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The Morphological Characteristics of
Pseudo-nitzschia cf. brasiliana Observed in Korea Strait, 2010
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Abstract - Several species of the genus Pseudo-nitzschia produce the neurotoxin domoic acid (DA)
known to be responsible for amnesic shellfish poisoning. Recently off the coast of Geomundo and
in Exclusive Economic Zone (EEZ) of Korea Strait, P. cf. brasiliana predominated in summer,
2010. As P. cf. brasiliana was new to Korea, we describe the morphological characteristics of the
species. It was observed that cells were linear to lanceolate in valve and girdle view, 51~ 76 pm
long and 1.9 ~ 2.6 um wide. In the central part a large interspace was absent. The number of fibulae
and striae in 10 pm were 30~ 37 and 31~ 37. Each stria contained 2 ~ 3 rows of poroids, with 10 to
14 poroids in 1 um length. These morphological features of P. cf. brasiliana were found to be
similar with the P. brasiliana, except with the fact that P. cf. brasiliana carred more numbers of
fibulae/striae in 10 um and poroids in 1 pm. Based on our observation, we suggest that P. cf.
brasiliana is a newly identified Pseudo-nitzschia species or a variety of P. brasiliana.
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1995; Park et al. 1999, 2009; Kim 2010
B} Sjopel e B F Y ool
u| 21 8lo}. Pseudo-nitzschia7} A Z-4 %O]E]-
Zhetstd o] &9 fok Rx 3 ddy
ojuf HA4] of Kol i3t A3 Ache] I Q3

Pseudo-nitzschia’= 27 o= 5%71] =
ZHA A gleir] ez AHRE @2 A7t
roh 22 10e] W Alolol= SEM, TEM3} 7
148 olga v T2 ATek A 471N
g AFEF ATE B3l of 200950l o2
Eo] ¥ 155 (Lundholm and Moestrup 2002; Pri-
isholm et al. 2002; Lundholm et al. 2002, 2003, 2006, 2012;
Amato and Montresor 2008; Quijano-Scheggia et al. 2009;
Lim et al. 2012, 2013; Orive et al. 2013). | F7}A] A 4|
t HES AlQdsta of 4dFel BuFded, Sl
oF 15% A=rt 2dste Aoz o4 ok (Park er al.
2009). A1t Pseudo-nitzschia <ol = 33+ n) 7 o)L} A
Zle] AR Aoz E EFT 5 ¢l 2% (criptic
species)e] o] 2le] (Lindholm et al. 2002, 2003; Quijano-
Scheggia et al. 2009; Wang et al. 2012), A}d| A} o 2 w] 213t
U AT D5 v A 3 el ot
A g2 Fo] Fxela e ez AdHI AFE
wol 9lg Aoz 34,

Pseudo-nitzschia= A FE]7} AxH wE3t A2
FAEIH o] 52 F EH7IES M (valve)o] el o}
Z, Fo] fE, 5EUvE (fibulae)e} A7+ A (striae) 2]
Ax, M2 E7¢ %Z}( enteral interspace)2] &z of 3 3}
74 (girdle)®] =53 77} (valve)®] oFE, A 71 AR+
ZH R Ao|, u]4F (poroid) S-o|t} (Tomas 1996). A&
o7 Z 4ume 7|F0 7 oKt} Yo ‘Seriata 1E,
o|Hr} Fow ‘Delicatissima 18 02 Rt} Zo)
%2 Delicatissima 152 7§72+e] 3efe} w4 (por-
oid)e] Fxol| we} tA| delicatissima 413, micropora
AT89 4
N A2Foz v} (Park er al. 2009). micropora 215
S A F7be] W B o] A ¥AY A el
A9k, americana 2182 ME Zo| W3t A ¢
E RFo] BEJ 7lo] EA]o|t} delicatissima AT1TEF2
Ay ge) 229 wiFo] 9lE vk, pseudodelicatis-
sima 27152 Aol 122] waFo glom o
7§e] sector® w|AFo] vhrex] 9l o] EAe|
(Table 3).
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Fig. 1. A map showing sampling stations.
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Table 1. Location of sampling stations

EEZ in Korea Strait (22-Jul-2010)

Geomundo (20-Jul-2010)

Stations Longitude Latitude Stations Longitude Latitude
EEZ 1 128°19'00"E 34°10'00"N St. 1 127°16'41"E 34°01'46""'N
EEZ 2 128°20'22"E 34°10'30"N St. 2 127°1727"E 34°00'48"'N
EEZ 3 128°20'37"E 34°10'30"N St. 3 127°19'10"E 34°00'49"N
EEZ 4 128°22'22"E 34°10'30"N St. 4 127°19'10"E 34°01'05"N
EEZ 5 128°22'37"E 34°10'30"N St. 5 127°19'50"E 34°02'51"N
EEZ 6 128°20'30"'E 34°11'30"N St. 6 127°18'48"E 34°03'47"N
EEZ 7 128°22'00"E 34°11'30"N St. 7 127°18'48"E 34°02'23"N
EEZ 8 128°24'30"'E 34°11'30"N St. 8 127°1702"E 34°03'58"'N
EEZ 9 128°27'00"'E 34°13'00"N St. 9 127°17'49"E 34°03'15"N
EEZ 10 128°27'56"'E 34°25'37"N

(Lugol’s Solution) © 2 1A 3}g} o, 2] A} el =25
o] FF g o] FASEE AL WAE] flste] dF
)y 592 233 5 APz ewtsieich AA 24
<= S8 20um BE netz A oQlsle] FH A EE
A8 & A oA FA] =23 (Formaldehyde) 0.2
HEF%% 1%(10mLL Y} =2 3438l 3, 247 100
mL HDPE A|&H el o] -3t

1

o} 100mL e} FEF HEaH o, 53 ARt 20
mL HDPE A28 376l 77 vre] ekaln) 4, 44
Hol g, el goz washec)

s.Aeg 9 J 24
7z} 8| ol & 3}= Pseudo-nitzschia 2] Za) o] 39}
Je) EAS BAsl7] 9)5le] Zeiss (Axio imager Ay, GER)

Hul7 oz v 8E HASUH. FAKAE ] (FE-
SEM; Field Emission Scanning Electron Microscope, HITA-
CHI, Japan) #2-& 13 Age 72 4943 229030
2 1AF A8s BT AHR-8Eg] o, Simonsen (1974)2)
Tz A e wel AAelskl el g A
2 BFHERS Pseudo-nitzschia®] Z& =kl wheg} 1~10mL
Yol A A8s) zdskeleh 23 Alsel Sae) Fzial
ZF (KMnOy)& A7Fste] 24417k gk Aegt F Alg9)
2E PAHHC)E B7hsR Fdlel D WA 7}
Jsjelet. B4 ARl 995 A& F PC membrane
filter (5 um pore size, Millipore, USA)Z A}-£-5}o] 15mL

g RG=| ol A sl A7 B 7, Alwg)
oA Aol el = A GEE A AT $E

2 359 AA AR 2R AHo] B Ant
100% ethanol 2 2|z} M2 8}9] L, 2| &2 02 Petri dishel|
Hol Wg BT BE s FAPAE A7 (FE-
SEM)o. Wasp] Aael Auskel 7] Azshge
o, A2 A=AE F7] ]3] Ion Sputter (HITACHI E-
1045, Japan) 2. 10mA 3}el| A} 80% < W2 (Py) =253}
oAtk AR WS 71e A S~ 10Kvel 4 Sasheleh

CZET T

1. Pseudo-nitzschia cf. brasiliana®] 3e] EA

@3l EEZ FA A F <A o} 7=l A WA dE Pseudo-
nitzchia cf. brasiliana’= M| E2] Zo] EE3lo] A3 Al
americana group2] Zo|gith MAHe] ¢ Mz A
Aol AA Ao 7M7ka dek B9lel o287 =F F
oAtk (Figs. 2, 3). /W2 W&2] 7hd Rl 7 ¥
Z}(central interspace)-> 3t} I Zol= Pl EEZ A
22X 655um, AEE Al2E 67.0ume| it} 10 um ghel)
e FE<tE (fibulae) 9} - < (striae)e] N
EEZ A 5.9] AS Z+7+ 30~3470,32~37/l, AE= A&
o A% 77 3137313742 % Hde] Als 2
119] W g nach ols} L FEalriels ARy
9 1:1 882 4umB} =717} 2R Pseudo-nitzchiad))
A= P. brasiliana| A7t Yeh}= EAl o]t} (Table 2).

Pseudo-nitzschiaS 533 w Az 7+ 396 =7+
37t (central interspace) o] EA|s}=A] oJHE= wj$ FQ
st Ml Zo] 4umB} 22 Delicatissima Z1Fol| A=

20 27k] e Fol Bedl, o 5L By F 5ol
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Fig. 2. Pseudo-nitzchia cf. brasiliana from EEZ of Korea Strait: (A) LM. Valve view of preserved cell. Scale bar=10 um. (B) SEM. Acid
cleaned valve showing fibulae and striae. Note that are valve margins straight and symmetrical. Scale bar=10 um. (C) End part of the
valve slightly tapering toward the tip. Scale bar=5 um. (D) Central part of the cell. Central interspace could not be seen. Scale bar=5
um. (E) Valve tip. Scale bar=1 um. (F) Detail of central part showing one to one matches between fibulae and striae. Scale bar=1 um.

Table 2. Morphometric data of Pseudo-nitzschia cf. brasiliana and P. brasiliana, compared with its sister taxa and other Pseudo-nitzschia
species. Minimum to maximum values are given for the local strains and numbers in parentheses are average values

. Length  Width  Fibulae  Striae ~ Poroids Rowsof Central
Species Valve shape . . . . . References
(um) (um) in10wm in10wm inlum poroids interspace
Linear to lanceolate 51~74 2~26 30~34 32~37 11~14 2 — Present study; EEZ
(65.5) 2.2) (32.9) (34.8) (12.0)
P. cf. brasiliana .
Linear to lanceolate 55~76 19~2.6 31~37 31~37 10~13 2~3 - Present study;
(67.0) 2.2) (34.2) (33.6) (11.6) Geomundo
Linear to lanceolate 29~36 2.6~3.1 23~25 23~25 8~9 - Park et al., 2009
Linear to lanceolate  34~39 2.3~3.3 22~27 23~28 7~10 - Quijano-Scheggia et
(36.5) 2.7 (24.6) 25.2) 8.7) al. (2008)
P. brasiliana Linear to lanceolate  (34.0) 3.0) (23.3) (24.2) (7.6) 2 - Quijano-Scheggia et
al. (2009a)
Linear to lanceolate 12~65 1.8~3.0 20~26 20~26 7~10 ~ - Lundholm et al. (2002)
Linear to lanceolate  (31.5) 2.5) (23.5) (22.5) 8~9 ~ - Wang et al. (2012)
Linear to lanceolate 12~42 2.5~4.0 18~24 26~31 8~10 ~3 - Kaczmarska et al.
P. americana (2005),
Lundholm et al. (2002)
P. linea Linear 13~27 1.8~22 18~22 38~42 8~10 2(~3) - Lundholm et al. (2002)
Linear to rhomboid- 30~80 2.5~3.5 13~18 23~28 7~9 2 + Lundholm et al. (2002),
P. turgidula lanceolate, expanded Priisholm et al. (2002),
in the middle Skov et al. (1999)
Parallel sides, broad 63~126 1.8~2.7 10~13 8~10 1~2 + Skov et al. (1999)

P. turgiduloides

and rounded ends
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Fig. 3. Pseudo-nitzchia cf. brasiliana from Geomundo coastal waters: (A) SEM. Cell frustules showing fibulae, striae, and symmetrical
valve margins. Scale bar=10 um. (B & C) End and central parts of the valves. Scale bar=5 um. (D) Apical end of cell. Scale bar=1
um. (E) Central part of cell showing two rows of poroids irregularly spaced. Scale bar=1 um. (F) LM. Valve view of preserved cell.
Scale bar=10 um. (G) Parts of the valve showing hymenate velum of the poroids. Scale bar=0.2 um.

sl sle}. £38] “P. delicatissima 2~71% Z} ‘P. pseudodel-
icatissima 2275 1§77 G714 2el7} Felstel
Aoz o e e xolsk A9 gl
A ke Bt 33 7wl & Fo] B 54
< 3Rglafof FH o] 7153 A% 9)o} (Amato and Mon-
tresor 2008; Quijano-Scheggia et al. 2012). ¥FH =7+ 27+
o §ie B 1 47k BA gu & TEE gudes
Zret3}le}. ‘micropora A1F°2] P. granii, P. micropora,
P. subcurvata 323} ‘americana 2715 2] P. americana,
P. brasiliana, P. linea 3% 5 R 6%o°] Delicatissima
3% FolA 7 F3ke] $l Felth(Table 3). P. cf.
brasiliana’= A3 Zo] 4umEZ> JA] &1 =70 F=

At o) Aol A “P. delicatissima 2~ o)} “P. pseu-

dodelicatissima 27183 A3t FEEHH Ao
2 =A% 4o} =3 micropora ATEF2 ME o E B
o] A&F Fejmeks sta gl 10um W H¥Hd
27} SZqitkE] 429 2ul7)} W17] wjFel| P.cf. brasil-
iana®} 9P Aoz wo z}o]7} 9t} americana AT1E
WA P. americana, P. brasiliana, P. linea 3%-2 10 um
ol gl SEabctel ok AFHA ol vl g A
2 g3t z}o)7} Qo P. brasiliana= 11 B]&o] 1:109]
a1, P. americana®} P. linea= 247+ 1:1.3,1:2 U &) o]t}
2 8]go] 1:181 P.cf. brasiliana= ©]2 Aol A P. brasil-
iana®} 2133 o2 717t} Seriatia 1E| A= P. australis,
P. obtuse, P. pungens, P. multiseries, P. multstriata, P. seriata
60| F2F F7kol vk P. multstriatas A 2shH o] &
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Table 3. Each member of five Pseudo-nitzschia groups. ‘Delicatissima Group’ is subdivided into four small groups by the characteristics of
value shape and poroid structures. The members that do not carry central interspace are marked with asterisk.

Groups Members
P. australis*, P. fraudulenta, P. heimii, P. obtuse*, P. pungens*, P. pungiformis,
Seriata group P. multiseries*, P. multstriata®, P. seriata*, P. sinica, P. subfraudulenta,
P. subpacifica
P. delicatissima complex P. arenysensis, P. decipiencs, P. delicatissima, P. dolorosa, P. lineola

P. abrensis, P. batesiana, P. caciantha, P. calliantha, P. circumpora, P. cuspidata,

Delicatissima P. pseudodelicatissima complex

P. fryxelliana, P. fukuyoi, P. hasleana, P. inflatula, P. lundholmiae, P. mannii,

group P. plurisecta, P. pseudodelicatissima

micropora group

P. galaxiae, P. granii*, P. micropora*, P. prolongatoides, P. subcurvata*

americana group

P. americana*, P. brasiliana*, P. linea*, P. turgidula, P. turgiduloides

< B2F %‘%‘l‘:}ﬂ ot ARHd 2 vge] dA=
1 et sl AA FEjrh sked
& vl meFolar Al £2] Fo] 4umE HolA P.cf.
braszllanai},—‘j- ZEA Q] z}o]7} Q)

P. cf. brasilianaZ} P. brasiliana®} f-AFsA 9 S-Z3kc}
2o} AEH 9 u)gut TAF B A AR 1x=
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olv} 33, 33 Dayadqh, 29| ¢l Catalan 3]¥Hel| =33t
P. brasiliana® o} 2¥] A= Z 3, 10um 4 SZEeicie]
Fof AFHde] £x ojEnTt 15w A= W (Table
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EEZ9} AEx 39 o A=A 22 HF 12.07,
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and Montresor 2008; Quijano-Scheggia et al. 2012)& 7}t
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oz}l A& A|A}Eke} wheta| P. cf. brasiliana= P. brasil-
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Baleh gk Aol WEew 4] AN AF
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X4 of feke esk Ak

/q]
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7
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£ el Brbsa] WEolet oJeldt A3k P.cf. bra
siliana7} o &Ae) Fa EEZ |2 2 $A=d 7}
4% AN kg o] 39 A AA A g =
Asel s} AAFE) A5 eals & Beoh
o} Fal o r] o EA-el| P.cf. brasiliana7} 3%
2 2UsT Usdl= BT o Fifel s
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I, HE A

J&L{oii



Morphological Characteristics of Pseudo-nitzschia cf. brasiliana 341

1000 4

800 +

600

400 A

Cell counts (cellmL™")

200

EEZ1 EEZ2 EEZ3 EEZ4

100

é\ 80-

g 601

hel

=]

2

S 40 -

=

=

Q

[~ 20 4
0

EEZ1 EEZ2 EEZ3 EEZ4

EEZ5 EEZ6 EEZ7

W Surface
B Middle
[ Bottom

EEZ8 EEZ9 EEZI10

Stations

Il Surface
I Middle
1 Bottom

EEZ5 EEZ6 EEZ7 EEZ8 EEZ9 EEZI0

Stations

Fig. 4. Cell counts and relative abundances of Pseudo-nitzchia cf. brasiliana in EEZ of Korea Strait.
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Fig. 5. Cell counts and relative abundances of Pseudo-nitzchia cf.
brasiliana in Geomundo coastal waters.
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Table 4. Environmental parameters at each depth of EEZ in Korea Strait

Depth  T.(°C) S(psu) COD NO»-N NO;-N T-N  NHs;-N  PO4-P T-P SiO»-Si SS pH DO
Surface  26.2 31.72 1.535 0.0006 0.02 0.32 0.11 0.00 0.01 1.49 2.15 8.2 6.9
Middle 16.5 33.87 1.769 0.0014 0.02 0.29 0.11 0.00 0.01 1.51 1.61 8.2 7.4
Bottom 15.0 34.2 1.607 0.0027 0.07 0.32 0.09 0.00 0.01 1.62 1.70 8.2 73

Mean 19.2 33.26 1.637 0.0018 0.04 0.31 0.10 0.00 0.01 1.54 1.82 8.2 72

A ol 5] AEFH HHE
A==
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