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PRELIMINARY STUDIES ON SPECIES COMPOSITION OF FISH
LARVAE AND JUVENILES IN THE KUROSHIO WATERS
ADJACENT TO TAIWAN WITH REFERENCE TO
WATER MASS AND DIURNAL VARIATION

WANN-NI1AN TZENG!

ABSTRACT

Fish larvae and juveniles in the surface waters of six selected stations in the Kuroshio proper
and its neighboring waters in the eastern Taiwan were investigated during the period from September
10 to 12, 1986. A total of 243 fish larvae and juveniles representing 35 families and 58 species was
collected in this survey. The data indicated that the larvae and juveniles could be grouped into
oceanic epipelagic, mesopelagic and coastal species categories. Among them, the mesopelagic fishes
especially Myctophids and Gonostomatids wers found to be the most dominant, constituting up to
approximately 60% of the total catch. The dccurrence of larvae and juveniles was found more
abundant in nighttime than in daytime, probably due to the ascending migration of the mesopelagic
fish. According to the T-S diagram the water masses in these six surveyed stations were categoried
into three types: Kuroshio water, coastal water and intermediate mixed water where epipelagic,
coastal and mesopelagic fishes were dominant, respectively. Species diversity was greater at the stations
which were influenced by the coastal water than those at warm Kuroshio water.

INTRODUCTION

The studies of species composition, distribution and abundance of fish larvae
and juveniles are very important for understanding the recruitment and fluctua-
tion of fish population. Many investigations on the species composition of fish
larvae and juveniles have been conducted in the coastal waters and estuaries of
Taiwan (Chen, 1985; Huang, 1985; Huang et al, 1985; Tseng, 1985; Tzeng et al,
1985). However, studies on the species composition of fish larvae and juveniles in
the offshore waters of Taiwan were very few. Species composition and abundance
of fish larvae and juveniles were known to be dependent on current system. The
surrounding waters of Taiwan was known to be influenced by the Kuroshio and
China coast currents (Chu, 1963). The relationship between the distribution and
abundance of fish larvae and juveniles and the oceanographic condition in the
waters adjacent to Taiwan has also not been attempted yet.

This paper is to describe the occurrence of fish larvae and juveniles in the
Kuroshio waters adjacent to Taiwan, and their variations in relations to oceano-
graphic condition.

MATERIALS AND METHODS

Temperature and salinity were measured by CTD casting from surface to
1000 meter depth from the six selected stations (Fig. 1) in the Kuroshio area
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Fig. 1. Map showing the presumed path of Kuroshio along eastern coast of Taiwan
in summer and the six surveyed stations (Sts 29-34) for larval netting and
CTD casting.

SECTION LENGTH DIAMETER  MATERIAL MESH APERTURES
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N 600 160-10  VINYLON NETTING 0.680 X 0.680

L 10 10 VINYLON SAIL CLOTH R

Fig. 2. Dimension and construction details of the ORI larval net.
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eastern Taiwan during the period from September 10 to 12, 1986. Then tempera-
ture-salinity diagram was plotted to understand the characteristic of water mass
of the station. Fish larvae and juveniles were collected with ORI (Ocean Research
Institute, University of Tokyo) larval net (Fig. 2). The net was towed horizon-
tally near the surface water at a speed of about 3 knots. The duration of net
tow was preset for about 20 minutes for each stations. The flow-meter data
were also recorded and used to compute the density of the fish. The samples
were preserved with 10% formalin solution in the field. The larvae and juveniles
were identified to the species level if possible. Their total lengths were measured
to the nearest 0.1 mm. The development stages of larvae were determined follow-
ing Kendall (1984). To understand the relationship between species composition
of fish larvae and juveniles and water mass, the fish was grouped into oceanic
epipelagic, mesopelagic and coastal species according to the habit of their adult
stage. To understand the vertical migration of the fish, mesopelagic fishes were
further divided into surface migrants, midwater migrants and non-migrants
(Kawaguchi, 1974).

The community structures of fish larvae and juveniles in each stations were
analyzed by using four species diversity indices, namely, Simpson’s index of
concentration (Peet, 1974), Margalef’s index of species richness (Margalef, 1969),
Shannon-Weaver’s index of species diversity and Pielou’s index of evenness (Pielou,
1966). The similarity of species composition of fish larvae and juveniles between
stations was calculated by Kimoto’s index of degree of overlap (Kimoto, 1976)
and clustered by average-linkage method (Mountford, 1962).

RESULTS

1. Water Mass of the Surveyed Stations

The water mass of the six investigated stations, as shown by temperature-
salinity diagram (Fig. 3), could be categoried into three types: (1) Stations 30
and 34 which located near to the coastal waters were found to be lower in
temperature and salinity in surface layer, (2) Stations 29, 31 and 32 which located
in Kuroshio waters were found to be higher in temperature and salinity in surface
layer, and (3) Station 33 belonged to intermediate mixed type, water temperature
and salinity were similar to those of former stations in surface layer, but similar
to those of latter stations in deep layer.

The oceanographic condition in the surrounding waters of Taiwan was mainly
influenced by the Kuroshio and China coast currents (Chu, 1963). Kuroshio,
originated from north Equatorial current, was a warm and high saline water. In
contrary, China coast current a cold and low saline water came from the north
along the coast of China. The T-S diagram shown in Fig. 3 indicated that the
water of higher temperature and salinity in stations 29, 31 and 32 might belong to
Kuroshio water and the cold and low saline in the surface water at the stations
30 and 34 was resulted from the influences of the coastal water. Station 33 was
also influenced by the coastal water, but very limited only in the surface layer.

2. Occurrence of Fish Larvae and its Relation to Water Mass

A total of 243 individuals representing 35 families and 58 species was collected
in this survey (Table 1). Most of the larval and juvenile fish belonged to post-
larvae, including preflexion, flexion and postflexion stages. The body lengths of
most fish were less than 10 mm, except the surface migrant myctophids which
belonged to young stage and were able to migrate. The length frequency
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Fig. 3. Comparison of T-S curves of the six surveyed stations (Sts 29-34).

5 SYNODONTIDAE
O 1.myops
GONOSTOMATIDAE H )
e 0 - A O |
B ass T T T
E3 ¢ pseuDo. 104 SCOMBRIDAE
1 OTHERS(2 SPP) O 1.ALA
M A.THA.
5_
O . . 0 — . . . .
104 }
MYCTOPHIDAE EXOCOETIDAE O C.BRE.
W oRL. ] B Coser
M.SPI
-] _5_.EVER
O oTHERS(10sPP) 4 }_ﬂ . =
i P | T L3
10 '
HE MIR
AMPHIDAE O o. con.
54 M O MiC.
. H O— . o

40 50 60 0 10 20 30 40 50 60
TOTAL LENGTH (mm)

Fig. 4. Length frequency dlsmbumon of the dominant fish larvae and juveniles
collected by the ORI larval net with surface tow in the adjacent
waters of Taiwan, Sept. 10-12, 1986. Abbreviations of species name
refer to Table 1.




A 0°LT I I ‘OX SLAISOA142.1G SAYOUDLIGOLIUID)
08°8¢ 0°vE-6°TC g S 0X smoydss04204> SNYIUDIGOLJUID)
1T°8¢ 87066781 [4! I 11 00X U2 snioydojoquids
st 8°91-0'vI ¥ ¥ 00X ypavyutas wnydo84Agr
€91 9'91-0°91 [4 [4 0X winuixodd wnydo34ry
P 0C 9°¥C-G81 4! [4 g S OX winsouids wnydoirdpy
S 4 Y y-6"¢T C 4 0X. wnnpu wnydopo Ky
L9°€9 0°¢6-0"8v € € ‘PY
8G°LI A 41 Ly I 0t I St ‘OX apuario wnydop N
oeprydookAl
syueidiw ooe)Ing ()
soysy orferadosay ‘II
I'y 'y 1 I 14 PADZDY] SIXNY
8¢y 0°S -L'¢ 6 3 I 14 pSunjolp snuuny
SEPLIQIIODS
wo oy’ Le-1'¢ € I i I Id ‘ds ‘usD
N aeprroydonsy
§ STy Py -1y [4 (4 . 14
S £6°¢ I'v -L'¢ € [4 I Id snanddyy puspydqi0D
m oepruseyd£io)
% S'ey ey I I 0 sniapdopids snanjasdd
88°¢I 8°91-6"¥I 4 ¥ ‘0X
L6°9 '8 -v's € I 4 s
0°¢ (VS I I ‘od smupdiasdq (S€ynoudolg) sninjasday
9BpPI112000XH
$°09 S 09 I I ng
L0°9 8'8 -S°¢ € (4 I ‘od sniapdosonu snydwpyiodd{xp
L9°L (AL A 4 (Al I Il ‘od Sax24100 $3X24U00 snyduipyi0d{x(
oeprydwelrua
o soysy o13efedids oluseo( I
UeoN ofuey [e10L e (33 [43 1€ o¢ 6C 18 898818 soroads
(wur) ysusy [elo], S[ENPIAIPUI JO ON jusmdorosac]
od£1000 £q poriodaled aie so102dS 9861 ‘ZI-0T 1deg
‘Uemie] JO SI9lem JU3DB[PEB 9Y] UI SUOIIB]S PIASAINS XIS WOJIJ MO d0BJINS YIIM 19U [eAIR] 1O
m Aq pe1091]0D IIuaAn( pue 9BAIR] USU JOo Y18US] [B10} PUBR ISQWNU ‘9OUaLINII0 ‘9Fe1s juswdo[eaa(q ‘T 9[qe]




107

Fish Larvae and Juveniles in the Kuroshio Waters Adjacent to Taiwan

YL 8L -0'L 4 [4 ‘od “ds snioydajois
sepineiduy v
8¢l SPI-1°¢l [4 T 'od 1spUNnz pijAUIPDS
E ~oeprednyy
L'LL LTLL I I 7] dsruan
seprpyorydo
S1°L9 8°¢0I-570¢ (4 I I 97 ‘ds pwosory
9ep1aduo)
190 74 (74 I I 971 sisuaiwmvy sdojsg
oeprdorg
seysy feiseod “III
6'6 66 I I ‘od vLDD auoYIOPAD
YT'L 8°01-L¥ £€C 61 4 ‘od vpijjpdopnasd 20110124
0e°L 66 -0°9 S [4 [4 1 'od -
67 0°¢ -8'¥ [4 [4 14 gy 2u0Yj0124>
9EP1IRUIOISOUOD)
syuerfiw-uoN (g)
§s°¢ L9 -v'¥ [4 [4 ad ds ‘wen
9EPIIUOISOUR[II
0°¢h 0t I I ‘0% .
061 0°61 I 1 Td ppuap) soydojdiq
umv:m&owmoco@
S0°¢ 9 -1t 9 1 € 4 T4 ds vuvpoduvy
e Ve I [ 1d 18ujipm snjadossoipia))
Le L€ I I 14 ¢ ds pwoasoyuag
Sy 9'v -L'¢ [4 [4 T4 1 ‘ds pwasoyuag
£y [ 4 I I 14 winjo.said puLISOYIUdg
oepIqdolokN
sjueIfrur 191empiN (2)
UeaN e3uey Te10L e €e (43 1€ 0t 6C 1S x598e18 soroeds
(ww) p3usy Tero], juswdoressq o

S[ERPIAIPUL JO "ON

(psnuriuo?)

‘T SIqe.L




Wann-Nian Tzeng

18°¢ 0y -L'¢ € € T Td ‘ds ueD

9BPIUSEIOS
Sy Sy 1 I ‘14 ‘ds ‘uen
aepriedg
e Ve I I T4 ds ‘usp)
seprIaldIwaN
v'e e I [ 1d ¢ ds ‘uap
6°¢ 6°¢ 1 [ 14 z 'ds ‘usH
€L €L 1 1 ‘od
S84 vy €t 4 T 14 1 ds ‘usn
sepruefing
0'v 0y 1 1 ‘0d
IS4 P'T €T [4 [4 "Id ds ‘uen
aepryleudors ]
I'¢ I'¢ I I Id ds ‘uen
$"6E £6°6¢€ I 1 nf “ds snoidpoaq
LY 6% -1°¢ € z I Id snjjaapoput snaaidooaq
aepi3ueie)
9 9 I I ‘0d
S9°¢ 8¢ -¢'¢ C . C T4 vomodvl 08vjj1s
eepluIde[[is
Tt [4n I I 14 ds ‘uepn
SEpIYIUBORLIJ
[ 6 I 1 ‘od ds ‘u9D
L°L LL 1 I ‘0d ds pruvyosy
sepruofody
€'t €€ ! I e *ds snjoydourdsy
oepIuRIIeg
§6°C 6°Th-t°¢cl 0l ¥ 9 ‘od sdodw snppydasoupyond |
sepryuopouis
UBIN ofuey Tel0L e €€ (43 |53 0¢ 6T IS #598e1s . sofoady
(wur) yi8uey IO, S[ENPIAIPUL JO *ON uewdofassct

108

(penupuod) ‘T dqe],




109

Fish Larvae and Juveniles in the Kuroshio Waters Adjacent to Taiwan

Jnpy py  ‘Gunox :'0x

‘oiuaAng 'nf

‘snjeqdooodey 9]  ‘BATR] UOIXS[ISO4 :'Od  ‘BAIB] UOIXAI] 4 ‘gAre] UOIXOPRId :Id

CS@B 8IS S QQOT/ PuI) Ausue(

yIoel (4414 £3°¢l £3°C 9L°TI 9681 €8°¢
eve eL i 8 144 €5 61 [enpralpul Jo 'ON
8¢ i 8 L 91 4! 8 '$0109dsJ0 "ON
s I's I ! 14 ‘ds pagnuopruf)
§91 $91 1 1 0X nxnopda uopoiq
9ep1IUOPOI(T
0'1€ 0'1¢ ! I OX
6°¢ 6°S I I Td
0°¢ €€ -LT T 4 14 SHIDIRODWL SIUABPIYIUDD)
oepuIsiieg
S1°81 0°0C-1'91 C T ‘od snupioymvd snyjog
depiiog
'8 7°8 I 1 ‘od ds "uan
oepluordioog
vyl a2 I I ‘od ‘ds snyoupiqowi
aepruusg
S9°L 0°8 €L 4 4 ‘0d ds ‘uen)
9epLIeds
oTel Pe1-0'11 4 [4 ‘od
0'¢ 0'S I 1 14 *ds sdypordy
9eplIqe|
SL€ €% -T'¢ ¥ I 1 z 14 -ds ueD
BPLIIUSIBWIOJ
'8 '8 I 1 ‘od
8 8t I 1 14 7 'ds ‘uan
$6°S 0L -6¥ (4 I I ‘od [ ‘ds "uenH
epIf[NA
uedN o8uey jer0L ¥E €€ € 1€ 0 67 IS fysogeis so100dg
JuowdoteAd(g

() yiguer 1eI0L

s[enpiAIpul jo "oN

(penuruod) T °[qe],




110 Wann-Nian Tzeng

distributions of six dominant families were shown in Fig. 4.

The occurrence of fish larvae and juveniles was obviously correlated with water
masses of the stations (Table 2). Oceanic epipelagic fishes were dominant in the
Kuroshio water, contributing 52.1% of the total catch of the stations 29, 31 and
32. Among them, Oxyporhamphus spp., Thunnus alalunga and Cypselurus spp. which
undoubtedly belonged to oceanic species were abundant in Kuroshio water, but
very few in coastal water and not found in intermediate mixed water. Mesopela-
gic fishes, especially Myctophum orientale, M. spinosum, Cyclothone pseudopallida and S.
evermanni, were dominant in both coastal water (sts 30 and 34) and intermediate
mixed water (st 33), contributing 56.3% and 91.3%, respectively. Coastal species
was more abundant in the cold coastal waters (sts 30 and 34), especially Trachino-
cephalus myops only found in the coastal water and not found in Kuroshio water.

In addition, the abundance of fish larvae and juveniles was also correlated with
the water mass of the station, the density of fish larvae and juveniles was higher
in the coastal water station than in the Kuroshio water station (Tables 1, 2).

3. Diurnal Variation of Larval Abundance

The occurrence of fish larvae and juveniles was more abundant in the night-
time than in the day time (Fig. 5). The difference was probably due to the diurnal
vertical migration of the surface migrant myctophids because the surface migrant
myctophids occurred abundantly around midnight, declined in the earlier morning,
and finally disappeared during daytime (Fig. 5, dashed line). This suggested that the

Table 2. Comparison of species composition of fish larvae and juvenile
collected with the ORI larval net from six surveyed stations
in three different water masses in the Kuroshio waters off
Taiwan, Sept. 10-12, 1986

Occurrence percentage in number of fish

"Kuroshio water Coastal water Mixed water
Species and family (st 29, 31, 32) (st 30, 34) (st 33)
1. Oceanic epipelagic species 52.1 4.8 0
Hemiramphidae
Oxyporhamphus spp. 21.1 0 0
Scombridae
Thunnus alalunga 12.7 0 0
Exocoetidae
Cypselurus spp. 9.9 0.8 0
Istiophoridae
Gen. 'sp. 4.2 0 0
2. Mesopelagic species 29.6 56.3 91.3
Myctophidae
Mpyctophum orientale - 1.4 15.1 65.2
M. spinosum 0 5.6 10.9
Symbolophorus evermanni 1.4 8.7 0
Gonostomatidae
Cyclothone pseudopallida 5.6 15.1 0
3. Coastal species 18.3 38.9 8.7
Synodontidae
Trachinocephalus myops 0 . 7.9 0
. .| Species 7-16 14-34 8
CTotal * 1 dividual : 7 126 46

Density (No./1000 m?) 2.8-12.8 19.0-24.4 13.8
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difference of larval abundance between daytime and nighttime in the surface waters
was closely correlated with the vertical migration of surface migrant myctophids.

4. Species Diversity and Similarity

The community structure of fish larvae and juveniles was shown in Fig.6.
The value of concentration index (3#?) was higher and index of eveness (J’) was
lower in the stations 29, 30 and 33 indicating that there were dominant species in
these three stations. The dominant species occurred in the station 29 was
Oxyporhamphus convexes convexes, and that in the stations 30 and 33 was Myctophum
orientale (Table 1). The other stations seemed no dominant species. Both indices
of species richness (d’) and species diversity (H’) were higher in the station 34
than in the other stations, indicating that the community structure was more
complicated in this station. The reasons is probably due to many coastal species
occurred in the station 34 (Table 1). '

The similarity of species composition among stations increased as the sampling
time of the day was closer (Fig. 7-(A)). In the other hands, when the diurnal
vertical migrating myctophids which were dominant in nighttime collection (Fig.
5) were disregarded, the similarity of species composition among stations.could be
clustered into three groups which seemed to be corresponding to the different
types of water masses except station 31 (Fig.-7-(B)). It ‘indicated -that- species
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Fig. 6. Comparison of species diversity indices among stations. Xia®: Simpson’s
index of concentration, J/: Pielow’s index of evenness, d': Margalef’s index
of species richness and H': Shannon-Weaver’s index of species diversity.

composition of fish larvae and juveniles seemed to be a good indicator of water
‘mass.

DISCUSSION AND CONCLUSION

Mesopelagic fishes constituted most of the total catch of fish larvae and
juveniles in this investigation (Table 1). ‘The mesopelagic fishes were classified
into surface migrants, midwater migrants and non-migrants according to their
migration depth (Kawaguchi, 1974). The surface migrant myctophids distributed
“in 200-400 m depth during daytime and ascending to 0-10m during nighttime.
Therefore, surface migrant myctophids were possibly collected in the surface
layer. In the other hand, the midwater migrant and the non-migrant myctophids
were also found in the surface collection. The midwater migrants inhabited in
. '400-700 m in daytime and only ascended to 20-200m in nighttime. They might
" ‘appear in the surface layer where deeper water was upwelled or intrused
into shallow coastal water (Kawaguchi ef al., 1972). The midwater migrant
“myctophids " occurred in the coastal water (stations 30 and 34) and Kuroshio
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Fig. 7. Similarity of species composition of fish larvae and juvenile among stations
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index was calculated using Kimoto’s index of degree of overlap and
clustered by Mountford’s average linkage method. In diagram (B), the data
of surface migrant myctophids were disregarded because their occurrence
varied with the time of day.

water (station 31), probably indicated that the surface water in these stations
were exchanged.

Diurnal migration of myctophids was studied in the waters adjacent to Japan,
e.g. Myctophum affine, Tarletonbeania taylori. These two species ascended to sea
surface layer during 20:00-04:00 and redescended to deep layer after sunrise
(Hattori, 1964). The surface migrant myctophids collected in this study seemed
to show the similar migration (Fig. 5).

Fish larvae and juveniles were more abundant in coastal water than in Kuro-
shio water (Table 2). The station which was influenced by coastal water revealed
that the species composition of fish larvae and juveniles constituted the majority
of coastal species (Table 1; e.g. station 34). Meanwhile, the occurrence of fish
larvae and juveniles in the surface water was significantly different between day-
and night-time collection (Fig. 5). These phenomena indicated that the abundance
and species composition of fish larvae and juveniles were correlated both with the
water mass and the sampling time of day. However, the larval communities in
tropical areas were well known for their high species diversity. Before drawn a
more concrete conclusions on species composition of larvae and juveniles in relation
to oceanographic conditions in the surrounding waters of Taiwan, a many sampling
cruises would be required for further investigation.
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