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Fig. 1 The gills of juvenile(a) and adult(b) in Thunnus albacares
F: filament; GA: gill arch; GR: gill raker.
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Ji £ adult fish
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a, a;: HRZZT0N; b, by: a, a) )RR o, orr HBZZHAEE; d, di: o, o) JRFRIBOK,
e, e;: HESHIAN; f, fi: BRACJRRACK. PIRGERY R 5 m .

BC: I Z0}i; BL: B E5; BV: IL4; C

D BEERHYL EC: 1AM Fr Bz

GC: PRGN TF: ZEIEE; L 807 LF: 2 lG; OB: U 41l OC: 41
M PC: AE4NME; PVC: it P b Sz 4.
Fig. 2 Light microscopy images of the gills in Thunnus albacares
a, a;: the tip of filament; b, b,: the magnified views of a, a;; c, ¢i: the middle part of filament;
d, d;: the magnified views of c, c;; e, e;: gill arch and gill raker; f, f;: the magnified views of gill raker.
The section directions shown are longitudinal sections. BC: blood cells; BL: bone lacuna;
BV: blood vessels; CT: connective tissue; EC: epithelium cell; F: filament; GC: goblet cell;
IF: inter-lamellae fusion; L: lamellae; LF: lamellae fusion; OB: osteoblasts;
OC: osteocytes; PC: pillar cell; PVC: pavement cell.
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PVC: Jii F- b Bz A0, ik Fom Mt
Fig. 3 Scanning electron microscopy images of the gills in Thunnus albacares
a: the tip of filament of juvenile fish; b: the tip of filament of adult fish; c: lamellae of juvenile fish;
d: lamellae of adult fish; e: microvascular-cast gill lamellae from juvenile fish; f: microvascular-cast
gill lamellae from adult fish. The section directions shown are longitudinal sections.

F: filament; LF: lamellae fusion; IMC: inner marginal channel; L: lamellae; IF: inter-lamellae fusion;

OMC:s: outer marginal channels; PVC: pavement cell; white arrows indicate the pathway of blood flow.

x1 ERESKEHGINSHEXHENNE

Tab.1 Measurement of gill-related data of juvenile and adult in Thunnus albacares

n=3; X+SE
FEHEEE/pm )R /mm) 8N R /um I £ A1 &% 1 /um PN 3 /um
interlamellar lamellar lamellar blood-flow outer marginal inner marginal
distances densities thickness angle channels channel
fi&
%’E'?Miﬁ%g 12.65+0.44° 43-45 8.40+0.46" 48.39°+1.04° 17.87+0.63" 14.05+0.58"
juvenile yellowfin tuna
s
ﬁﬁ?ﬁ*@@ﬁ?@ 15.750.50° 33-35 10.13+0.25° 66.04°+2.87°° 21.70+0.44° 15.89+0.54°
adult yellowfin tuna

TE: B AN IR bR B, 4y o fh B0 A DGR A 7 235 22 57 (P<0.05).

Note: Different superscripts in the same column indicate that there are significant differences in gills data between juvenile and adult fish
(P<0.05).
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0t - b K A AR IS B 6.87~10.57 pm, FEf%
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v B A T M B, T i) 2 EL AR 1R 2 Al /N 0K, A
BFRMN S, HEMEEL & E/NE 4D,

'Su8100 30KV 1 1.5mm*800 SE(L)

SUB100 8.0kV 11.9mm %800 SE(L)
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P 4 Sl 4714 P G L5 8 A 0 B P ) 7 R 2R B (PV C) RIS - 4 i
a: 4R 22 i T bR AL b A BE 22 Ji T b R ANM o 4R/ b T b R A
d: RSN R S EANN e, £ gt AN kR B AN, R SE RY)  Or A ).
Fig. 4 Scanning electron microscopy images of pavement cell (PVC) and ionocyte in the gills of Thunnus albacares
a: pavement cell of filament in juvenile fish; b: pavement cell of filament in adult fish;
c: pavement cell of lamellae in juvenile fish; d: pavement cell of lamellae in adult fish;
e, f: ionocyte of juvenile and adult fish; white arrow shows the ionocyte.
The section directions shown are longitudinal sections.
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W AETE PE R ) B 40 004, o 10 I 248 e 2ok il 45
Fs o - R 40 55 TN BN B R R T, A
MR AT RS . N WS EEHASEYI . 4

22 KA, AR5 PN 00 o B A v (1] 5d).

BT 32 B A TN R A AR R R 0
AR A AR, RRLRIE S 2R, LA,
AN Pt N O R ST R — SR . 4
A ASE T 20 M A — S 200 A L 5 (B A [
B (K Se, f)o #1201 -5 50 50512 fih 1) 2 17 T
viit TP VAR TR, 7E &)y fa R fh b LR )

ORI A T o v 0 S T VA T ol v
EMBIE, B EAR(E So); i A

MR- R G (B Se, ). gl fafil/N R e 541
MR, SR I A B o T, AN o S R A, B

5 Sl AR N i) 7 S B WL
a,b: B, WEAHUNT A ¢, d g, EAEUN T AR e, £ gt R EN R RERT.
BC: IMA0ML; BV: MA4FIHE; PC: AE40HL; PVC: Jm - LK 4IHE; UDC: K4 fLAnHL;
Hi kPR N T4, BRSSO ).
Fig. 5 Transmission electron microscopy images of lamellae in Thunnus albacares
a, b: the lamellae of juvenile and adult fish; c, d: the middle part of lamellae of juvenile and adult fish;
e, f: the base part of lamellae of juvenile and adult fish.

BC: blood cells; BV: blood vessels; PC: pillar cell; PVC: pavement cell; UDC: undifferentiated cell;
white arrow shows the ionocyte. The section directions shown are longitudinal sections.
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31 HaimpalEiEmEEREIN
RIS S5 5 A WG RS UM OC . &
i 40 1 BLAT DO XS AR, 5 WO e 25 6 (Mer luc-
cius merluccius). 43k f#(Sparus aurata L.)%5 A
fi ) 2SR —FERO22 ) AR b, HEEE St fa &)
0 1 £ B — 6 5 SR AT A B A R AT, TSR
RN DU S S SRR UL A AR A A, H A
SR WER S, 3 55 RO i i =5 SR 25 44 25
AP, T g A fa R R TR R, T AR YRR
AR, FHA R Bz e g —
S EAE F R EARSS T R E B BN, T
K A 8 AT LR A & SRR A A P20, M
X BB A A fh gy fa, o SR R I T e A (&
1), R Y RS 45 A AT A A I TR N AL
L AR R OR Y A, A 4 At B S
LA R 22 VAP R R, "I RES Sy . T
B £ 0 T 368 o8 PR LA 470 Bz S sZ MU 531
BRI, BEE GG 0 6N AR TR 454,
ARGy Wl 1y T e K I Y ehy, DR EE S A 1Y o8
R PT)EE, AR R )2 AT NN
IR, A7 B I8 Bt i 227, (HAHR S

/N R 1) JEE IR 50 DR (— vy R UK 2R 0 2R
JEH 5~6 pm), IAUCRAERT RN 8 A 4y, HEll
% KB AEAGE R, (18 6E S0 0 5 T IR 3
A TSR, SRS EUE S kA AR, AT
sirh, WSO EA N E%E>30 F/mm,
Gtk 45 F/mm), [fif— 2SR Sl A
RIZHEELE 15~25 F/mm, &0 R 2% % 0] LIS
Tk 2% 7K D R R e R PR b i /D A BRAE £ o 42
B ML R RCRES O Mkt B S At
gita RN, 6N R, AN
B ), HENELAER AR AL R L T 5
4, KRR T S A fr 2k, E a3 i 2%
JE] DA i gl SR AG s . eAh, BB 4
F /N R EAEER ) M A . AT b B g
S 0 A0 IR A T 3R 66.04°+2.87°; T A Hi A
Beig vk ms, i (Coryphaena hippurus), 70
[ 7 #% (Acanthocybium solandri)Zs f 2 f k % 3
PR AR S m AR A KRR AR T A2
M5 REy, e 7k B, 2P TR
Hel'S B S M th B f N A RO, ATRESE T
HA T RWETRK, DA B B K22 5h 19 7
B, AW, BEESAR ML/ 5 AR E R
HHZR G, R AE AR A8 (ARG v 5 6
448 £ (Thunnus thynnus) . K SF 7 15 58 4 46
(Thunnus orientalis) . 7 -4 ff.(Thunnus tonggol)
) LA M % (Katsuwonus  pelamis) Fil fifj (Euthynnus
affinis) (i 5 3545 S 1S HE B A At S AT
Bz G ML CAATE, HEENMAM AT, i
INF IR IR R A KR AR 2 R AN
JE )Rl A LS4, B R v K b T
AR, WS ailE RNIE SN
DL K &)y £ R pi ot s SO0 ) 2 S A8 A A 55 o 3 DU
FE R BRI T AR T S MR IE N, ST et
) e R K o
32 RELEMMSINEE

Jid Vb B 20 M R AR b B AR,
81 R R 90%LA I, EBATH AL
et o ¥ b 20 TR A A R B B, A
el b 2 () 40 i TR TR 25 B AR A HES Y, AR
WEFT A B, B0 4 A0 fa B i o7 I B2 40 B A7 7E PR
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A AN TR S5 48, X Fh 45 R 38 i T B8 /N 7 (%) 1l
T, FEHK PR RN, e T s K
i b T A SRS BRROR, AN, AT
VR Y B A B SR, 9/ U ik AR K Y
RH 7 o RIS, OB S5 F 1 — 2 R4 B, WT By 1k 4h
Byt Ak, B RN A gy oh i i
G M £ o7 b R 20 B AR B 109 240 B 45 ) ]
LA O Z 40w ny 2 ML 2%, SRR R e
Mo BT AMASH . R IIRESL, T b K 4
T At S 1 £ A T IELA B 1R DA R PR
W e, Fdn, 8 ff(Ictalurus nebulosus)
8 14 e S b Bz A0 R TS B S A R R HE B 1
V-ATPase /NI, HA BT BB i g
(Onchorynchus mykiss) fl 1. % 3 i (Oreochromis
mossambicus) 1) i - I 7 2 il 77 40 46 B R HE ik
il BB AR DS ARBEgE oh, #0440t
V- b B A B RS K, B S AR ) i
B, 4R 5 M (Fundulus heteroclitus) . 5 £
% (Squalus acanthias) . K 7§ 7 H 8 (Myxine
glutinosa) it 43 A1 2 L1142 3 fofi 458 5% 1 7 —
AT BT BE R, PRk L AR DRt B
figs 4 A £ 3 - b iz A R AN [R] ) R HLAE 28
(R PR T A A R T IR
33 BFHAMmSEERET

B UIME R B T b . AR A A B B 4 i,
FLAT B0 0 B 1 i i A R T S R R AR, RV AH g
[T TR AETE = B BE I EORLAR, BT AR TSIz A
5 B 48 IR B Y & 42 (tubular-vesicular system) I,
A AR I 4% 5 I AMI IR AR %, -5 S04 A 150
Ui e B, T TGS I 10 X sk R 5
i A7 20 LS KR Ay, I R G E & Na'/K-
ATPase [ FIR7 5, 132440 M HE L NaC1™),
AHFFE R, B A 4 A 10 0 B A0 i PP A AE KR
LRiR, W ATP F T8 s i B e i it
%5 o Yl e Al T T O TR, JF bk
Jot V- b R A A R, AT DL/ — R4 lifa
BT 0 M TR R NSUAR ZE R, T D RCOR, B A
JHL T iy 2 8 14) T 86 R PN 87 1) /N ARG v 1) R
AT NaClLHER, X2 #8440 0 ] GERY &5 Fis
(R T ALHI, 5 R 6 (Dicentrarchus abrax) Al

W TSRO, AR geh, S
0 8 - A0 B T 5 e o b M R R A, B
W, B TN BERE B ), BRI A B
FIAIG IS PRI 1 25 7 20 g T o 5 il B &l
Ml Z )& 4 N R %, B FAMm R R A,
Na fyHEHH 00 2By, W a7 (IR
Urhe =z i B A= IR ohhe, (Hie A wv
T IE I P Muir 2550082 T 3 6 4 4 fa 4 £ 2
FHMAEARF & T M AL, KR
&+ (standard length, SL) <3.3 cm A}, -4l K
WO TR L, I & oae, baam
T SL>3.3 em Z )&, 8BS 4 i 2 kA
Ak, BRI R IT O AR i/ NSTIR, B
PRI FOL B RS 1) 8, SL>3.3 em B, SE/NAA
FHR . X R, BEE A0 0 1Y B S L IR
TR REFAT ARSI e . B EE A0 fafE
Ry v UK 0 S, Ay R e B T
2 iy oA LB L B R T ORER, 4B R
LR B s R Rt TR, RN
B G0 0 1 B S AR L R R A BE

4 ZEig

AT ADCEM B EEOR, HIE T HiEEE
He £ 4 f0 RS T A A5 M . BRSE R, 4
TR SR RIS . R R S R A A
S, XSO B T 40 0 R 2 (AL AR B R Y
AN, A R A A 03 e KO e il A 2
Ho FRATNFWL RN GO L5 B8 A 2548, & W ~F-
b B AN R A s TR, R AN AR 4l
WRLEAFAE . WAL, i~ L Bz 41 32 BR $H i
W DI LA L 5 1 24 0 7R -AH 1) 5 9 3 D R O B
fifs < A 1 1) R R PO B A T RE R R B . FRATAO B
FEAERA T T BG4 £ R S ) BE R
i, BT e UK A0 2 Y 2 2 2 R ik
BN Ve R PR T IR o

S % STk

[1] Evans D H, Piermarini P M, Choe K P. The multifunctional
fish gill: Dominant site of gas exchange, osmoregulation,
acid-base regulation, and excretion of nitrogenous waste[J].
Physiological Reviews, 2005, 85(1): 97-177.



1484

Hh K R

%29 &

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

Guh Y J, Hwang P P. Insights into molecular and cellular
mechanisms of hormonal actions on fish ion regulation
derived from the zebrafish model[J]. General and Compara-
tive Endocrinology, 2017, 251: 12-20.
Koppang E O, Kvellestad A, Fischer U. Fish Mucosal
Immunity: Gill[M]//Mucosal Health in Aquaculture. Ams-
terdam: Elsevier, 2015: 93-133.
Plaul S E, Diaz A O, Barbeito C G. Gill morphology and
morphometry of the facultative air-breathing armoured
catfish, Corydoras paleatus, in relation on aquatic resp-
iration[J]. Journal of Fish Biology, 2021, 99(4): 1318-1327.
Wright P A, Turko A J. Amphibious fishes: Evolution and
phenotypic plasticity[J]. The Journal of Experimental Bio-
logy, 2016, 219(Pt 15): 2245-2259.
Turko A J, Cisternino B, Wright P A. Calcified gill filaments
increase respiratory function in fishes[J]. Proceedings Biolo-
gical Sciences, 2020, 287(1920): 20192796.
Long N P, Farina S C. Enormous gill Chambers of deep-sea
coffinfishes (Lophiiformes: Chaunacidae) support unique
ventilatory specialisations such as breath holding and extre-
me inflation[J]. Journal of Fish Biology, 2019, 95(2): 502-
509.
Zhao F, Wu B B, Yang G, et al. Adaptive alterations on gill
Na', K"-ATPase activity and mitochondrion-rich cells of
juvenile Acipenser sinensis acclimated to brackish water[J].
Fish Physiology and Biochemistry, 2016, 42(2): 749-756.
Zhao F, Yang G, Zhang T, et al. Characters of morphology,
distribution and quantity of branchial chloride cells of
juvenile Acipenser sinensis acclimated in freshwater and
brackish water[J]. Marine Fisheries, 2016, 38(1): 35-41. [#X
W, N, 5Kk, S BROKAERUK & 1ET et 4l o i
E SR AN TR S R S EOR A0 A5 (0], PR, 2016,
38(1): 35-41.]
Monteiro S M, Oliveira E, Fontainhas-Fernandes A, et al.
Fine structure of the branchial epithelium in the teleost
Oreochromis niloticus[J]. Journal of Morphology, 2010,
271(5): 621-633.
Goss G G, Laurent P, Perry S F. Gill morphology during
hypercapnia in brown bullhead (Ictalurus nebulosus): Role
of chloride cells and pavement cells in acid-base regula-
tion[J]. Journal of Fish Biology, 1994, 45(5): 705-718.
Fridman S, Rana K J, Bron J E. Structural differentiation of
apical openings in active mitochondria-rich cells during early
life stages of Nile tilapia (Oreochromis niloticus L.) as a
response to osmotic challenge[J]. Fish Physiology and Bio-
chemistry, 2013, 39(5): 1101-1114.
Liu Y, Wen H S, Huang J S, et al. Histological and mor-

phological observations of the gill and swim bladder develo-

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

pment of Lateolabrax maculatus{J]. Journal of Fisheries of
China, 2019, 43(12): 2476-2484. [XIFH, IR, BZSHT,
G AelrEl SRS E AT AN F 5IBEENE ] K
2F4Rk, 2019, 43(12): 2476-2484.]

He T, Xiao Z Z, Liu Q H, et al. Ontogeny of the gill and Na+,
K+-ATPase activity of rock bream (Oplegnathus fasciatus)[J].
Journal of Fisheries of China, 2013, 37(4): 520-525. [{a]iF,
MR, XVER, G AAATRERINAHLUR E R EahE =
A IR T R P B AR AR D). K723, 2013, 37(4):
520-525.]

Rombough P. The functional ontogeny of the teleost gill:
Which comes first, gas or ion exchange? [J]. Comparative
Biochemistry and Physiology Part A: Molecular & Integra-
tive Physiology, 2007, 148(4): 732-742.

Sun R X, Sun Y, Xie X D, et al. Bioaccumulation and human
health risk assessment of DDT and its metabolites (DDTs) in
yellowfin tuna (Thunnus albacares) and their prey from the
South China Sea[J]. Marine Pollution Bulletin, 2020, 158:
111396.

FAO. The state of world fisheries and aquaculture 2020[R].
FAO Fisheries Report, 2020: 6-8.

Wegner N C. Morphology, function, and evolution of the
gills of high-performance fishes[J]. California Sea Grant
College Program, 2009: 54-65.

Wegner Nicholas C S C A G J B. Gill specializations in
high-performance pelagic teleosts, with reference to striped
marlin (Tetrapturus audax) and wahoo (Acanthocybium
solandri)[J]. Bulletin of Marine Science, 2006, 79(3): 747-
759.

Hanafy B G. Morphological studies on the gills of the
European Hake (Merluccius merluccius, Linnaeus, 1758)[J].
Microscopy Research and Technique, 2020, 83(5): 531-540.
Xiang Q Q, Ding L Y, Zhang C, et al. Histology and ultra-
structure of the gill in the teleost Schizothorax nukian-
gensis{J]. Journal of Fishery Sciences of China, 2018, 25(6):
1183-1193. [WIFEHZ, TXITE, K, 4. ROTRE ML
WM. R EK =R, 2018, 25(6): 1183-
1193.]

Elsheikh E H. Scanning electron microscopic studies of gill
Arches and rakers in relation to feeding habits of some fresh
water fishes[J]. The Journal of Basic & Applied Zoology,
2013, 66(3): 121-130.

Varghese S P, Somvanshi V S. Feeding ecology and
consumption rates of yellowfin tuna Thunnus albacares
(Bonnaterre, 1788) in the eastern Arabian Sea[J]. Indian
Journal of Fisheries, 2016, 63(1): 16-26.

Olson R J, Duffy L M, Kuhnert P M, et al. Decadal diet shift
in yellowfin tuna Thunnus albacares suggests broad-scale



%10 #

RRFSORESS - P 1 B B 66 < 4G £ 4 £ M1 £ i P 21 42 LT 5

1485

[25]

(26]

(27]

(28]

(29]

[30]

(31]

(32]

[33]

[34]

[35]

[36]

[37]

food web changes in the eastern tropical Pacific Ocean[J].
Marine Ecology Progress Series, 2014, 497: 157-178.
Kumari U, Yashpal M, Mittal S, et al. Morphology of the
pharyngeal cavity, especially the surface ultrastructure of gill
Arches and gill rakers in relation to the feeding ecology of
the catfish Rita rita (Sluriformes, Bagridae)[J]. Journal of
Morphology, 2005, 265(2): 197-208.

Smith J C, Sanderson S L. Mucus function and crossflow
filtration in a fish with gill rakers removed versus intact[J].
The Journal of Experimental Biology, 2007, 210(Pt 15):
2706-2713.

Hughes G M. Morphological measurements on the gills of
fishes in relation to their respiratory function[J]. Folia
Morphologica, 1970, 18(2): 78-95.

Hughes G M, Morgan M. The structure of fish gills in
relation to their respiratory function[J]. Biological Reviews,
1973, 48(3): 419-475.

Wegner N C. Ventilation and animal respiration gill respi-
ratory morphometrics[J]. Encyclopedia of Fish Physiology,
2011, 225: 803-811.

Hughes G M. The dimensions of fish gills in relation to their
function[J]. The Journal of Experimental Biology, 1966,
45(1): 177-195.

Hughes G M. Morphometrics of fish gills[J]. Respiration
Physiology, 1972, 14(1-2): 1-25.

Muir B S, Brown C E. Effects of blood pathway on the
blood-pressure drop in fish gills, with special reference to
tunas[J]. Journal of the Fisheries Research Board of Canada,
1971, 28(7): 947-955.

Muir B S, Kendall J I. Structural modifications in the gills of
tunas and some other oceanic fishes[J]. Copeia, 1968,
1968(2): 388.

Kwan G T, Wexler J B, Wegner N C, et al. Ontogenetic
changes in cutaneous and branchial ionocytes and morpho-
logy in yellowfin tuna (Thunnus albacares) larvae[J]. Journal
of Comparative Physiology B, 2019, 189(1): 81-95.

Leguen L. Gills of the medaka (Oryzias latipes): A scanning
electron microscopy study[J]. Journal of Morphology, 2018,
279(1): 97-108.

Wood C M, Pelster B, Giacomin M, et al. The transition
from water-breathing to air-breathing is associated with a
shift in ion uptake from gills to gut: A study of two closely
related erythrinid teleosts, Hoplerythrinus unitaeniatus and
Hoplias malabaricug[J]. Journal of Comparative Physiology
B, 2016, 186(4): 431-445.

Laurent P, Goss G G, Perry S F. Proton pumps in fish gill
pavement cells? [J]. Archives Internationales De Physiologie,

De Biochimie et De Biophysique, 1994, 102(1): 77-79.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

K&Uuml, Ltz D, Somero G. Osmotic and thermal effects on
in situ ATPase activity in permeabilized gill epithelial cells
of the fish Gillichthys mirabilis[J]. The Journal of Experi-
mental Biology, 1995, 198(Pt 9): 1883-1894.

Reid S D, Hawkings G S, Galvez F, et al. Localization and
characterization of phenamil-sensitive Na* influx in isolated
rainbow trout gill epithelial cells[J]. The Journal of Experi-
mental Biology, 2003, 206(Pt 3): 551-559.

Sullivan G, Fryer J, Perry S. Immunolocalization of proton
pumps (H'-ATPase) in pavement cells of rainbow trout
gill[J]. The Journal of Experimental Biology, 1995, 198(Pt
12): 2619-2629.

Bartels H. The gills of hagfishes[M]//The Biology of Hag-
fishes. Dordrecht: Springer Netherlands, 1998: 205-222.
Maina J N, Icardo J M, Zaccone G, et al. Immunohistoche-
mical and ultrastructural study of the immune cell system
and epithelial surfaces of the respiratory organs in the
bimodally breathing African sharptooth catfish (Clarias
gariepinus Burchell, 1822)[J]. Anatomical Record (Hoboken,
N J: 2007), 2022: 2022Feb9.

Monteiro S M, Oliveira E, Fontainhas-Fernandes A, et al.
Fine structure of the branchial epithelium in the teleost
Oreochromis niloticus[J]. Journal of Morphology, 2010,
271(5): 621-633.

McCormick S D, Regish A M, Christensen A K. Distinct
freshwater and seawater isoforms of Na'/K'-ATPase in gill
chloride cells of Atlantic salmon[J]. The Journal of Experi-
mental Biology, 2009, 212(Pt 24): 3994-4001.

Hiroi J, McCormick S D. New insights into gill ionocyte and
ion transporter function in euryhaline and diadromous fish[J].
Respiratory Physiology & Neurobiology, 2012, 184(3):
257-268.

Goss G G, Laurent P, Perry S F. Evidence for a morpho-
logical component in acid-base regulation during environ-
mental hypercapnia in the brown bullhead (Ictalurus nebu-
losus)[J]. Cell and Tissue Research, 1992, 268(3): 539-552.
Goss G G, Perry S F, Wood C M, et al. Mechanisms of ion
and acid-base regulation at the gills of freshwater fish[J].
Journal of Experimental Zoology, 1992, 263(2): 143-159.
Varsamos S, Diaz J, Charmantier G, et al. Location and
morphology of chloride cells during the post-embryonic
development of the European Sea bass, Dicentrarchus
labrax[J]. Anatomy and Embryology, 2002, 205(3): 203-213.
Wood C M, Eom J. The osmorespiratory compromise in the
fish gill[J]. Comparative Biochemistry and Physiology Part
A: Molecular & Integrative Physiology, 2021, 254: 110895.
Hsu HH, Lin L Y, Tseng Y C, et al. A new model for fish

ion regulation: Identification of ionocytes in freshwater- and



1486 [ K R 2 %295

seawater-acclimated medaka (Oryzas latipes)[J]. Cell and gulation in postembryonic fish: A review[J]. Comparative
Tissue Research, 2014, 357(1): 225-243. Biochemistry and Physiology Part A: Molecular & Integra-
[51] Varsamos S, Nebel C, Charmantier G. Ontogeny of osmore- tive Physiology, 2005, 141(4): 401-429.

Comparison of histological characteristics of the gills between juvenile
and adult yellowfin tuna from the northern South China Sea

FU Wenya', ZOU Ying', LIU Fei', PAN Shuai', HUANG Hai’, MA Zhenhua®, GUO Zhigiang'

1. College of Life Sciences, Hainan University; State Key Laboratory of Marine Resource Utilization in South China
Sea, Haikou 570228, China;

2. Key Laboratory of Utilization and Conservation for Tropical Marine Bioresources; Hainan Key Laboratory for
Conservation and Utilization of Tropical Marine Fishery Resources; College of Fisheries and Life Science, Hainan
Tropical Ocean University, Sanya 572022, China;

3. Tropical Aquaculture Research and Development Center, South China Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Sanya 572018, China

Abstract: Tuna is a high-speed swimming species with migratory behavior. As rapid swimming often involves
large amounts of energy consumption, the oxygen absorption efficiency of gills is crucial to tuna mobility.
However, our current understanding of the histological characteristics of gills is far from sufficient to understand
the cost-efficiency of oxygen uptake in tuna. In this study, the microstructure, surface ultrastructure, and internal
ultrastructure of juvenile and adult yellowfin tuna in the northern South China Sea were studied using optical
microscopy, scanning electron microscopy and transmission electron microscopy. The results showed that the top
of the filaments of yellowfin tuna was bent, with different cell types on the surface of gill arch, filament, and gill
rake. Surface ultrastructural studies showed that gills had high lamellar density, unique oblique blood flow
patterns and gill fusion characteristics, and significant differences between juvenile and adult gills structures. The
pavement cells (PVC) covered the filament epithelium and lamellae of the gills, with microvilli or microridges at
the top. The gills of adult fish had higher cytoplasmic density than those of juvenile fish. lonocytes were mainly
distributed in the lamellae and the base of the lamellae. The top part of gills of the ionocytes of juvenile fish was
comprised of microvilli, and adult fish were pit-shaped. Based on these results, the gills rake of juvenile and adult
fish are likely to act as a selective barrier and play a role in predation. Rectangular gill lamella, an oblique blood
flow pattern, and gill fusion all enable a greater supply of oxygen for yellowfin tuna, which promotes a high
oxygen absorption efficiency, thereby meeting its energy requirements for high-speed swimming. In addition, the
two main cells of gill epithelium, the pavement cells and ionocytes, provide a guarantee for the survival,
respiration, and energy supply of yellowfin tuna in the ocean environment. Among them, a large number of
micro-ridge structures on the surface of pavement cells increase the respiratory surface area of gill lamella and
improve the gas exchange efficiency of the gills. A large number of mitochondria in ionocytes produce ATP for ion
regulation and self-energy. In conclusion, this study elucidated the histological structure of the gills of juvenile
and adult yellowfin tuna, enriching our access to the apparent and microstructure data of yellowfin tuna, as well as
providing relevant information regarding the ultrastructure of pavement cells and ionocytes in gills filaments and
lamella. Thus, this work provides a basis for the relationship between the specific morphological characteristics of
high-speed swimming fish and their high-speed swimming habits.

Key words: South China Sea; yellowfin tuna; gills; organizational structure; pavement cells; ionocyte; micros-
copic observation
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