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Abstract

Bolboschoenus planiculmis is an important prey species for winter migratory birds in the Nakdong

SH (estuary)+= BiChe} shHo] Thite= dZ2E=2o|d, &

River Estuary region, but its population has declined in the last decade due to a physio-chemical shift. To
identify the growth and development characteristics of B. planiculmis, we carried out an experimental survey
on the aboveground and belowground sections of B. planiculmis specimens in the Eulsuk tidal flat from April to
September 2019. We divided the belowground area into two groups: a vegetation group in which B. planiculmis
exists and a non-vegetation group in which B. planiculmis does not exist and measured the rate of tubers. We
observed a 45% appearance frequency in the vegetation group and only a 5% frequency in the non-vegetation
group, indicating that there were no supplies for plant growth. The mean density, length, and biomass of B.
planiculmis aboveground were 166.90 +149.62n m ™, 44.39 +5.45 cm, and 67.63 +54.46 g DW m 2, respectively,
which was approximately half of those obtained from the study in the Eulsuk tidal flat in 2002. Tuber number
was the highest in the 15~25 cm deep layer (41.50%). The mean number of total tubers belowground was
related to different sediment conditions (FS: flat surface, DS: disturbed surface) 251.75£16.86 n pot_1 for FS
and 171.00£25.18 n pot™' for DS, which was significantly different (total tubers: p<0.005). The mean biomass
of B. planiculmis above-ground was 21.11%1.60 g DW pot™' for FS and 15.41+1.38 g DW pot™' for DS, which
was significantly different (p <0.05). This research provides primary materials for the restoration of the Nakdong
River Estuary, wintering sites for migratory birds, and protection of B. planiculmis.
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M RL7] (Bolboschoenus planiculmis)= YAl

£ 2T ThA A4A SRR, ALE TURS v

(© The Korean Society of Limnology. All rights reserved.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provide the original work is properly cited.

— 453 —



454 2

£33 tofet 23759 588 ol (Groenendijk, 1985;
Doornbos et al., 1986; Esselink et al., 1997; Hong, 2004;
Kim ez al., 2005, 2013)0|0, 23 B3z 79 = BuA|F
(Nam and Kim, 2017)9|A= 83+ Agi ot} Y57t
sl A ARz | = A|sHte] Gdol 53 7 (tuber)
o Wrdsto] IYE HIRZ ALENES T2 Holo|t

A A7) of] TR AtE S elollA Eds] ZFE o
Sk AlE9] ARAEEZE H|E35}o] (Lubke, 1982; Edwards,
1992; Coops et al., 1994), FE (Coops et al., 1996), A=
AAeke] ABA (Kim et al., 2005, 2013; Kim and Kim,
2020), §& 9 4 tigt -8 (Coops et al., 1994,
1996; Liu et al., 2016; Yu et al., 2018; Yang et al., 2020), &
Feg ol W s B4 (Xue e al., 2018), FAF A4
A (Zhou et al., 2018; Yang et al., 2020), =4 F&(Yang
et al., 2020) & T A77F AP o} Yt 53] H5743st
o] AR At At ASEHA A (Kim
et al., 2005, 2013), 7|5 WH3}o| w2 HAEA (Yi et al.,
2011), AAA] F& = 9 HAE 5479 AaA (Kim
et al., 2019; Kim and Kim, 2020), A% 2 g4, A4 3t
ZFo] 3t (An er al., 2006) 5 AR A% 54 B
A A77} AL
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webs 2 dAFe 5= A QALY 54
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Y2751 (N35°04'34", E128°55'56") = HAMge 4]
ARl AN HE AT gee] sk 21 %
o SebATA wEsol Sie AR A PRkl 2
tll (Phragmites austraris) ¥-20] H$1L lom, 240 2]
3 LEEH+ W2 Adoe= AR (Bolboschoenus
planiculmis) 7-2ro] W23l ohH(Kim et al., 2005, 2013).
Y&t AA7IEE (E3HEE, 1966), 4L EE
Ha S (R, 1982), AAYHARAA S (877
1983), AAH RAA S (HAHILFH, 1988), FAHIX
(B3, 1999) L2 FE 2 Eo] A He g vt
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2 AL, A, BRAIFATA], A A4, F2/A
£ A% A T dE ANER St AR
W3 9 Az o] 23] HIFsHEITh(Kim and Ha, 2001;
Kim et al., 2005; Ryu et al., 2011). T2 AL Q] AJ8)
I At WS el =EEo] lon, AMyEHE
HE B2 AFo] FEHAY AEEo] 3yt 7143l
I Sl Aotk & RAbe 9EsH W es= AE
FAo Edsk= AR ASEFS dotir] )
20199 4¥5E 9U7IR] FFRALE AAISHTH(Fig. 1a).
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oV Qol 4RAR TEalo] 2t 2o BAe 2 AT
2R310] BEEoE YepiRich A8 HYstol ApAe
SN & T2 ol AlFste] RAEE W o]EEE A

T, AR £719] Zol(em)E FA5kL, A4S} A
SIS ESte] Edto] @B oA 80°C, 72417k Fet FA



MEx71e] ds £ 455

(@)

=

[71 Tuber sampling point
== Sampling transect
[[1 1m?Sampling quardrat

@ Studysite

(<]
§
]
bd
17}
(]
L3

Intertidal flat

, .
Eulsukdo y e
)
I3
e/ 4
x
g
Myoungji
ﬁ Bu
; G
< G :
S
Qj&
-
South Sea of Korea

128°55' E 0 1 2km
1

e

n

(=

60m

[ (| . f i [
| 10m
“ 10m —

J m L i i

[ | =

Fig. 1. Study site. (a) map of the study site, (b) aerial view of sampling points (A: non-vegetated area, B: Bolboschoenus planiculmis veg-
etation). Red-dotted box shows a sector for the non-vegetated and vegetated area. Grey squares indicate the location of sampling points in

each sector.

AL gl di7bA] Axgt & 7+ AFFH(DW)
stact.
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3 #3} $Ek A3 (Kim and Kim, 2020), A w2717} 232
SkA] o= BIAAAAIH (A) 50 m X 60 me}F vl A}E7] 7} Z32
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Fig. 2. Experiment design to test effects of sediment condition on the growth of Bolboschoenus planiculmis. (a) FS: flat surface, (b) DS:

disturbed surface.

Table 1. Growth characteristics of Bolboschoenus planiculmis in the Eulsuk tidal flat (n=10).

2002% This study (2019)
Parameters (mean+s.d.)
- (meanz*s.d.) min~max
Shoot length (cm) 80 44.39+5.45 3.7~88
Shoot density (individuals m ™) 250~300 166.90+ 149.62 63~567
Above-ground biomass (g DW m™) 266+ 13.04 67.63+£54.46 19.96~178

*Data from Kim et al. (2005)

A7 1= "ol A 719 (0~ 10%0) B 7HA)= kgl
Zpolglo] AE3}7| wEolth(Xue ef al., 2017).

A&/ AL 20199 SEFE 109714 AFE G A
Y U 1Mo Aot 2uE s oH, 7t
324 & AT SR A7) AR ) AEA AE A
F5te] Aot ASHEE FEsko] o] 224 80°C,
T2A7E F FAY MEE e kA Ax2g & 747t
A5FDOW)S S43Hth

Zt AR TE AR e AR Hlae
4] one-way ANOVAE o|&3tHom, A4 F2
p<0.055 7|&2 2 ¢t} SARAS SPSS Z2IHSE
ggatgon, BE S Bt (mean) EEHA(sd)2
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54.46 ¢ DW m 20| lth(Table 1, n=10). Z4 20024 5
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3007]121] 2| 29] Zo] Hgt 80 cm, AFHE YA Hat 266 g

DW m™ (Kim ez al., 2005)T} ¢F 50% 4302 222l A4
o] wEF A
Y=7E T 245 A EoFe] X dhEe| BEek= A

o Z}7] A (tuber)d] W& 0~15cmolA] 67.3+40.57 /m’
(31.67%), 15~25 cmol| 4] 88.2+64.76 /m (41.50%), 25~35
emO) A 25.5+29.33 /m” (12%), 35cm ©]AFolA 31.5+
34.65 /m* (14.82%) 2 15~25 cmol| A AR o= e 717
o] Bxsl= Ao Uesdth(Fig. 3b, n=10). Y5743k ¢
oA AL A Kim e al. (2005), Yi et al. 2011)& £ AT
o fAlSHA FF R 51Ol IR Y 2 HEY REE
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Fig. 3. Distribution of tuber of Bolboschoenus planiculmis in the study site. (a) The frequency of tuber presence in vegetated and non-vege-
tated sectors, (b) tuber density (tubers per m?) of B. planiculmis in different sediment depths.
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02 T 4 988 HolFi Aoz WekErh AR
7] AAolE %91, 1740) £ hE Zolo] et A8 W
A} A =7t gash, 249 B @i = 283 A
AR g2 o5t AJAuiL7] AL F3F(Hui ef al., 2009;
Liu et al., 2016; Xue et al., 2017; Yu et al., 2018; Zhou et
al., 2018; Yang et al., 2020), £ FFAH (Xue et al.,
2020)° w2 4 T R & aclo] AR ARtacl
o7 BuEar 9ot

A5H5e] N 7BL YEsHE dEchs aRY $a8%
HolHolw thZ3f A2 2 FHUCE, WA &
w9} % B4 S| choyst ARH L o) A=A
A7e) 2 77 Qe Ao A

SERRY ARt AE Aole] ZAo] o8] Edtte
ROl A7) E2eol WA BEDT 109 Wzt
97 wsle AMEIA] edee] REsL B ke o
A edat Age] $7} Selehs AR oA AL HA
o] AJ4j0] BUL 0|73t & 480 ZARE 37 (tuben®] &
d HIES BT AT, AR T AR o s 2
5%, 45%= 17 B 57T TEEJH(Fig. 3a, n=20).
283 ARl WAST 4% ¥ 7k 117 WA A7) ool
M8 Sk AR ol 17 (tuber) o] E WIEL 242}
0%, 80% BETISITHn = 10). o]ele T, )44
ole o 71z AR o) BT o] RAR AJshR
Bl BigE 7o) He AL AT 4 Ach Aol
A7laete] HEe 489 HRA7 FHEoR s B4
ol FART A5 YRFL FolUN JRFES} 32
sl Ag st on, 1 An APEATI7H A4 (E G
% 0~15 psu)e] $EHTE VA0 BES} WETh FUHA
© 2 BIERAH(Kim, 2009, 2014; Kim and Kim, 2020). &=

3t St B3 E & 20 psu odellA AjAuiRE7] 2)E]7F g
Q1= glch(Lillebg ef al., 2003; Kim et al., 2019). Y5781t
o] MAuiAF719] AL shtsel o 2AE= B4R
HEY FS 7P gol W= Ao ® dEA ¢th(Kim and
Kim, 2020). 184 B7F 3719 desert dasie
T o 7|7 Bt AEQ o] HER] k2 A9 &
ol MiF=e] A TR (FEYA71E "I tuber) FAY
2 HAA Gol| A A Z=e] A ES 7|
€ o8E AoE wdEY. webA YsAdete] AAdHak
712 35S Yote] A5 IH S o835 AA 59 =¥
o] ¥ as}rt,

A 27| ol A ALHA e AAEES FFE A
E (sediment)?] 2|4 &7 H3H(FS: HHS AE, DS: 11
F A9FA Aol WhE AEQ o] B2 FS 46.13+
470 cm, DS 48.90+3.61 cm2 1T} AYFPA Ao &
FHF oA thas =4 Y ou, 240 iE ZpolE gl
3t 4= QIgItH(Table 2, n=4). A2 YEE FS 48 +4.7671
Al (per pot), DS 40%7.53714] (per pot)2 FSAIA A U
Rt o, 270 mE ZolE I 4= I3t (Table 2,
n=4). A5 17 P4 F4= FS, DSOA 42 H
251.75+16.867 (per pot), 171.00£25.187} (per pot), A&
3t ARG 173 A el Hdt 5.7510.747), 4.33+0.56
M& FSollA th(@7 F5 p<0.005, 7HAS A7 4=
p<0.05). 259 A/H BAFS FS B 21.11£1.60 g
DW pot™', DS 15.41 +1.38 g DW pot ' 2 FSol|A] &4 Uet
W TH(p <0.005) (Table 2). At o2 fuiAL7] 9] 4474
QoA EQkY] £ 3 HStE Fo| WASAY Fol &
oA Aglo] A== A AstEe 17 FAT A=Y A
A Zavol FE F= Ao BAE
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Table 2. The effect of sediment conditions on the growth characteristics of Bolboschoenus planiculmis in laboratory experiment (FS: flat

surface, DS: disturbed surface, n=4).

Value (mean *s.d.) Stastics
Parameters
FS DS F P
Density (Shoot per pot) 48+4.76 40£7.53 0.706 0.123™
Shoot length (cm) 46.13+4.70 48.90%3.61 0.154 0.385™
Above-ground biomass (g per pot) 21.11+1.60 1541+1.38 0.020 0.002%*
Tuber number (per pot) 251.75+16.86 171.00+25.18 0.471 0.002%%*
Number of tuber per 1 plant 5.75+0.74 4.33+£0.56 0.336 0.022%*

Significance level: **, p<0.01; *, p<0.05; ns, p>0.05.

7= ""4% H| 23 737 oA Eo| Asst

NAuZ71E FarshtolA A&HoR FA A
AsiA= T‘HED}E v 2|2 Gof) fAufR}7] oAl Fgt
2o l%ﬁﬂﬂ%%} o7 E&T&Eh:} Kim et al. (2019)%

:L i‘l(‘

[

4 74«] E?J_OPEI A& 2HskaL F&°] 15psu 0]
Jo 2 ApuiAb] Ago] Belst Aze} Buskw Qi) &
Hge) £ BFE FT YW 2YUSE £ A
o2 &HA 9t (Shepherd, 1989). YHHA o2 Az 9]
EAXE pHE A& 39 /7|4 viE (Mucha et al., 2005;
Koop -Jakobson et al., 2018), T|AE FoZ QI3 o]4it3}

4 5% (Blossfeld, 2013; Lenzewski et al., 2018) 522

°J3H HlAAR R e WS HAE pHE Holk Ao
2 oA gloh Fas e 920 AAX Tt uAA Y
o) NFE 7 FA Y% Anet UG EFEA At
(Kim ef al., 20198 FE5) HEl, AE AHeA719] 2
E7h shele A e HlAA e AshRel JPYATITel
7 (tuber)o] EASHA| ¢47] WiiEolth At 109 W7 35
4 AisE A R dae AduAIZEY] £X
WA} A} Zha o] A0S 714k (Kim, 2014; Kim et al.,
2019; Kim and Kim, 2020), Y5735 /o= &3
F719t 9 SEo] gt AEd AT} RobAEetE A
E= 7Y o]Ho] flol= HIAAAHofA B35 F
Aol AR |2 =] 549l ES ZdiE = jle A
o2 gotEnh B3 PR Y] AlshE A s BE

i

o)

Aol T3t 2714 A7} ol ol Aol & Ao BEHEL
o AU 27 Bmete] JUBA L B o}
£ A2 4% 4L U] waTh s e B

T} R GAEA 7)15-S AL S Q1L Aot whakA 37
H3tol| wizhet Ygdsht AR ety Bey B g
ol & ol mUE Y1} A7} s E|ojok & Aotk

MR A7 s Bt gt 14
HXZ|0IE A7HA, A2y D 24
A7

OlSHEH £ =Rl ojshaA $52] X7} gle.

ATH| ¥ ATE 20199E FAHARAR YAIE o] AT
AR 2| & ok a5 Gl ch( AR 19-2-70-
76).

AAF AET AR e 4 Adstiel R
st ATAE) A=Y,

AE 9 dnAAy:
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