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Changes of Vegetation Structure according to the Hydro-seral Stages in the

East Coastal Lagoons, Korea
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Abstract : We have studied the changes of the environmental and vegetational factors according to the hydro-seral
stages in the shoreline of the lagoons, Korea. We have divided seral stages into 7 stages from open water stage to
the stratified forest stage considering as the characteristics of water body, dominance of submerged and emergent
plant, and development of the shrub, subtree and tree layer. According to the successional stage, water depth
gradually decreased and water quality changed from seawater to brackish water and from brackish water to fresh
water, organic matter in a soil layer gradually increased, and the litter layer grew up. As the development of the
vegetation structure, the life-form of the vascular plants changed as follows; open water — submerged plant and
floating-leaved plant — emergent plant and submerged plant — emergent plant — emergent plant, mesophyte and
scrub — mesophyte. In the late seral stage, the 3 different forest types were established by the water retention or
drainage and nutrient accumulation of the soil layer. Salix dominant forest developed in the wetted sites, the forest
type dominated by Pinus thunbergii, Carex pumila and mesophytes developed in the well drained sites causing by
sand substrate, and the forest type dominated by the planted or ruderals such as Pinus densiflora, Robinia
psedo-acacia, Festuca ovina, Setaria viridis ect. developed in the sites composed of forest soil introduced by
artificial reclamation.
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Stage I

Stage V
Fig. 1. Photographs for the division of vegetation successional stage in the east coastal lagoons, Korea
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Table 1. General description about the investigated 19 sites for this study
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Successional Name of 'GPS poir}t Domir‘lant Substrate ert'

Stage lagoon (latitude/longitude) species condition
11 Song-ji 7 N 38° 201 00.1" E 128° 30’ 5g.8"  rIophvhuum Sand Water body

spicatum
i Song-ji 8 N 38 10 53.2" E 128 30' 47,70 Mriophyhuum Sand Water body
spicatum,

1I Chun-jin N 38° 15' 09.6" E 128° 33' 20.6" Brasenia schreberi Sand Water body
111 Song-ji 9 N 38° 19' 51.5" E 128° 30' 51.2" Phragmites communis Sand Water body
111 Gapyung-ri N 38° 06' 09.6" E 128° 38' 52.6" Phragmites communis Sand Water body
v Song-ji 3 N 38° 20' 10.6" E 128° 31' 14.8" Phragmites communis Sand Wet
v Song-ji 4 N 38° 20' 12.9" E 128° 31' 12.0" Phragmites communis Sand Wet
v Sun—-po N 37° 48' 49.9" E 128° 53" 10.2" Phragmites communis Clay Wet
\% Song—ji 1 N 38° 20' 08.0" E 128° 31' 14.6" Phragmites communis Sand Slightly wet
\Y% Mae 2 N 37° 57" 07.8" E 128° 46' 16.7"  Amorpha fruticosa Loamy sand Slightly dry
\% Song—ji 10 N 38° 19' 51.1" E 128° 30' 50.2" Salix koreensis Loamy sand Wet
VI Song—ji 2 N 38° 20' 08.1" E 128° 31'13.9 " Pinus thunbergii Sand Dry
VI Song-ji 5 N 38° 20' 16.0" E 128° 31' 07.8" Pinus thunbergii Sand Dry
VI Ssang N 38° 05' 14.2" E 128° 39' 43.7" Salix koreensis Clay Wet
VI Gungae N 38° 01' 47.3" E 128° 42' 36.1" Salix koreensis Clay Slightly wet
VII Mae 1 N 37° 56' 54.7" E 128° 46' 23.8" Pinus densiflora Loamy sand Dry
VII Hyang N 37° 54' 45.0" E 128° 48' 46.8" Pinus thunbergii  Loamy Sand Dry
VII Kyung-po N 37° 47' 46.1" E 128° 54' 28.2" Pinus densiflora Loamy sand Dry
Vi1 Pung N 37° 44" 34.2" E 128° 57' 42.6" Robinia Loamy sand Dry

pseudo-acacia

- 132 -



AA ZAR= 2008 79EE 2008 9l
AlSFSIE). Z¥zke] ZARA Hell A

4
RS REG
A 3m X Bm 2719 BHTE AR, 2

TE 7Aooz xAsle] XAk vlar} 7SSk
w2 S}, WElTE A3 oS Wl el
Fdohs T4 THE 9EE VSS9 B
© A&A FaAA 2.5cm o3l wEA HiE
o mjEZAE FaEigla, 47 2.5em ol
Q1 wEA BES VAR SAEITE AL
=

[0}
"
o
o
_0|L
N
do
QL
2
BN
yus
=
. B
S:i
o
&
ol
o

O

%

o

o rl’N

1> 4

mr St

ts

it ]lz

™ ﬂ}{ﬂ

T &

IR

;R jines

SO
B

o =

i) ox
N oofN o T

NP ox w IE

e dz o Mo

P :E o,

Q1
R
)

O oA e e otig 19 oo g 1>

A 2] el
T2(1989)0] AAG oA ow, il i
o] AEee ZEH2006)0] AATE AR
ol-&3te] UAEAE Fsle FAHSNL, 7]
o] AEEEFS WRIF(1985)0] AAIEE 4
AG2S o] &ate] FAsIIT AR dA A
AR5 0|83l Curtis & Mclntosh (1951)
Holl w} A9 =(RO), AHHI=(REE FHitst
FToA WMEES ARSIt SUdATE
(H)E= Shannon - Wiener®] 2lo& 5% A4
N+ Pielou(1969)¢] Aoz Tgla $HE A5
(O+= Simpson (1949)¢] 215 o]&st 53
2ol Akt

2 o rlo

H = -3 (i/N) * Inni/N)

J' = H/In(S)

Solleh MSollA FUHO|AH[Hol| WE M| e}

C =3 (ni/N)?

o719l A ni
A& ojusha, N2 BE Fo) F23 2l 100&
Uehdt) ek S ok 2AA A Ul E8e 25
£ YEhdth

rlr
gﬂ
g
N
B~
)
2
>
N
(o]
ofN
o

24 x| BH20l0| =3

] pH, W7AEE B diE=s A

|48t Consort C535 HE-S o] &35l =A3}

7}
Akl UsE AAT v AFesia,

AHL 4ol 20cm, 7 6cme] ZT

[¢]

7H F1AZ F 2mm A2 A {71E
B pH, A7HEs 2 dReg A3
F71EdEe oF 10g9] EYS Lol Yo
105CollA] 24A13F AZAZD A9 7|24 4
AIZE F9F 600TE Bl F-AI2] Aol T3tk
Ee] pHel A7 AEEE 10g9 40 BESH &
FE 1 s(w/wR &3l 30%3F A
T AAAR A7

9T e 4 2AF AdolA 2Rk
o] 83te] 53] o] FAHsI 1 HHgkS |83t

Atk

25 EAEA

N

B =7l A
&S H|
Excel 2007& o]83}adt). wal o] gzt 23}
of W T2 Wt 5SS ehlr] fAste] AL
&3 DCA ordination& PC-ORD
program(PC-ORD 5)& ©]-&3lo] A]83ith
DCA ordinations o] V - VI @Al &3h=
Azel X A AEFY FLAE 1 oY s

e FENS doR B,

FeAEE 9187, AaTs 2
=
=

=

- 133 -



010
>

2% - ol - of

J

Fok

N
1)
i)

Aol e we A YAE el
WsHE Table 20 WeRSIEh A8 o]
SAA T SAZARE SAERAAL, 1 o)
Aol A= AR o] SAEA ekt HoleArt
Aol w2t A2 LopAl= Aol FHlEA
3, GRS AHREE wolAl= Adge] F3
stk 2#u pHe 53

oktt. Ale) pHE A=me] &4 7l 54
o2 pH 7 oo ks Hehlal JvkeEA
& 1998). E¥e] pHE Holxladel] we) thi 7t
At Aol iAW FEigh e fivka
5 vk B¢ dArdEEE A
TR sk AR a2l
Al S7kehe BES vehisit
= o] el w} F3g el
& A dellX e v 2 AXE VERIIE o
A ow AL HoldAHths Aoz 3
9] ggfo] thEy] wite] AR 2)Hol WA 3
o] J3ko] ¥ Z Aow BT weEbq A= o

f
(e
o, o

R

B=o] 4% FxU} gw o=
3). 1L} VI - VI gl x

% B3 ofmEol)

ﬂ‘ rlr
Jkﬂ SL
"5
:JH
B
e

FE5 oFE ek WEHIT 1

o QI shgelae] Ul x4

ol 1ot & ]Ikl ok 1M

o L, w9 REF I -

=2 L‘rEM%‘zii wESS
],

Table 2. Change of environmental factors according to the seral stage. Numbers in brackets mean

standard deviation

Seral stage

Environmental factor

I I 11 v v VI VI

Water body

Water depth(m) 1.67(0.80)  0.77(0.21)  0.30(0.10)  0.05(0.04) - - -

Salinity(ppt) 14.4(8.3) 2.5(1.7) 1.9(1.9) - - - -

EC(ms/cm) 24.4(12.8) 4.6(3.1) 4.02.7) - - - -

pH 8.10(0.3) 7.50(0.5) 8.50(0.8) - - - -
Soil

pH - 6.21(0.71D) 5.71(0.68) 5.70(0.76)  6.19(0.29) 5.86(0.29)  5.60(0.29)

EC(us/cm) - 227.0(188.5) 206.3(91.8) 112.6(114.8)  95.0(76.4)  52.6(23.4)  90.0(46.4)

Organic matter(%) - 0.72(0.25) 1.55(0.78) 1.32(1.05) 6.55(3.71)  4.62(2.47)  8.85(4.11)
Litter depth(cm) - - - - 2.07(1.81) 1.40(1.31)  3.60(0.85)
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Table 3. Change of the vegetation structure according to the seral stage. Numbers in brackets

mean standard deviation

Seral stage
Factors
I I m v \ VI VI

Height(m)

Tree layer - - - - - = 12.5(2.1)

Subtree layer - - - - . 8.0(0.8) 7.0(3.0)

Shrub layer - - - - 3.1(1.D 1.1(0.8) 1.8(2.1)

Herb layer - -0.8(0.2) 1.5(0.2) 1.7(0.1 0.9(0.4) 0.6(0.5) 0.7(0.6)
Coverage(%)

Tree layer - - - - - - 65.0(11.2)

Subtree layer - - - - - 71.3(13.4)  5.08.7)

Shrub layer - - - - 41.7(20.1)  12.5(8.3)  25.0(32.8)

Herb layer - 86.7(12.5) 97.5(2.5) 83.3(23.6) 95.0(4.1) 80.0(29.2) 90.0(7.9)
Stratification 0 1.0 1.0 1.0 2.0 2.5(0.6) 2.8(1.0)
Basal area(m*ha) based on DBH - - - - 0.3(0.4)  16.3(7.6) 28.9(15.8)
Stem density(No./ha) - - - - 1500(2598) 3300(2385) 967(221)
Standing Biomass(Mg/ha)

Herb layer - 1.9(1.6) 6.9(3.8) 5.1(1.5) 3.4(1.5) 3.0(3.2) 1.8(2.0)

Woody layer - - - - 2.7(3.1)  48.8(20.8) 126.8(60.5)

Total - 1.9(1.6) 6.9(3.8) 5.1(1.5) 6.0(3.6)  51.8(22.0) 128.6(58.8)

V Al YERr] AlEkelRs dHESe] rale 2 Mol w2k FSlsHA Skt Table
7] dAR A5 Aok VI 9AlClA vt 3). Fig. 2% aiy Hio] Eddsk= V - VI ©
= ohmuEze] It VI ol HolAe of Aol o] FaEdel me 7] 4o was
Ae PRl ofWEEOR ofmBIoA WE  uehil slolth WA BRe| F/lUus ko
Fow wenlhs Bn 247 dgel Wl we WAL zhed dAdes wohug s
Qow Bolet ol PP WRolth B MEURRI) S-S AL AR} S48
Fol Mme Azo] U WL AR BE @A = 490 W5 B gl Fuan.
o 2 ol gl ARl HEF A= wle] BRe mio] Alzo] ARae] Aeh
o} omgzel Wi Aolddol we WA ke Alr] wEel of JAHel REZ JEAT, VI
she ARolt) FuUWAs BRe EAEY  wAd VI e 29 $¥E Yo g
= Fojxigel wel FREA S7keFltHTable VI 9A8 52 F1247% 5 - 10cm wellA 7t

=
Sfetel gasshe gl TR F BE 4E

A =o kS YERIA, VII gl E 10 -
30cm FolA 7F =& 7S YERNSItKFig. 2).
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Table 4. Change of the species richness and diversity indices according to the seral stage.
Numbers in brackets mean standard deviation

Seral stage

Factors
I 1T 1T v Y VI VI
Species richness(No./15m?) - 2.7(2.1) 10.01.4) 6.3(6.1) 8.7(3.5) 14.3(4.1) 15.8(5.3)
Hydrophyte - 2.7(2.1) 4.0(0.0) 2.0(1.0) 0.7(0.6) 1.0(0.8) -
Submerged plant - 1.3(0.6) 1.5(0.7) - - - -
Free—floating plant - - 0.5(0.7) - - - -
Floating-leaved plant - 1.0(1.7)  0.5(0.7) - - - -
Emergent plant - 0.3(0.6) 1.5(0.7)  2.0(1.0)  0.7(0.6) 1.0(0.8) -
Hygrophyte - - 4.5(0.7) 3.0(3.6) 2.0(3.5) 3.3(4.3) 2.0(0.8)
Mesophyte(herbaceous plant) - - 1.5(2.D 1.3(2.3) 5.0(1.7) 8.0(3.5) 11.3(5.4)
Woody plant - - - - 1.0(0.0)0  2.000.8)  2.5(1.7)
Species diversity(H) B 0.743 2.175 1.268 1.961 2.454 2.463
0.770) (0.038) (1.186) 0.267) (0.255) (0.393)
Dominance index(C) _ 0.577 0.137 0.459 0.171 0.107 0.114
(0.391) (0.023) 0.474) (0.041) (0.025) (0.046)
Evenness index(J) _ 0.619 0.926 0.607 0.912 0.921 0.908
(0.541) (0.043) (0.526) (0.045) (0.016) (0.013)
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Table 5. Change of the sum of importance
value of the plants belong to the same
life form according to the seral stage

Seral stage

Life form I T m v vV VI VI
Hydrophyte
Submerged plant 0 8 12 0O 0O 0 O
Floating—leaved 0 19 0 0 0 0 0
plant
Emergent plant 0 1 44 77 25 17 0
Hygrophyte 0 30 13 2 12 18
Mesophyte(woody o 5 31 99 39
species)
Mesophyte(herbac 1) 15 43 41 50
eous species)
Total 0 100 100 100 100 100 100
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Table 6. Change of the importance value of selected species (IV = 1) according to the seral stage

Seral stage

Life form Scientific name Korean name

I I 1T v \Y VI VI

Submerged Myriophyllum spicatum o] 2HE-4=A 1 0.0 51.3 01 0.0 00 00 0.0
plant Potamogeton berchtoldi Aqk 00 154 0.1 00 00 0.0 0.0
Utricularia japonica Ear 00 129 0.0 00 00 0.0 0.0

Ceratophyllum demersum FolnkE 00 00 11.8 00 00 00 00

Floating-leaved Potamogeton distinctus de 00 122 00 00 00 00 00
plant Brasenia schreberi = 00 54 00 00 00 00 0.0
Nymphaea tetragona var. minima ZIA = 00 14 00 00 00 00 0.0

Emergent Phragmites communis pags] 0.0 00 387 61.1 246 140 0.0
plant Eleocharis mamillata ke 00 00 55 140 00 00 00
Scirpus fluviatilis wjz}7] 0.0 00 00 00 00 31 00

Scirpus tabernaemontani a0 00 00 00 17 00 00 00

Zizania latifolia = 00 14 00 00 00 00 0.0

Hygrophyte Cyperus sp =7 sp. 0.0 00 90 00 00 00 0.6
[sachne globosa 71E 00 00 68 00 01 00 0.0

Juncus effusus var. decipiens =E 00 00 54 01 00 01 0.0

Sium suave M= 00 00 45 00 00 0.8 00

Lythrum anceps kS 00 00 38 00 17 00 00

Carex dickinsii =RARR 00 00 00 51 00 00 0.0

Arthraxon hispidus ZNE 00 00 00 39 00 46 04

Lycopus ramosissimus var. japonicus — HAM] 0.0 00 00 39 00 00 00

Persicaria thunbergii amlg] 00 00 00 01 00 46 00

Phalaris arundinacea zE 0.0 00 00 00 00 16 4.3

Miscanthus sacchariflorus E-A] 00 00 00 00 00 05 128

Mesophyte Amorpha fruticosa ZAuAE] 0.0 00 00 0.0 148 00 49
(Woody Salix koreensis S R=ABA=S 00 00 00 0.0 134 103 0.0
species) Pinus densiflora Zp 00 00 00 00 24 00 70
Pinus thunbergii =& 00 00 00 00 00 163 8.8

Rosa rugosa a3t 00 00 00 00 00 18 00

Robinia Pseudo-acacia OFFAI - 00 00 00 00 00 0.8 103

Carex sp. Az} sp. 0.0 00 11.0 00 16 00 0.0

Belamcanda chinensis HEA 00 00 27 00 01 00 00

Mesophyte 1, erata eyiindrica var. koenigii ) 00 00 00 97 00 69 00
(herbaceous  ro o ca arundinacea 2798 00 00 00 00 148 00 00
species) Zoysia japonica 2] 00 00 00 00 95 92 00
Carex arenicola Ao grz 00 00 00 00 63 35 00

Equisetum ramosissimum NEA 0.0 00 00 00 47 12 0.0

Achyranthes japonica HE5 00 00 00 00 15 01 0.1

Chrysanthemun boreale A=t 00 00 00 00 15 00 0.0

Artemisia princeps var. orienlalis o 00 00 00 00 07 25 79

Zoysia macrostachya <7 0.0 00 00O 00 00 66 0.0

Festuca ovina Aoy 00 00 00 00 00 42 55

Carex pumila ZH ALz 0.0 00 00 00 00 17 00

Rumex acetocella o715 00 00 00 00 00 02 08

Adropyron tsukushiense var. transiens 7|3 0.0 00 00 00 00 00 71

Dactylis glomerata LA 0.0 00 00 00 00 00 74

Setaria viridis AR 00 00 00 00 00 00 6.3

Oblismenus undulatifolius TEINE 0.0 00 00O 00 00 00 58

Oxalis corniculata o]k 00 00 00 00 00 00 25
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Fig. 3. DCA ordination of plant species based
on the importance value(lV) data of selected
species (IV = 1) distributed in the seral
stages from V to VIl stage.

Acja: Achyranthes  japonica, Adts: Adropyrori

tsukushiense var. transiens, Amfr: Amorpha fruticosa,

Arpr: Artemisia princeps, Arhi: Arthraxon hispiaus, Caar:

Carex arenicola, Capu: Carex pumila, Car sp.: Carex

sp., Chbo: Chrysanthemun boreale, Cyp sp.: Cyperus

sp., Dagl: Dactylis glomerata, Eara:  Equiseturn
ramosissimum,  Fear:  Festuca arundinacea, Feov:

Festuca ovina, mcy: Imperata cylindrica var. koenigil,

Lyan: Lythrum anceps, Misa: Miscanthus sacchariflorus,

Opun: Oplismenus — unaulatifolius, Oxco: Oxalls

corniculata, Peth:  Persjcaria thunbergii, Phar: Phalaris

arundinacea, Phco: Phragmites communis, Pide: Finus
aensiflora,  Pith:  Pinus  thunbergii, Rops:  Hobinia
pseudo—acacia, Roru: Aosa rugosa, Sako:  Salix
koreensis, Scfl: Scirpus fluviatilis, Sevi: Setaria Vviridis,

Sisu: Sium suave, Zoja: Zoysia japonica, Zoma: Zoysia

macrostachya, Ruac: FRumex acetocella, Bifr: Bidens

frondosa, Viac: Viola acuminata, Cotr: Cocculus trilobus,

Amar:  Ambrosia  artemisiifolia  var.  elatior, Pham:

Phytolacca americana, Eqar: Equisetum arvense, Diba:

Dioscorea batatas, Liob: Ligustrum obtusifolium, Lain:

lLactuca indica var. Jaciniata, Coco:  Commeina

communis, Mobo:  Morus bombycis, Trre:  Trifolium
repens.
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