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Seasonal Variation of Taxonomic Composition and Standing Crop
of Phytoplankton in the Chunggye Bay
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Abstract

Three embankments, namely Changpo, Bokkil and Guil, in Chunggye Bay were investigated to assess the influence of
environmental changes to phytoplankton size structure, distribution of species and standing crops. Three stations was
sampled near at each embankment in Nov. 2006, Feb. 2007, May 2007 and Aug. Phytoplankton were classified into net-size
(>204m) and nano-size (<20ym). In summer, the freshwater discharge seemed to have influence in the decrease of salinity and
in the increase of turbidity, ammonium and phosphorus concentrations. Chl a concentration and phytoplankton abundance in
Feb. 2007 were observed to be generally higher in all stations compared to other periods. Net-size phytoplankton was
observed to be higher in Feb. 2007 and May 2007 compared to nano-sized phytoplankton. However, there was shift in
phytoplankton composition in Nov. 2006 and Aug. 2007. Phytoplankton under seven class (Bacillariophyceae,
Chlorophyceae, Chrysophyceae, Cryptophyceae, Cyanophyceae, Dinophyceae, Euglenophyceae) was identified during the
study period. It was found out that the major phytoplankton class was Bacillariophyceae. Phytoplankton was more diverse in
autumn compared to any other season. Cyanophyceae was increased in summer. In rainy season, change in physical factors
(salinity, transparency) seemed to have more influence on phytoplankton growth compared to inorganic nutrients.

Key Words : Phytoplankton, Size structure, Chunggye bay, Phytoplankton community
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Table 1. Evaluation of potential limitation of nutrients using nutrient stoichiometry (DIN. DIP, DSi)
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Date St SN NP SP 0 SNS1 SPe20 NPS20 SP<10 S/N<I Limit
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Cl 06 869 524 o) 9 ) 3
2 07 916 620 0 0 o) P
C3 09 266 229 0 0 o) P
Bl 09 226 194 e @)
Feb. py 090 213 202 O O O P
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KI 08 450 372 e o) e P
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K3 11 242 261 @) O O P
c1 18 52 9.4 0O 0O 8 N
2 13 259 336 0 0 O P
G 11 65 71 0 0 o) N
May Bl 10 92 9.5 0 0 e N
oy B2 08 777 642 0 0 @) P
B3
KI 13 131 175 e
K2 15 349 507 e e e P
K3 16 232 374 O @) O P
Ccl 22 118 258 9 O
2 21 133 279 o) o)
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Table 2. Dominant genus of phytoplankton community during the sampling period in surface water of Chunggye Bay

Month St. Dominant (%) Subdominant (%)
Cl1 Cryptomonas sp. 40.5 Chroomonas sp. 21.6

Microcystis sp. 18.2

€2 Cryptomonas sp. 45:3 Chroomonas sp. 18.2

C3 Cryptomonas sp. 35.7 Microcystis sp. 28.6

Bl Coscinodiscus sp. 29.5 Nitzschia sp. 27.3

Nov. 06 B2 Coscinodiscus sp. 50.0 Nitzschia sp. 25.0
B3 Coscinodiscus sp. 56.5 Nitzschia sp. 13.0

K1 Cryptomonas sp. 45.8 Coscinodiscus sp. 333

. . Coscinodiscus sp. 14.3

K2 Microcystis sp. 40.5 Chroomonas sp. 143

K3 Cryptomonas sp. 41.5 Prorocentrum sp. 31.7

Cl Cyclotella sp. 54.9 Thalassiosira sp. 8.7

C2 Cyclotella sp. 53.6 Melosira sp. 8.2

C3 Cyclotella sp. 70.1 Coscinodiscus sp. 4.5

Bl Cyclotella sp. 46.2 Coscinodiscus sp. 10.3

Feb. 07 B2 Cyclotella sp. 64.4 Thalassiosira sp. 9.6
B3 Cyclotella sp. 61.4 Synedra sp. 12.3

K1 Cyclotella sp. 68.6 Trachelomonas sp. 8.1

K2 Cyclotella sp. 63.0 Chaetoceros sp. 8.7

K3 Cyclotella sp. 74.2 Skeletonema costatum 6.2

Cl Eucampia sp. 23.8 Oscillatoria sp. 14.3

C2 Eucampia sp. 36.0 Cryptomonas sp. 20.0

C3 Eucampia sp. 44.1 Cryptomonas sp. 14.7

Bl Eucampia sp. 60.0 Rhizosolenia sp. 7.5

May 07 B2 Eucampia sp. 65.0 Synedra sp. 10.0

B3 - - - -

K1 Eucampia sp. 53.8 Synedra sp. 15.4

K2 Eucampia sp. 333 Cryptomonas sp. 16.7
K3 Eucampia sp. 50.0 Fragilaria sp. 10.0

Cl Cyclotella sp. 333 Chaetoceros sp. 26.7

C2 Chaetoceros sp. 429 Navicula sp. 14.3

C3 Oscillatoria sp. 333 Synedra sp. 13.3

Bl Synedra sp. 63.6 Fragilaria sp. 13.6

Aug. 07 B2 Oscillatoria sp. 40.0 Anabaena sp. 20.0
B3 Synedra sp. 36.4 Chaetoceros sp. 18.2

K1 Fragilaria sp. 28.6 Nitzschia sp. 23.8

K2 Fragilaria sp. 25.0 Synedra sp. 18.8

K3 Synedra sp. 29.4 Nitzschia sp. 23.5

20074 89 REREA) CIAROIHE 7257}
80% &SI oW, 732721 Cyclotella sp.7} 33.3%
2 943} TKFig. 8D, Table 2). C2AA IA] 2
S7F71.4%2 =9Fo W, 42521 Chaetoceros sp.7}
42.9%2 S5} THFig. 8D, Table 2). C3 A ol|A]
= JZ25e} G257} 217 404, 48.1% 2 5
3, @272l Oscillatoria sp.7} 33.3%% 33ttt
(Fig. 8D, Table 2). BZ1urz49] BI, B3 ol A=
FRET} 217} 95.5% 81.8% = @A|5] =qrom, F

Z52l Synedra sp.7} ZVZ} 63.6, 36.4% = -5} ch
(Fig. 8D, Table 2). B2 & o A= G277} 2. 7%=
=A YeEbs L, G272 Oscillatoria sp. 7} 40% 2 $-
A5tithFig. 8D, Table 2). T-uFzA o] K1, K24
HoM F2E7} Zh2) 81.4, 87.5% = =QFom, T
Z29l Fragilaria sp.7} Z}Z+ 28.6, 25.0%%2 43}
9rkFig. 8D, Table 2). K3AHoAL F2E7}
100%= LEREA, #2521 Synedra sp.7} 29.4%=
© 5199 ckFig. 8D, Table 2).



321

S| SR AR ALE WS

ST
=

(oueN)
D YD oueN ‘(19N) 2 14D 10N “(F[oYM) P [y o[oym “(IS) a1edtis ("Od) dreydsoud ‘(XON) Q1eDIN+ILIIN (PHN) Bruowry (qsS) JsIp 149995 “(jes) Anutfes ‘(dwo 1) amyesodwoy,
‘(YD) aeadhydoiory) ‘(eAD)) aeaokydouek) ‘(Snyg) seedAydous|Sng ‘(1)) sesokydosAiy) ‘(K1) oeaokydoydA) ‘(uiq) eesokydour(q ‘(oeg) aeadkydorre[roeg S0°0>d ‘T°0>d

1 OoueN
o209 I BN
OLL L6 I a[ouMm
986 9bL- 90L- I IS
86V S99 TLY- oY I *Od
I XON
€09 I "HN
987 TIY S8S- I as
89 b8 €86 JEL I Ies
OIP= 879 179~ 00L (LS (LS9 (689 I dwa,
108 JVST 659 SEPT Ibb- SLE- I o)
SCPE- I ekD
89¢° TS LTS 09€™- (87 I Sng
I o)
SEE- OLE 8VE ILP- I A1
LCSE O19° I uiq
O L18€ 0T €€ 8PS SOL- 8E9- 1 oeq

OouEN PN QoYM IS 'od XON YHN  dS Ies duwoy O eAD  Sng 1y LD uiq  oeg

mHOHOE.N.ﬁwQ ﬁmomwoﬁomﬁ Pue [eJUSWUOIIAUD Suowre mOm\ﬁmﬁa UONE[ALIO) S uosIed ¢ dqe],



322 Che

3.6. EAEA
X47EI]UP4 A EEZTE9] 3 (genus), Z7|H A
BRADE 0|7 IS AT A4
oo A1) Ao felollch FEA Sy
e eIt sl AR weon g
gt 2o AAE
=73 %(Whole chlorophyll a)J—]- EHSJO/LI%*—EPEE
(Net chlorophyll a)i= -#-2]3t Ok_,] *PJ—FLZ]]%_'— 2
At HERRE= JAET §

o=
1
&

ox
oZJ: ;f,:‘?
AR
me o g2 ji;
ofll
9 ié )
oe e
H I
o

u=)
X
ml

o
=
=

AE .
AoNM= = &

= Seahs o
secchi disk2l= A A
Eo] 5013} ofo] AF

r
Hﬂ e

R

S SAIA RYEE Bt ok
Ui 02 gefl el b |
2. 0|23t ShLell A s
e P
& B e n G G s} 5o
1A WES-3ItH(Fisher 5, 1988). &F 5(2001)2 Y&

oZi

1=

)
=
o=

7% hpejol s Ehlol we) feloe el
=43 Zjuﬁ} E=0] S71= Chl a®} A4t o] Zha
5_]":]’37— Hi ]’ MJ— exﬂi 11]2]5—8_ ‘ﬁ‘_rLOﬂH —l—n‘E

e R s CE S R
P A= A= A Sfth(Arruda 5, 1983;
Hart, 1988; Kirk 1991; Zurek, 1980). & Ao A=
PzAlEny UEs BRedde gytos
= JAAE o] ek Sl o5l '
7V Btk 212 A0 R shefat 4 919
T ele] Bete 20074 8ol w37
7k 5kon, QA 9] rpso] A
71(<2 M) o] Fe] FE=E HA|TE Chl
AIE Bk AR Ao A] Chl aot J&
secchi disk®] 2]t o] AUIAE L5,
sl oAl JPARHIHE Bely BHARN G
)7} AREYIE Aol WashA ek
T cl(Fig. 3, 4, Table 3).
Hz 0 2 AEZHGFE XAof ke F= A
AUYAL THtel7] elaHE NPisivlo] elg 3
717k 7P Ao R ol $ET ek s A
o] Rejel A PN I3 Pakat s)o] ofe]
= 7 eH(0] 5, 2001), 2 A ulEtE e
7h e A9 AR YRS W] ofek DIN,
DIP, DSi9] =7} Z}Z} 1.0, 0.2, 2.0 uM o]5}d 73-2-
ok Hrlsro] AR wown, DIN/DIP<IO,
DSi/DIN>1 o] 4k A3k, DSi/DIP>20, DIN/
DIP>20 o] 24k Algt Z12]37 DIN/DIP<10, DSi/
DIN>1 7ol &= Ak o] AlgkIALZ 2-8-3hctal B
IS Dortch 2} Whltledge, 1992; Justic 5,
1995) 0]9_}. FAIR 7]1 S X4_Q_§E2 EH, 7\/\]_7]7]— o}
o5& DIN, DIP, DSi %+ Z+ZF 1.0, 0.2, 2.0 yM
ojAto]l o1} 2007 2 A HFRAQ] C1, C2 AFA
720079 5% BAWEA ] B2 A Ql4kel
°] 0.2 IMETH B2 FEE HYo=A Qlibgo] A
AR 2ok AOR PTECFig 40). E
A THIHIE o83 Aol A = QlAkg of AlgkeIAk
2 ZHIE]Q T Table 1). & FLAH|E °l£~?‘f¥ ARk
ook miot Ak 200749 2Yo= TR AHolA
Qlatedo] AgtelA}R THotE]9l o1t 20074 5Pl =
A1) Cl. C3, Bl ZRollA] Hatgdo] Agiel

o o do
o2 8 o
r 19 ﬂm,l

Fe

fu-

o
o
d

rr‘é

o
s
A

Y, rm p)
[0 o

*“f

Zz 1

e

o

212 afotw| 9t Table 1). Al E-Ze}3E 244 32
Sk QAN k= B oS Q1 AlSH e 2 KA1 =

Ik B AT AT 3] & Chl 0 B



AN A=EHTEA F

2R3 A AL 323

AT 2007 2o AAHAT}E HARF ] 2006 11
Ko} 2ufA = 7HAEElan, 3] Chl a7f =3kE HE
WA o)A FA38] FasHiThFig. 4, 5). iR

-

Foh QA e 3 Chl ash 4K 2 TFARAS] £
320 TS T2 1Y, o TR 4] 9
s AR} Qago] AuEE Ao FekErh
ofelg S Fstol £ Al7]e] et WX <)
Ared A|gto] LheERhe A0 2 AFREICHTable 1, 3).
A B o] YRS FAote] YU st
A Crebc Ak oAkl 9 41717 ST 5. 2004:
o] 5, 2008)el 4= B 1 v 9l

e CER S EE IO N

HARAR, SHLLR, Y27, FTIURLE, 52

fILF, S0 BRAGL ZAVIE 5 7
F7h e BEE Bylon 53, AL FRFI
%%zao L ere walt olgas Rl

o jf2F7 hasial R 2R, SHE R
HE25s 7}0} tHFig. 8). ui(1994)0] o5t xd
% ?LOME AHHA O 2 277t 52 e A

(O

2 2

O

Fler, AH F71slaL sHAlole=
o] 7otz Ay HarE| ik

7+ A EA| sl HollA -5HE2 Cryptomonas
sp. 7} 35% olAFO.= Uehta, BAuEA selel]d
LAz} o} QX EL Coscinodiscus sp.2} Nitzschia
sp. 2 YERH =t Nitzschia sp.= 1S 24 9] FEf=
ZEH5} AT, Nitzschia sp. & ESHoIAL = YEX|oF
IHFH= ohdat 22 HAE e AY 23 0]
A=l 71 HERY FAE BAHAY HHE &
of Moli= EAL 7HIckal BarEH}t QITh(4], 1994).
TALZ2A) ol A= Cryptomonas sp.2}+ Microcystis
sp.7F SAsFAAL, Al Autol| A APAEEF
=0 FAIBAKFig. 6, Table 2). Adoll= 4 3%
of| X Cyclotella sp.7} °F 46~74%2] H|&&2 =4
(Table 2) 3hgi=t] Gale] TAL 257 5 1]
82 el on(Fe 9, AEEYLES 2|7 es
NP EZTELE] =2 HIS= AASIItKFig. 6).
o) 2 A oHOﬂow %2 Eucampia sp.7}
et o] &2 23t Rh S-S Hol(gikh =
A=) o] LaHot] HEE Hogo s mo
o] FHXAS TIE= EAo] AUTHA, 1994). o1&

e 4

o}-}l

A 9xZo EAL B FXFQI Oscillatoria sp.2}

Z29| Fragilaria sp., Synedra sp. &} -2 G4
25271 934F£ 07 FAE UK Table 2). B 5(1994)
of &gt AdYAoll M= Thalassiosira 42 2E3} 4
& a8)a1 7Y9) H5h, Skeletonema costatum®}
Paralia sulcata’= Z}Z} 443} 5o LAt} B
5kiek 3 51AQ1 THoll= AP A ol w94
}_o] E].g_ OFALS Eod ou:] 109—,101]# nE _714_/\]-72—)1?1(:-}
o\ X Eucampia zoodiacus7} $-85}HT) E A2}
AP A7) A7 |0 g S4F-E T Aol &
SHAlof| thFet F=0] Aeke A o
. ol Bo) gelo] EAIshe shroliE
a7 Wisio] nfet $240] WS 2 QLS A
t}. Nybakken (1997)-2 3L of A45= JEES
FERstol wet T2 AT 2 X}O] Hoj
SRl Brol et ERbElo] B Bl
1231 7)ol HAJHe Aol ERJElo] Uk
Arka S5k B4 Ashete] 93 opalute| A
£200] SHELR YRR} B BGE2 L}
e, ol He Yo R QIR IS dEo] FFe

2 24E9lro] %5, 2005). 3 2Ap}oI0] 3 ol
Holl BE AP FEFT 1 B TG
2 LA TR 21T Histo] YRt 5
7¥stl=tiFig. 8D) o= T4e] §1910.2 oIk @t
O] A5t} 7|=9o] PP o2 AASH= BEol
EA5]o] ekt 310 2 TiehEr)

ﬂ

_8.

ABEYEES] FHTRE F7) o] G )
A7) St 2A7I7E B 2RTRY A7) RS
HELEPE Ty AR SRR ] SsHE A7l
257 B ulgR EAsIgon, 24 B EYAE
o] Z7FsHe Al7lol= HiAlA 0% PR sk

SURER, SHEAR, H2F 121 FEFe
2o YeolAlThFig. 6, 8). BARA] AnfolA =

R gy AEEYRED fod ool JuAg
LFERY $IcH(Table 3).
5. 48

B AT HA ajolo] suste] me ARE
YAE BET AEEUIE 27750 G2 27



324 ke

e

(T2 o) ABHSHE siofsly] Sjste] APER &
43) 2A1E AT e Selubet Aol uhe
el gABIon, GRS 497 AFHE ol
Hof e REZ BT, P wslE Fa) Py H0.
2 ggolo] ZARME Fskth o8] o
B o] S BES Beon], FYRk gk

o guat Egwel fofst ool HuAS Helo
24 B oolo] ABEYAEL JUPATHIE B

2 gelael o sk gt ABEYa
£ A0l GRS e AR 99 S5k 915t
of aped Arfswol A TAHIE o] gtk 2
s3] 9. o #50] 24194 DIN, DIP, DSi9]
E7} 2424 1.0,0.2,2.0 pM o4O 2 FoR Aolse
WA ggrom, A ]

7]
O =
= =
¥ doMe Aol ¢lol, wHolle A
of 2l

4 bl
N EYAES] A bloom) Aol 4

S ehjglon, Rt <l
AR 12|30 Chl ash Q1Ab W 7411 0] A 2
Q) Algke oy HaR

d
i

>,

2

1o

o

2

3

o o

u

e

L

it

a

l;)j

N

~

ol o
B S ofy

A
B F ) BRAGFET, dHRLE, o
£F, 9EF FFNARER, F2UUR, 528
OF BRI 2APRE B FRF} S 24
2 Bglon] 53], AgHel| FEF7t F9HE 3
& Bk oS /Ao JYHoR Fa
dasti SPHEAR, SHRAE Rl

=
=
F71SKEE. ZAAIZE B R FRFIE Sl
o
[e]
o

N
_
N

U 7REolls U5 Aol SRRt dRFTL

Ao gAHon S U dR B Tt
2577F 9385 UE e 2APIRE Bt R
oF 27|25 vt P4 EEHAEC] S5t
£ Al7lolls FRFE7E 2 ISR 2o, &
FAEETAEC] 78k Al7lolle tiAld o= o
ZF7F sk QPR 2R, SHEER, =2R{ 1

2lal gxRo] vjEo] Sk, ol et AeET

-X]

2
0:

)
N
o o O3 M
1§
2
ot
o
2
2
(o]
S
)
e
119
T
=)
fo
o
i)
o
[\
[
o
B

fi

A2, A, 1991, S5 ot SHEA 9 AEE
FAEY T et A, sk A,
26(2), 144-154.

MOk 1994, B7) 712X F $)9] Al B Ee]
TR0 TsE AE, Bulletin of Institute of Littoral
Environment, 11, 81-90.

TS, 1997, A FoI20] 470 AP o] A A A S
=5 9 o] FAL Bulletin of Institute of Littoral
Environment, 14, 27-34.

A, 1994, T=r52E gt A34H Al=H S E
ZYIE 141.

FE, A, AT, 179, 4R, 2001, Y57
T 9] g iloll whE sfekehd W U}
3}, St 73834, 16(2), 165-177.

o], 4184, FE, BH, 2005, ot AEEHA
Eo] Add &3 EXE EA, Ocean and Polar
Research, 27(2), 149-159.

o|FA], oA, A, A, LA, AR,
2001, FgtolA AEEFaE ATY
sl A (rieh), 6, 201-210.

227, 2010, F3xg) s olo] o gl ASEREE
HE 54, S8t 7], 19(11), 1323-1336.

A A, A8A, A2, 2008, FARE AEEHAE A7)
T2 AR W, el detE A, 13(4), 333-341.

Amstrong, R. A., 1994, Grazing limitation and nutrient
limitation in marine ecosystems: steady state
solution of an ecosystem model with multiple food
chains, Limnol. Oceanogr, 39(3), 597-608.

Arruda, J. A., Marzolf, G. R., Faulk, R. T., 1983, The
role of suspended sediments in the nutrition of



AR AEEFTEY T2 M ARE HE 325

zooplankton in the turbid reservoirs, Ecology, 64,
1225-1235.

Bold, H. C., Wynne, M. J., 1985, Introduction to the
algae, 2nd Ed., Prentice-Hall Inc., Englwood Cliffs,
New Jersey, 720.

Brook, A. J., 1965, Planktonic Algae as indicators of
lake types, with special reference to the
desmidaceae, Limnol. Oceanogr, 10, 403-411.

Caraco, N. F., Cole, J. J., Raymond, P. A., Strayer, D.
L., Pace, M .L., Findlay, S. E. G., Fisher, D. T.,
1997, Zebramussel invasion in a large, turbid river:
Phytoplankton response to increased grazing, Ecol.,
78(2), 599-602.

Carpenter, S. R., Kitchell, J. F., Hodgson, J. R.,
Cochran, P. A., Elser, J. J., Elser, M. M., Lodge, D.
M., Kretchmer, X., He, X., von Ende, C. N., 1987,
Regulation of lake primary productivity by food
web structure, Ecol., 68, 1863-1876.

Chapman, V. J., 1968, The algae, Macmillan London,
Melbourne, Toronto St Martis Press, New York, 472.

Dodge, J. D., 1975, The fine structure of algal cells,
Academic Press, Inc. London, 261.

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

Fisher, T. R., Harding, L. W., Jr., Stanley, D. W., Ward,
L. G., 1988, Phytoplankton, nutrient and turbidity
in the Chesapeake, Delaware and Hudson estuaries,
Mar. Ecol Prog. Ser., 27, 61-93.

Hart, R. C., 1998, Zooplankton feeding rates in relation
to suspended sediment content:Potential influence
on community structure in a turbid reservoir,
Freshwater Biol., 19, 123-139.

Hellawell, J. M., 1986, Biological indicators of freshwater
pollution and environmental management, Elsevier
Applied Science Publishers, 546.

James, A., 1979, The value of biological indicators in
relation to other parameter of water quality, in:
James, A. and Evison, L. (eds.), Biological
indicators of water quality, Chapter 1. John Wiley
and Sons, USA.

Justic, D., Rabalais, N. N., Turner, R. E., Dortch, Q.,
1995, Changes in nutrient structure of river-dominated
coastal waters: stoichiometric nutrient balance and

its consequences, Estuar. Coast. Shelf. Sci., 40,
339-356.

Kirk, K. L., 1991, Suspended clay reduces Daphnia
feeding behavioural mechanism, Freshwater Biol.,
25, 357-365.

Kivi, K., Kaitala, S., Kuosa, H., Kuparinen, J., Leskinen,
E., Lignell, R., Marcussen, B., Tamminen, T., 1993,
Nutrient limitation and grazing control of the Baltic
plankton community during annual succession,
Limnol. Oceanogr., 38(5), 893-905.

Michaels, A. E., Silver, M. W., 1988, Primary
production, sinking fluxes and the microbial food
web, Deep-Sea Res., 35, 473-490.

Nybbaken, J. W., 1997, Marine biology: An ecological
approach, Wesley Educational Publishers Inc., 304-308.

Palmer, C. M., Adams, S., 1977, Algae and water
pollution, Municipal environmental research and
development, U.S. EPA, Cincinnati, Ohio, USA.

Parsons, T. T., Maita, Y., Lalli, C. M., 1984, A manual
of chemical and biological methods for seawater
analysis, Peramon Press, New York, 22-25.

Raymont, J. E. C., 1980, Plankton and productivity in
the ocean, 2nd, Phytoplankton, Peramon. Press.
Oxford, 330.

Ryther, J. H., 1969, Photosynthesis and fish production
in the sea, Sci., 166, 72-76.

Schoeman, F. R., 1973, A systematic and ecological
study of the diatom flora of Lesotho with special
reference to the water quality, 365, in: James, A.
and Evison, L. (eds.), Biological indicators of water
quality, John Wiley and Sons, USA.

Sin, Y. S., Wetzel, R. L., Anderson, 1. C., 1999, Spatial
and temporal characteristics of nutrient and
phytoplankton dynamics in the YORK River,
Virginia: analyses of long-data, Estuarine., 22,
260-275.

UNESCO, 1978, Water quality surveys, UNESCO.,
WHO, 350.

Walsh, J. J., 1976, Herbivory as a factor in patterns of
nutrient utilization in the sea, Limnol. Oceanogr.,
21, 1-13.

Watanabe, T., 1962, On the Biotic. Index of Water
Pollution based upon the species Number of
Bacillariophyceae in the Tokoro River in Hokkaido
(in Japanese), Japan J. Ecol., 12, 216-222.



e

F A A AL

326 k]

Whitton, B. A., 1979, Plants as indicators of river water Zurek, R., 1980, The effects of suspended materials on
quality, in : James, A. and Evison, L. (eds.), the zooplankton. I Natural environments, Acta
Biological indicators of water quality, Chapter. 5., Hydrobiol., 22, 449-471.

John Wiley and Sons, USA.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




