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Abstract: We observed and determined the sagittac morphology of 105 individuals of genus Decapterus (Decapterus macrosoma,
D. tabl and D. kurroides) collected from the Dongsha Islands in the South China Sea. The sagittae shape of genus Decapterus was
long oval with developed rostrum, and the difference between species was distinct. The front end of D. macrosoma rostrum was
slightly bent downward. The knob of otolith dorsal of D. tabl was obviously developed with serrated shape, and the front end of
rostrum was slightly broad and thick. The overall outline of D. kurroides otolith was smoother, and antirostrum was poorly de-
veloped. According to the morphological indices (otolith length, otolith width, rostrum length, rostrum width, otolith mass and oto-
lith area), the classification of different species of genus Decapterus (D. macrosoma, D. tabl and D. kurroides) achieved success rates

of 100%, 100% and 91.7%, respectively. It is shown that sagittae can identify genus Decapterus.
Key words: Decapterus; sagittae; morphology; discriminant analysis; Dongsha Islands
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[ #2 & (Decapterus) TS 1z 4341 T g K-
P, REEMBEKYETR BRI aE, Rk
TR ] o ol ) EE R S, TN A T
&, BRFES, BAEZENATMEMEFME;
B 2 & 0 2 2 B Y M RE R s A AT 2
—, HAFEZENESMNHE.

X H A KRB A (sagittae). 2 H-A (aste-
riscus) AT H-A (lapillus) 3 X H-AZHAY, 8% P
E AR REATY, B SR E"
AR SR ST RO o AR
HEAR S G2 Tk, 25
FAETE 25} (Carangidae)™ . #F} (Cyprinid)"”’
8% )& (Coilia)'" . KZ=0H)E (Apogon)'" . FiBEfa)E
(Epinephelus)" 45 0 25 (R 75 TS 5 T HAK
M. sesh, it R AR AR P A e
STz N . ARk, RN S
THH 2 R (Lateolabrax sp.) A TE A ) i H
AR5 {%@%“4] 5T T ¥ 5 5 S8 (Scom-
beromorus niphonius) FERMHATEA, I AF
AR SRR L I A RO % T3
2SI BE9E T R (Coilia mystus) BEAR Y & B4 K
A, RIS RS — B MRS I
R A BT A PREE L, DAITSE M B T A X A A
ARG DA R R B | R A
FE A (Synechogbius ommaturus) 4 /1> ELRE R By
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1 MRS

1.1

3 Ml 62 g 25 [ KARE 62 (D. macrosoma) .
ZRHNEEE (D. tabl). TCHEFES (D. kurroides)] T 2014
3 A% 5 ARATEMERDPIESES, 3105
FE 2N 1), RS E S S AR RS DI SUK: (fork
length, FL), #H#%] 1 mm, FREATE (body mass,
BM), ¥ifEl 1 g, %ErEnIHEE A, #2805
M HA R EAUREABROTEGE, REIAEA 95%
CBEM B L ERAE o
1.2 XEAESAKIE

AW S L SN R g
BRI s Y WS, RS G R B2
AIESEEHINTARE, X3 MRERZEEAES
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HATRTAR: B S A S S i T A
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gre HAFM: BAfEnais s miss. 5
AR F A ST AR R 0 R TR 40 o
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PP TET o B : SRy 0 ) T S A g R 2

®1 HEBEELXRHEER

Tab.1 Sampling data of three Decapterus species

h PR3 KA H R EcE XA Fl/mm PR BT /g
species location sampling date number of samples fork length range body mass range
KARBE D. macrosoma 115°30'E, 21°03'N 20144F3H 56 164~246 51~159
PR D. tabl 115°30'E, 21°03'N 20144F4 H 25 290~340 318~484
JCER 62 D. kurroides 115°30'E, 21°03'N 20144F5H 24 272~364 281~769
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Fig.1 Sagittae with technical terms of genus Decapterus (in-
ternal face of left otolith of D. macrosoma)
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Fig.2 Measurements of the genus Decapterus sagittal otolith
(internal face of left otolith of D. macrosoma)
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Tab.2 Morphological character of Decapterus sagittae
eSS HARIER F)is B Hn By EAAp 7S
species general morphology excisural notch  knob  antirostrum  rostrum sulcus shape
KAKIR 2 D. macrosoma KA EiR) Uik Kik Sk AT, SRR R A
FHEE D. tabl KB ] W Mk KA RS, SRR R
TCBEIRI#2 D. kurroides KAMHIRIE B AR AHE Kk Rk, JERRE N

Ilmm

1 mm

1 mm

1 mm

K3 RAZEREAEE

la. KARFIES (MMITED); 1b. KARFIES SMUTE); 2a. Z8800IEE (M
MM); 2b. ZRFEEE GMUT); 3a. JCBRERISS (NMTE); 3b. ToBER 62
(M)

Fig.3 Morphology of Decapterus sagittae

la. D. macrosoma (internal face); 1b. D. macrosoma (external face); 2a.
D. tabl (internal face); 2b. D. tabl (external face); 3a. D. kurroides

(internal face); 3b. D. kurroides (external face)

LERBAM 6 ANFHIEFEIR 22 5 3 (P<0.05), XJIF
% J@ 2 Hof 1 BE B AR RIFR BERRTE (36 3) AT
BRI AL RS (5 4), B K LUICBER 65 4 it
K, #FPRBRZ, KERZE/N,

23 BEAKEERRENXER
7 220 Hr R, 3 FplRE2 ) 2 Ml HA S H
AFTRICRZERDE (P<0.05), IERREFEN:

KRR 65 0M=0.1080L** (R’=0.750, n=56,
&l 4-1a)

HHYF 2 OM=0.8710L""**(R’=0.776, n=25,
] 4-2a)

THER 62 OM=0.0210L> (R°=0.662, n=24,
% 4-3a)

24 EAKEXKHXFR

D 220 R W, 3 RS IE Z M EHAK S
NKMERERBE (P<0.05), WALMETFEN.

KARIF 8 FL=30.0650L+54.293 (R°=0.433,
n=56, [& 4-1b)

HHFHE FL=19.6210L+173.412 (R*=0.331,
n=25, [& 4-2b)

TCBE R 5 FL=33.8160L+46.110 (R’=0.521,
n=24, [& 4-3b)
2.5 EEBE&EMNFIZ S

FNsHT RN, 6 NMHARMUEAmR, B
A FEMR YRR AN, Hrp
KorikR K (8 5). DN R s, 3 FhlH
2 19 0 B0 BT R 405 100% . 100% . 91.7%
(32 6), FIAPRET LUK =35 B W X g5, D R AL

R3 KERAESFHEMRERFE

Tab.3 Measurement characteristics and weigh characteristics of sagittae X=SD
bk HAK/mm HA 9E/mm HK/mm FEM 98/ mm HA fift/mg  HAHAY/Mm’
species OL ow RL RW oM 04
KRR 2 D. macrosoma 5.33+0.44° 2.35+0.19° 1.51£0.21° 1.38+0.13° 5.76£1.20° 8.07+1.09°
FEHNBES D. tabl 7.3440.41° 3.04+0.13" 2.68+0.28" 1.77+0.10° 9.31+0.70" 13.57+1.06"
JCHER 2 D. kurroides 8.37+0.51" 3.65+0.30" 3.08+0.26" 2.07£0.21° 20.15+4.67" 18.83+2.50"

I AR LA/ NG FREFoRFIR 22 73 8.3 (P<0.05), HFE_LARNG FHEFRThE 22 548 B35 (P>0.05)

Note: Different superscript lowercase letters indicate significant difference between species (P<0.05), while the same superscript lowercase letters

indicate insignificant difference between species (P>0.05).
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F4 KERYERELHESRIEFMFRERHE

Tab.4 Measurement characteristics and weigh characteristics of data normalization of sagittae X=SD
GBS Hak B 58 2RSS Ham- 58 B e HAmH
species OL ow RL RW oM 04
KARIH 42 D. macrosoma 0.49+0.26 0.53+0.19 0.51+0.23 0.58+0.23 0.55+0.27 0.52+0.25
A D. tabl 0.51+0.26 0.54+0.23 0.65+0.25 0.42+0.28 0.53+0.27 0.43+0.26
TCHER 2 D. kurroides 0.54+0.28 0.45+0.23 0.46+0.27 0.41+0.23 0.54+0.26 0.51+0.24
9 r 270
(1a)
8 250
= 1)
£2 77 gg 230
== g =
IR S 6 Q\ i 210
SEst > E 190
4t 170
o]
3 8 ° 1 1 1 ) 150 1 1 1 1 )
4.0 4.5 5.0 5.5 6.0 6.5 4.0 4.5 5.0 5.5 6.0 6.5
HAK/mm HAK/mm
otolith length otolith length
11 [(2a) 350 [ (2b)
340
e, 10 |
£ - = 330
g g g2 320
W S 9 + = 9
== W 310 |
Ee -
me gl < 300 |
290 o
7 1 1 1 1 J 280 1 1 1 1 ]
6.0 6.5 7.0 7.5 8.0 8.5 6.0 6.5 7.0 7.5 8.0 8.5
HAK/mm HAK/mm
otolith length otolith length
370
(3b)
350
g < 330
£y E5 3
uH g ¥ I
\E’ s X & 290 |
o & 20 ©
10 O L L L ) 250 L L L L )
7.0 7.5 8.0 8.5 9.0 9.5 7.0 7.5 8.0 8.5 9.0 9.5
HAK/mm HAK/mm
otolith length otolith length

K4 RZEAEIK, Bafi5HaRKRCHR
Fig.4 Relationship among fork length, otolith mass and otolith length of genus Decapterus
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Tab.5 Stepwise discriminant of three Decapterus species (Wilks' Lambda)
— R X , , KEHh F exact F
F 505 Y203 (=17 Giit HhEEL AmE2 AMES
2ot =
discrimination step morphometric index statistics dfl dr df3 Geitht HHIEL A 2 e
statistics dfl dr sig.
1 HATHR 04 0.103 1 2 102 441.767 2 102 0
2 HA Bk oM 0.031 2 2 102 236.458 4 202 0
3 HMK RL 0.026 3 2 102 173.187 6 200 0

&6 3THEIEEMFIM TSR

Tab.6 Discriminant analysis of three Decapterus species

FUBERZE

discriminated species

KikRIEs ZehRes ToBER 65

FIBIRTFIE

predicted species

R R

number of samples

KAR R 2 56 56

0
D. macrosoma (100%) (100%)
BRI 2 25 25
D. tabl (100%) (100%)
TCBER 2 2 22 24
D. kurroides (83%)  (91.7%) (100%)
10 ¢
KA D. macrosoma
A D. tabl
A BRI D. kurroides
5t NG
A A A A
AAA N
(;' Aa A
N
FE 0 A5
L= A B
=]
25}
=5
710 n n n 5
-5 0 5 10
B3
Function 1

(15 375 65 o o SR ) o R 1
Fig.5 Scatterplot of canonical discriminant functions for three
Decapterus species

HATAS SR BRI, — ATy s
SR ; KR e R TSR
W), HA T, FRRIS G T R, Rk
iz, metf g kK A BB,
HAMKE=AIBERIE . AR RS AR5
VLI T A ERS EHA U RS, FE

R H A AR TGS TE—E FRRE L A B AR 41
T AN R S

10 28 H AT T 25 T B 52 AR AL I g 1 I 2 222
FIFREE R 2P iy, (EOR ) R i B AR 25
T AL R, PR R 2 0 [ e £ AR
IRER I B A A = A s ™ ieah, HAY
RSN E SOV (S 75 -5 27 R (o i 18 1 a1
R Z T, AN R IR, I
HEARSW MR B 688 2 wIRTE
FEETETZ, R, KBTI T [
54 65 J8 f HAFAE N 4 Y A ) 12
HA R R R 0 2 D 2R L,
HARINE (KB Y, R0 ) F: 1635
B AR,

Y Ew ey o NS =R B ]
HHBNES LS G, KRR &k R
B =M, ZER S SN = AR Rk,
T TCBER B3 % AR, R ERTSHA M R
B R UOR A B 65 B s ORI 62 1
H A AT A HAB I 68 3

AR, E A E LAY BB AL g
SHARRE— 5, HAESHA IR
IR S, Te e M is sl
ZiEH, e i Y
I, FATEZS MRS E RN M FIRP R ) - B A
TR, WX RGeS A A A A AT
S R B T AR
32 EBRFGSMEERSHIIRL ESE &%

HAT ATk 0 A 3 15 B skt s
B H AT A G RR RS T A B M TR 0 5 R
BUBIGHT . AR 0 2 K AR T A R R
FERRLASY, N [R)Rh e A 7 A R rh 2 AT
AFAR I BRI S TR £ 2K A (3 e A
TR B REE SRR AL B, AL H A K



3

BRCMI FEL 555 Pl VR AR D AR S SR R 2 s £ 2 R A O SRR A 39

DITCBER 62 i K, ehRiEkz, KRR 62 5
ANy BasENDRFRZ R, KIKREZRZ, T
B[ 62 f /N o

AREER R, FIH 3 FMESE AN EA
Ko S AR RKHFETIIE R, 2 M EhR
B AR ISR Mg, 22— EAE, 3
HHEEAKSHATE ., RKAAE—E B
b, BAEKSH AR, KAKINCRED, 5H
MBS B AR SR B KR g KA —
ERREE L Rgma s Hoa B AR sk, BATES

FAn 5 M RSNIRIE S8 br e K & i fE A A Z

ib, BfE—E R FEIE T A B S S AR IME
REVINAHE

AICRE 3 TR 62 g o B IR S8 bR T T 43
Bro DA 3 Fofr5a] 2 J #0025 118y BHL AL H] 1] o B0 ot BT T DA
Fif, KRR S IO B RER: X 01, TiZs2h Al
% 55 JCHE IR 2 2 6] WA DB A e A X, AR
SCHIS DI T Tuset 2% X 3 Fiie g £ [
EEfi& (Serranus atricauda). U (S. cabrilla).
H i (S. scriba)] KRHAEEFENFIRIRLIIZ, £
B E AR TR S B TP A B sk . )
B, WERIE T B IR AR Ry fa R U R 4 1)
KInk o ik, B2 E 2S00 ok HoA 400 (5 2
JE AR —, R ARG R 62 8 a2 1Y
T2 2 e R LA -

S 3 Hk:

(1] BRRWI, skEm. thEIEFE G M), H 5 P EEEERE B
#t, 2016: 1081-1084.

[2] EZR™ SRR IR, EITTKE, ERE B
FEUTIERT, 5. MR S (M), dbat: BleE i,
1979: 162-163.

B3] ZAFEME. FOROFANRRNTIC BT 25 [0]. HAUKES
4578, 1994, 60(1): 7-11.

[4] BEBL, XOUR. R AW MM LR [J]. FJ77K™, 2008,
4(1): 69-75.

[5] TUSET V M, ROSIN P L, LOMBARTE A. Sagittal otolith shape
used in the identification of fishes of the genus Serranus[J]. Fish
Res, 2006, 81(2/3): 316-325.

[6] PANELLA G. Fish otoliths: daily growth layers and periodical
patterns[J]. Science, 1971, 173(4002): 1124-1127.

[71 Koo, B abk, LDk, T E A E RS ERE TR
BIFIAGA [M]. 1 BB R, 1963: 1-140.

[8] MG Tk H SR MASH AIB MY LRI ST [Cl/2E%:ie
SCHE (BT, Juat: B, 1981 39-54.

[91 GRELE, (HREE, WEE, & SRR E AR S KA

BRI AR (7). KA, 1999, 23(6): 683-
688.

[10] SFELZ, RESCTr, BB, 2. v E6Y)E 20 R F AT RHAE [1].
AR, 2007, 42(1): 39-47.

[11] MHRIT, skib, E3R, 45 o ERZ6H)E G0N R EAIBER
AE [I]. WA (R SCAR), 2010, 32(5): 87-92.

[12] E3EMR, HIRIL, Kb, 5. R WA B e 2R HoA
FEAHHE (], P EREEFEA 4R (FARAR), 2011(Z1): 55-
60.

[13] MHRIT, #BERE, =R, 55 MM ES H AR SR R (0],
HEPE S WITH, 2007, 38(4): 356-360.

[14] EIEMR, WIRIL, HKIE, . HAESTEE 8 I R Dtk
SIS (7], PR (A ARRERR), 2007(S1):
155-158.

[15] T, &5, M, % ETRHEAIBESTHIRE (Coilia mys-
ws) FERPUBIDETE [7]. HF-5109A, 2013, 44(3): 768-774.

[16] Friefe, & RH. BAIBSTER R R A4 B9
[9]. FEAEER, 2012(29): 92-97.

[17] MRV, e 2R AR A8 0 A v IWFSE (D). 5 &
FP AR A4 R, 2010: 1-216.

[18] FKHIK, MOLEEL, KA. MR- 13 VL P MR 62 Rh I AR I 25 F
AERAFPERIBESE (7). A, 1984, 3(4): 26-36.

[19] ¥FIE, ¥OTH). AR 62 R @A HMITE S FAE A LLEIIIT (1],
RIFIETE, 1983, 1(4): 8-13.

[20] MM, SRmk. RIEAEKRELE M) B B oAy
18, 2011: 434-436.

[21] ARSI s, H A ERE& RO HA DIMBIEREIZ B
L5 (1], KWF - > & —HFR, 2008(25): 1-222.

[22] REICHENBACHER B, REICHARD M. Otoliths of five extant
species of the annual killifish Nothobranchius from the East
African Savannah[J]. PLoS One, 2014, 9(11): e0124984.

[23] SERHY, T2, &5t AR H AR M HAERF AR Y
N FHSEBIREST (7). MRS T899, 2012, 43(4): 702-712.

[24] TUSET V M, OTERO-FERRER J L, GOMEZ-ZURITA 7, et al.
Otolith shape lends support to the sensory drive hypothesis in
rockfishes[J]. J Evol Biol, 2016, 29(10): 2083-2097.

[25] VIGNON M. Ontogenetic trajectories of otolith shape during shift
in habitat use: interaction between otolith growth and environ-
ment[J]. J Exp Mar Biol Ecol, 2012, 420: 26-32.

[26] NOLF D. A survey of Perciform otoliths and their interest for
phylogenetic analysis, with an iconographic synopsis of the
Percoidei[J]. Bull Mar Sci, 1993, 52(1): 220-239.

[27] BARDARSON H, MCADAM B J, THORSTEINSSON V, et al.
Otolith shape differences between ecotypes of Icelandic cod
(Gadus morhua) with known migratory behaviour inferred from
data storage tags[J]. Can J Fish Aquat Sci, 2017, 74(12): 2122-
2130.

[28] K3z, Z5UH, Moleill, 5. RifE Rl 3 TR R A il B IR
SEPPAS (0], MR, 2016, 38(6): 577-587.

[29] PAEZ D J, HEDGER R, BERNATCHEZ L, et al. The morpholo-



40 [l A R

5%

gical plastic response to water current velocity varies with age and
sexual state in juvenile Atlantic salmon, Salmo salar[J]. Freshw
Biol, 2008, 53(8): 1544-1554.

[30] TRACEY S R, LYLE J M, DUHAMEL G. Application of ellipt-
ical Fourier analysis of otolith form as a tool for stock identifica-
tion[J]. Fish Res, 2006, 77(2): 138-147.

[31] CAMPANA S E, CASSELMAN J M. Stock discrimination using
otolith shape analysis[J]. Can J Fish Aquat Sci, 1993, 50(5): 1062-
1083.

[32] ASSIS C A. The lagenar otoliths of teleosts: their morphology and
its application in species identification, phylogeny and systemat-
ics[J]. J Fish Biol, 2003, 62(6): 1268-1295.

[33] EJMk, K5, & RA, 45 KIS B B i B X i o 64
ot RANE A STR RS [J]. 75K R, 2013, 903):
31-38.

[34] E4, BefEE, 52, 5. pEdL i SaE R AT 8 A H AP
EFIE [3]. M JTKTRL2E, 2017, 13(6): 65-72.

[35] CAMPANA S E. Otolith science entering the 21st century[J]. Mar
Freshw Res, 2005, 56(5): 485-495.

[36] SMALE M J, HECHT T, WATSON G W. Otolith Atlas of south-
ern African marine fishes[J]. Copeia, 1996, 1(1): 1-253.

[37] MARCUS J, BOWEN W D, EDDINGTON J D. Effects of meal

size on otolith recovery from fecal samples of gray and harbor

T A T N OO T T OGN N O SN EN NG T EN NGB TSN T BN EN TSN T BN T BA T BN T BT BT BT BT BT BN T BT BT BT BT BN T BT BN T BT BT EA T BN TGN T BN T BTSN TSN T OO

seal pups[J]. Mar Mamm Sci, 1998, 14(4): 789-802.

[38] FITCH J E, BROWNELL J L. Fish otoliths in cetacean stomachs
and their importance in interpreting feeding habits[J]. Journal de
L'office des Recherches sur les Pécheries du Canada, 1968,
25(12): 2561-2574.

[39] B 1. SR HA I A5 0 M 0 1 M HAE A R R A ) v i
F[D]. F & PEBEEBR: (hERABEE TR, 2017:
1-78.

[40] SRIRAN. HAr FINTATE 34 J5 ok B HAE = Fiefr i RHA A
FUNH IR D). i HEBFEB: (hEBEBEETET
L), 2018: 1-100.

[41] BEGG G A, BROWN R W. Stock identification of haddock
Melanogrammus aegefinus on Georges Bank based on otolith
shape analysis[J]. Trans Am Fish Soc, 2000, 129(4): 935-945.

[42] SMITH M K. Regional differences in otolith morphology of the
deep slope red snapper Etelis carbunculus[J]. Can J Fish Aquat
Sci, 1992, 49(4): 795-804.

[43] KRR, MHRIT, E3R, 4. F BV MREEE A H AR
ILRTSE (0] R (HARRRERR), 2009, 39(4):
622-626.

[44] TUSET V M, LOMBARTE A, GONZALEZ J A, et al. Comparat-
ive morphology of the sagittal otolith in Serranus spp.[J]. J Fish
Biol, 2003, 63(6): 1491-1504.

EIFAER

HTFEETZ, AT 2017 48 13 55 6 5 78 TN TS “ RN [AM IR R N IFIr i BEE 458 5
KA AERIEL R ” —CiFie 3.1 1, %5 —4) “TN. TP IKEH R B B IHKAT & & & TG
(P<0.01)” MR “TN. TP KEEIRIE RIACRIIGRE 23 5 T IGKRT (P<<0.01)” .

VR 5 LB !

Ca7r K = AH5E) sds3r
2019 %4 A 20 B



