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Abstract: Aidanosagitta crassa, a key species in South Korea's coastal waters, exhibits
three morphological types: Type C with a collarette-containing trunk, Type N lacking a
collarette, and an intermediate Type I. Limited research studies have been conducted on
their ecological patterns, prompting this study to elucidate seasonal occurrence patterns
of A. crassa types in Pyeongtaek. Field surveys at six stations in Pyeongtaek port were
conducted in winter (Feb.), spring (May), summer (Aug.), and autumn (Nov.) of 2010.
Water temperature and salinity were measured and zooplankton samples were collected
for abundance analysis. Type C predominated in winter and autumn.Type | predominated
in summer and Type N predominated in summer and autumn. Occurrence patterns
were influenced by water temperature. Type C showed a negative correlation with water
temperature. Type N was positively correlated with water temperature. However, Type
| showed no significant correlation with water temperature. In 2013, genetic sampling
using the mtCOI marker was conducted in winter and summer. Despite morphological
differences, genetic analysis revealed intraspecific diversity due to seasonal environ-
mental changes.

Keywords: Aidanosagitta crassa, Chaetognatha, chaetognath community, intraspecific
diversity, morphological polymorphism
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Sagittidae W2}5=0f £5h= T A2} (semi-gelatin-
ous)® FEEFIAECE, AR 715H Sagittidae
SfjFe] 1ok £]9k, Aol & R sl R (Miiller
et al. 2019). T3 Bobf thpe RAIAIS LR, J1k-H
PR of et B3 7] 25 Z0R Bl
At (WoRMS Editorial Board 2024). 18] o] A=
A AAL] i E oA BolRo] REE AR

ol 9] Fx7} 72, dE 9 Y9 B4 WA
‘1}%3]' | dlzoll 3 A ZFo = A 0] Fa/do] ZFxE<S
T} (Srinivasan 1979; Ulloa et al. 2000; Karati et al. 2022).
Th BobR= Q7bRof o]o] #2 S HolH, i

5 e Al A 22F A ZF= A F a7t e A 2] 91E A}

2|5kl ATH(Grigor et al. 2020).

Aidanosagitta®-2 I EFEH O =2 SagittaZioll
PR A 23 (corona ciliate) ] =20 ATHEE HX]
, 5 9] 2|=2fm]of] £7]ZH (layless zone)7F $11.
22 (collarette)©] & W E|o] Q= FEfH % 3

k]
mlo H:l 59 b

A2 EYH &0 7 YT ATt (Tokioka 1965). 15 A.
crassa= N =-H1HF °J°ﬂ B flsHA Edst= Fol
H, Ul AT AF Edots o= A A

E]'(Park 1967; Kim 1987). & % Aol &= A. crassa

A7t 3709] 5t AT o= AR B Aol A
74]7} E]7] 13 AJTE2 oF g ol A Al B Ak AQEH,
el et @7b R 383 22 717 HolE A4
& 4= 31tk (Uye and Liang 2022).
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Azdanosagztta crassa®] 25, X, A
g ol A= W AFAEE 2FFA L
2t o] T2 3714 FP o r ERstoirt A WA
of] 2Lz 0] 537:5}— Cd, 7 WA= &5 F91
ok N3, Al A= C33 NB O] 53 54
o]t} (Park 1970). =3t Murakami (1959, 1966
2 o] v TAlof| whet 479 = A crassa 1%
o] FaFefoll E}E’r 79A R 257 5
Zpol & fishs dRlors oo e 57 J
(epharmony) Ut H2t o2-0f w2 S H3to]| of
-5 (acclimatization) ©] AA %] 0H, A2 Hoh=
o] gko] Fadt g9log AFH Itk (Hirota 1959). ©]
ot FE| A zjo) et TAFZ A 0] EXL HIEFO 2 A crassa
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Ao, HA ERAA N E o] obFE-2 ABH B (eco-
type) = ZFsto], H SHof wel Hilels | &
AL Ad Aog BFst 9tk (Kitou 1967; Tokioka
1974).

S-eluetel £d5h= Aidanosagitta crassat= Park (1970)
of oJeff HAEot FHISHER F7 1He] Atol7} Hilk
o™, o]Fo] Aafl gt A% Hsk= FUol B R
o}, J1efut o] 2]t FEjA ztolof Higt && A7 B
Stol A. crassa®l FEIA BlolE olsfistr] YoliAl= oheF
ok 2471 o] g-go] Tt o]}, o|e}t Tedsto], X
o+ BAES A= ek e o Zistket AHE o]slst
= bl a3 o] F|11 Utk Gasmi et al. (2014)= 2o}
O] thaf/do] Hapolq Z15ke] Auele HolFH, o]E
FE A 25 dedtohs A3t S AR A
gotleh. T3t 71555 o] HA e 1S AW
Ste A= 2712 AR AL QT (Peijnenbug et al. 2005;
Miyamoto et al. 2010). ©|4 3 Fei & hFdxt 44 of
/3ol tiet Bebd HH-e AEo] Akt Rt AH
2 E4& Bt AEstA olsf g 4= QA 2t

b, 2 AE U A%k A= Aidanosagitta
crassa®] FEA S EAH 43}’11 4= Aol 24
to2x, 7]E0] FEiA Erel tiet A=4dE& =0l ¥
eNdoll A Y A. crassa®] Al 7HA] 38& aAH o AA
ZAfsto] AEA &9 54S 461, 7 /39
=77 DNA FEE Hudo 2 h=ofli &
crassa®] w3 58S HHESI AL gt

r

i

o)

i)

2131997 ¥ 52833

rim
2

A

ey A o7l e dide® F 48] 201049
24, 54, 84, 119 2A AZ AE AAISHIH (Fig.

1A). ZAA 71 42, HE-2 CTD (model 63; YSI, Yellow
Springs, USA)E °l-&ste] SA4SHth 540 5% =
4= $19l Van Dorn A571E ©|-85to] 7} Aol A
48t A= 200 mLE GF/F (37 25 mm, pore size 0.7
um, Whatman, UK)2 o7t & 242 I5ko] 90% ©F
AlE 10mL7F E71 ZPFAIE el 911, 12417F0] At &
AAEY72 EH A5H& UV Spectrophotometer
(Optizen 2120UV; Mecasys Co. Ltd., Korea) & ©]-&5t] =
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Fig. 1. Map of sampling sites of chaetognaths. (A) Pyeongtaek port in the western coast of Korea; (B) Tongyeong and adjacent regions of

the southern coast of Korea.

|5 SA] AdolA E 5k 5%7t
ro &2 IAstott Al 5] g
flste] HIE 4ol 554 (Model 488115; Hydro-Bios
Co., Germany)E 25| ofi} s AHEsIH AL
AE A2 AR 2461 Folsom 2 A2 &S]S
AHESE] 1/2~1/647HA] &5 25132, UNESCO
A Agmo] A Aottt FEERAE AT L T F
42 HF-Ar]7 (SMZ1000; Olympus, Japan)@t IH|-&
335t )7 (ECLIPSE 80i; Nikon, Japan)& ©]-&3Fth.
AlmolA RobRE Felote] Ao, AlSH RotR
2= 10m7F @ WAG2 SASHAT

2.2. Aidanosagitta crassa "Ej &M

notg T2 Tokioka (1940), Thomson (1947), Alva-
rifio (1967), Park (1970), Kim (1987)& Wtom, Z-R74
A= WoRMS Editorial Board (2024)°1l whe} v 2]}k,
Aidanosagitta crassa®] FH E4-& TSI, JHH =
28 AeFsly] sted el 2atE AH Q. dn)A
(SMZ25; Nikon, Japan)< A8-ot3itt, B8t golet
#3}od Jol= Choo et al. (2022)2 WY, $Ho]E= Park

TR0 A dx S WS }04 79 =ollA EFot
A th(Murakami 1957, 1959, 1966; Park 1967, 1970).

44 A. crassa® DNA £4-2 95 20139 223} 74
off A TG4l I sl Y UE (G AF 30

cm, T2 37] 200 um)E ©]-8314] F 103]9] AAEIHS
RSk A4 A= *‘AloPME‘r(Flg 1B). A Al82&

= A1]7d (SMZ1000; Nikon, Japan)
StolA F3d 58S st eH, 32 24 5]
of At FHI7I st &4fo] A2 AdAE AEstal
of AEE A crassae TEEE ZF 2570414 SHESEGC
™, EA712] -20°Cell Y& stk

Al=°] DNA+ DNA 5% 7]E(Qiagen DNeasy Blood
& Tissue Kit; Qiagen Inc., CA, USA)Q] miwdo utet &
S Qleh FHI AL crassa®] A7IAGE 7P HEAO
2 AH8E= DNA 99<l mitochondrial cytochrome C
oxidase I (mtCOI)= 5Z 4= Sli= universal primer
7} AHEE] 21Tt (Table 1). mtCOI Bl 2] 9-& SZ3517] 9
Stof 4 DNA 1 pL, ddH,0 22 pL, forward primer<}
reverse primer 27} 1 uL (5 pmole pL™"), 25 uL2] 2X TOP
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Table 1. List of PCR primer for amplifying the mitochondrial COI gene

Primer Sequence (5’

-39 Reference

LCO1490
HCO2198

GGT CAA CAA ATC ATA AAG ATATTG G
TAA ACTTCA GGG TGA CCA AAA AAT CA

Folmer et al. 1994

Table 2. Collection information and GenBank accession number
of chaetognath analyzed for this study

Genus Species Accession Locality
number
HQ700935
A crassa HQ700945 Jiaozhou Bay,
‘ HQ700946  China
Q700947
Aidanosagitta
JN258020
A nedlecta JN258021 Andaman Sea,
- 1eg JIN258022 Miyanma
JN258023
JN258001
JN258002 A
JN258003 ndaman Sea,
Miyanma
JN258004
Z. bedoti JN258005
Zonosagitta RJ648783 )
Fl648784 Co;hm Estuary,
India
EU407234
AB505684 S B
7. nagae NC013810 agami Bay,
Japan
APO011545

simple DyeMix-Tenuto (Enzynomics, Korea)S Z3Het
AA &% 50 uLe] £F=2 =0l PCR2 AT
PCR ¥F-3-571-2 94°Cof|A] 57t initial denaturation ¥,
94°COf| 4] 1427} denaturation, 40°COllA] 13t
72°CollA] 1423F extension Y52 353 ¥HERQF & 72°C]|
A 7423} elongations 43531t PCR A1-& & 015]'7 ]
9ot A7195S Tt om, PCR HHAtES AA
SFTH (HiYield Gel/PCR DNA fragments extraction kit;
RBC bioscience Corp., Taiwan).
A% PCR ¥H-a4t=-2 vl 24 (Macrogen, Korea)©ll
F7IAE 24S Fotaly, 4o g H7IAE b

O] E]:= Geneious v.6.1.6 (Drummond et al. 2010)= ©]-85

} annealing,

270 (©2024. Korean Society of Environmental Biology.

o HF HolHE EO]’ o} AlE 242 $16l NCBI
gloje o] Ao SEH HolF A7A4E

O ™ (Table 2), ﬂl%—?t Tamura-nei modelZ 4% #
2] £ 4F&E5ta Neighbor-joining .0 = AJ/4d5t3ict. Al
5 W AAEE Felsk7] $15k9] 10,0002] bootstrap2-
2 45T T 50% ool gk B7IskT

2.4, 1tg BM
zZ=7}ato] i}7}—:’— AMH EAo) bt gk A7 &

2% 11mYPe
#52] Egto] &sy| wiEel 82 kms
S AR ARSI AL B -
Q=g S o] Bsly] 9Iste] B2
(Analysis of variance, ANOVA)= AH&- 8]‘
B 946}04 8 U log 02

rl

g 5
rfo
N MN % ofl oX Hr n2

HU

;8,
!

44
o,
s Mo 1x
o
o

2 7]' 7\}011‘ Fol=hE (p- Value) 0.05
é P‘I‘E’r ﬁlxqoﬂ e} HobR o] e
S A 2254 (Canonical Cor-
respondence Analysis, CCA)& 53t AE-8+
Aol AMEH Am T 2, Hidt GFLa 5 B¢
z-score RS ol o, HobRet 11 9 FEEY
AE AEFL logio(x+ 1) 2 Higkoto] FAof A5t
dioje] At TAEA D A ZFE= R (version 4.3.2,
R Core Team 2024)°1A4] dplyr (Wickham et al. 2023),
reshape2 (Wickham 2007), vegan (Oksanen et al. 2022),
ggplot2 (Wickham 2016) 7|2 & -85t 434513t

T2 AT EF 2.3~25.3°CO HHE HA, A
R Bato] Ato|Hoh AEA AtolS E“E‘r(p<0 05;
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Fig. 2. Seasonal variations of environmental factors (sea surface water temperature, salinity, chlorophyll-a) at Pyeongtaek port stations

in 2010.
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Fig. 3. Seasonal variations of mean zooplankton abundance at Pyeongtaek port stations during different seasons in 2010.

Fig. 2). A& (2.3~2.9°C) %15 (24.7~25.3°C) %] 9]
Zpo|7F 7V Zlow, Eat 70 22 247} 13.0~15.7°C
o} 10.7~11.1°CE Yttt AdE g9 422171 7
&Y F2 2.7°Co F2 HAATh Hi2 2APIE FeE
25.11~30.689] %= B, AAEHRE, 4-5(28.84~30.23)
It £(28.74~30.68) 2] B AtolE el - qIAAT
5 (25.11~27.65) 7 712 (26.91~27.97)2 B3t AL 4
=t O] oI5k 2kol 7k AT (p<0.05; Fig. 2). A=
&g ZAPIZE 9T 0.42~11.06 pg L7'9] 3HE HaL,
AL AL 2] AdollA= 3 1] AfolE Kol
2] QkorTh(Fig. 2). Bt GEA-av= AL (4.39~11.06 pg
L7 B(1.90~4.25pug L) ££0.2 A A=A, ol &
(0.42~2.26 pg LT 7F&(0.89~1.59 ug L) 2] d&54-a
+ froJgk 2ol & gl 4= gIgich

ZAPZIZE Bt Bt FEEYIAE AEFS 1,033~
3,884 inds. m™9] HeE 3N, Aol 7P @t
o5l 7Md =2 FEFE UERT(Fig. 3). BEIe] A

AlE Acartia spp., Parvocalanus crassirostris, Tortanus spp.,
Paracalanus parvus s. 1. <=2 & 85k 3¢S HTh
Acartia spp.= 186~1,998 inds. m2] H|Z Fof| 7}
W2 dEFS B, A5l 7P A2 dETFE BA
t}. Pa. crassirostris= 0~3,182inds. m™2] HLE KIS
U Folle S5 AL, ool = 4shke Bde 2
ATt Tortanus spp. Al 0~261 inds. m>2] HEE HI
o, g Aldelle SF5HA] 9k, o5l a5kl
t}. Paracalanus parvus s. 1.2 &3 7Hol9t 263
), -2 75inds. m~, 7F&-2 172 inds. m 2 Z5I3ich
1 9] 94 EReoR2e A2 F48(0~117 inds. m™),
Corycaeus spp. (0.8~52 inds. m~)2} 37 (0~31 inds.
m™)7F AR ZE0l 0T

3.2, RolRo HEHE

ZAPNZE F RObR= 350] S0, Aidanosagitta

crassa= 3714 o] BT SHoFATH(Fig. 4). Ho79]
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Fig. 4. Temporal-spatial variations in abundance (inds. 10 m™) and relative contributions of chaetognaths abundance (%) at Pyeongtaek port

stations during different seasons.

Fig. 5. Three types of Aidanosagitta crassa. (A) A. crassa C type, (B) A.

COL, collarette; PF, posterior fin; SV, seminal vesicle.

Z7F2 1~516inds. 10m™> HYYZ HE52 B o, o
= }Oloﬂfﬂm ot Zfol & E@E’r(p<0 05). &
< 80~516inds. 10m™~9] W= 7MY £2 Bt JEF
(283 inds. 10m™)= HH oM, 50| Bl FEF(F: 32
inds. 10m™, ¥%]: 1~85inds. 10 m~)Z} H] w5} -& wf, oF
gHll & @] st

AEERE $ste ER72 Aolstaletl, Aol
Aidanosagitta crassa C%°] 32~218 inds. 10 m™= 94.8~
100.0% % -5ttt &l Zonosagitta bedoti7} 1~85
inds. 10m™& 76.9~100.0%= -5, 52 A.
crassa N@I} 19 (73~415 inds. 10 m > 0~93 inds. 10
m”) 0= 77t 82.9~98.2%2F 0~17.1% % EFHES
O, 7F&oll= A. crassa CEF N (5~133inds. 10m™

norek

o

272 (©2024. Korean Society of Environmental Biology.

1000 pm

crassa | type, (C) A. crassa N type. Abbreviations: AF, anterior fin;
3 0~88 inds. 10 m™) = 2= 77} 36.2~87.0%%} 0~
47.6% = 975kt (Fig. 4).

3.3. Aidanosagitta crassa?] HEelje} Ex S8
BM AHD
[ I — |

o

Aidanosagitta crassa 77 +@°] 71 Q= 5F4
£70 Bo| BEmeln, vje|o] ulst BEY Ly
Aut 2kaL, o A =)o A 7] 207F gl Zlo]
“Joltt(Fig. 5). ?} gol Aot F A= ZeA 31
AAgo] o] Higko 2 AA AlAE]o] 9lom T A H
A et & EHol gz o] W], Al 99 X}
ol R/AgEA ] FaofA HA FEe] 7Fssitt(Fig. 5).
CR9l A. crassa® 42 M| FE HFEZ7A] F7

H A
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Type c ! N
Total length (mm) Tail/total Iength ratio (%) Number of hooks
Anova, p = 1.1e-11 Anova, p = 0.038 Anova, p = 7.6e-05
1.3e-06 0.081 0.22
40
0.0012 0.32 6.5e-05
1 g —
3e-07 0.0073 0.023

301

201

101
()]
= - - c |
] Number of anterior teeth Number of posterior teeth
> Anova, p=0.079 Anova, p = 1.9e-08

0.66 0.00061
40
0.029 0.0018
pE—
0.21 0.00027

301

201

101

C | N o} | N
Type

Fig. 6. Statistical difference of diagnosis features among types of Aidanosagitta crassa.

Table 3. Diagnosis features of each type of Aidanosagitta crassa

Type of Total length Trunk/tail Number of Number of Number of Position of collarette

A. crassa (mm) ratio (%) hooks anterior teeth posterior teeth
C type 13.17 276 B _ _ )

(»=52)  (6.60-1634)  (18.9-377) -2 56 22726 From head to tall
| type 8.53 28.4 8-12 5-8 12-28 On the ventral nervous system and
(n=23) (5.93-11.1) (25.8-35.5) between anterior and posterior fin
N type 737 29.2 B _ _

(n=15) (6.65-8.81) (26.0-35.6) 7-9 5-6 10-18 On the ventral nervous system

& 240 AP BAA (g 0. NI 4. of I Trelol WL 2 CFoh N Holol2] Aol

Z2]o] B 4174 (ventral nervous

&l LA X Zo] HX A A A oF
=

EAHoZ oottt (p<0.05). &FRO] 4= CHIH I

system) o[ ZAS PU%, 1% @ AteloldE frolshAl efokeut CH N9, 183 NY

3 HALn] Afolo] A PR AJolE WAThFig  AoleIAE felsidnh. WAL Al $8 7ke] Hol7t R
5B, C). %@ 7t AHHI S AolS HIs1] §1 T(p>005), X9 A9 €, 18, N& 202 AL A%

£ =I5kt (p <0.001).
Aidanosagitta crassa®] Al 7}

5t ANOVAS st Ao de CH, 18, NF

oﬂ
(e}
+=o=2 F7|7} ZolE& 2RIt (p < 0.001; Fig. 6). & Fol m2 A2 =
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o
H1
I

|
o,
el

2B

171 916+ mtCOI XS SHFPoH,
o] o= 655 bp ATt A. crassa] Al 73
A2 E Al4Fe A3}, Tamura-nei parameter 4%
A Wt 78] F2 D=0.033°] 1T (Table 4). E
. crassa®] mtDNA COI 2ol A ZH 3t 655 bp 2
7143} GenBank database°llX] 8- A71A4d
73 FW 3 3F 09 FAA AYE HE ¢
3Y5FATt (Table 5). & Aol A AHHH A. crassa?t S=A4t
A. crassa®] 732 A= 0.03022 59 7F 543 A
o} =6k Uelt O™, A. negelacta, Zonosagitta bedoti,
Z. nagae 7] 542 Ael= 72t 0.233, 0.318, 0.263
o g F7ko] Zpolknt FUf Ho] o] AA YEhH T
(Table 5).

J
¢

T
ot
9)
=
Lo

R
X

Jo Ho

Mo -z rob lo pE Job b
fc »
of

3.4. Aidanosagitta crassa S8¥ &% E/d

AWER gol7l 520t GEARS MPOR $2.

Table 4. Genetic distance differences for mtCOI sequences among
three types of Aidanosagitta crassa

Mean genetic distance

Species Type (minimum - maximum)
Pairwise % identity
0.033
(Siygg) (0-0.071)
- 974%
| tvoe 0.034 0.033
A crassa (n125) (0.052) (0-0.071)
B 970% 96.9%
0.031
nobe (0.060)
96.7%

Hit T (TS plot, temperature and salinity plot) 4]
Aidanosagitta crassaw FHHE TEE= 8 E4S T
2t}h(Fig. 7). CH2 2 2.3~11.1°Cet FE 27.1~30.29]
HelolA T2 Uehtor, 182 42 24.8~25.4°C<F 4
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25.38°C2} F-2 25.1~28.29] HololA T2 E@srt.
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Fig. 7. Temperature and salinity plot of each type of Aidanosagitta
crassa. Each shape and color of point indicate different types of A.
crassa.

Table 5. Genetic distance differences for mtCOl sequences among each species

Aidanosagitta crassa A. crassa A. neglecta Zonosagitta bedoti Z. nagae
(655 bp) (632 bp) (564 bp) (556 bp) (464 bp)
Aldanosagitta crassa _ _ _ _ _
(this study)
A. crassa 0.030° - - - -
A. neglecta 0.233° 0.284 - - -
Zonosagitta bedoti 0.318° 0.238 0.301 - -
Z. nagae 0.263° 0.236 0.318 0.236 -

Alphabet defines each comparison group: a, the same species from a different locality; b, different species belonging to the same genus from a different
locality; and ¢, different species belonging to a different genus from a different region.
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Autumn

CCA2

CCA1

Fig. 8. Ordination plot of canonical correspondence analysis (CCA)
showing variations in chaetognaths in relation to environmental
factors. Colored circles indicate season stations. Triangles indicate
chaetognath taxa. Arrow type indicates abiotic (blue, solid line) and
biotic factors (pink, dashed line). Abbreviations are as follows: chla,
chlorophyll-a; temp, temperature; sal, salinity; Aas, Acartia spp.;
Cos, Corycaeus spp.; Del, Decapoda larvae; EuP Euphausia paci-
fica; LaR, Labidocera rotunda; PaC, Parvocalanus crassirostris, PaP
Paracalanus parvus s. |.;Tos, Tortanus spp.; C, Aidanosagitta crassa
C type; N, A. crassa N type; |, A. crassa | type; und, unidentified
sagittidae; Zbedoti, Zonosagitta bedoti; Znagae, Z. nagae.

Table 6. Summary of canonical correspondence analysis (CCA) for
the chaetognath matrix with environmental factors used as con-
straints

CCA1 CCA2
Eigenvalue 0.8614 0.6265
Proportion (%) 50.5 36.8
Cumulative proportion (%) 50.5 873
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sagitta crassa Al 532 Zonosagitta bedoti®} Z. nagae?}
ZToIU O, A, crassa= & BoMF AEFY 2F90.2%=
- Askth (Fig. 4). B2 A. crassa] Al 32 TS
plotZ Al wet A% 7 R0 &4 54 & Y
3tk (Fig. 7). A&l A. crassa CFol 35k, 5ol C
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HohHA 7Rl oAl N3 €3

ol Al %LB‘}% =& B U240

oo} QR o] Jgre e B AL BIE 4= 9Igirh
CHL T2 29 S Hof 7Fa- A& 115l &5t
o 23t oFo] AHge B3l 133 N2 ol 150l
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