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Purpose&

contents

This study aims at the development of an accurate and rapid biological tool for
assessing coastal water quality using pollution indicative species of protists occurred
in Korean coastal waters. Firstly, the distributional pattern of protists and
relationships between their distribution and environmental factors in Masan Bay are
understood and then indicative species to monitor water pollution are also detected.
Masan Bay is spatially divided into several zones according to the distribution of
COD concentrations, a pollution parameter. Indicative weight and saprobic valency of
each indicative species are estimated and then saprobic index is calculated by an
established process. Finally, an assessment technique of water quality in Masan Bay
1s suggested based on the saprobic index obtained by protist community analyses.

Result

A total of 117 ciliate and 80 heterotrophic flagellate species was identified. Ciliate
and flagellate abundances were higher in the inner area of Masan Bay and decreased
toward the outer area. Species specific distribution was clear with temporal and
spatial changes in the investigation. 14 ciliate and 13 flagellate species showing a
good correlation with COD change were detected as a pollution indicative species. A
result of PFU system, Sc(species number during the equilibrium of colonization) and
G(constant value of colonization rate) showed higher values and T was lower
value at Jangmok station in relative less polluted area. G and Tgos values had a good
positive correlation with COD while Seq did not. Therefore, G and Tgos can be useful
biological parameters to assess water quality.

Saprobic index was calculated based on the occurrence and abundances of indicative
species, which polysaprobic index was higher in three areas of Masan Bay, innermost
area, Dukdong sewage treatment area, and Haengam Bay, while higher xenosaprobic
index was obtained in the outer area of Masan Bay where is less affected from
pollution source. Especially, the highest value of xenosaprobic index was measured in
November when the effect of oceanic water (Kuroshio Current) is relatively
significant. Conclusively, it is suggested that saprobic index based on the protist
community is a wuseful tool to assess biologically the coastal water quality.

Expected
Contribution

e As a practical method for evaluating water quality in coastal areas, measurement
of saprobic index is revised and well established by expanding the application
over Korean coastal waters and by up—grading the species list of indicative
protists depending on the locality.

e As a biological purification for enhancing water quality, biological filteration by
target protist species isolated and mass cultured can be applied for reducing
particulate organic matters in polluted water. This application can be also
contributed to improve the water quality of aquaculture farm where is largely
influenced by organic pollution.

e As subjects for toxicological tests, indicative species of xenosaprobity can be
applied. Future research on protist species may prove them to be ideal alternates
for the currently used regulatory assays.

Keywords

Protists Indicative species Ciliates
Flagellates Saprobic index Coastal pollution
Biological assessment Water quality PFU system
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=oll o7kl A tH(Parsons et al., 1984).
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Soll migol triple A5 R3S HFigs. 5, 6). 20073 8€oll= AA § 1593t WEE 1, 2 3,5 7d $9
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=== Microscopic observation
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Supporting Bar
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YEAA} vpabvhlel A 4719 A2l A T1E(A, B, C, D)E Hlow 7} 1Fe $HFS T AolE 1ol
9} ¢ 89 AL fFE8I|ElA] LU} =o4E %fﬂﬁ}-‘;— MAG=7F S7¥sk= DOC positive &5, Tiarina
fusus, Mesodinium rubrum, Strombidium bilobum®] $-33tR o, D 189 A9+ DOC negative THE Fty =
Tontonia simplicidens, Leegardiella sol®] $-A3stE . A I1F2 viigke] AU S ow SiEe] ko w o
o] a1 7y @ F7]099 (DOC, (D) HX7F =& =907 Tiarina fusus, Hypotrich®} Peritrich 2

F7F E88te] ZF 90 BEs= ARFO 27 xlolE BT (Figs. 9, 10).

Target species of each group

fiarina fusus,

A Peritrich species,
Hypotrich species

IS0 ISMION 35T
1

Strombidium tressum,
Mesodinium rubriim

ISHOIN

3
8

Strombidium bibbum,
C 5. compressum,
5. capilatum

350N

IO

lomtonia simplicidens,
leegaardiells sof

ISON

Figure 9. 2006 4¢¥ wlibvl ARF /fA|45 FrEE JAEA e ARF 9839 X8z &%
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Figure 10.. B} C 25 (2 %), DIF(LE%)9 AEF /MAFT< DOC %9 #A

(2) 3HAIS] AEF FHEEe) & 5olA v

sHAl = &7 8A, ARF, T5J9Y AT, THIEHE ol Fxe vl S Y5o8 &
5 AEE/1HEE Hole= FEg s YEIY ARRF EEE FAe AR 9] aEoE FEE E
¥E BHYon A IFS Brdud 2 f710999 sxF M 28 9o w FA9 FAVSHA Peritrich 5
o} Rimostrombidium sp.°] 8% =& B Z1&o| M+ Tintinnopsis nanast
Strombidium sulcatum, C ZL&olA+= Mesodinium rubrum, D L&A= Tontonia grandis, T. tubinata,
Strombidinopsis jeokjo’} §-H8EC g2 ZEdslo] o FRd F4A9 xol= HAtH(Fig. 11). 53| Peritrich
F5F, Rimostrombidium sp., Strombidium sulcatums DOCS} =2 o] A#AS WS O™ Spirotontonia grandis,
T. tubinata®l 73-%-t 0D} &< A#AS Hola YAt}

5ol golgte] Qg ajle] Fult ofslE o
o] st FHEA An AEF TS 4
Mesodinium rubrume] $-3st9lem F4+=20 B 1w
=07 C aFoNE Strombidium bilobum, %32 3R £ 714 £
Tontonia poopsiaZt 247} -4 A& BHAH(Fig. 12). 771934 S titst 5
A eFow s Ao Mesodinium rubrum NAGFSE (0D FEE %o AUAS

poopsia®] MAGFeh= W2 9] FdS Bl rRbet IS EY Ay AT 959 A= EA,

[e)

g
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i

FE ¥
Pz

=
=
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&
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Ciliate abundances (x16 cells L)

Ciliate abundances (x1@ cells L™)

=0.486 (p<0.001) r=0.356 (p<0.001)

20 r ° ° 20 r °

Ciliate abundances (x10 cells L™")

16
coD (mg L™) DOC (mg L™")
% s -
1=0.483 (p<0.001) ~ =0.460 (5<0.001)
:
L ° -
20 ) @ 20t ° [}
[}
(3]
° ©
B e ° X 5t °e o
(%]
° 8 e
g . °
8 10t
[ =
=]
o
o
2 st
kS
5
. , 0
9 10 2 % %8 0 2 %
AB+HB (x10° cells mL™) Salinity (PSU)

Figure 14. v}2ket A w7 74922} COD, DOC, = o] 4 & (PB+HB), && 39 7
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2) v HAEFI ATEE R AXF T4

(1) 499 AR F(heterotrophic flagellates)e] & X

AF7IZE ¢ S FEHEIY WEF= HFEol A7I7F Smoldte] AlEm A H

FELL 014725437 2.22) x10° cells/mlE Rgow npabvt Y= AAA v =31

E S 9¢}sl7) 98] coverslip HHEES A& 2

Alstdeh. 1 Az wpaknbe] S8 FEHIY ARF 455, 80F oA tH(Table 3). ©] & 7Hg ®wl¥sA &

A3 £& 3F 07 (ofeteria roenbergensis, Caecitellus parvulus ¢+ Bodo designis ©] 1 tHFig. 18). & =+
e AHE g2 detsti(Table 3).

(2) #}7Fd 9k H 2 F(photosynthetic flagellates)?] 3
4 "ARFE A =AU F(Euglenids), 2% EF(Cryptomonads)e}t 7€ AERFZ FE3F% T}
A WRFo] &L 0.32-134.9(F T 7.39)x10° cells/mle] ¥ E Ve Hukzow n}
TS AH-AA S v =A JEtsth (Fig. 17). A8 12 A 49, AH 72 AH 8% M= fFAS
= of st A 14, 15, 18, 319 A= A= A H3FdS BT o
o Ao 99 R wE X S Holy R wudn. fFFdAvFolA

EN

2

45
oy
N 1o
rl:[

o
=
el 33 £& Distigma, Eutreptiella, Euglena %)%t}

G A specific 3HA =3 2
XA F(bacterivorus) 52 T webA 2 A5PAF 9 7]ES] EAXAM ofdte] FEHAY F

AFFE SAHOR $HFH oA % PG F2 FheE Aoz def3

e THIY HEFO F(species)S T
=4

o[vN
o
%,

4

o uS3 Lo Actinomonas mirabilis/Pteridomonas danica, Ancyromonas sigmoides, Bodo
curvifilus, Bodo designis, Bodo saliens, Caecitellus parvulus, Cafeteria roenbergensis, Ciliophrys
infusionum, Goniomonas amphinema, Diaphanoeca grandis, Massisteria marina, Salpingoeca marina (Fig.
18). L9AE F 9o LPGAHE IFoE olg e FH(genus)olY IS T2 FARAHOZ Ul
Bicosoecat} Choanoflagellates (|, Diaphanoeca, Salpingoeca)E E 4 UU}. Choanoflagellates =
Salpingoecidae © €3l 59 diE= F2 94do] MIPHE= o el E wbH Acanthoecidae © 43}
TEY A AAG/AAA QNN Fdete FFS Bt ol 159 ¥ sA4L Ui dAxdr

o]-gatolofnt hsdk HAR OFHE SAsE Aol H}%LZJS}E} ek, o5 ARF 9
Amoebae®} Heliozoao] ¢ A% ZFSE FAEC. PFU A3 A3 Anoebaew 2LHE%=7}F %
A =2 EdFS 2l wbAd Heliozoaw ©ol<} WHl= FH 3ol =A YElwT}.
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Table 3. 2007-2008d dg=AF 9 PFU AE A 33 FEHFY ALF. 24 AAFTLE 7538 &
A A FAE 1 =9, 0: v[=d)
A Z AL PFU A3
% (Species)
St. 1St 4|St. 7] St. 8(St. 14|St. 15[St. 18|St. 31| St. 1| St. 2|St. 3

Acanthoeca spectabilis

Actinomonas mirabilis

Amastigomonas debruynei

Amastigomonas filosa

Amastigomonas griebenis

Amastigomonas mutabilis

Ancyromonas sigmoides

Anisonema acinus

Anisonema glaciale

Anisonema trepidum

Bicosoeca gracilipes

Bicosoeca sp.

Bodo caudatus

Bodo curvifilus

Bodo designis

Bodo platyrhynchus

Bodo saliens

Bodo saltans

Bordnamonas tropicana

Caecitellus parvulus

Cafeteria lingulifera

Cafeteria marsupialis

Cafeteria minuta

Cafeteria roenbergensis

Carpediemonas membranifera

Cercomonas ovata

Cercomonas sp.

Ciliophrys infusionum

Clautriavia cavus

Developayella elegans

Diaphanoeca grandis

Diaphanoeca multiannulata

Dinema playsomum

Glissandra innuerende

Goniomonas amphinema

Goniomonas pacifica

Gweamonas unicus

Hemistasia phaeocysticola

Heterochromonas opaca
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Heteromita globosa

Heteronema exaratum

Kathablepharis remigera

Kiitoksia ystava

Massisteria marina

Metopion fluens

Metromonas grandis

Metromonas simplex

Monosiga consociata

Notosolenus scutulum

Notosolenus urceolatus

Pendulomonas adriperis

Percolomonas similis

Petalomonas minor

Petalomonas minuta

Petalomonas ornata

Petalomonas poosilla

Ploeotia corrugata

Ploeotia discoides

Ploeotia longifilum

Ploeotia vitrea

Ploeotia sp1

Ploeotia sp2

Polyoeca dichotoma

Protaspis gemmifera

Protaspia obliqua

Protaspis simplex

Protaspis tegere

Protaspis verrucosa

Protaspis sp

Pseudobodo tremulans

Pteridomonas danica

Rhynchomonas nasuta

Rhynchobodo simius

Salpingoeca amphoridum
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Salpingoeca ringens

Salpingoeca tuba
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Thaumatomastix sp
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Figure 18. £% 9% HRFo HdF 2 09X E FHEF (a) Bicosoeca
gracilipes, (b) Diaphanoeca grandis, (c) Salpingoeca marina, (d) Bodo
curvifilus, (e) Massisteria marina, (f) Heliozoa, (g) Actinomonas
mirabilis, (h) Ancyromonas sigmoides, (i) Bodo designis, (j)
Goniomonas amphinema, (k) Cafeteria roenbergensis, (1) Bodo saliens,
(m) Caecitellus parvulus, (n) Ciliophrys infusionum, (o) Pendulomonas
adriperis. Scale bar represents Sum.
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3) PFU Al=dd g QA E £3 £4& ¢ e =4 37}

A ES o] &3] & Hrlst= dxded W F9 dyrt PFU(Polyurethane Foam Unit) W o]
]

w1970 d i FE 9o 2dAE 8 8le] ALEE o] gt (Cairns et al, 1972; Cairns, 1979; 1991;

1992; Henebry and Carins, 1984; Carins and Pratt, 1986; Shen et al, 1986). o] WH-& =3 AP E o]
AAE 7 e A 71EE HolA F B, B4, AAAR dAdsEC] d37ide A Hia, AR
Aol e dAAES] T4, Tl Txe s ABE EAe L 7154 WMFGe Se, G, Tow)E T3
AL HGrists WHolt oy Ve d WyE £ 299 et Aol e AeZ 4 A (Shen et
al, 1990; Chung et al, 1999; Xu et al, 2002) 29 AEE AT AXZ AMEH O St ditdo=z 3
o] YT G St G EOFAAL Ty SobAIH, Wi FZo] oty = A9 St Gate wobA|aL

S7F8kaL Tose wobAl= Ao defsieh

MacArthur-Wilson (1967)¢] 33 =9 2] [S;=Seq(l-e )& o] &ato] YPAE] X3 FFo] =P
o] F(Ser), TREE FT(G), 90% Seol =S Wl A ZHToee)= T3FATH o2k Al 7He] W (Se,
G, Towe)E 7371 918to] Shen et al. (1990)9] o] A&HJrt & AFoNHE FEHIY A7 <5, 4
REF 7, o F s T dR8AE o T 2A A Y e m FiEstY Vs A WEE Tt
Table 40l 2t w5l W& Al W] WF(Seq, G, Tow)dbs BTt o1& 7154

Adatr] flste] a5 AuAES Fotetitt

Table 4. €59 A7, AxF, ddsE 9 A% = A S, GO Tows & (F3F At 7h).

TEYGART CER AT =
2007 2008 2007 2008 2007 2008
o 1557-26.08 | 14.13-2222 | 21.74-4079 | 1458-34.32 | 3854-50.09 | 26.84-53.00
' (19.76) (18.83) (31.57) (19.08) ( 44.16) (35.63)
S o 8.02-27.96 19.07-30.27 | 14.13-55.15 5.11-33.37 37.00-53.00 | 27.84-58.01
“ ' (19.38) (23.63) (32.53) (20.91) (37.00) (41.33)
o 5.02-17.13 5.08-15.44 6.20-27.54 6.38-24.77 20.18-32.00 | 20.35-35.14
' (10.65) (11.14) (15.28) (15.76) (24.77) (26.16)
o 0.47-0.77 0.31-0.74 0.44-0.71 0.38-0.48 1.07-5.50 0.59-0.89
' (0.57) (0.43) (0.60) (0.42) (3.05) (0.75)
- 0.47-0.79 0.32-0.44 0.43-0.94 0.39-0.68 1.46-8.73 0.56-1.21
' (0.57) (0.38) (0.68) (0.49) (4.57) (0.90)
o 0.78-1.15 0.4-0.6 0.52-0.92 0.29-0.55 1.21-1.58 0.42-0.63
' (0.94) (0.51) (0.67) (0.39) (1.34) (0.56)
o 3.01-4.85 3.11-7.43 3.23-5.24 4.80-5.98 0.42-2.15 2.58-3.93
' (4.17) (5.80) (3.97) (5.53) (1.08) (3.14)
- o 2.92-491 5.18-7.28 2.45-5.31 3.37-5.86 0.26-1.58 1.90-4.11
e (4.22) (6.19) (3.63) (4.86) 0.78) (2.73)
o 2.01-2.94 3.85-5.77 2.52-4.45 4.16-7.93 1.46-1.91 3.67-5.50
' (2.52) (4.61) (3.61) (6.28) (1.74) (4.19)
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(1) F5I9F A

2007 %= AT HI Seq 7 AR 1olA 1557-26.08(F  19.76), 44 2014 8.02-27.96(F + 19.38), A A
3ol M= 5.02-17.13(8 ¢ 10.65)= g3l 34 7H shokth(Fig. 19). G w2 A& 1 oM 047-0.77(F 3t 0.57)
o AA 2004 047-0.79(3 1 057), A 3elA 0.78-1.15(3 1 094)9] WS Rl FH 30l 7HE =t
(Fig. 20). Tope= B3 104 3.01-4.85 (Ht 4.17), AA 20014 2.92-491(F <t 422), B4 3olM+= 2.01-2.94
(Bt 252)2A A 34 7 @& e 7FAtHFig. 21).

2008 =8 ATAI Seq #hS AR 1olA 14.13-22.22(3 ¢ 18.83), B 2014 19.07-30.27(3F w 23.63),
43 3ellA 5.08-1544(F ¢ 11149 MAE Bl AH 2004 7HF wokom AA 3004 7H4 wekrh(Fig. 19).
G &2 A3 1olA 031-0.74(8+ 0.43), A3 2014 0.32-0.44(F = 0.38), 85 314 0.4-06(F 051)¢] =
A5 BHol AR 3904 7H =R tHFig. 20). Toeedk= B3 104 3.11-743(F ¢ 5.80), B3 204 518-7.28
(Bt 6.19), A3 304 38-5.77(Fw 461)=EA BA 394 7+ 2L ATHFig. 21).

2007 =9k 2008 = ARl A Seq B2 2007l 44 1014 2008 dell= AR 20014 grol 7HE =8k

M =S G 7P 92 Tesol ghe B9l 32 AR 3ol30th

1

St. 1 ‘ St.2 | st.3
2008

St. 1 ‘ St.2 | St.3
2007

Figure 19. €59% A2 F 739 Seq.

1.0
0.8
0.6

0.4 r

0.2 r
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2007 2008

0.0

Figure 20. €&9% A2/ ¥4 G
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TOOX%
O = MNMWwH»OO N

St. 1 St. 2 St. 3 St. 1 ‘ St. 2 St. 3
2007 2008

Figure 21. 5 9Y JE2F 789 Tops.

(2) AESHF 4

2007 3% AFAT S #S AA 1014 21.74-40.79(B 3+ 31.57), B 20014 14.13-55.15(H v 32.53), A A
3ol A= 6.20-27.54(3F ¢ 1528)¢] HE EAom AH 3904 7HF w2 s 7Hxlvh(Fig. 22). G #& A A
1914 0.44-0.71(H+F 0.60) & A3 2014 0.43-0.94(H 1 0.68), G 3ol4 052-0.92(F 7 0.67)2 M E Hof
Al ZA-NA frAabe #hs BAARE AR 1olA mlaA wEdvh(Fig. 23). Tt A3 1olA4 323-524(3
397), AA 204 245-531(H 1 3.63), AA 304 252-445(F 3 361D EA A 29 3014 HlmwE e gk
= 7 (Fig. 24).

20083 ] AFAI S, FHS AH 1ol 1458-34.32( 7 19.08), AH 20014 511-33.37(H 3 20.91),
AA 3elA 6.38-24.77(F 1576)0] WAE B AA 34 7 E=odth(Fig. 22). G @ AF 1904
0.38-0.48(33 7+ 0.42), A3 2414 0.39-0.68(38 7 0.49), A4 3ol 029-055 (F 0.39)= FA 30l A4 H AL
EHH(Fig. 23). Topst> AH 1014 480-598(8 1 553), A 2014 3.37-586(F 1 4.86), A4 30lA
4.16-7.93 (B3t 6.28)2] WS He] A 204 714 FAth(Fig. 24).

2007 =9F 2008 %= FAMONA Se 7T G g2 20073 2008 B AR 204 ghol b =ekan
Tooes @l & 20073l A3 3, 20080l = A 20014 e ks Bt

: -
3 ‘ . I ‘ &% | l

Figure 22. A REFH 9 Se
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st.1 |

Figure 24. A2 Z=F 732 Tooe.

Q) A= (THFIS ALFAESTT) +F

20079 % AFAT} S S A 1014 3854-50.09(F 1 44.16), A 2014 37.00-53.00(33  37.00), A3
3ol 4= 20.18-32.00 (Ft 247NE AR 1A HwA =2 Fdgs BAoH(Fig. 25). G @2 BH 1A
1.07-550(3 ¢ 3.05), B3 204 1.46-873(B 4.57), A 34 1.21-1.58 (B 1.30)= FH 3ol|A 71 @
SFeh(Fig. 26). Tows= A 104 042-215(8 7 1.08), A% 2014 026-153(Fw 0.78), AA 304
1.46-1.91(B # 1.74)2A A4 2904 78 @& k& 7FAtH(Fig. 27).

20083 %] AFAY Sy S AA 1olAME 2684-53.00(F T 3563), AAH 2014 27.84-5801(F 1 41.33),
A 3014 20.35-35.14(F 1 2616)Z BA 304 7HE Srokth(Fig. 25). G @S A 1914 059-0.89(F
0.75), A& 2014 056-1.21(FF 0.90), 87 3ol 0.42-063(AT 056)°] HAS ®e A 304 7b8 ek
tHFig. 26). Ttk B3 1014 258-393(B T 3.14), B4 2014 1.90-411(F 1 2.73), B% 314 3.67-5.50
(Bt 41924 AH 201 74 FRH(Fig. 27).

20079 % AL 20089 % FAFAA S #I GRES 2007, 20089 BT AA 27F 7bE =L T o

< A 2004 ¥ e Bt
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and Best Subsets Regression Analyses)< 2 A3}l t}.

2
= =]
Al W4 Se, G, Toes?t B4 2039 A#AAAE T3 A} S SFH8AF AAAFS Holx &, G
2} Tops= CODSF 424 r=-0.329 (p<0.05)¢} r=0505 (p<0.01)e] A#AAH S BAY. = G kol =2 Toar©l
Uo 52 Fhdo] d5e AR AR HTh 3 Best subsets regression¥ Stepwise regression #4172 3}o
A

[e)
= [e}
M % Sz B 20 o st g S HolX ZAAT G Teei= COD, DO F#AAE KT

M W Seq, G, Toee®t 482079 A#AAAE T3 A S FHA F 959 Chlorophyll adl
2y 7y r=-0.496 (p<0.01), r=0.525 (p<0.01)¢] F#AAFES B o, G= CODS r=-0571 (p<0.01)9] FHAHS B
A3, Tows FwE9F CODOl 2tz r=0.306 (p<0.1), r=0.499 (p<0.01)¢] F&#AdE HTh X3 Best subsets
regression¥} Stepwise regression #4241 Ao M E S, AL} o FAAHS Holx &g G

Tows= COD, DOt 4#A S WAt

@ dFE=F
Al M Seq, G, Tos®t S 2130 AAAAE 73 A3 Sv HE Q13 4HAFE HolA &%, G
9} Topes= CODSF Z+7} r=-0.329 (p<0.05)¢} r=0.505 (p<0.01)9] A#AAAS Bt & G o]l =LA FS Tops
Zhol Yo E Fdo] 4353 Aom Almdr. 3 Best subsets regression¥} Stepwise regression ¥4 2
S

= T =
= A 2AF o s FTIAS HolA kil GO Tots COD, DOt A& TAE Bt
olgldt AHEA % FAERY AHAE AR G & Taws FERL
SHA HHAER AFEE F S AoE AlRHET wEbA ol#d A¥E B
G ol =99 AH 3 (AA FEvho] thE A H
4) B-4X) 4 (Saprobic Index) At&3 wiilgte] A E S F=AH 7}

(1) QoA Fol A Auf ALF] P4

-

Rkt afRkel A S E COD A= oF 4XME st EFHT(Z-score) = HEate] AL E 3}
st 43 CODY v+ ¥y Zo] 5 922 Ywm 5 Uth(Fig. 28). COD % 3] 25 %= FE
=2 25 % A F7let= W3 o 2 Xenosaprobity(H<4d), Oligosaprobity(H15-4=43), Beta—mesosaprobity (-5

“=43), Alpha-mesosaprobity(a—%54=4), Polysaprobity(d5#4)2e] 5 5522 FEINLE 7Md 42 529
(8heHA] 25 %)= 133 mg L' olatxe FFAgow AHagda, wiE b B vE 25 %o &8s 862
mg L' o]de BRFHoz Aok UmA F3F dAE TIste] COD = WAES 274 AAsad
(Table 5).

o

ui":-l
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AA A 712 B8 =43 COD @3 A7 29 Ao AAdAS B3 A3 on gle A
AAE Hole AEFE 26572 Hewow Add we Aaidel §57F Fasidy. ol AR =4
o] 422 WMalo] Wztslo] I Y<lo] Lo HEFO A AXH FAAHS ndEdle] AEFS AN
tH(Table 6).

0.7
N = 3997
os | 3.05 548
' § AP
05 | : :
cop:1.33 |i] 8-A62
> 04 + : :
S
5]
0O 0.3 +
02 |
0.1+
0 T I
4 4 5

Z-score of SQRT(COD)

Figure 28. whihital 2sfgtell A 4 € COD® DB (n=3997)¢] <718 A2 ¥k COD THAH
Table 5. COD FXxol &71% wpikvt a9 4 535 7+ %
) ) ) Mesosaprobity | Mesosaprobity )
Xenosaprobity | Oligosaprobity (Beta) (Alpha) Polysaprobity
COD (mg LY < 1.33 > 133, < 305 | > 305 < 548 | > 548, < 862 > 8.62
Table 6. COD &%= @A +A4243% 7+ (r=0.200, p<0.005) A= HEF FF7F.
Species All seasons Apr. Aug. Nov Feb.
n=187 n= n= n= n=
Mesodinium rubrum 0.396 0.809 0.339
Strombidium dalum 0.333 0.415
Pelagostrombidium spiralis 0.254 0.356
Tiarina fusus 0.398 0.769
Tintinnopsis beroidea 0.403 0.517 0.352
Rimostrombidium conicum 0.390
Strombidium compressum 0.532
Tintinnopsis nana 0.395 0.360
Fuploteus sp. 0.354 0.334
Vorticella sp. 0.403 0.588
Spirotontonnia grandis -0.334
Strombidium sulcatum 0.571 0.674
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Tontonnia tubinata -0.383

Favella ehrenbergii 0.479 0.537

Tintinnidium muscicola 0.397 0.462

Rimostrombidium sp. 0.501 0.541

Strombidium capitatum 0.310
Strombidium pollostomum 0.404
Uronema sp. 0.478
Tin (like Strombidinopsis) -0.214 0.324
Tintinnopsis baltica 0.340
Strombidium bilobum -0.217

Strombidium constrictum -0.221

UK 18 (siculum) -0.220

UK 19 (sunflower) -0.200

Didinium balbiani 0.334

upakgto A #aH HEF AAAZ] AR (0=187)14 CODe 7 53 % (Xenosaprobity, Oligosaprobity,
osaprobity, Polysaprobity) =9olA Z33 HZ(%)E SH3IAULE =dF £ X

!
Zalok AEAl 97] Mol g we vEe FHORVE B SHOR AU
=

(/)

Beta-mesosaprobity, Alpha-me
[e]

7} COD®] 54 w5 TAHo=E &

Al EE T facste 94 WEAS Holv THUS dAdom dusiddn. EdRlze] wade] gloj=
RE SHAA EFdete THE s 24 WiEEe] g om wiAgo R oxpAQl AxRFE HES etk A
He AxEH T SR Table 73 2ok thA] HAE o] ZAWEE 7 79 5d F4b gl
100] ¥ =% 78 3kste] Table 79 Yeplom o] s 7t AxXFS] F7t2 A&tk 72 AxFe Ha
FANEE Y= 539 2702 £ A %7} (Indicative weight) 2 A3 tHTable 8). o] w] SH¥ =59

= Xenosaprobity 7} 1, Oligosaprobity”} 2, Beta—mesosaprobity”} 3, Alpha-mesosaprobity”} 4, Polysaprobity7} 5
2 A3tk &, 2 AxAde] Ak TFH H5 59 AxrhF HEH

Table 7. A4 AET 7 5% COD svd ZANE (%)

Species X 0] B-M a-M P
Euploteus sp. 0 8 17 35 38
Vorticella sp. 0 10 7 31 75
Spirotontonnia grandis 0 2 22 12 0
Strombidium sulcatum 0 1 10 50 88
Tontonnia tubinata 0 8 16 8 13
Favella ehrenbergii 0 0 5 27 88
Tintinnidium muscicola 0 6 2 23 6
Strombidium capitatum 17 30 28 15 0
Uronema sp. 0 7 26 42 25
Tintinnopsis baltica 8 10 14 12 0
Strombidium constrictum 25 24 14 0 0
Unidentified species 19 33 27 24 8 0
Didinium gargantua 0 0 0 12 38
Helicostomella subulata 0 25 34 42 13
Cyrtostrombidium boreale 33 23 10 0 0
Askeneisia sp. 50 25 24 4 0
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Table 8. A EA ARZF £7 223 H7H(Saprobic value) ¥ %3 A % 7}F(Indicative weight).

Species X 0] b-M a-M P I
Didinium gargantua 0 0 0 2 8 5.0
Favella ehrenbergii 0 0 1 2 7 5.0
Tintinnidium muscicola 0 0 1 2 7 5.0
Vorticella sp. 0 0 1 3 6 5.0
Strombidium sulcatum 0 0 1 3 6 5.0
FEulpoteus sp. 0 1 2 3 4 5.0
Uronema sp. 0 1 3 4 2 4.0
Spirotontonia grandis 0 1 6 3 0 3.0
Helicostomella subulata 0 2 3 4 1 4.0
Tontonia tubinata 0 2 4 3 1 3.0
Strombidium capitatum 2 3 3 2 0 2.5
Uuidentified species 19 4 3 2 1 0 1.0
Strombidium constrictum 4 4 2 0 0 1.5
Cyrtostrombidium boreale 5 3 2 0 0 1.0
Askenesia sp. 5 3 2 0 0 1.0
I: Indicative weight of species (¥ A &7})

(2) AEF A RTES o]83 FFX](Saprobic Indexes)?] 4H&

Table 29 22 Wl o] A3se] Table 8.9 Az 5
20089 11€¥ 7H#4] A ARF{ 9439 FAFE A8kt
H o~

A= 57FA S AR

Goh AEAE AEse] 20061 497H

24 BeAs @AY dF o] 20073 A4 1614 B4ER BEA5e A W
e 03 2rhFig. 20). 20079 599 A% A 19 A9 ALY AFAS gho] g wA A2
o Fo] ofahyl AEE UEum Qe v, 19 FAe 73%-5— ARAX)S] ARAFTE A A A
Ho} Fdo] FEF FHw v ANE wolm Yuk osh go] REAFe AN A £ Fehr} o
L gEel geka 9k hE AEE 5 9

20068 1AAE habRre] 31-32700] BRI HEAFe] AZARE Adel wE T Aol A
F7 499 A9 GEarE e FA5ge 44 139 @orwr Uje] 47 21M4 Saprobic Index(SD
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