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Morphology and Histology of the Olfactory Organ in the Korean Endemic Species, Pseudobagrus korea-
nus (Cypriniformes, Cyprinidae) by Hyun-Tae Kim* and Dong-Hyun Chae (Department of Science Education,
Jeonju National University of Education, Jeonju 55101, Republic of Korea)

ABSTRACT

The olfactory organ of a Korean endemic species, Pseudobagrus koreanus, was inves-

tigated to describe its morphology and histology and analyze correlation between habitat environment
and its ecological habits and characters, using a stereo microscope, a light microscope, and a scanning
electron microscope. Its external morphology showed tubular anterior nostril at the tip of the snout and
slit posterior nostril at the base of the nasal barbel. The olfactory chamber showed the rosette structure
consisting of numerous lamellae radial and parallel to the medium raphe. The olfactory lamella has the
sensory epithelium with olfactory receptor nuerons, supporting cells, basal cells, lymphatic cells, plasma
cells and the non-sensory epithelium with stratified epithelial cells, mucous cells, lymphatic cells. In
particular, 1) 41~43 (n=20) lamellae, 2) lymphatic cells and plasma cells, 3) mucous cells including
neutral polysaccharid may be olfactory characteristics relevant to a stagnant or a standing habitat
environment, nocturnal habit dependent on olfaction, and taxonomic characters compared at least to

other catfish species.
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ZdZo 7oA 37Z7]3 (olfactory organ)> GA ]9 FA g
o] ¥ FAHWAIE AR = 8T FRY SHE AH
= 3UEA, Hol ¢ ZHA] (detection and location of food),
A E& Q1A (recognition of sex), EA) A} ZHA] (exposure of
predators), &4 35 (parental behavior), 3] 7] (homing), 12|11
©] 3 (migration)?} 22 ThFet A SASS FEAIH

(Hara, 1999). S8, oI3L2 2 ol FEol 3= Sl

27 S0 Hgste] R&W 4, HABE AT B EY
B e e e e e e PO
E}HiT} (Zeiske er al., 1992; Kasumyan, 2004). o] 2§ AJel] 2
A2} 29} YA (@), JEH (25
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(Zeiske et al., 1992; Hara, 1994; Kasumyan, 2004).
SEuzte] MAsts AN (Bagridae) o= F 6F
o WA wElo] Y] il ojnEel 277} 21 A
ol Fob H A& o)FoE HIEIT glo] FAN Pseu-
dobagrus fulvidraco®] 79-9l= FAlojFo=z eyt AY
NA AREI 9lo ™ (Kang, 1998), 1% —‘T—%X]JH P. korea-
nus®t TRFA P. brevicorpus= 3=1-30]F 22 (Kim
and Park, 2002) HA7|d &2 BE7] I—S“ﬂ TAFAN
LA BUe 9la WEAG] A% AR oo 9
o} (Kang ef al.. 2007). ‘=EANE Seliete] Asleh walz
sEL Se) 22 BEste MY ol RN WAEAAY
HEo] Fo ATt A&t k=t gt} (Kim and

J—Tl‘o Oﬂ

http://www.fishkorea.or.kr



154 &

ra

B - RS

rel

Park, 2002). @4 & 3 22 B2 o= AL{FFT2 8
o mAZEe] ot AAA w], pFe Y, dEYoR
A& AR garh AAED ool e Az A
RS A HRAICRY A&A EAN A7t da
3k "X Ao A T (Ko ef al., 2018), LA 7IA] =FA
B ATE 27188} Kang, 1998), 414 wrerst Ayl
(Park et al.,2008)9) o] Fef, 2" A7 AHPH v} i},
AZolFE Ho| A S = (prey preference)2} 41435 (feeding
behavior) 52 Ao] &4 (feeding habit)ol] w2t £ 7+ thoFst
2ol & et =dl, 324713 A+ Yol 3219 dAdE
Tt T 7|2AFE 4 A ok (Yamamoto, 1982;
Hara, 1994; Liang et al., 1998). T3t 377|349 EXL H|s:
g YR FHE FTHoke 2AF T AolE FESke 8T
23513 P2 T o]LE7|E st} (Kim and Park, 2020b).
SAIE HE dea 2 qY Az 2 1%
o] Fol| &8tz ofA] T EN AEQt A H o HGH
AP SAE Goht 8 g 24 $2189 A
548 7|&5T 1 ATE B2 A By 1
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1. AEix=

AP Y8 S (LE 4x4 mm)E o] &34 20224 5
d5E AeEe JAF AEH 949 %A (35°
37'43"N, 127°12'03"E, Fig. 1B)|A =5AN P. koreanus (A
& 12.5~28.1 mm, Fig. 1A) 10u8]& YF3IATH I & A
0.1% m-aminobenzoic acid ethylester methanesulfonate 582
(M5222 Sigma USA)E o] g3t dxoA NAES vhst

oW, 1% 0% F4 22T fNT} 25% 4 SFEH=
°‘tﬂ 3= gM (pH 74 2.5% G.A.; EMS, USA)ol| 22+ 5714

ST £ A7) A AR Augstne AdE
‘:'4 e e} Abgof 3t XA (Institutional Animal Care and
Use Committee)°f| Wt (5 IS 2016-12ET-0097).

V)
>
o

HieH
oHd

=AM T3 R-A 5 AA @R (Stemi
DV4, Carl Zeiss, Germany)3}o| Al 3|2 (Surgical blade
stainless No. 10, 11, Feather Sfety Razor, Osaka, Japan)< ©]-&
sto] £xaRy Wl BEsHAon gAGIeHTC,
Olympus, Japan)E ©]-&sto] HFstitt. & 79 F 5
o4& gRlsty] fls AEst 29 107/44E F71 o]

&3t

225t E4Z sty 8l 10% =28 G 1
BAE $4z27 dHES 4N A T G AsDA
(50%, 60%, 70%, 80%, 90%, 100%)S A =3, xylenel

=53}, et Eu) & block (Paraplast, Oxford Labware,
Sherwood Medical, St. Louis, MO, USA)& A|&stict. A2t
& block2 microtome (Leica 820, Leica, Germany)= ©]-8-3}
o] 42} 5uym=E ZHE o] Harri’s hematoxylin-eosin (H-E)Z2
ARkl = FA (Gurr, 1956)2 AT F FAH7 (LE
REL 4.4, Carl Zeiss, Germany)2. 2 #J3}ct. 2g=2
Aoz o] BEAS W335t HNA E (mucous cells)e] F
231844 E4 (pH, th79 F2)S 3H1517] 98 Masson’s
trichrome (Masson, 1929)¢} alcian blue (AB, pH 2.5)-periodic
acid Schiff &4 (Yamabayashi, 1987)& 57}2 A3} ). v
730l ZA|E X (rosette structure)} HMArT o] HHZE E
AL Fel5l7] Y3l 2.5% G.A. &Y Yol 1 AE F7H7| S
TR A AAsI 2.5% G.A.0 3 o 24X|7F 1F '8]—011:]-
I % 34 1% 0s0s &9 (pH 7.4)°] 224 1%, 4329 A
T TE o2 g5, - ReZ A, dAH Z‘]_}—(VFD-le,
Shinkuu Device, Co., Ibaragi, Japan)d}o], 225 Z¥ (HPC-
1SW, Vacuum Device Co., Ltd., Mito, Japan)3t & FALAZ}E
1] 7 (SUPRA40OVP, Carl Zeiss, Germany)3}ol] 23} tt.

2 i,

250 H9o] T W2 AN LEA) FANBE o0
Aoz T /9 1, A H|F (anterior nostril) T} ZH]F (poste-
rior nostri) & B Eoh. Hu|F F50] ¢& Eof YAt
™ 27 (major diameter, n=10)°] 0.25~0.55 mm¢! FX23
(tubular structure) +2& UWEFHATH(Fig. 2A). $H|F2 H|¢
& (nasal barbel) 7] % FZ X5t &7 0] 0.23~0.62 mm
ol H|=Z9 (non-protrusion)?] F-& EA) F£Xo|t}(Fig. 2B).
235 AAT Wl HZo] A5t HIZF Woll= St
A (raphe) S ZHE WALY E= A2 FP5HA g &
Uit vjE WO Ao S5t AFAE 41~437) F3 EAE
Z7} 1= itk (Fig. 2A).

E5AMY T1E A 24T (sensory epithelium)
¢} w|ZFZHArT] (non-sensory epithelium)@ LR E T 935
Z A9 (pseudostratified layer)®] ZZtAtulE= Soko] oF
(two sided plates)o]] W23l S7+ZFF3 (olfactory receptor
neuron), A XX E (supporting cell), 7] A A 3E (basal cell), =
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Fig. 2. Anatomy of the olfactory organ of Pseudobagrus koreanus. A, the side diagram of the head and external (left photograph) and internal (right)
structure of the olfactory organ; B, front diagram of the head. AN, anterior nostril; asterisk, rosette structure; NB, nasal barbel; OC, olfactory

chamber; PN, posterior nostril.

T (lymphatic cell), _'lﬂ FHAM| X (plasma celJ 52 ©]Fo]
791 St (Fig. 3C-D). T4 7AL Ay %32 (middle layer) 2]
C2HE FHOR FHEE PAST| 7AYLE W
7he SAE7I2 FAEe 548 wHoR e AR 4A
atE o] 9lom H-EollA 23t A& A&, Masson’s trichrome
oM gk HepAS Uttt ARA L= 4F5F Y A2
W oA e Hu o FF B3] FALNH ez YAt
™ H-Eol|A] Z3t A& Mojn] Masson’s trichromed| A= 4
3} AR A BeS et 7 AAEE A4 5
2o 915k YY) AR HENA A3t ABNE 1t
Shel so] wshd AT ot 39 oa@n gy
Lo e 499 B 2E AT2H ATLL g o)z

stglom AAuo 33 515, AP Y ot FelolA
I H-Eol A= AARA ol 77 AZAE, Masson’s
trichromeo] A& X3t HepS Ugillc. Az 2=+
of Hjet 27|24 Fo] mofo] BHF o R AP HE o}
TFEE 9 o1 Masson’s trichromeo| A= biebrich scarlet-acid
fuchsin® 2 HAHE g WIS eyt

S5 H YA T % (stratified squamous layer)®] 8] ZZHAFT]
= AT A E (stratified epithelial layer), H X1, YA
(mucous cel)Z FAE T (Fig. 3E-F). AT A T = Al
9] st A AFRof| o|27|7HA] Ao LA st TtEAZZ
chFsHAl AR H thA GZgE 3t H-E9F Masson’s trichrome
ol SRS Y HEo L& AxFo] EAo|t. HEZ A=
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Fig. 3. Histology of the rosette structure of Pseudobagrus koreanus, stained with Harri’s hematoxylin and eosin (A, C, E), Masson’s trichrome
(B, D), and alcian blue (pH 2.5)-periodic acid Schiff (F). A and B), rosette structure consisting of lamellae of the sensory and non-sensory epithe-
liums; C and D), two-sided sensory epitheliums having olfactory receptor neurons, basal cells, supporting cells, lymphatic cells, and plasma cells,
and the connective tissue with fibroblast cells and lymphatic cells; E and F), the non-sensory epithelium consisting of stratified epithelial cells,
lymphatic cells, and mucous cells. BC, basal cell; FBC, fibroblast cell; CT, connective tissue; LC, lymphatic cell; NSE, non-sensory epithelium;
ORN, olfactory receptor neuron; SC, supporting cell; PC, plasma cell; SE, sensory epithelium; SEC, stratified epithelial cell. The bars indicate

200 um in A-B and 50 um in C-F, respectively.
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B d

R S R ER D EE VS L
3t AZ o] Bolm Au)% Ao Lasth YoMz
foj oz je 2 99 Ei ehde] £ul% AZ (unicellular
gland cel) 24 4513 Ao] $1X3hel HEAAE 4ol
gk AB (pH 2.5)PAS GAol 4 RS WMo R S-S
Urebict.

FApAAAn Ast BRI Foe e BEe] v 1
W v Suo 2R W) glom (Fig 4A) 129 E9
oM We Hust BEEYt 4REL A2 4T 9o
2 559900 22e] Zojt thi Xjo|E Ryt (Fig. 4B).

o,

o

dutr oz & &9 HH{Z 93t AjZto] @3t Lori-
cariidae T+ Callichthyidae®] 534 (diurnal species) 7|
5 oFE0e 2 w5 NG 2ol AL £ ER/8h= oF
YA ©]F (nocturnal species)S- th2 Ay2|stzd 7zH (A4,
|z, £7F 5HEG kst AE A 35 (ecological behavioral
advantage)®] F@ollA ZZ}(olfaction) &E=7} Wl =
t} (Caprio et al., 1993; Morais, 2017; Ikenaga and Kiyohara,
2018). & AolA 5 A= D) s B d= FEE

HH|F,2) v5e 712 HEo gl FL B(slin T2 Fu)



Fig. 4. Scanning electron micrograph showing the rosette structure (A) and its lamellar surface (B). L, lamellae. The bars indicate 500 pm in A

and 5 pm in B, respectively.

,3) TR, AAAMZ, 7IAAZE FHE AT, 4)
AL A 2ot HANEZER TAAE vtz 22 o
7|5 ol fREoA Bud dyrAel $27]8 54 YE
Wt} (Hara, 1994). o]2f3t A3=2 of42A w527}t ok
£ 715 AFET 2ol XA F2+-& o] &3to] HolE
g5t Q9 FAHUSE AX|FH= A I+ 5+
Yated oA DeEA sE 2 ZZ}@M EAER B
Hoh 3%, 1) 41~437 (n=20)8] *%,2) FZ 9 FAAE,
3) 4 dERF AHE B JAAEZE b9E WrE ofF
S v EE w5AHY EolARl 7|3 B R g
st

r o ol

Kim (2018)2 ¥=4t G507 27|13 AtolA A
H]_l__,] EAS 1) ESH §E29,2) vy xdy P vt
§,3) BHCRHE 55 W1YF, 4 WY HPs o
EEAlE B2 Fu

oz FRIE, & d7Y
°ﬂ Gt At olHe EAL Scoloplax dicra (Bailey and
Baskin, 1976), Plotosus lineatus (Theisen et al., 1991), A XA}
7WAH Liobagrus somjinensis (Kim and Park, 2018), Wallago
micropogon (Ng, 2004), Xiurenbagrus gigas (Zhao et al., 2004)
o W7)B ojFmaL ofUe 1 9] OB
neri (Kim and Park, 2020a),
(Kim et al., 2019b), ¥ET5 Periophthalmus modestus (Kim

et al., 20192)¢} T2 TheFst BERHoA =Y o]E2

Z0] Lethenteron reiss-

Al A Micropterus salmoides

WA O fao] Gt olgolLf Arhapo] FRT 4814
2 HEshm A4S Bol A gl A7) U thi §%
of g ARE FBANNE AZT 4 Uk AH A

£A4E B F 35302 HoFrh(Kim and Park, 2002). Cox
(2008)= FEY H|FL ojf7t 7k AFoA v U= &
Yot A AT B2 AYS Hallsks 972 f5 AA
(8)9 v ol os) WA st= ZHAS “boundary layer”e] &
A AHAZ = Aok AGe vF YT, olHE AAZTS

EE frEolM e g § FA dAYsh=d l(Cox 2008),
=5 S REY AvE2 Eo] gl A7 ¢ frel o
& LAY FAE S, AL AR 59 & a a0 3
S8kl 34 852 F © B oR s3] At 715H
TEE AZE.

AUt o2 oo w7 % ofF FAV| UL THE FE
o ER] v B2 o FHE Hiske AR &

2 A ﬁl%tﬂ, oF 1007} o) (FAE FHLE ZF 54~567N)
9] Rita kuturnee (Ghosh and Chakrabarti, 2016), 2F 607] ©]
XA FZo| ZF 34~387W)Q] Eutropiichthys vacha (Ghosh,
2021), 62~647§2] Wallago attu (Ghosh and Chakrabarti,
2009), 38~42709] Clupisoma garua (Ghosh, 2018), ARAZ}7}
Atgle 22~24709] T =5 7}2th(Kim and Park, 2018).
273 T 2o 2yl 2o] 57 nA T GLAL =
AL A Zash HEerE Q002H ot T2 hal
(olfactory receptor neuron)2] W H e} 420 ‘?:_17536]—7-]] oA
Hr}. kA, $7to] Hol gAY Bl of g} A A)A o]F, o]
o 22 AgAtolA Fa7 A B0 WHsHA A
57| g of FgAdolRF WA Anguilla japonica 73S 108
7Hel of$ e 3¢ $=E§ H{3trh(Yamamoto, 1982). E3H

T = AHE 549 AolE # Whgste FH A FE=
”\1 :LEO]' THFE 19 B E ST ERSHE FHARE W
W3] o]-g o] gH=d| (Yamamoto, 1982; Zeiske et al., 1992),
Waryani et al. (2013)2 529 A&]sl= &2 &9 3%,
Sinocyclocheilus furcodorsalis®} S. jiie= A2 T2 AHE|F F
S wel o] EIE S. furcodorsalise 11~137], F3
3 e BAR S i 12~ 14709 T FBAES ekl

B2t B TR 414719 FE S I
Hoa gAY 2UEEY £a0 LR FULE ojg
 qom, B8 o 447 el A4 Sl "

7% oARE(EAN, AFAA, Aot 23 vlng



YR A A A E (nature killer cell), T-A| 3£, B-A|E
o FAANZL} A FHO Al violglA, ZAH
A 1 9 A o2 HE XANZE HIT 5}
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A& 2o A o] ME 58S F=th(Bone and Moore, 2008). 7]
o Aty ZE frlEe] B = W3} RIwsty fF
9 #Fo]  BHANA A= oFe= "ol Ask= of
FEET 77| Hof|A 53] §2 9 d=ZF7t AT ek
H| 2] BRo A ERIE It (Kim, 2018). =5 A 52+
71Ho| A= 7z o vz T oA Y=z FAAN T}
HIASHA SRIE Y= ole tha FAE 3ol §E4t
7o) Folual @714 AletY F7HR Qg AAA 87 A
o5 g sty 40z Mzhe| 9 (Shin and An, 2005), A}
7 37, 92 9 45 o AAA B A4S e
=AY XA 18T fU)E Fi B, AL
o AMAAY zto], Al =2 F9 oheFdt -3 2
25 HFste] 347180 HAMEZESY £27F w3t &
AA EAT 9 AEd #EAdol de=A FAHY AdT
ZAE 5

2
o
T
=)
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N
30, ©
o
2
|o
f
oZ
)
BN
o

AnH o2 FEAN 77| e E =S
Z 9l oA o] AEF AT Bo] gle A7 5¢F thh AA
2 A AY HSH EALS YEhY Y, 53] @ £ &
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N oRH

=27 Pseudobagrus koreanus 371713
Ho) Ay, 4AE ST 54
shen)7, 2 A A AotolA) 3
= APt F471H9] F FHe F
g FEYP O Hu]F 1} H]=4 (nasal barbel) F
o BEAR (10 FulgoE TR YR
(raphe)S SHLEE YAIY E= A= B35t
o $gom T4 ZAE FEE e
e, ARAE, 7| A A 2ot F2, FEAAZ
Yuj o} S/ A, AN 2, HEFE 74
ERJAHAT. TF 1) 41~43 (n=20)2] =,
A, 3) 54 TR WS Bed FoNE
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