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Habitat characteristics and vertical distribution of a seaweed/seagrass community in landlocked brackish-water lagoons were determined
in Kamikoshiki-jima Island, Kagoshima Prefecture, Japan. A field survey was conducted along the shoreline of Namakoike and Kaiike
Lake, and a line-transect survey was also conducted to elucidate their community structure. Vertical distribution of temperature, salinity,
dissolved oxygen and nutrients were also measured using a portable CTD and spectrophotometer. A brown alga, Sargassum piluliferum, was
confirmed to be the dominant species along the shoreline at depths of 0-4 m in Namakoike Lake. Meanwhile, two species of angiosperm,
Ruppia maritima and Zostera japonica, were observed in some places of both lakes. A sandbank separates the lakes from the sea, and there
are no visible ways of exchanging water. However, there are slight tidal changes within the lakes that are synchronized with the tide, and
therefore some seawater may be exchanged by seeping through the sandbank. Nevertheless, these three species found in the lakes were not
confirmed to exist in the adjacent water outside of the lake. We suggest that the seaweed / seagrass community in the two lakes were isolated
completely from the outside ecosystem. In both of these lakes, a thermocline and halocline with the presence of anoxic layer was evident,
and these gradients corresponded with the vertical distributional limit of marine plants. These environmental factors in the lakes may have
influenced the distribution characteristics of marine organisms in this ecosystems.
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Fig. 1. Map showing the study site (Namakoike and Kaiike
Lake) in Kamikoshiki-jima Island, Kagoshima Prefecture,
Japan.
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Fig. 2. A. Namakoike Lake (View from the north). B.
Sargassum piluliferum in the study site (St. 5).
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Fig. 3. Distribution of three spcies, Sargassum piluliferum,
Zostera japonica and Ruppia maritima in Namakoike
and Kaiike Lake, Kamikoshiki-jima Island, Kagoshima
Prefecture, Japan. Three lines shows the location of the line
transect.
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Tablel. Seaweed / Seagrass in Namakoike, Kaiike Lake and Nagame Beach confirmed in this study.

Location and Month

Namakoike Kaiike Nagame
Phylum Order Species May  Oct. May  Oct. May  Oct.
Chlorophyta Ulvales Ulva intestinalis + + + +
Cladophorales  Cladophora spp. + + + + +
Caulerpales  Caulerpa nummularia
Caulerpa racemosa var. late-virens +
Caulerpa racemosa var. peltata +
Caulerpa webbiana f. tomentella +
Rhipidosiphon javensis +
Codiales Codium cylindricum + +
Codium fragile + + + +
Dasycladiales Neomeris annulata +
Heterokontophyta Ectocarpales  Hincksia mitchellae +
Sphacelariales  Sphacelaria tribuloides +
Sphacelaria sp. +
Dictyotales Dictyota dichotoma + +
Dictyota linearis +
Distromium decumbens +
Pachydictyon coriaceum +
Padina japonica + + + +
Padina minor + + + +
Zonaria diesingiana +
Fucales Sargassum piluliferum + +
Sargassum sp. +
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Tablel. Continued.

Phylum Order Species

Location and Month
Namakoike Kaiike Nagame
May Oct. May Oct. May  Oct.

Rhodophyta Nemaliales

Corallinales

Gelidiales

Bonnemaisoniales
Gigartinales

Gracilariales

Rhodymeniales

Ceramiales

Magnoliopsida  Alismatales

Tricleocarpa cylindrica
Liagora ceranoides
Amphiroa anceps
Amphiroa zonata
Amphiroa valonioides
Corallina pilulifera
Jania adhaerens
Lithophyllum okamurae
Lithophyllum spp.
Gelidium pusillum
Pterocladiella tenuis
Asparagopsis taxiformis
Gloiosiphonia capillaris
Grateloupia asiatica
Grateloupia ramosissima
Hypnea flexicaulis
Hypnea spinella

Hypnea yamadae
Peyssonneliaceae spp.
Ahnfeltiopsis flabelliformis
Ahnfeltiopsis sp.
Portieria hornemannii
Gracilaria parvispora
Gracilaria vermiculophylla
Gracilariopsis chorda
Champia parvula
Ceratodictyon spongiosum
Chrysymenia wrightii
Gelidiopsis intricata
Centroceras clavulatum
Ceramiaceae sp.
Wrangelia tanegana
Acanthophora spicifera
Chondria dasyphylla
Chondria lancifolia
Digenea simplex
Laurencia intricata
Laurencia okamurae
Laurencia sp.

Palisada yamadana
Polysiphonia spp.
Tolypiocladia glomerulata
Ruppia maritima
Zostera japonica

+

Y

+

+ o+ o+ o+ o+

+ + + +

+
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cm, K (ETEBKIERE) 1 100%72 -7 (Table 4),
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m?, FEEE 422 cm, BEKIZ 2% 7% 57,

FEHRE212BITZSHAIHOS XYY FHEDOBGFRE
414 g m?, FEEEE 341 A gm?®, EFREIZ 182 cm, B
R 0% o7, —F, 10 A28 HOBAERIE 256 gm?, E
Bz 340 Am?, FEEIE 60.7 cm, REAEX 66%7 572,

£ERE
BRI

AR KIRIE S H THRE 22.8°C (St. 1 uKIE) 2T L,
BRf%IE 11.5°C (St4 DKEE20 m) 72-7 (Fig. 4), »ih
DFERITB T HRMEAKIRIX 20°CH 5 22°COHFHZ R L,
KRS m ECRBEDE.RR L2, —7F, KiRIEAKESm
25 10 miP I TELIETL, EERREREEPR N
=o K 10 m BUETIE 12°CHIBOEZ R L7228, St. 29
St. 3 TIFMIE (K 17 m) TRPLREL, 15CHigEZTRL
72 St.SFKEBH S m LRI E» 5, REEMEDK
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Table 2. Vertical and horizontal distribution of the aquatic plants and
invertebrate communities in Namako-ike Lake, Kamikoshiki-jima
Island, Kagoshima Prefecture, on October 28, 2003.

Transect 1

Distance (m) 0 3 12 19 27 37 41 45 52 54 56 70

Depth (m) 0 05 06 06 07 10 11 17 37 43 48 55

Substratum MS, P.C,P.C,P,C,P.C,P.C,PC, PC, MS, MS, MS MS
P MS MS MS MS MS MS MS P C

Phragmites australis 30

Polysiphonia sp. 1 +

Cladophora sp. 1 +

Ruppia maritima 10 70 $ +

Ahnfeltiopsis sp. 5 40 30

Ulva intestinalis + +

Gelidium pusillum + + 5 +

Peyssonneliaceae spp. + 5 5 20 5 +

Gelidiopsis intricata + 10

Cladophora sp. 2 + 20 5 10

Sphacelaria sp. + 5 10 5 + 5

Sargassum piluliferum 20 60 95 100 60 20 + + 5

Ceramiaceae sp. + 10 15 20

Chondria dasyphylla +  +

Gracilaria parvispora + o+

Pinctada fucata martensii + + 5 10 10 20 20 20 30

Serpulidae sp. + + + 4+ 4+ o+ + o+

Halichondriidae sp. + 5 5 §5 3

Bugula sp. + + +

Styela plicata 5

Transect 2

Distance (m) 0 2 5 13 16 25 29 32 37 39

Depth (m) 0 04 05 30 40 72 86 108 125 135

Siibstiatiin C,P C,P C,P C.P.C.P,C,P,C,P, MS, MS MS

MS MS MS MS C

Polysiphonia sp. 1 25 40 +

Polysiphonia sp.2 k)

Laurencia sp. +

Sargassum piluliferum 10 9 20 90 20

Chondria dasyphylla +

Ceramiaceae sp. 5 30

Peyssonneliaceae spp. 30 5 2

Polysiphonia sp.3 + + 10 30 10

Asparagopsis taxiformis 5

Lithophyllum spp. +

Ahnfeltiopsis flabelliformis +

Codium fragile + o+

Polysiphonia sp. 4 +  +

Gracilaria parvispora + o+

Chrysymenia wrightii +

Pinctada fucata martensii 25 30 40 10 30

Serpulidae sp. 5 5 + + o+ +

Halichondriidae sp. + 5 +

Bugula sp. + 5

Values for each species indicates the coverage of the quadrat (50 cm * 50 cm).

Total coverage was estimated more than 100% when each species was laid to
overlap each other.

+ indicates less than 5% coverage.
Substratum: C: Cobble; MS: Muddy Sand; P: Pebble.

B2 L7z, AKiEIEAKE 10 m BUETIET L, St. 4 TldAz
21mTI3°CE o7, —A, St. 1225 St. 3 T, KZEI12
m T/Kifi 16°CAH 5 17°CER L, WEE CHEELAZHIZRS
Nghoiz,

BFBRFIREE (DO) :DO i35 ATRA942mg L’ (St4
DIKET.T m), HN0.12 mg L (St. 2 DAZE17.1 m) %
mL7 (Fig.5), RETHTmg L' BEOEERL, KE
SmETEMLLEDo7h, KRE6mMmH» 5 8 mTH 9 mg
LT B2z, OmBIETIEZE L CIET L, K15 m bl
BROMIEFTIZ0.69 mg L' %5 0.12 mg L' ofEiz R L7,
722U, KEDE St. 5 TIHHEE (KEES52m) T4.17
mg L' ZR L7,

10 AIZHRA 6.89 mg L' (St. 5 ®A%E0.1 m), £/0.16

Table 3. Vertical and horizontal distribution of
the seaweed community in offshore Nagame-no-
hama Beach, Kamikoshiki-jima Island, Kagoshima
Prefecture, on October 28, 2003.

Transect 3
Distance (m) 0 35 43 60
Depth (m) 0 1.7 22 35

Substratum B.C, B,C, B,C, B,C
P PS PS

Codium fragile
Asparagopsis taxiformis
Amphiroa zonata
Dictyota dichotoma
Corallina pilulifera
Amphiroa valonioides

v+ o+

Sphacelaria sp.
Peyssonneliaceae spp.
Hypnea yamadae
Lithophyllum spp.
Jania adhaerens
Centroceras clavulatum
Cladophora sp.
Pterocladiella tenuis
Padina japonica

++HEBEBS o+ D

Laurencia sp. 10
Sargassum sp.

Tricleocarpa cylindrica
Neomeris annulata
Rhipidosiphon javensis

Digenea simplex

Ceratodictyon spongiosum
Caulerpa racemosa var. late-virens
Caulerpa racemosa var. peltata
Wrangelia tanegana

Distromium decumbens

Liagora ceranoides
Tolypiocladia glomerulata
Acanthophora spicifera
Champia parvula

A A R R R - E -

Ceramiaceae sp.

+ U+

Lithophyllum okamurae
Chondria dasyphylla +

Values for each species indicates the coverage of the quadrat (50
cm * 50 cm).

Total coverage was estimated more than 100% when each
species was laid to overlap each other.

+ indicates less than 5% coverage

Substratum: B: Boulder; C: Cobble; P: Pebble; S: Sand.
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1#9 26 psu 2R L, KER 6 m £ TIHIFABEDMER > 7,
IKEE 6 m BUEIZRZ ISR 20, KE 15 m» 5 HlET
329 75 32 psu ER L%,
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psu (St. 2 DKE0.6 m) 7207, REHPSAKEIOm T
138927 psu 2R L, K 10 m DUETIHE IR R4 IC3Em L,
KB 15 m 2> 5 HIETIX 30 2> 5 32 psu 278 L 72,

KN S HORATIE, WMREZER (NO,-N) 2KHP
KESm, 10 m T2 uMETHEIE 5728, KE IS m TS
UM 225 8 uM %R L7z i b & o7z (Table 5), HfiSEAHE
2% (NO,N) v, A%ESm, 10mT02uM 25 04
UM %R L7255, KEE 15 m THE 1.6 uM &R L 7 Husi 438 -
7o TVEZTHEER (NH,N) BRE2SKE 1S mDIF

Table 4. Biomass, number of branches, length and ratio
of maturation of Sargassum piluliferum in Namakoike
Lake, Kamikoshi-jima Island, Kagoshima Prefecture
Japan (May 1, and October 28, 2003).

Number of  Branch
Biomass branches lenght Maturation

Transect Month (g m?) (shoot m?) (cm) (%)
1 May 106.0 192 456 100
Oct. 2530 331 422 22

2 May 414 340 183 0
Oct. 278 340 60.8 67

Temperature °C
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= S o o
&,

oSt

ost.2

e O @st.4

Bre X St.5
20 e

Fig. 4. Vertical distribution of the water temperature at
four sites in Namakoike Lake, Kamikoshiki-jima Island,
Kagoshima Prefecture, Japan. A: May 1, 2003; B: October
28,2003.

EAEDIKE TR 7207223, St. 4 DKE 15 m T
TO9uM %R L, KE20m TlE 714 uM EBEWEERL 72,
Y VEEREY v (PO,&P) ZRMEHDSKEISmDIZEALED
KEET 1 uM 226 3 uM RBEEZ 57223, St. 4 DIKBE 15 m T
42 uM, KE20m T I115uM 2R L7,

10 HOGRE T, HBEERNIRA»SMEICESIZ L
Lo EOHET 1.4 M 56 3 uM O %R L7225, St.3 O
KZE15m, St.4®20m, WIET43 uM B LK50 uM O
fEZR L 7z, THBEERIEZ TR TOKETO2 M 25 0.8
UM OHIFTHR Lz, 7Y T TRERRIZMEE X OKE
15 m O—FHTEVEIHRE S, &K279 uM (St. 4 DK
W22.0m) IZEL, Y UEBEY i St. 3 DAKE 15 m,
St. 4 DKFE20 m, HETEHVESKHSh, FK222uM
(St. 4 DIKEE22 m) %7 L 7228, R 7K%E Sm, 10m Ti% 0.3
UM 25 1.3 uM DECTHERS L 72,

Bt

10 Aok iE, RE2»S5KE3 m £ TIEH18CERL,
KE3ISm254mTELCHEML, RE245CE2RL7%
(Fig. 7A), ZNLUERFHMET L, K% 5m BUEIFH 21°C
TEL b otz, BEBERERR, HETS5TmgLl!' 25
L, K&K 3 mECRABEDMEE 57253, KE3.7 m %
TRMIET L, KE4T mbSHEIC2ITTIE 0.7 mg L
LUF7 57 (Fig.7B), #o7id, FEili &K% 3m £T25
psuFi CE L e h o 7228, KE3.5 m T334 psu & &
WML, 2R AREDfEZ R L7 (Fig. 7C),

FEEIZKEPECIEEEVEZSR L (Table 6), K
TIITHERREZE RS 2.1 uM, HERHIRREZER 04 uM, V) v BRE
V& 3.1 uM o728, 7V EZ7TEERIMEBRALT
Thote, —H, KEHN3 m TIIHBEER 7.1 uM,
THMRREZESE 1.5 uM, 7= T7HREEZR 2.1 uM, V) v EHEY

Dissolved Oxygen mg L™
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Fig. 5. Vertical distribution of dissolved oxygen (mg L)
at four sites in Namakoike Lake, Kamikoshiki-jima Island,
Kagoshima Prefecture, Japan. A: May 1, 2003; B: October
28,2003.
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VIE56 UM BT L1,

%E, SHOEREKIEZ223°C, BKEMERE 7.7 mg
L', WORE 162 psu 278 L7z, 7, RIEDKERIIM
FRREZESRAS 2.1 uM, HRAHMRREZER 02 uM, 7Y E=THEE
F21uM, VUBEY Y 19uM 2R L7,

REODE

EHDED S5 ADERMAKIRIX 204°C, BEBRERREEO.L
mg L, 5 33.6 psu”o7: (Table 6), *7-, H&EH
ITEERREZE RS 2.1 uM, TEIHERREZER 02 M, V VEEREY
V22uM, 7VEZTEERMRHBRATZo7%,

10 HORER IIMBEER 14 uM, MHBEEEER02
uM, U VEEREY iE 1.1 uM, 7V E=TREERIIBEHER
RUUT o7,

Salinity
24 26 28 30 32 34 24 26 32 34

oSt
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Fig. 6. Vertical distribution of salinity at four sites in
Namakoike Lake, Kamikoshiki-jima Island, Kagoshima
Prefecture, Japan. A: May 1, 2003; B: October 28, 2003.

R DS

ERhOWmOE 31X, 5 A 1 BTk (15 K 33 43) T,
EHDEL D 117 cmiE <, MU REIRZIC 144 cm & h - 7z,
10 A 28 H ¥Rz, R (10 K 11 4) TREDEL
D 127 cm &<, BiZRARZIT 134 cm & o 7z,

ER

APFZECIRMERILT 30, HihT 105, REHODIET46
FOMEMEY 2 MR L 7z, WRIMTIE, WMo 72KES
mEFCTOHFICeRAI T IVEL ML, BRER (1990)
DG L WRR U A s RS N, —Ric, x ¥ 74
IEBPAR EICER T 528, RIFFO BRI RS/
DEICETTIRTEL >, AERORHDEIIEZ 2 m
REDWIH > 753, MR B it WM Lok FhE
FickhEPESNTED, REDED L) RRIZR S
ot (Fig. 2), BRACEHIRGOHELZRE, KREI
XBEEOWELIZB I DI WEBIETH B Z L5, BaE
WKEELTEFTELDDLEER D,

RRAY T IBEETTLREDHESIES H, 10 HED 26
527 psuThHh, TIEGB—RICASNIBEDIFS L
LCiHME» o 7z, BB RKERERS (1949) RO RE
S % 15 psu, KES mT255 6 28 psu LML TR D,
MR EOMAKTESMET T2 L LTw3, R
FHRAT237 <, BoKDOBEHE IXRK»P BT SR L %
EEMBEKICRS S, EAOELIEREICHEELZITS L
EZoNB I EHD, SRIMNRHCERROES A
T RO ND, £, EBERIEKEDESMEZ R
BHARECTHOPICTZ I LVHEETH B,

v X457 7E5HE 10 HOMSG TR S N, BREETIE,
RAYTTIE3 AL S AIZrCERL, EFIIMNERE
R, BEMRETIHMEROALLES (HES 2011), L
L, BRILOMEEEES AL 10 HOMATEREZEE L
TED, WINORH S ETEEHRIKHER X N7z (Table 4),

Table 5. Nitrogen and phosphate concentrations at Namakoike Lake, Kamikoshiki-jima Island, Kagoshima Prefecture, Japan (May 1 and

October 28, 2003).
Depth NO_N (M) NO,N (M) NH_-N (M) PO, (M)
Month (m) St.1 St.2 St.3 St.4 St.5 St.1 St.2 St3 St4 St5 St.1 St.2 St.3 St4 St5 St.1 St.2 St.3 St4 St5
May 0 29 21 29 21 21 02 03 02 03 02 ND ND ND ND ND 1.1 17 16 18 32
S 21 29 29 29 21 04 03 03 03 04 ND ND ND ND ND 1.7 24 15 24 12
10 43 14 2.1 14 03 03 02 03 ND ND ND ND 25 26 20 24
15 57 86 79 36 0.7 16 1.6 0.7 ND ND ND 79 18 32 22 42
20 21 04 714 115
Oct. 0 14 29 21 29 29 03 04 03 02 03 ND ND ND ND ND 05 1.1 13 1.1 038
5 21 29 21 21 29 04 02 03 03 02 ND ND ND ND ND 09 0.6 0.6 06 08
10 2.1 211 21 21 03 03 04 02 ND 29 ND ND 04 09 38 03
15 21 21 43 29 04 04 0.7 04 ND 07 1790 ND 23 3.1 217 44
20 43 07 ND 205
B* 29 29 29 50 2.1 05 04 04 08 02 150 143 57 2786 ND 53 5.1 49 222 13
B: Bottom.

* Depth of the bottom: St. 1,17.2 m; St. 2, 18.7 m; St. 3, 182 m; St. 4,22.1 m; St. 5,68 m

ND: Not detected.



LERE oI B S 1 B MEEETEY)

Temperature ‘C
16 18 20 22 24 26 0 1

Dissolved Oxygen mg L
2 3 4 5 6 7 22 24 26 28 30 32 34 36

39

Salinity

O T T T ¥ & ¥ 1 0 T L L L
A B c
2_
[ ] A o A
= be® O
4 2 @8
& @
i
S 6
[0)
o
8_
A#] o
10 f O#2
03 g
12

Fig. 7. Vertical distribution of water temperature (A), dissolved oxygen (B) and salinity (C) in Kaiike Lake, Kamikoshiki-
jima Island, Kagoshima Prefecture, Japan. Measured three times at the same location on October 28, 2003.

HE1D5AD X5 7 7 EFKIFWTINb+aMELTED,
BRI 100% 7257, —77, HIFR2 <lik, HREZHBL
FAEORBATEFIZANEDL> T, 10 Bizix, M2
DIRAYTTDHBHELTED, 67%DEMIERAL T
7R L, IR 1 OEROBRAEIL 2% >, 2Dk
Iz, HER 1 R 2 D= X ¥ T 5 TR E FEDRIC
EBRont, BRER (1990) &, #ERbOwX57 5
DEEE S5 ABELEL, B TERL, KICHAT 2

EREL T3, ANROKRIIERESR (1990) D=4
B UFEH MR L TED, 5 HORAEDELIZHE
FRIBOMEEHZHE L ECk2dbDEEIONE, Ih
SDRER»S, HIED XY 7 713FD 6 BICER L THKIC
AL, FICHRAT 2 BIREEOMEEH & IXR% 3 RHi1tE%
5%, A—HECRLIEHEZROZLIZEEBOTHE
7 Sargassum horneri % £ THI 5 11T\ % (Yoshida ef al.
2001), JhBEDO T HEZIE, 1ZIETEUCKBBREICETT 2
EEHCREEIC LIRS o 50, Rt BREBD
KERIFFE LS B S, v A¥ Y EFHOKE (M) X5
H & 10 AT20°CRIE 7S 27228, BEIREE (1990) 1ZHZ=IC
#130°C, £Z=13 10°C2 4 T TES 2 L 2WE L T\ 5, —7,
BIREBRHOKEZ, BZEIIHN29°CIET 525, £Z=iF
I 16°CRE LRt &k h bEw (HES 2011), 53
A PR D IR L IR E T EZF IO W T H AL T L 7z
b, EEICOVWTEZ T LRkDoN S,

BRI OEAREZ, 1) RE L 2 ER, 2) Sk Torid 35,
3) BRIRCEIEEA R/ L2 VEME, FORTY XYY 7 DRH
=335 (EH 1998), LL, #EEbLOMEEEX, FH
PR REBICAEE T 2 EER L D by, KROIZ
AEBRWEBRENZ D LX) RIGRICHEZRIZFLTw5 Z
EDtaicEZ o NSy, S o RO h RHEX
TW3ZEhs, BREBEBRBICAEETIAY T I LI3E

Table 6. Nitrogen and phosphate concentrations at Kaiike Lake
and Nagame Beach (offshore seawater), Kamikoshiki-jima Island,
Kagoshima Prefecture, Japan (May 1 and October 28, 2003).

Depth Kaiike Nagame Beach
Month  (m) NO-N NO-N NH-N PO, NO-N NO,N NH-N PO,
May 0 21 02 21 19 21 02 ND 22
Oct. 0 21 04 ND 31 14 02 ND 11
3 7.1 L5 21 56
5 79 18 29 59
~HI7Z2 73 SEAT HE DS o TR, DT RGSENT
BRI A EAEA TL 2 TR H 5, 51

Shicky, BREEEHOBEGNZBEEZHS »ICT
INEDH B,

RAERR L L 20WA TR T I 0MEL T 2EENR S
Nz, ZOBRESMEEIIERER (1990) O L13iF
—H L7, L2»L, SEIOFAETIZ, REDEZFLLETS
HMEDIRFEH T A Y7 S 2R CELPoT, REDIEIZ
MEHIAIKEDPER T 2 THEBE ) IRETH D, BRI EE
HOETITHHREOMAEDE L Bl o7, REDEDHEIET
DETIFERER (1990) Ty ciclmEsnTsh, 104
PEichblzoTiHE L T3 EEZ o5, LEEDIEH
WKEBT 2R Y 713, EFEOHNBRZET 1984 FIC
RIS NI AZAR D BB ROKBER TP SE & o~ & — AR 1T X
BRI N T3 (KFE-B67-42-67, 68), WAEIFUHTHRS
nizv, 7, EEEEMETIR, FARTPWE X BEALT
MR E, F)llZ & 1980 FARUCERIN & ML 7z AR DS AR I UX
I TWw3 (Fift 1990), Lo L, BEOFHELTIITIL,
7 % X% 7 Sargassum duplicatum 7z ¥ OBV WE R I
Ronz@ENERLTEY, vA¥ 7 7 3EBEROEEE
LRBROUTIEEALR N, TDXHIC, HEELETE
JAATIERREE T DETONRREMEAE O EL1E L, REDE
SRR TH - LEZ 6N D, BREETHIHETT 2 UETORE
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DIEDWFEEREA N D W TIIFEERD 2 023, BAED TRt O 7
FENEAE LRI T TREEDSD B,

BRI T 6000 FERTIC ATL2SEAZE S T BUKE, 4D 5
[BEEI NI EER L o tEbNiTWw3 (&b 1976),
FEWE, SNEOWEKIZIEH T OWEEZN L CEBHT20ATH
D, ¥EEESHANEAN - BT 2 2 LIERAfETh B, &
7z, WM D EICIZERB DI NS AL BEFLTWSE I Eh
5, WD E%#Z THBKIMEEIIRAL T3 I LidE
ZIZK W, 72720, 1951 FDONL—RABETIRIEIRICE - T
W AsHRI, MK DSTERERA L7 2 & DSERdRIC iR > TWw B,
N ORI A ED> SREES T B Y, INEOMEEE L&
BRI RRIGER IR Sk was, 2o TIIM o ES©
T AICH oI AREE D HEEIN S,

RO KR, SHTKESm, 10 A TKEIOm
TIERMEIFIIEFRLCTH D, ZNLUFICRERERR S N
(Fig. 4), RERE X ) LOKFETIEICBRFEBRRED
—ETHD, TOKREFTIEMKOEERANH S LEZS
15 (Figs 5,6), —/, MEBEOT T, ETIZEVE
Fri &Rl ot Y, MBREIERIN TV, TDK
R CIREERSVRONT, HERETHE LEIONS,
HEPXZEDFERV LW I L2 ORMTE LW, KE 10
m BURD K HEE BRI AE & DKL IZ & A Ee
REEch s LBbN 3,

KREAMHEDREBRIZRBDOIR EABEDEZ R L7253, W
EMECTRERED? v EZ7RREESBRE I N (Table
5) TNREDREEICL o TERINLT VB TREERIE
BRECHBRICHtINT, MERICEBRL VR D LEEZ
b3, BHRBREEOMBRELIES L, KE 10 m LED
WECRAaNECHEEMYBER - AB T2 L REELWE
EZzib6hb,

Hith T, /KEN3 m EoKE, Y, BREBRIRRED
EIF—ER 278, KE3 mD 5 4 m TR EFS AN
L, BEBRRIRENED Lz, ZOKEFICIZIaeF 7L
DERETEZHR L TwE I EBREINTVLS (AL
1985), 7 B2 F V7 LDFE EHDTDEEIC X > TTEICIE
IRERBRBREICE>TWE I ENS, BEORE LH
RICEBIERIE 2 5 WIREE GRAERM) Th s L%
I (JE - JEN 1996, 2000), o Z L s, HihT
SN JECHERFERY DS EFE TR 72 DL, WIREDFRFTICR S 3,
R Bib ik, WIIREEMBICR NI 2HT Y
WEEHICGBED aTENR N, MEDOYX I T 7O
“EbRohi:, EFHHORL 2 N5 OFEDIFE—» Fric
RonzZ 3B LL, WEBHIIEHCR NS REL
ARER L L THIEPRE W EEZ 5, BRI BT oKE
VOWESIMBERICX > TEHEINTED, IhsDiF
B X o TERBRPRFICHER SN TR, Zs DEER

BEBOREINDHICH, HIBIEESHAFIC LS E=
SV TPEREEZ D,

HitEE

AR —EIE 7 BIBHA B AREIR S EMEHZ IR i
ERERHEL LCEBS N L 2HEL, WEICIHIY
EEwE L RERERESIEA A ERRL R 258 S OB
REMLICHALE L LT 5, FEICEL Tid, BEEEIATH B
HTHE 31X D BIGRE DRERRIC S 2 L i, ZOB%E
i h CHEERT 5.
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