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Accepted : November 27, 2023 This study describes the light microscopical cell types and histochemical characteristics
as a preliminary study for the research on integument of the walleye pollock Gadus
chalcogrammus in accordance with the physiological and environmental changes. The
lateral line of the integument surface showed a curve in the anterior part and was straight
from the middle to the posterior part. Integument is composed of outer epidermis and
inner dermis. The epidermis is a stratified layer composed of epithelial cells, mucous
cells, and club cells. Epithelial cells are classified into squamous superficial cell, cuboidal
intermediated cell and columnar basal cell. The thickness of epidermis was 122.9 um,
and the ratio of epidermis thickness to body length was 0.03%. The mucous cell and
club cell of unicellular gland were mainly distributed in the apical and middle layer of
epidermis. The mucous cell contained mucosal materials of acidic glycoprotein. The
proportion of mucous cells and club cells were 21.3 (£ 7.00% and 4.0 (+ 1.0)% of epidermal
area, respectively. The dermis was dense connective tissue layer and composed of mainly
collagen fibers. It also contained fibrocytes, blood vessels, melanophores and scales.
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et al, 2016; Lauder et al, 2016). £3|, W& Anguilla japonicat 2 o= HEf o2 o X M MZE 5 U ZXEHH
AT Oncoriynchus sp.2t 22 2|54 0172 420 2l& S JIWE St 0|52 BAEXG J|F AP J|xARE
=0 w2t =20 Rzt 22 M0l Ct27| HE0of | HSSt AL AT

2AHQ 7ot 7|5H o] £E HS ACHPark et al, 19953,
b; Robertson and Wexler, 1960). IH-E Evcl tgﬁ
YEY Gadus chalcogrammuse  Ti+%(Gadiformes), CH-taf
S

(Gadidae)0ll £3t= dd O{REAM =4 50~450 mOj|A{ 4 st 240 20189 128 ZAE 1Y AQtOIM SR KFT
o, &7l 12801M 3EE LB don MEtS s D=2 M ®E 501 (+1.1) cm A7]2] 1074HE AFRSIRUCHFig. 1A)
0|F3t= 2|7 O FOICkKim and Kang, 1998; Kim et al, 2005, ~ AZEES o1 3ot = YALE |0t0=2 =405t 4
Kang et al, 2013). [2tA FEf= ALO|M ZeHE MEtslR Al <Y YL E WHSIRCH, 2 dR0Me Y5 MEto| O|R0i1T ¢
2|50l Botot ob ZHQISH s etFo| Hato| HEY HR7t A WHE 2ASIRICHFg. 18). ZAEE MEE Algs F89 2
UOH, WAt ChA0f M2 mEAS A28 A0|E BY 22 @ &% 2229 LRAHE HESI0(Fig. 14) 10% SEZEL0|
Ofl & EIC nget & mietd ZoiEE 0830 FH 5~6 yme| FEHH A

LHEZ MEBIAC HEE ZEEEE2 Mayer's hematoxylint

0.5% eosin (H-E)2| H|mEA Masson A& A 5 alcian blue
-periodic acid and Schiff's solution (AB-PAS, pH 2.5) Et& &
BL aldehyde fuchsin-alcian blue (AF-AB, pH 2.5) E-22 A AL
ZAREM HIOEC| FHQL 2HM=ZS| 22 Hlg2 oY
SR M K| (-solution, IMT, USA)E 0| 83104 A5 RACHFig. 2).
HEol chet 4IE FH Q| Hee WES%)= LIEHIYCE

©

Zm Y o

HEelo| mE HEHMO| ZM(ateral line)2 MEHET} 2A0tSt 2 M
o|en, & MM SX|=2{0| Ol Z2EH Ta|[X|=2{0] 7|X&
MR MM 2 HYEo AUALCHFg. 3). EMS2 ZE 2+ 5896
+618 pmE 30~327 HHEAUCH, ZMF Ato[o] ZtAL <
6609 mmACt 072l EME 29| SEI LA Hzl 52
UXte E83H 27| F SUE T2 02|t 580 K|

olCHKlein and Bleckmann, 2015). 59| HEj= &Of ma}f Ct2
O, ChSat 20| oS 7tX| HEZ 2FEICHCoombs et al, 1988;
Fig. 1. Morphometric characteristics (A) and gonad maturity (B)

1) B _strai &
of the walleye pollock, Gadus chalcogrammus. Circle: dissecting Webb, 20143, b): 1) e 3(complete-straight), 2) O] ci(complete
area, BL: body length, O: ovary, TL: total length. -arched), 3) SZ&HiX|&(dorsally placed), 4) HiZHHX| % (ventrally

‘Ycw

_——

Fig. 2. Microscopic image analysis of epidermal layer. A: thickness of epidermal layer. B-D: proportion of secretory cells in epidermal
layer. Blue colored circle: club cells, Green colored area: area of epidermal layer, Red colored circle: mucous cells.
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placed), 5) &2 (incomplete), 6) 22| (disjunct), 7) Ct+H
(multiple), 8) F&E M (absent). 0|2t 22 7|ZC2 = I FELQ)
EM2 M 2¥o R WCHEIDE ZEMZO £ E8EO Echelus
uropterus (TL 276.0~583.0 mm)= 43~507H (Ji, 2011), SZ &2
Apogon unicolor 267l (Han et al, 2022)2 &0 2 X0|§ &2
Ch ZE439l 27| A ZMF 2 A2l B0 Wat Ch=A| Lt
O (Klein et al, 2011; Webb, 20143, b), 832 7|2 &

Fot gEgol wat S716HR|E X017 o|R o= 27|QF =7t
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Fig. 3. Morphology and lateral line (LI, circle) of the walleye
pollock, Gadus chalcogrammus. Arrowhead: trunk canal pore.

TEE=H, #HEES XARH of2fel 3~7522 FE HEH A|
ZSE O|ROIN JUACEL FUEE2 HUBQ| 7I20H #2e= <%
5~859 YU MEEE FHEO, 7|ME52 7|HTof gt
M=ZZLZ 9 559 AFH MZEE FEE(0] UAUCKFg. 4).
e mRA o HuEat FmEe| TASHH pHE SHK|1te
Lepadiichthys lineatus (Fishelson, 1972), ZtX}D|0kQ| Pleuronectes

platessa (Roberts et al, 1972), E&&2|2tQ| Monopterus cuchia

(Mittal et al, 1980), @801 Carassius auratus (Jeong and Moon,

1994), AAIO| Sahelinus ajpinus (Witkowski et al, 2004), L&

O\tQ|  Boleophthalmus dussumierRt  Periophthalmus waltoni

(Dorostghoal et al, 2022)S H|Zot B2 219t SUSHAUL

S| AE01F LRA FHe dekd 0|FS0| K30l &
OES0| Hjgf FHR Aoz 2L CH, O3t

o

9l

Qe giot #0] 2IYo] Bl 22, ¥EE U 9718 55 S
H

o

S ro

&4 Hstot 33 o]0 ek OfFe| Yof7| A H20| ALt

(Lee and Jin, 2001). HXY7HX| ENE AE0|72 AI|F FH=
&21t0| Tetraodon fuviatilis 215 um (Mittal and Banerjee, 1975),
EX| Paralichthys olivaceus 42.3 um (Lee and Jin, 2001; Kim et al,
2002), HI=2}X| Pholis nebulsa 674 pm (Lee et al, 2000, Lee and
Jin, 2001), &0 Lateolabrax japonicus 359 um, ZL| &2} Sepastes
schlegeli 30.8 um (Lee and Jin, 2001), 24+0{ Seriola dumerili
283 um, 11&0] Scomber niphonius 204 um, &X| Scombero-
morus njphonius 12.7 um, ZX| Trichiurus lepturus 6.5 um (Jin,
20042 YHo2 RYHO| £2 0|TY+E HU|Fo FH7t

a2 dgs BEAUCL 2lnd R Satelinus ajpinus®| D7 |

Fig. 4. Cross section of the integument in
the walleye pollock, Gadus chalcogrammus.
A: Section showing the stratified epidermal
layer (El), dermal layer (D), hypodermis (Hyp)
and muscle layer (M). B, C and D: Section
showing the stratified epidermal layer. A:
Masson's trichrome stain, B: H-E stain, C: AB
-PAS (pH 2.5) reaction, D: AF-AB (pH 2.5)
reaction. Bc: basal cell, Bm: basement mem-
brane, Cc: club cell, Dct: dense connective
tissue, Ic: intermediated cell, Mc: mucous cell,
S: scale, Sc: superficial cell.
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50 /- 25 A

Fig. 5. Photomicrographs on the integumentary dermis of the
walleye pollock, Gadus chalcogrammus. A, B and C: Note the
loose connective tissue (Lct) and dense connective tissue (Dct) of
dermal layer. D: Fibrocytes (Fc) and collagen fibers of dense con-
nective tissue. A and D: H-E stain, B: Masson's trichrome stain, C:
AB-PAS (pH 2.5) reaction. Cp: chromatophore, S: scale.

T FMe& 150.0~190.0 um% 20 (Witkowski et al, 2004), At2t7]
of QIgte= 3|Rske EX| Aptogrlus ventricosus TEAH HT|S
2 o 3079 YTMZESO| 202 FYE L5 52z &
= 2 200 pm LHQIZ(Jeon et al, 2016) £ A7} QARSIALY.
YEjO| I 2 YuBoN BN SUSH F2 2EbE T
£ TMEMo=Z HF 9F 399+67 um2| FHO|QACE Of
H-E QM (Fig. 4A)3t Masson &% @M (Fig. 4B)0IIM 32 %
"2Eﬂ AB-PAS (pH 25) ES0fM= FEMOZ HHSHHYL
, AF-AB (pH 25) HS0M = st REMOZ B35}
T NZE 9 380+29 ymo| YHOZ 4
YN =t =R,
|. A

LR

C
il

=

LI

o |
=t oot 32 ¥R ox o

o0z

HA| ot OF
>Rl tMasso MZ M AB-PAS (pH
SO 25 3ZMS !
f ’-E——'" é"f *ﬂ%oﬂ M b’H|)\1|i7£-"’-| TEEE Y
9 BEE2 213 (2 70%E ZEMZE
o[ 40 (x 0%01| HI ZES HACL

43017 X*0")\1|ir£°| HAEHS B0 mat 99 e
Z(An et al, 2007: Failde et al, 2014; Jeon et al, 2016) 3 At St
84 & (Pickering, 1974; Mittal and Banerjee, 1975; Eastman and Hikida,

1991; Jeong and Moon, 1994; Park et al, 1995b; Park and Kim,
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ENECE 2 AF0MO| HAUMZE= A
|- AF-AB (pH 25) }% 7E=Ij_|- A}A—Io| |:H:|-HHX|% 6}%3}& A
oI5| QiC}

HM2 Mg :rl*"of" *1|ir£°| S0 w2t stLtel MEZ=2 74

ol 52 7 o 7ol M=

2 Y& O EZM(multicellular gland)2 2 TEEICE +=ASE

2 g7 HEE RS 380 C auratus WHO

48t S qumeri]

SX| A ventricosus, THT-1t2| Boreogadus

saida R Gadus morhua & E22 AE0F0A CHAZol £
22HME IHXE Aoz BE0 UCHleong and Moon, 1994;

Park et al, 1995b; Jin and Lee, 2005; Jeon et al, 2016; Ytteborg et

al, 2020). 2Lt M Ek/ﬁ/gu njphobles (An et al, 2007), 11| 0]
tO| Fptatretus stouti B Myxine glutinosa (Akat et al, 2022)&
CHN|Z M up ChM| M0 =XHE FEHO|H, 2H|L42 FE&2H|
X MEH| ot REEH7F =M E FEHE THX| 2 ARUCE 0|25 Xt

O|F2 0150 WE HEfSHY SRS 12{sh 29| a7t 28
= Al

A. japonica, 'BX| P olivaceus, N L japonicus 4

1S S niphonius,

A2tz

Y 4E0Fo HRANAM ZHMZS 222 HAl £
olivaceus 11.6%, HIZ2HX| P nebulas 192%, & L japonicus 3.9%,
ZLIEE S schlegeli 5.0%, S0 S dumerili 8.6%, 150 S
Japonicus 23.0%, HX| S njphonius 3.6%, BX| T lepturus 04%E
H 5| QUCHLee et al, 2000; Lee and Jin, 2001; Kim et al, 2002; Jin,
2004). 2HIMZO| 2252 HU|Eo FH QL OHE7EX|2 Aokl
O1FE0| Yd RS0 Hlsh =2 422 ERA=0|, 0[2{% 0f
e ORA SHpA EH cete] =2 =t #atol| Cioh 0{F9
8017|212t H2H0| ACKLee and Jin, 2001). O
H X0l MAIEENRE FE 30 M2t 072
0|2 EQIC} REH0| =2 2Ld HF=
WM=Zol =o| B8-S HOl=0| 5o Aekd OlRe FE M
ZFEO| HM3T|EE HOlz A2 WEHEICE

CLat 0179l Boreogadus saida®t Gadus morhua= UM
Z0j| HloH ZEM=ZL 37|7F oF 38 0|4 & A2E LIEIHCH
(Ytteborg et al, 2020), & ¢ Z3tek= XO|E ERICL Ol= O|F
O MAIX|QF H2AL EHA IO M2 XO|2 TECH|X|BH =3 3|5
420| WE A7t ey Aoz YAELD,

e TEAHNM RAHRSE O[FOT TOB
AE0RE H-E PMoM st 2SR HHESIH(Fig. S5A, D),
Masson é.*%%*—'"oiw HEMOZ LIEFGOM(Fig. 5B), AB-PAS
HAMo 2 BESIRACHFg. 50. 71X
A EEO' 7|x-||:”'
2 to[Of M= H-E A
2 &7 €hS5tH, Masson MF MO Tist
I zH7|Ye = Bgst= O

MZS0| BEEACHFig. 5B).
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YE| oA TaBe XA EF2 A0 F(Hawkes, 1974)

|Z1t 5 L8| ChFuijii, 1968; Kim et
2002; Arellano et al, 2004; Garg et al, 2010). Z&|3lety 24
A, H7|23t9 Ancistrus dolichopterus= H-E SAHOIA st &
thd, AB EFS(pH 1.0 R 25 M= SEM, PAS BB = At
M AB-PAS EFZ0| M= EEtMS LIEHH D (Garg et al, 2010) &
& Oplegnathus fasciatus= AB-PAS (pH 2.5) BFS0f|Af alcian blue
of oot A dBtS S LIEFHCHKIm et al, 2004). O|2{3H FAH42|
Xtole HYRABE ot 22l AI0|2 THEHE(DY, O]of 2
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