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PRAF R 8 BB GBS B ], — B 43 o e 22 =0 Uk
(sustained swimming) . fE K = Jif ¥k (prolonged
swimming) 14 & ZLIHFIK (burst swimming) = 2 (Brett,
1964), AR AT BB Sh B PR RR 2L Ik
SRR (R S ) — R B/ NS B RO B 2 RO
TG AR R ) “ S HiFAE 8" (Beamish, 1978);
3 % AUk R e 4E e R Bl (< 20 s), JHHm bk
RERYRE I A B T H RIS . Sl 125 1S R
(Brian Langerhans et al, 2010); &< gk 4522 i 7]
A TRk 5 A Ak Z ], 297 20 s~
200 min (Brett, 1964), fifiF A2k iz SR E A #5 L
K HE, HABNLL S AR =AY 40%~60% (Bone,
1978), AT R AS[w) 3 i S AN [ 45 22 Bisf () )iz B B2 ARk 5y
T30 B LAY B A 1B AL R L 2T 4 (2 A M A,
2019), MRAEHERAIE, A5 R 20 ILEF4E R WLET
A (PRI EAE, 2018). LA 4EUaite . Tt Jism, 4k
RN RN = s e = D S =R a i s Je e |
DIA RO A A7 ATP, R 18 LEF 4
HF LR 20Uk o B R AR 8 AR 2210 3
J1; AN e dath, (BARPR SRS, DImEfi Qi
JF, NFRR PRI L, 2k a2 PR Tk AT
Ry (Chnd & Ak #0) B2 i 50 1 (Moss et al, 1971; Akolkar
et al, 2010; Jackson et al, 2013),

B, REM5Esat, MMk S . 128
JULFRIAE) BLAEAE 2 B8R ) ORI, il A3 2235 X AN [F]
TiEDk >3 1 R K s i £ 2T LA LAY BB A T A
R IRFFL K ) £ 22T WLEG A B 55 (Kiessling et al,
2006; Cediel et al, 2008). A HFFEHAE T, LLLES T
FREz M 218 W0, 13 WLIE G T DRk i e T 10 W i
(Zhang et al, 2011; Jiao et al, 2019), M4h, FHHF5EIE
WY, R Ekey, HALNILF4ENGER; Mk
sRIFLE ST, LA 415 ER (Drazen et al, 2013; Wu

et al, 2018), X LLHFFY L 4 P AEXT i vkE 3 S5 1
L1 YIS RUA BT, WSR2 P | 12
WLET Y 21 21 22 R ik 2 5 R ek DL AR GE o AILET 4 i 2 212
FetE BRI 4IRS . EAR R A5 (i
2, 2015; KICHAE, 2008), Al fo (B gk LZH 212
SRR Y EEAR AR

AHIFSE 35 B LA i (Scomber  japonicus) A 1822l i
Fr Ak I M 2s | DL EE fa (Larimichthys crocea)
g AR % BBy A A SE Uk ST M 2SR DL e o BT
(Paralichthys olivaceus) A X, 2 Ff i) 48 & =i ik > 1k
2, FIHAEY R AR gk AIE ST
X 3 Pk SR S AP | 12 LET 4 41 202 R i
T MR R E B0, BTELLER 3 Fiiieik > R a2
P 1S WA 4 2 2 25 M Rk, BRI DK ) M 5 -
WUHILETF 4 1 2L REAE AR DG, DA R G 58 b B

ANFIT
25 Bz B A B SR AL A B kL

1 #RE5FE
1.1 SEIgHE

iy R R 1 A6 BT B B A R A 5 R L
I AEFRAE s 48 A TR B IR I SR 5 S . T A S
55 A R Rt RS 3 B, AL
YA E B 1, BRESSAINE 1a, b, ¢ fim. HE
g R UK I EEIKSN AN E , BB SRR B
i #8244 i Uk >J M (Histand, 1977; Bone, 1966), 5%
FEFSNLIA 4 22 AR E T LA 4 b s i AN [R] £ 288 g
TAIVERI 225 IR, ASHIF 9T 3k B 350 (2 468 iy o B
LA 1d. e, ©), B ENHLEEYI K 0.5 cm
x1.0 cmx1.0 cm P ZUH, R AL GD [ (E
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Tab.1 Basic biological information of experimental fish
B JiF vk > FEARL iy PR (LSS ENN
Species Habits of swimming Number  Fishage Body weight/g  Body length/mm Total length/mm
fify S. japonicus #7423 Sustained 3 3 298.9+36.7 26.9£1.0 30.6£1.0
K L. crocea FiEK 3, Prolonged 3 3 300.7£14.9 26.4+0.6 29.5+0.7
W 6F P. olivaceus 4% X Burst 3 3 774.8+11.6 36.3+1.1 41.8+1.1

e MR R K P S B bm i 25 350

Note: Data of body weight, body length, and total length were expressed by mean+SE.
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121 AZBWE 44 [& 5 R . 12 LN 2%
75%. 85%. 90%. 95%. 100%7F1 100% 454 BE K ,

THIZEER, B XA F LEICA RM 2016 #67547]
RAWIR, YIREEN S um, JAKEAFLI(Hematoxylin-
Eosin, HE)Ye (8, i i B 2 )5 76 246 W) W S s
(OLYMPUS BX3, HZA) FWEHAMR, WEHIESRHE
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Fig.1 Schematic diagram of sampling sites
of the three fish species

a: ff; b: KHEM; c: WA, d: BEHMEE,; . K
Wt REERSE ; £ WS ETREEREIE . S: B F: DU,
a: S japonicus; b: L. crocea; c: P. olivaceus; d: Tail fin transverse

sections of S. japonicus; e: Tail fin transverse sections of

L. crocea; f: Tail fin transverse sections of P. olivaceus.

S: Slow-twitch muscle; F: Fast-twitch muscle.
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ZoNr K2 R, S5 B DLV S (E bR o 22
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AR PR AT RO REAS t 406, 3 Fhfa ks fa] LT
el AR bR IEA T ST FEAS t K55 (unpaired student’s
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K H GraphPad Prism 9 2K {F1E A .
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Fig.2 Optical microstructure in muscle of skeletal muscle fibers of three fish species

a: BRI AEREDITE ;s be SO AEREDITE s o0 KRB MENLTAERDIE; d: KB APRJIEF 4R DI 5
e: M A GEIR LT eI ; £ W F SPOUNLEF 4ERE DI ; N: 4A.
a: The slow-twitch muscle fibers transverse section of S. japonicus; b: The fast-twitch muscle fibers transverse section of
S. japonicus; ¢: The slow-twitch muscle fibers transverse section of L. crocea; d: The fast-twitch muscle fibers transverse section
of L. crocea; e: The slow-twitch muscle fibers transverse section of P. olivaceus; f: The fast-twitch muscle fibers transverse
section of P. olivaceus; N: Nucleus.
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ok k ok
g‘ 99.67 sk Hkokk
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Fig.3 Diameter of fast-twitch and slow-twitch muscle fiber
of three fish species

RN 28 TR 2 (P<0.01) . R IA].
**** indicates highly significant difference.
The same as below.

2.3 R, BAFEZE

& 4 AT, AREFGE Y 3 Al A 2 1 JULET 2
FE S e R TR AILEF 4E(P<0.01), fify . KBS 11 FIAE
A5 11 ULET 2 55 B 43 590 240 R DR ILET 1) 12.13
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Fig.4 Fiber density of fast-twitch muscle and slow-twitch
muscle of three fish species
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Histological Characteristics of Fast and Slow Muscle Fibersin Skeletal
Muscle of Fisheswith Three Different Swimming Habits
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Abstract Swimming is of great significance for the survival of fish and directly affects their
ability to avoid predators and enemies, hunt and capture prey, carry out mating and reproduction, and
migrate. The skeletal muscles of bony fish, which provide power for swimming and account for
approximately 40%—-60% of the body mass, can be divided into red and white muscle fibers. Red
muscle fibers have a slow contraction, strong endurance, high mitochondria content, glycogen, and
myoglobin; mainly employ aerobic metabolism; and effectively use oxygen to produce ATP. They are
also known as slow-twitch muscle fibers, whose main function in fish is to provide stable and
continuous power for the swimming process. White muscle fibers contract quickly but also tire
rapidly and mainly use glycolic metabolism. They are also known as fast-twitch muscle fibers and, in
fish, provide power for fast swimming behaviors (such as predation and escape).

Many studies have indicated a strong correlation between fish swimming habits and the
composition of slow and fast-twitch muscles. Most of these studies focused on the correlation
between swimming motion and muscle fiber types, but differences in the histological characteristics
of fast- and slow-twitch muscle fibers of fish with different swimming habits have rarely been
reported. The histological characteristics of muscle fibers include shape, diameter, and density, which
are important indicators describing the histological structure of the skeletal muscle in fishes. In this
study, we selected three species (Scomber japonicus, Larimichthys crocea, and Paralichthys
olivaceus) representing different swimming styles, to clarify the histological characteristics of fast-
and slow-twitch muscle fibers, and compared them using hematoxylin-eosin staining of paraffin
sections and morphometric methods.

The staining showed that the transverse sections of the fast- and slow-twitch skeletal muscle
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fibers were irregular and the diameter of the fast-twitch muscle fibers was larger than that of the
slow-twitch muscle fibers. In S. japonicus, a species engaged in sustained swimming, the fast-twitch
muscles were multi-angular, whereas the slow-twitch muscle fibers were multi-columnar. In L. crocea,
a species swimming in an extended style, the muscle fibers were long, oval, and had cells with round
edges. In P. olivaceus, a species engaged in prolonged swimming, the fast-twitch muscle fibers were
oblate and had more connective tissues than the slow-twitch fibers. The slow-twitch muscle fibers of
S. japonicus and the fast-twitch muscle fibers of P. olivaceus were finer than the slow-twitch and
fast-twitch muscle fibers of these two species, respectively. The longitudinal section of the muscle
fibers in the three species were distributed in strips alternating with connective tissue. In addition, the
muscle fibers in S. japonicus occupied a larger space and were more loosely arranged than those in
the other two species. However, the muscular space between fibers of both types was smaller in
P. olivaceus and the muscle cells were more closely arranged.

Morphometric results showed that the diameters of fast-twitch muscle fibers were significantly
larger than those of slow-twitch muscle fibers (P<0.01). The fast-twitch muscle fibers in S. japonicus
were 4.84 times the diameter of slow-twitch muscle fibers, while that ratio was approximately 2.57 in
L. crocea and 3.07 in P. olivaceus. The diameter of slow-twitch muscle fibers in L. crocea was the
largest among the three species, approximately 1.34 and 1.14 times that of S. japonicus and
P. olivaceus, respectively. In contrast, S. japonicus had the largest fast-twitch muscle fiber diameter,
approximately 1.41 and 1.35 times that of L. crocea and P. olivaceus, respectively. The slow-twitch
muscle fiber density in all three species was significantly greater than that of fast-twitch muscle
fibers (P<0.01). The density of slow-twitch muscle fibers was 12.13, 4.60, and 3.91 times than that of
fast-twitch fibers, in S. japonicus, L. crocea, and P. olivaceus, respectively. The order of the
fast-twitch muscle fiber density was P. olivaceus [(274.60+9.07) unit/mm®] > L. crocea
[(205.43+12.63) unit/mm?] > S. japonicus [(118.92+10.74) unit/mm?]. The density of the fast-twitch
muscle fiber of P. olivaceus was 2.31 and 1.34 times that of S japonicus and L. crocea, respectively. The
order of slow-twitch muscle fiber density was S. japonicus [(1 442.33+28.25) unit/mm?] > P. olivaceus
[(1073.92+39.40) unit/mm?] > L. crocea [(945.74+19.53) unit/mm?]. Furthermore, the slow-twitch
muscle fiber density of S. japonicus was 1.53 and 1.34 times that of L. crocea and P. olivaceus,
respectively. The above-described methodology and analysis of differences in the shape, diameter,
and density in the skeletal muscle fibers of teleost fish with different swimming habits will provide
basic data for further studies on the adaptive evolution and movement physiology of this taxonomic
group.
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