"#*B. "%D (* 1960, D%=. "%*9"1B%(*#("# "%D 

$1$5A7,=. $%&%17*#($. %1=(),$.. N& Sharma et al. (1999) "#"2#:,&'"# A"1?''&$. %$,&*67. 

5O-1). $#7,2$&"., '$ <$<*µ7#" "1(&µ$(,3". '(-# 8,"C&9) A?1"''" 9"& '(*# +D1%* (-. 

0$22?1-.. N Karl (1999) 6,-'&µ*%*3-'$ <$9"$($3. 6,*#*'$&,7. =9$"#*2,"J&9:# <$<*µ7#=# 

2&" (-# µ$17(- (=# J5'&9:# 9"& =9$"#*2,"J&9:# <&"<&9"'&:# '(*# Q%*(,*%&9D 4(,DC&1* (*5 

0D,$&*5 G&,-#&9*B.  

N& Dijkistra 9"& Molemaker (1999) µ$17(-'"# '(,*C31*5. '(*# 0D,$&* 8(1"#(&9D, 

%,*'<&*,3F*#(". (- <*µ) (=# 1B'$=# C",*(,*%&9:# =9$?#&=# µ*#(71=#. O& Napolitano et al. 

(2000) 6,-'&µ*%*3-'"# 7#" <&((D J5'&9D 9"& C&*1*2&9D µ*#(71* 2&" (- µ$17(- (-. C&*1*2&9). 

%","2=2). (=# '(,*C31=# (-. UD<*5 9"& (-. <5(&9). 1$9?#-. (*5 @*#3*5. N& Drakopoulos et 

al. (2000) 6,-'&µ*%*3-'"# (* GIS 2&" (- 6",(*2,?J-'- $#D. $%*6&9*B '(,*C31*5 '(- 

C*,$&*"#"(*1&9) >$'D2$&*, $#: *& Valavanis et al. (2000) "#7%(5K"# µ&" GIS $J",µ*2) 2&" (- 

µ$17(- (=# %*'*(&9:# 6","9(-,&'(&9:# (*5 '(,*C31*5 (-. ;5(&9). +,)(-.. N& Harrison et al. 

(2001) 6,-'&µ*%*3-'"# <$<*µ7#" =9$"#*2,"J&9:# $,$5#:# 2&" (-# %$,&2,"J) (=# "#:($,=# 

'(,=µ?(=# (-. '()1-. (*5 B<"(*. (*5 5%*(,*%&9*B '(,*C31*5 9"& (=# %","9$3µ$#=# 

5<?(&#=# µ"F:# '(* CD,$&* 8(1"#(&9D. 

 
 
1.2 782*9.)21 34(,+%&",0)45+ *,",4.1")2.)45+ 4,) :)%$%&)45+ ;#"3+. 
 
   

/-# ($1$5("3" <$9"$(3" 76$& 5%?,K$& µ$2?1- $,$5#-(&9) %,*'%?A$&" 2&" (-# 9"("#D-'- 

(-. 6=,&9). <5#"µ&9). (=# %1-A5'µ:# A"1?''&=# *,2"#&'µ:# '$ '67'- µ$ (* %$,&C?11*# 

(*5., (-# "#"2#:,&'- $#<&"&(-µ?(=# '-µ"#(&9:# '(*# 9B91* F=). (=# $&<:# 9"& (-# 

$J",µ*2) (-. &<7". (-. <5#"µ&9D(-(". (*5 A"1?''&*5 %$,&C?11*#(*. '(- <&"6$3,&') (*5.         

S. '5µ%7,"'µ" "%D (* !,:(* ;&$A#7. 45µ%D'&* 2&" (* GIS '(-# G%&'()µ- (-. 

81&$3"., o Meaden (2000) 9"(72,"O$ (&. 9B,&$. A$µ"(&97. %$,&*67. '(&. *%*3$. 6,-'&µ*%*&$3("& 

(* GIS. N& %$,&*67. "5(7. %$,&1"µC?#*5# (- <&"6$3,&'- <$<*µ7#=# "1&$5(&9:# <$<*µ7#=# 9"& 

"1&$5(&9). %,*'%?A$&"., (-# $29"A3<,5'- 9"& %","9*1*BA-'- EFH (essential fish habitat) 9"& 

A"1?''&=# %,*'("($5Dµ$#=# %$,&*6:#, (- <&"6$3,&'- 9"& %","9*1*BA-'- %,*2,"µµ?(=# 

"BK-'-. (=# "%*A$µ?(=#, (-# $9(3µ-'- (-. $%3<,"'-. (-. "1&$3". µ$ (,?(", (-# (*%*A7(-'- 

&6A5*9"11&$,2$&:# 9"& µ$17($. $%3<,"'-., %","9*1*BA-'- 9"& µ*#($1*%*3-'- (=# "1&$5(&9:# 

"%*A$µ?(=# 9"& (" $%&(,$%Dµ$#" %*'*'(? "1&$5(&9:# <$<*µ7#=#. 

/* GIS 6,-'&µ*%*&$3("& %*&9&1*(,D%=. '$ "1&$5(&97. µ$17($.. N& Kieser et al. (1995) 

$%&'-µ"3#*5# (- <5#"(D(-(" "%$&9D#&'-. "9*5'(&9:# "1&$5(&9:# <$<*µ7#=# '$ '5#<5"'µD µ$ 

%$,&C"11*#(&97. %","µ7(,*5..   

N& Caddy et al. (1995) '5'67(&'"# (&. (?'$&. (-. "1&$5(&9). %","2=2). '(- >$'D2$&* 

9"& (- >"B,- H?1"''", 2&" (- %$,3*<* 1970-1989, µ$ "#A,:%&#$. <,"'(-,&D(-($. %*5 
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$%&<,*B# '(* A"1?''&* %$,&C?11*# 9"& µ$ (-# $&',*) A,$%(&9:#, <&"&,:#(". (&. "#(3'(*&6$. 

1$9?#$. '$ '("(&'(&97. %$,&*67., D%=. "5(7. 9"A*,3'(-9"# "%D (* I$#&9D 45µC*B1&* 81&$3". 

(-. >$'*2$3*5 (General Fisheries Council for the Mediterranean-GFCM). N Meaden (1996a,b) 

'9&"2,?J-'$ (* LIBFISH, µ&" %,=(*C*513" 2&" (- <&"6$3,&'- (-. A"1?''&". "1&$3". (-. 

M&CB-., '529$#(,:#*#(". %1-,*J*,3" 2&" (&. '5#A)9$. (*5 A"1?''&*5 B<"(*., (" 5%?,6*#(" 

$#<&"&()µ"(", (*5. J5'&9*B. A"1?''&*5. %D,*5., (&. <&"6$&,&'(&97. %,"9(&97. 9"& (*5. 

9"#D#$. %*5 <&7%*5# (-# "1&$3", (-# "1&$5(&9) %,*'%?A$&" 9"& (-# %","2=2), (-# "2*,"'(&9) 

F)(-'- (=# A"1?''&=# %D,=#, (&. 5<"(*9"11&7,2$&$. 9"& (* %",?9(&* %$,&C?11*# 

N Booth (1998) 6,-'&µ*%*3-'$ (* GIS 2&" (*# $#(*%&'µD &<"#&9:# %$,&*6:# "1&$3". 

($1$D'($=# '(-# TD(&" 8J,&9). 81&$5(&9? <$<*µ7#", C"A5µ$(,3", A$,µ*9,"'3" C5A*B 9"& 

'5297#(,='- <&"15µ7#*5 *K52D#*5 6,-'&µ*%*&)A9"# 2&" (-# <&$,$B#-'- (=# $#<&"&(-µ?(=# 

(=# $&<:#.  

/* 1999 - GA#&9) Q%-,$'3" H"1?''&". 81&$3". (*5 NOAA (NOAA’s National Marine 

Fisheries Service-NMFS) "#7%(5K$ µ&" $J",µ*2) GIS 2&" '6$<D# 'B26,*#- 6,)'- 

(-1$%&'9*%&9:# <$<*µ7#=# 2&" (- <&"6$3,&'- (-. "1&$3". '(*# 9D1%* (*5 >$K&9*B (Leming et 

al., 1999). /* 'B'(-µ" $#'=µ"(:#$& $&9D#$. AVHRR/SST 9"& SeaWiFS/CHL 9"& '("(&'(&9? 

<$<*µ7#" 2&" 2",3<$.. N& Xavier et al. (1999) %$,&72,"O"# (- 2$=2,"J&9) 9"("#*µ) 21 $&<:# 

9$J"1*%D<=# '(-# 8#(",9(&9), '5#<5?F*#(". (-# (*%*A$'3" 9"& (" "1&$Bµ"(" 2497 

$,$5#-(&9:# ("K&<&:# '$ %$,3*<* 100 $(:# µ$ (- C"A5µ$(,3", (- 79("'- (=# %?2=# 9"& (" 

=9$?#&" µ7(=%". /" "%*($17'µ"(" 7<$&K"# D(& (" µ*,J*1*2&9? 6","9(-,&'(&9? $%-,$?F*5# 

(-# 9"("#*µ). 

N& Ault et al. (1999) "#7%(5K"# 7#" 2$#&9$5µ7#*, 6=,&9D, -1&9&"9? <*µ-µ7#*, 

%*15$&<&9D µ*#(71* %","2=2)., (* *%*3* "#"2#=,3F$& (&. 9&#)'$&. (=# F:=#, C"'&FDµ$#* '$ 

$5#*V9? 6","9(-,&'(&9? (*5 %$,&C?11*#(*. 9"& (=# $#<&"&(-µ?(=#. N& Ward et al. (1999) 

$,µ)#$5'"# "$,*J=(*2,"J3$. 9"& 5%?,6*#($. 6?,($. $#<&"&(-µ?(=# 2&" (- <-µ&*5,23" 

<$&9(:# '5#?A,*&'-. "%D <$<*µ7#" $,$5#:# 2&" 977 $3<- 9"& (-# %","2=2) 6",(:# 

("K&#Dµ-'-. (=# '5#"A,*3'$=# J5(:#, &6AB=# 9"& "'%D#<51=#. N& Rubec et al. (2000) 

<&79,&#"# (7''$,&. F:#$. "JA*#3". 9"(? µ)9*. %$,&C"11*#(&9:# <&"C"Aµ3'$=# 9"& 

$#<&"&(-µ?(=# (A$,µ*9,"'3", "1"(D(-(", C?A*. 9"& 5%D'(,=µ"), D'*# "J*,? '(-# "1&$3" '(*# 

9D1%* Tampa 9"& (* 1&µ?#& Charlotte. E 5%7,A$'- "1&$5(&9:# <$<*µ7#=# "#7<$&K$ (&. '67'$&. 

µ$("KB (=# "1&$5(&9:# <$<*µ7#=# 9"& (=# F=#:# $#<&"&(-µ?(=# 9"A:. 9"& (-# $%*6&9) 

µ$("C*1) (=# (&µ:# "JA*#3". "#?µ$'" '$ <&"J*,$(&9? '5'()µ"(" $9C*1:# %*("µ:#.  

N& Brown et al. (2000) <&79,&#"# (-# %*&D(-(" (=# $#<&"&(-µ?(=# 2&" *9(: $3<- &6AB=# 

9"& "'%D#<51=# '(*5. 9D1%*5. Casco 9"& Sheepscot, '$ µ&" %,*'%?A$&" "%D9,&'-. '(&. 

"5K"#Dµ$#$. <&"6$&,&'(&97. "#?29$., *& *%*3$. %$,&1"µC?#*5# 6?,($. $&<:# 9"& $#<&"&(-µ?(=# 

9"A:. 9"& "#?15'- EFH. N& McConnaughey 9"& Smith (2000) µ$17(-'"# (&. 6=,&97. '67'$&. 

µ$("KB (-. "JA*#3". %1"(BO",=# 9"& $%&J"#$&"9:# &F-µ?(=# '(-# "#"(*1&9) A?1"''" Bering, 

"#"<$&9#B*#(". (* 2$2*#D. D(& *& &<&D(-($. (=# $#<&"&(-µ?(=# $%&<,*B# '(-# 9"("#*µ) (=# 

C$#A&9:# A-,"µ?(=#. ;$39($. C&*1*2&9? '-µ"#(&9:# =9$"#*2,"J&9:# 6","9(-,&'(&9:# 

"#"%(B6A-9"# "%D (*5. Polovina 9"& Howell (2005) µ$ (- 6,)'- <$<*µ7#=# "1(&µ$(,3"., 

'5297#(,='-. 61=,*JB11-. 9"& $%&J"#$&"9). A"1?''&". A$,µ*9,"'3".. 
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N& Pauly et al. (2000) %,*($3#*5# D(& (* 'B'(-µ" ("K&#Dµ-'-. (=# A"1?''&=# 

*&9*'5'(-µ?(=# %*5 "#"%(B6A-9$ "%D (*5. Platt 9"& Sathyendranath (1988,1999), 

$J",µD'(-9$ "%D (*# Longhurst (1998) 9"& %,*'<&*,3F$("& µ7'= J5'&9:# %","µ7(,=#. N& 

Valavanis et al. (2001) $#'=µ?(='"# 9B,&$. "1&$5(&97. %$,&*67. 9$J"1*%D<=#, 9"("#*µ) SST, 

"1"(D(-(". 9"& '5297#(,='-. CHL 2&" #" 6",(*2,"J)'*5# (" $#<&"&()µ"(" (=# 

9$J"1*%D<=# '(-# C*,$&*"#"(*1&9) >$'D2$&*. S. %$,&*,&'(&9*3 %",?µ$(,*& (*5 µ*#(71*5 

6,-'&µ*%*&)A-9"# <$<*µ7#" (*5 9B91*5 F=). 5 $&<:# 9$J"1D%*<=#. 

E >$'D2$&*. $3#"& 2$#&9? µ&" *1&2D(,*J- A?1"''". !",D1- (- '6$(&9? 6"µ-1) µ7'- 

%,=(*2$#) %","2=2&9D(-(", (" "1&$Bµ"(" (=# &6AB=# '(- >$'D2$&* $3#"& "'5#)A&'(" 5O-1? 

9"& $µJ"#3F*5# µ&" "5K-(&9) ) '("A$,) (?'- (" ($1$5("3" 20 7(-, %",? (-# "5K"#Dµ$#- 

"1&$5(&9) A#-'&µD(-(" (Estrada, 1996). E <5#"µ&9) (=# &6A5*%1-A5'µ:# $1726$("& '$ µ$2?1* 

C"AµD "%D (- '(,"(*1D2-'- (<-1"<) (-# "µ&2) "#"%","2=2&9) $%&(563"). >&" &<7" %*5 76$& 

%,D'J"(" "#"9BO$& $3#"& "5() (=# ‘=9$?#&=# (,&?<=#’. >&" '$&,? '529,&(&9:# µ$1$(:# (-. 

91&µ"(*1*23". 9"& 2$=2,"J3". 2#='(:# %$<3=# =*(*93". (Parrish et al., 1983; Cury & Roy, 

1989; Bakun & Parrish, 1990,1991; Bakun, 1998; Durand et al., 1998) %",$36"# (- <5#"(D(-(" 

"#"2#:,&'-. (,&:# 95,3=. (?K$=# J5'&9:# <&$,2"'&:# %*5 '5#<5"FDµ$#$. <-µ&*5,2*B# 

$5#*V9? "#"%","2=2&9? $#<&"&()µ"(" 2&" %*11? $3<- &6AB=#: 

• ;&"<&9"'3$. $µ%1*5(&'µ*B ("#"C1B'$&., "#"µ3K$&.) 

• ;&"<&9"'3$. '5297#(,='-. ('B291&'-, '6-µ"(&'µD. µ$(:%*5, '("A$,D(-(" (-. 

'()1-. (*5 #$,*B) 

• ;&"<&9"'3$. %*5 $5#**B# (- <&"(),-'- '$ () µ$("93#-'- %,*.) 9"(?11-1" 

$#<&"&()µ"(".  

N& Agostini 9"& Bakun (2002) 6,-'&µ*%*3-'"# µ$($=,*1*2&97. "#"J*,7. 9"& <*,5J*,&97. 

$&9D#$. 9"("#*µ). (-. '5297#(,='-. 61=,*JB11-. '(- >$'D2$&*, 2&" (-# "#"2#:,&'- 

%,*(B%=# $µ%1*5(&'µ*B µ$ A,$%(&9?, '5297#(,='-. (,*J). %,*#5µJ:# 9"& (*%&9). 

<&"(),-'-. "52:# 9"& %,*#5µJ:#. +"(?11-1$. '5#A)9$. %","(-,)A-9"# '(* 8&2"3*, (*# 

9D1%* (=# M$D#(=#, (" %",?1&" (-. +"("1"#3"., (- A?1"''" Alboran, (" '($#? (-. 4&9$13". 

9"& '(-# 8<,&"(&9). 

 
 
 

1.3 782*9.)21 34(,+%&",0)45+ *,",4.1")2.)45+ 4,) µ(&/$3+ ;($,&)45+ 
 
 

E $&'"2=2) (-. 7##*&". (*5 *&9*'5'()µ"(*. '(- <&"6$3,&'- (-. "1&$3". µ$2?1=# 

%$1"2&9:# &6AB=#, *<)2-'$ '(-# "#?29- 9"("#D-'-. (=# "11-1$%&<,?'$=# µ$("KB (=# 

*,2"#&'µ:# 9"& (*5 %$,&C?11*#(D. (*5.. E µ*#($1*%*3-'- (*5 *&9*'5'()µ"(*. "%"&($3 

<$<*µ7#" 2&" <5* '(*&6$3" (*5, %*5 "11-1$%&<,*B#: (* J5'&9D %$,&C?11*# 9"& - C&*9*&#=#3". 

E "#"2#:,&'- '-µ"#(&9:# '67'$=# µ$("KB $&<:# &6AB=# 9"& %$,&C"11*#(&9:# '5#A-9:#, 

"%*($1*B# (* ",6&9D C)µ" %,*. (-# $#'=µ?(='- %$,&C"11*#(&9). %1-,*J*,3". '$ µ*#(71" 

"%*(3µ-'-. "%*A$µ"(=# 9"& (-# 9"("#D-'- (*5 %,*C1)µ"(*. (=# %","1&$5µ?(=# (Brill & 

Lutcavage, 2001).    
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N& µ$17($. %*5 76*5# %,"2µ"(*%*&-A$3 µ76,& ')µ$," 2&" (" µ$2?1" %$1"2&9?, 

6,-'&µ*%*&*B# µ&" %*&9&13" <$<*µ7#=# %*5 "J*,*B# '(* $3<*. %*5 µ$1$(?("& 9"& '(*5. 

%",?2*#($. %*5 %&A"#D# #" $%-,$?F*5# (- '5µ%$,&J*,? (*5. 81&$5(&9? <$<*µ7#" 

$9J*,(:'$=#, 9"("#*µ7. (-. "JA*#3"., "9*5'(&9? <$<*µ7#" "11? 9"& <$<*µ7#" %*µ%:# 

%",76*5# (-# "%","3(-(- %1-,*J*,3" 2&" (-# 9"("#*µ) 9"& (&. 9&#)'$&. (=# *,2"#&'µ:# '(* 

6:,* 9"& '(* 6,D#*. 0&*(&9? 9"& "C&*(&9? '(*&6$3" (*5 A"1?''&*5 %$,&C?11*#(*. µ%*,*B# #" 

"%*($17'*5# %","µ7(,*5. %,DC1$O-. (-. 9"("#*µ). (-. "JA*#3". 9"& (=# µ$("#"'($B'$=# 

(=# µ$2?1=# %$1"2&9:#. 

N& '67'$&. µ$("KB (*5 J5'&9*B %$,&C?11*#(*. 9"& (=# "#:($,=# (,*J&9:# $%&%7<=# 

"%*<$&9#B$("& <B'9*1-, 95,3=. $K"&(3". (-. 711$&O-. (-. "%","3(-(-. C&*1*2&9). %1-,*J*,3". 

(Seki et al, 2002). 

!*117. µ$17($. %,*($3#*5# µ&" '67'- µ$("KB (=# µ$2?1=# %$1"2&9:# 9"& (=# 

6","9(-,&'(&9:# (=# =9$?#&=# µ$(:%=# (Podesta et al., 1993; Bigelow et al., 1999; Seki et al, 

2002). E (?'- (=# µ$2?1=# %$1"2&9:# #" 9"("#7µ*#("& 9*#(? '$ A$,µ&9? 95,3=. µ7(=%" 

A$=,$3("& $3($ D(& *J$31$("& '(-# '5#?A,*&'- A-,"µ?(=# '(&. <*µ7. "5(7., $3($ D(& "%*($1*B# 

µ$("#"'($5(&9? µ*#*%?(&", $K"&(3". (*5 $#$,2$&"9*B 97,<*5. (-. 93#-'-. 9"(? µ)9*. (=# 

,$5µ?(=# (Olson et al., 1994).  

N& Bigelow et al. (1999) %,*($3#*5# (- 6,)'- (=# I$#&9$5µ7#=# !,*'A$(&9:# >*#(71=# 

2&" (-# µ$17(- (=# '67'$=# µ$("KB "1&$5µ?(=# K&J3" 9"& %$,&C"11*#(&9:# %","µ7(,=#. 8%D 

(&. µ$("C1-(7. %*5 $K$(?'(-9"#, '("(&'(&9? '-µ"#(&97. "%*<$36A-9"# "5(7. %*5 '6$(3F*#("# 

µ$ (" 6","9(-,&'(&9? A$,µ&9:# µ$(:%=#, - $%&J"#$&"9) A"1?''&" A$,µ*9,"'3", - C"A5µ$(,3" 

9"& *& 2$=2,"J&97. '5#($("2µ7#$.. 

N& Bertrand et al. (2003) 6,-'&µ*%*3-'"# "9*5'(&9? 9"& "1&$5(&9? <$<*µ7#" 2&" <&?J*," 

$3<- (D#*5, 2&" #" <&$,$5#)'*5# (&. '67'$&. (*5. µ$ "C&*(&9*B. (C?A*., <&"15µ7#* *K52D#*, 

A$,µ*9,"'3") 9"& C&*(&9*B. (9"("#*µ) A-,"µ?(=#) %",?2*#($.. /" "%*($17'µ"(? (*5. 7<$&K"# 

D(& - 9"("#*µ) (=# A-,"µ?(=# $3#"& %,=(",6&9D. %",?2*#("., %*5 9"A*,3F$& (- '5µ%$,&J*,? 

(=# (D#=#, 9"A:. 9"& D(& - 913µ"9" (=# "1&$5(&9:# <$<*µ7#=# $%&<,? '(-# %,*"#"J$,A$3'" 

'67'-, "J*B $%-,$?F$& (-# "1&$5'&µD(-(" (*5 (D#*5. 89*5'(&9? <$<*µ7#" 6,-'&µ*%*&)A-9"# 

9"& "%D (*5. Dagorn 9"& Bach (2000) 2&" (-# µ$17(- (=# %,*(B%=# (=# 9&#)'$=# (*5 Thunnus 

obesus. 

N& Block et al. (2001) '5#<B"'"# <$<*µ7#" %*µ%:# '(*# (D#* (*5 8(1"#(&9*B, µ$ 

<*,5J*,&97. $&9D#$. $%&J"#$&"9). A"1?''&". A$,µ*9,"'3". 9"& '5297#(,='-. 61=,*JB11-. 

2&" #" <&$,$5#)'*5# %&A"#7. '67'$&. µ$("KB (=#  9&#)'$=# (*5 (D#*5 9"& =9$"#*2,"J&9:# 

6","9(-,&'(&9:#. 8#7<$&K"# &<&"3($,$. '67'$&. µ$("KB (-. $%&J"#$&"9). A"1?''&". 

A$,µ*9,"'3". 9"& (-. <&"<&9"'3". "#"%","2=2).. ;&"95µ?#'$&. (=# <$&9(:# "JA*#3". (*5 

(D#*5 '(- 0,"F&13" %,*-2*B#("& (=# "#=µ"1&:# SST 9"(? 7#" µ)#", "11? (" "3(&" "5(). (-. 

'67'-. %","µ7#*5# ?2#='(" (Andrade & Garcia, 1999)  

L#" µ*#(71* C$1(3='-. (=# $9(&µ)'$=# "JA*#3". (*5 (D#*5 Thunnus obesus %,*(?A-9$ 

"%D (*5. Bigelow et al. (2002).  /* µ*#(71* %",76$& $9(&µ)'$&. (-. %","2=2). "#? µ*#?<" 

"1&$5(&9). %,*'%?A$&". $#'=µ"(:#*#(". %1-,*J*,3$. %?#= '(* C?A*. (=# %","2"<&:# 9"& 

(* C?A*. (=# $#<&"&(-µ?(=# %*5 %,*(&µ? (* $3<*.. E 9"("#*µ) 9"& '5µ%$,&J*,? (*5 (D#*5 
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Thunnus albacares 9"A*,3F$("& "%D (* C?A*. (-. $BJ=(-. F:#-. 9"& (- A$,µ*9,"'3" (Block et 

al., 1997). N& Nishida 9"& Chen (2004) C$1(3='"# (" µ*#(71" <$&9(:# "JA*#3". (*5 Thunnus 

albacares $#'=µ"(:#*#(". '$ "5(? µ*#(71" $#<&"&(-µ?(=#, '(" *%*3" 6,-'&µ*%*3-'"# 

%","µ7(,*5. SST 9"& C?A*5. (*5 A$,µ*91&#*B..  

W'*# "J*,? '(*# (D#* (-. >$'*2$3*5, - µ$17(- (=# Lemos 9"& Gomes (2004) "#7<$&K$ 

'(-# $%3<,"'- %$,&C"11*#(&9:# %","2D#(=# '(* µ72$A*. (=# "1&$5µ?(=# '$ %",?9(&$. 

%"23<$.. E %",*5'3" "#"C1B'$=# µ"9,&? "%D (-# "9() "%*(,7%$& (-# %,*'722&'- (-. "9()., 

$#: 9"& - 7#(*#- "#?µ&K- (=# 5<?(=# '6$(3F$("& ",#-(&9? µ$ (* %*'D (=# "1&$5µ?(=#. 

  
 

1.4 74%;#' .1' ;,"%<2,' =),."):>' 

 

H "#"2#:,&'-, 6",(*2,?J-'- 9"& %$,&2,"J) =9$"#*2,"J&9:# 6","9(-,&'(&9:#, %*5 

'5µC?11*5# '(-# "BK-'- (-. %,=(*2$#*B. %","2=2&9D(-(". 9"& "%*($1*B# '5#$%:. (D%*5. 

'5#?A,*&'-. %$1"2&9:# &6AB=# '(-# 8#"(*1&9) >$'D2$&* 9"& - "#?%(5K- "#(3'(*&6=# GIS 

µ$AD<=# "%*(71$'"# (*# '(D6* (-. %",*B'". µ$17(-.. 

G%&%17*# '(D6*. $3#"& - <&$,$B#-'- (=# 6=,*6,*#&9:# '67'$=# (-. 9"("#*µ). (-. 

"JA*#3". (=# µ$2?1=# %$1"2&9:# &6AB=# µ$ %$,&C"11*#(&97. %","µ7(,*5. 9"& 

=9$"#*2,"J&97. <&$,2"'3$.. /7(*&$. '5'6$(3'$&. µ%*,*B# #" $µ%1*5(3'*5# (-# 5%?,6*5'" 

%1-,*J*,3" 2&" (- '5µ%$,&J*,? 9"& (&. µ$("#"'($B'$&. (=# <5* $&<:#, "11? 9"& #" 

'5µC?11*5# '$ %,*'%?A$&$. C$1(3='-. (=# µ$AD<=# $9(3µ-'-. <$&9(:# "JA*#3"., 

1"µC?#*#(". 5%’ DO- %$,&C"11*#(&97. %","µ7(,*5..    

/" C)µ"(" %*5 "9*1*5A)A-9"# %$,&1"µC?#*5#: 

 /-# <-µ&*5,23" 6,*#*'$&,:# 6",(:# 9"& "#(3'(*&6=# C?'$=# <$<*µ7#=# 9"("#*µ). 

(-. "JA*#3". (D#*5 9"& K&J3", 9"("#*µ). $%&J"#$&"9). A"1?''&". A$,µ*9,"'3". 9"& 

9"("#*µ). $%&J"#$&"9). '5297#(,='-. 61=,*JB11-. a. 

 /-# "#?%(5K- GIS µ$AD<=# "#"2#:,&'-. =9$"#*2,"J&9:# <*µ:# %*5 '5µC?1*5# 

'(-# "BK-'- (-. %,=(*2$#*B. %","2=2&9D(-("., (-# %","2=2) (=# "#(&'(*36=# 

6",(:# 9"A:. 9"& µ&". GIS C?'-. <$<*µ7#=# %*5 A" %$,&1"µC?#$& (" %$,&C"11*#(&9? 

6","9(-,&'(&9? (=# 6",(*2,"J-µ7#=# <*µ:#. 

 /-# <-µ&*5,23" µ&". C?'-. <$<*µ7#=# %*5 "#(&'(*&6$3 (&µ7. %$,&C"11*#(&9:# 9"& 

6=,*6,*#&9:# %","µ7(,=# '$ (&µ7. <$39(- "JA*#3". (=# 5%D µ$17(- $&<:#. 
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2.Q1&9? 9"& >7A*<*&Q1&9? 9"& >7A*<*& 
 

 
 
2.1 !(")%*> ?($9.1'. 
 

E %$,&*6) µ$17(-. (*%*A$($3("& '(- 8#"(*1&9) >$'D2$&* H?1"''" 9"& %$,&1"µC?#$& 

(&. G11-#&97. H?1"''$. (34°N, 19°E 9"& 42°N, 30°E), %*5 "%*($1*B#("& "%D (7''$," 5<?(&#" 

':µ"(", (" @D#&* 9"& 8&2"3* !$1?2- 9"& (" CD,$&" (µ)µ"(" (=# M&C59*B !$1?2*5. 9"& (-. 

M$C"#(3#-. (G&9D#" 2.). E (*%*2,"J3" (-. %$,&*6). 6","9(-,3F$("& "%D "9,"3$. µ$("C*17. (-. 

C"A5µ$(,3"., $9($("µ7#$. ,-67. -%$&,=(&97. 5J"1*9,-%3<$. (0D,$&* 8&2"3* 9"& %1"(D (plateau) 

(=# +591?<=#) %*5 <&"9D%(*#("& "%D C"A&7. (?J,*5. ((?J,*. (*5 0*,$3*5 8&2"3*5 9"& 

1$9?#$. (-. P3*5 9"& (-. +,)(-.).  

 
 

6)4#+, 2 E %$,&*6) µ$17(-. (*%*A$($3("& '(-# 8#"(*1&9) >$'D2$&* 9"& %$,&1"µC?#$& (* 8&2"3* !71"2*., (* 
CD,$&* (µ)µ" (*5 M5C&9*B 9"& (* C*,$&*<5(&9D (µ)µ" (-. M$C"#(3#-..   

 
 
/* 8&2"3* !71"2*. %",*5'&?F$& 9?%*&" µ*#"<&9? (*%*2,"J&9? 9"& C"A5µ$(,&9? 

6","9(-,&'(&9?. E "9(*2,"µµ) (*5 %",*5'&?F$& µ$2?1- %*&9&1*µ*,J3", $#: %$,&''D($," "%D 

2000 #-'&? $3#"& <&"'9*,%&'µ7#" '$ D1- (- %$,&*6). N& (,$&. 9B,&$. 1$9?#$. (*5 8&2"3*5 

$3#"&: 

(i) - (?J,*. (*5 0*,$3*5 8&2"3*5, µ$ µ72&'(* C?A*. '(" 15000m, 

(ii) - 1$9?#- (-. P3*5, %*5 (*%*A$($3("& '(* 9$#(,&9D 8&2"3* 9"& $µJ"#3F$& µ72&'(* 

C?A*. '(" 1000m, 9"& 
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(iii) (* +,-(&9D !71"2*., '(* #D(&* (µ)µ" (*5 8&2"3*5, µ$ C?A*. 2500m. 

W1$. *& 1$9?#$. $%&9*&#=#*B# µ$ &'*C"A$3. (=# 400m. 85(? (" %*1B%1*9" 

6","9(-,&'(&9? '$ '5#<5"'µD µ$ (-# %*&9&1D(-(" (=# µ$($=,*1*2&9:# '5#A-9:#, %*5 

$%&9,"(*B# '(-# %$,&*6), 76*5# =. "%*(71$'µ" µ&" %1-A:," =9$"#*2,"J&9:# <&$,2"'&:# 

%*5 9"A*,3F*5# (-# 2$#&9) 9591*J*,3" '(-# %$,&*6). N& 5<?(&#$. µ?F$. %*5 9"("1"µC?#*5# 

(" $%&J"#$&"9? '(,:µ"(" (*5 8&2"3*5, %,*7,6*#("& "%D (- 1$9?#- (-. M$C"#(3#-. 9"& 

6","9(-,3F*#("& "%D µ$2?1$. (&µ7. A$,µ*9,"'3". 9"& "1"(D(-(".. >&" $9($("µ7#- 

=9$"#*2,"J&9) µ$17(- %*5 %,"2µ"(*%*&)A-9$ "%D (* G11-#&9D GA#&9D +7#(,* H"1"''3=# 

$,$5#:# (" 7(- 1986-87 "%*9?15O$ D(& - $%&J"#$&"9) A$,µ*9,"'3" 95µ"3#$("& µ$("KB 20-

26*C (*5. A$,&#*B. µ)#$. 9"& 11-16*C (* 6$&µ:#" (Anonymous, 2000). /* 8&2"3* $%&9*&#=#$3 

µ$ (* @D#&* !71"2*. µ7'= (=# (,&:# '($#:# (=# +5A),=# 9"& µ$ (-# M$C"#(3#- µ7'= (=# 

"#"(*1&9:# '($#:# (*5 +,-(&9*B (DK*5.      

E 1$9?#- (-. M$C"#(3#-. (*%*A$($3("& '(* #*(&*"#"(*1&9D (µ)µ" (-. >$'*2$3*5 9"& 

'5#<7$("& µ$ (* @D#&* !71"2*. µ7'= (*5 +,-(&9*B !$,?'µ"(*. 9"& µ$ (* 8&2"3* µ7'= (=# 

"#"(*1&9:# '($#:# (*5 +,-(&9*B (DK*5. E 2$=µ$(,3" 9"& - (*%*2,"J3" (-. 1$9?#-. 

%$,&1"µC?#$& µ&" %*1B%1*9- 9"("#*µ) A"1?''&=# *,7=#, 1$9"#:# 9"& µ&" "%D9,-µ#- 

5J"1*9,-%3<" 9"(? µ)9*. (*5 µ$2"1B($,*5 %*'*'(*B (-. "9(*2,"µµ). (-.. E Mid-

Mediterranean Ridge (MMR) $9($3#$("& "%D (* µ7'* (*5 +,-(&9*B !$,?'µ"(*. µ$ 

C*,$&*<5(&9) 9"($BA5#'- 2&" 350km '$ C?A*. 2500m <&"&,:#(". (- 1$9?#- (-. M$C"#(3#-. 

'$ 7#" CD,$&* 9"& 7#" #D(&* (µ)µ". 4(- CD,$&" M$C"#(3#- (" %&* '-µ"#(&9? (*%*2,"J&9? 

6","9(-,&'(&9? %$,&1"µC?#*5# (-# 1$9?#- (-. UD<*5, µ$ µ72&'(* C?A*. '(" 4400m, (-# 

1$9?#- (-. 8((?1$&"., (-# 1$9?#- (-. +&1&93"., CD,$&" (-. +B%,*5 9"& (* A"1?''&* D,*. (*5 

8#"K?µ"#<,*5, #*(&*<5(&9? (-. 1$9?#-. (-. 8((?1$&".. E 2$#&9) 9591*J*,3" 6","9(-,3F$("& 

"%D 9591:#$. 9" "#(&9591:#$. "11-1*'5#<$Dµ$#*5. µ7'= $%&J"#$&"9:# ,$5µ?(=# (G&9D#" 3).   

 

  
6)4#+, 3 G%&J"#$&"9) 9591*J*,3" '(-# M$C"#(3#- (Theocharis et al., 1999). 
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2.2 -,".%&"/0121 4,.,+%µ>' .3+ ,$)(8.)45+ =(=%µ9+3+ ,0@%+A,'. 
 

 

/" "1&$5(&9? <$<*µ7#" %*5 6,-'&µ*%*&)A-9"# '(-# %",*B'" µ$17(- "%*9()A-9"# "%D 

"#"J*,7. $9J*,(:'$=# '(" 1&µ?#&" %*5 "%*($1*B# C?'$&. (=# µ$2"1B($,=# "1&$5(&9:# 

'(D1=# (=# µ$2?1=# %$1"2&9:# &6AB=#, 2&" (-# %$,3*<* 1998-2003. /" <$<*µ7#" 

%$,&1"µC?#*5# (-# "1&$5(&9) %","2=2) 9"& (&. 6=,*6,*#&97. %","µ7(,*5. %*5 (-# 

6","9(-,3F*5# (!3#"9". 1).  

 
!A+,4,' 1. /µ)µ" (=# "1&$5(&9:# <$<*µ7#=#, D%*5 "#"J7,*#("& (* 7(*. (year), * µ)#". (month), *& 
-µ$,*µ-#3$. 7#",K-. 9"& 1)K-. (*5 ("K&<&*B (date1 9"& date2 "#(3'(*&6"), *& -µ7,$. "1&$3". (Fdays), - %$,&*6) 
D%*5 (*%*A$(*B#("& (" "1&$Bµ"(" (Area) 9"& (" %*'? (-. "1&$5(&9). %","2=2). '$ kg 2&" (*# K&J3" (SWO) 9"& 
(*# (D#* (BFT). 

Year Date1 Date2 Month Fdays Area SWO BFT 

1998 20/8/1998 26/8/1998 8 5 Astypalaia 100  

2003 27/2/2003 7/4/2003 3 7 C. Aegean 195  

1999 5/2/1999 7/2/1999 2 1 Dodecaneese 100  

2003 10/5/2003 12/5/2003 5 2 Kissamos 200  

1998 22/7/1998 25/7/1998 7 2 Rodos-kastelorrizo 120 105 

1998 22/4/1998 30/4/1998 4 6 S.Crete 400 120 

 
 

E 6,*#&9) "#?15'- (=# <$<*µ7#=# 95µ"3#$("& "%D µ&" -µ7," 7=. 7#" µ)#", $#: (* 

µ72$A*. (=# "1&$5(&9:# %$<3=#, '$ <&?µ$(,*, %*&931$& "%D 0.003km 7=. 3,351km. GK"&(3". (=# 

µ$2?1=# <&"J*,:# '(- 6,*#&9) 9"& 6=,&9) "#?15'- (=# <$<*µ7#=#, *& %*1B µ$2?1$. 

%$,&*67., µ$ <&?µ$(,* µ$2"1B($,- (=# 2km, <$# %$,&1"µC?#*#("& '(&. "#"1B'$&. %*5 

%,"2µ"(*%*&)A-9"#, $#: (" <$<*µ7#" <&"6=,3'(-9"# '$ <5* 5%*'B#*1", '$ $C<*µ"<&"3" 9"& 

µ-#&"3" C?'-. E µ-#&"3" C?'- <$<*µ7#=# %$,&1"µC?#$& 343 9"("6=,3'$&., $#: - ‘$C<*µ"<&"3"’ 

C?'- <$<*µ7#=# "%*($1$3("& "%D 164 9"("6=,3'$&.. 8%D (" <$<*µ7#" "1&$5(&9). %","2=2). 

5%*1*23'(-9$ $%&%17*# - "1&$5(&9) %","2=2) "#? -µ7,", µ&" %*'D(-(" %*5 6,-'&µ*%*&)A-9$ 

=. <$39(-. "JA*#3"..   

/" "1&$5(&9? <$<*µ7#" µ$2?1=# %$1"2&9:# &6AB=#, '(-# 8#"(*1&9) >$'D2$&* 

"%*A-9$B(-9"# '$ µ&" GIS C?'- <$<*µ7#=# 9"& %",?6A-9"# 6?,($. (-. 9"("#*µ). (=# <5* 

$&<:# µ$ (- 6,)'- (=# 5%*µ*#?<=# "%$&9D#&'-. (*5 %,*2,?µµ"(*. ESRI Arc Info.  

 

 

2.3 B+,&+5")21 34(,+%&",0)45+ =)("&,2)5+ 4,) 282*9.)21 µ( .1+ 4,.,+%µ> 

.3+ ,$)(8.)45+ =(=%µ9+3+ ,0@%+A,' .3+ µ(&/$3+ ;($,&)45+. 

 

 

P,-'&µ*%*&)A-9"# 6?,($. 9"("#*µ). $%&J"#$&"9). A"1?''&". A$,µ*9,"'3". (SST) 9"& 

$%&J"#$&"9). '5297#(,='-. 61=,*JB11-. " (CHL) 9"& %,"2µ"(*%*&)A-9$ 5%7,A$'- (=# 

6",(:# 9"("#*µ). (=# "1&$5(&9:# <$<*µ7#=#, 2&" (-# "#"2#:,&'- %,*(B%=# %*5 $5#**B# 

(-# "BK-'- (-. "JA*#3".. 
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E 6,*#*'$&,? µ-#&"3=# AVHRR SST $&9D#=# $1)JA- "%D (* ",6$3* <*,5J*,&9:# 

<$<*µ7#=# (*5    Deutschen Zentrum fur Luft- und Raumfahrt (DLR-German Aerospace 

Agency) µ$ (- 6,)'- DLR’s Graphical Interface (*5 Intelligent Satellite Data Information 

System (GISIS). N& <*,5J*,&97. $&9D#$. $%&J"#$&"9). A"1?''&". 61=,*JB11-. (CHL) 

"%*9()A-9"# "%D (*#  Sea-viewing Wide Field-of-view Sensor (SeaWiFS), µ7'= (*5 National 

Aeronautics and Space Administration, Goddard Earth Sciences, Distributed Active Archive 

Center (NASA-GES-DAAC) µ$ (- 6,)'- DAAC’s online data dissemination Interactive 

hierarchical system. +"& *& <5* '$&,7. <$<*µ7#=# "%79(-'"# 2$=2,"J&9) "#"J*,? 9"& 

µ$("(,?%-9"# '$ 9"#*#&9? grids µ$ (- 6,)'- (*5 Environmental Systems Research Institute 

(ESRI) ARC/INFO GRID GIS. /" µ-#&"3" <$<*µ7#" SST 9"& CHL, %*5 5%*C1)A-9"# '$ "5() 

(-# <&"<&9"'3" 9"1B%(*5# (&. G11-#&97. H?1"''$. 9"& 9"1B%(*5# (-# 6,*#&9) %$,3*<* 

01/1998 7=. 12/2003 9"& 6","9(-,3F*#("& "%D 6=,&9) "#?15'- 1.3 km 9"& 1.1 km 

"#(&'(*36=.. 

 S9$"#*2,"J&97. <&$,2"'3$. µ$2?1-. 913µ"9"., D%=. '(,DC&1*&, ,$Bµ"(", "#"C1B'$&. 

9"& '52913'$&. ,$5µ?(=#, "J)#*5# 7#(*#* '(32µ" '$ <*,5J*,&97. $&9D#$. SST 9"& CHL. N& 

$&9D#$. "5(7. %",76*5# $%3'-. %1-,*J*,3$. 2&" (&. µ$("(*%3'$&. 9"& (-# 79("'- (=# µD#&µ=# 

<*µ:#, (&. <&"95µ?#'$&. (-. &'6B*. (*5. 9"& (-# $µJ?#&'- %",*<&9:# =9$"#*2,"J&9:# 

6","9(-,&'(&9:#.   

 

 

2.4 -,".%&"/0121 !(")%*5+ CD1$>' !,",&3&)4#.1.,'.  

              Marine Productivity Hotspots-MPH 

 

 

>&" 6,*#*'$&,? µ-#&"3=# 9"& $C<*µ"<&"3=# $&9D#=# 9"("#*µ). SST 9"& '5297#(,='-. 

Chl a 6,-'&µ*%*&)A-9"# 2&" (-# 6",(*2,?J-'- (=# MPH. /* GIS µ*#(71* %*5 "#"%(B6A-9$ 

C"'3'(-9$ '(* 'B'(-µ" (ESRI) ArcInfo GIS.  

E ",6&($9(*#&9) (*5 µ*#(71*5 %$,&2,?J$("& '(-# G&9D#" 4. (* µ*#(71* %$,&1"µC?#$& 

,*5(3#$. $%$K$,2"'3". 9"& 2$="#"J*,?. (Valavanis et al., 1998) 9"& "%*($1$3("& "%D (7''$,&. 

5%*µ*#?<$.: 

a) - ‘5%*µ*#?<" 91&µ"(*1*23".’, %*5 %$,&1"µC?#$& ,*5(3#$. %","2=2). µ7'*5 D,*5, µ$ 

(-# 21:''" AML, 2&" (-# "#?%(5K- 91&µ"(*1*23". SST 9"& CHL a 

b) - ‘5%*µ*#?<" "#=µ"1&:#’, %*5 "%*($1$3("& "%D ,*5(3#$. 5%*1*2&'µ*B (=# µ-#&"3=# ) 

$C<*µ"<&"3=# "#=µ"1&:# 2&" (-# SST 9"& (-# CHL a ("J"3,$'- (=# µ-#&"3=# 

<$<*µ7#=# "%D (-# "#(3'(*&6- 91&µ"(*1*23") 

c) - ‘5%*µ*#?<" $#*%*3-'-.’, %*5 %$,&1"µC?#$& µ$AD<*5. 6=,&9). $#'=µ?(='-. 2&" (-# 

%","2=2) %$,&*6:# %*5 '5#<5?F*5# "#=µ"13$. SST 9"& CHL a, 9"& 

d) - ‘5%*µ*#?<" $%&1*2).’, '(-# *%*3" $%&172*#("& %,D(5%" 6"µ-1). SST/ 5O-1). Chl. 

N& %$,&*67. %*5 6","9(-,3F*#("& "%D "5(D (* %,D(5%* *#*µ?F*#("& MPH.    
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6)4#+, 4 E ",6&($9(*#&9) (*5 µ*#(71*5 6=,*6,*#&9). 6",(*2,?J-'-. %$,&*6:# 5O-1). %","2=2&9D(-(".. /* 
µ*#(71* "%*($1$3("& "%D (7''$,&. 5%*µ*#?<$. 9"& '5#<7$("& µ$ µ&" GIS C?'- <$<*µ7#=#, D%*5 "%*A-9$B*#("& 
6,*#*'$&,7. <*,5J*,&9:# <$<*µ7#=# (Valavanis et al., 2004)  

  
 
2.5 -,".%&"/0121 @("µ)45+ µ(.5;3+. 

  

 

I&" (-# "#"2#:,&'- (=# A$,µ&9:# µ$(:%=# 6,-'&µ*%*&)A-9"# <*,5J*,&97. $&9D#$. 

(-. $%&J"#$&"9). A"1?''&". A$,µ*9,"'3". (SST).  

E "#"2#:,&'- 9"& 6",(*2,?J-'- A$,µ&9:# µ$(:%=# µ7'-. 913µ"9". C"'3'(-9$ '(* 

ESRI’s ARC/INFO GRID GIS 9"& *& ,*5(3#$. "#?15'-. (=# <$<*µ7#=# "#"%(B6A-9"# µ$ (-# 

Arc Macro Language (ESRI, 1994). N 9?#"C*. (grid) AVHRR SST A$=,$3("& =. 7#" %172µ" 

(lattice) (&µ:# ‘"#BO='-.’, $#: *& %$,&*67. (=# µ$(:%=# A$=,*B#("& =. ‘C5A3'µ"("’ (=# (&µ:# 

SST (A$,µ&97. "'5#76$&$.). N& %$,&*67. %*5 6","9(-,3F*#("& =. ‘C5A3'µ"("’ "%*($1*B# 

'B#*1" 6=,&9? '5#<$<$µ7#=# 9$1&:# (=# *%*3=# - 9"($BA5#'- ,*). 7K= "%D 9?A$ 9$13 <$# 

µ%*,$3 #" 9"A*,&'($3. /" 9$1&? "5(? %$,&2,?J*5# %$,&*67. $($,*2$#*B. %(:'-. '(-# 

9"("#*µ) (-. SST '$ 'B29,&'- µ$ (-# %&* *µ*&*2$#) 9"("#*µ) (-. '(&. %","9$3µ$#$. 

%$,&*67. (G&9D#" 5A).  

N 5%*1*2&'µD. (-. 9"($BA5#'-. ,*). C"'3F$("& '$ 7#"# "12D,&Aµ* 3x3 %","AB,*5, 

%*5 "%*#7µ$& '529$9,&µ7#$. (&µ7. 9"($BA5#'-. ,*). 7K= "%D (* 9$13, 2&" 9?A$ 9$13 µ$ C?'- 

(&. (&µ7. SST (=# *9(: 2$&(*#&9:# (*5 9$1&:#. /" ‘C5A3'µ"("’ <$# 76*5# 9"A*,&'µ7#- 

9"($BA5#'- ,*). 9"& (*5. "%*<3<$("& µ&" (&µ) %*5 $3#"& (* ?A,*&'µ" (=# %&A"#:# 

9"($5AB#'$=# ,*). (*5.. I&" %",?<$&2µ" $?# - %&* "%D(*µ- %(:'- 9"& '5#$%:. 9"($BA5#'- 

,*)., $3#"& - 3<&" <$K&? (1) 9"& ",&'($,? (16), - (&µ) 17 A" "%*#$µ-A$3 =. 9"($BA5#'- ,*). 

"5(*B (*5 9$1&*B (G&9D#" 50). 45#$%:. (" ‘C5A3'µ"("’ "%*9(*B# (&µ7. <&"J*,$(&97. "%D (&. 

*9(: 7295,$. (&µ7. 9"($BA5#'-. ,*). (*5 grid (G&9D#" 5C). 4(- '5#76$&" (" 9$1&? µ$ 

"9"AD,&'(- 9"($BA5#'- ,*). $%&172*#("& "%D (* grid 9"($BA5#'-. ,*). 9"& µ$("(,7%*#("& '$ 
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2,"µµ7. µ7'= %,*2,"µµ?(=# '6-µ"(&'µ*B <&"#5'µ?(=#, $K"1$3J*#(". C5A3'µ"(" µ*#"<&"3=# 

9$1&:# 9"& µ$("(,7%*#(". '$ <&"#B'µ"(" µD#* 6=,&9? '5#<$Dµ$#" 9$1&?.  

 

 

 
 

6)4#+, 5. I,"J&9) %$,&2,"J) (-. %,*($&#Dµ$#-. µ$AD<*5 2&" (-# 6",(*2,?J-'- (=# =9$?#&=# A$,µ&9:# 
µ$(:%=#. (8) µ&" 9?A$(- DO- (=# A$,µ&9:# µ$(:%=# '$ 7#" lattice AVHRR SST <$<*µ7#=#. /" A$,µ&9? µ7(=%" 
A$=,*B#("& =. ‘C5A3'µ"("’ (=# <$<*µ7#=# '$ µ&" *µ*&*2$#) 9"("#*µ) (=# SST <$<*µ7#=#. (0) (" ‘C5A3'µ"("’ 
"#"2#=,3F*#("& µ7'= (*5 5%*1*2&'µ*B (-. 9"($BA5#'-. ,*). 7K= "%D 9?A$ 9$13 '(" SST grids 9"& (*5. 
"%*<3<*#("& (&µ7. <&"J*,$(&97. "%D (&. *9(: 7295,$. (&µ7. (*5 grid 9"($BA5#'-. ,*).. (C) A$,µ&97. "'5#76$&$. 
%*5 6",(*2,"J)A-9"# µ$ (-# %,*($&#Dµ$#- µ7A*<*. 

 

 

N 5%*1*2&'µD. (-. <&"J*,?. SST (DSST) µ$("KB '5#<$<$µ7#=# 9$1&:# %*5 

"%*($1*B# (" ‘C5A3'µ"("’ 9"& (-. %$,&C?11*5'". %$,&*6). %,"2µ"(*%*&)A-9$ µ$ (-# "J"3,$'- 

(=# (&µ:# SST 9$1&:# %*5 6","9(-,3F*#("& =. ‘C5A3'µ"("’ "%D (&. (&µ7. (=# 2$&(*#&9:# µ$ (" 

‘C5A3'µ"("’ 9$1&:#. 8#(&'(*36=. *& 6",(*2,"J-µ7#$. %$,&*67. ‘C5A&'µ?(=#’, D%=. %,*795O"# 

"%D (* grid SST 6,-'&µ*%*&)A-9"# '$ grid CHL 2&" (*# 5%*1*2&'µD (-. <&"J*,?. CHL 

(DCHL) µ$("KB (=# ‘C5A&'µ?(=#’ 9"& (=# 2$&(*#&9:# '$ "5(? %$,&*6:#. 

 P",(*2,"J-µ7#" ‘C5A3'µ"("’ %*5 6","9(-,3F*#("& "%D *%*&*<)%*($ '5#<5"'µD DSST 

9"& DCHL $9(D. (*5 DSST < 0 9"& DCHL > 0 A$=,*B#("& =. %$,&*67. 9,B*5 #$,*B 9"& 

$K"1$3J*#("&. /71*. µD#* $9$3#$. *& %$,&*67. 6",(*2,"J-µ7#=# ‘C5A&'µ?(=#’ %*5 

6","9(-,3F*#("& "%D ("5(D6,*#" DSST < 0 9"& DCHL > 0 %,D(5%" "#"2#=,3F*#("& =. 

A$,µ&9? µ7(=%" µ7'-. 913µ"9"..   

E #7" "5() µ7A*<*. $#'=µ"(:#$& (&. <5* 9B,&$. µ$AD<*5. "5(Dµ"(-. "#36#$5'-. 

*,3=# µ$ (- 6,)'- <*,5J*,&9:# SST <$<*µ7#=#, 2&" (*# $#(*%&'µD A$,µ&9:# µ$(:%=#, (* 

&'(D2,"µµ" 9"& (&. µ$AD<*5. $J",µ*2). "12*,3Aµ=# "#36#$5'-. <&"C"Aµ3'$=#, µ$ (- 

<&"J*,? D(& '(*6$B$& '$ %",*<&9? 6","9(-,&'(&9? µ7'-. 6=,&9). 913µ"9".. 

 P?,($. %",*5'3". (=# A$,µ&9:# µ$(:%=# %*5 %,*9B%(*5# µ$ (-# $J",µ*2) (-. 

%,*($&#Dµ$#-. µ$AD<*5 '$ &'(*,&97. 9"& 'B26,*#$. $&9D#$. SST 9"& CHL, 6,-'&µ*%*&)A-9"# 

2&" (-# "#"2#:,&'- %$,&*6:# µ$2?1-. %","2=2&9D(-(". 9"A:. 9"& 2&" (- '5'67(&'- (-. 

9"("#*µ). (=# "1&$5(&9:# <$<*µ7#=# (D#*5 9"& K&J3" µ$ "5(7. (&. =9$"#*2,"J&97. 

<&"<&9"'3$..  
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2.6 ?9@%=%) 2.,.)2.)4>' ,+/$821'.  

 

 

2.6.1 45'67(&'- "JA*#3". µ$ (-# %",*5'3" MPH 9"& A$,µ&9:# µ$(:%=#. 

 

!,"2µ"(*%*&)A-9"# µ- %","µ$(,&9*3 71$26*& 2"& (-# <&$,$B#-'- (-. '5'67(&'-. (=# 

%$,&*6:# 5O-1). %","2=2&9D(-(". 9"& (=# A$,µ&9:# µ$(:%=#. 4529$9,&µ7#" *& (&µ7. (-. 

"JA*#3". <&"9,3A-9"# '$ <$32µ"(" "#?1*2" µ$ (-# %",*5'3" ) µ- A$,µ&9:# µ$(:%=# ) 

%$,&*6:# 5O-1). %","2=2&9D(-(". 9"& $J",µD'(-9$ * 71$26*. Mann-Whitney, * *%*3*. 

'529,3#$& (&. <&"µ7'*5. (median) <5* <$&2µ?(=#. G%3'-. 5%*1*23'(-9"#: 

• * ",&AµD. ("5(D6,*#-. %",*5'3". 9"& "%*5'3". A$,µ&9:# µ$(:%=# ) %$,&*6:# 

5O-1). %","2=2&9D(-(". '(&. %$,&*67. 9"("#*µ). (=# "1&$5(&9:# <$<*µ7#=# 

"JA*#3"., 

• (" %*'*'(? "JA*#3". %*5 '5µ%3%(*5# µ$ A$,µ&9? µ7(=%" ) %$,&*67. 5O-1). 

%","2=2&9D(-(". 9"&  

• - '56#D(-(" µ$ (-# *%*3" (" %*'*'(? "JA*#3". '5µ%3%(*5# µ$ A$,µ&9? µ7(=%" ) 

%$,&*67. 5O-1). %","2=2&9D(-(". 

 

 

2.6.2 I$#&9$5µ7#" !,*'A$(&9? >*#(71" 

 

/" GAMs (Hastie & Tibshirani, 1986; 1990) $3#"& -µ&-%","µ$(,&97. %,*$9(?'$&. (=# 

I$#&9$5µ7#=# I,"µµ&9:# >*#(71=# (GLMs). E µD#- 5%DA$'- %*5 23#$("& $3#"& D(& *& 

$K&':'$&. $3#"& %,*'A$(&97. 9"& *& '5#&'(:'$. *µ"17.. L#" GAM 6,-'&µ*%*&$3 µ&" '5#<$(&9) 

'5#?,(-'- (link function) 2&" (-# $29"A3<,5'- µ&". '67'-. µ$("KB (*5 µ7'*5 (-. µ$("C1-(). 

"%D9,&'-. 9"& (-. ‘*µ"1*%*&-µ7#-.’ $K3'='-. (smoother) (=# $,µ-#$5(&9:# µ$("C1-(:#. /" 

µ*#(71" %*5 "#"%(B6A-9"# µ%*,*B# #" %$,&2,"J*B# =. $K).: 

L'(= D(& Q $3#"& - (56"3" µ$("C1-() "%D9,&'-. 9"& X1,…,Xp, (* 'B#*1* (=# $,µ-#$5(&9:# 

µ$("C1-(:#. E <&"<&9"'3" %"1&#<,Dµ-'-. µ%*,$3 #" A$=,-A$3 =. µ&" µ7A*<*. $9(3µ-'-. (*5 

(,D%*5 µ$ (*# *%*3* *& (&µ7. (*5 Q $K",(:#("& "%D (&. (&µ7. (=# X1,…,Xp. /* (5%&9D 

2$#&9$5µ7#* "A,*&'(&9D µ*#(71* µ*#(71*  

 
G(Q) = f(X1,…,Xp) = s0 + s1(X1) +…+ sp(Xp) 

 
W%*5 si(X), i=1,…,p $3#"& *µ"17. $K&':'$&.. N& $K&':'$&. "5(7. $9(&µ*B#("& µ$ µ- %","µ$(,&9D 

(,D%*. 

/" 2$#&9$5µ7#" %,*'A$(&9? µ*#(71" $%$9($3#*5# (" %","<*'&"9? 2,"µµ&9? µ*#(71" 

<-µ&*5,2:#(". 7#" 'B#<$'µ* µ$("KB (=# f(X1,…,Xp) 9"& (=# %,*C1$%Dµ$#=# (&µ:# Y, µ$ 

"%*(71$'µ" #" $%&(,7%*5# (-# $%&1*2) $#"11"9(&9:# 9"("#*µ:# (=# (56"3=# µ$("C1-(:#, 

$9(D. (-. 9"#*#&9). (Quinn & Keough, 2002). /" GAMs "%*($1*B#("& "%D 7#" (56"3* 

'(*&6$3* (random component), 7#" %,*'A$(&9D '(*&6$3* (additive component) 9"& µ&" 

'5#<$(&9) '5#?,(-'- (link function) %*5 '5'6$(3F$& (" <5* %,*"#"J$,A7#(" '(*&6$3". E 
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"%D9,&'- Q, (* (56"3* '(*&6$3*, 5%*(3A$("& D(& 6","9(-,3F$("& "%D %59#D(-(" (-. $9A$(&9). 

*&9*27#$&". 

 

FY(y;A;J) = exp
!
"
#

$
%
&

+
'

),(
)(

)(
(

(

))
yc

a

by
 

 
W%*5 A - J5'&9) %",?µ$(,*. 9"& J - %",?µ$(,*. 913µ"9".. N& 9"#*#&9), <&=#5µ&9), Poisson 

9"& %*117. ?11$. 9"("#*µ7. "#)9*5# '$ "5() (-# *&9*27#$&".  

 E %*'D(-("  

 

- = s0 + ( )Xs i

p

i i! =1
 

 
D%*5 s1(·), …, sp(·) $3#"& *& *µ"17. '5#",()'$&., %,*'<&*,3F$& (* %,*'A$(&9D '(*&6$3*. /71*. *& 

'67'$&. µ$("KB (-. µ7'-. (&µ). µ (-. µ$("C1-(). "%D9,&'-. 9"& (-. - 9"A*,3F$("& "%D (-# 

$K3'='- 'B#<$'-. g(µ)=-.  

>&" 9*&#) %","(),-'- $3#"& D(& <5* '5'6$(&FDµ$#$. µ$("C1-(7. µ%*,$3 #" 

%",*5'&?F*#("& =. µ- '-µ"#(&97. %",D1* %*5 $K-2*B# 7#" '-µ"#(&9D %*'*'(D (-. 

µ$("C1-(D(-(". "# $K$("'(*B# µ$µ*#=µ7#". E "K&*1D2-'- (=# "11-1$%&<,?'$=# µ$("KB <5* 

) %$,&''*(7,=# $%$K-2-µ"(&9:# µ$("C1-(:# 76$& (,"C)K$& (-# %,*'*6) (=# µ$1$(-(:# 

&<&"3($," "%D (-# *%(&9) 2=#3" (-. *&9*1*2&9). 7,$5#". (Austin, 1971). ;&"2#='(&9*3 71$26*& 

6,-'&µ*%*&)A-9"# 2&" (-# $9(3µ-'- (-. '%*5<"&D(-(". (*5 $%&1$2Dµ$#*5 µ*#(71*5 (quantile-

quantile 2,"J)µ"(", 2,"J)µ"(" 5%*1$&%Dµ$#=# (&µ:#), (-# "#"2#:,&'- %",?(5%=# '-µ$3=# 

(outlier) ) 2&" (-# "#"2#:,&'- $#"%*µ$&#?#(=# (?'$=# '(" <$<*µ7#" (2,"J)µ"(" µ$,&9:# 

5%*1$&%Dµ$#=# (&µ:#-partial residuals). G%$&<) * 2$=2,"J&9D. 6:,*. %"3F$& '-µ"#(&9D ,D1* 

9"& '5µC"3#*5# (*%&97. <&"<&9"'3$., $&'?2$("& '(* µ*#(71* 7#". <&'<&?'("(*. *µ"1*%*&-(). 

(smoother), D%*5 6,-'&µ*%*&*B#("& *& 2$=2,"J&97. '5#($("2µ7#$. =. µ&" µ$("C1-(), 

("5(D6,*#" µ$ (&. ?11$. µ$("C1-(7. (*5 µ*#(71*5.                       

 N& '67'$&. µ$("KB "1&$5(&9). %","2=2). 9"& %$,&C"11*#(&9:# '5#A-9:# =. $%3 (* 

%1$3'(*# <$# $3#"& 2,"µµ&97.. /" GAMs 6,-'&µ*%*&*B#("& 2&" (-# "#"2#:,&'- %","µ7(,=# 

%*5 $%-,$?F*5# (-# "JA*#3" 9"& (-. JB'-. "5(:# (=# '67'$=#. 

E µ7A*<*. 6,-'&µ*%*&)A-9$ 2&" (-# ("5(*%*3-'- (=# '67'$=# µ$("KB "JA*#3". 

(D#*5 9"& K&J3" 9"& 6=,*6,*#&9:# 9"& %$,&C"11*#(&9:# %","µ7(,=#, 9"& "11-1$%&<,?'$=# 

(*5., µ$ (* '("(&'(&9D %"97(* S plus. E 9"("#*µ) (=# "1&$5(&9:# <$<*µ7#=# "#(&'(*&6$3 '(-# 

I?µµ" 9"("#*µ), $#: =. '5#<$(&9) $K3'='- $%&172$("& - 1*2",&Aµ&9). G%&176A-9"# <5* 

smoothers (loess 9"& spline), =. *& %&* 9"(?11-1*& 'BµJ=#" µ$ (*5. <&"2#='(&9*B. $1726*5. 

(quantile-quantile 2,"J)µ"(", 2,"J)µ"(" 5%*1$&%Dµ$#=# (&µ:#), #" %$,&2,?O*5# (&. µ- 

2,"µµ&97. '67'$&. 9"& (* %*'*'(D (-. µ$("C1-(D(-(". %*5 $K-2$3 9?A$ µ*#(71*. 
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3. 8%*($17'µ"("8%*($17'µ"(" 
 

 

 

4(" "%*($17'µ"(" %$,&1"µC?#*#("& 6?,($. 9"("#*µ). (=# "1&$5(&9:# <$<*µ7#=# (=# 

<5* $&<:#, 6?,($. '5'67(&'-. (-. 9"("#*µ). (=# "1&$5(&9:# <$<*µ7#=# µ$ (-# 9"("#*µ) (-. 

$%&J"#$&"9). A"1?''&". A$,µ*9,"'3". 9"& '5297#(,='-. 61=,*JB11-. a, 6?,($. 9"("#*µ). 

%$,&*6:# 5O-1). %","2=2&9D(-(". 9"& =9$?#&=# µ$(:%=# 9"& (71*. µ*#(71" '5'67(&'-. (=# 

<$&9(:# "JA*#3". µ$ 6=,*6,*#&9*B. %",?2*#($. 9"& %$,&C"11*#(&97. %","µ7(,*5.. 

 
 
3.1 -/".(' 4,.,+%µ>' .3+ ,$)(8.)45+ =(=%µ9+3+ .3+ µ(&/$3+ ;($,&)45+. 

            +,-./012 10 0,$,03% ,0."4%55*)6"78) ,%.%µ-6.9) 

 

/" "%*($17'µ"(" %$,&1"µC?#*5# µ-#&"3*5. 9"& $C<*µ"<&"3*5. 6?,($. (-. 9"("#*µ). 

(=# "1&$5(&9:# <$<*µ7#=# (*5 K&J3" 9"& (*5 (D#*5, =. <$5($,$B*#(" '(D6* '(-# "1&$3" (*5 

K&J3", 2&" (-# %$,3*<* 1998-2003. N& 6?,($. "5(*3 %",$36"# (- <5#"(D(-(" $K"2=2). (=# 

'5#($("2µ7#=# 9"& (*5 µ$27A*5. 9?A$ "1&$5(&9*B %$<3*5. E 5%7,A$'- (=# $%&%7<=# (layers) 

9"("#*µ). (=# "1&$5(&9:# <$<*µ7#=# "JA*#3". '$ 6?,($. 9"("#*µ). (-. $%&J"#$&"9). 

A"1?''&". A$,µ*9,"'3". %",$36$ µ&" %,:(- $&9D#" =9$"#*2,"J&9:# 6","9(-,&'(&9:# 

µ$2?1-. 913µ"9"., %*5 µ%*,$3 #" $%-,$?F*5# (-# 9"("#*µ) (=# µ$2?1=# %$1"2&9:#.   

4(*5. 6?,($. 9"("#*µ). (-. $%&J"#$&"9). A"1?''&". A$,µ*9,"'3". µ%*,*B# #" 

%","(-,-A*B# (" '(32µ"(" =9$"#*2,"J&9:# <&$,2"'&:# D%=. ,$5µ?(=# 9"& '(,*C31=#. E 

5%7,A$'- (-. 9"("#*µ). (=# "1&$5(&9:# <$<*µ7#=# (=# µ$2?1=# %$1"2&9:# '(*5. 6?,($. (-. 

A"1?''&". A$,µ*9,"'3". $µJ"#3F$& 6=,&97. '67'$&. (=# "1&$5(&9:# <$<*µ7#=# µ$ (" A$,µ? 

B<"(" (*5 Levantine Intermediate Water (LIW) 9"A:. (* ,$Bµ" "5(D $&'7,6$("& '(* 8&2"3* 

(G&9D#"7A), µ$ (*# 9591:#" (-. UD<*5 (G&9D#"7B), 9"A:. 9"& µ$ 7#"# 9591:#" 9"& µ&" &'65,) 

"#?C15'-, %*5 (*%*A$(*B#("& #*(&*<5(&9? (-. +,)(-. (G&9D#"7A).  

 

 

 
6)4#+, 6.  P?,(-. 9"("#*µ). $%&J"#$&"9). '5297#(,='-. 61=,*JB11-. " 2&" (-# ?#*&K- 2002.         
!","(-,*B#("& 5O-17. (&µ7. 61=,*JB11-. '(* 0. 8&2?&* 9"& '$ %",?9(&$. %$,&*67..   
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N& 6?,($. 9"("#*µ). (-. 61=,*JB11-. <$36#*5# 5O-17. (&µ7. '5297#(,='-. 

61=,*JB11-. ", $%*6&9?, '(* %1"(D (=# +591?<=# 9"& '(* 0. 8&2"3*, $K"&(3". (-. $&'D<*5 

%1*B'&=# '$ A,$%(&9? 5<?(=# "%D (-# >"B,- A?1"''" (G&9D#" 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

(B) 

 
 (E) 

 
 

 

 

 

 

 

 

 

 

 

 

 

           (E) 

6)4#+, 7 (8) +"("#*µ) "1&$5(&9:# <$<*µ7#=# "JA*#3". (=# µ$2?1=# %$1"2&9:# (%172µ") 9"& (-. 
$%&J"#$&"9). A"1?''&". A$,µ*9,"'3"., '$ 6?,(- 91&µ"(*1*23". 2&" (*# µ)#" @*B#&*. G#(*%3F$("& (* C*,$&*<5(&9D 
?9,* (*5 LIW 9"& (* '(32µ" (*5 9591:#" (-. +,)(-..(0) +"("#*µ) "1&$5(&9:# <$<*µ7#=# "JA*#3". (=# 
µ$2?1=# %$1"2&9:# (%172µ") 9"& (-. $%&J"#$&"9). A"1?''&". A$,µ*9,"'3"., '$ 6?,(- 91&µ"(*1*23". 2&" (*# 
µ)#" 4$%(7µC,&*. G#(*%3F$("& (* C*,$&*<5(&9D ?9,* (*5 LIW 9"& (* '(32µ" (*5 9591:#" (-. UD<*5. 
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/" '(32µ"(" 9"& *& <&"95µ?#'$&. (=# =9$"#*2,"J&9:# <*µ:# "#(&9"(*%(,3F*#("& 

$59,&#7'($," '$ $C<*µ"<&"3*5. 6?,($., D%*5 %","(-,*B#("& 9"& %",*<&97. <&$,2"'3$., D%=. 

µ&9,*3 $%&J"#$&"9*3 '(,DC&1*& (eddies) 9"& "#"C1B'$&. #D(&" (-. +,)(-. ) 9591:#$. '(&. 

C*,$&*"#"(*1&97. +591?<$. (G&9D#" 8). 

 
 

 

 
 

 

6)4#+, 8 +"("#*µ) (=# "1&$5(&9:# <$<*µ7#=# "JA*#3". (=# µ$2?1=# %$1"2&9:# (%172µ") 9"& (-. 
$%&J"#$&"9). A"1?''&". A$,µ*9,"'3"., '$ $C<*µ"<&"3*5. 6?,($. 91&µ"(*1*23".. G#(*%3F$("& (* C*,$&*<5(&9D 
?9,* (*5 LIW 9"& (" '(32µ"(" (=# 9591:#=# (-. UD<*5 9"& (-. +,)(-.. 

 

 

E 9"("#*µ) (=# "1&$5(&9:# <$<*µ7#=# "JA*#3". (=# µ$2?1=# %$1"2&9:# '$ 

'5#<5"'µD µ$ (* <&"J*,$(&9D µ72$A*. (=# "1&$5(&9:# %$<3=# %*5 76*5# 9"("2,"J$3, 

*<)2-'"# '(* <&"6=,&'µD (=# <$<*µ7#=# '$ (7''$,&. µ$2?1$. %$,&*67., µ$ '(D6* (- 

<&$,$B#-'- (-. '67'-. (=# <&"95µ?#'$=# (*5 <$39(- "JA*#3". ("1&$5(&9) %","2=2) "#? 

-µ7,") µ$ (-# %",*5'3" =9$"#*2,"J&9:# <*µ:# µ$2?1-. 913µ"9". 9"& (&. 6=,*6,*#&97. 

<&"95µ?#'$&. (*5..  

N& %$,&*67. $%&176A-9"# µ$ 9,&(),&" (-# 6=,&9) '67'- (*5. µ$ 2#='(7. 

=9$"#*2,"J&97. <*µ7. 9"& (-# B%",K- $#D. &9"#*%*&-(&9*B <$32µ"(*. 2&" 9?A$ µ)#". N& 

%$,&*67. %*5 %,*795O"# <&"9,3#*#("& '(* 9$#(,&9D 8&2"3* (35.5°N, 24°E 9"& 38°N, 26°E-

caegean), (* #*(&*"#"(*1&9D 8&2"3* (34.5°N, 26°E 9"& 37.5°N, 29°E-seaegean), (-# <5(&9) 

+,)(- (34°N, 22°E 9"& 36°N, 25°E-swcrete) 9"& (-# 8#"(*1&9) >$'D2$&* (34°N, 29°E 9"& 

36°N, 30°E-emed). N& µ$2?1$. <&"95µ?#'$&. (=# (&µ:# "JA*#3".  9"& - "%*5'3" <$<*µ7#=# 

µ&9,). 6=,&9). 913µ"9"., ($1&9? <$# $%7(,$O"# (-# 1$%(*µ$,) <&$,$B#-'- (*5 ,D1*5 (-. 

%",*5'3". 9"& &'6B*. %","2=2&9:# <&$,2"'&:# µ$2?1-. 913µ"9". (I,?J-µ" 1.). 4(- <5(&9) 

+,)(- - "JA*#3" (*5 K&J3" %","µ7#$& '6$(&9? '("A$,) 9"A’ D1- (- <&?,9$&" (*5 7(*5., '(* 
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#*(&*"#"(*1&9D 8&2"3* 9"& (-# <5(&9) M$C"#(3#- - "JA*#3" 9"& (=# <5* $&<:# "5K?#$("& (-# 

%$,3*<* >?&*.-@*B1&*.. 4(* 9$#(,&9D 8&2"3* µ$2?1$. (&µ7. "JA*#3". K&J3" %","(-,*B#("& (*# 

@*B#&* "11? 9"& '(-# ",6) 9"& (* (71*. (-. "1&$5(&9). %$,&D<*5. /" <$<*µ7#" "1&$3". (D#*5 

$µJ"#3F*5# 132$. (&µ7., µ$ $K"3,$'- (-# %$,3*<* >?&*.-@*B1&*., µ$ "%*(71$'µ" *& <$39($. 

"JA*#3". 2&" (*5. 5%D1*&%*5. µ)#$. #" µ-# A$=,*B#("& '529,3'&µ*&.     

!",D1- (-# $µJ"#) 6=,&9) '67'- (-. "1&$3". µ$ <*µ7. D%=. %","2=2&9*3 '(,DC&1*&, 

"#"C1B'$&., ,$Bµ"(", - %*'*(&9*%*3-'- (-. '67'-. "5(). <$# 5%),K$ <5#"() 1D2= (-. 

"'5#$6*B. <$&2µ"(*1-O3"..  
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 (B) 
F"/01µ, 1 >7'*& D,*& 9"& (5%&9) "%D91&'- (=# <$&9(:# "JA*#3". K&J3" (8) 9"& (D#*5 (0) 9"(? (- <&?,9$&" (-. 
"1&$5(&9). %$,&D<*5 (X$C,*5?,&*. 7=. 4$%(7µC,&*.). 

 
 
3.2 -/".(' 282*9.)21' .3+ ,$)(8.)45+ =(=%µ9+3+ .3+ µ(&/$3+ ;($,&)45+ µ( 

;("):,$$%+.)49' ;,",µ9."%8'. 

 

 

P,*#*'$&,7. ;*,5J*,&9:# <$<*µ7#=# 9"("#*µ). (-. $%&J"#$&"9). A"1?''&". 

A$,µ*9,"'3". 9"& '5297#(,='-. 61=,*JB11-. 5%7'(-'"# $%$K$,2"'3" 9"& (*%*A$()A-9"# '$ 

µ&" GIS C?'- <$<*µ7#=#.  >$ (- 6,)'- GIS $,2"1$3=# 9"& µ$AD<=# 6",(*2,?J-'-. 

=9$"#*2,"J&9:# 6","9(-,&'(&9:#, <-µ&*5,2)A-9"# 6?,($. 9"("#*µ). (-. $%&J"#$&"9). 

A"1?''&". A$,µ*9,"'3". 9"& '5297#(,='-. 61=,*JB11-., (=# %$,&*6:# µ$2?1-. 
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%","2=2&9D(-(". 9"& (=# =9$?#&=# A$,µ&9:# µ$(:%=# 2&" (-# %$,&*6) µ$17(-. '$ µ-#&"3" 9"& 

$C<*µ"<&"3" 6,*#&9) 913µ"9".  

E 9"("#*µ) (=# µ$2?1=# %$1"2&9:# D%=. %,*795O$ "%D (" "1&$5(&9? <$<*µ7#", 

6,-'&µ*%*&)A-9$ 2&" (-# 9"("'9$5) 6",(:# '5'67(&'-. µ$ (&. %,*"#"J$,A$3'$. 

%$,&C"11*#(&97. %","µ7(,*5. 9"& =9$"#*2,"J&9? 6","9(-,&'(&9?. >$ (-# 5%7,A$'- (=# 

<&"J*,$(&9:# 6",(*2,"J&9:# $%&%7<=# %,*795O"# (7''$,&. 6,*#*'$&,7. 6",(:# %*5 

$µJ"#3F*5# (&. '67'$&. (=# "1&$5(&9:# <$<*µ7#=# (=# µ$2?1=# %$1"2&9:# &6AB=# µ$ (- 

A"1?''&" $%&J"#$&"9) A$,µ*9,"'3", (-# $%&J"#$&"9) '5297#(,='- (-. 61=,*JB11-., (&. 

%$,&*67. µ$2?1-. %","2=2&9D(-(". 9"& (" =9$?#&" µ7(=%". 8%D (*5. 6?,($. "5(*B. 

5%*1*23'(-9"# '("(&'(&97. %",?µ$(,*& (µ7'-, µ72&'(-, $1?6&'(- (&µ) 9"& (5%&9) "%D91&'-) 2&" 

(-# SST 9"& (- '5297#(,='- Chl a 2&" 9?A$ "1&$5(&9) %$,&*6), '$ µ-#&"3" 9"& $C<*µ"<&"3" 

C?'-, 9"A:. 9"& * ",&AµD. (=# %$,&*6:# 5O-1). %","2=2&9D(-(". 9"& =9$?#&=# µ$(:%=# %*5 

'5µ%3%(*5# 6=,*6,*#&9? µ$ 9?A$ "1&$5(&9) %$,&*6). Q%*1*23'(-9"# $%3'-. *& (&µ7. (µ7'-, 

µ72&'(-, $1?6&'(- (&µ) 9"& (5%&9) "%D91&'-) (-. "#=µ"13". SST 9"& '5297#(,='-. Chl a 2&" 

(" MPH, %*5 '6$(3F*#("& µ$ "1&$5(&9? %$<3" 9"& *& (&µ7. (-. <&"J*,?. SST 9"& Chl a (=# 

=9$?#&=# µ$(:%=# µ$ (-# %$,&C?11*5'" %$,&*6).  

 

!A+,4,' 2 /µ)µ" (-. C?'-. <$<*µ7#=# %*5 "J*,? '(-# "JA*#3" (*5 (D#*5 '$ '67'- µ$ (-# %",*5'3" MPH 
9"& A$,µ&9:# µ$(:%=# 9"& (=# %$,&C"11*#(&9:# (*5. 6","9(-,&'(&9:#. 8#"J7,*#("&: (* D#*µ" (-. %$,&*6). 
(area), (* 7(*. (year), * µ)#". (month), - "JA*#3" (catch per day) (*5 (D#*5 (bft), * ",&AµD. (=# %$,&*6:# 
5O-1). %","2=&9D(-(". (# of mph), - %",*5'3" (1) ) "%*5'3" (0) %$,&*6:# 5O-1). %","2=2&9D(-(". (mph 
presence), - µ$'- (&µ) (mean) 9"& - (5%&9) "%D91&'- (std) (-. "#=µ"13". (-. $%&J"#$&"9). A"1?''&". 
A$,µ&9,"'3". (ssta) 9"& 61=,*JB11-. (chla), * ",&AµD. (=# A$,µ&9:# µ$(:%=# (# of fronts), - %",*5'3" (1) ) 
"%*5'3" (0) A$,µ&9:# µ$(:%=# (fronts presence) *& (&µ7. (-. <&"J*,?. SST 9"& Chl a (=# =9$?#&=# µ$(:%=# µ$ 
(-# %$,&C?11*5'" %$,&*6) (dsst 9"& dchl, "#(3'(*&6").  

 area Year Month 

Bft 
catch 

per day 
# of 
mph 

 
mph 

presence 
Mean 
ssta 

Std 
ssta 

Mean 
chla 

Std 
chla 

# of 
fronts 

Fronts 
presence dsst dchl 

Astypalaia-Kos 1998 7 10,00 1 1 -0,50 0,10 0,01 0,00 0 0   

C. Aegean 2003 2 4,38 1 1 -0,29 0,17 -0,01 0,07 1 1 -1,25 0,19 

Dodecaneese 2003 3 5,75 6 1 0,71 0,27 0,01 0,09 1 1 -0,87 0,15 

Falasarna 1998 9 2,50 0 0 -0,51 0,08 -0,05 0,06 0 0   

Kythira 2001 4 16,25 0 0 -0,15 0,19 0,01 0,09 1 1 -0,75 0,01 

N. Aegean 2003 3 6,02 5 1 0,70 0,20 0,00 0,07 3 1 -1,04 0,01 

S. Aegean 2001 4 2,50 3 1 -0,58 0,29 0,01 0,08 8 1 -1,30 0,06 

 

 

>$ "5(D# (*# (,D%* <-µ&*5,2)A-9"# <5* C?'$&. <$<*µ7#=# (µ$ µ-#&"3" 9"& 

$C<*µ"<&"3" <$<*µ7#" "#(3'(*&6") D%*5 "#"J7,*#("& *& (&µ7. (=# <$&9(:# "JA*#3". 2&" (*# 

K&J3" 9"& (*# (D#*, - %$,&*6) 'B11-O-. ('5#($("2µ7#$.), *& '("(&'(&97. %",?µ$(,*& SST 9"& 

'5297#(,='-. Chl a 9"& - %",*5'3" ) µ- MPH 9"& A$,µ&9:# µ$(:%=# µ$ (&. %$,&C"11*#(&97. 

%","µ7(,*5. %*5 (" 6","9(-,3F*5# (!3#"9". 2).  
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3.2.1 !$,&*67. 5O-1). %","2=2&9D(-(". 9"& A$,µ&9? µ7(=%" =. (D%*& '5297#(,='-. µ$2?1=# 
%$1"2&9:# &6AB=#. 
  
 

E <&$,$B#-'- (-. 6,*#*'$&,?. (=# 6",(:# '5'67(&'-. (=# "1&$5(&9:# <$<*µ7#=# (*5 

K&J3" 9"& (*5 (D#*5 µ$ (-# %",*5'3" %$,&*6:# 5O-1). %","2=2&9D(-(". 9"& A$,µ&9:# 

µ$(:%=# (G&9D#" 9) %",76$& µ&" <5#"(D(-(" $%&'9D%-'-. '(" "3(&" (=# 9&#)'$=# 9"& 

'5#"A,*3'$=# (=# $&<:#.  

 

!"#$%& 

 

W'*# "J*,? '(&. '67'$&. (-. 9"("#*µ). (=# "1&$5(&9:# <$<*µ7#=# (*5 K&J3" µ$ (-# 

%",*5'3" %$,&*6:# 5O-1). %","2=2&9D(-("., *& %$,&*67. D%*5 - %",*5'3" (*5 K&J3" 

'5µ%3%($& =. $%3 (* %1$3'(*# µ$ MPH $3#"& (* 9$#(,&9D 8&2"3*, 9"& %&* '529$9,&µ7#" (* %1"(D 

(=# +591?<=#, - %$,&*6) (=# ;=<$9"#)'=#, (* 0. 8&2"3* 9"& (" +BA-,". 4(* "1&$5(&9D 

%$<3* %*5 (*%*A$($3("& '(-# %$,&*6) (-. I"B<*5, "#"2#=,3F*#("& '56#? MPH, $#: - %$,&*6) 

(*5 +3''"µ*5 $µJ"#3F$& µ$2?1- "JA*#3" (-# ?#*&K-. 8#"(*1&9? (-. UD<*5 - $µJ?#&'- MPH 

'6$(3F$("& µ$ "5K-µ7#- "JA*#3" (-# %$,3*<* 8%,31&*.- @*B1&*.. (I,?J-µ" 2.) G%&%17*# (* 

%*'*'(D (=# "1&$5µ?(=# "#? -µ7," %*5 (*%*A$(*B#("& '$ MPH K$%$,#? (* 50% 9"A’ D1- (- 

<&?,9$&" (*5 7(*5. (µ72&'(- (&µ) 68% (*# @*B#&*), D%=. 9"& - '56#D(-(" $µJ?#&'-. (*5 K&J3" 

'$ MPH (µ72&'(- (&µ) 0.66 (*# @*B1&*), µ$ µD#- $K"3,$'- (* >?,(&* (!3#"9$. 3. 9"& 4.). N 

5%*1*2&'µD. (*5 %*'*'(*B (-. %$,&*6). µ$17(-. %*5 9"("1"µC?#$("& "%D A$,µ&9? µ7(=%"  

(% front area) ) MPH (% MPH area)  7<$&K$ D(& "%*($1*B# µ&9,7. %$,&*67. (!3#"9". 3.). W%=. 

7<$&K$ * 71$26*. <&"J*,?.. (=# <&"µ7'=# *& '67'$&. "5(7. <$# $3#"& '("(&'(&9? '-µ"#(&97. 

(p>0.05).  

 
6)4#+, 9 P?,(-. '5'67(&'-. (=# "1&$5(&9:# <$<*µ7#=# (*5 K&J3" 9"& (*5 (D#*5 µ$ (-# %",*5'3" %$,&*6:# 
5O-1). %","2=2&9D(-(". (MPH) 9"& A$,µ&9:# µ$(:%=# (Fronts), 2&" (*# @*B1&* 2000.  
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  E %",*5'3" A$,µ&9:# µ$(:%=# %"3F$& ,D1* '(- '5#?A,*&'- (*5 K&J3" '$ %$,&*67. 

D%=. (* +,-(&9D !71"2*., *& +591?<$., (* 0. 8&2"3*, - 1$9?#- (-. P3*5 9"& (" "1&$5(&9? 

%$<3" %1-'3*# (-. +",%?A*5. 4(- I"B<* "5() - '67'- %","(-,$3("& "%D (*# >?,(&* 7=. (*# 

>?&* 9"& (*# 8B2*5'(*, $#: '(* T.;. 8&2"3* (*5. µ)#$. >?,(&*, 8%,31&* 9"& 4$%(7µC,&* 

(I,?J-µ" 3.). /* %*'*'(D 9"& - '56#D(-(" (=# "1&$5µ?(=# "#? -µ7," %*5 '5µ%3%(*5# µ$ (-# 

%",*5'3" A$,µ&9:# µ$(:%=#, $µJ"#3F*5# %",Dµ*&* %,D(5%*, µ$ (&µ7. µ$2"1B($,$. (*5 60% 

9"& (*5 0.5 "#(3'(*&6", "%D (*# X$C,*5?,&* 7=. (*# 8%,31&* 9"& µ&9,D($,$. (*5 35% 9"& (*5 

0.35, "%D (*# @*B1&* 7=. (* 4$%(7µC,&* (!3#"9$. 3. 9"& 4.).  +"& '(-# %$,3%(='- (=# A$,µ&9:# 

µ$(:%=# * 71$26*. Mann-Whitney, <$# 7<='$ '("(&'(&9? '-µ"#(&9? "%*($17'µ"(". 
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F"/01µ, 2. !$,&%(:'$&. %",*5'3". (A) 9"& "%*5'3". (0) MPH '(&. %$,&*67. 9"("#*µ). (=# "1&$5(&9:# 
<$<*µ7#=# "JA*#3". K&J3" "#? "1&$5(&9) %$,&*6) 9"& µ)#". 
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(0) 

F"/01µ, 3 !$,&%(:'$&. %",*5'3". (A) 9"& "%*5'3". (0) A$,µ&9:# µ$(:%=# '(&. %$,&*67. 9"("#*µ). (=# 
"1&$5(&9:# <$<*µ7#=# "JA*#3". K&J3" "#? "1&$5(&9) %$,&*6) 9"& µ)#". 

 
 
'()*&  

          

N& %$,&*67., D%*5 %","(-,$3("& µ$2?1- '56#D(-(" ("5(D6,*#-. $µJ?#&'-. "1&$5(&9:# 

<$<*µ7#=# (D#*5 9"& MPH $3#"& *& +591?<$., (" ;=<$9?#-'", (* 0. 8&2"3*, (" P"#&? 9"& - 

@$,?%$(,". !$,&'("'&"9? - '5'67(&'- "5() %","(-,$3("& '(- I"B<*, '(" +BA-,", "%D (*# 

8%,31&* 7=. (* 4$%(7µC,&*, T.8. (-. UD<*5, "%D (* >?&* 7=. (*# @*B1&* 9"& '(-# "#"(*1&9) 

M$C"#(3#- (-# %$,3*<* >?&*.-@*B#&*. (I,?J-µ" 4.). QO-1? %*'*'(? "1&$5µ?(=# "#? -µ7,", 

%*5 '5µ%3%(*5# µ$ (-# "#"2#:,&'- MPH (µ$2"1B($," (*5 70%) %","(-,*B#("& (*# @*B#&* 9"& 

(*# @*B1&*, $#: - '56#D(-(" %",*5'3". "1&$5(&9:# <$<*µ7#=# '$ MPH $µJ"#3F$("& 5O-1) 

(µ$2"1B($,- (*5 0.6) 9"& (*# X$C,*5?,&* 9"& µ$ $1?6&'(- (&µ) (0.4) (* >?,(&* (!3#"9$. 3. 9"& 

4.). 

E 6",(*2,?J-'- (=# A$,µ&9:# µ$(:%=#, 7<$&K$ D(& '(* %1"(D (=# +591?<=#, '(* 0. 

8&2"3* 9"& '(- T. +,)(-, - $µJ?#&') (*5. '5#<7$("& '($#? µ$ (-# 9"("#*µ) (=# <$<*µ7#=# 

"JA*#3". (D#*5. 4(" +BA-," 9"& '(- I"B<* %","(-,$3("& %$,&'("'&"9) '5#$B,$'- A$,µ&9:# 

µ$(:%=# 9"& (D#*5, '(* +,-(&9D !71"2*., "%D (*# 8%,31&* 7=. (*# @*B#&*, '(* +",%?A&* (-# 
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Y#*&K- 9"& '(-# 8#"(*1&9) >$'D2$&*, 7=. (&. "9(7. (-. +B%,*5, (-# %$,3*<* >?,(&*. – 

@*B#&*..(I,?J-µ" 5.) /*5. µ)#$. X$C,*5?,&*, 8%,31&* 9"& >?&*, 5O-1? %*'*'(? "JA*#3". 

(µ$2"1B($," (*5 60%) '6$(3F*#("& µ$ (-# %",*5'3" A$,µ&9:# µ$(:%=#, $#: - $1?6&'(- (&µ) 

(16%) %","(-,$3("& (*# 8B2*5'(* (!3#"9$. 3. 9"& 4.).           

+"& '(" <5* $3<- - '56#D(-(" 6=,*6,*#&9). ("B(&'-. (=# "1&$5(&9:# <$<*µ7#=# (*5 

$3<*5. 9"& (-. %",*5'3". MPH 9"& / ) A$,µ&9:# µ$(:%=# K$%$,#? (* 0.67 (- (&µ) "#"J7,$("& 

'(*# (D#*, (-# %$,3*<* (*5 852*B'(*5) 9"& J(?#$& (* 0.88 (- (&µ) "#"J7,$("& '(*# K&J3", 

9"(? (*# 8%,31&*). 

!",D1" "5(? * '("(&'(&9D. 71$26*. Mann-Whitney, <$# 7<$&K$ 9?%*&" <&"J*,? (-. 

"JA*#3". "#?µ$'" '$ %$,&*67. %*5 $µJ"#3F*#("& MPH ) A$,µ&9? µ7(=%" 9"& '$ "5(7. D%*5 

<$# 6",(*2,"J)A-9"# (p>0.05).  
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!A+,4,' 3 !*'*'(D "JA*#3". (D#*5 (bft) 9"& K&J3" (swo) %*5 '5µ%3%(*5# µ$ =9$?#&" µ7(=%" (% catch in 
fronts) 9"& MPH (% catch in MPH), 9"& %*'*'(? (-. %$,&*6). µ$17(-. %*5 9"("1"µC?#$("* "%D A$,µ&9? µ7(=%" 
(% front area) ) MPH (%mph area) 

monthmonth   speciesspecies   catchcatch   

in frontin front   

catch out catch out 

of frontof front   

%catch%catch   

in frontin front   

% front % front 

areaarea   

catchcatch   

in mphin mph   

catch out catch out 

of mphof mph   

%catch in %catch in 

mphmph   

% mph % mph 

areaarea   

feb bft 1026,070 272,000 79,046 4,739 895,200 717,700 55,503 6,538 

 swo 2344,390 1116,850 67,733  2196,860 1264,338 63,471  

mar bft 232,150 273,930 45,872 3,988 220,570 285,510 43,584 15,074 

 swo 2911,400 1667,620 63,581  2315,310 2263,710 50,563  

apr bft 760,710 179,590 80,901 4,25 345,240 595,060 36,716 19,318 

 swo 4327,020 1679,450 72,039  4121,770 1884,700 68,622  

may bft 2205,640 1151,390 65,702 3,642 1477,070 1879,960 43,999 12,683 

 swo 2847,540 2085,270 57,727  2970,000 2142,810 58,089  

jun bft 1650,940 2229,580 42,544 2,107 2829,890 1050,630 72,926 13,367 

 swo 3165,810 3176,730 49,914  4424,980 1917,560 69,767  

jul bft 324,770 1077,160 23,166 1,438 1043,420 358,510 74,427 15,596 

 swo 1260,420 3281,420 27,751  2944,470 1597,370 64,830  

aug bft 88,170 444,910 16,540 1,789 247,640 285,440 46,455 15,153 

 swo 1088,950 2934,810 27,063  2271,540 1752,220 56,453  

sep bft 237,280 397,590 37,375 2,46 158,330 476,540 24,939 12,663 

 swo 1719,120 3088,870 35,755  2508,780 2299,210 52,179  

bft 5849,840 6169,910 48,669 3,05 6834,970 5184,780 56,864 13,8 all 
months swo 19664,600 19031,000 50,819  23573,70 15122,000 60,921  

 

 
!A+,4,' 4 456#D(-(" ("5(D6,*#-. %",*5'3". "1&$5(&9:# <$<*µ7#=# "JA*#3". (D#*5 (bft) 9"& K&J3" (swo) µ$ 
=9$?#&" µ7(=%" (frequency of catch in fronts) 9"& MPH (frequency of catch in mph). 

monthmonth   speciesspecies   frequency of catch frequency of catch   

in frontsin fronts   

frequency of catch frequency of catch   

in mphin mph  

frequency of catch frequency of catch   

in fronts or mphin fronts or mph  

feb bft 0,7500 0,6875 0,8125 

 swo 0,5667 0,5667 0,7333 

mar bft 0,6000 0,4000 0,6800 

 swo 0,5238 0,4524 0,6905 

apr bft 0,8571 0,5714 0,8571 

 swo 0,7500 0,6154 0,8846 

may bft 0,6429 0,5476 0,8333 

 swo 0,5957 0,5319 0,8085 

jun bft 0,4878 0,6585 0,7561 

 swo 0,4667 0,6444 0,7333 

jul bft 0,2581 0,7097 0,7097 

 swo 0,2632 0,6579 0,6842 

aug bft 0,2593 0,5926 0,6667 

 swo 0,2821 0,6154 0,6923 

sep bft 0,3462 0,5385 0,6923 

 swo 0,3846 0,5641 0,7179 

all 
months 

bft 0,3056 0,4365 0,6627 

  swo 0,4729 0,5723 0,7440 
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3.2.2 45'67(&'- (-. 9"("#*µ). (=# <$&9(:# "JA*#3". µ$2?1=# %$1"2&9:# µ$ %$,&C"11*#(&97. 
%","µ7(,*5. µ$ (- 6,)'- I$#&9$5µ7#=# !,*'A$(&9:# >*#(71=#. 
 

N& (&µ7. $%&J"#$&"9). A"1?''&". A$,µ*9,"'3". 9"& '5297#(,='-. 61=,*JB11-., D%=. 

%,*795O"# "%D (&. <*,5J*,&97. $&9D#$. "%*A-9$B(-9"# '$ µ&" C?'- <$<*µ7#=# (!3#"9". 5.) 

9"& 6,-'&µ*%*&)A-9"# 2&" (-# "#?%(5K- µ*#(71=# '5'67(&'-. (-. "JA*#3". (D#*5 9"& K&J3" 

µ$ (&. %,*"#"J$,A$3'$. %$,&C"11*#(&97. %","µ7(,*5.. /" "%*($17'µ"(" (=# µ*#(71=# 

%",*5'&?F*#("& '(* !",?,(-µ" 1. 

 

!A+,4,' 5 /µ)µ" (-. C?'-. <$<*µ7#=# %*5 "J*,? '(-# "JA*#3" (*5 K&J3" '$ '67'- µ$ (&µ7. SST 9"& Chl a. 
8#"J7,*#("&: (* D#*µ" (-. %$,&*6). (area), (* 7(*. (year), * µ)#". (month), - "JA*#3" (*5 K&J3" (swocatch per 
day), - $1?6&'(- (min), µ72&'(- (max), µ7'- (&µ) (mean) 9"& (5%&9) "%D91&'- (std) 2&" (-# $%&J"#$&"9) A"1?''&" 
A$,µ*9,"'3" (sst) 9"& 61=,*JB11- (chl).  

area Year Month 
swocatch 
per day 

Min 
sst 

Max 
sst 

Mean 
sst 

Std 
sst 

Min 
chl 

Max 
chl 

Mean 
chl 

Std 
chl 

Kissamos 1998 3 22,67 23,13 24,25 23,87 0,25 0,06 0,19 0,13 0,06 

Hania 1998 5 120 24,88 26,50 26,34 0,16 0,05 0,57 0,17 0,16 

Kissamos 2003 2 68,25 15,38 16,50 15,89 0,28 0,04 0,13 0,08 0,04 

Kythira 1998 5 72,5 23,50 26,13 25,62 0,35 0,06 0,22 0,09 0,05 

S. Aegean 2000 3 20,71 16,00 20,00 18,67 0,51 0,04 0,49 0,09 0,05 

Kythira 1998 3 50,33 23,13 28,63 25,97 0,32 0,06 0,22 0,08 0,04 

Hania 1998 8 53,67 17,75 18,50 18,22 0,10 0,05 0,21 0,10 0,06 
 

!"#$%& 
 

 E '5'67(&'- (=# (&µ:# (*5 <$39(- "JA*#3". (*5 K&J3" µ$ %$,&C"11*#(&97. %","µ7(,*5. 

µ*#($1*%*&)A-9$ µ$ (- 6,)'- (=# I$#&9$5µ7#=# !,*'A$(&9:# >*#(71=#. /* 2$#&9D µ*#(71* 

%*5 %,*795O$ %$,&1"µC?#$& 6=,&97. %","µ7(,*5. ("11-1$%3<,"'- 2$=2,"J&9*B %1?(*5. 9"& 

µ)9*5.) 9"& (- µ7'- A$,µ*9,"'3". /" "1&$Bµ"(" "#? -µ7," (*5 K&J3" $µJ"#3F*5# µ$2?1$. 

%*'D(-($. '(&. '5#($("2µ7#$. 36*-36.5*T, 27*-28*G 9"& 35*-35.5*T, 24*-24.5*G, $#: =. %,*. 

(- µ7'- A$,µ*9,"'3" %","(-,*B#("& <5* 9*,5J7. '(*5. 14-15*C 9"& '(*5. 23-24.5 *C (G&9D#" 

10.). /* µ*#(71* $K-2$3 (* 16.97% (-. (=# <$<*µ7#=#, $#: 9"& *& <5* %",?2*#($. $µJ"#3F*5# 

'("(&'(&9? '-µ"#(&9) µ- 2,"µµ&9) '5'67(&'- µ$ (-# %,*C1$%Dµ$#- %",?µ$(,* (p<0.03). 8# 

'$ "5(D (* µ*#(71* "#(&9"("'("A$3 - µ7'- $%&J"#$&"9) A$,µ*9,"'3" µ$ (- µ72&'(-, 

C$1(&'(*%*&$3("& (* %*'*'(D (-. µ$("C1-(D(-(". %*5 $K-2$3("& "%D (* µ*#(71*, (* *%*3* 

"#7,6$("& '(* 19.8% $#: µ$&:#$("& 9"& - (&µ) (*5 p 2,"µµ&9D(-(". (pZ0.015). 

I&" #" µ$1$(-A$3 - '5µ%$,&J*,? (*5 K&J3" '$ <&"J*,$(&97. %$,&D<*5. (*5 9B91*5 F=). 

(*5, (" <$<*µ7#" <&"&,7A-9"# '$ <5* %$,&D<*5., (-# %$,3*<* =*(*93". (>?&*.-@*B1&*.) 9"& 

(-# %$,3*<* (,*J*1-O3".. /* µ*#(71* %*5 %,*795O$ 2&" (*5. µ)#$. =*(*93".,  >?&*.-

@*B1&*., <$36#$& %,*(3µ-'- (*5 K&J3" '(*5. 24 *C (pZ0.076) 9"& "%*5'3" "(Dµ=# '(-# %$,&*6) 

36-36.5 *T, 25-26 *G (pZ0.17). (* µ*#(71* $K-2$3 (* 19.73% (-. µ$("C1-(D(-(". (=# 

<$<*µ7#=#. /* µ*#(71* C$1(&:#$("& "# '(*5. µ)#$. =*(*93". %,*'($A$3 * 8B2*5'(*., *%D($ 

(* %*'*'(D µ$("C1-(D(-(". %*5 $K-2$3("& 23#$("& 26.85% 9"& *& (&µ7. (*5 p 2,"µµ&9D(-(". 

µ$&:#*#("& '$ 0.046 2&" (-# "11-1$%3<,"'- 2$=2,"J&9*B µ)9*5. 9"& %1?(*5. 9"& 0.05 2&" (-# 

µ7'- SST.   
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6)4#+, 10 I,"J)µ"(" '5'67(&'-. (-. "JA*#3". (*5 K&J3" µ$ (-# "11-1$%3<,"'- 2$=2,"J&9*B µ)9*5. 9"& 
%1?(*5., 9"& (- µ7'- $%&J"#$&"9) A"1?''&" A$,µ*9,"'3".  

 
 
I&" (*5. 5%D1*&%*5. µ)#$. (X$C,*5?,&*.-8%,31&*. 9"& 8B2*5'(*.-4$%(7µC,&*.) (* 

µ*#(71* %*5 '5#<7$& (&. 6=,&97. %","µ7(,*5. 9"& (- µ7'- A$,µ*9,"'3" µ$ (-# "JA*#3", 

%",*5'&?F$& <5* $#<&"J7,*#(" $B,*& (&µ:# A$,µ*9,"'3".: 14-18 *C, D%*5 %","(-,$3("& µ&" 

"#(&'(,DJ=. "#?1*2- '67'- A$,µ*9,"'3". <$&9(:# "JA*#3". 9"& 22-27*C, D%*5 - '67'- 

"5() 23#$("& "#?1*2- (pZ0.22). W'*# "J*,? '(-# "11-1$%3<,"'- 2$=2,"J&9*B µ)9*5. 9"& 

%1?(*5., µ$2?1- %*'D(-(" "1&$5(&9:# <$<*µ7#=# '529$#(,:#$("& '(*5. 35-35.5*T, 24-25 *G 

(pZ0.037). /* µ*#(71* $K-2$3 (* 32.9% (-. µ$("C1-(D(-(". (=# <$<*µ7#=#. 8# '(* %","%?#= 

µ*#(71* $K"&,$A*B# *& µ)#$. 8B2*5'(*. 9"& 4$%(7µC,&*., µ$ '(D6* (-# "%D9(-'- µ&". %&* 

1$%(*µ$,*B. $&9D#". (-. 9"(?'("'-. %*5 $%&9,"($3 '(&. 6"µ-17. (&µ7. (-. A$,µ*9,"'3"., 

%,*9B%($& 7#" µ*#(71* %*5 $K-2$3 (* 34.7% (-. µ$("C1-(D(-(". (=# <$<*µ7#=# 9"& $µJ"#3F$& 

µ&" 9*,BJ='- (=# <$&9(:# "JA*#3". '$ A$,µ*9,"'3$. 15-15.5 *C, µ$ (- '67'- "5() #" 

%",*5'&?F$("& =. 2,"µµ&9) 9"& "#(&'(,DJ=. "#?1*2- (pZ0.89). N& 9*,5J7. (-. (&µ). (*5 

<$39(- "JA*#3". (*5 K&J3" $µJ"#3F*#("& 2B,= '(*5. 36*T, 23.5-24 *G 9"& 37-37.5*T, 26 *G 

(pZ0.022). /* µ*#(71* C$1(&:#$("& µ$ (-# "#(&9"(?'("'- (-. µ7'-. A$,µ*9,"'3". µ$ (-# 

$1?6&'(-. /* µ*#(71* "5(D <3#$& µ&" Dµ*&", "11? %&* K$9?A",- $&9D#", $K"&(3". (-. µ$3='-. 

(=# (&µ:# (*5 p 2,"µµ&9D(-(". (pZ0.01 2&" (-# "11-1$%3<,"'- 2$=2,"J&9*B µ)9*5. 9"& 

%1?(*5. 9"& pZ0.44 2&" (-# $1?6&'(- SST) 9"& (-. "BK-'-. (*5 %*'*'(*B (-. µ$("C1-(D(-(". 

%*5 $K-2$3("& "%D (* µ*#(71* (37.48%). 

 

'()*& 

 

E %,*'722&'- (=# I$#&9$5µ7#=# !,*'A$(&9:# µ*#(71=# 6,-'&µ*%*&)A-9$ 9"& '(-# 

%$,3%(='- (-. "JA*#3". (*5 (D#*5. /* µ*#(71* %*5 9"1B%($& (-# %$,3*<* X$C,*5?,&*.-

4$%(7µC,&*. 9"& $#'=µ"(:#$& (&. '5#($("2µ7#$. (=# "1&$5(&9:# %$<3=# 9"& (- µ7'- 

$%&J"#$&"9) A$,µ*9,"'3", %,*($3#$& (*5. 22-22,5 *C (pZ0.002) =. (-# C71(&'(- A$,µ*9,"'3" 

'5#?A,*&'-. (*5 (D#*5 9"& µ&" "#(&'(,DJ=. "#?1*2- '67'- (=# <$&9(:# "JA*#3". µ$ (* 



 

 35 

2$=2,"J&9D µ)9*. (pZ0.004). /* µ*#(71* $K-2$3 (* 53.35% (-. µ$("C1-(D(-(". (=# 

<$<*µ7#=# 9"& D%=. 9"& '(-# %$,3%(='- (*5 K&J3" - "#(&9"(?'("'- (*5 %",?2*#(" (-. µ7'-. 

A$,µ*9,"'3". µ$ (- µ72&'(- SST C$1(&:#$& (" "%*($17'µ"(" "5K?#*#(". (* $K-2)'&µ* 

%*'*'(D µ$("C1-(D(-(". '(* 54.78% 9"& µ$&:#*#(". (&µ7. (*5 p 2,"µµ&9D(-(". (pZ0.0029 2&" 

(-# "11-1$%3<,"'- 2$=2,"J&9*B µ)9*5. 9"& %1?(*5. 9"& pZ0.0001 2&" (-# µ72&'(- SST). E 

%,*(3µ-'- (*5 $3<*5. '(*5. 22 *C $3#"& $µJ"#)., $#: *& µ$2"1B($,$. (&µ7. "JA*#3". 

'529$#(,:#*#("& '(*5. 35-37*T, 23-25.5 *G. 

/*5. µ)#$., *%D($ 'BµJ=#" µ$ (- C&C1&*2,"J3" <$# $%&($1$3("& =*(*93" 

(X$C,*5?,&*.-8%,31&*. 9"& 4$%(7µC,&*.), (* µ*#(71* %*5 %$,&2,?J$& (- '67'- (*5 (D#*5 µ$ 

(" 2$=2,"J&9D µ)9*. 9"& %1?(*. 9"& µ7'- $%&J"#$&"9) A"1?''&" A$,µ*9,"'3", $K-2$3 (* 

70.28% (-. µ$("C1-(D(-(". (=# <$<*µ7#=#. N& µ72&'($. (&µ7. (*5 <$39(- "JA*#3". 

'529$#(,:#*#("& '(*5. 35-36*T, 25-28 *G (pZ0.1), $#: - '67'- (*5. µ$ (- A$,µ*9,"'3" 

$µJ"#3F$("& %&* %*1B%1*9-. 4(&. 6"µ-17. A$,µ*9,"'3$., 13-18*C * (D#*. %",*5'&?F$& 

%,*(3µ-'- '(*5. 15*C, $#: '(&. 5O-17., 23-27 *C, %","(-,$3("& µ&" "#?1*2- '67'- µ$("KB 

A$,µ*9,"'3". 9"& "JA*#3". (pZ0.001). 0$1(3='- (*5 µ*#(71*5 $%&(526?#$("& "# 

6,-'&µ*%*&-A$3 - µ72&'(- SST, µ$ (* 75.24% (-. µ$("C1-(D(-(". #" $3#"& $K-2)'&µ- 9"& (" p 

2,"µµ&9D(-(". #" µ$&:#*#("& '$ 0.0086 2&" (-# "11-1$%3<,"'- 2$=2,"J&9*B µ)9*5. 9"& 

%1?(*5. 9"& 0.0001 2&" (-# µ72&'(- SST. W("# "5() - %$,3*<*. <&"&,$A$3 '$ <5* (µ)µ"(", 

X$C,*5?,&*.-8%,31&*. 9"& 8B2*5'(*.-4$%(7µC,&*. (A$=,*Bµ$ (*# 8B2*5'(* =. µ$("C"(&9D 

µ)#" "%D (-# %$,3*<* =*(*93". '(-# %$,3*<* µ$(? (-# =*(*93") (" "%*($17'µ"(" (=# 

µ*#(71=# '5#*O3F*#("& '(" $K).: I&" (-# %$,3*<* X$C,*5?,&*.-8%,31&*. (* $3<*. 

'529$#(,:#$("& '(*5. 36*T, 26-27*G (pZ0.06) 9"& '(*5. 15.5*C (pZ0.12) 9"& (* µ*#(71* 

$K-2$3 (* 83.88% (-. µ$("C1-(D(-(".. I&" (-# %$,3*<* 8B2*5'(*.-4$%(7µC,&*. - C71(&'(- 

A$,µ*9,"'3" $3#"& 26*C (pZ0.008), - '67'- (-. "JA*#3". µ$ (* 2$=2,"J&9D µ)9*. $3#"& 

2,"µµ&9) 9"& (" %*'? $3#"& "#?1*2" $#: *& µ$2"1B($,$. (&µ7. "JA*#3". %","(-,*B#("& '(*5. 

24-25.5*G (pZ0.006). /* µ*#(71* $K-2$3 (* 88,78% (-. µ$("C1-(D(-(".. 

+"(? (-# =*(*93" *& A$,µ*9,"'3$. %*5 %,*(&µ:#("& "%D (*# (D#* 95µ"3#*#("& 2B,= 

'(*5. 21*C (pZ0.004) 9"& *& %$,&*67. D%*5 '529$#(,:#*#("& (*%*A$(*B#("& '(*5. 35-38*T, 

23-25 *G 9"& 36.5*T, 26-28 *G (pZ0.0003). E µ$("C1-(D(-(" (=# <$<*µ7#=# %*5 $K-2$3("& "%D 

(* µ*#(71* "223F$& (* 65%.                   

        

/" "%*($17'µ"(" (=# µ*#(71=# 6,-'&µ*%*&)A-9"# 2&" (-# $%&1*2) 9"& 6",(*2,?J-'- 

(=# A$,µ*9,"'&:# %*5 $µJ"#3F*#("& =. C$1(&'($. 9"(? (-# %$,3*<* =*(*93"., µ$ '(D6* (-# 

"#"2#:,&'- %&A"#:# %$,&*6:# =*(*93".. P?,($. 91&µ"(*1*23". 9"& 2&" (" <5* $3<- 

%",*5'&?F*#("& '(* !",?,(-µ" 2.   
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4. 45F)(-'-. 45F)(-'- 
 

 
 

H "#?29- 2&" '511*2) %1-,*J*,3". 9"& ("5(*%*3-'- '-µ"#(&9:# $#<&"&(-µ?(=# 2&" (" 

µ$("#"'($5(&9? $3<- 76$& "#"<$&6A$3 '$ %*117. %,*'%?A$&$. <&"6$3,&'-. (=# %1-A5'µ:# (*5. 

(%6 FMP, 1998). E "%D9,&'- '(-# "#?29- "5() %$,&1"µC?#$& (- <&$,$B#-'- (-. $%3<,"'-. 

6","9(-,&'(&9:# (=# $#<&"&(-µ?(=# '(-# 9"("#*µ) (=# $&<:#, "#"2#:,&'- %$,&*6:# 

=*(*93"., 6","9(-,&'µD =9$"#*2,"J&9:# <&$,2"'&:#, D%=. '(,DC&1*& 9"& A$,µ&9? µ7(=%", 

%*5 "11-1$%&<,*B# µ$ (*# (D#* 9"& (*# K&J3" 9"& "#"2#:,&'- (=# A-,"µ?(=# 9"& (=# 

%$,&*6:# (,*J*1-O3". (*5..  

 

 

4.1 G 484$%0%"A, 2.1+ B+,.%$)4> ?(2#&()% #;3' (µ0,+AH(.,) 2( 

=%"80%")49' ()4#+('. 

 

 E 6,)'- <*,5J*,&9:# $&9D#=# %$,&C"11*#(&9:# %","µ7(,=# 9"& - "#?%(5K- µ$AD<=#, 

C"'&FDµ$#=# '(- 6,)'- 45'(-µ?(=# I$=2,"J&9:# !1-,*J*,&:# "%*($1$3 µ&" $B9*1- 9"& 

*&9*#*µ&9) %,*'722&'- '(-# "#"2#:,&'- =9$"#*2,"J&9:# <*µ:# 9"& %$,&*6:# 5O-1). 

%,=(*2$#*B. %","2=2&9D(-(".. /* '(32µ" =9$"#*2,"J&9:# <&$,2"'&:# µ$2?1-. 6=,&9). 

913µ"9". $3#"& $µJ"#7. '$ 6?,($. 9"("#*µ). (-. $%&J"#$&"9). A"1?''&". A$,µ*9,"'3"., $#: 

- "5K-µ7#- %","2=2&9D(-(" µ%*,$3 #" "#"2#=,&'($3 '$ $&9D#$. '5297#(,='-. 61=,*JB11-. 

". 4(-# %",*B'" µ$17(- %",*5'&?'(-9$ $%&%17*# - 6",(*2,?J-'- <&"<&9"'&:# µ7'-. 6=,&9). 

913µ"9". (mesoscale), '529$9,&µ7#" "#"C1B'$&., %",*<&9*3 9591:#$. 9"& A$,µ&9? µ7(=%", %*5 

'5µC?11*5# '(-# "BK-'- (-. %,=(*2$#*B. %","2=2&9D(-(".. N& 6,*#*'$&,7. 6",(:# %*5 

%,*795O"# %",76*5# µ&" %$,&2,"J) (-. $%&J"#$&"9). 9591*J*,3". '(-# "#"(*1&9) >$'D2$&* 

9"& (=# <*µ:# %*5 <&"(",?''*5# (-# *1&2*(,*J&9) JB'- (-..    

N& <5#?µ$&.-"3(&" $29"A3<,5'-. =9$"#*2,"J&9:# %,*(B%=# 9"& (" &<&"3($," 

%$,&C"11*#(&9? 6","9(-,&'(&9? =9$"#*2,"J&9:# <*µ:# %*5 '5µC?11*5# '(*# $µ%1*5(&'µD 

(=# $%&J"#$&"9:# '(,=µ?(=#, "%*($1*B# (- C?'- (-. "#"2#:,&'). (*5. µ$ (- 6,)'- 

<*,5J*,&9:# <$<*µ7#=#. /"5(D6,*#" *& 6,*#*'$&,7. <*,5J*,&9:# $&9D#=# $%&C$C"&:#*5# 

(*5. µ-6"#&'µ*B. <-µ&*5,23". %,*(B%=# 9"& µ%*,*B# #" %$,&2,?O*5# (&. µ$("C*17. 9"& 

<&"95µ?#'$&. (=# =9$"#*2,"J&9:# <*µ:# '(* 6:,* 9"& '(* 6,D#*. G%&%17*# %",76*5# (- 

<5#"(D(-(" µ$17(-. (-. =9$"#*2,"J3". '$ µ$2?1- 913µ"9". 

N& '(,DC&1*& $µJ"#3F*#("& '$ $&9D#$. SST =. 9591&97. <*µ7., %*5 6","9(-,3F*#("& 

"%D <&"J*,$(&97. A$,µ*9,"'3$. '$ '67'- µ$ (&. %","9$3µ$#$. %$,&*67.. !*117. J*,7. *& 

9591:#$. 6",(*2,"J*B#("& 9"& =. MPH. S. µD#&µ$. <*µ7. "#"2#=,3F*#("& *& 9591:#$. 

#*(&*<5(&9? (-. +,)(-. 9"& #D(&" (-. UD<*5. E A7'- (*5 9591:#" (-. UD<*5 µ$("C?11$("&, 

D%=. 9"& * ",&AµD. (=# 97#(,=# (*5. N 9591:#". (-. +,)(-. $µJ"#3F$& 7#(*#* '(32µ" (*5. 

9"1*9"&,&#*B. µ)#$., *%D($ &'65,*%*&$3("& %&A"#D# $K"&(3". (-. $µJ?#&'-. µ&". %",?9(&". 

"#?C15'-. <5(&9? (-. +,)(-.. Eµ&µD#&µ$. ) $%*6&97. 9591=#&97. 9"& "#(&9591=#&97. <*µ7. 

$µJ"#3F*#("& '(* +,-(&9D !71"2*. 9"& #D(&" (-. +,)(-.. 4(-# "#"(*1&9) 1$9?#- $#$,27. 
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<*µ7. µ7'-. 6=,&9). 913µ"9". D%=. jets 9"& '(,DC&1*& ) $%*6&97. 9591=#&97. 9"& 

"#(&9591=#&97. <*µ7. "11-1*'5#<7*#("& 2&" #" 9"("'9$5?'*5# µ&" 9591*J*,3" '(* $%3%$<* 

(-. 1$9?#-. (Robinson et al., 2001; Malanotte-Rizzoli et al, 1999). +591=#&97. 9"& 

"#(&9591=#&97. <3#$. "#"2#=,3'(-9"# 9"& "%D (*5. Theocharis et al. (1999) '(-# %$,&*6) (*5 

#D(&*5 8&2"3*5 9"A:. 9"& '(&. 2$&(*#&97. %$,&*67. (*5 "#"(*1&9*B @*#3*5 9"& (-. 

C*,$&*<5(&9). M$C"#(3#-.. GµJ"#3F*5# '-µ"#(&9) %*&9&1D(-(" '$ 6","9(-,&'(&9? D%=. (1) 

'6)µ", A7'- 9"& &'6B. (=# µ*#3µ=# '(,*C31=# 9"& (=# "'("A:# 1*C:# (*5., %*11"%1? 

97#(,", µ"&?#<,*5. µ7'-. 6=,&9). 913µ"9"., (2) %,D(5%" µ"&?#<,=# 9"& &'6B. (=# µ*#3µ=# 

<5#:# 9"& (3) %",*5'3" µ$("C"(&9:# <&#:# 9"& µ- %$,&*<&9:# <&#:# (Robinson et al., 2001; 

Theocharis et al., 1999; Larnicol et al., 2002).  

!,*-2*Bµ$#$. %,*'%?A$&$. %$,&2,"J). (-. 9591*J*,3". '(-# 8#"(*1&9) >$'D2$&* 

µ$ (-# µ$17(- <*,5J*,&9:# <$<*µ7#=# $%&J"#$&"9). A"1?''&". A$,µ*9,"'3". (SST) 7<='"# 

$#<&"J7,*#(" "%*($17'µ"(". N& Matteoda 9"& Glenn (1996) "#715'"# SST <*,5J*,&9? 

<$<*µ7#" (-. "#"(*1&9). >$'*2$3*5 2&" µ&" %$,3*<* µ$2"1B($,- (=# 4 $(:# 9"& 

"#"2#=,3F*5# =. µD#&µ" 6","9(-,&'(&9? %7#($ '(,*C31*5.: (-. @$,?%$(,". #*(&*"#"(*1&9? (-. 

+,)(-., (*5 !71*%" #D(&" (-. !$1*%*##)'*5, 7#"# 9591:#" #*(&*<5(&9? (-. +,)(-. 9"& (*5. 

Shikmona 9"& (-. ;5(&9). +B%,*5 '(-# M$C"#(3#-. N& Marullo et al. (1999a) A$=,*B# =. 

9B,&" 9"& µD#&µ- <*µ) (*# 9591:#" (-. UD<*5. /,$&. ?11$. <*µ7. %*5 "#"J7,*#("& µ$ '$&,? 

µ$&*Bµ$#-. %",*5'3". D%=. "5(7. $µJ"#3F*#("& '$ SST µ-#&"3" 91&µ"(*1*23" $3#"&: * 

"#(&9591:#". (-. @$,?%$(,"., * !71*%". 9"& * 9591:#". (-. ;. +,)(-.. N $()'&*. 9B91*. 

(-. 9"("#*µ). (-. SST $µJ"#3F$("& µD#* 9"(? (- 6$&µ$,&#) %$,3*<* 9"& µD#* '(- 1$9?#- (*5 

@*#3*5, $#: (* 6$&µ:#" '(- M$C"#(3#- 5%?,6*5# µD#* µ&9,7. <&"95µ?#'$&. 2B,= "%D (-# 

F=#&9) 91&µ"(*1*23" (Marullo et al., 1999b). ;$# $µJ"#3F$("& 9?%*&" %$,&*<&9D(-(" (&. 

5%D1*&%$. $%*67. '$ 9?%*&" "%D (&. <5* 1$9?#$.. 4(-# %,"2µ"(&9D(-(" $#: - ?#*&K- 9"& (* 

JA&#D%=,* 6","9(-,3F*#("& %?#(" "%D µ$("C"(&9? %,D(5%", (* 9"1*9"3,& $3#"& - $%*6) µ$ (-# 

$1?6&'(- $()'&" %*&9&1D(-(". X"3#$("& D(& *& $%*6&97. 9"& µ-#&"3$. 91&µ"(*1*23$. (=# %$<3=# 

SST "#(&9"(*%(,3F*5# µ$ ",9$() "9,3C$&" (" $%*6&9? 6","9(-,&'(&9? (-. 8#"(*1&9). 

>$'*2$3*5 (Marullo et al., 1999a). 

;5* ?11" 6","9(-,&'(&9?, %*5 '6$(3F*#("& µ$ (- 6=,&9) 9"("#*µ) (=# <$<*µ7#=# 

"JA*#3". (=# &6AB=#, $3#"& - $3'*<*. %1*B'&=# '$ A,$%(&9? 5<?(=# "%D (- >"B,- A?1"''" 

9"& (* Levantine Intermediate Water, %*5 $µJ"#3F$("& =. µ&" A$,µ) ‘21:''"’, %*5 $&'7,6$("& 

'(* 8&2"3* "%D (" #*(&*"#"(*1&9? %$,?'µ"(? (*5. E $3'*<*. A,$%(&9:# "%D (- >"B,- 

A?1"''" 9"& (*5. %*("µ*B. (-. C*,$3*5 G11?<". %*5 $9C?11*5# '(* CD,$&* 8&2"3*, $3#"& 

$µJ"#). 9"& '(-# 9"("#*µ) $%&J"#$&"9). 61=,*JB11-. " D%=. J"3#$("& '$ <*,5J*,&97. 

$&9D#$..   

!","(-,)'$&. 5O-1:# '529$#(,:'$=# 61=,*JB11-. (Chl-a), %*5 '6$(3F*#("& µ$ 

%",?9(&$. "#"C1B'$&. 9"& 6","9(-,&'(&9? µ7'-. 6=,&9). 913µ"9"., "#"<$&9#B*5# (-# "#?29- 

$%"#$9(3µ-'-. (=# (,*J&9:# 6","9(-,&'(&9:# (-. >$'*2$3*5, (*51?6&'(*# '$ '529$9,&µ7#$. 

%$,&*67. (Jacques, 1989). E 6",(*2,?J-'- %$,&*6:# 5O-1). %","2=2&9D(-(". (>UE) 9"& 

A$,µ&9:# µ$(:%=# "#"<$&9#B*5# (*5. µ-6"#&'µ*B. "BK-'-. (-. %,=(*2$#*B. 

%","2=2&9D(-(". '(-# "#"(*1&9) >$'D2$&*. 
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E 9"("#*µ) (=# >UE "9*1*5A$3 7#"# $()'&* 9B91* "#?µ&K-. 9"& '(,=µ?(='-. (=# 

$%&J"#$&"9:# 5<?(=# '(* 8&2"3* %*5 %,*9"1*B#("& 95,3=. "%D 9"1*9"&,&#*B. CD,$&*5. 

K-,*B. "#7µ*5. *& *%*3*& $3#"& - "&(3" "#?C15'-. 9"(? µ)9*. (=# "#"(*1&9:# %",?9(&=# 

%$,&*6:# (*5 8&2"3*5 9"& 9"(? µ)9*. (*5 9$#(,&9*B 8&2"3*5 (%1"(D (=# +591?<=#) 

$29"A&'(:#(". µ$ "5(D# (*# (,D%* µ&" 91&µ"9=() µ$("C*1) (-. A$,µ*9,"'3". "%D "#"(*1&9? 

%,*. <5(&9? '(* 9$#(,&9D 8&2"3*. 4(- <&?,9$&" (*5 6$&µ:#", *%D($ 9"& $29"A&<,B$("& µ&" 

9591=#&9) $%&J"#$&"9) 9591*J*,3", (" %,D(5%" SST/CHL "#=µ"1&:# $3#"& %&* $µJ"#) 9"(? 

µ)9*. (*5 0D,$&*5 ,$Bµ"(*. '(" %",?1&" (-. >&9,?. 8'3". 9"& 1&2D($,* $µJ"#) 9"(? µ)9*. 

(*5 '6$(&9? "#3'65,*5 TD(&*5 ,$Bµ"(*. '(&. $11-#&97. %",?9(&$. %$,&*67.. 

/* JA&#D%=,* %$,&*67. 5O-1). %","2=2&9D(-(". 95,&",6*B# '(* CD,$&* (µ)µ" (-. 

5%D µ$17(- %$,&*6). (0D,$&* 8&2"3*), *& *%*3$. $%-,$?F*#("& "%D <$1("V97. "%*A7'$&. 

5<?(=#, $&'D<*5 #$,*B "%D (- >"B,- H?1"''" (Theocharis and Georgopoulos, 1993) 9"& 

%",?9(&$. "#"C1B'$&s (Valavanis et al., 1999). +"(? (- <&?,9$&" (*5 6$&µ:#" *& %$,&*67. "5(7. 

µ$("9&#*B#("& '(* 9$#(,&9D–"#"(*1&9D 8&2"3* $#: '(*5. "#*&K&?(&9*5. 9"& 9"1*9"&,&#*B. 

µ)#$. <&"'9*,%3F*#("& '$ *1D91-,- (-# 5%D µ$17(- %$,&*6). 

+"(? (- <&?,9$&" (*5 9"1*9"&,&*B - "11-1$%3<,"'- µ$("KB $#D. "(µ*'J"&,&9*B 

'5'()µ"(*. 6"µ-1). %3$'-. %?#= "%D (- 1$9?#- (-. M$C"#(3#-. 9"& $#D. '5'()µ"(*. 5O-1). 

%3$'-. %?#= "%D (- 0"19"#&9) 6$,'D#-'* %",?2$& '("A$,*B. CD,$&*5., O56,*B. 9"& K-,*B. 

?#$µ*5., (&. ‘G(-'3$.’, %*5 %#7*5# %?#= "%D (* 8&2"3* (Stergiou et al., 1997a). E µ$("J*,? 

Ekman %*5 %,*9"1$3("& '(* "#*&9(D %71"2*. "%D (*5. &'65,*B. CD,$&*5 "#7µ*5. <-µ&*5,2$3 

µ&" F:#- &'65,). "#?C15'-. '(* "#"(*1&9D (µ)µ" (-. A?1"''"., D%=. J"3#$("& "%D (-# 

9"("#*µ) (=# 6",(*2,"J-µ7#=# %$,&*6:# 5O-1). %","2=2&9D(-("., (* 9"1*9"3,& "11? 9"& 

(* JA&#:%*,*. 85(D "%*($1$3 (* %&* '-µ"#(&9D 6","9(-,&'(&9D µ$2?1-. 913µ"9". '(- 

>$'D2$&* (Bakun & Agostini, 2001). E "#?C15'- "5(), - *%*3" $µJ"#3F$("& 9"A’ D1- (- 

<&?,9$&" (*5 7(*5., (* 9"1*9"3,& %",*5'&?F$& ("6B(-($. '529,3'&µ$. µ$ "5(7. %*5 

%","(-,*B#("& '$ 2#='(? '5'()µ"(" "#"C1B'$=#, D%=. - "#?C15'- 9*#(? '(-# @C-,&9) 

6$,'D#-'* (Parrish et al., 1983) 9"& '(* "9,=(),&* Frio (0,"F&13") (Bakun & Parrish, 1990). 

N& G()'&*& ?#$µ*& 9"(? (- <&?,9$&" (*5 9"1*9"&,&*B, $29"A&'(*B# <5* *µ*&*2$#:. 

'(,=µ"(*%*&-µ7#$. 5<?(&#$. µ?F$., %*5 <&"6=,3F*#("& µ7'= $#D. A$,µ*9,"'&"9). 

<&"C?Aµ&'-. µ$ 9"($BA5#'- "%D "#"(*1&9? %,*. <5(&9? '(* +$#(,&9D 8&2"3*, µ$  (&. 6"µ-17. 

A$,µ*9,"'3$. '(" "#"(*1&9? 9"& (&. 5O-1D($,$. '(" <5(&9?. +"(? (- <&?,9$&" (*5 6$&µ:#" 

$29"A3'("("& µ&" 9591=#&9) $%&J"#$&"9) 9591*J*,3" µ$ 7#" CD,$&* ,$Bµ" 9"(? µ)9*. (-. 

"9(). (-. >&9,? 8'3". 9"& 7#" #D(&* 9"(? µ)9*. (=# G11-#&9:# 89(:#, (* *%*3* <-µ&*5,2$3 

7#" $($,*2$#7. %,D(5%* '(,=µ?(='-. (=# 5<?(=#.  

/" A$,µ&9? µ7(=%" %*5 "#"2#=,3F*#("& µ$ (- µ7A*<* %*5 %,*(?A-9$, %",*5'&?F*5# 

$µJ"#) '5'67(&'- µ$ (&. &'*C"A$3. 2,"µµ7., $#: '56#? (* '6)µ" (*5. %,*'*µ*&?F$& "5(D (-. 

'6$(&FDµ$#-. µ$ (* µ7(=%* &'*C"A*B.. G&<&9D($," - 9"($BA5#'- (=# 6",(*2,"J-µ7#=# 

%",?9(&=# µ$(:%=# 9"& µ$(:%=# (-. -%$&,=(&9). 5J"1*9,-%3<". %",*5'&?F$& $µJ"#) 

'5'67(&'- µ$ (*# %,*'"#"(*1&'µD (=# &'*C"A:# 2,"µµ:#. /* µ7'* C?A*. (=# %",?9(&=# 

A$,µ&9:# µ$(:%=# 5%*<$&9#B$& D(& "5(? (" µ7(=%" $µJ"#3F*#("& 95,3=. '$ µ$2?1" C?A- (*# 

6$&µ:#" 9"& '$ %&* ,-6? #$,? (-# ?#*&K- 9"& (* 9"1*9"3,&, *%D($ %","(-,*B#("& "5K-µ7#- 
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$3'*<*. #$,*B "%D (*5. %*("µ*B. 9"& "<B#"µ*& ?#$µ*& (Therianos, 1974; Poulos et al., 1997). 

/* "#(3'(,*J* %,D(5%* %","(-,$3("& D'*# "J*,? '(-# 9"("#*µ) (=# =9$?#&=# A$,µ&9:# 

µ$(:%=# %*5 J"3#$("& #" "9*1*5A*B# (*# $%*6&9D '6-µ"(&'µD =9$?#&=# 9591:#=# 9"& 

"#(&9591:#=# (Theocharis et al., 1999; Larnicol et al., 2002). 

/" %,D(5%" %*5 %","(-,*B#("& '(" 6",(*2,"J*Bµ$#" µ7(=%" $K-2*B#("& =. $K).: /* 

8&2"3* 9"(? (- <&?,9$&" (*5 9"1*9"&,&*B 6","9(-,3F$("& "%D 711$&O- #7J='-., µ$ <20% (*5 

*5,"#*B #" 9"1B%($("& "%D #7J- (Anonymous, 1956). 45#$%:. D("# $29"A3'("("& - 

'("A$,D(-(" (-. '()1-. (*5 #$,*B, - %,=(*2$#). %","2=2) "5K?#$("& µ$ 2,)2*,*5. 

,5Aµ*B.. +"A:. *& $µ%1*5(&'µ7#$. 5<?(&#$. µ?F$. 9"& *& %"2&<$5µ7#*& %1"29(*#&9*3 

*,2"#&'µ*3 µ$("J7,*#("& "%D (* %$<3* ,*). Ekman %,*. '("<&"9? µ$&*Bµ$#$. (5,C:<$&. 

'5#A)9$., - ,*) ",63F$& #" $%-,$?F$("& "%D (- <5(&9) 5J"1*9,-%3<" µ$ "%*(71$'µ" &'65,) 

'B291&'- 9"& 9"("CBA&'- 9"(? µ)9*. (*5 <5(&9*B *,3*5 (*5 %$1?2*5.. E 'B291&'- ,*). 

*<-2$3 '(-# $#$,2) "#?%(5K- µ$(:%=#, $µJ"#:# '$ <*,5J*,&97. $&9D#$. (Le Vourche et al., 

1992), (" *%*3" %",?2*5# µ&9,D($,-. 913µ"9". F:#$. 9"("CBA&'-. '(" %1"3'&" (*5 %,*(B%*5 

9"("CBA&'-., %*5 *J$31$("& '(-# µ$("J*,? Ekman. +"& '(&. <5* 913µ"9$. 9"("<5(&9). 

93#-'-. (=# 5<?(&#=# µ"F:# <-µ&*5,2*B#("& %*11"%17. <*µ7. "5K-µ7#-. '5297#(,='-. 

µ&9,:# *,2"#&'µ:#. 4(-# F:#- 9"("CBA&'-. (-. <5(&9). %1$5,?. (*5 8&2"3*5 * <$39(-. 

(5,C:<*5. "#?µ&K-. %7J($& '$ 6"µ-1? $%3%$<", '$ '67'- µ$ D1- (-# 5%D1*&%- %$,&*6) 9"& 

µ?1&'(" %",*5'&?F$& (&µ7. 9,3'&µ$. 2&" (-# $%&C3='- %,*#5µJ:# %$1"2&9:# &6AB=# (Agostini 

& Bakun, 2002). E $%&J"#$&"9) ,*) '(-# %$,&*6) 76$& <5(&9) 9"($BA5#'- (* 9"1*9"3,& 

"11?F*#(". %*,$3" %,*. (* CD,$&" '(" (71- (*5 9"1*9"&,&*B, ",67. JA&#*%:,*5, µ$ (7(*&* 

(,D%* %*5 $5#*$3 (- '529,?(-'- %1"29(*#&9:# %,*#5µJ:# '(-# %$,&*6). /" 2$='(,*J&9? 

,$Bµ"(" $µJ"#3F*#("& "<B#"µ", µ$ µ&" (?'- #" '6-µ"(3F*5# %,D(5%" 9591*J*,3". µ7'-. 

6=,&9). 913µ"9"., %*5 $%3'-. $5#**B# (- <&"(),-'- *,2"#&'µ:#. 

 

 

4.2 -3"%*"%+)4> 4,.,+%µ> .3+ =(=%µ9+3+ ,$)(A,' .3+ µ(&/$3+ ;($,&)45+ 

2( 2*921 µ( ;("):,$$%+.)4%<' ;,"/&%+.(' 4,) 34(,+%&",0)49' =)("&,2A('. 

 

 

E 2$=2,"J&9) "%$&9D#&'- 9"& 6=,&9) "#?15'- "1&$5(&9:# 9"& %$,&C"11*#(&9:# 

<$<*µ7#=# "%*($1*B# ')µ$," 7#"# "#$,6Dµ$#* 91?<* (-. "1&$5(&9). 7,$5#"., 9"A:. 

"#"%(B''*#("& #7" $,2"1$3" %*5 '(-,3F*5# "5() (-# %,*'%?A$&". 

E $&9D#" (-. 9591*J*,3". 9"& (=# =9$"#*2,"J&9:# <&$,2"'&:# D%=. %,*795O"# "%D 

(-# "#?15'- (=# <*,5J*,&9:# $&9D#=# '6$(3'(-9$ µ$ (-# 9"("#*µ) (=# 5%",6D#(=# 

"1&$5(&9:# <$<*µ7#=#, %*5 %",D1* %*5 <$# 9"1B%(*5# (* 'B#*1* (-. "1&$3". (=# µ$2?1=# 

%$1"2&9:#, %",76*5# 9?%*&$. $#<$&9(&97. '5'6$(3'$&..   
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!"#$%& 

 

/" <$<*µ7#" (*%*A$(*B#("& 95,3=. '$ (7''$,&. %$,&*67.: (- ;5(&9) +,)(-, (* 

#*(&*<5(&9D 8&2"3*, (* +$#(,&9D 8&2"3* 9"& (- C*,$&*<5(&9) M$C"#(3#-. E "#?15'- (=# 

"1&$5(&9:# <$<*µ7#=# '(* 6,D#* 9"& - 5%7,A$') (*5. '$ <*,5J*,&97. $&9D#$. $%&J"#$&"9). 

A"1?''&". A$,µ*9,"'3". 9"& '5297#(,='-. 61=,*JB11-. "#7<$&K$ 9?%*&$. %$,&*67. =. 

µD#&µ" 9?%*&$. =. $%*6&9? "1&$5(&9? %$<3", $#: ("5(D6,*#" %","(-,)A-9"# '67'$&. µ$ 

=9$"#*2,"J&97. <&$,2"'3$. µ$2?1-. 6=,&9). 913µ"9"..  

E <5(&9) +,)(-, 9"& %&* '529$9,&µ7#" (" '($#? +5A),=#, 8#(&95A),=#, (" %",?1&" 

(-. ;. +,)(-. 9"& - $5,B($,- %$,&*6) (-. I"B<*5, "%*($1$3 '-µ"#(&9D "1&$5(&9D %$<3* 9"A’ 

D1- (- <&?,9$&" (-. "1&$5(&9). %$,&D<*5. E %$,&*6) "5() 95,&",6$3("& "%D (*# 9591:#" (-. 

+,)(-., 9"& 7#" ,$Bµ" µ$ <5(&9) 9"($BA5#'-, (* Mid Mediterranean Jet (MMJ). /* ,$Bµ" "5(D 

$3#"& %&* &'65,D '(" $%&J"#$&"9? '(,:µ"(" (-. 5<?(&#-. '()1-. 9"& '6$(3F$("& µ$ µ7'-. 

913µ"9". "#(&9591=#&9*B. 9"& 9591=#&9*B. $%&J"#$&"9*B. '(,*C31*5. (The POEM Group, 

1992).  

;$<*µ7#" "JA*#3". 2&" (* %1"(D (=# +591?<=# 5%?,6*5# 2&" (*5. µ)#$. 

X$C,*5?,&*, 8%,31&*, >?&*, 8B2*5'(* 9"& 4$%(7µC,&*.  /*%*A$(*B#("& 95,3=. '(* 

#*(&*<5(&9D (µ)µ" (=# +591?<=#. /* %,D(5%* (-. 6$&µ$,&#). 9591*J*,3". '(-# %$,&*6) 

"%*($1$3("& "%D <5* µ&9,*B. 9591=#&9*B. '(,*C31*5. 9"& (-# $&',*) 5<?(=# "%D (- 

M$C"#(3#- µ7'= (=# '($#:# (-. +",%?A*5 9"& (-. +?'*5 (Poulos et al., 1997).  E <5(&9) 

1$9?#- (*5 >&(,D*5 9"& (*5 +,-(&9*B $%-,$?F*#("& 9"& "%D (&. 5<?(&#$. µ?F$. %*5 

%,*7,6*#("& "%D (- >"B,- A?1"''" (Lykousis et al., 2002). /* 6$&µ:#" (* %1"(D (=# 

+591?<=# 6","9(-,3F$("& "%D *µ*&*27#$&" '(-# 9?A$(- 9"("#*µ) A,$%(&9:#. 

/* #*(&*"#"(*1&9D 8&2"3* "%*($1$3 7#" "9Dµ" "1&$5(&9D %$<3*. /* LIW, - $3'*<*. (*5 

*%*3*5 '(* 8&2"3* J"3#$("& #" '6$(3F$("& µ$ (- %",*5'3" (*5 K&J3" '(-# %$,&*6), %",?2$("& 

'$ <&?J*,$. %$,&*67. (-. M$C"#(3#-. 9"& (*5 #D(&*5 8&2"3*5, 9"(? (- <&?,9$&" (*5 

X$C,*5",3*5 9"& (*5 >",(3*5, 9?(= "%D (-# $%3<,"'- K-,:# 9"& O56,:# -%$&,=(&9:# "$,3=# 

µ"F:# (Georgopoulos et al., 1989).  

4(" (71- (-. ?#*&K-. 9"& '(*5. <5* %,:(*5. A$,&#*B. µ)#$. 9591=#&9*3 9"& 

"#(&9591=#&9*3 '(,DC&1*&, %*5 '5#<7*#("& µ$ $%&J"#$&"9? 9"& C"AB($," ,$Bµ"(", 

6","9(-,3F*5# (* CD,$&* M5C&9D 9"& (- 2$&(*#&9) C*,$&*<5(&9) M$C"#(3#-, D%*5 5%*(3A$("& D(& 

(*%*A$($3("& - =*(*93" (*5 K&J3" '(-# 8#"(*1&9) >$'D2$&*. E %",*5'3" (*5 K&J3" '(" 

%",?1&" (-. +B%,*5 (* 9"1*9"3,& %&A"#D# *J$31$("& '(* D(& '(-# %$,&*6) "5() %","(-,$3("& 

7#" µ72&'(* A$,µ*9,"'3". 9"& "1"(D(-(". (Hecht & Gertman, 2001).      
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6)4#+, 11 81&$5(&9*3 (D%*& 9"& %$,&*67. =*(*93". (*5 K&J3" (Xiphias gladius) (Stergiou et al., 2003).  

 
!*11*3 <&$A#$3. "1&$5(&9*3 '(D1*&, µ$ '(D6* (*# K&J3" '529$#(,:#*5# (-# %,*'%?A$&? 

(*5. '$ %$,&*67. 5O-1). %","2=2&9D(-("., D%=. '5'()µ"(" "#"C1B'$=#. E "#"9?15O- 

=9$?#&=# µ$(:%=# "%D (* '(D1* "%*<$&9#B$("& 9"A*,&'(&9) 2&" (-# "%D<*'- (-. "1&$5(&9). 

%,*'%?A$&". (Podesta et al., 1993; Bigelow et al., 1999). E '5#?A,*&'- (*5 K&J3" '$ %$,&*67. 

'529$9,&µ7#=# A$,µ*9,"'&:# 9"& $&<&9? 9*#(? '$ A$,µ&9? µ7(=%", A$=,$3("& =. "%D9,&'- '$ 

'5297#(,='- (,*J). ) µ$("#"'($5(&97. 9&#)'$&. 9"& $#$,2$&"9D 97,<*., =. "%*(71$'µ" (-. 

%",?11-1-. µ$ (-# ,*) (=# ,$5µ?(=# 93#-'-. (Olson et al., 1994).     

E %",*5'3" %",*<&9:# =9$"#*2,"J&9:# <&"<&9"'&:# µ7'-. 6=,&9). 913µ"9". '$ 

"1&$5(&9? %$<3" K&J3" 9"& * ,D1*. (*5. =. %&A"#7. %$,&*67. '5#?A,*&'-. (*5 $3<*5., 

µ$1$()A-9$ µ$ (- 6",(*2,?J-'- %$,&*6:# 5O-1). %","2=2&9D(-(". 9"& A$,µ&9:# µ$(:%=# 

9"& (- '5'67(&') (*5. µ$ (-# "JA*#3" (*5 K&J3". N& %$,&*67. "5(7. µ%*,*B# #" 

6","9(-,&'(*B# =. %&A"#? %$<3" (,*J*1-O3". (*5 $3<*5.. 

E 'B29,&'- (-. "JA*#3". '$ %$,&*67. %*5 '5µ%3%(*5# µ$ µ&" "%D (&. <5* 

=9$"#*2,"J&97. <&"<&9"'3$. %*5 6",(*2,"J)A-9"# 9"& '$ %$,&*67. %*5 <$# $µJ"#3F*5# 

MPH  ) A$,µ&9? µ7(=%", <$# 7<='$ '("(&'(&9? '-µ"#(&9? "%*($17'µ"(", %",D1* (* 2$2*#D. 

D(& (" %*'*'(? (-. %","2=2). %*5 "1&$B*#("& '(&. %$,&*67. "5(7., '$ 9?%*&*5. µ)#$., $3#"& 

'6$(&9? 5O-1?. /* 2$2*#D. "5(D µ%*,$3 #" *J$31$("& '$ 9?%*&" 6,*#&9) 5'(7,-'- µ$("KB (*5 

'6-µ"(&'µ*B 9?%*&*5 MPH ) A$,µ&9*B µ$(:%*5 9"& (-. '5297#(,='-. "(Dµ=# K&J3" '$ "5(?, 

) '(* D(& (" ?(*µ" 9"(? (&. µ$("#"'($B'$&. (*5. $%&'97%(*#("& 2&" µ&9,? 6,*#&9? <&"'()µ"(", 

(" *%*3" <$# µ%*,*B# #" "%*<*A*B# '$ $C<*µ"<&"3" <$<*µ7#".  

N& Seki et al. (2002) <&$,$B#-'"# (-# $%3<,"'- (-. <5#"µ&9). (=# Q%*(,*%&9*B 9"& 

TD(&*5 Q%*(,*%&9*B >$(:%=# '(-# %","2=2&9D(-(" (-. "1&$3". (*5 K&J3" '(- P"C?-, µ$ (- 

6,)'- <$<*µ7#=# 5<,*2,"J&9:# µ$1$(:# 9"& (-1$%&'9D%&'-.. /" '5'()µ"(" "5(? "%*($1*B# 
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%$,&*67. '5297#(,='-. (*5 K&J3" 9"& (=# A-,"µ?(=# (*5 '(" $%&J"#$&"9? '(,:µ"(" (-. 

'()1-. (*5 #$,*B, µ$ "%*(71$'µ" (-# "BK-'- (-. (,=(D(-(". (*5 K&J3" '(" %","2?<&".    

E $%3<,"'- (*5 %$,&C?11*#(*. '(-# 9"("#*µ) (=# "1&$5(&9:# %D,=# "%*($1$3 

'-µ"#(&9D %",?2*#(" %*5 A" %,7%$& #" 1"µC?#$("& 5%’ DO- '$ µ*#(71" <&"6$3,&'-. "1&$3".. 

!$,&C"11*#(&97. '5#A)9$. D%=. - A$,µ*9,"'3", - "1"(D(-(", - <&"B2$&" 9"& (* 6,:µ" (=# 

5<?(=#, $%-,$?F*5# (-# $%&(563" (-. "1&$3". 2&" %$1"2&9? $3<- (Sharp, 1978; Laurs et al., 

1984; Podesta et al., 1993; Hinton & Deriso, 1998). 89Dµ" 9"& * %,*'"#"(*1&'µD. (*5 

<*1:µ"(*., 76$& C,$A$3 D(& %"3F$& '-µ"#(&9D ,D1* '(-# "1&$5'&µD(-(" (*5 K&J3" (Broadhurst & 

Hazin, 2001). N& %$,&C"11*#(&9*3 %",?2*#($. µ%*,$3 #" $%-,$?F*5# (-# <&"A$'&µD(-(" 9"& (-# 

$5%?A$&" (=# &6AB=# '$ %*&931$. 6=,*6,*#&97. 913µ"9$., Dµ=. µ*#(71" <5#"µ&9). (=# 

"1&$5(&9:# %D,=# %*117. J*,7. "2#**B# (&. %$,&C"11*#(&97. <&"<&9"'3$. ) (&. "#(&µ$(=%3F*5# 

=. '("(&9D AD,5C* (Hoey et al., 1983) 

E "#?15'- (-. '67'-. %$,&C"11*#(&9:# %","2D#(=# µ$ (-# 9"("#*µ) (-. "JA*#3". 

(*5 K&J3" %,"2µ"(*%*&)A-9$ µ$ (- C*)A$&" I$#&9$5µ7#=# !,*'A$(&9:# >*#(71=#. E &'6B. 

(=# GAMs *J$31$("& '(-# &9"#D(-(? (*5. #" $#'=µ"(:#*5# µ- 2,"µµ&97. 9"& µ- µ*#*(*#&97. 

'67'$&. µ$("KB (-. µ$("C1-(). "%D9,&'-. (response variable) 9"& (*5 '5#D1*5 (=# 

$,µ-#$5(&9:# µ$("C1-(:# (predictors), D%=. "%*<$36A-9$ D(& $3#"& *& '67'$&. µ$("KB (-. 

"JA*#3". (=# <5* $&<:# 9"& (=# %$,&C"11*#(&9:# %","µ7(,=#. 4(" GAMs (" <$<*µ7#" 

9"A*,3F*5# (- JB'- (-. '67'-. µ$("KB (-. µ$("C1-(). "%D9,&'-. 9"& (*5 '5#D1*5 (=# 

$,µ-#$5(&9:# µ$("C1-(:#, 6=,3. #" 5%*(3A$("& 9?%*&*. (B%*. %","µ$(,&9). '5'67(&'-. (Yee 

& Mitchell, 1991). W%=. 9"& µ$ (" GLMs, - &9"#D(-(" "5(*B (*5 $,2"1$3*5 #" <&"6$&,3F$("& µ- 

2,"µµ&97. <*µ7. <$<*µ7#=# C*-A? '(-# "#?%(5K- *&9*1*2&9:# µ*#(71=# %*5 

"#(&%,*'=%$B*5# 9"1B($," (" <$<*µ7#" "%D (" *%*3" %,*)1A"# 9"& '5#$%:. C$1(&:#*5# (-# 

&9"#D(-(" 9"("#D-'-. (=# *&9*1*2&9:# '5'(-µ?(=# (Guisan et al., 2002). 

8%D (&. %$,&C"11*#(&97. %","µ7(,*5. %*5 µ$1$()A-9"# - $%&J"#$&"9) A"1?''&" 

A$,µ*9,"'3" %,*795O$ =. * %&* '-µ"#(&9D. %$,&C"11*#(&9D. %",?2*#("., $#: µ$2?1* 

%*'*'(D (-. µ$("C1-(D(-(". $K-2$3("& 9"& "%D (*# %",?2*#(" (*5 6:,*5 (2$=2,"J&97. 

'5#($("2µ7#$.). 

E µ$17(- (=# Bigelow et al. (1999) "%$9?15O$ (- '6$(&9) '-µ"'3" %$,&C"11*#(&9:# 

9"& J5'&9:# %","µ7(,=# '(-# "%D<*'- (-. "1&$3". (*5 K&J3" '(* CD,$&* G&,-#&9D. E 

9"(?("K- (=# %","µ7(,=# %*5 %,*795O$ $3#"& - $K).: ". (* 2$=2,"J&9D %1?(*., C. * 6,D#*., 

2. (* 2$=2,"J&9D µ)9*., <. 7#". <$39(-. (*5 '$1-#&"9*B 9B91*5, $. * ",&AµD. (=# ,?C<=# 

J=(D. "#? "293'(,&, '(. - SST, F. - $#7,2$&" ;SST (*5 µ$(:%*5, -. - ("6B(-(" (*5 "#7µ*5, A. 

- $#7,2$&" SST (*5 µ$(:%*5, &. - C"A5µ$(,3" 9"& &". -  ;SST. /"5(D6,*#" "#7<$&K"# (-# 

"#?29- 2&" C$1(3='- (-. %1-,*J*,3". %*5 "J*,? '(-# 2$=2,"J&9) 9"("#*µ) (=# "1&$5(&9:# 

<$<*µ7#=# 9"& (-# '-µ"'3" (-. 6,*#&9). 913µ"9". %*5 6,-'&µ*%*&$3("& '(-# %$,3%(='- (=# 

$&<:# %*5 %,"2µ"(*%*&*B# µ$2?1$. µ$("#"'($B'$&.. 4(" "1&$5(&9? <$<*µ7#" %*5 µ$1$()A-9"# 

2&" (-# 8#"(*1&9) >$'D2$&* - µ-#&"3" 913µ"9" 9,3A-9$ "9"(?11-1- 2&" 7#" µ$("#"'($5(&9D 

$3<*. D%=. * K&J3"..  

/* µ*#(71* %*5 '5#<7$& (-# "JA*#3" (*5 K&J3" µ$ (- A7'- (*5, D%=. "5() 

%$,&2,?J$("& "%D (&. 2$=2,"J&97. '5#($("2µ7#$. %*5 6","9(-,3F*5# (" "1&$5(&9? %$<3", 9"& 
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(-# $%&J"#$&"9) A"1?''&" A$,µ*9,"'3" $#(*%3F$& <5* "1&$5(&97. %$,&*67. µ$ 5O-1) "JA*#3". 

E µ&" $9($3#$("& "%D (* #*(&*<5(&9D 8&2"3* 7=. (- C*,$&*<5(&9) M$C"#(3#-, µ$ "5K-(&9) (?'- 

(*5 ",&Aµ*B (=# <$&9(:# "JA*#3". D'* "5K?#$("& (* 2$=2,"J&9D %1?(*. 9"& - ?11- 

%$,&1"µC?#$& (" B<"(" 2B,= "%D (- <5(&9) +,)(-, µ$ (- µ72&'(- "JA*#3" #" %","(-,$3("& '(-# 

#*(&*<5(&9) +,)(-. /" "%*($17'µ"(" '5µJ=#*B# µ$ (-# 9"("#*µ) (=# "1&$5(&9:# %$<3=# 

K&J3" D%=. %",*5'&?F$("& "%D (*5. Stergiou et al. (2003; G&9D#" 11). ;5* $3#"& 9"& *& C71(&'($. 

A$,µ*9,"'3$. %*5 %","(-,*B#("&. 8%D (*5. 14*C 7=. (*5. 18*C, - '67'- A$,µ*9,"'3".-

"JA*#3". $µJ"#3F$("& "#(&'(,DJ=. "#?1*2-, $#: "%D (*5. 20*C  7=. (*5. 27*C - C71(&'(- 

A$,µ*9,"'3" $#(*%3F$("& '(*5. 24*C. N& '5'6$(&'µ*3 "5(*3 µ%*,*B# #" 5%*'(-,3K*5# (- 

A$=,3" D(& (*5. 6$&µ$,&#*B. 9"& "#*&K&?(&9*5. µ)#$. * K&J3". $#(*%3F$("& '$ %$,&*67. µ$2?1-. 

%,=(*2$#*B. %","2=2&9D(-("., *& *%*3$. 6","9(-,3F*#("& "%D 6"µ-17. '$ '67'- µ$ (- µ7'-, 

$%&J"#$&"97. A$,µ*9,"'3$., D%*5 '529$#(,:#*#("& 9"& (" A-,?µ"(? (*5. N& %$,&*67. "5(7. 

(*%*A$(*B#("& '(* #D(&* +,-(&9D !71"2*., '(" '($#? +5A),=# – 8#(&95A),=# 9"& '(- 

#*(&*<5(&9) +,)(-, D%*5 $µJ"#3F*#("& (D'* %",*<&97. =9$"#*2,"J&97. <&"<&9"'3$. µ7'-. 

6=,&9). 913µ"9"., D%=. MPH 9"& A$,µ&9? µ7(=%" D'* 9"& µ$2?1-. 913µ"9"., µD#&µ" ) 

$%*6&9? =9$"#*2,"J&9? 6","9(-,&'(&9? D%=. *& 9591:#$. (-. ;5(&9). +,)(-. 9"& * Mirtoan 

gyre. /*5. A$,&#*B. µ)#$. * K&J3". J"3#$("& #" µ$("#"'($B$& %,*. (-# "#"(*1) D%*5 *& 

A$,µ*9,"'3$. $3#"& 9"(?11-1$. 2&" (-# =*(*93".  

E A$:,-'- "5() µ$1$()A-9$ %$,"&(7,= µ$ (- <&"3,$'- (=# <$<*µ7#=# '$ (,3" 'B#*1", 

(" *%*3" "#(&'(*&6*B# '(&. %$,&D<*5. %,&# (-# =*(*93", 9"(? (- <&?,9$&? (-. 9"& µ$(? "%D 

"5(). /" µ*#(71" %*5 %,*795O"# 5%*<$&9#B*5# D(& (-# %,* 9"& µ$(? "#"%","2=2&9) %$,3*<* 

* K&J3". '529$#(,:#$("& '(* #*(&*<5(&9D 8&2"3*. /-# %,* "#"%","2=2&9) %$,3*<* 5O-17. 

(&µ7. "JA*#3". K&J3" %","(-,*B#("& C*,$&*<5(&9? (-. +,)(-., '(* +,-(&9D !71"2*., '(* 

%1"(D (=# +591?<=# 9"& '(" <5(&9? (*5 9$#(,&9*B 8&2"3*5. N& A$,µ*9,"'3$. %*5 

%,*(&µ*B#("& "5() (-# %$,3*<* $3#"& 6"µ-17., 2$2*#D. %*5 5%*<$&9#B$& D(& "#(&'(*&6*B# '$ 

%$,&*67. "#"C1B'$=#, 9591:#=#, A$,µ&9:# µ$(:%=# 9"& ?11=# <&$,2"'&:# $µ%1*5(&'µ*B (-. 

'()1-. (*5 #$,*B 9"& "BK-'-. (-. %","2=2&9D(-("..  

+"(? (-# %$,3*<* (-. =*(*93". - "1&$3" $29"A3'("("& '(* #D(&* 8&2"3* 9"& '(- 

C*,$&*"#"(*1&9) M$C"#(3#-. E "JA*#3" '(* 9$#(,&9D 8&2"3* 9"& '(* %1"(D (=# +591?<=# 

$µJ"#3F$("& %*1B 6"µ-1) 9"& *& A$,µ*9,"'3$. %*5 "#(&'(*&6*B# '(-# µ72&'(- "JA*#3" 

95µ"3#*#("& "%D 23*C 7=. 25*C. E %$,3*<*. =*(*93". A$=,$3("& D(& <&",9$3 "%D (*# >?&* 7=. 

(*# @*B1&*. E "JA*#3" '(* #D(&* 9"& <5(&9D 8&2"3* %","µ7#$& "5K-µ7#-, $3($ <&D(& "#:,&µ" 

?(*µ" %","µ7#*5# '$ "5(7. (&. %$,&*67. 5O-1). %","2=2&9D(-("., $3($ <&D(& "%*($1*B# (µ)µ" 

(-. µ$("#?'($5'). (*5. %,*. (&. %$,&*67. =*(*93".. W("# %,*'(3A$("& 9"& * 8B2*5'(*. (* 

µ*#(71* C$1(&:#$("&, 2$2*#D. %*5 µ%*,$3 #" "%*($1$3 artifact, "J*B (* µ72$A*. (*5 <$32µ"(*. 

%*5 µ*#($1*%*&$3("& $%&<,? '(-# '5#*1&9) µ$("C1-(D(-(" 9"& (*5. C"Aµ*B. $1$5A$,3". ) #" 

"%*($1$3 µ&" 7#<$&K- D(& - =*(*93" '(-# "#"(*1&9) >$'D2$&* $%$9($3#$("& 9"& '$ "5(D# (*# 

µ)#".  

4(- µ$(?-"#"%","2=2&9) %$,3*<* * K&J3". $#(*%3F$("& '(* +,-(&9D %71"2*., '(" '($#? 

+5A),=# – 8#(&95A),=# 9"& #D(&" (-. +,)(-.. N& A$,µ*9,"'3$. %*5 $µJ"#3F*5# A$(&9) 
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'5'67(&'- µ$ (-# "JA*#3" $3#"& 6"µ-17. A$,µ*9,"'3$. (15*C) 9"& *& 24*C, %*5 %&A"#D# 

"#"J7,*#("& '(* µ)#" 8B2*5'(*, *%D($ µ?11*# '5#$63F$("& - =*(*93". 

N& Wang et al. (2005) "#7<$&K"# (-# '-µ"'3" (*5 J51$(&9*B <&µ*,J&'µ*B 9"& (-. 

-1&93"., =. 7#" "9Dµ" '(*&6$3* %*5 %,7%$& #" 1"µC?#$("& 5%’ DO- '$ µ$AD<*5. "%*(3µ-'-. 

(=# "%*A$µ?(=# (*5 K&J3". +"& '(-# %",*B'" µ$17(- '(*&6$3" 2&" (&. "#"1*23$. -1&9&:# 9"& 

JB1*5 '(" "1&$5(&9? <$<*µ7#" 9,3#*#("& "%","3(-(" 2&" (-# <&$,$B#-'- (-. µ$("#"'($5(&9). 

'5µ%$,&J*,?. (*5 $3<*5.. 

 

'()*& 

 

E 9?A$(- 9"& *,&FD#(&" 9"("#*µ) (=# $&<:# (D#*5 76$& %,*9"17'$& (* $,$5#-(&9D 

$#<&"J7,*#, D%=. 9"& - '5'67(&'- (=# µ$("#"'($5(&9:# (*5 9&#)'$=# µ$ %$,&C"11*#(&9*B. 

9"& µ- %",?2*#($.. 4(&. µ$17($. "5(7. 6,-'&µ*%*&*B#("& (D'* "1&$5(&9? D'* 9"& <$<*µ7#" 

%*µ%:# (%6 Bach et al., 2003). >$2?1-. 913µ"9". %",?2*#($. D%=. * North Atlantic 

Oscillation µ%*,$3 #" $%-,$?F*5# (-# "JA*#3" 9"& (" µ$("#"'($5(&9? µ*#*%?(&" (*5 (D#*5 (*5 

0*,$&*"#"(*1&9*B 8(1"#(&9*B (Santiago, 1998, 1999; Borja & Santiago, 2002; Fromentin, 

2002). 

E µ$("#?'($5'- 9"& - 9"("#*µ) (*5 (D#*5 $µJ"#3F$("& '$ '($#) '67'- µ$ 

=9$"#*2,"J&97. '5#A)9$., D%=. $%&J"#$&"97. &'DA$,µ$. 9"& 5O-1) %","2=2&9D(-(" 

(Nakamura, 1969; Humston et al., 2000; Brill & Lutcavage, 2001). N& Marsac et al. (2004) 

%,*($3#*5# D(& *& "#=µ"13$. (*5 C?A*5. (*5 %59#*91&#*B. %*5 %",?2*#("& $K"&(3". (=# 

95µ?(=# Rossby %,*9"1*B# $µ%1*5(&'µD (=# $%&J"#$&"9:# '(,=µ?(=#, * *%*3*. $5#*$3 (- 

'5297#(,='- (*5 (D#*5 9"& (=# A-,"µ?(=# (*5. /" "#(&J"(&9? "%*($17'µ"(" (=# White et al. 

(2004), *& *%*3*& C,)9"# ",#-(&9) '5'67(&'- (=# "1&$5µ?(=# (*5 (D#*5 µ$ %","2=2&97. 

%$,&*67. %*5 *J$31*#("& '$ 9Bµ"(" Rossby, <$# $%7(,$O"# (*# 9"A*,&'µD (-. '67'-. (*5 

(D#*5 µ$ (-# %,=(*2$#) %","2=2&9D(-(".     

4$ "#(3A$'- µ$ (*# K&J3", * (D#*. '(-# 8#"(*1&9) >$'D2$&*, <$# $µJ"#3F$& 5O-1) 

"JA*#3" '$ %$,&*67. %*5 6","9(-,3F*#("& "%D (-# %",*5'3" MPH D1* (* 7(*., %",? µD#* (* 

X$C,*5?,&* 9"& (*5. A$,&#*B. µ)#$. (@*B#&*.-@*B1&*.), *%D($ 9"& - '5'67(&') (*5. 

%","(-,$3("& '(- #D(&" +,)(- 9"& '(- C*,$&*<5(&9) M$C"#(3#-.  

I&" (*5. %$1"2&9*B. A-,$5(7. *& F:#$. 'B291&'-. "%*($1*B# %$,&*67. '5297#(,='-. 

(,*J). (Olson et al., 1994) 9"& '5#$%:. '6$(3F*#("& µ$ %","2=2&9? %$<3" "1&$3". <&"JD,=# 

$&<:# (D#*5 (Laurs et al., 1984; Zagaglia et al., 2004). E $µJ?#&'- A$,µ&9:# µ$(:%=# '(- 

>$'D2$&*, J"3#$("& #" $%-,$?F$& (-# 9"("#*µ) (*5 (D#*5 (-# %$,3*<* X$C,*5?,&*.->?&*.. E 

'5'67(&'- (-. %",*5'3" (*5 (D#*5 µ$ (" A$,µ&9? µ7(=%", <$# "%*<$36A-9$ (D'* &'65,) D'* 

"#"µ$#D("#, $#: 9"µ3" '67'- <$# "#"%(B''$("& µ$("KB (-. 9"("#*µ). (*5 (D#*5 9"& (=# 

6","9(-,&'(&9:# (=# µ$(:%=# (DSST, DChla). E JB'- (-. '67'-. (*5 (D#*5 µ$ A$,µ&9? 

µ7(=%" "%*<$36A-9$ <B'9*1* #" 9"A*,&'($3 9"& '$ ?11$. µ$17($. (Podesta et al., 1993; Schick 

et al., 2004).   

N& %$,&*67. D%*5 - '56#D(-(" ("5(D6,*#). $µJ?#&'-. "1&$5(&9:# <$<*µ7#=# (D#*5 

9"& MPH ) A$,µ&9:# µ$(:%=# $3#"& 5O-1) 5%*<$&9#B$& D(& * (D#*. (* 6$&µ:#", ",67. ?#*&K-. 
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(,7J$("& '(* 9$#(,&9D 9"& CD,$&* 8&2"3*, %,*. (" (71- (-. ?#*&K-. '5#"A,*3F$("& '(* #D(&* 

8&2"3* (+,-(&9D !71"2*., +",%?A&*, T;. +,)(-), 2&" #" J(?'$& (*5. A$,&#*B. µ)#$. '(-# 

M$C"#(3#-, D%*5 - %",*5'3" MPH 9"& A$,µ&9:# µ$(:%=# $5#*$3 (-# =*(*93" 9"& (-# $%&C3='- 

(=# %,*#5µJ:# (Stergiou et al., 1997; Agostini & Bakun, 2002). 

 !*117. µ$17($. 76*5# %,*'%"A)'$& #" '5#<7'*5# (-# 9"("#*µ) <&"JD,=# $&<:# 

(D#*5 µ$ %$,&C"11*#(&9*B. %",?2*#($.. 

N& Bertrand et al. (2003) 6,-'&µ*%*3-'"# 5<,"9*5'(&97. µ$AD<*5. 2&" #" 

%","(-,)'*5# (-# '5µ%$,&J*,? <&"JD,=# $&<:# (D#*5, '$ '67'- µ$ (" A-,?µ"(" 9"& (* 

%$,&C?11*# (*5.. /" "%*($17'µ"(? (*5. 7<$&K"# D(& - %",*5'3" A-,?µ"(*., 9"& '$ µ&9,D($,* 

C"AµD - A$,µ*9,"'3" ) - '5297#(,='- <&"15µ7#*5 *K52D#*5 9"A*,3F*5# (-# 9?A$(- 

9"("#*µ) (*5 (D#*5, 9"A:. 9"& D(& $#: '$ µ$2?1- 913µ"9" - '67'- µ$("KB "1&$5(&9). 

%","2=2). 9"& %59#D(-(". (=# A-,"µ?(=# $3#"& "#?1*2-, '$ µ&9,D($,- 913µ"9" - %",*5'3" 

patches %*1B µ$2?1-. %59#D(-(". µ$&:#*5# (-# %&A"#D(-(" "13$5'-.. 

4(* µ*#(71* (*5. *& Lemos 9"& Gomes (2004) $K$(?F*5# (-# C,"65%,DA$'µ- $%3<,"'- 

%$,&C"11*#(&9:# %","2D#(=# '(-# %&A"#D(-(" 'B11-O-. (D#*5 9"& '(-# "1&$5(&9) 

%","2=2&9D(-(" '$ %",?9(&$. %"23<$.. E 7#("'- (*5 "#7µ*5, - %",*5'3" "#"C1B'$=#, - 

<&"B2$&" (turbidity) (=# 5<?(=#, (" %",?9(&" ,$Bµ"(" 9"& *& %"13,,*&$. $µJ"#3F*5# %*&931$. 

$%&%(:'$&. '(-# 'B11-O- (*5 (D#*5. !&* '529$9,&µ7#" *& '522,"J$3. "#"J7,*5# D(& '(" 

%",?9(&" '5'()µ"(" - 5O-1) 7#("'- (*5 "#7µ*5, *& "#*&K&?(&9$. %"13,,*&$., (" %",?9(&" 

,$Bµ"(" %,*9"1*B# A$(&9), $#: %$1"2&9? ,$Bµ"(", %*5 '6$(3F*#("& µ$ "#"C1B'$&. 9"& 

µ$&=µ7#- <&"B2$&" (=# 5<?(=# ",#-(&9) "%D9,&'- (*5 (D#*5. N& '522,"J$3. µ$17(-'"# (-# 

$%3<,"'- %$,&C"11*#(&9:# %","2D#(=# '(-# %",*5'3" 9*%"<&:# (D#*5 9*#(? '(&. "9(7., µ$ 

"1&$5(&9? <$<*µ7#" %",?9(&=# %"23<=#. /" "%*($17'µ"(? (*5. "#7<$&K"# (-# %*15%1*9D(-(" 

(=# *&9*1*2&9:# %,*(&µ)'$=# (*5 (D#*5 9"A:. 9"& D(& - %",?9(&" %",*5'3" (*5. '5#<7$("& 

µ$ µ$("#"'($5(&97. <&"<,*µ7., µ&". 9"& D1*& *& %$,&C"11*#(&9*3 %",?2*#($. %*5 µ$1$()A-9"# 

($%&J"#$&"9? ,$Bµ"(", ("6B(-(" "#7µ*5, %"13,,*&" 9"& <&"B2$&" (*5 #$,*B) "%*<$36A-9"# 

'-µ"#(&9*3. QO-1) "1&$5(&9) %","2=2) %","(-,)A-9$ (&. -µ7,$. µ$ &'65,D ?#$µ*, $#: - 

%",*5'3" offshore ,$5µ?(=# µ$&:#$& (-# %&A"#D(-(" "13$5'-. (D#*5. N& '522,"J$3. 

%,*($3#*5# (,$&. %&A"#7. $K-2)'$&.: (1) (" ,$Bµ"(" "5(? "%*µ"9,B#*5# µ$("#"'($5(&97. 

<&"<,*µ7. "%D (-# "9(), (2) - %",*5'3" O56,:# 5<?(=# 1D2= "#"C1B'$=# "%*(,7%$& (*# 

(D#* "%D (* #" %1-'&?'$& '(-# "9() 9"& (3) * (D#*. "%*9,3#$("& '(-# µ$("J*,? (*5 

A-,?µ"(D. (*5 µ"9,&? "%D (" %",?9(&" '5'()µ"(". 

N& Nishida 9"& Chen (2004) $#'=µ?(='"# 7#" %$,&C"11*#(&9D µ*#(71*, %*5 

%$,&1"µC?#$& %","µ7(,*5. D%=. C?A*. (*5 A$,µ*91&#*B. 9"& $%&J"#$&"9) A"1?''&" 

A$,µ*9,"'3", '$ 7#" 6=,&9D 2,"µµ&9D µ*#(71* (-. 9?A$(-. 9"("#*µ). (*5 Thunnus albacares 

2&" #" C$1(&:'*5# (-# ",µ*'(&9D(-(? (*5 '$ CPUE <$<*µ7#". 

E '5'67(&'- µ$ %$,&C"11*#(&9*B. %",?2*#($. 9,3#$("& "%","3(-(- 95,3=. 2&" (-# 

C$1(3='- $9(&µ)'$=# "JA*#3". "%D CPUE <$<*µ7#" 9" (-. "9,3C$&". (=# µ$AD<=# 

"%*(3µ-'-. (=# "%*A$µ?(=#. N& Bigelow et al. (2002) "#7%(5K"# 7#" µ*#(71* C$1(3='-. (=# 

$9(&µ)'$=# (-. '6$(&9). "JA*#3". (*5 (D#*5 Thunnus obesus $#'=µ"(:#*#(". '$ "5(D 

%1-,*J*,3$. %*5 "J*,*B# '(*5. %$,&C"11*#(&9*B. %",?2*#($. (D%=. ?#$µ*. 9"& ,$Bµ"("), *& 
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*%*3*& $%-,$?F*5# (-# "1&$5(&9) &9"#D(-(" (=# %","2"<&:# ) (-# 9"("#*µ) (=# 

$#<&"&(-µ?(=# %*5 %,*(&µ:#("& "%D (*# (D#* (A$,µ*9,"'3" 9"& '5297#(,='- *K52D#*5).  

E $%&J"#$&"9) A"1?''&" A$,µ*9,"'3" A=,)A-9$ =. µ&" %*11? 5%*'6Dµ$#- 

%",?µ$(,*. 2&" (-# %,DC1$O- (-. 9"("#*µ). (*5 (D#*5, (D'* $%$&<) - A$,µ*9,"'3" '(" 

$%&J"#$&"9? A"1?''&" '(,:µ"(", %"3F$& %&A"#D# ,D1* '(- A$,µ*,BAµ&'- (*5 (D#*5, D%=. 

5%*<$&9#B*5# *& 9?A$($. µ$("9&#)'$&. (*5 (Dagorn et al., 2000), D'* 9"& $%$&<) * (D#*. 

%$,#? µ$2?1* µ7,*. (-. F=). (*5 '(" $%&J"#$&"9? '(,:µ"(". N& Block et al. (1997) 

6,-'&µ*%*3-'"# 5<,"9*5'(&9? <$<*µ7#" 2&" (- µ$17(- (=# µ&9,). 913µ"9". 9&#)'$=# (*5 

Thunnus albacares. /* $3<*. "5(D %$,#? (* µ$2"1B($,* (µ)µ" (-. -µ7,". %?#= "%D (* 

A$,µ*91&#7., (* C?A*. (-. mixed layer $µJ"#3F$("& 9"A*,&'(&9D 2&" (-# 9"("#*µ) (*5, $#: - 

'5297#(,='- *K52D#*5 <$# %",*5'&?F$("& =. %$,&*,&'(&9D. %",?2*#(".. 

/" "1&$5(&9? %$<3" %*5 $µJ"#3F*5# µ$2?1$. (&µ7. (*5 <$39(- "JA*#3". (*5 (D#*5 9"A’ 

D1- (- <&?,9$&" (-. "1&$5(&9). %$,&D<*5, D%=. %,*795O"# µ$ (-# $J",µ*2) (=# I$#&9$5µ7#=# 

!,*'A$(&9:# >*#(71=#, $#(*%3F*#("& '(* <5(&9D 8&2"3* ("%D (&. "9(7. (-. GBC*&". 7=. (&. 

"9(7. (-. C*,$&*<5(&9). +,)(-. 9"& (" '($#? +5A),=#-8#(&95A),=#), #*(&*<5(&9? (-. +,)(-., 

'(" '($#? +?'*5-+",%?A*5 9"& '(- C*,$&*<5(&9) M$C"#(3#-. N& A$,µ*9,"'3$. %*5 

'529$#(,:#*5# 5O-17. (&µ7. "JA*#3". (D#*5 95µ"3#*#("& "%D 22*C 7=. 23*C. !",D1* %*5 

(* 2$#&9D µ*#(71* <$# %",76$& $#<$3K$&. 2&" '5297#(,='- (*5 (D#*5 '$ %$,&*67. %*5 

6","9(-,3F*#("& "%D 6"µ-17. A$,µ*9,"'3$. 9"& (-# $%"2Dµ$#- 5O-1) %,=(*2$#) 

%","2=2&9D(-(", *& '5'67(&'- (=# "1&$5(&9:# <$<*µ7#=# (*5 (D#*5 µ$ MPH 9"& A$,µ&9? 

µ7(=%" 9"(? (*5. "#*&K&?(&9*. µ)#$. "%*(71$'"# (- C?'- 2&" #" %,"2µ"(*%*&-A$3 $J",µ*2) 

(=# GAMs '$ (,$&. %$,&D<*5. (*5 9B91*5 F=). (*5 (D#*5 (%,&#, µ$(? 9"& 9"(? (- <&?,9$&" (-. 

"#"%","2=2&9). %$,&D<*5).  

E %,* "#"%","2=2&9) %$,3*<*. 6","9(-,3F$("& "%D '5297#(,='- (*5 (D#*5 '(- 

M$C"#(3#- 9"& '(" '($#? +?'*5-+",%?A*5. E µ$2"1B($,- "JA*#3" '529$#(,:#$("& '(* #D(&* 

(µ)µ" (-. %$,&*6). µ$17(-. 9"& %",*5'&?F$& '67'- "#?1*2- %,*. (* 2$=2,"J&9D %1?(*. 

(µ$&:#$("& "%D (" "#"(*1&9? %,*. (" <5(&9?). E C71(&'(- A$,µ*9,"'3" %","(-,$3("& '(*5. 

15.5*C, Dµ=. - '67'- "5() <$# $µJ"#3F$("& =. '("(&'(&9? '-µ"#(&9). N& Beamish et al. (2005) 

'$ µ&" "#"'9D%-'- (=# µ$("#"'($5(&9:# %,*(B%=# %$1"2&9:# &6AB=#, "#"J7,*5# D(& * 

(D#*. Thunnus albacares, 9"(? (" %&* A$,µ? 7(- µ$("#"'($B$& 9*#(? '(-# "9(), µ&" 93#-'- 

%*5 A$=,$3("& D(& '6$(3F$("& µ$ (- A$,µ*9,"'3" "11? 9"& µ$ (-# $B,$'- (,*J).. E µ$2"1B($,- 

%","2=2) (D#*5 '6$(3F$("& µ$ $%&J"#$&"9) A$,µ*9,"'3" "%D 16*C 7=. 18*C. N& Humston et 

al. (2000) $%3'-. "#"J7,*5# (*5. 15*C 9"& (*5. 18*C =. A$,µ*9,"'3$. %*5 %,*(&µ*B#("& "%D 

(*# (D#* 9"& A$=,*B# D(& *& A$,µ*9,"'&"97. (*5 %,*(&µ)'$&. µ$("C?11*#("& $%*6&9?.  

 +"(? (- <&?,9$&" (-. "#"%","2=2&9). %$,&D<*5, *%D($ * (D#*. '5#"A,*3F$("& '$ 

5<?(&#$. µ?F$. µ$ $%&J"#$&"9) A$,µ*9,"'3" 2B,= '(*5. 21*C, (" "1&$5(&9? %$<3" %*5 

$µJ"#3F*5# (-# µ$2"1B($,- "JA*#3" (*%*A$(*B#("& '(* CD,$&* 8&2"3*, '(&. <5(&97. +591?<$., 

'(" '($#? +5A),=#-8#(&95A),=# 9"& #*(&*<5(&9? (-. +,)(-.. QO-17. (&µ7. '5#$63F*5# #" 

$µJ"#3F*#("& '(" '($#? +?'*5-+",%?A*5 9"& '(- C*,$&*<5(&9) M$C"#(3#-. 

>$(? (-# =*(*93" <$# %","(-,$3("& 9?%*&" µ$("C*1) '(-# 9"("#*µ) (*5 (D#*5 $9(D. 

"%D (* D(& <$# $µJ"#3F$("& %17*# '(- M$C"#(3#-. E µ72&'(- "JA*#3" %","(-,$3("& '(* CD,$&* 
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M&C59D %71"2*., '(" '($#? +5A),=#-8#(&95A),=# '(* <5(&9D +,-(&9D %71"2*. 9"& '(&. 

<5(&97. +591?<$.. S. %,*. (- A$,µ*9,"'3" %",*5'&?F*#("& <5* 9*,5J7. '5297#(,='-. 

(D#*5, µ&" '(&. 6"µ-1D($,$. A$,µ*9,"'3$. (*5 <$32µ"(*., '(*5. 23*C 9"& µ&" '(*5. 26*C 7=. 

26.5*C. ;$<*µ7#" "%D %*µ%*B. %*5 (*%*A$()A-9"# '(- M$C"#(3#- 9"(? (*5. A$,&#*B. µ)#$. 

5%*<$&9#B*5# µ&" 93#-'- (*5 (D#*5 "%D (- M$C"#(3#- %,*. (* 8&2"3* 9"(? (*5. 

JA&#*%=,&#*B. µ)#$. (De Metrio et al., 2004). W'*# "J*,? '(&. 6"µ-17. A$,µ*9,"'3$. 

%&A"#D# #" '6$(3F*#("& µ$ (-# %",*5'3" A$,µ&9:# µ$(:%=# 9"& "#"C1B'$=#. N& Schick et al. 

(2004) $#(D%&'"# $%&J"#$&"9? 9*%?<&" (D#*5, µ$ "$,*J=(*2,"J3$., '(*# 9D1%* Maine 9"& 

<&$,$B#-'"# (- '67'- (*5. µ$ SST 9"& A$,µ&9? µ7(=%". E $%&J"#$&"9) A"1?''&" 

A$,µ*9,"'3" %*5 %,*(&µ?("& "%D (*# (D#* 95µ"3#$("& 2B,=# "%D (*5. 18 *C, $#: - 6=,&9) 

'5'67(&'- µ$ (" A$,µ&9? µ7(=%" )("# "#(&J"(&9). /" "%*($17'µ"(" (=# '("(&'(&9:# 

"#"1B'$=# %*5 %,"2µ"(*%*3-'"# 7<$&K"# D(& 9& ?11*& %",?2*#($., D%=. - %59#D(-(" (=# 

A-,"µ?(=#, µ%*,*B# #" "%*($17'*5# "%*($1$'µ"(&9D($,$. %","µ7(,*5. %,DC1$O-. (-. 

9"("#*µ). (*5 (D#*5. 

N& µ$("9&#)'$&. (*5 (D#*5 9"& *& A$,µ*9,"'&"97. (*5 %,*(&µ)'$&., D%=. $µJ"#3F*#("& 

'(" µ*#(71" %*5 "#"%(B6A-9"# <$# %",76*5# µ&" K$9?A",- $&9D#" (-. '5µ%$,&J*,?. (*5 

(D#*5 $%$&<) $3($ (* 9B,&* %$<3* =*(*93". (*5 (D#*5 $#(*%3F$("& $9(D. (-. %$,&*6). µ$17(-., 

$3($ - "#"%","2=2&9) %$,3*<*. (*5 (D#*5 '(-# 8#"(*1&9) >$'D2$&* K$9&#? #=,3($," (-# 

Y#*&K- 9"& <&",9$3 µ76,& (" (71- @*513*5. 4(-# %,:(- %$,3%(='- *& %,*(&µ)'$&. (*5 (D#*5 '$ 

6"µ-17. A$,µ*9,"'3$. 9"(? (-# %,* "#"%","2=2&9) (*5 %$,3*<*, <$36#*5# D(& 

'529$#(,:#*#("& '(* "#"(*1&9D (µ)µ" (*5 +,-(&9*B (DK*5, (* *%*3* $K"&(3". (-. %",*5'3". 

(*5 9591:#" (-. UD<*5, A$=,$3("& (* %&* %","2=2&9D (µ)µ" (-. 8#"(*1&9). >$'*2$3*5. +"(? 

(- <&?,9$&" (-. "#"%","2=2&9). %$,&D<*5 (* <5(&9D (µ)µ" (*5 +,-(&9*B (DK*5 "%*($1$3 (µ)µ" 

(*5 µ$("#"'($5(&9*B µ*#*%"(&*B (*5 (D#*5, $K"&(3". (-. 7#(*#-. 9591*J*,3". 9"& (=# 

%","2=2&9:# %$,&*6:# %*5 $#(*%3F*#("& '(-# %$,&*6). E %",*5'3" (*5 (D#*5 '(&. <5(&97. 

+591?<$. 9"& '(* CD,$&* 8&2"3* 9"(? (-# "#"%","2=2&9) %$,3*<*, %&A"#D# *J$31$("& '(-# 

1"#A"'µ7#- 7#("K- (*5 852*B'(*5 '(-# %$,3*<* "5(), µ&". 9"& D("# * 8B2*5'(*. 

(*%*A$($3("& '(-# µ$(?-"#"%","2=2&9) %$,3*<*, "1&$Bµ"(" (D#*5 <$# $µJ"#3F*#("& %17*# 

'(-# C*,$&*<5(&9) M$C"#(3#-, - *%*3" %&A"#*1*2$3("& =. %$,&*6) =*(*93". (*5 $3<*5..  

E %&A"#D(-(" %","µ*#). (=# '$K*5"1&9? "#:,&µ=# "(Dµ=# '$ %$,&*67. (,*J*1-O3"., 

"11? 9"& (=# 'B#(*µ=# µ$("#"'($B'$=# (=# :,&µ=# "(Dµ=# "%D (&. %$,&*67. =*(*93". '$ 

%$,&*67. (,*J*1-O3". 9"(? (-# "#"%","2=2&9) %$,3*<*, '32*5," $%-,$?F$& (-# $&9D#" (-. 

9"("#*µ). (*5 (D#*5 9"& (- '5'67(&') (*5 µ$ (- A$,µ*9,"'3", Dµ=. <$# µ%*,$3 #" $,$5#-A$3 

) #" $K"1$&JA$3 µ$ (" 5%?,6*#(" <$<*µ7#". 4$ 2$#&97. 2,"µµ7. (* %*'*'(D (=# A-159:# 

"(Dµ=# '(" "1&$Bµ"(" $3#"& µ$2"1B($,* '6$<D# '$ D1$. (&. -1&9&"97. (?K$&., "11? (* %*'*'(D 

(=# :,&µ=# "(Dµ=# (&. %,*- 9"& "#"%","2=2&9) %$,&D<*5., <&"J7,$& "%D %$,&*6) '$ %$,&*6) 

(de la Serna, 2002). Q%?,6*5# Dµ=. $#<$3K$&. D(& "9Dµ" 9"& (" :,&µ" ?(*µ" <$# $%&'97%(*#("& 

(D%*5. =*(*93". 9?A$ 7(*.. N& Block et al. (2001) 6,-'&µ*%*3-'"# <$<*µ7#" "%D %*µ%*B. 

%*5 (*%*A$()A-9"# '$ (D#*5. '(*# 8(1"#(&9D 9"& <*,5J*,&9? <$<*µ7#" SST 9"& 

'5297#(,='-. 61=,*JB11-., 2&" (-# µ$17(- (=# 9&#)'$=# 9"& (=# A$,µ*9,"'&"9:# 

%,*(&µ)'$=# (*5 $3<*5.. 8#"<$36A-9"# (7''$,&. (?'$&. '5µ%$,&J*,?. (*5 (D#*5: (1) 
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%","µ*#) '(* <5(&9D 8(1"#(&9D 2&" 7#" 7(*. ) %$,&''D($,*, 6=,3. 9&#)'$&. %,*. %$,&*67. 

=*(*93"., (2) %","µ*#) '(* <5(&9D 8(1"#(&9D 2&" 7#" 7(*. 9"& µ$("#?'($5'- '(*# 9D1%* (*5 

>$K&9*B 9"(? (-# "#"%","2=2&9) %$,3*<*, (3) 5%$,"(1"#(&97. µ$("#"'($B'$&. "%D (" <5(&9? 

'(" "#"(*1&9? 9"& $%&'(,*J) µ7'" '(* 3<&* 7(*. 9"& (4) 5%$,"(1"#(&97. 9&#)'$&. %,*. (" 

"#"(*1&9? 9"& (- >$'D2$&* µ$(? "%D %","µ*#) '(" <5(&9? 2&" 1-3 7(-. 45#$%:. 

"#"<$&9#B$("& - "#?29- '511*2). %1-,*J*,3". %*5 "J*,? '(-# -1&93" / µ72$A*. (=# 

"1&$5A7#(=# "(Dµ=#. 

L#". "9Dµ" %$,&*,&'µD. '(-# "#?15'- 9"& (- $K"2=2) '5µ%$,"'µ?(=# "%*($1$3 - 

711$&O- <$<*µ7#=# %*5 "J*,*B# '(-# $J",µ*2) (=# "1&$5(&9:# %,"9(&9:#. G%$&<) * 

"1&$5(&9D. '(D1*. <,"'(-,&*%*&$3("& '$ %$,&*67. D%*5 A$=,*B# D(& A" C,3'9$("& * '(D6*. 

(*5., - "1&$5(&9) %,*'%?A$&" <$# 9"("#7µ$("& (56"3" "11? µ?11*# '529$#(,:#$("& '$ 2#='(? 

%$<3" "1&$3".. /* %,D(5%* "5(D "#"µ7#$("& '(-# "1&$3" (*5 (D#*5. S. '5#7%$&" - %*'D(-(" 

(=# "1&$5µ?(=# <$# $3#"& "#?1*2- (-. "JA*#3".. E <5#"µ&9) (*5 "1&$5(&9*B '(D1*5 '$ 

'5#<5"'µD µ$ (-# %","11"9(&9D(-(" (=# %$,&C"11*#(&9:# %","2D#(=# 6,-'&µ*%*&)A-9"# 

"%D (*5. Gaertner 9"& Dreyfus-Leon (2004) 2&" (-# µ*#($1*%*3-'- (-. '67'-. µ$("KB 

"1&$5(&9). %","2=2). 9"& "JA*#3". (*5 (D#*5, µ$ (- C*)A$&" #$5,=#&9:# <&9(B=#. 

 

 

4.3 G ,+,;,",&3&> .3+ µ(&/$3+ ;($,&)45+ 2.1+ B+,.%$)4> ?(2#&()%.  

 

E "%*($1$'µ"(&9) "1&$5(&9) <&"6$3,&'- "%"&($3 (-# 2#:'- (D'* (-. 6=,&9). 

$K?%1='-. (=# #5µJ:# D'* 9"& (-. 9"("#*µ). (=# "(Dµ=# %*5 "#"%",?2*#("&. E 'B26,*#- 

9"(?'("'- (*5 "%*A7µ"(*. %*5 $K"9,&C:#$("& µ$ "#?15'- %1-A5'µ*B µ%*,$3 #" $1$26A$3 µ$ 

$9(&µ)'$&. (-. "JA*#3". (=# #5µJ:#, "9Dµ" 9"& '$ $3<- (=# *%*3=# *& #BµJ$. $3#"& '%?#&$.. 

G%$&<) * 71$26*. 9"& - C$1(&'(*%*3-'- (7(*&=# "#"1B'$=# $K",(?("& "%D (-# "9,3C$&" (=# 

$9(&µ)'$=#, - 6,*#&9) 9"& 6=,&9) 9"("#*µ) (=# #5µJ:# %,7%$& #" $3#"& 2#='(). E 

"#"2#:,&'- (=# %$,&*6:# "#"%","2=2). µ%*,$3 #" "%*($17'$& (* %,:(* C)µ" %,*. (-# 

%,*'("'3" (=# $#<&"&(-µ?(=# "#"%","2=2). 9"& 3'=. (*# %$,&*,&'µD (-. "1&$3". '$ $%*67. 

9"& %$,&*67. "#"%","2=2). (Govoni et al., 2000). 

4BµJ=#" µ$ (*5. Block et al (2001) *& C&*(&9*3 9"& %$,&C"11*#(&9*3 %",?2*#($. %*5 

$%-,$?F*5# (-# '(,"(*1D2-'- (*5 (D#*5 %$,&1"µC?#*5# (-# $%&J"#$&"9) A"1?''&" 

A$,µ*9,"'3", - *%*3" $%&<,? '(-# "#?%(5K- 9"& A#-'&µD(-(" "52:# 9"& %,*#5µJ:#, - 

<&"A$'&µD(-(" (,*J)., * ?#$µ*. 9"& (" ,$Bµ"(" 9"A:. 9"& *& µ&9,). 913µ"9". '(,*C&1&'µ*3. 

 

!"#$%& 

 

N K&J3". $3#"& 2*#*6=,&'(&9D $3<*. Dµ=. <$# 5%?,6*5# $K=($,&9? 6","9(-,&'(&9? %*5 

#" <&"6=,3F*5# (" <5* JB1", %",D1* %*5 (" A-159? ?(*µ" $µJ"#3F*5# µ$2"1B($,* µ72$A*., 

$#: 76*5# "#"J$,A$3 $#<$3K$&. intersexuality '$ ?2,&*5. %1-A5'µ*B. '(- >$'D2$&* (De 

Metrio et al., 2003). 
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E A$,µ*9,"'3" %*5 %,*(&µ?("& "%D (*# K&J3" '(-# %$,3*<* =*(*93"., D%=. %,*9B%($& 

"%D (-# $J",µ*2) (=# GAMs $3#"& *& 240C, '(-# M$C"#(3#-, $#: =. %$,3*<*. "#"%","2=2). 

(*5 K&J3" '(- >$'D2$&* "#"2#=,3F*#("& *& µ)#$. @*B#&*. 7=. 8B2*5'(*., 2$2*#D. %*5 

'5µJ=#$3 µ$ (" "%*($17'µ"(" (=# Megalofonou et al. (1995), %*5 (*%*A$(*B# (-# %$,3*<* 

=*(*93". (*5 K&J3" '(- >$'D2$&* "%D (" (71- @*5#3*5 7=. (" (71- 852*B'(*5. G%&1*2) (=# 

A$,µ*9,"'&:# %*5 A$=,*B#("& 9"(?11-1$. 2&" (-# =*(*93" (230C -250C) 9"& (-# $%&C3='- (=# 

%,*#5µJ:# (*5 K&J3" '$ 6?,($. 9"("#*µ). $%&J"#$&"9). A"1?''&". A$,µ*9,"'3"., "#7<$&K"# 

%$,&*67. 9*#(? '(* +"'($1D,&F*, '(- UD<* 9"& '(-# 8((?1$&", =. 9"(?11-1$., D'*# "J*,? 

'(- A$,µ*9,"'3", 2&" =*(*93". !","(-,*B#("& $%3'-. <&?<,*µ*& – &'DA$,µ$., %*5 '5#<7*5# 

(&. %$,&*67. =*(*93". µ$ (D%*5. (,*J*1-O3". #D(&" (-. +,)(-. (G&9D#" 12). TBK- 2&" %&A"#) 

'%*,"<&9) 'B#<$'- ) '5#76$&" µ$("KB (=# %$,&*6:# "#"%","2=2). (*5 K&J3" 23#$("& "%D 

(*5. Mejuto & Garcia-Cortes (2003) '(-# µ$17(- (*5. 2&" (-# "#"2#:,&'- %$,&*6:# =*(*93". 

(*5 K&J3" '(*# 0D,$&* 9"& TD(&* 8(1"#(&9D. !","(-,$3("& $%3'-. µ&" µ$("(D%&'- (=# 

9"(?11-1=# A$,µ*9,"'&:# %,*. (* 8&2"3*, D%*5 3'=. #" µ$("J7,*#("& *& %,*#BµJ$. (*5 

K&J3". 

N& %$,&''D($,$. %,*'%?A$&$. "#"2#:,&'-. 9"& 9"A*,&'µ*B (=# %$,&*6:# =*(*93". 

(*5 K&J3" C"'3F*#("& '$ %","(-,)'$&. (-. "#"1*23". JB1*5 '$ D1* (* <$32µ" 9"& '$ 9?A$ 

91?'- µ$27A*5. 9"A:. 9"& '$ "#?15'- (*5 2*#"<*'=µ"(&9*B <$39(- (Mejuto & Garcia-

Cortes, 2003). N& %$,&*67. =*(*93". %*5 %,*(&µ:#("& "%D (*# K&J3" 6","9(-,3F*#("& "%D 

A$,µ7. 5<?(&#$. µ?F$. (=# 5%*(,*%&9:# 9"& (,*%&9:# F=#:# '(" <5(&9? (=# =9$"#:# (Mejuto 

et al., 1994; 1995; Mejuto & Garc�a, 1997; Arocha & Lee, 1996; Matsumoto & Kazama, 1974; 

Nishikawa & Ueyanagi, 1974; Nishikawa et al., 1978, 1985), 3'=. $%$&<) (" A$,µD($," B<"(" 

($3#*5# #" '529$#(,:#*#("& '(&. <5(&97. $%&J"#$&"97. F:#$. (=# '(,*C31=# (SCRS/02/105). 

E <&$A#). C&C1&*2,"J3" 5%*<$&9#B$& (* $K). $B,*. A$,µ*9,"'&:# (=# A"1"''3=# 5<?(=# =. 

(* 9"("11-1D($,* 2&" (-# =*(*93" (*5 K&J3": 22-240C (Rey, 1988). 4BµJ=#" Dµ=. µ$ (*5. 

Mejuto et al. (1994) - $%&J"#$&"9) A"1?''&" A$,µ*9,"'3" <$# µ%*,$3 #" A$=,-A$3 <$39(-. 

9"(?11-1*. 2&" (*# 9"A*,&'µD (=# <5#-(&9:# %$,&*6:# "#"%","2=2). (*5 K&J3", $%$&<) 76$& 

<&"J"#$3 D(& '-µ"#(&9D ,D1* '(-# $%&(56) "#"%","2=2&9) <&"<&9"'3" "11? 9"& '(-# 

C&='&µD(-(" "52:# 9"& #5µJ:#, %"3F$& - A$,µ&9) *µ*&*27#$&" (=# "#:($,=# $%&J"#$&"9:# 

F=#:#, '$ %$,&*67. D%*5 $%&9,"($3 A$,µ*91&#7. µ$2"1B($,*5 C?A*5.. I&’ "5(D (* 1D2* *& 

%$,&*67. "#"%","2=2). '5#<7*#("& µ$ (-# 9"("#*µ) (=# &'DA$,µ=# 9"µ%51:# '$ F:#$. 

9*#(? '(-# $%&J?#$&" (-. A?1"''"., &<&"3($," '$ C?A- 50-200 µ. (Mejuto & Garcia-Cortes, 

2003).   

N& Tibbo 9"& Lauzier (1969) )("# *& %,:(*& %*5 $K7J,"'"# (-# 5%DA$'- D(& *& #BµJ$. 

(*5 K&J3" '6$(3F*#("& µ$ *,&FD#(&$. <&"C"Aµ3'$&. A$,µ*9,"'3". 9"& "1"(D(-(".. E 'B11-O- 

#5µJ:# 9"(? µ)9*. (=# '5#D,=# (*5 U$Bµ"(*. (*5 +D1%*5 Loop 9"& (*5 9D1%*5 (*5 

>$K&9*B (Richards & Potthoff, 1980) 9"& (*5 U$Bµ"(*. (*5 +D1%*5 '(*# 8(1"#(&9D (Potthoff 

& Kelley, 1982; Post et al., 1997) 9"A:. 9"& - '5'67(&'- (-. 9"("#*µ). (=# #5µJ:# µ$ (&. 

<&"J*,$(&97. 5<?(&#$. µ?F$. '(-# %$,&*6) (*5 U$Bµ"(*. (*5 +D1%*5 (Govoni et al., 2000) 

5%*'(-,3F*5# (-# &<7" D(& *& #BµJ$. $µJ"#3F*#("& '$ µ$2?1- "JA*#3" '$ F:#$. µ$(:%=#. 



 

 50 

E '%"#&D(-(" (=# #5µJ:# %",$µ%*<3F$& (-# 9"("#D-'- (-. 6=,&9). (*5 $K?%1='-. (Haury et 

al., 1978) 9"& (*5 6=,&9*B %,*(B%*5 "#"%","2=2). (*5.. E '5297#(,='- '$ 9?%*&$. %$,&*67. 

#5µJ:#, µ$2?1=# '$ µ72$A*. 9"& %&A"#D# '$ -1&93", µ%*,$3 #" $3#"& "%*(71$'µ" $3($ (*%&9). 

"#"%","2=2). 9"& $%"2Dµ$#-. <&"(),-'-. (*5. '(-# %$,&*6) $3($ µ$("J*,?. (*5. "%D µ&" 

"%*µ"9,5'µ7#- %$,&*6) "#"%","2=2). (Govoni et al., 2000). 

 

 

 

 

 

 

           

 

 

 

 

 

 

6)4#+, 12 9"("#*µ) (=# A$,µ*9,"'&:# 230C -250C '$ 6?,(- 91&µ"(*1*23". (*5 µ)#" @*5#3*5. 

 

 

'()*& 

 

N& C&*(&9*3 9"& %$,&C"11*#(&9*3 %",?2*#($. %*5 $%-,$?F*5# (-# '(,"(*1D2-'- (*5 

(D#*5 %$,&1"µC?#*5# (-# $%&J"#$&"9) A"1?''&" A$,µ*9,"'3", - *%*3" $%&<,? '(-# "#?%(5K- 

9"& A#-'&µD(-(" "52:# 9"& %,*#5µJ:#, - <&"A$'&µD(-(" (,*J)., * ?#$µ*. 9"& (" ,$Bµ"(" 

9"A:. 9"& *& µ&9,). 913µ"9". '(,*C&1&'µ*3. >"9,*%,DA$'µ*& 9B91*& %*5 %","(-,*B#("& '$ 

"1&$5(&9? <$<*µ7#" µ%*,$3 #" *J$31*#("& '$ µ&" $#"11"2) (=# %$,&*6:# =*(*93". '(*# 

8(1"#(&9D 9"& (- >$'D2$&*, $K"&(3". µ$("C*1:# (=# =9$"#*2,"J&9:# '5#A-9:# 9"& / ) (-. 

<&"A$'&µD(-(". (,*J)..  

N& A$,µ*9,"'3$. %*5 J"3#$("& #" %,*(&µ:#("& "%D (" ?(*µ" %*5 =*(*9*B#, D%=. %,*795O"# 

"%D (" <$<*µ7#" "JA*#3"., 95µ"3#*#("& µ$("KB 210C 9"& 230C. E $%&1*2) "5(:# (=# 

A$,µ*9,"'&:# '$ 6?,($. 9"("#*µ). $%&J"#$&"9). A"1?''&". A$,µ*9,"'3". "#7<$&K"# (-# 

C*,$&*"#"(*1&9) M$C"#(3#-, =. %&A"#D (D%* =*(*93"., '(-# ",6) (-. "#"%","2=2&9). 

%$,&D<*5, "%D (" (71- >"3*5 7=. (&. ",67. @*5#3*5. 8%D (" (71- @*5#3*5 7=. (* (71*. (-. 

"#"%","2=2&9). %$,&D<*5, *& %$,&*67. %*5 6","9(-,3F*#("& "%D (&. %,*"#"J$,A$3'$. 

A$,µ*9,"'3$. 9"("1"µC?#*5# (* "#"(*1&9D 8&2"3*, D%*5 (-# %$,3*<* "5() *& '5#A)9$. $3#"& 

C71(&'($. 2&" (-# <&"(),-'- %,*#5µJ:#.  

N& %$,&*67. =*(*93". (-. ;5(&9). >$'*2$3*5 6",(*2,"J*B#("& "%D (" (71- @*5#3*5 

7=. 9"& (&. ",67. 852*B'(*5. N (D#*. (*5 "#"(*1&9*B 8(1"#(&9*B "#"%",?2$("& '(- <5(&9) 

>$'D2$&* 9"(? (-# %$,3*<* @*B#&*.-@*B1&*. (Susca et al., 2001; Medina et al., 2002; Corriero 

et al., 2003). N& (,$&. 9B,&$. 2#='(7. %$,&*67. "#"%","2=2). (*%*A$(*B#("& '(- <5(&9) 9"& 
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9$#(,&9) >$'D2$&*: 2B,= "%D (&. 0"1$",3<$. #)'*5., 2B,= "%D (- >?1(" 9"& '(- CD,$&" 

Tyrrenhian A?1"''".  

N& Karakulak et al. (2004) %","(),-'"# (-# "#"%","2=2&9) <&"<&9"'3" (*5 (D#*5 

(Thunnus thynnus) '(-# M$C"#(3#-, 9"(? (-# %$,3*<* (71- >"[*5 7=. ",67. @*5#3*5 2003, 

C"'&FDµ$#*& '$ '(*&6$3" (=# 2*#?<=# "(Dµ=# %*5 '5#71"C"# CD,$&" (-. +B%,*5. N& 

'522,"J$3. A$=,*B# D(& (" $5,)µ"(? (*5. $%&C$C"&:#*5# (-# 5%DA$'- D(& * (D#*. 

"#"%",?2$("& '(-# 8#"(*1&9) >$'D2$&*, D%*5 - "#"%","2=2&9) <&"<&9"'3" µ%*,$3 #" 

%,"2µ"(*%*&$3("& 7#" µ)#" #=,3($," '$ '67'- µ$ (-# %$,3*<* %*5 "#"J7,$("& '(&. ?11$. 

%$,&*67. "#"%","2=2). (-. >$'*2$3*5 

N& %1-,*J*,3$. 2&" (-# C&*1*23" (-. "#"%","2=2). (*5 (D#*5 D'*# "J*,? '(-# 

"#"(*1&9) >$'D2$&* %$,&*,3F*#("& '$ $5,)µ"(" "52:# 9"& #5µJ:# (Vodyanitsky, 1936; 

Piccinetti & Piccinetti Manfrin, 1994; Nishida et al,1998; Piccinetti et al., 1995; Piccinetti et al., 

1997) 9"& %","(-,)'$&. "(Dµ=# µ$ :,&µ$. 2*#?<$. (Akyüz & Artüz, 1957; Oray & Karakulak, 

1998). 

E %","9*1*BA-'- (-. *&9*1*23". (-. "#"%","2=2). (*5 (D#*5 '$ '5#A)9$. 

"&6µ"1='3". "%D (*5. Niwa et al. (2003) 7<$&K$ D(& *,&'µ7#" A-159? ?(*µ" $3#"& &9"#? #" 

"#"%",?2*#("& '6$<D# 9"A-µ$,&#? 2&" $9($("µ7#$. 6,*#&97. %$,&D<*5. "# %","µ$3#*5# '(&. 

9"(?11-1$. A$,µ*9,"'3$. (=# 5<?(=# 9"& 76*5# ",9$() (,*J). E "#"%","2=2) '(" 

%$&,?µ"(? (*5. '5#7C"&#$ 9"A-µ$,&#? D("# - A$,µ*9,"'3" %",7µ$#$ µ$2"1B($,- "%D 240C.  

E &'(*1*2&9) 7,$5#" (*5 "#"%","2=2&9*B 9B91*5 (=# A-159:# "(Dµ=# (D#*5 '(- 

<5(&9) 9"& 9$#(,&9) >$'D2$&*, %*5 %,"2µ"(*%*&)A-9$ "%D (*5. Corriero et al. (2003) 7<$&K$ 

(" $K). "%*($17'µ"(": N& =*A)9$. (=# :,&µ=# "(Dµ=# (D#*5 $µJ"#3F*#("& µ- $#$,27. (-# 

%$,3*<* 8B2*5'(*. 7=. >?,(&*., *%D($ %$,&1"µC?#*5# µD#* %$,&#$V9? (perinucleolar) 

=*9B((",". E "#?%(5K- (=# =*A-9:# K$9&#? (*# 8%,31&*-",67. >"[*5 µ$ (-# $µJ?#&'- 

=*95((?,=# '(* 1&%&<&9D '(?<&*. E C&(($1*27#$'- ",63F$& '(" µ7'" >"[*5 9"& - µ$("-

C&($11*27#$'- '5µC"3#$& '(" (71- >"[*5 7=. (" µ7'" @*5#3*5. 4(" (71- @*5#3*5 %,*. ",67. 

@*513*5 C,7A-9"# $#5<"(=µ7#" =*9B((",", 7#<$&K- $%&9$3µ$#-. "#"%","2=2)., '$ <$32µ"(" 

%*5 '511)JA-9"# '(" B<"(" (=# 0"1$",3<=# #)'=#.    

N Rodriguez-Roda (1976) "#"J7,$& µ&" %$,3*<* "#"%","2=2). (*5 (D#*5 µ$("KB 

>"[*5 9"& @*513*5· *& Susca et al. (2001) "#7J$,"# D(& - "#"%","2=2) '5µC"3#$& (* <$B($,* 

µ&'D (*5 @*5#3*5 9"& *& Medina et al. (2002) C,)9"# %,*-$#5<"(=µ7#" =*9B(("," '(" (71- 

@*5#3*5 9"& (&. %,:($. -µ7,$. (*5 @*513*5· 'BµJ=#" µ$ (*5. Corriero et al. (2003) - 

"#"%","2=2) '5µC"3#$& '(" (71- @*5#3*5 %,*. ",67. @*513*5. E "#?15'- %*5 

%,"2µ"(*%*&)A-9$ '(" "1&$5(&9? <$<*µ7#" 7<$&K$ D(& - "#"%","2=2) '(-# 8#"(*1&9) 

>$'D2$&* %&A"#D# <&",9$3 "%D (*# >?&* 7=. (&. ",67. @*513*5.  

N (D#*. µ$("#"'($B$& 9?A$ 6,D#* '$ 9"A*,&'µ7#*5. (D%*5. =*(*93". $%&<$&9#B*#(". 

µ&" &'65,) (?'- $%&'(,*J). '$ "5(7. (‘homing behavior’, Cury et al., 1998). 

W'*# "J*,? '(&. %$,&*67. "#"%","2=2). *& Medina et al. (2002) 9"& *& Corriero et al. 

(2003) "#"J7,*5# D(& C,)9"# <$32µ"(" 7(*&µ" 2&" "#"%","2=2) µD#* '(&. 0"1$",3<$. 

#)'*5., $#: *& Nishida et al. (1998) "#"J7,*5# 5O-1) %",*5'3" #5µJ:# (D#*5 9"& '(- #D(&" 

Tyrrhenian Sea (#D(&" (-. 4&9$13".) 9"& '(-# +$#(,&9) >$'D2$&* (#D(&" (-. >?1(".).    
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!$,&*67. D%=. (* CD,$&* @D#&* %71"2*., - #D(&" 8<,&"(&9), (* 9"#?1& (-. 4",<-#3"., - 

Ligurian sea 9"& (* Bocche di Bonifacio, A$=,*B#("& %$,&*67. (,*J*1-O3". 9"& "#?%(5K-. 

(Corriero et al., 2003). N& De Metrio et al. (2002) '$ 7#" %$3,"µ" D%*5 6,-'&µ*%*&)A-9"# 

-1$9(,*#&9*3 %*µ%*3, "#7J$,"# ?11- µ&" %$,&*6) (,*J*1-O3". (*5 (D#*5, (&. %$,&D<*5., %,&# 

9"& µ$(? (-# "#"%","2=2) '(" B<"(" 2B,= "%D (-# +*,'&9). 4(-# 8#"(*1&9) >$'D2$&* 

(7(*&$. %$,&*67. %&A"#D# #" C,3'9*#("& '(* +",%?A&* 9"& '(* 0. M5C&9D. 

N& Lutcavage et al. (1999) 9"& Block et al. (2001) '$ "#(3'(*&6" %$&,?µ"(" %","(),-'"# 

D(& ?(*µ" ",9$(? "#$%(52µ7#" '$ µ72$A*. :'($ #" A$=,*B#("& :,&µ", <$# %",*5'&?'(-9"# '$ 

9"µ3" "%D (&. 2#='(7. %$,&*67. "#"%","2=2). 9"(? (- <&?,9$&" (- "#"%","2=2&9). %$,&D<*5. 

/7(*&" $5,)µ"(" <-µ&*B,2-'"# $,=()µ"(" %?#= '(-# B%",K- %$,&*6:# "#"%","2=2)., %*5 

<$# 76*5# $%&C$C"&=A$3. 

/7(*&$. %$,&*67. µ%*,$3 #" C,3'9*#("& '(-# 8#"(*1&9) >$'D2$&*, %*5 D%=. J"3#$("& 

"%D (" "%*($17'µ"(" (-. '("(&'(&9). "#?15'-. 9"& (-. 6",(*2,?J-'-. (=# %$,&*6:# %*5 

6","9(-,3F*#("& "%D A$,µ*9,"'3$. %*5 %,*(&µ:#("& "%D (* $3<*., (*%*A$(*B#("& '(- #D(&" 

%",?1&" (-. /*5,93". 9"& "#"(*1&9? (-. +B%,*5.  

 

 

4.4 78µ;("/2µ,., 

 

;*,5J*,&9? <$<*µ7#" %$,&C"11*#(&9:# %","µ7(,=# '$ '5#<5"'µD µ$ (-# $J",µ*2) 

GIS µ$AD<=# %",76*5# µ&" 1$%(*µ$,) $&9D#" (-. $%&J"#$&"9). =9$?#&". 9591*J*,3". 9"A:. 

9"& (-# &9"#D(-(" "#"2#:,&'-. %$,&*6:# "5K-µ7#-. %,=(*2$#*B. %","2=2&9D(-("..  

E 9"("#*µ) (-. "1&$3". (=# µ$2?1=# %$1"2&9:# '(-# 8#"(*1&9) >$'D2$&* µ%*,$3 #" 

6,-'&µ*%*&-A$3 2&" (-# <&$,$B#-'- (=# %$,&C"11*#(&9:# %","µ7(,=# %*5 9"A*,3F*5# (- 

µ$("#"'($5(&9) '5µ%$,&J*,? (*5 (D#*5 9"& (*5 K&J3".  

 /" "%*($17'µ"(" (-. %",*B'". 7,$5#". %,*($3#*5# (- '5'67(&'- (=# <$&9(:# 

"JA*#3". µ$ =9$"#*2,"J&97. <&"<&9"'3$. µ$2?1-. 913µ"9"., D%=. '(,DC&1*& 9"& $%&J"#$&"9? 

,$Bµ"(". E JB'- (-. '67'- (*5. µ$ µ7'-. 913µ"9". <&"<&9"'3$. "BK-'-. (-. %,=(*2$#*B. 

%","2=2&9D(-(". ("#"C1B'$&., A$,µ&9? µ7(=%") <$# µ%D,$'$ #" <&"1$59"#A$3, $#: 

5%*'(-,36A-9$ - 5%DA$'- (-. %",*5'3". %$,&*6:# =*(*93". 9"& (=# <5* $&<:# '(-# 

8#"(*1&9) >$'D2$&*. ;$<*µ7#" µ&9,). 6=,&9). 913µ"9". A$=,*B#("& "%","3(-(" 2&" µ&" 

(7(*&" 1$%(*µ$,) "#?15'-. 

 ;$<*µ7#" %*5 "J*,*B# '(-# -1&9&"9) <*µ) (=# %1-A5'µ:#, '(-# 9"("#*µ) 

%,*#5µJ:# 9"& '(-# "#"1*23" JB1*5 $3#"& "%","3(-(" 2&" (-# "%D9(-'- µ&". *1*91-,=µ7#-. 

$&9D#". (-. '67'-. (=# µ$2?1=# %$1"2&9:# &6AB=# µ$ (* A"1?''&* %$,&C?11*# 9"& (-. 

"#"%","2=2&9). (*5. '5µ%$,&J*,?.. E %",*B'" 7,$5#" "#7<$&K$ $%3'-. (-# "#?29- 6,)'-. 

<$<*µ7#=# %*µ%:# 2&" (-# 1$%(*µ$,7'($,- µ$17(- (=# µ$("#"'($5(&9:# 9&#)'$=# (=# <5* 

$&<:#, $#: D%=. %,*($3#$("& 9"& '$ ?11$. µ$17($., - 9"("#*µ) (=# A-,"µ?(=# (*5. A" 

µ%*,*B'$ #" $K-2)'$& (&. '67'$&. %*5 %","(-,)A-9"# µ$("KB (-. 9"("#*µ). (D#*5 9"& K&J3" 

9"& %$,&*6:# 5O-1). %,=(*2$#*B. %","2=2&9D(-("..  
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45'(-µ?(=# I$=2,"J&9:# !1-,*J*,&:#, µ%*,$3 #" "%*<$&6A$3 6,)'&µ* $,2"1$3* 2&" (-# 
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(,-.%/0$%)/1-2-3#4µ.%)/1) 

Swordfish catch per day ~ lo(latitude,longtitude, 0.5,1) + lo(meansst, 0.5, 

1) 

Null Deviance:        71.93859 on 152 df 

Residual Deviance:59.72991 on 141.3847 d 

                                                   Df Npar Df   Npar F      Pr(F) 

(Intercept)                                  1 

lo(latitude, longtitude, 0.5, 1)   2     5.3      2.434891 0.03430851 

lo(meansst, 0.5, 1)                    1     2.3      3.218436 0.03663161 

 

 

 

 

 

(5$)/1-'/67)/1) 

Swordfish catch per day ~ lo(latitude,longtitude, 0.5,1) + lo(meansst, 0.5, 

1) 

Null Deviance:        31.97108 on 56 df 

Residual Deviance:25.66348 on 45.76825 df 

                                              Df  Npar  Df   Npar F     Pr(F) 

(Intercept)                              1 

lo(latitude, longtitude, 0.5, 1)2     4.4         1.633013 0.1776101 

lo(meansst, 0.5, 1)                 1     2.9         2.468812 0.0766528 
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  (5$)/1-869/0(#/1) 

Swordfish catch per day ~ lo(latitude, longitude, 0.5,1) + lo(meansst, 0.5, 

1) 

Null Deviance:        28.24291 on 76 degrees of freedom 

Residual Deviance: 20.6595 on 65.28356 degrees of freedom 

                                               Df Npar Df   Npar F      Pr(F)  

(Intercept)                                1                             

lo (longitude, latitude, 0.5, 1)  2     5.0         2.405381 0.04639694 

lo(meansst, 0.5, 1)                    1     2.8         2.750307 0.05420298 

 

 

 

 

(,-.%/0$%)/1-83%:7)/1, 869/0(#/1-2-3#4µ.%)/1) 

Swordfish catch per day ~ lo(latitude,longtitude, 0.5,1) + lo(meansst, 0.5, 

1) 

Null Deviance:         31.19002 on 92 df 

Residual Deviance: 20.92692 on 80.28214 df 

                                                Df Npar Df   Npar F     Pr(F) 

(Intercept)                               1 

lo(latitude, longtitude, 0.5, 1) 2     5.7         2.402240 0.0371320 

lo(meansst, 0.5, 1)                  1     3.0         1.482632 0.2254529 
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(,-.%/0$%)/1-83%:7)/1, 869/0(#/1-2-3#4µ.%)/1) 

Swordfish catch per day ~ lo(latitude,longtitude, 0.5,1) + lo(meansst, 0.5, 

1) 

Null Deviance:         31.19002 on 92 df 

Residual Deviance: 20.92692 on 80.28214 df 

                                                 Df Npar Df   Npar F     Pr(F) 

(Intercept)                                1 

lo(latitude, longtitude, 0.5, 1)  2     5.7         2.402240 0.0371320 

lo(meansst, 0.5, 1)                   1     3.0         1.482632 0.2254529 

 

  

 

(,-.%/0$%)/1-83%:7)/1) 

Swordfish catch per day ~ lo(latitude,longtitude, 0.5,1) + lo(meansst, 0.5, 

1) 

Null Deviance: 20.79389 on 63 degrees of freedom 

Residual Deviance: 13.57891 on 52.23499 degrees of freedom 

                                                 Df Npar Df   Npar F     Pr(F)  

(Intercept)                                1                            

lo(longtitude, latitude, 0.5, 1)  2     5.0       2.875179 0.0228623 

lo(meansst, 0.5, 1)                   1     2.8       0.186792 0.8913309 
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swo.catch.day ~ lo(latitude, longitude, 0.5, 1) + lo(meansst, 0.5, 1) 

Null Deviance: 22.72517 on 65 degrees of freedom 

Residual Deviance: 17.6049 on 53.04289 degrees of freedom 

 

                                            Df Npar Df   Npar F     Pr(F)  

(Intercept)                               1                            

lo(latitude, longitude, 0.5, 1)  2     6.7     0.797614 0.5879238 

lo(meansst, 0.5, 1)                  1     2.3     1.462916 0.2398772 

 

 

 

;-<)=-0µ4<" >%/(?-#)=$ 5/<#47" – @A</1 

 

 
 

 

(,-.%/0$%)/1-2-3#4µ.%)/1) 

bluefin tuna catch per day ~ lo(longitude, latitude, 0.5, 1) + 

lo(meansst, 0.5, 1) 

Null Deviance: 82.02376 on 82 degrees of freedom 

Residual Deviance: 38.25944 on 71.11119 degrees of freedom 

                                                Df Npar Df   Npar F       Pr(F)  

(Intercept)                               1                              

lo(longitude, latitude, 0.5, 1)  2     5.4        3.628116 0.004626938 

lo(meansst, 0.5, 1)                  1     2.5        5.873708 0.002200662 
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(5$)/1-869/0(#/1) 

bft.catch.day ~ s(meansst, 4) +  + lo(longtitude, latitude, 0.5, 1), 

Null Deviance: 69.1332 on 54 degrees of freedom 

Residual Deviance: 24.36869 on 42.89096 degrees of freedom 

                                                 Df Npar Df   Npar F       Pr(F) 

(Intercept)                                 1 

s(meansst, 4)                             1     3.0      5.029536 0.004494591 

lo(longtitude, latitude, 0.5, 1)   2     5.1      5.736675 0.000355555 

 

 

 

 

 

(,-.%/0$%)/1-83%:7)/1, 2-3#4µ.%)/1) 

bluefin tuna catch per day ~s(meansst, 4) +  + lo(longitude, latitude, 

0.5, 1) 

Null Deviance: 36.1819 on 35 degrees of freedom 

Residual Deviance: 10.75164 on 23.53168 degrees of freedom 

                                              Df   Npar Df   Npar F     Pr(F)0 

(Intercept)                               1 

s(meansst, 4)                           1     3.0    7.149034 0.0013983 

lo(longitude, latitude, 0.5, 1)  2     5.5    2.055943 0.1026780 
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(,-.%/0$%)/1-83%:7)/1) 

 

bft.catch.day ~ lo(longtitude, latitude, 0.5, 1) + lo(meansst, 0.5, 1) 

 

Null Deviance: 11.35767 on 22 degrees of freedom 

Residual Deviance: 1.830648 on 10.81821 degrees of freedom 

 

                                              Df Npar Df   Npar F     Pr(F) 

(Intercept)                               1 

lo(longitude, latitude, 0.5, 1)  2     5.0     2.980061 0.0621821 

lo(meansst, 0.5, 1)                  1     3.2     2.357323 0.1261601 

 

 

 

 

(869/0(#/1-2-3#4µ.%)/1) 

bft.catch.day ~ lo(longitude, latitude, 0.5, 1) + s(meansst, 4) 

Null Deviance: 21.42559 on 20 degrees of freedom 

Null Deviance: 1.842892 on 7.124348 degrees of freedom 

                        Df Npar Df   Npar F      Pr(F)  

 (Intercept)                               1                             

lo(longitude, latitude, 0.5, 1)   2     6.9      3.521976 0.05823375 

s(meansst, 4)                            1     3.0      3.910299 0.06135103 
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(,-.%/0$%)/1-83%:7)/1, 2-3#4µ.%)/1) 

 

bluefin tuna catch per day ~s(maxsst, 4) +  + lo(longtitude, latitude, 

0.5, 1) 

 

Null Deviance: 36.1819 on 35 degrees of freedom 

Residual Deviance: 8.957898 on 23.5327 degrees of freedom 

 

                                              Df Npar Df   Npar F       Pr(F) 

(Intercept)                               1 

s(maxsst, 4)                            1     3.0      10.46033 0.000144412 

lo(longitude, latitude, 0.5, 1)  2     5.5        3.91918 0.008628186 
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!",?,(-µ"2. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6;)$%&> .3+ @("µ%4",2)5+ ;%8 ;"%.)µ5+.,) ,;# .%+ I)0A, (230-250C), #;3' ;"%948D,+ ,;# 
.1+ ,+/$821 µ( GAMs, .1+ ;("A%=% 3%.%4A,', 2( 4$)µ,.%$%&)4%<' */".(' SST. 
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6;)$%&> .3+ @("µ%4",2)5+ ;%8 ;"%.)µ5+.,) ,;# .%+ .#+% (210-230C), #;3' ;"%948D,+ ,;# 
.1+ ,+/$821 µ( GAMs, .1+ ;("A%=% 3%.%4A,', 2( 4$)µ,.%$%&)4%<' */".(' SST. 
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