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Abstract: To assess the characteristics of meiofaunal community fluctuations related
to environmental factors, seasonal surveys were conducted in the subtidal zone of
Hallyeohaesang National Park. The average depth of the study area was about 20 m,
and the average water temperature at the bottom was low in winter (11.33°C) and high
in summer (17.95°C). The sedimentary particles mainly comprised silt and clay at most
stations. The abundance of meiofauna ranged from 81.7 to 1,296.5 Inds. 10cm™, and the
average abundance was 589.3 Inds. 10 cm™. The average abundance of meiofauna in
each season was the lowest at 416.5 Inds. 10cm™ in winter and the highest at 704.5 Inds.
10 cm2 in spring. The dominant taxa were nematodes (about 92%) and harpacticoids
(about 5%). In the cluster analysis of meiofaunal communities, they were divided
into four significant groups. The largest group mainly contained spring and summer
samples, and contained stations with a high nematode density of over 500 Inds. 10 cm™
and harpacticoids below 50 Inds. 10 cm™ with a high composition ratio of nematodes.
In the cluster analysis, no regional division was found between the stations, and it
was thought to be divided by the seasons with high abundance according to seasonal
variation and the composition ratio of nematodes and harpacticoids. In the Spearman
rank correlation analysis, the density of total meiofauna and the most dominant taxa,
nematodes, was not significantly related to environmental factors. However, the density
of harpacticoids had a significant positive correlation with water depth and a negative
correlation with sediment particle size.
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Prdob pok

- BHOAE AASEY Q= o= I A STt (Higgins
and Thiel 1988; Giere 1993). ©|Z 7] THFst
7L Qe SRAAEEY 22 AR 5400 g
theFst A FEE AYA Atk (Coull 1999).

el AA s TRAAETE FolA tFE9] 5
Ao A -5t BEF2 A5 T (Nematodes)©|™, =
U S3AAEE 7 A7 Aol E tiFE a9
A ASF7E T2 ke FIAMTE 2 FERE R
©]a1 QItt(Kang et al. 2011; Shin et al. 2016, 2019; Lee et al.
2019; Kang and Kim 2020). A&-F&-2 THAT AAY
Lot F oheFdo] =11 (Nybakken and Bertness 2004), &
ZY (copepods), 5= 8= (Kinorhyncha), & 5-5& (Gastro-
tricha), W= (Platyhelminthes), 2255 (Tardigrada)
I F4 Y FEAATETS FET T (Dorris
et al. 1999). TFAAF=2 AHA 542 HH, tigA
A& (Macrobenthos) ]l H|sto] 2717} 2441, 9jH A
T AAEETE 7] mhizoll A2 o HAE AlmRE g5
st AA-E HILE 67|17} 4190, 244 87
ot 22 47 FETS e ¥zt vizdetA HEgsh
ofofl Aeotd Aol -8t F& L&t (Coull and
Chandler 1992). £+ A T=2 FIA 71 HE 2 A
EAE EAE Uoll A A4 shH, AT Frot A A8 E
Aol B4 olsfistal Atsh= © flo] ag&ZlolH, &
5] A A=A mlAl= QI91A Q] FRe wefshe Hl A
ot AE 2 AR ITh(Moore and Bett 1989; Sandulli
and de Nicola 1990).

EAE oA At e S3AATES] 74 5
e A, 7 EE HA 3 W /Ul €, EHAE
Y2AE Atol 1H5, =4 Wl At 5
73 B4l o5l JFS WAL Irh(Nybakken and Bertness
2004). o|2{3t 2 @ Q1= M Ald Wert =31gh ¢
izt 7190l M= A HFol SFAAEE 5 B
of YIS Tk At FFAAETES AEA HFE 5
d& B, 7]20] B2
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St gl sioke theket 3719 AEe] AR
UL, A FA o2 Fato] At FibdEe] WHE ] Sl
E7o] Qith B3 Ao 2k o7, A&, S, 2, B
T, B 5 ohdet 3 a]lo] Bt Tofsta e
E£4J0] lrt(Kang 1966; Choi 1992). 'Fall9] 7 542
B o, Fofl W4, tiophd, Fof At d3e
2 7 AL QloH, Ee] ot 7|24 0] =
2 g+ EAJo] ZASTH(Oh et al. 1999). -2 u2h= 5}
23t o] & ddE ofietel] st =EEsd 79
< AAsto] A BAE 913t L 8S S-aokal 9lon, o]
S92 o7 9 TRt HERE vt e dEd
Eol ol &7 W2 9=, &34 Hsrt A X
Y= 11 = A 9jo]7] % ST} (Choi 2008; Ahn et al. 2013).
ol gt g t=H T A 2173t B AE BAdst
2 s SlsiAlE $ Flkso] AZtsiA] 7] Aol afeF

AEE Uigt 7|22 =5 SE k= 2] mf¢- a5t

2 Aol BAL doliet sshidaEd e =
ot El-Ze] Aol SRAAEE +H E4E 1
oFst7] Qlofl AAEE, S EFT AEA st S =
Aot FHAMEE o+ Txol FFE A= &
QRIEE metetaat shoirt. ol#jeh - AAHE-2 |l
O] SFA XN AE olslistar, s Al S A2 ¥
T 54 oldfote vl glol 71xARR &8 7HsT 20|
k.

e 9 Y

1 AME X U 9 K

FTHAAEE S BASH] Rt HAE Alese
off Sl IR Frefeld=HE-d o] Xoid &
ofl Al A& shalch(Fig. 1). E1&E AHH-2 20206 28 (&

A, sE(FA), 84 (5HAD), 119 (FA) & 43] 7+ ALE=R
Aol AP Ut HAE Nae 4 A AEER F 11
7} 234 Smith-McIntyre Grab= A8-5ko] 2o,
A HHE Amut FA] ZoE ARt 371 v
EAIRE oA st FA = A HEE A=
+ AdIA HAE B5o2RH ol 3em7HA] AHE &
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Fig. 1. A map showing the sediment sampling sites in the Hallyeohaesang National Park, South Sea, Korea.

SomL FEO] T, FFAATES A5 ] it == O] BFA T A W of| oAt EASHIN, TR e A
HZF (rose bengal) 0] 3 5% 4 ZEUHOoZ 11 9 (TOC)+= TOC analyzer (Shimadzu TOC-VCPH; Shimadzu,
MGk H st Kyoto, Japan) & AM&-5te] Aottt El¥E W S55%
FTHAAEE 2 24 96l AHE Alme A9 A2 A HAE AlmoATt edEgloH, dAgd
2 U & EHEZRE SIAHASES EEs] 9 XA (Atomic Absorption Spectrometer, AAS) (PinAAcle
off YAl=2]71¢} Silica-gel Ludox HS-40 (Sigma-Aldrich, 900T; Perkin Elmer Co., Waltham, MA) ZJH| & 0]-&5]|4] &
USA)< o8¢5 +2] Y-S /\]'—g‘g}du]r(Burgess 2001). Aokt -2 242 2 8§ E41712] Flow Injection
o] 2 FPAATEC] Bl A= HHES AES & (FIAS-100; Perkin Elmer Co., Waltham, MA)-& ©]-85}it}.
St 1 mm A1E FIAZ] 2L 38 ym Ao FAR Al=E o
A S0mL FHA 9T, Ludox HS-408 FHo Aot @ 2 AR EH
AR E Fol Bert =2 HAE2 Tletets| L Wt FTHAATE A A4S ST e AHE vHE A
S AE2 AT5HoR FYste drafolE o]gt = 3709] Batgle ARESte] 24 ST HAE W 59
Holoh, Ze% FRAAETEL A1 (Leica MZ16; A EE AAEE g2 dutA o g EAE B35 3cm ©]
Leica, Germany)= ©|-8-5t0] Aot o, AU S ¢ ol Al 90% o/ AA|staL 9lo] 2 A= HAE &
2 (10cm™)F 2HAbsto] 24 248 g5t 5 3cm WOl EAET QA st A6 - Al7E -
FTHAAETEY AASE 54 oot fls 2+ A AL FIAMTE T IRt Aol & Lot y] §
HolHe 4 A& £ 9 Ry GFAA (Dissolved st M3 B4 (Cluster analysis)l—]' SIMPROF testS &
Oxygen, DO)E S4stl o, d-Aute] AAH 4 7| 35kt o] 4E-2 PRIMER V.6 T2 1S A}
A 2. dE =4 7171%] SBE (SBE 9 Plus; Sea-Bird 85192 ™ (Clarke and Gorley 2001), Zt T A A= At
Electronics, Washington, D.C., USA) CTD (Conductivity, T 7h B8 z0]7] Q5te] AL TR 225 YAF
Temperature, Depth) & ©]-&ot] 3t2 S4stct Eet  (fourth-root) H2HZH-E 0]-80to] F-AHE (Bray-Curtis)
HAE & Am F 4= F/H712H4 (Total Organic = ot A4S eRsklth e SHAATE A4
Carbon, TOC), Z:L’f.% 245171 915 A E Smith- ot BAHE EHE 27 Q21| BAE dotk 7] ¢
McIntyre Grab EXERE 51 ABE EHER X mo Ho} Slo] 2 73 SpSSE o]-85te] AR (Spearman rank
E A0 *]’—%OP@E} 4 E9] dE24-2 Ingram (1971) correlation) = SISt
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FTRAATE A4
(Depth, m), A5
A2 (DO, mL L), EAE Y& (Mean size, @), HI8E &
A7 (TOC, %) 2] F-2 Table 17+ 2t

FAF A A ] A2 8~44m O SIS Ko,
20m= WERGTE St. 3,6, 8,10, 11 HHES ¥
10~14m, St. 4,5,7,9 FHE2 B 40] 20~23m,
JHEL 36m, 39 m= LERHTE AL A
2 St 1,2+ AAE QI S0l

AZ 428 SAo] Bt 11.33°CE 7 HWeokon &7
of| 14.54°CE 55ttt o) F SHAILE FAof| Haf 22
FARG A5 Bt 17.95°C, 17.65°CE T+ Aldo] FAL

742 worsts] Slste] Al

% 42 (Temp, °C), G- (Salinity, psu), 8=
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HADE AF L AE HY, sA O 3
3°CE 7]'% S vt & A AR A H O] FA
o] o] &7 Vet (Lee et al. 2019). A= BoFato] A
2 152°C2 2 2A A3} RASEO0, B
Wi 42 212C2 2 24} Aoo] ¢ v Lheketh
A0l ZAF A Ao A5 22 F o= 2ol A
Fibof] Blste] FAOlE o &1, sHAllE ¥ W2 2=
Hol Azt 2 W3} Fol Ao g A eH,

B A 219 0] tiFE R Sl gt of glof
HE Zo| o & A 02 AR HTH(Lee et al. 2019). A
= B FA= 59, AAE siHo] Fallk <1 si
Hot 2ol £2 A= Hola, sHAloll= ole vt 7
Fe Bt Bt AT -20] 7FE 2 A% 7V =
< sHAl9] 2 HE Z2 B, AAE T AH st 1,

o 1=

%)

=z O
H

Table 1. Depth, lower layer water temperature (Temp.), salinity, dissolved oxygen (DO), sediment grain size (Mean size), and total organic

carbon (TOC) of the sampling sites

St. 1 St. 2 St. 3 St. 4 St.5 St.6 St.7 St. 8 St.9 St.10 St 11 Average
Depth (m) 44 38 12 24 20 13 22 13 23 10 12 21
Temp. (°C) 13.14 1284 1245 1220 1282 10.00 1065 1030 1024 10.08 9.91 11.33
Winter Salinity (psu) 3427 3425 3418 3415 3423 3341 3383 33.18 3340 3310 33.26 33.76
DO(mLL™) 3.35 3.80 3.26 3.97 3.17 3.80 4.94 4.07 4.41 3.71 3.87 3.85
Mean size (J) 3.69 3.91 741 9.26 792 762 8.02 8.61 3.94 6.35 793 6.79
TOC (%) 0.38 1.19 1.16 1.63 1.10 0.93 0.85 1.49 0.45 0.62 0.84 0.96
Depth (m) 38 35 13 22 18 12 22 9 20 1 12 19
Temp. (°C) 1448 1421 1471 1453 1437 1393 1439 1482 1343 1544 15.68 14.54
Spring Salinity (psu) 3404 3407 3412 3413 3413 3377 3385 3299 3378 3339 33.30 33.78
DO(mLL™) 2.92 2.96 2.62 3.04 2.84 2.38 3.27 2.41 2.91 2.43 2.25 2.73
Mean size (D) 3.47 3.34 9.13 9.10 0.74 708 792 787 4.38 726 8.19 6.23
TOC (%) 1.24 1.36 1.49 1.62 0.14 1.43 0.93 1.29 0.63 0.88 0.90 1.07
Depth (m) 23 42 13 26 22 12 20 10 23 1 il 19
Temp. (°C) 1391 1596 1764 1674 1691 1834 1714 2179 18565 1965 20.97 1795
Surmmer Salinity (psu) 3419 3397 3339 3372 3365 3274 3351 3099 3304 3257 3170 33.04
DO(mLL™ 4.52 4.26 4.08 4.01 417 3.46 3.91 3.72 2.60 3.15 3.97 3.80
Mean size (9) 3.59 1.07 8.94 8.95 0.06 8.63 772 6.40 787 748 787 6.23
TOC (%) 0.97 0.97 1.62 1.64 0.59 1.57 0.99 1.31 2.10 1.05 0.95 1.25
Depth (m) 37 41 17 21 22 1 22 1 24 8 9 20
Temp. (°C) 1717 1798 1823 1832 1814 1835 1853 1827 1836 1541 1542 1765
Autumn Salinity (psu) 3311 3326 3296 3292 3309 3170 3265 3145 3191 3174  32.16 32.45
DO(mMLL™) 6.57 6.1 6.15 5.93 6.17 727 6.42 6.87 737 787 778 6.77
Mean size (9) 8.70 795 8.61 8.99 0.17 8.54 8.10 757 5.94 5.97 8.21 716
TOC (%) 1.63 1.43 1.64 1.48 0.07 1.43 1.04 1.38 0.91 0.54 0.91 1.12
128 (©2022. Korean Society of Environmental Biology.
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5.93~7.87mL L™ HYE Bk FA o Hot §E4t4 5
T7t 677mL L2 7P =141, EA B 2.73mL LR
71 2 ghg Bk dubd o2 AE §24040E 5
of 11 otAlof| W2 A F o] LEF™ (Yang and Shin
2020), LA SHH A5 24T
7P @A, Aol 7H = =
2 AL 2|9 0] AT BB 2Ol E Bl (Lee et
al, 2019) 2 A 2o A 84 HiE EAS
e, SA= Folle 1 sigo] &1, stAl= AA,
TF oo ArlElA T2 dhs Hol= B4l Stk
A= s A2 A7ER AJolE Hylow, AE
B2 A1 6.79, 2A°1 6.23, SHANl 6.23, A1l 7.16
O 2 veht FA o 7P AldstA Ykt EAE o
+ AEE oesbA UErHaL, R32 E4Jo] Kol ‘E%‘Rl
th 3 E U 77184 (TOC)= SA90 0.38~1.53%, =
Aol 0.88~1.52%, SHAI°ll 0.59~1.62%, ANl 0.07~1.64%
A= vehgtom, AdE B 22 FA100 0.96%= 7t
3, E=A00 1.07%, stAOll 1.25%, FA|°l 1.12% = 5HA|
of 7V = vetsteh &4 B4E W S5 w4 24
o] Sas% st S E A=A sfded 79
Fo)71&} W] 7| % 0|52 LERGTH(Table 2). ZF A4
Ao Fa4% Y4 S B, St 18 42 (Hg) W vhut
-H(V)O 7V =A Ueht A o] ,St. 2+ A=t (cd) T}
W7 (Mn)©] 7P =4, St. 32 EF s (Al), E (Fe), I
E(Co), FE(Li), ot (zn)°] 7V =1, St. 4= 2] (Cu),

[¢]

Table 2. Analytical results of the sediment analysis in the study area for major heavy metals

St. 1 St.2 St.3 St.4 St.5 St.6 St.7 St.8 St.9 St.10 St 11
Al (%) 3.07 4.48 754 703 457 5.63 5.79 5.96 412 6.84 4.30
As(mg kg™) 797 455 462 6.12 1.44 8.60 14.55 1.41 13.55 13.40 3.40
Cdimg kg™ 0.07 0.08 0.07 0.07 0.03 0.08 0.04 0.07 0.04 0.05 0.03
Colmg kg™) 8.84 12.18 13.19 8.88 173 12.05 5.29 8.90 4.48 3.44 3.21
Crimg kg™ 40.26 4608 6070 7291 1145  59.09 7338  59.80  46.66 6689  72.99
Culmg kg™ 8.92 11.66 19.99  23.09 1.87 5.28 11.36 16.19 12.05 13.34 1709
Fe (%) 1.32 2.45 4.99 3.87 0.90 2.95 3.26 3.00 2.18 3.42 3.26
Hg (mg kg™) 0.05 0.04 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03
Limg kg™ 26.29 5483 14091  106.99 18.51 8349 10313  93.68 6730  122.02  109.58
Mnimgkg™") 64710 1,01940 87850 656.00 433.90 94090 53830 84440 79920 94830  704.70
Ni(mg kg™") 15.83 2663 3066  40.85 409 2671 33.08 2991 1267 3026 2864
Pb (mg kg™ 9.12 10.40 1862 2050 14.47 100  25.18 10.51 1256 2064  26.35
Vimg kg™ 125.53 8710 10.39 2453 590  123.29 508  69.61 1244 8998 7250
Zn(mg kg™ 45.91 7802 13689  113.64 2760  72.93 9147 9458 5339  106.09 8711
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gz (Niyel 7 Utk o] 47e] el el 94
7V e ke B9, o FHEL AAS, 59

2, MALe

TIHAETE AALE 9= 81.7~1,296.5 Inds. 10
em ™2 UEFH O™, 4] AMAUE P2 589.3 Inds. 10
em 2 UEFGTH(Fig, 2, Table 3). 53 A2 A4 W%
7 7P @ HHL s st 5ol T =2 2 &
St. 7914 UEbET ol euet Ao tf = ol
oA AEEE AR Zot] FEAATE AAEE
391~3,787 Inds. 10 cmE o} Y2 1S Hol1 QJt}(Kim
et al. 2004). Aof Hfopm 2] E|AAYE Ho] FEiE 2 A
21937 FARE Y= FHIE Holu A sE AAE

SoA 2 Aol Mol AL §7]%o0] F1e Ao] 2
wrars Ase] 2jojd S0 ST Qi Hayol

= :

2R B EAE 8-S 2d ot sfolA FFA
AsE AAYUE HRE B, Aol sfollA 17~853 Inds.
10 em ™2, AlFE oA 49.8~1,959.1 Inds. 10 cm™> HYZ
2 A 290 ¢ &2 72 H o (Kang et al. 2011; Kang
and Kim 2020). °]= E|249] 2to]2 A3t 2o A &
FAATE AALET 2 EAS Holal ik

AA ZAZIZE B AR SYAAEEL] AAUE
HarakS B9, St. 7914 1,030.2Inds. 10 em ™22 7P =41,
St. 514 263.0Inds. 10 cm™2& 7P @2 ZHe H ) Al
Al AA Ao SHAATE AAEE e B, F
Aol 416.5Inds. 10 cm 22 YR} 7F W A 0] 704.5

1600 -
1400 -
1200 -
1000 -
800
600 -
400 -

200 -

Total abundance (Inds. 10cm2)

St.1 St.2 St.3 St.4 St.5

Inds. 10 cm ™2 7P =2 7S 2301 514 (679.5 Inds.
10 cm™) 2} 374 (622.8 Inds. 10 cm ™) & 245 AEE 3§
o AA DR M2 FAaskleh Selveket Zo] AE A
E/do] FEIg A3, AMTE 2 He2 A ¥ste] g
S Wol i Hr}. 3PN E T2 gy o=z F

A9 e F202 qlsto] FA AALES} a5t o)

—

eEbdTh (Nybakken and Bertness 2004). oA A
FTHAMETES ALRE AT ARE BY, 4 &9
9] sixzet HAE W SFAAEE ZARIA 54
of W1 sHAlof =2 AAUE §lFo] SRIE I, Bt
ol WA I £ iAol M = EA A stAz H
of7FHA AAR-E gro] F7Fshe Zo] UERAT (Min et
al. 2003, 2006). 2 A A A E FA O FHAMT=
W SHERTY ASFE AAEEE WAL, 20] S7F
Sh= A, stAlells AAB =7t S7tshe WEo] et
A HEo] mhE &7 HePE AR dFE A=
70 & pehgc)

ZAF s ofl A 7 Rt A=
THE Uetder, A4 S¥AAEsE AAY
92%= -9 =2 Hl&S Bl H]
FAATE AANDES] 22 AR5k A-folle A
b A SFAAEE ALE HEHo] FASH YE
ok Asf| 2ot S3AAEE dFolM ASF7T FD
AEE T 7P sk em, A AARES] A W
I AR B1E JHIE Holal Utk (Kang et al. 2014). A
Al - A AFF AAYE H9= 23.8~1,241.8 Inds.

St.6 St.7 St.8 St.9 St.10 St.11

B Winter ESpring OSummer OAutumn

Fig. 2. The total abundance graph of meiofauna from collected sediments in the winter, spring, summer, and autumn. Error bars represent

standard error.
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Fig. 4. CLUSTER analysis and SIMPROF test based on Bray-Curtis similarities of the square-root transformed abundance data of the
meiofauna collected from the study area. Broken lines indicate the same group by SIMPROF test.

Table 4. Spearman rank correlation coefficients between the abundance of major taxa and environment factors

Nematodes Harpacticoids Depth Temp. Salinity DO Phi TOC
Meiofauna 0.99** 0.048 -0.144 0.24 -0.159 -0.033 0.199 0.075
Nematodes -0.89 -0.187 0.254 -0.181 -0.009 0.248 0.096
Harpacticoids 0.358* -0.68 0.207 -0.191 -0.357* -0.179
Depth -0.055 0.488** 0.0Mm -0.66** -0.093
Temp. -0.603** 0.309* 0.045 0.317
Salinity -0.5674%* -0.262 -0.126
DO -0.13 -0.16
Phi 0.584**

*: p<significant at 0.05 level, **: p<significant at 0.01 level, Temp.: lower layer water temperature, DO: dissolved oxygen, Phi: sediment grain size, TOC: Total
Organic Carbon
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