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Ions Caspian Sea World Ocean
gr/’kg % equ. gr/ kg Joequ.
Na* 3.156 31.58 10.555 38.67
K* 0.1 0.58 0.38 0.82
Ca™ 0.334 3.83 0.4 1.72
Mg** 14 8.88 1.272 8.79
Cr 5.35 34.69 18.98 45.07
Br 0.007 0.02 0.065 0.6
Ne¥g 3.038 14.55 2.649 4.64
CO;™ 0.1 0.73 0.071 0.23
H;B; - - 0.026 -
X 12.822 99.98 34.399 100
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! DIP= Dissolve inorganic phosphorus
’DOP= Dissolve organic phosphorus

* DIN= Dissolve inorganic nitrogen

* DON= Dissolve organic nitrogen

> DSi= Dissolve silicon

® TN= Total nitrogen

" TP= Total phosphorus
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Years Western part Central part Eastern part
June August June August June August
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Function Eigenvalue % of Variance Cumulative % Canonical Correlation
1 5.984(a) 72.9 72.9 0.926
2 1.663(a) 20.3 93.2 0.790
3 .558(a) 6.8 100.0 0.598
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Test of Function(s) Wilks' Lambda Chi-square df Sig.
1 through 3 0.035 1244.027 33 0.000
2 through 3 0.241 525.839 20 0.000
3 0.642 163.864 9 0.000
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Function Eigenvalue % of Variance Cumulative % Canonical Correlation
1 0.480(a) 63.0 63.0 0.570
2 0.241(a) 31.7 94.7 0.441
3 0.040(a) 5.3 100.0 0.197

Sk 3g0 (S ol 3l 4 gy w Wilks' Lambda cud 9 ouiss™ <Oai U ylaio @algi 36T F-1Y Jouo
VWAA Jlo 58 535 SLss 29 03> JFlpl Jolaw 30 Ssgs Y 50

Test of Function(s) Wilks' Lambda Chi-square df Sig.
1 through 3 0.523 242.699 21 0.000
2 through 3 0.774 95.804 12 0.000

3 0.961 14.867 5 0.011

OT gdie sl sla eyl wlol a5 dadee Oli (CDFA) oS ¢SS o lae ol ol LT

OLa l5 505 ol (VA5 503 ) ol 0kl SIS Oliane ) 3wl (0Ll lg Jood Hlgar @ Calides J g



Slsdad sla b il a8 /o
L1y Ole 5 ol Jguad 18F ubsls b (8550 L;‘CDF1>°w¢§:.<aa)wcu sl &S das
1) Olewn; Y s b (GBI Lot CDF2) oS &S Cojlaze b (nsd 5 487 (o 1o Sy 5 Ol
ST 0 S Jges S5

Canonical Discriminant Functions

3

e

14
o SEAS0NS
& 0 o |
0 Sroup Centroids

14 & Winterds

* Fallgg

-21 + SurmmerSs

-3 . - _ _ ] o SpringSs

-3 -2 - ] 1 2 3

CDF1

ool 9 il Jguad oS XS b lxie wilgd (Territorial map) (sf dakaiwe 448 1 Y- 1A 518905
VWA JWs 50 553 Lo (29 039> @‘)}“ J"}w 39 89 Y (SR 3w Sy gyl



oY /.. G:.L:m:w:.‘,s:a‘,:s Olis gl oy g

S5 domi 9 Som -

S asl o b sler lpls (VOSUPIOPICA) (Ll e B L by s adkeis
Zaker, 2007; Kosarev and Mamedov ef al., 1998) syl STl B {"»M“ Ls;l:‘“""j B sﬁ)bf B (Jf d\r.w;b“
5 s Sl 4 i U Sl aalllan s (il ol 5,8 Js s 1, (Yeblonskaya, 1994; Kosarev, 2005;
Ol 5 5l Ol )l Joad Sl lyls adbaie ) oo Y 53 P< 0 00) bn . Kle 03 I3 na
ol PR oS oSS o jlane l g (IVIE) | s o (5T ST G i il o0
SLosas O3k Ol 5 52k Okl Glg Joad Sl T (sdie slge 5 oland 5538 sl el
Bl bls b 03 8 SSSE ) age G s el HIUT (nl s s B eSS

(Bl G o a1 B B s 5 -8 e 5 058 25 50 4 5 0o e KL
STz b 5l Il s GleT 035 uimen 5 85 515 55 b (o ailate ¢ 8- dutons
G Voo) Jolo Sl a0 (e 0) Jomlo 5l ey S0k 45T ol S5 0L LS L iyls i1 b OT 0 piSC
L3 K odalie (gl me UM 55 0L

slie Glasl 53 (VAN YE) \WAF-AF, (V44 FO) IYVD (la Jlu 53 oebaw (slos - S0le aulie
ST Gles Lgy a5 das o 0Lz OASVEXF) 5l G L (Nasrollahzadeh, 2008) za Yoo b Y
(WAL O 5 gdls) AR FEIYAY Gldle glos o Kle duglin pimman Sl 035 2alS
s s me CDst] 45 s o O o Voo b0 alie Slasl 53 OASYEL YY) Sl s
(e VAN XY9) \WAY-AF ; (VAN ¥9) VPV sla Jle )3 )55 4 Los 5 Kke s lin 51 .(p>+00)
Ly aS das o 0L (WAYELXY) Sl s L (Nasrollahzadeh, 2008) e Vor U Y+ aline Blasl s
5@ty ) OAXVE PR YA Glle slos o K0ke amslin Cpiomas ol 035 288 55 OT (slos
e O] 487 Uas e OLES 2 Vor B0 wlie Blesl 53 OVAES YY) sl Gas 5 (VAR 0, (SCen
Ap<r 0 0) ol 034 ,ls

e 3033 S JalS Ol b 53 5 0l a5 Sle 53 5 sl 3 (OIS g0 ) (gles S8 T 3

(Tuzhiklin and ) 35 cp 31 DS Ol foad 53 Culg 55 5638 Jé)wjlgcjfi: el Jed o



Plsdad sla g b s (18 /oY
Slasl 35 b qwy p 3> 2= Guts 55 Kosarev, 2005 and 2005a; Zaker et al., 2007; Roohi ef al. 2010
¥ osgdoee 3 Les Ol o 5 sle Y )5 4S5 sk axdls il 53l sdaw glos Sl 53 a5 sl Olis Calises
L (glos il 331 Ol 53 sl 0l o les CanSCh s Vst ol 457 il o 5 Kl 4z )3 5
OVl 47313 Ol gl ol od gl S8 o oS 03131 Gl o5 sl Y 3 gles OIS
Sl e S ol ey e 00 B Y 4 5 5 Kl a5 V0 BVY & fuab ol 55 e
355 e Voo b0 Glesl slealal s slos S8 ol bl 2alS 4 05 OT (gles Gas 213!
Sl o3 OL31E ol Ol 4 Cd 150 3dE 5 b 5l e 5 sl 030l BT ze B0 L Ye &Y
9 1sm Odd 5w mio b Olie) Jud 55 . Z3L 2alS am 5 V0 BA Slesgdoms 55 oles CoDlust| g asly
5 g G 5 ST Sl s OV oSy gl )y o S ples S 5 0LS1E O (63 508 L
oz 53 les el oS das o DL 5 Sl 4 Do se (sla o3l W3y Sy oles o (Ges
Sles Goe G152 a1l a4 sk Sl ooy 200 B Y0 &Y 3 5 Kl 453 Yo B F 4 Ol
a3 VA LAY aials 53 (IYAS OKan 5 guo19) WAV Ul )3 oles Dl ol odblis j2alS am p3 ¥ T

P2 Jador) s 28l a3+ 7 DT (glos oo I3l 20 o (sl 4 sy ol ok 5l sl

2P Slod 0 Lilise S Jlo 50 2bd Cwkl 9 (2 bd 4wld @Y (Slosl i) J9o>

&y o B G4 obd BN obd deld  (yw) sl ()Y  Jl
Nasrollahzadeh, 2008 CFV- Y VE-Y. Bryeo Yo_o. VO
WAL O 5 (st P oIA Be=yee Yoo WAV
ol o A SETE 1Y-10 Be=ee Yoo WA

,du;uf,\;,p;lwm,w6;,\;&ﬁ\piwg@wuﬂasmow&uw@u
wols pl a5 5 smy3 AiL 0 VKO b o ) el 53 (655 atels (ol 03 57 ebas )3 b w355 (5355

el rza PP 0 6V 03 g0mee 53 Bles! 5s
wlie Blasl 53 (VYA E0 00) \WAF-AF 5 (\Y.OFE ) WWVO ola Jlu y5 oo (6 58 S0l 4wglie

Ol Gosh Lgy &S das o 0L WV NE D) 5l i b (Nasrollahzadeh, 2008) ze Voo b5 Y



ov /.. G:.L:m:w:.‘,s:a‘,:s Olis gl oy g

(OFAL O 5 (gdols) (VYA ) WAV Ll (65 Kb auglin puioman Sl 035 2alS”
Sl Iy gme OOl oS das o OLES 2o Vor B0 wlie Blesl 3 (N FE0WY) Lol s
(VYFFE VA AYAF-AF 5 (VY500 1) WV la Jle s sy aY (658 :S0ke amlin I (<t 00)
LgyaS das oo Ol (VNP2 E£0)Y) 5l s L (Nasrollahzadeh, 2008) o Vor B Yy alie Glas! s
5l ) QYYFE LA YA Gl (658 xSle dmlie uiman ol 035 2a8lS OT (648
Ol a5 das e OlE e Ve B0 alie Glesl js (VW XOEN ) Sl Gdss 5 (VWAS OIS
G135 wges Il 33 8 53 dis ST 518 (YorAa o) OKes 5 Nasrollahzadeh .(p<+ .+ 8) Sl Hls e
S Jo 5355 05 Sl L S Ain ol odd 5 Okl 3 (558 S T (VWAYSAF 5 1YVD )
3l 5l butee (5558 b (81 il o Sl Juad Ears Jdu & Ol 53 )58 Jil-
dn ol oS e ;33 Ol 5 (LEL 5 s albiag,y ASle) o s OT e (63555 o SeSFasde
wesl 0392 (Y2 rAa,©) 0,8 5 Nasrollahzadeh asfllas oo 4lie Sl oo

o2l 8 (=0 YYVa=FVA) Sl 03 St g 15 me Ogmnpm GIUT Sloslinad b OT (6558 5 b oo Siras
So55 S M 53 G p 53 oS 15k (o GRIF 058 (DT les SRIIL S Sl Gan
Ol ) o s Lo s Juzd 53 5 Jold 5 b3 sdaliie Ol Juab Calises 155 55

O g G Bl bl ol il (oo Cand sl 5 Sbo 3 Gusd ol ST 2508 (oo 4ib
Tuzhilkin and Kosarev, 2005 and 2005a; Tuzhilkin ef al., 2005b; Fedorov, 1983; ) 5,8 & &y g0 o5 4 2T
o) 3 ‘;ﬁ'\jl.i.g(;.w\o-\fw)'.bppt4{&&;}53&@&3@5}}5;.}%‘]@3L}:S:J)b.(Dumont, 1998
.wtngéuthlJfaljs@1,yT@NLm\tijM\yl&b,}L;gﬁu{p
Sladllae b aslive ameas opl a8 315 QLS 2l 531 B d a4 8 51 T (6558 5 Syl am s bl Gasw o
Lly oo aS (YA O 5 uolg OYA OKan 5 Judd (Nasrollahzadeh, 2008) Sl 03 5 O s

305 Oy B e 3 03 25 5 0 8 g e 1S 555 1S 05 2



Plsdad sla g b s (18 /oY
(odre Glme Sldal 31 OT s slse ol OT s Jgbous 5 Glas 3l Sldis 4 ateoly OT Clas
Sanden and Hakasson, 1996; Aarup, ) Cowl 0 LSC25 555 Jplos 31 50 5 (humic) Sn sun 50 cla(y 55
0P S g i 53 L e fae DT il (S5 dsn SIS 5 by S ol sl (2002
3 503 JLBI Ol 5 (oo (ol 155 (Slitmal ) 3hae o1 5n 0873585 0T Cdlate 5 s ling) OT oS o3 w455 L
W dls Lo a5 I s Jalse 41y DT Sdlid eins ok 5 ol Jule &S

50kl Juad 53 Cudlas zals das e Ol 1) Eals Wi,y Ol U Hle S OT Cudlas Gass opl o
Wl il Lo o 538 (o DT 5087 o a8 0580, 28 5 s 62 (S5 Rl € 015 o0 s sl
S 355 5 sml 5 Ol 53 513 Gls db ) & a5 b aCendls s 0 gSOB 25 by 0 1) Oliwss oS bl
Caliben Jgos Codlis la 5 Kke o 45 ol 8 o0 Ol 5 Ol J gudd )3 5 50M 26 b, sla
555 o0 JLanl 45 ) ghailen umean .ol odeT iy 55 Galimed ol 55 45T ASL atdls 3555 Hls _me 9D
s s alEsgy g folew Sl ar 5 b (oo Vo) Blesl 4 (o 0) Jolo 1 Calibes Slas! - S0k o
Sl Sle o o IS sk sls Ol 1y il Wiy 6K 5 ol 03 g I3 gme CoDst| (gde Sl ge 034
3503 Sl Ol 5 (o oS Tl 0353 515 (gae IVl Lot o3 Lt 5 (B0 5 5 k0 b Sl S
Cd—b’.giula.ﬁ-r:lja(aﬁbjojzgi)k}::éc)\bdukjl)qwamaﬁﬁ&\ﬁdbyjag
(S8 4 b 5 W O 5 G gl s VAR O 5 Olainy) Sl 03

slie Blasl 55 (e OATEYH) VWAY-AF 5 (e #.50E FY) 1¥VO gla Jlo s Cdlis Sk awslie )
Ol Cuilad Ly, a5 s e Ol (jze FXOEYY) 51 Guiss L (Nasrollahzadeh, 2008) jze Yo+ 5 )+
3508 3 g8 15 Al oo Jad e (S5 D5 RIBa 63) Olie & sy cpl el 03 Al
S SN 528 DI 5 4 el (Ghae slgn 535 a3 55 0) OT Codlas Sleid 55 sl 4l 4l
S 3 Jalge (O (sl 3 5 51l ol o S g0 e 5 s o 5 1) Ll 6l g 51ty Ll Sl 03
(e PAVEYE) YAV Gl Coilis 5 Kke aulie poeen ol odd i OT Cdlid halS
das o Ol 2o Vor B O alie Glesl js (2o FXOEYY) Lol G 5 (VWAL OLIKen 5 gd>13)

sl g S9N 45



oy /.. G:.L:m:w:.‘,s:a‘,:s Olis gl oy g

Gb Mo 46255 lerd OLS 5 g5 Jdo opl 65 5505 GYLPH 5 sbys Ol sl o Olbs 5o
&S sl Ol G0 Gasw opl o] .(Kosarev and Yablonskaya , 1994) dil oo Lys e 5 5 s alssy,
el o3 A Sl i 68 B s o wY irbe 53 5 by (s e 5o pH AVl Lo g
Ayl bl ()5 4 5 el 53 15 1S3 Al Gee 4y ehaw S pH e oS 315 Ol gl e
s S PH ol Bl 0T COy O3 e 5 ot 53

dryo5 PH oo L1 das o0 035 St Stron b L3 5 & 3 ol 53 DLl s 5pH
bl (S5 dsm sl Sl G b 5100, S G s 5 OT L3 slad T 5 law g5 Yool &)
35 (= NV 0= FYA) (s gme 5 oo Kiad bos 5 pH (o 35 G ol )3 ( Zirino, 1985) 355
Syls Clhe 2538 Sladlas L 4S5l

ol ol Gaiss 53 L5 S 518 AF-AS o Jlds 555 a1y pH ausls (T+0¥) O, Ks 5 Shiganova
33 o5 o5sm 53 pH ST 35 8 s odalive 457 (g shailen Sl 035 AAY B VYA 03 5udoe 53 Sl ks
S5 Ps S5 039 VU I s 55 55 5 il e S e pH il 51,5 b
bl 55 55 S 0l 4 3l o YL PH sl 535 sl (s o5 4 Samd (05550 529)
53 Lalsyls 53 s anl s ol 56 Cow 2i OTpH 5035 YU Ol g Ky Oy albisgy sem g 4 58
S goshiler AL (b S Sl gy OT pH Jlad )35 4 S oS Sl 5 b g5 o)
5 PH Ol O and 4 5 b o0 (G557 1) ©T 63 Cools ST (VL (6558 5,5 0Ly (Y++#) Anderson
ST AL e 3,15 Jlad 535 4 o VL )55 S s o3 02 plal 25 0l
sl 03 8 (6,8 sl OTPH 5L Sl ok 5l 503 S Jos (553

Vo wline Glesl 53 (AXFYE20) YWAY-AF 5 (AXVE D) 1YFVD sls Jlo 3 oo pH 5Kk i |
035 sl OTPH L3,y a8 das o OLs WFVEL 0 Y) 5l Gua>s b (Nasrollahzadeh, 2008) jze Yo+ G
ol G 5 (VWAL L 5 sdols) (AXVE Y AYAY Gldle pH 5 Klke duglin imas ol

dwslis  p<r .t 0) Sl ls e o] aS das Ol 2 Ve B0 alie Gleel ) AFYE0Y)



Slsdas sla g b s (4,18 /oF
Voo B)e alie Glesl 53 (ALY YA) YFAF-AF 5 (AN E2 V) VYV sl Jlu 53 555 4Y pH K0k
el 0355 il 3 OTpH L5, a5 das o OLis (AFY¥E0)) 5l Guiss b (Nasrollahzadeh, 2008) jze
ol G 5 (VAR OLn 5 ity ) (AXYE ) YAV Gldle pH ke duslie pioees
Ap<t ) Sl s g Ml a5 das o OLiS j20 Voo B O wline Blasl )3 (AFFE0Y)

O ool Aoy il (o nlin Sl OT O gy ats (b e 55 SLoo 5o T (0 190 Ll )2
(Kosarev and Yablonskaya, 1994) Al oo < shlas d= ;3 (65 5ee LMl Il Guas Gble 5 o guase
A Gas 4 mlaw 51 (DO%) Cuslidl do )3 5 (DO) Jgloes O30S digy a7 515 LA bl Gudiond el
S a8 5 @ e ST 55 e b Aul b sy gme Ve (YL Casldl do s el a3 s s
Sos Y 55 Zé e sl 457 (o) shailan 5 (Zaker, 2007) il oo JT 3158 O gonlidbenST| 5 kS e s Voo
el s o5 b aY 3 s Caless oy Ve VL Coelsl Aoy (S e Sl
53 Fo V0 Ges 53D0% Jildo oS sls OLES iman gl ol oy Vo 5l 28T 4 s ol gl
53 5 Sl 033 ol san OT (63508 LMW pe 5 2 505 Y S5 L a8 5 8 otalie Ol Josd
ol e ol s ds e Syse JolS ke OT LMl g 4y w51 MelST IS ge 5 Y a8 Olie ) Juad
33 Ok ozb 53 2o Vor Gas 3 bl G 53 a5 8 sdalive fuzd ol 53 DO% S s ol
g odew y doo 3 VWF-AA 03 gus

Slesl 53 (O.YAEOmI/L ) \WAF-AY 3 (F.0++ o 0ml/) VY¥VO gls Jlu )5 ko DO dzi;t:ﬁ s 20
CTDO WLy aS das oo 0L (BAVE N mIl) L5l i b (Nasrollahzadeh, 2008) e Ve v Y+ aline
WOLes 5 gdolg) (OAYE . VmID) \YAY (Glgle oo DO ke dulin ‘pimeas ol 0350 ol 531
I3 gme Ml oS U e Ol e Ver B O wlie Glesl 53 (08 E N omll ) bl s 5 (VYAS
55 (O FE YA mI/I) VWAF-AF 5 (FFFE AVmIL ) VWVO sla Jlo 5 (655 4Y DO 1 S0ke dus o .o
Ly aS das oo Ol (OVFE: o mll) b= Guas L (Nasrollahzadeh, 2008) e V+v U )+ alie Slas!

Slg) ONYE . Fml/1 ) YAV sl 6,5 4V DO - S0ks sl immass Consl 03 51 il 531 T DO



ay /.. G:.L:m:w:.‘,s:a‘,:s Olis gl oy g

Ol 48T das e Olis 2o Ve B0 alie Glasl 53 (OVSE o fml/l ) Lol G 5 (VAR (O, Ken 5
(p>0.05) S > Sime

05 pl sl ge O gl 5 S 33 paadl O15 (o2 5 03 ST 53 Jsloms 0508 015 5 F50 Julse
Olje 45" 03 5™ 3,18 (V44F) Kosarev and Yablonskaya .5 ls 31 0T Cueldl 5 55 ()88 5 s Julye
(ol sles Jd Jls 5 sl Dglane 553 sbys ss 9 S 0 o Jled adkis 4w ;3 DO% 5 DO
pomer el 03y o 5 S o5 3 YL IEe 55 pl Ol VU s s 5 Ol 5 (g bl 55,5
$FYLDO% 5DO Sls s 55 4 S Jlod 3 ST (85 513 56 s W 655750 55559
SU e Ll Ll sy Callas Hls 4la ) gl 51 f8 0595 LDO% 3 DO ,islasl 58 de Lgy ol 035
o3ls Ol Il g BB Olje 4 38 osm 4 43 DO% 5 DO slis Ly als sy
&S 5Is Ol oy 0= 55 Sy$ 4YDO% 5DO d,:iﬂ:a Shad Ol ;o83 L g (Nasrollahzadeh, 2008 ) s
Slos ) Ol 5 Sl 6la 59,5 51 |5 0593 5 .Sl 039 S Oltws 5 ol 53 5 Jili e o
J> > (Nasrollahzadeh ef al., 20082) 455 odalie DO% 3 DO O e Joldo (o5 J gudd 5 Conns SV
DO% 5 DO Ol jos Ol Joms 53 0 585 525 OT 15 5 413 6ls (515 035 YU a5 bl anlllas 53 o
8L S5

FVQ) Sl 0351 (a5 15 e oy BT Sl oslinal b T (s 5 Lo b Jgloms 050 oy Sies
o A e 35S gy 58 5 les il L aST Sl gme p opl 5 (1= = Y a= - A =
0508 o Wl 3 (oo 0T 3 (U glows 050u8T) Usloms S 288 Lol (g5 5 Les Sl 31 15l
n= BV sl sy s e s St Sceea  pH 5 Jsee
Ay 35S 38 CO 5z b il 3 ol 55 oSl ol o SS5 5w I 5 LpH 2l 53115 (= + N OA
L3 DO g O gl 85 s e bl or (G938 slome 05007 Olsan PH 2131 ol 553

Ol a sl on g pl s ¥ L B DO (= +0VF) 6,5d L awslas j5 (r=+.YFA) L»A;\Ssb Olis (5,5



i sl b s GhyIS /0A
b 4 ples 53 gles Ol i Caltbee J b 55 15 (5558 B Sl Led 36 S 220 DO Ol i Ko
Sl 03 g1 (65 58 ) i

(TRIX) (S5, pasls wlel » (Sos5 mhw 1555 oo pteem ST 8 das (o OLi dalys
ol 03,87 i 5l wili 55,5 5 dr 53 g5 — g0 Sl 4 Ll wli 35,5 51 S 093 5 a5 K
OLis 1y K55 e ol 3 (DO%) 0308 Cutlil Ao y3 5 SGke Ol uis .(Nasrollahzadeh ef al., 2008a)
OYAY Gl 55 Ll ol 0395 o ys VP L VWVB Lo 53 (555 4Y DO% S0k &) las . das o
Vo 5 5l olie cpl Gl 6l 55,5 51 de 483 &) Lol Gaiss 5 (VWAL OS5 (gd1s) \FAY
el 4338 8 aY s Aoy

bl 53 ot ol b 3 5 o 5 Sl 3 ke 3lge e o 58 318 (128A) UM
5 s B (S sl (53,8 (e )1 a5z 55 (oS b (sdke 3lse s 5 S
AL e 0L by S S e w55,

5O 0 5 800t V=) Ol 3 655 0 5 k555 55 1y asise] Sl ke Jslas (133A) Dumont
(2001) Stygar Leonov. 5 & 1y ol o3 S 5518 (Y g 5,800 VE-10) Ol s 1y 0T ST
Al I (s 3 adlaie 53) LT VU sle Sl s 4 5l 5 slas s 5o o N cle
3503 31 8) ) 36 53 i peT 3l il ST o5 s 87 5518 (Ve AY) 08K NSOl abzadeh
)5 35 jul 53 (Y00) (s aila 59,4 3l .\af)p;,'&,;jom;”@. b 53 (V447-4V) (Hls wli
el 03 5ly Juad 03 gl Sl B Se Sl G 55 s 8 edalie 5 b o
sl ol s cred 4 g3 Sslane 5 s ys Calidee bl 5o aaisel Ol cble Ol s ST ke
p Nasrollabzadeh” & )5 gte 2 b3 8 e edalive Jslite guab 53 Caliins bl 3 ba ST
o7 Sbos psr 0 e ST Ll 4l oS Oy Sl Gaiod g 33 S 5o (Y00 AY) O)Ses
(Yoo A o, Kaa , Nasrollahzadeh - gy g1 51 55 ol Sloj oy55 33 ol 55 Jls als i e
Stygar., Leonov B LSk Sl bl Solul Sl i gl s s ST 5 Bl s )l s

Chle il aS LS 515 (Yo AD) ol Kas p Nasrollahzadeh — -y oy e le Jaas s 200D



oy /.. G:.L:m:w:.‘,s:a‘,:s Olis gl oy g

Ll ol delie bl 035 (1847-Y) gl 56 ol 1.0 (Y220 g5 56 s OV 05 50) ool )
wlie Glasl 53 (FNECNN) WA Jlo s asgel Ol Clle (o150 a8 Cob s Ol o ol Gudos
ol sl ea g lp YN YN G4 (VLOYEYN) g 5 (Ve YEYN ) ol 56 4 s (e Ve BYY)
PO G ol amlie e 3)ls SV wilae opl s SSdem sl S Sl
w5 oj 05 (WAL OSes 5 (gdls) (LFPECLR) VAV Lo s aeT Sty @L:;Lf(r.win\\)

003y ay Lol yls g il by
Go5p e 53 8 das o Ol (Ols Joa 1 b @) gead ples 5o s snl S5l Sl Sl G s
Ol (T+08) 0Sen 5 SMEONE  ias 3V (655 8 4 S Y (S5 o sl Sl
U s 3015 3m 5 oo g T 51 ke 5 s 6l Sl ST oy e (Koo Lok 55 53 45 5 50
3B o5 o 03 Al Gl LSl (o G5 edel S B s Gl R
o yoir cawignl S5 VL CLlEL Cils sy o5 aY 5o a8 Hls wla Sl o YL 5 syl Sl

'(ROOhl etal., 2010 ) ol 03 5

sl amS oo 55 0ls i sl pde 5 5 5o Lo G Al omen
313 U Calinn Jguad )3 pss gl (5o 0313 (55 p SU1s (GOLT LT &8 ol S5 0LLE e o OLES
Ol cble gla Blas Kos Co b 3l sl 035 jub- Okl 5 Oltens j— g Jols ol sloul 05 S 95 oS
Lo Sl odys 8 odalie Ol 5 sl Jgad 53 b S o 5 Sl 03 Ok 5 Hler Jged 55 (msigel

OYAY OhKen 5 Olazuy) 350 Cillas s aila Sl 5 ST 5 5l
D31 i oyl 3ms () &L T 05 4 i poT 51 0 8 PP LS Jly Lol 5 )5 5 &

. Carpenter and Capone, 1983 NH
Games 53 ) 3,15 545 (

) passel o OT G pp ST 55 (Sl
Sl a8 s S 015 r s ol 0351 8A 033 53 PP 01 (a5 e ples il

S o g T D5 05 p b 4 DT o (STseT
o 4 315 DL VO Jlo sl sl o 55 T slos 51 Sle P asle o sl O3l 0 b

PH s 515314 s 0l a Conl 035 =088 5=+ ¥AA e 5 4 PR L U o gaT Ol San

s w350 51 IS Oles s it Kiawas pl 455,505 O Ol (o0 bl (o0 L2l o poT ol ke



SPlsdas sla g b ol iyl /7
il 03,57 e85 il 2 0l o7 e sS4 Ols i 55 Sl ey Lol CBls 5 g2 g 555 (S5 e ST
by LT Sl 2 NP 50 XY 5w PR L b T O o e Soer oy S5 sk
s &l Sls s LG g 515l or il ewise] 3l cdale PH gLy sisiy Kos ol
55Ol 68) &S5 S P 55 Sos g 55 55 0 3U5 ST o e 3 Sk 35

2 g e o go] D31 0 B OT 1 4 o8 555 00l
PR R RT (macroalgae SO 855 0S5 s oS cla 6 ;S 61 gjﬁfgiw@ﬁpéyT
(Yoo y) VOO oS, ilan 15 ol o7 Y pame (5 ol joita sl OT Sl Lol 53 s ST

( turnover )

Gﬂ,w¢TW;|p S S5l 4 S i gaT SVl pze o575 S Ol gis
Bl oo S 15 A8l on b Sl 2oy ol 0313 g 5 D3l e T iman 3,8 (8 Do
Wile 331,803 JSl oS I 3 a8 ot ael okl 4 s 5 ob 4 15 (o) paigel oS 5
S 03,5 15 eslizal 3y pn e 303 N ftg o 5T A1 G b 31l S 315 S Ol
355 25 Y s g e T il 315 34 Ny il I 100 U VL (550 b
SOl G 53 Ll 33 8 a5 ae 0 SO0 g2 5 (6 STL o g 0 5 pas el 15 L (e Y e
A3 hls dgad ST 53 cabsel Sl el JE ank b Ll h o ls Bl (g m Sl e ST 45

Sl 03 gy e O3 OLS 5l ple 4 s 6 5L
(nitrification) O sl 25 &S sl 5 O3S 35S JIb 015 o 1) T 53 a5 Ol 5YL cble
5 Sl (NO3) Sl 25 &3l 4 NH, ks &gy Nitrification Aul )3 53 .5 S edalis das e FowbS
gl eS| g 0 5ol 25 Ayl 3 51 al e 53 Bl o Sbe Jgmamee Ol 4 (NOY) (555 O
Calien (sla €58 Lo 5 (NO; 4y S NO; ) (125 51 oS S| 5 o(NO2 = 4 o5 NH.) p g gl
Sheslial b ol slg ST anoxic Lyl 5L g oS 0581 LIS L ols Laseas 55 planil oL ST
Carpenter and Capone, 1983; ) LS o Mg 1) S Ol S 5 (S Ol 5o s g0 O3S

03 YU I (oA ) g Ol Ol Oy cble bl G s ((Nasrollahzadeh er al., 2008a

@Qmuﬁ'gww}CM‘OJ}Jmh)w(&)fﬁ)ﬁg)(&)}-’)&ybdu%YJ.’d}l’#O}:o\m{‘



A G:.L:m:w:.‘,s:a‘,:s Olis gl oy g

235 33 el Sl G 3 0 bl Jee s (SIS D5l (G D1 0 el e S T AT oS s
58 o Soge 5 4 b s

SAY) Ul 36l XY (V000) s 56 1 S5l ks (51 ST 8 258 (Y Nasrollahzadeh
Jlo 53 Gl Ol ke 31 o8 33 Ol (oo bl Goiowd b gl ol el b ool 03 5 (1447
Ll 5 ol 3l (CAVE 0P gl 56 4 Cand (o Vo BY0) alie Glasl 5 (VOYE LV ol 3udss) \WAA
S (25301 D3 O e oy I B8 5 hal 3l pl) ol anls 2alST (1.ANES V) g g5 56 s
WAV Jlo 55 oaT oy s b (VOYEL V) bl Gt gl amglin imeen (Sl 0357 125 5
P e Ol 1y gyl gme Ll (VAR SKes 5 (gdls) (VXL ¥)

Lo y3 el 63 35 (61 03 28 Sl 15 (51,15 s WWAA Lo 3 (NOy (NO, (NH, ) ke &3 YL il
2 Skl Sglite Jlu s Calibes a5 Gbla 53 Gidas Sl S G3s 8 OLS 5 sl
e Aoy Qe =G s YAYL cYAAL 4 lcS a4 NOy ™ 5 NO, ™ oNHy o s VWA Jl b
3,8 SIS s 5655 eIk bl s (Ye)) Stygar 5 Leonov | sgulie gl ASl e
oS N e Y e Sy 5 o n 055000 528 ) 51y D31 g pote Ol & (oo o T Dl a5
D325 8 T Jams 53 05803 525 (B, o 15 ol Sluie (4 ABL (0 SV a5 e T
338 o et 153 e ST 55 05SN b SBSE sl D) e 5 e S S0 Gl
Db (T (g3 5m8 L) 3505 35 515 511 g5 JB olin S mlaw 6o 0¥ 53 Y pene
ol e s Ll (Vorgelegt, 2002y | - 0 SN b s (akling, 6555 upwelling
plpls (Sl 039 35 Vges Se ¥ 51 e 5 Sl e S Sl Sl 93 sewsel Sl ke
S g ealizal 303l 3l e 5 0 550 28

(Y+20) p33 56 (DON) JT &l cake [l a8 s S Sl (YrAa) 0l,&aa 5 Nasrollahzadeh
Clle 515348 3l s 015 (or ol G b Sl glie b ool 035 (1445-4Y) U1 56 1 VY
(F L YEVE) Ul 56 4 s Gre Ve b)) alie Blasl s (Y0 Y (bl Gd>s) WM JLe 5 DON

SOl G S pmen ol LS 2l O EYY) pss b4 Cond W s S5 sdalie 1,



i sl b algd GhyIS /7Y
o35 55 (WAQ) 0L a5 (suoly Jam i (FV.OEFV) AYAY Lo 3 oal S s b (YA2 V)
o (< 0) Sl o3 g s g b ke oMl 5 das o OLES |y (sl ys VY 2alS 55 gbys ogi
o) U (e o] S5l o g 4) (S5 (Sdms 510 4 (DON) JT O3l SLS 5 s 457 5503 )bl Ol
ol 413 |5 Il 0 Con (G 3 OF 20531 uined ol 53 g 3o T 31 O e 4S5 ) olay sl 03 30 2alS”
558 oo ygas &S bl j3 o (il o YL LUl (DIN) Suas &5l 4 S (DON) JT o3l Slale
ol e Yot T Lowe 53 JT 51 VU Clale ol b 0 5O 525 iy 3 oS 5 3dee fule 059 20
1ok slers 8 55 cpmman 5 Al (oo pslie 4 lis 55 (53U d- b DON LS5 o8 ol s
o Laoee 3 Calises la Ol 5 0SS s DON b ¢ JS™ 5k L,E B i 5y e OSSN g
©Y ;5 DON CLls Jgame 55k b o g1 53 ol ait LEG (6305 Oljoe 40 55 OT SLS 5 5 by (g0 s
Libby and ~ Hansell ef al., 1993) Lile oo SL Col Gaas Gble )5 g aBl oS e 5 Sl YU 6y
Sy sk ol 0o T oy wlis 4 55 bl Guisw 5 (Wheeler, 1997; Bronk ef al., 2007 ;Bronk, 2002;
Sl 0wy A+ 31 2 4 DON s ys ST Jl= 53 Sl o3 g dep 33 10 I S DIN s s

omep 3,05 1y (Vs S v 051 2a8) Chile 53 JSlsl 3 28 Vsams Laud b 555 S b Ole s
S 05575 4 La 13851 5L 5 edblon (ST 055 (Slb e 2 53 (eisal 5 (ST a0 Sl ke (s
53 oS 3 gdous (e 51ge Vsane ind 4K sl (A o Redfield o 4) LEL o iud I b
Sl g 0) D55 56 55 (b33 ST o 53 e i 5 (el ooy b 45 2 o b e 5
D55 oo e Dls g0 o 5 Lo e 4 Dland 551 3505 3 9 (o) o

—AY) sl 36l VA (V) ps 36 53 PP Clls 515 as 58 28 (veep) Nasrollahzadeh
WA b 53 PP Gl 5alS 4 Cal s 015 o0 ol G b gl ol gl b .l 035 (1489
£33 3 GXVECN) ol 56 4 cs oo Vor BY0) wlie GSlesl s (YR LY Golb i)
2B L CIE L) Sl G mls rmes el 03y 28l Ve 5V S5 0 (VENQ)
wlie 575 Sbod o o) 5 (WAL Ol 5 (gdly Jow 5 (CYYECL ) WAV Jlo 53 0T Sty

Y0 51888 Gledle & s 55 PP G5 5 oty il 55 POP L LLsyl s s, ol ol e



I G:.L:m:w:.‘,s:a‘,:s Olis gl oy g

Dbl Ol dula ol OLEs 1) (s (dme OBl VWAV S Jl ) S J g Sl il (g, 8t 28
88 4 sk Sl odd jid Olpe SIS e Sl esls Fy aibie pl 55 oS (Sl psk 3 ge
33 8o 85 b B b T Lo 53035 5k 28 5l

Jsloms odew o ailin gy 5 Jorlsm 50 457 005 0L 535 6bos (s o) 03 Jsloms e Dl i
dobo 5593 5 (e Ve 50) Jolsm 05,5 55 4 Calibes Slasl ()bl s y3 a5 (g 5b 4 il 0 5L
dn 15 50 ST 05057 e LS (oa Al ) YU e o8 s 8 s (e Ve 5 00 (YY)
23 5 5556 ees S g e @l a0y 8 5 s ok 4l 48 sls Ol 35 68
5 i 2 3 e (Sl 5 b alagy s I ST e ol ) YU e Mo o7 al
Ll a5 |6

035 (V489-4Y) Ul 56 ol Ly, (Y00 oo 56 53 POl o875 87 35,158 (12 o) Nastollahzadeh
ol Gi) WM Jle 53 P8GR o Calys Ol e ol G b gl oyl aeglie b
sxe Ml AN ENN) g 5 (VASENN ) gl 56 a0 o (o Voe 610) wolis Bles s (VANE XY
(VPR AVAY Lo 53 odsT Gy sl b AXYYEYY) S5l G s (omen Sl 423105 (5l
el a3l (T g1y ma OoMestl 5 6l ys s 055 55 (VFAACOL, s 5 sl )

s 3 e s g ol b e I s gl e 51y el o3 b Lalad P5) Jglons il
USHUIES 1 3 5 g Jsho oyl 5w 53 15 0T Jsboma ol 345 olie o b &S0l S5 sl 055 5
3L b LT dd) e o S5 1y (Sl e a5l g s o8 1T 5 ins g0 515 ealinal 5 50
wils B ot OT 5 9b)d S R ST 55 2 53 s ek Oljs £ 55 Sl 53 Ll g o0
axbls 0 7SO b el e sl 48 55 S50k AT LIS (b dloes b 031 o 2ws 53 L
1) ol an s e &Sl U ge Sl il ol ga sl i Y peg K 0 51 5 oy ke s L
5 AV b oLt s OSi) Jlows b e il anllas s (VOREEIEL2002) sy gy, siliceous

el ol 534S 5 e el g ol o3 4 509 S0 0 31 i 58 4Vl 1 S0ke mmean (ol 03 51 ldie



Slsas gla g b ol Gh)Is /7Y
53 (P A D) o Kan p Nasrollahzadel gy 3 (Ko aas K85 1, LI 05 8 a0 gils 555 sbys
03 40543 55 SUss apor 3 e w58 DM B 03 Vi e L Y0 51995 gl
il o daly 8 Gl g b sl K &K ol 53 (CiogiNigiPyiSise) Redfield o
Sdie 3lge pl s 53 ol sl (Harrison er al., 1976 and 1977) das o0 OLES | uT o 9 C}:SL?)\))@
3 0l 4 A8l o T s 51885 55 (55800 528 ) adsl DI 5 55 s gdomn STy 0500,
Q}&BM}Z:S Ly Cosgdowe 0313 QLS Gl o 3591 2 (§dxe 51 s (stoichiometric) (g ;e S gt o
Slge Cdo ¢Saiw (g9 alllas (Redfield er al., 1963; Brzezinski, 1985) Lib o T s 55| ¢SS s
Sl ($5958 Casgdoes oy QL& AL Ve 51 2eS Loses DINDIP  Jge o 51 a8 sls olas (giae
cul.:l.ia BE .(Parsons et al., 1961; Healey and Hendzel, 1979; Brzezinski, 1985; Levasseur and Therriault, 1987)
Harrison et al., 1976 and 1977; Levasseur and ) Coow! u‘“‘:‘t:‘*' Cud gdoes odkidy OLis LSL DSI/DIP< \» J?\
Goldman er al., ) Lab o (§ b Cu3 gdoes odias OLi5 sl Y+—¥+ I 2 DIN/DIP S| 4 (Therriault, 1987
.(1979; Healey and Hendzel, 1979

4 WS Olge Nelson and Brzezinski (1990) s Harrison et al. (1976, 1977), Perry and Eppley (1981)
5 b ) OLS 5 ol Akl de 38 B 3 b sl T S wlal p gdie 3lge Cusgdous
21y 5 4 DSi g DIP DIN LS 5 6l Ol 6T  Sacw Ol anlllas olil . dil of o (koo
s> (Dortch and Whitledge, 1992 Rabalais and Turner, 2001; Justic ,1995) iU )ijjg:a Yoo g0 ) e
do- Sl o (A0 ) DSi 5 (JA¥) DIP «(/43) DIN 340 53 odal Gy p3lae Jguad S| 55 bl Guios
3,8 13 0 5SI0 558 Al s gdoms ot 3590 Ll 5 (o0 DS 5 ol (Jn S ol ply ABL (o T
Wl ps 855 51 2087 il i OT jyalie ol &S5k Sl 03 guden G513 i /251 S 75 855 )3
Ol & 033 Jlo Jgnd pla 53 sl joite Vo0 s A g 53 ) s/l s sl o
VU hces Jghoms ok 5 Saud el 487 Jlo 53 555 (oo o guomn 05850 528 Uy 2 03 pulows Jule

.(Semenov, 1984) Ll

$3975 Tudste b pten S 0lsin 5 h)s Calies Dlalllae bl s S



0 /.. &539‘.‘?“:353&9 Olis gl oy g

Kosarevand)ﬁl{@p‘é oS 3 gloes Jﬁbf(@) Glsgy) b sy 6349 )ajihwl{@
_(Yablonskya, 1994

s 0L 53 bys (g o) o s lgdlo jo 1) Sdme Jaud 4 Gudre D51 (Jge Sl F-Y gt
Sy $5958 Cudgdoma Gyls 5 6L s v;m.,ﬂ;l,\; Wi 59,9 51 8 e s a5 sls Ol s s
m;),”l,\mjuMuyjuw.mpd.guﬁ‘ypww@upswtnﬁo}&%ﬂ;m)
WAV b )3 oSl azils S5, Cudsdos 555 Sbys g o) &S5k 3,5 Iy aalsl gy opl s
(F=Y Jgdz) 35 Iy G g (12 <PINDIP<y (S 3 553555 a3 goes Coor 41 535 (153 s ST
Cpagtous L2 o g i ST5 43 8 (S Giitr Ll 8 (il GASONM Jlo 5o Sl
et (F) 13 500) Sl 63,5 w55 1y OTNPIPPY ) s s ptonn Loyl 1 (i 5 359 25
ol 45 das e Ol S ) Sl 03y uiie 905 Fr o3 guloms s $SGLL DSPIP - s S
O o8 L oS (Fo) s gad) il oad O3S 52d iy (6l 1 g a3 s Slyls 5 514U
213 (2 g

o2 5 @dhe b LDIN [ol531 L (A5 d) DINDIP (30 s o331 457 s (o0 OLES F-Y 1 50

ol 45 8 (3L 5 alols Refield S 1 4S5 ) slay Cosl 03 g3 0f jos 5 i L DIP

g BB Sl 8 55 SLHd Qe 0)s> Atk Jgad 18 DIN/DIP Ol o Y oo

Yl Ole b Ol Sl Jl

V£ $ AYECA RE-TA ¢ [ = Yoty Mean+SE 1YV
CHYVA I X CO-YVY (RN Min.-Max.

LR E FXEA L RE2NY Y AL ¥ 00E$ Mean+SE \YAY-AF
FA-VA Fo-5¥ Y.o-FA Y.5-V.0 Min.-Max.

\OXE 140 [FAE=TRY 11.4EY.) VWYY Mean+SE VYAV
FV-5F. 0.0 —0¥. Y.5-AY.S Y A-F0.5 Min.-Max.

Yo F YAALY.D YO.51FY YaELY YY.¥EVY MeantSE sl Giss

LA LY ¥A-1Va.0 YY-5YF Y.Y-VAA Min.-Max.




SlEaS gla b (ol Gyl S /7
53 GOLT Sl bT 55 (a5 axbls 1 oa p Jaoms (sla mall S Kus § Site Calisee Slallle s
gl (MUIVAIE) | o o ST 51l xS ) 0315 OLS g bl G 3 1355 a3 5
5 oot 50 50 (sl ebl) s ize 5 (s o3ls) Sltalis 1 oSS 5l 87 (CPFA) s oSS ol
Wl 0k 3Lzl (ke 51 4o

5 baim 558 b eyl bl dade 0L (CPFAY o5 oSS sl o'y GoLT T ol
Wl o K Gl e 3ok Oltene 5 sy Ol lgp oo )l 4 Calibee Jgozd T (60 315
ey Jguad 03,87 S 5 gngr (4500 5 Lo (sla el T ol )

Joa e 4 Caliten J b 55 OT (glie sl g0 (sla el bl y oS S8 Coplate l 5 (65 leT LT
i POP - DIF DINNOZ (o sy 06T ol s sl 03,57 &SS85 Olten 5 5l 0l 5l

.x\ul;J,@o;}&,ﬁapw

100 100
o o
= [=]
S 10 = 10 .
a a
1 1
0 1 10 1 10 100
DSDIN DSIDIP
100 Te T |* =4 + i
SE o SAnE
4_".0 * 0{ oﬁ;
: SRR
* e M S
7 10 :
-5i
1
0 1 10

DSIDIN
Y 30 (6% MMao (J30 (S Camd 0T w16 10903
WAL Jlo 53 533 Sbo (29 059> S0



PV e obrands 950538 Gllas giod iy s

30 + T+ 1
S 25 1
3 0 U 0.8
= 106
- 15 + 2
o +04%
a 10 + o
r4 s
= 5+ I _| 0.2
0 — 0
1375 1383 1387 1388
i DIN/DIP ——DIN
—=DIP — — Linear %DIN/DIP)
— - - -Linear (DIN) - = = .Linear (DIP)

b s 1508 4 O S 9 FAr0 yud 9 331 O gk 6-F 510900
2P S 29 039> i Sl o (Trendline)



Plsdad sla g b (s (8,18 /74

b olgrin

MC)JM@})ILd|4§s§.«w‘j\:§}))@)l§{6jbdbjbfﬁ@uq&k@asﬁﬂe -
g

ST (5 55T ma g 1S 40 5 S S ge ETP 1551 03Y SUK 03 g0 eal Y
Sl (6551 o T OIS 505 SU s e (Hoe T 85N 5 DUl O3 gl a3
(IS 50 5 N olos CuKs) oT Ot 43 385

g GV0) su 5 b a5 (Culid Gas Wl 1) 6y 8 4 53 (6)15 5 € sad Gas 03 50 BlS| Y
ol 5 S Je 5w

35 posat Glale 4 dad 1 (gl dsed Sl 15 5 (6,5 o3Il 3yse slay ST I —F

(s @l 0 800 528) 5 Slgsl 2 4505 (Slawl



4 /.. G:.L:m:w:.‘,s:a‘,:s Olis gl oy g

&b

S Olatoy el (55 05 OLLSS T B gliun cp 05355 Sladde cp es b Hha) e M
e WOladila “z sl dl il By (O gy 4.).Ca6§b7 OleS” ol esly 4.Cc0\¢->,='f
S smasir 5 S5 S MYVE Lf iVl (e Ga e GO (Y GO (g
Sl S 0 5 () o ymlS Sl gl (5800 L )35 s bos (o o) Sla! Jolsm
VE= VY YF oA Ol s ol 4w g0 S LEST APV PVE-VE Ol 05k 5 0E ool
G ok wb (Gl e 0O (alg cnp (B OeST T (Gl g WOlnS CE
Cp o e Olatu ol (g 0SS OULLSS o b B epO (ot g (oS
5 Gidahs oisn YA (s e Oledle ol (@3)ls e (oS or AT eSS
Ol SNt Dot g0 VO Lo 53 (0 v Goo B35 Slys (o5 o) 5ot
(7 NLVIRS 12 Y

=02 0392 MM g Gl Al cp (B OWS €O (s s (ot S CDp (Olaten
OV Sl A go oy 5 (Sly3 Sl ol s MOCMIOPSIS Teldyl oo s 5015, ST,
Y-VE\Y-ASO-ASA: 0l |

(S by e lebla el i3 )ls O3 (sl “C‘O‘:’j o 35853 G b e s
Sl (b o Sl Sosdsmater 5 Sidaodn Sbresls Jdow 5 4 055 n I YAY () e
Y-VE-AY-AS+ B-AF AL .01 1 S Coladioes A g0 2 VFAD-V

550 AYAY g Lo SB OleS €S IS cpp Landd Gz Ol , K oS ed oo Y
Uy s ad s jo )t 5l S Glasl aowe G sla (ST 5 5 smasin 5 $5ao0e
MW= VYN E a8 011 NS Dl des 30 OFVW-VA 55

O enp Olaiy 03 ¢ oilg L@ot?,f TGl sy wp ek g e Oledla
(D sy 0B e SUl ez (FE g (Yl sl cpp o gl il s sVl cp oSt

C LR u.w.:ﬁ SN SX ) UAW G.CQ@M&F’ "U: L% s | ch))\j c.t'c)L_J ‘d\f.aa .S cu.e}l&

-\



Slstas sla gk il a8 /v
o VSl S Blesl aoes G s gbs (ST 5 (5 smsotn Ls/j}ij\:ﬁ o 059 \YM
S0l O Dl s g0 L AWAT-AY Il e Vol 208 Glasl 3 555 by osi 4 s
AY= VY YEY L s
AYAQ 'C'i"@’ “p WOLjsys e (Ul CTOS snS (sl "C‘)LT; dl e (B gdly -V

i zo A7 o 555 Gbys s gl 4l 0 OT Sles 5 (K58 Slaogast w055

Y-VE VYA B-AF AV .0l ol S Solidions

8- Aarup, T. 2002. Transparency of the North Sea and Baltic Sea — a Secchi depth data mining study.
Oceanologia, 44: 323-337.

9- Aladin N.V. and L.S. Plotnikov. 2004. Impact of invasive species on the Caspian Sea. In: Biological
invasions in aquatic and terrestrial ecosystems. St. Petersburg, Moscow (in Russian).

10-Aladin, N. 2001. Biodiversity of the Caspian Sea, CEP.

11-Anderson, D.A. 2006. "Red Tide and Harmful Algal Blooms," [accessed May 1, 2006]
http://www.whoi.edu/redtide/.

12-APHA (American Public Health Association). 2005. Standard method for examination of water and
wastewater. 18"edition. American public health association publisher, Washington. USA.

13-Aubrey, D.G. 1994. Conservation of biological diversity of the Caspian Sea and its coastal zone. A proposal
to the Global Environment Facility, Report to GEF.

14-Bluman, A.G., 1998. Elementary statistics: a step by step approach. 3™ edition. Tom Casson publisher, USA.

15-Bronk, D. A., J. H. See, P. Bradley and L. Killberg. 2007. DON as a source of bioavailable nitrogen for
phytoplankton. Biogeosciences, 4:283-296.

16-Bronk, D.A. 2002. Dynamics of organic nitrogen. In: Hansell DA, Carlson CA (eds) Biogeochemistry of
marine dissolved organic matter. Academic Press, San Diego.

17-Brzezinski, M. 1985. The Si:C:N ratio of marine diatoms: interspecific variability and the effect of some
environmental variables. Journal of Phycology, 21:347-357.

18-Buckley, D.E. and G.V. Winters. 1992. Geochemical characteristics of contaminated surficial sediments in
Halifax Harbor: Impact of waste discharge. Canadian Journal of Earth Sciences, 29:2617-26309.

19-Carpenter, E.J. and D.G. Capone (Eds), 1983. Nitrogen in the marine environment. Academic Press. Kluwer
Academic Publishers, Dordrecht/Boston/London.

20-CEP (Caspian Environment Programme) .1998. National reports of the Caspian Sea countries (Azerbaijan,
Iran, Kazakhstan, Russian Federation, Turkmenistan), Caspian Environment Programme.

21-CEP (Caspian Environment Programme) .2001. Caspian Sea transboundary diagnostic analysis, preliminary
draft outline, Caspian Environment Programme.

22-CSN (Caspian Scientific Network Caspscience-Net) (2003). Scientific Report on Caspian Sea Environment,
122 pp. [Accessed 5 January 2005]. Available from World Wide, Web:
http://www.caspinfo.net/caspian_seafacts/climate/content.htm

23-Dortch, Q. and T.E. Whitledge. 1992. Does nitrogen or silicon limit phytoplankton production in the
Mississippi River plume and nearby regions? Continent Shelf Research, 12:1293-1309.

24-Dumont, H.J. 1998. The Caspian lake: History, biota, structure, and function. Limnology and Oceanography,
43(1): 44-52.

25-Fedorov, P.V. 1983. Some issues of the Caspian and Aral Paleogeography in the late Pliocene and
pleistpcene.ll, The Paleogeography of the Caspian and Seas in the caniosonic Era. Part I. Russia.

26-Fedorov, P.V. 1983. Some issues of the Caspian and Aral Paleogeography in the late Pliocene and
pleistpcene.Il, The Paleogeography of the Caspian and Seas in the caniosonic Era. Part I.

27-Goldman, J.C., J.J. McCarthy, and D.G. Peavey. 1979. Growth rate influence on the chemical composition
of phytoplankton in oceanic waters. Nature, 279:210-215.

28-Hansell, D.A., P.M. Williams and B.B. Ward. 1993. Measurements of DOC and DON in the Southern
California Bight using oxidation by high temperature combustion. Deep-Sea Research, 40:219-234.

29-Harrison, P. J., H. L. Conway and R. C. Dugdale. 1976. Marine diatoms grown in chemostats under silicate
or ammonium limitation. I. Cellular chemical composition and steady state growth kinetics of Skeletonema
costatum. Marine Biology, 35:177-186.




vy /.. 6394.@353#9 Olis gl oy g

30-Harrison, P. J., H. L. Conway, R. W. Holmes, and C. O. Davis. 1977. Marine diatoms grown in chemostats
under silicate or ammonium limitation. III. Cellular chemical composition and morphology of three marine
diatoms. Marine Biology, 43:19-31.

31-Hayward, T. L. 1987. The nutrient distribution and primary production in the central North Pacific. Deep-
Sea Research I, 34:1593-1627.

32-Healey, F.P. and L.L. Hendzel. 1979. Fluorometric measurement of alkaline phosphatase activity in algae.
Freshwater Biology, 9:429— 439.

33-Justic, D., N.N. Rabalais, R.E. Turner and Q. Dortch. 1995. Changes in nutrient structure of river-dominated
coastal waters: stoichiometric nutrient balance and its consequences. Estuarine, Coastal and Shelf Science,
40:339-356.

34-Justic, D., N.N. Rabalais, R.E. Turner and Q. Dortch. 1995. Changes in nutrient structure of river-dominated
coastal waters: stoichiometric nutrient balance and its consequences. Estuarian Coastal and Shelf Science,
40:339-356.

35-Kasymov, A.G. 1994. Ecology of the Caspian Sea, Baku, Azerbijan (in Russian).

36-Katunin, D.N. and V.V. Sapozhnikov. 1997. Okeanologiya. Moscow, Russia.

37-Kideys, E.A., N. Soydemir, E. Eker, V. Vladymyrov, D. Soloviev and F. Melin. 2005a. Phytoplankton
distribution in the Caspian Sea during March 2001. Hydrobiologia, 543:159-168.

38-Kosarev, A. N. 2005. Physico-Geographical Conditions of the Caspian Sea. In: Kostianov, A. G. and
Kosarev, A. N. (Ed.), The Caspian Sea Environment (Handbook of Environmental Chemistry). Springer.

39-Kosarev, A. N. and E. A. Yablonskaya. 1994. The Caspian Sea. The Hague, SPB Academic Publishing,
Russia.

40-Leonov A. V. and O. V. Stygar. 2001. Mathematical Modeling of Organogenic Material Biotransformation
Processes for Studying the Conditions of Water Eutrophication in the Caspian Sea Surface Layer. Water
Resource, 28:535-552.

41-Leonov, A.V and Nazarov, N.A. 2001. Nutrient input into the Caspian Sea with river runoff. Water
Resources, 28: 656-665.

42-Leonov, A. V. and O. V. Stygar 2001. Mathematical Modeling of Organogenic Material Biotransformation
Processes for Studying the Conditions of Water Eutrophication in the Caspian Sea Surface Layer. Water
Resource, 28:535-552.

43-Levasseur, M.E. and J.C. Therriault. 1987. Phytoplankton biomass and nutrient dynamics in a tidally
induced upwelling: the role of the NO3:SiO4 ratio. Marine Ecology Progress Series, 39:87-97.

44-Libby, P. and P. Wheeler. 1997. Particulate and dissolved organic nitrogen in the central and eastern
equatorial Pacific. Deep-Sea Research, 44:345-361.

45-Mamedov, R.M., L.A. Kulizade and Y.H. Gadiyev. 1998. Impact at climate anomalies on the level of the
Caspian Sea. In proceeding of The 2" International conference on Climate and Water. Espoo, Finland, 972-
980.

46-Moncheva, S., O. Gotsis-Skretas, K. Pagou and A. Krastev. 2001. Phytoplankton Blooms in Black Sea and
Mediterranean Coastal Ecosystems Subjected to Anthropogenic Eutrophication: Similarities and
Differences. Estuarine, Coastal and Shelf Science, 53:281-295.

47-Murphy, J. and J.P. Riley. 1962. A modified single solution method for the determination of phosphates in
natural waters. Analytical Chimica Acta, 27:31-36.

48-Nasrollahzadeh, H. S., Z. B. Din, S. Y. Foong and A. Makhlough. 2008a. Trophic status of the Iranian
Caspian Sea based on water quality parameters and phytoplankton diversity. Continental Shelf Research,

28:1153-1165.

49-Nasrollahzadeh, H. S., Z. B. Din, S. Y. Foong and A. Makhlough. 2008c. Spatial and temporal distribution
of macronutrients and phytoplankton before and after the invasion of the ctenophore, Mnemiopsis leidyi, in
the Southern Caspian Sea. Chemistry and Ecology, 24(4): 233-246.

50-Nasrollahzadeh, H.S. 2008. Ecological modeling on nutrient distribution and phytoplankton diversity in the
southern of the Caspian Sea. Doctroal dissertaion, University Science Malaysia.

51-Nasrollahzadeh, H.S., Z.B. Din, and A. Makhlough. 2008b. Variations in Nutrient Concentration and
Phytoplankton Composition at the Euphotic and Aphotic Layers in the Iranian Coastal Waters of the
Southern Caspian Sea. Pakistan Journal of Biological Sciences, 11(9):1179-1193.

52-Nelson, D. M. and M. A. Brzezinski. 1990. Kinetics of silicic acid uptake by natural diatom assemblages in
two Gulf Stream warm-core rings. Marine Ecology Progress Series, 62:283-292.

53-Padro, R., E. Barrado, Y. Castrillejo, M.A. Valasco and M. Vaga. 1993. Study of the contents and speciation
of heavy metals in river sediments by factor analysis. Analytical Letters, 26:1719-1739.

54-Parsons, T. R., K. Stephens and J. D. Strickland. 1961. On the chemical composition of eleven species of
marine phytoplankton. Journal of the Fisheries Research Board Canada, 18:1001-1016.



Plstad sla g b s iy VY

55-Parsons, T. R., K. Stephens and J. D. Strickland. 1961. On the chemical composition of eleven species of
marine phytoplankton. Journal of the Fisheries Research Board Canada, 18:1001-1016.

56-Peeters, F., R. Kipfer, D. Achermann, M. Hofer, W. Aeschbach-Hertig, U. Beyerle, D.M. K. Mboden,
Rozanski and K. Frokhlich. 2000. Analysis of deep-water exchange in the Caspian Sea based on
environmental tracers. Deep-Sea Research I, 47(4):621-654.

57-Perry, M.J. and R.W. Eppley. 1981. Phosphate uptake by phytoplankton in the central North Pacific Ocean.
Deep-Sea Research I , 28:39-49.

58-Poortman, J. 2005. Islamic Republic of Iran Cost Assessment of Environmental Degradation. World Bank
publication.

59-Psarra, S., A. Tselepides and L. Ignatiades. 2000. Primary productivity in the oligotrophic Cretan Sea (NE
Mediterranean): seasonal and interannual variability. Progress Oceanography, 46:187-204.

60-Rabalais, N. N. and R. Eugene Turner. 2001. Coastal Hypoxia: Consequences for Living Resources and
Ecosystems. Coastal and Estuarine Studies. American Geophysical Union, USA.

61-Redfeld, A.C., B.H. Ketchum and F.A. Richards. 1963. The influence of organisms on the composition of
seawater. In M.N. Hill (eds.) The Sea. Wiley, New York. USA.

62-Roohi, A., A. E. Kideys, A. Sajjadi, A. Hashemian, R. Pourgholam, H. Fazli, A. Ganjian Khanari and E.
Eker-Develi. 2009. Changes in biodiversity of phytoplankton, zooplankton, fishes and macrobenthos in the
Southern Caspian Sea after the invasion of the ctenophore Mnemiopsis Leidyi, Biology Invasions, DOI
10.1007/s10530-009-9648-4.

63-Rozengurt, M.A. and J.O. Hedgpeth. 1989. The Impact of Altered River Flow on The Ecosystem of The
Caspian Sea. San Francisco State University, USA.

64-Sandén, P. and B. Hakansson. 1996. Long-term trends in Secchi depth in the Baltic Sea. Limnolog and
Oceanogrphy, 41: 346-351.

65-Sandén, P. and B. Hékansson. 1996. Long-term trends in Secchi depth in the Baltic Sea. Limnology and
Oceanography, 41:346-351.

66- Sapozhnikov, V.N., A.E. Agativa, N.V. Arjanova, E.A. Nalitova, N.V. Mardosova, V.L. Zobarowij and
Bandarikov, E.A. 1988. Methods of hydrochemical analysis of the major nutrients. VNIRO publisher,
Moscow, Russia.

67-Sapozhnikov, V.N., A.E. Agativa, N.V. Arjanova, E.A. Nalitova, N.V. Mardosova, V.L. Zobarowij and E.A.
Bandarikov. 1988. Methods of  hydrochemical analysis of the major nutrients. VNIRO publisher,
Moscow, Russia.

68-Sapozhnikov, V.V., D.N. Katunin, O.N. Lukyanova, K.V. Batrak and A. Azarenko. 2006. Hydrological and
hydrochemical studies in the central and southern Caspian Sea abroad R/V Issledovatel Kaspiya (September
6- 24, 2005). Oceanology, 46(3): 446-448.

69-Schoer, J. 1985. Iron-oxo-hydroxides and their significance to the behavior of heavy metals in estuaries.
Environmental Technologies Letters, 6:189-202.

70-Semenov, Y. 1984. DIN/DIP and DSi/DIP ratios in the central and southern Caspian Sea. Hydrobiologia,
3:71-73.

71-Shiganova, T.A., V.V. Sapozhnikov, E.I. Musaeva, M.M. Domanov, Yu.V. Bulgakova, A.A. Belov, N.L
Zazulya, V.V. Zernova, A.F. Kuleshov, A.F. Sokol'skii, R.I. Imirbaeva, and A.S. Mikuiza. 2003. Factors
determining the conditions of distribution and quantitative characteristics of the ctenophore Mnemiopsis
leidyi in the North Caspian. Oceanology , 43:676-693.

72-Siapatis A., M. Giannoulaki, V. D. Valavanis, A. Palialexis, E. Schismenou, A. Machias and S. Somarakis.
2008. Modelling potential habitat of the invasive ctenophore Mnemiopsis leidyi in Aegean Sea.
Hydrobiologia, 612:281-295.

73-Solorzano, L. 1969. Determination of ammonia in natural waters by phenolhetpochlorite method. Limnology
and Oceanography, 14: 799-801.

74-Stolberg, F., O. Borysova, I. Mitrofanov, V. Barannik and P. Eghtesadi. 2003. The Caspian Sea. GIWA
Regional Assessment 23. Global International waters Assessment. UNEP/GEF/KALMAR. University of
Kalmar, Sweden.

75-Tuzhilkin, V. S. and A. N. Kosarev. 2004. Long-term variations in the vertical thermohaline structure in
deep-water zones of the Caspian Sea, Journal of Water Resources, 31:376-383.

76-Tuzhilkin, V. S. and A. N. Kosarev. 2005a. Thermohaline structure and general circulation of the Caspian
Sea waters, in: The Caspian Sea Environment, edited by: Kostianoy, A. G. and Kosarev, A. N., Springer,
Berlin/Heidelberg.

77-Tuzhilkin, V. S., D. N. Katunin, and Y. R. Nalbandov. 2005b. Natural Chemistry of Caspian Sea Waters. In:
Kostianov, A. G. and Kosarev, A. N. (Ed.), The Caspian Sea Environment (Handbook of Environmental
Chemistry). Springer.

78-Valderrama, J.C. 1981. The simultaneous analysis of total nitrogen and total phosphorus in natural waters.
Marine Chemistry, 10:109-122.




vy /.. 6394.@353#9 Olis gl oy g

79-Vorgelegt, V. 2002. Biogeochemical Conversion of Nitrogen in Enclosed Pelagic Coastal Ecosystems of the
German Bight: Mesocosm and Modelling Studies. Doctoral dissertation.

80-Yurkovskis, A. 2004. Long-term land-based and internal forcing of the nutrient state of the Gulf of Riga
(Baltic Sea). Journal of Marine Systems, 50:181-197.

81-Zaker, N. H. 2007. Characteristics and Seasonal Variations of Dissolved Oxygen, Int. Journal of
Environmental Research, 1(4):296-301.

82-Zaker, N. H., P. Ghaffari, and S. Jamshidi. 2007. Physical Study of the Southern Coastal Waters of the
Caspian Sea, off Babolsar, Mazandaran in Iran, Journal of Coastal Research, Special Issue 50:564-569.

83-Zirino, A. 1985. Mapping Strategies in Chemical Oceanography, Volume 209, American Chemical Society.



S /VY

;-
sl oyl S
3
Badas sl 7

ias s
s
s

3



Yo /.. &539’“:““335339 Olis gl oy g

liseo Jguad 33 O (Shd 4 gy 0 ($G10 9 ANOVA i 2 J9i
VWA JL 535 8L s (29 039> 9o

Sum of Squares df  Mean Square F  Sig.
Between Groups 240.3 3 80.1 161.2 0.00
Within Groups 2362 475 0.50
Total 476.5 478
SEASON N Subset for alpha = .05
1 2 3
Oliws 3 120 -1.01
Ll 119 -0.017
b 120 0.0457
Ol 120 0.986
Sig. 1.00 0.50  01.00

S L i 10 OT Sbd 4 gy 5618 9 ANOVA i iY Jous

\YAA JL 535 Sb s (29 039> 50 Ll

Sum of Squares df  Mean Square F Sig.
Between Groups 23.158 7 3.308 3.437 001
Within Groups 453.383 471 963
Total 476.541 478
DuncanTRA Subset for alpha = .05
NSECT N 1 2 3
S5 59  -317560
T 60  -.302912
39 dw 60  -.153244  -.153244
oS 60  -021678  -.021678  -.021678
U 60 096545 096545
okt 60 196492 196492
SUT sl 60 236741 236741
oS Sy 60 259057
Sig. 134 052 168

Dunca



Slsdas sla g b s (8,18 VP
aliseo Gloel 50 ST (Sbd 4 b gy 51 9 ANOVA i ¥ Jous
YA Jl 53 Sl (296 0392 58 (ol 5 599 9 Jol)

Sum of Squares df Mean Square F Sig.
Between Groups 28.387 4 7.097 7.506 .000
Within Groups 448.154 474 945
Total 476.541 478
Duncan
DEPTH N Subset for alpha = .05
1 2
Fe Ve 160 -311564
- O 127 .004248 .004248
FaYe o 96 229961
eV 64 260846
a0 32 327014
Sig. 055 073
liseo 195 30 OT (Sbod 4 b gy yo (4515 9§ ANOVA i i J9i>
VWAA Jl 533 8L o (29 039> 90
Sum of Squares df Mean Square F Sig.
Between Groups 20.723 2 10.361 10.820 .000
Within Groups 455.818 476 958
Total 476.541 478
Duncan

REGION N Subset for alpha = .05
1 2

& 179 -257572

SS » 180 .090453

P 120 247899
Sig. 1.000 159
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g Jgad 50 QT@)}@QE%}) old 9 ANOVA cui 0 Jyo
VWAA Jl 533 Sbyd (29 039> 90

Duncan

Sum of Squares df Mean Square F Sig.
Between Groups 175.194 3 58.398 91.989 .000
Within Groups 300.279 473 635
Total 475.473 476
Subset for alpha = .05
SEASON N 1 2 3 4
4 120 -729881
1 120 -.332004
2 117 179873
3 120 886256
Sig. 1.000 1.000 1.000 1.000
iliseo S b i 10 O (G884 bgi o ANOVA Cuii 11 Jous
VWAA Jls 533 8L o (29 039> 50
Sum of Squares df Mean Square F Sig.
Between Groups 11.019 7 1.574 1.589 136
Within Groups 464.454 469 990
Total 475.473 476
Slosl 10 0T (5 88 4 L9 w ANOVA i Y Joo
1AM Jlo 5355 Sl yd (o9 039 30 ciliske
Sum of Squares df Mean Square F Sig.
Between Groups 4.643 4 1.161 1.164 .326
Within Groups 470.830 472 998
Total 475.473 476
i 198 38 9T (S50 4 L g2 0 ANOVA i A J9u
VWAA Jls 533 8L o (29 039> 90
Sum of Squares df Mean Square F Sig.
Between Groups 126 2 .063 .063 .939
Within Groups 475.347 474 1.003

Total 475.473 476




Plstad sla b (s (8,18 VA
aliseo Jgad 1o O Cudlad 4 b g0 (3510 9 ANOVA Cui A Joo
WA JL 535 SLyd (29 039> 50

Sum of Squares df Mean Square F Sig.
Between Groups 19.341 3 6.447 7.361 0.000
Within Groups 135.757 155 0.876
Total 155.098 158
Duncan
SEASON N Subset for alpha =0 .05
1 2
Fall 40 -0.30
Winter 40 -0.27
Summer 39 0.028
Spring 40 0.56
Sig. 0.140 1.00
liseo (S b e 50 DT Cudlad 4 gy 0w ANOVA Cuiid 1)+ Jou
VWAA Jl 533 Sbyd (29 039> 90
Sum of Squares df Mean Square F Sig.
Between Groups 6.772 7 0.967 0.985 0.444
Within Groups 148.326 151 0.982
Total 155.098 158
iliseo Bloe! 50 OT Cudlad 4 gy o 5510 gANOVA i 1Y) Jous
VWAA Jl 533 Sbyd (29 039> 50
Sum of Squares df Mean Square F Sig.
Between Groups 87.682 4 21.921 50.074 0.000
Within Groups 67.415 154 438
Total 155.098 158
Duncan
DEPTH N Subset for alpha = .05
1 2 3 4 5
5 32 -1.07
10 32 -0.60
20 31 0.18
50 32 0.57
100 32 0.92

Sig. 1.000  1.000 1.000 1.000 1.000
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liseo Jlaal 1o O Cudlad 4 L9y WANOVA i 1Y Jous
\WAA Jlo 533 Sbyd (29 039> 90

Sum of Squares df Mean Square F Sig.
Between Groups 3.021 2 1.511 1.550 0.216
Within Groups 152.076 156 0.975
Total 155.098 158
s Jgad 50 <TpH 4 Hg1 0 5$15 9 ANOVA Cud 1Y Jou>
VWAA Jlo 533 8L s (29 039> 90
Sum of Squares df Mean Square F Sig.
Between Groups 105.124 3 35.041 44.765 .000
Within Groups 371.822 475 783
Total 476.946 478
Duncan
Subset for alpha = .05
SEASON N 1 2
1 120 -.334065
4 120 -.275464
2 120 -.194249
3 119 810116
Sig. 252 1.000
33 STpH & by 50 G153 9 ANOVA i 1E Jgus
1A Jlo 55 Sl sd (9 0395 38 Cilike S L mii
Sum of Squares df Mean Square F Sig.
Between Groups 15.050 7 2.150 2.192 .034
Within Groups 461.895 471 981
Total 476.946 478
Duncan

Subset for alpha = .05

TRANSECT N 1 2 3
8 59 -.262455
7 60 164614  -.164614
4 60 - 147309  -.147309
2 60 -057485  -.057485  -.057485
3 60 053145 053145 053145
6 60 090232 .090232  .090232
1 60 201298 201298
5 60 281986

Sig. .089 077 .096




Plsdad sla g b il a8 A

aliseo Jlos! 3o STpH 4 b9 0 ANOVA i 110 Joo
VWAA Jls 533 Sbyd (29 039> 50

Sum of Squares df Mean Square F Sig.
Between Groups 4.309 4 1.077 1.080 .366
Within Groups 472.636 474 997
Total 476.946 478

=>195 30 STPH 4 by 0 (5515 9 ANOVA i 11 Joo

\YAA J 535 Sb s (29 039> 50 Lalise

Sum of Squares df Mean Square F Sig.
Between Groups 7.193 2 3.596 3.644 .027
Within Groups 469.753 476 987
Total 476.946 478
Duncan
Subset for alpha = .05
REGION N 1 2

3 119 213123

1 180 065652

2 180 074970

Sig. 1.000 934
Joloxe O3Sl 4 a3 o 5518 9 ANOVA Cuid 2V J9o
WAL Jo 535 Sbsd (2ei 0395 38 Lilisko Jouad 3o &
Sum of Squares df Mean Square F Sig.
Between Groups 300.880 3 100.293 270.431 .000
Within Groups 176.532 476 371
Total 477.412 479
Duncan
Subset for alpha = .05
SEASON N 1 2 3 4
1 120 -.847881
2 120 -.582955
3 120 254157
4 120 1.176436
Sig. 1.000 1.000 1.000 1.000
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S B i 10 T Jakomo O5ms 1 4 b gs 0 ANOVA i 1A J9us
\YAA Jl 535 Sb s (29 039> 50 Laliske

Sum of Squares df  Mean Square F Sig.
Between Groups 1.170 7 167 .166 .992
Within Groups 476.242 472 1.009
Total 477.412 479

Slaal 1o 0T Joakomo O 5ms 1 4 g3 w0 (310 9 ANOVA Cuid 14 Joo
A Jlo 535 20 (g 039> 30 wilisee

Sum of Squares df Mean Square F Sig.
Between Groups 16.673 4 4.168 4.297 .002
Within Groups 460.739 475 970
Total 477.412 479
Duncan
Subset for alpha = .05
COASDEEP N 1 2 3
5 160 -207457
4 128 -.043602 -.043602
3 96 115717 115717 115717
2 64 248211 248211
1 32 367212
Sig. .066 .098 155
=>195 30 DT Jolomo O3S [ 4 L g3 0 ANOVA S I+ J9i>
\YAA Jl 535 Sb s (29 0392 10 Ll
Sum of Squares df  Mean Square F Sig.
Between Groups 523 2 261 261 770
Within Groups 476.889 477 1.000

Total 477.412 479




Sladad sla g b s 4,18 /AT
g0l D31 099 4 bgr 0 5518 9 ANOVA Cuid iYY oo
VWA Jlo 535 Sbd (2ei 0385 30 il Jgud 1o 9T (5)g5 4Y

Sum of Squares df  Mean Square F Sig.
Between Groups 55.686 3 18.562 21.578 .000
Within Groups 326.891 380 .860
Total 382.577 383
Duncan
Subset for alpha = .05
SEASON N 1 2
1 96  -.431203
4 9  -.323391
2 96 328524
3 96 426161
Sig. 421 466
30T (5585 4Y owigel W31 0g 4 Lary ANOVA i IYY o
1A Jlo 53 Sl sd (9 0395 38 Cilike S L mii
Sum of Squares df Mean Square F Sig.
Between Groups 59.793 7 8.542 9.950 .000
Within Groups 322.784 376 .858
Total 382.577 383
Duncan

Subset for alpha = .05

TRANSECT N 1 2 3 4 5
4 48 -.659342
2 48 -480188  -.480188
3 48 160561  -.160561
5 48 003386  .003386
1 48 .093027 .093027
6 48 223768 223768 223768
7 48 401821 401821
8 48 578270

Sig. 344 092 063 054 077

30 OT (6395 4Y oowigel D3 Ogs 4 L g3 0 ANOVA S VY Jou>
VWA Jlo 533 Sbd e 038 1o Laliswe Slos!

Sum of Squares df  Mean Square F Sig.
Between Groups 4.353 4 1.088 1.090 361
Within Groups 378.224 379 998

Total 382.577 383
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G394 owigel D31 09 4 b gy w ANOVA S iVE J9o>
\YAA Jbo 535 SLod (e 039> 10 Lalidue (195 5o T

Sum of Squares df Mean Square F Sig.
Between Groups 30.843 2 15.421 16.704 .000
Within Groups 351.734 381 923
Total 382.577 383
Duncan
Subset for alpha = .05
REGION N 1 2
1 144 -.182574
2 144 -.144063
3 96 490046
Sig. 753 1.000
SIP 4V (J g D3 Og 4 by K10 9 ANOVA Cud IY0 o>
AN Jlo 535 Sbod (29 0385 10 Liliseo Jguad yo T
Sum of Squares df  Mean Square F Sig.
Between Groups 43.156 3 14.385 16.740 .000
Within Groups 326.555 380 859
Total 369.711 383
Duncan
Subset for alpha = .05
SEASON N 1 2
1 96  -.291897
3 96  -.136779
2 96  -.121138
4 96 575428
Sig. 232 1.000




SS9 4Y J g O3 Og 4 by yw ANOVA i T Jou>
VWA Jlo 535 Sbid (2ei 0395 30 il S bas i 50 ST

Plstad sla g b (s (4,158 /AT

Sum of
Squares df Mean Square F Sig.
Between Groups 15.151 7 2.164 2.295 027
Within Groups 354.560 376 943
Total 369.711 383
Duncan
Subset for alpha = .05
TRANSECT N 1 2 3
4 48 -.306335
5 48 -.242388 -.242388
8 48 -049767  -.049767  -.049767
7 48 -021456  -.021456  -.021456
6 48 .074746 .074746 .074746
2 48 .082094 .082094 .082094
1 48 .168150 .168150
3 48 346183
Sig. .088 070 081
GoP Y J p O3 09 4 bgyw 5015 9 ANOVA Cuid iYY Jgu>
VWA Jlo 533 8L o (e 038 10 Lalise losl o of
Sum of Squares df Mean Square F Sig.
Between Groups 10.294 4 2.573 2714 .030
Within Groups 359.418 379 948
Total 369.711 383
Duncan

Subset for alpha = .05

COADEEP N 1 2
4 96 -.240783
3 96 -003189  -.003189
2 64 078849 078849
5 96 112931 112931
1 32 312267

Sig. .060 .095
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ST Gog 4Y (J i D3l 09 4 g wANOVA i YA Jou
1TAA Jb 533 Slos (29 039> 50 Lilise (19 50

Sum of Squares df Mean Square F Sig.
Between Groups 9.392 2 4.696 4.966 .007
Within Groups 360.319 381 946
Total 369.711 383

Duncan
Subset for alpha = .05
REGION N 1 2
2 144 -.157993
3 96 -.035611 -.035611
1 144 .198809
Sig. 323 059
GIP aY s OH g 4 bgw 5515 9 ANOVA i (T Jou>
WAL o 535 Sbsd (2ei 0395 38 Lilisko Jguad 3o &
Sum of Squares df Mean Square F Sig.
Between Groups 32.418 3 10.806 11.784 .000
Within Groups 348.450 380 917
Total 380.868 383
Duncan

Subset for alpha = .05

SEASON N 1 2 3
2 96 -.423420
3 96 -.019260
1 96 051185
4 9 394224
Sig. 1.000 611 1.000

20T 6395 Y 1y D31 4 by o ANOVA S i J9u
1WA Jlo 555 Sbad (29 038> 38 il Sl b i

Sum of Squares df Mean Square F Sig.
Between Groups 11.662 7 1.666 1.697 .108
Within Groups 369.206 376 982

Total 380.868 383




Plstad sla g b s (4,18 /A7

Sloal 1o 0T (585 4Y Jlgi O3l 4 baryw ANOVA Cud XY Jous

VYA JL 535 SLsd (29 039 50 Lalicke

Sum of Squares df Mean Square F Sig.
Between Groups 5.277 4 1.319 1.331 258
Within Groups 375.591 379 991
Total 380.868 383

3091 (8395 Y Iy D3l 4 b w ANOVA Cud 1Y Jous

1A Jlo 535 Sbss (o9 038> 58 il (199

Sum of Squares df Mean Square F Sig.
Between Groups 5.707 2 2.853 2.898 .056
Within Groups 375.161 381 985
Total 380.868 383

Duncan
Subset for alpha = .05
REGION N 1 2
1 144 -.154997
3 96 066385 066385
2 144 112560
Sig. .080 715
GI9 4Y S Ol 4 by yw 5$18 g ANOVA Cud I o>
WAL Jlo 535 Sbid (2eie 0395 30 Lilie Jouad o o
Sum of Squares df Mean Square F Sig.
Between Groups 27.317 3 9.106 9.736 .000
Within Groups 355.382 380 935
Total 382.699 383
Duncan
Subset for alpha = .05
SEASON N 1 2 3

1 96 -.389384

4 96 -.029783

2 96 .060950

3 96 358230

Sig. 1.000 516 1.000
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3001 (839 oY Jomo D3l 4 gy ANOVA Cuid e Jo9u>

\PAA JL 535 L ys (29 0392 10 Lilise S s o

Sum of Squares df Mean Square F Sig.
Between Groups 37.796 7 5.399 5.886 .000
Within Groups 344.903 376 917
Total 382.699 383
Duncan
Subset for alpha = .05
TRANSECT N 1 2 3
4 48 -.401410
2 48 -.376553
3 48 -.251130
1 48 048352  -.048352
5 48 -.032543  -.032543
7 48 302055 302055
6 48 389824
8 48 418136
Sig. .094 091 .580
ST 6y 4Y Fuame D3l 4 Lgr o ANOVA S X0 Jguo
VWA Jlo 533 Sbyd (e 038 10 Lalise Jlosl o
Sum of Squares df Mean Square F Sig.
Between Groups 8.447 4 2.112 2.138 .075
Within Groups 374.252 379 987
Total 382.699 383
Duncan
Subset for alpha = .05
COADEEP N 1 2
5 96 -.122646
3 96 -.103977
4 96 .000076
2 64 153063 153063
1 32 373555
Sig. 155 210




Pl sl £ ob e GhHIS /AN
2 ST &9 4Y Guxe D31 4 by w ANOVA Cad 11 J9ur
WWAA Jlo 533 Sbd (295 0595 50 il (g9

Sum of Squares df Mean Square F Sig.
Between Groups 19.792 2 9.896 10.389 .000
Within Groups 362.907 381 953
Total 382.699 383
Duncan
Subset for alpha = .05
REGION N 1 2
1 144 -.225345
2 144 -.014710
3 96 360095
Sig. 091 1.000
ST G5 4Y JT i 4 g w x$l0 9 ANOVA Cud Y J9o
\WAA Jb 533 Sbod 29 038> 50 Lilise Jaad o
Sum of Squares df Mean Square F Sig.
Between Groups 8.365 3 2.788 2.832 .038
Within Groups 371.164 377 985
Total 379.528 380
Duncan

Subset for alpha = .05

SEASON N 1 2
4 95 -.251849
1 96 .049420
3 94 070566
2 96 130559

Sig. 1.000 599
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T 659 aY JT O 4 bew ANOVA Cui FA J9oo
\PAA JL 535 b ys (29 0392 10 Lilise S b o

Sum of Squares df  Mean Square F Sig.
Between Groups 102.605 7 14.658 19.743 .000
Within Groups 276.923 373 742
Total 379.528 380
Duncan
Subset for alpha = .05
TRANSECT N 1 2 3 4
4 47 -.963620
3 47 -.324756
7 48 -.226487
8 47 -.093547  -.093547
6 48 .145960
5 48 197618
1 48 270471
2 48 965270
Sig. 1.000 220 039 1.000
Slasl 1o OT G5)55 4Y JT O3 4 by ANOVA Cui ¥4 J9o
VYA JL 535 SLsd (29 039 50 Lalicke
Sum of Squares df  Mean Square F Sig.
Between Groups 1.639 4 410 408 .803
Within Groups 377.889 376 1.005
Total 379.528 380
=195 30 DT (5598 4Y IT O3l 4 Hgy s ANOVA i iE e Joono
\YAA JL 535 SLsd (29 039 50 Lalicke
Sum of Squares df  Mean Square F Sig.
Between Groups 21.824 2 10.912 11.531 .000
Within Groups 357.704 378 946
Total 379.528 380
Duncan

Subset for alpha = .05

REGION N 1 2
2 143 -.201387
3 95 -.160717
1 143 308056

Sig. 744 1.000




S 5L T e e IS A

ST Gog5 4 I O3l 4 by 5618 9 ANOVA i £ J9ua
1WAA JW 33 Sbos 29 039> 50 Lalidw Jga8d 0

Sum of Squares df Mean Square F Sig.
Between Groups 7.731 3 2.577 2.614 .051
Within Groups 371.615 377 986
Total 379.346 380
Duncan
Subset for alpha = .05
SEASON N 1 2
4 95 -221149
1 96 -028551  -.028551
3 94 112741
2 96 137393
Sig. 181 280
33T (8598 4Y I Ol 4 gy ANOVA i 6T o
\YAN JL 535 SLsd (29 0395 10 Lalice S o o
Sum of Squares df Mean Square F Sig.
Between Groups 114.697 7 16.385 23.094 .000
Within Groups 264.649 373 710
Total 379.346 380
Duncan
TRANSECT N Subset for alpha = .05
1 2 3 4 5
4 47 -1.112097
3 47 -.409566
7 48 153011  -.153011
8 47 013219 .013219
5 48 216595
6 48 229618
1 48 284544
2 48 900051
Sig. 1.000 138 336 155 1.000

Slos! yo & G Y I Ojl 4 b ANOVA Cud Y Jou>
\YAA Jl 535 Sb s (29 039> 10 Ll

Sum of Squares df Mean Square F Sig.
Between Groups 2.682 4 .671 .669 .614
Within Groups 376.664 376 1.002

Total 379.346 380
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1908 ST o9 oY 5 Wil 4 g ANOVA i it Jour
\YAA J 535 Sb s (29 039> 10 Lalise

Sum of Squares df Mean Square F Sig.
Between Groups 17.024 2 8.512 8.880 .000
Within Groups 362.323 378 959
Total 379.346 380

Duncan
Subset for alpha = .05
REGION N 1 2
2 143 -215737
3 95 -.070771
1 143 263014
Sig. 247 1.000
Go9 4Y S b 4 by 5O18 9 ANOVA Cui 80 9o
WAL Jlo 535 Sbid (2eie 0395 30 Lilise Jouad o o
Sum of Squares df Mean Square F Sig.
Between Groups 41.298 3 13.766 15.536 .000
Within Groups 336.702 380 886
Total 378.000 383
Duncan

Subset for alpha = .05

SEASON N 1 2 3
1 96  -.370564
4 9  -.202775
3 96 .086666
2 96 494225
Sig. 218 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 96.000.



Slatad sla g b s G185 /AT
3091 (639 Y Some yaud 4 bgryw ANOVA Cui 1 Jo
1AL Jlo 535 Bbod g 0)g> 30 cilise G b o

Sum of Squares df  Mean Square F Sig.
Between Groups 16.187 7 2.312 2.403 .020
Within Groups 361.813 376 962
Total 378.000 383

Duncan

Subset for alpha = .05

TRANSECT N 1 2

4 48 -.39439]

6 48 -223160  -.223160
5 48 034621  -.034621
3 48 -.033679  -.033679
8 48 121241
7 48 .149745
1 48 211777
2 48 218192

Sig. 101 057

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 48.000.

30T Gug 4Y Jum sad 4 bg 0 ANOVA Cui itY Jooo
VWA Jlo 533 Sbyd (e 038 o Lalise Jlos!

Sum of Squares df Mean Square F Sig.
Between Groups 6.655 4 1.664 1.698 150
Within Groups 371.345 379 980
Total 378.000 383

3T 6558 4Y o sud 4 e w ANOVA Cui A J9oo
VWAA Jlo 533 8L o (29 0395 1o Lalice (9
Sum of Squares df Mean Square F Sig.

Between Groups 11.079 2 5.540 5.752  .003
Within Groups 366.921 381 963
Total 378.000 383

Duncan

Subset for alpha = .05

REGION N 1 2
2 144 -217391
1 144 132097
3 96 135493

Sig. 1.000 978
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G9 4Y I sud 4 Lo 5610 9 ANOVA i :$4 Jous
IWAA Jb 535 Sl (2e 039> 50 Lilide Jaad 50 of

Sum of Squares df  Mean Square F Sig.
Between Groups 58.378 3 19.459 22.892 .000
Within Groups 323.013 380 850
Total 381.392 383
Subset for alpha = .05
SEASON N 1 2 3
4 9  -.373125
2 9  -210816  -.210816
3 96 -.063881
1 9 648352
Sig. 223 270 1.000
G139 4Y I saud 4 g K10 9 ANOVA i 0+ Jgus
\PAA Jbo 533 Sbos (e 0395 10 Lilidu S tas s 90 of
Sum of Squares df  Mean Square F Sig.
ngee“ 13.002 7 1.857 1.896 069
roups
Within Groups 368.390 376 1980
Total 381.392 383

Subset for alpha = .05

TRANSECT N 1 2
6 48 -.250544
2 48 -.227554
8 48 -.096991
1 48 014476 014476
3 48 040134 040134
4 48 047217 047217
7 48 113947 113947
5 48 360377
Sig. 123 130

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 48.000.

Duncan

Duncan



Sleal 15 0T (539 4Y JIT aud 4 g0 ANOVA i 0Y Jous
IFAA Jlo 335 80 gk 039> 38 wiliseo

ST o £ b s GB15S /AT

Sum of Squares df  Mean Square F Sig.
Between Groups 4.390 4 1.098 1.103 355
Within Groups 377.001 379 995
Total 381.392 383
T Sy Y GtT).é...é 4 g 0 ANOVA Cui oY Jyu>
VYA Jlo 533 Sbyd (e 038 10 Lalidw (> 1g5 50
Sum of Squares df  Mean Square F Sig.
Between Groups .880 2 .440 441 .644
Within Groups 380.512 381 999
Total 381.392 383
GSoP 4V 5 ad 4 by w 5$I0 9 ANOVA Cui 0f o
\WAA Jb 535 Sl (29 039> 50 Lilidee Jaad 50 of
Sum of Squares df Mean Square F Sig.
Between Groups 50.866 3 16.955 19.465 .000
Within Groups 330.998 380 871
Total 381.864 383

Subset for alpha = .05

SEASON N 1 2 3
4 9%  -.526997
3 96 -.000868
2 96 027761
1 96 501351
Sig. 1.000 832 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 96.000.

Duncan
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SoP Y 5 Ad 4 by w 5$10 9 ANOVA Cui 08 o
\YAA JL 535 SLss (295 038 10 Lalise S bas i 50 of

Sum of Squares df Mean Square F Sig.
Between Groups 17.400 7 2.486 2.564 014
Within Groups 364.464 376 969
Total 381.864 383
Duncan
Subset for alpha = .05
TRANSECT N 1 2 3
6 48 -.358928
4 48 -212689  -.212689
2 48 -091155  -.091155
8 48 -.009563 -.009563 -.009563
3 48 .018988 .018988 .018988
1 48 091685 .091685
7 48 204179 204179
5 48 359978
Sig. .095 070 .103
Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 48.000.
ST 6555 4Y I jhud 4 bgyo 315 9§ ANOVA i 100 J9o
VWA Jbo 533 Sbyd (29 038 10 Lalise Slasl o
Sum of Squares df Mean Square F Sig.
Between Groups 11.178 4 2.795 2.857 .023
Within Groups 370.686 379 978
Total 381.864 383
Duncan
Subset for alpha = .05
COADEEP N 1 2
96 -.243490
4 96 .012365 .012365
5 96 .033428 .033428
2 64 .108649 .108649
1 32 379535
Sig. 066 055
19 90 UT S Y I a8 4 by w ANOVA cui 0l Jgu>
\YAA Jl 535 Sb s (29 039 10 Lalise
Sum of Squares df Mean Square F Sig.
Between Groups 1.632 2 .816 .818 442
Within Groups 380.232 381 998

Total 381.864 383




ST o £ b s B3 7

(535 4Y Jgbno oubeo & 20 51 3 ANOVA s 10V 3
WAL Jlo 535 Sbsd (2ei 0395 30 il Jouad o o

Sum of Squares df Mean Square F Sig.
Between Groups 28.315 3 9.438 10.146 .000
Within Groups 353.494 380 930
Total 381.809 383
Duncan
Subset for alpha = .05
SEASON N 1 2
1 96 -.340468
3 96 -.191243
2 96 240499
4 96 290887
Sig. 284 718
S5 Y Jokmo b 49 L 0 ANOVA i 104 Jgur
VWA Jlo 535 Sbid (2ei 0395 50 il S bas i 50 ST
Sum of Squares df Mean Square F Sig.
Between 60.372 7 8.625 10.089 .000
Groups
Within Groups 321.436 376 855
Total 381.809 383
Duncan
Subset for alpha = .05
TRANSECT N 1 2 3 4
6 48 -469573
7 48 -438732  -.438732
1 48 -169495  -.169495  -.169495
5 48 -156478  -.156478  -.156478
8 48 -.037355  -.037355
3 48 055722
4 48 451687
2 48 763571

Sig. 132 051 283 .099
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629 4Y Jglomo Lk 49 L2 o 5515 § ANOVA i 208 Jgu

WAL Jo 535 Sbsd (e 0395 38 il Blosl 38 OT

Sum of Squares df Mean Square F Sig.
Between Groups 22.846 4 5.712 6.030 .000
Within Groups 358.963 379 947
Total 381.809 383
Duncan
Subset for alpha = .05
COADEEP N 1 2
4 96 -.173594
5 96 -.139384
3 96 -.096227
2 64 331498
1 32 563641
Sig. 675 178
S8 4Y Jokxo (o 4 L g2 0 ANOVA i 110 J9uar
\YAA Jlo 535 SLod (e 039> 10 Lalidue (195 5o T
Sum of Squares df Mean Square F Sig.
Between Groups 12.682 2 6.341 6.545 .002
Within Groups 369.127 381 969
Total 381.809 383
Duncan

Subset for alpha = .05

REGION N 1 2
3 96 -.238043
2 144 -.058121
1 144 216599

Sig. 152 1.000
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Abstract

This study was conducted to physico-chemical characteristics of water in the Iranian coastal of southern Caspian
Sea during four seasons at 8 transects (Astra, Anzali, Sefidrud, Tonekabon, Nowshahr, Babolsar, Amirabad and
Bandar Turkman) during 2009-2010. 480 samples were collected at different layers of water and then analyzed
based on standard methods. Results showed that the mean of water temperature were 18.67+0.32 and 17.82+0.43
°C at the surface and euphotic layer, respectively. Minimum and maximum of water temperature were recorded
in winter (6.40) and summertime (27.60). In addition, temperature gradient was ranged between 12 to 15 °C at 20
to 50 layers in 50 and 100m depths. Mean of salinity was 11.04+0.17 g/l at euphotic layer. Pearson correlation
between temperature and salinity was positively significant. Therefore, maximum salinity was recorded in
summer and minimum in winter. Mean of transparency (SD) in the present study was 4.35+0.21 m which
compared to the pervious sampling period (2008) showed small decrease, but the mean of pH was observed
8.43+£0.01 which was higher than the pervious sampling period (2008). The mean of DO and DO% were
observed 5.72+0.06 ml/l and 130+1 percent at euphotic layer during sampling period. The mean of DO% was
recorded 10445 at euphotic layer in 1996 (before introduction of Mnemeiopsis leidyi), but the study in the years
2004, 2008 and present (one decade after introduction of Mnemeiopsis leidyi) this value was registered higher
than 120% at euphotic layer. This shows that trophic status of Caspian ecosystem shifted from oligotrophy
(before introduction of Mnemeiopsis leidyi) to meso-eutrophy (after introduction of Mnemeiopsis leidyi). Annual
concentration of inorganic nitrogen (DIN= NH4 +, NO2-, NO3-) has a fairly wide variation. Percentage of
nitrogen components out of DIN were varied 9-98, 0.2-28.2 and 0.0-90.0 respectively. In this study, percentage
of DIN was lower than 15% and organic nitrogen (DON) was higher than 80%. Overall, results showed that
water temperature, salinity, transparency and DON were recorded lower than the previous study (2008), but DO,
DO%, pH, NH4+, NO3- and DSi were higher than the pervious sampling period. Inorganic phosphorous (DIP)
and NO2- have not changed substantially. N/P ratio of Caspian Sea has a narrow range which order of
magnificent lower than other seas. The results of the present study showed that Caspian ecosystem was nitrogen
limitation before introduction of Mnemeiopsis leidyi, while it seems that after introduction of Mnemeiopsis leidyi
the system has been shifted to the phosphorous limitation.

Keywords: Physico-chemical parameters; Nutrients, Water, Caspian Sea
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