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16
200
(tidal effect)
(mixed tide)
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1.5
( , 2540)



3,344,375 52.6%
45.36% 45.36% 2.034% (
. 2547)
59.16% 40.84%
( , 2540
)
2530-2543 26.0-34.50 0-32.70 psu
- 6.70-8.30 0.05-2.40
2.80 7.0
0.10-10.91 0.10-7.32
0-24.43
0-3.45 0.90-32.30
( 1.1)

(Boney,1975)

!
(Lain and Parson, 1997)

3 chlorophylls, carotenoids phycobilins

grazing food chain
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(2530)

26.20 - 33.00
3.00 - 25.50
6.70 - 8.20

3.90 - 7.10
<0.10- 0.150
0.03 - 0.08
0.01 - 0.75
<0.03 - 0.03

(2538)
26.00 - 33.00
0.00 - 35.00

6.67- 8.30
0.05 - 2.40
2.80 - 12.60
<0.10- 0.43
<0.01- 0.10
<0.05- 0.21
<0.03- 0.10
<0.1- 15.67

(2540)

25.90 - 34.50
0.40 - 32.70
6.79 - 8.14
0.20 -1.40
0.28 - 3.45
0.04 - 7.32
<0.05- 24.43
0.28 - 3.45

(2543)

29.00 - 32.20
10.70- 31.70
7.28 -7.78
0.35 - 0.58
3.40 - 10.00
4.18 - 10.91
1.70 - 3.75
3.05 - 23.54
1.69 - 1.84
2.93 - 32.30

ROy ¢



1
2.
3

1 (picoplankton)

2. (nanoplankton)

3. (microplankton)
3.

Dinophyceae Euglenophyceae

(periplast/pericle)
4.
substances)

5.

Chlorella

1-8

( ., 2527)

20-200

(mucilaginous

Closterium



14 ,

12

(Estuaries)

(euryhaline species)

( | 2524)

(Barnes,1974)

1. Euryhaline phytoplankton
Chaetoceros, Cyclotella,
Pleurosigma

2. stenohaline marine phytoplankton

Thalassiothrix, Guinardia, Pseudo-nitzschia

3. Stenohaline freshwater phytoplankton

Anabaena, Phacus, Scenedesmus
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. Cyanophyceae

. Rhodophyceae

. Cryptophyceae

. Chrysophyceae

. Dictychophyceae
. Bacillariophyceae

. Raphidophyceae

o N o g~ W N P

. Xanthophyceae

9. Eustigmatophyceae

10.Prymnesiophyceae

11. Euglenophyceae
12. Chlorophyceae
13. Prasinophyceae

14. Pyrrophyceae

(Cyanabacteria)
(Red algae)
(Cryptomonads)
(Chrysomonads)
(Silicoflagellates)
(Diatoms)
(Chloromonads)

(Yellow-green algae)

(Coccolithophorids)
(Prymnesiophytes)
(Euglenoids)
(Green algae)
(Prasinophytes)
(Dinoflagellates)

(2544), Lalli and Parsons (1997)

Oscillatoria, Synechococcus, Trichodesmium
Rhodella

Cryptomonas

Aureococcus

Dictyocha

Cosinodiscus, Chaetoceros, Rhizosolenia

Heterosigma

Eliminia

Isochrysis, Prymnesium
Eutreptiella, Euglena, Phacus
Chlorella

Tetraselmis

Ceratium, Gonyaulax, Protoperidinium



, 2538;
, 2542;

Chaetoceros, Rhizosolenia, Bacteriastrum, Nitzschia

(2538) 50

5

(2540)

116
Nitzschia

8

25
3 3

Cosinodiscus

8
1
Oscillatoria Spirulina
19
1

Skeletonema, Thalassionema

, 2521, , 2522;
, 2540; , 2540;
. 2546; . 2546)

(2527)

Cosinodiscus

30 6
5 3 1
Nitzschia, Chaetoceros Rhizosolenia
Cosinodiscus, Odontella, Navicula
(2546)
32 21
2 1
!
(2540) 80 31
n 6
1
Chaetoceros, Scenedesmus, Biddulphia
(2547)
40 19
6 6
Thalassiosira
(2542)
70 27
8 9 4
1 1

Nitzschia Skeletonema

Oscillatoria
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54 33 2 8
9 1 1
Skeletonema, Cylindrotheca, Nitzschia, Surirella Thalassiosira (
, 2547)
81 Nitzschia
Oscillatoria
( , 2545)
(2541)
62
47 7 4 3
1 Guinardia,Thalassionema,
Rhizosolenia, Thalassiosira, Thalassiothrix Cyclotella
. . 2525
. 2538 2.92X102-2.5X103 2.08X1033.42X104
( , 2527, ,
2538) . .2520
9.60X 10 1:2.12X 102 ( , 2521)
. 2540-2541
3.57X1052.69X107 ( , 2542)
(2540)
1.5X1033.91X105
(2545)
3.62X1041.18X105
1.10X104-3.10X105 ( , 2547)
4.06X104-2.02X105 ( ,  2541)
( , 2521, ,  2540; , 2542;
, 2545)
Skeletonema coststum ( ,
2521, , 2542)



J. : 2547 _
9.65-52.09 Noctiluca
( , 2543) (2540) -

11.72-14.38
(2542)
B 7.85-38.14
_ 0.60-16.44 (
. 2542) , (2547)
4.24-37.72 3
5.35-60.76 (
, 2547) _
2.25-6.38 (

, 2541) ( 1.3)



1.3

11.72-14.38
9.65-52.09
7.85-8.14
0.60-16.77
4.24-37.72

5.35-60.76

2.25-6.38

River estuary

al. (1999)

estuary Gironde estuary

Elbe estuary

Gironde
Muylaert étal. (2000)

Gironde estuary

_ Elbe estuary

Westerschelde estuary

Gironde estuary

Muylaert et al. (2000)
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. .2537- . .2537 (2540)
. .2541- . 2542 (2543)
. .2540- . .2541 (2542)
. .2537- . .2538
(2542)
254 - . 2544
(2547)
.2544 . .2545
(2547)

. . 2539- . .2540 (2541)

Pinckney et al. (1998) Neuse

Goosen et

Elbe estuary Westerschelde

Westerschelde estuary

Schelde estuary

Goosen et al. (1999)

Elbe estuary Westerschelde estuary

5-40
4-19
0.3-2.8

Schelde estuary



_ 20-70

Kasouga estuary

(Froneman, 2002)

2004)( 1.4)

(light limitation)
turbidity maximum (Cloern, 1987, Cole et al] 1992

2000)

pEinstein 2 1 (Fisher et al. 1982; Kocum et al. 2002)

13

) 0.19-5.68

) Galveston  bay

2-20 (Ornolfsdottir et al.,
400-700

turbidity maximum

Muylaert et al.

saturating intensity 96-800

Domingues et al.

(2005) Domingues étal. (2005) mixed layer
12-110 pEinstein m'V 1 Microcystis

picocyanobacteria

Levinton (1982)

Muylaert
et al. (2000)
(2538)
2
15-30 (
, 2520) Domingues et al. (2005)

(maximum growth rate)



Domingues et al., 2005)

0-30 psu (Lain and Parsons, 1997)

Muylaert et al.

oligohaline zone

zone Ditylum
Thalassionema punctigera
4,
NO03, no2, nh4t) (
)
(C:N:P)
étal. (2004)

Hein and Riemann (1995)

14

(Mur et al, 1999

Muylaert et al. (2002) Schelde estuary

(2000) Schelde estuary
Scenedesmus

Cyclotella scaldensis mesohaline

brightwelli, Thalassionema nitzschioides
(
po43) (
106:16:1 Redfield ratio  Ornolfsdottir

Galveston bay
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specific growth rate
Pinckney et al. (1998)

Neuse River estuary

(inorganic
nitrogen) Froneman (2002)
Kasouga estuary ,
Pinckey et al. (1998)
2.
Pinckney et al. (1998)
(5-10 ) Froneman

(2002)
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1. Neuse River estuary

2. Elbe estuary

3. Westerschelde estuary
4.Gironde estuary

5. Schelde estuary

6. Kasouga estuary

7. Galveston bay

10-30

0.3-2.8

20-70

0.19- 5.68

2-20

Pinckney et al.(1998)

Goosen étal. (1999)
Goosen etal. (1999)
Goosen étal. (1999)
Muylaert etal. (2000)
Froneman (2000)

Ornolfsdottir et al. (2004)



17

(Cyanobacteria)
Division Cyanophyta
Class Cyanophyceae (Desikachary, 1959) prokaryote
(heterocyst) ( 1.2 B)
(akinete) ( 1.2A)
(hormogonia)
(gliding movement)
(backward and forward gliding) (waving
movement) (spiral movement)
chlorophyll_a, carotene, xanthophylls,
c-phycocyanin c-phycoerythin
(cyanophycean) 1
2
1 cCoccoid form coccoid form
sheath Merismopedia,
Chroococus
2. Filamentous form trichome Oscillatoria
trichrom Lyngbya sheath ( filament
trichome + sheath) heterocyst

Nostoc, Anabaena



1.3 D)

(true branching) 3

( 1.3 A-C)

(false branching)

U7 1.1 anwuziwasvad o luiwuaiise

G.
H.

(Smith, 1995

Synechocystis
Aphanotheca

Lyngbya

endospore Myxosarcina
exospore Chamaesiphon
trichome Microcoleus
Scytonema
stigonema

Graham and Wilcox, 2000)

18
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akinete

3
5
%l.% / heterocyst

%,

B
1.2 akinete heterocyst Cylindrospermum
A. akinete (www. botany.wisc.edu)

B. heterocyst (www.en.wikipedia.org/wiki/Main_Page)

—F

Yead cell

N
dead cell

A B C D

1.3 (Desikachary, 1959)


http://www.en.wikipedia.org/wiki/Main_Page

20

( Chlorophytes)

Division Chlorophyta  Class
Chlorophycae (Prescott, 1962)

1
(eye spot) 2
chlorophyll_a, chlorophyll_b,
xanthophylls, lutein, zeaxanthin, violaxanthin, antheraxanthin neoxanthin
( 1.5)
amylose amylopectin
2 (heplontic  type)
Order Volvocales
(diplontic type)
Order Chlorococcales
isogamy, anisogamy oogamy

akinete

(16

14
A. Chlorella (www.nies.go.jp/biology/mcc/images/PCD5008/0356L.jpg)
Volvox (www.btinternet.com/~stephen.durr/volvoxc.jpg)
C. Spirogyra (www.csupomona.edu/~jcclark/classes/bot125/resource/

graphics/g/chl_spirogyra_live.jpg)


http://www.nies.go.jp/biology/mcc/images/PCD5008/0356L.jpg
http://www.btinternet.com/~stephen.durr/volvoxc.jpg
http://www.csupomona.edu/~jcclark/classes/bot125/resource/

“ lel_ -
DA T

INIJUTIIBI tglOB

15 (Graham and Wilcox, 2000)



1.6

@ m m o O w »

(Graham and Wilcox, 2000)
(binary fission)

zoospore

aplanospore

autospore

autocolony

akinete

(fragmentation)

22
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(Diatoms)
Division Chromophyta
Class Bacillariophyceae (Hasle and Syvertsen, 1996)
2 (valve) (radial symmetry)

(bilateral symmetry)

chlorophylls, chlorophyll e, P-carotene,

fucoxanthin, diatoxanthin diadinoxanthin chrysolaminarin
2 epitheca hypothecs
frustule valve face
valve mantle (epitheca) epivalve+epicingulum epicingulum
copula copulae
intercalary band (hypothecs) hypovalve hypocingulum
epicingulum hypocingulum girdle cingulum ( 1.7) girdle
cingulum 4 close bands, open bands, segments scales half
band ( 1.9)
FRUSTULE

1
s it -E

1.7 (Hasle and Syvertsen, 1996)



24

pervalvar axis

apical axis

transapical axis

valvar plane

apical plane

transapical plane

2

valve view

= narrow girdle view

3 broad girdle view
1.8
1 apical axis
transapicai axis pervalvar
axis
2 3 valar plane apical
plane transapicai axis transapicai plane
apical axis
3. valve
broad girdle view

narrow girdle view

Syvertsen, 1996)

(Hasle and



25

ligula antiligula
closed band open band
A B
"half bands”
more than two D
columns of segments
C

31.!1’75 1.9 UDUFIULNB5LAR(girdle band) Va9 lazAB
A. close band B. open band
c. segment . half band

(Hasle and Syvertsen, 1996)

1 (centric diatom) (radial
symmetry) ( 1.10)
(process) ( 1.12)
( 1.11)
2. (pennate diatom)
(bilateral symmetry) ]
(apical axis) ] ]
central
nodule terminal nodule
pseudoraphe sternum central nodule central area

striae

costa rib ( 1.13)



3 Suborder ( 1.12)

1. Suborder Cosinodiscineae (process)
(polarity)
2. Suborder Rhizosoleniineae (process) 1
(unipolar)
3. Suborder Biddulphiineae (process)
(bipolar) elevation

2 (114

1 (raphid pennate diatom) !
!
2. (araphid pennate diatom)
vegetative cell binary fission
epitheca
auxospore auxospore
oogamy auxospore  ( 1.15)
(isogamy) ( 1.16)

! (anisogamy)

vin

j—— vin

1.10 centric g = girdle, v = valve, vm =valve mantle

(Patrie, 1959 , 2548)



21

areolae

111

striae

fasciculate

A.

striae

fasciculate

B.

radial striae

C.

striae

striae

E.

1996)

(Hasle and Syvertsen



Coscinodiscineae

1\: /‘ >
‘Q\\f/i_‘:.

~

NS A
<Nz

ring of processes

Rhizosoleniineae

unipolar

apical axis V

Y
Cc
—\lz— )
=i —
bipolarity
elevations

1.12 (valve view) (girdle)

Biddulphiineae

A. Suborder Cosinodiscineae
B. Suborder Rhizosoleniineae
C. Suborder Biddulphiineae

(Hasle and Syvertsen, 1996)
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ARARAARAR =
1.13 aa = axial area pseudoaphe sternum,
cc = central area, cn = central noduleg = girdle, r = raphe, = stria,

tn = terminal nodule, V = valve, vm =valve mantle

(Patrie, 1959 , 2548)

PENNATE DIATOMS

valve view girdle view

A .

no raphe

raphe
1.14 girdle valve view
1 (araphid pennate diatom)
2. (raphe pennate diatom)

(Hasle and Syvertsen, 1996)



&‘ s vegetatuvecell
fertife, -t e 000, i ATt —
Tetr vegetatwecell 85 ¥

dMston

1.15

( and Syvertsen, 1996)

« vegétative cell

o :féﬁi]ég('."_*."u.{",‘,-‘-"" L_J
S
ey st rlakasEn division /
: cunct W @ fiR A Ay :
R

1.16

(Hasle and Syvertsen, 1996)
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(Dinoflagellates)
Class Dinophycea (Steidinger and Tangen,

2-200 '

)
cingulum (girdle) epitheca
sulcus

( 1.17)
( ixotroph)
(saprophytic)
(parasitic)

peridinin, dinoxanthin, diadinoxanthin

31

Division Chromophyta
1996 )
2
2 (
2
hypotheca
hypotheca

(phagocytic)

Chlorophyll_a, Chlorophyll b, p-carotene,

Alexandrium minutum,

Gymnodinium catenatum, Gymnodinium breve

2

1. Unarmored dinoflagellates (naked dinoflagellates)

cellulose plates

cellulose

cellulose plates

transverse flagellum

plates pellicle ( 118)

2. Armored dinoflagellates (thecate dinoflagellates)

( 119)

2

1.20)

I Desmokont

2. Dinokont

cingulum
sulcus longitudinal flagellum



Antapex

1.17 )

A = apical horn, B = epitheca, F = flagella pore, G = girdle, H = hypotheca,

L = girdle list, P = plate suture, = sulcal plates, T = trichocyst pore,
V = ventral pore (Kofoid, 1911 Taylor, 1987)
ventral dorsal

epicone

bypacone

sulcus
antapex-

ngitudinal
flagellum R
1.18 cellulose plates
A. ventral view B. dorsal view

(Horner, 2002)
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APC
pre-apical
apicals
sutures
precingulars

flagellar
pore

sulcals )
postcingulars

antapicals

A B

anterior
intercalaries

(-@ cingulars —(i

= girdle
C ilts

antapical horns

/ B

1.19 cellulose plates
A. ventral view B. dorsal view
(Horner, 2002)
A
1.20 desmokont dinokont

TF = transverse flagellum,

flagellum A. desmokont

¢ = cingulum,

= salcal, LF = longitudinal

B. dinokont (Steidinger and Tangen, 1996)



N o oo A
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2 ( 1.20)
1. transverse flagellum cingulum
anterior pore
2. longitudinal flagellum sulcus
sulcus posterior pore
7 ( 1.21)
displaced
(ascending) (decending)
overhang
premedian
median
postmedian
displaced epitheca
(torsion) 1
1 2
3 5 7
4 6
121 (Steidinger and Tangen, 1996)
displaced 2. overhang
premedian 4. median
postmedian 6. displace

epitheca 7. (torsion)
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(binary fission)
planozygote

haploid gamete (1N) ! diploid (2N)
vegetative cells hypnozygote
(resting stage)
excystment
hypnozygote planozygote planozygote
vegetative cell ( 1.22)
J ""\\
Y >4 BN
\ : 1) M?v_‘:"' \\. ’./ \\\
/ 3 \
gametes / 3 1 \/ N
asexual rcorfuc!li:n ” ) {: "i i ( ) 3
TN \ Reg \ / planozygote
— g e AL
~ 7 1 . : \
3 i / (1
p ¢ r"l’ Y {
{ \ o
" e 4.4 S "\\ /;—:“:
RECER ST &
- X { % (”: Vs 3
yadli—" & PN
2 AR X {0
/ RN IT .~ hypnazygote
; { Y
P \\ /
// \.‘ \ e /{
o ( ] planozygote
< - 3 ’
£ / 5
z \,/ temporary cyst
1.22 (Hasle and Syvertsen, 1996)
A.
vegetative cell (1) binary fission
temporary cysts

(6)

(7)

gamete 1 (2) planozygote (3)

vegetative cell (1)

planozygote meiosis vegetative cell(1) cyst
cyst cyst resting cyst

(hypnozygote) (4) cyst

excystment

planozygote(5) planozygote

hypnozygote
(Steidinger and Tangen,

I vegetative cell (1) 1996)



36

(plate formula)

(plate formula)

(Order Peridiniales Order Gonyaulacales)
1
( 1.23)
1. Apical pore complex APC
apex apical pore '
apical closing plate Pi Pc
apical pore apical closing plate Apical pore
plate (Po)
2. Apical plates ®)
APC 3 7
3. Precingular plates @)
epitheca cingulum 12
4. Anterior intercalary plates €]
apical plates precingular plates
5. Cingular plates (c) cingulum
6. Postcingular plates ")
hypotheca cingulum
7. Antapical plates ") antapex

sulcus

8. Sulcus plates () sulcus
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(Silicoflagellates)
Division  Chromophyta

Class Dictyochophyceae

2 armored unarmored
unarmored 1
tentacle armored
( 1.24)
chlorophyll a, chlorophyll cl 1chlorophyll
_c2, fucoxanthin, 19’ - butanoyloxyfucoxanthin diodinoxanthin

chrysolaminarin

silica skeleton

i1
|1 plastid

{ l i
A\ N connecting
cell houndary g‘%)}_ strands
J 7 N
N, ’\, A T & /

N % = \ vacuole
flagellum ¢ a “ mitochondrion

) pseudopodium

1.24
(Graham and Wilcox, 2000)
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