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To clarify the species composition and seasonal abundance of fish eggs and .
" larvae in the coastal waters adjacent to the Tansui River estuary, fish eggs
and larvae were collected monthly from three stations at the depth of 5m, .
10m and 20 m during the period from September 1984 to August, 1985. Mean- -
while the environmental factors including water temperature, salinity and pH |
- were also monitored. A total of 41,734 eggs and 1428 larvae representirig‘ ’
31 families, and 63 species were collected from 36 net hauls. Stolephorus
buccaneeri was the most dominant species making up 55.39% of the total catch
in nuinber, and followed by Sebastiscus marmoratus (18.28%), Blenniidae (4.90%)
and Gobiidae (2.66%). The above four species groups constituted 80% of the
total catch. Most of the fish collected belonged to egg stage and preflexion
larvae indicating that there was a spawning ground near the estuary.

The occurrence of the fish eggs and larvae was higher in spring with a
peak in April-May when water temperature commenced to increase, and with
a minor peak in winter. The higher peak coincided with the occurring period =
of S. buccaneeri, while the lower peak coincided with that of S- marmoratus: '~
Fish eggs were abundantly occurred at water temperature 25.5-28°C and salinity
24-349,. Similar trend was seen in fish larvae when they dispersed with growth,
except their adaptive ranges to temperature and salinity were wider. Larval
fish community structure was more complicated in spring and ‘autumn than
that in summer and winter. The affinity of fish larvae were seperated into
four seasonal groups, which were listed in the order of spring (April-May), K
winter (November-March), summer (June-August) and autumn, (September- ,'
October) groups. The duration of each group with high similarity in com-
munity structures Vlyasted‘for about 2-3 months e){cept that in “the winter
group. i

. Key words: -Fish eggs, Fish larvée, Species composition, Seasonal abundance, Coastal
: water adjacent to Tansui River estuary. :
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INTRODUCTION |

Fishes no matter what inhabit in pelagic or benthic system. would once ex-
perience a planktonic eggs and larval stages during their early life history. The,
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immobile eggs and the weak-mobility larvae are usually passively drifted with
current. Therefore, these tiny little creatures are also traditionally recognized as
ichthyoplankton.

The study of larval fishes was widely applicable to the fishery management and
aquaculture. Occurrence of fish eggs and larvae at different time and location can
be used to estimate spawning season and spawning and nursery grounds of the fish
(Jang et al., 1983; Ueyanagi, 1969). The larval abundance was used to predict the
coming year-class strength (Postuma and Zijlstra, 1974; Tanaka, 1974). In addition,
the distribution and abundance of fish larvae could also be employed as a probe to
search the new fishing grounds of fishable stocks. Feeding stragities of the larvae
and the associated environmental conditions can also provide informations for

wgquaculture (Snyder, 1983). Moreover, the larvae and juveniles of anchovies and

i

gardines in Taiwan are consumed popularly by local people, which have become a
major catching target for larval fishing industries (Cheng, 1980).

The Tansui River estuary was once to be an important fishing ground for fish
fry production. They include larval Anguilla japonica, Acanthopagrus latus, A. schlegeli
and Luijanus argentimaculatus for pond cultivation, and larval sardines and anchovies
for direct consuming in the market.

Because of the rich nutrients from river discharge, a higher primary production
in the estuary and its immediate adjacent coastal waters might be expected.
Subsequently, the area becomes a main nursery ground for several fish species in
the vicinity. However, very few studies concerning the species composition of
the fish larvae and juveniles have been conducted (Tzeng and Wang, 1986).

The catches in the Tansui River estuary and its adjourning coastal waters
are droped considerably in the recent years due to the environmental impact
from urban sewages and industrial pollutions. It is now urgent need to- conserve
these natural resources through the establishment of basic ecological- data.
In order to meet this goal, it is aimed to investigate the fauna, abundance,
distribution and seasonal occurrence of the larvae existed at the present
circumstances.

MATERIALS AND METHODS

During the period from September 1984 through August 1985, fish larvae were
collected monthly with a modified Maruchi-D larval net (Nakai, 1962) from each
of three stations (Fig. 1) at the depths of 5m, 10m and 20 m, respectively. Nets
were towed on surface water for 10 minutes at the speed of ca. 2 knots during
the day-time flood tide. The size of the net is 1.3m in diameter and 45m in
length with the mesh size of 0.5mm by 0.5mm, a flow-meter is attached in the net
mouth to measure the filtrated water volume. Temperature and pH value were
determined simultaneously during sampling operation while salinity was determined
with MC-5 salinometer when the water samples were brought back to the labora-
tory. The specimens recovered from the net were fixed immediately in 10%
seawater formalin solution for specific identification and counting. The most
useful references as aids to identification were Chen and Yu (1986), Leis and
Rennis (1983), Mito (1966), Ozawa (1986) and Uchida ef al. (1958). Specimens will
be divided according to their development stages, e. g., yolk sac larva, preflexion
farva, flexion larva, postflexion larva, juvenile and young, adopted from Kendall
et al. (1984). Numbers of eggs and larvae were counted and the raw data were
transformed to numbers per 1000 m® sea water. Indices of species richness (d')
(Margalef, 1969) and degree of overlap of the similarity of species composition (C,)
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Fig. 1. Map showing sampling stations, A, B and C, for collecting fish
eggs and larvae from coastal waters adjacent to the Tansui River
estuary.

(Kimoto, 1976) were subsequently obtained accordingly, in order to analyze the
community structure of larval fishes.

RESULTS

Environmental factors

Water samples were taken from the surface layer of water column. The
surface water temperatures at three stations ranged from 16°C in December to
305°C in August, with a difference of not greater than 0.5°C among stations.
Salinity ranged from 12% in December to 349, in January. The values of pH were
almost entirely beyond 8.0 with the exception of 7.0 measured in December. at the
time of river flooding (Fig. 2).

Seasonal fluctuations in abundance of fish eggs and larvae

The seasonal variation in number of species was similar among stations, the
number of the species of larval fishes were less than 5 species during autumn and
winter, and reached the highest of the whole year, with 17 species in April at
station C (Fig. 3).

Abundance of fish eggs at three stations showed a marked increase to the
highest numbers (54,043/1000 m?) in April at station B, declining shortly after May.
until the lowest level between June and August (Fig. 3). Trend in seasonal
fluctuations of larval fish abundance is more or less in parallel with that in the
fish eggs, except that the timing of highest larval bloom reveals one month ‘later.
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Fig. 3. Monthly changes of total numbers of species, abundances of eggs and
larvae collected at three stations from the coastal water adjacent to the
Tansui River estuary during September 1984 and August 1985.

Developmental stages and body size in larval fishes

Table 2 indicates that the fish materials recovered in the net are predominately
freshly fertilized or undeveloped eggs occupying 96.4-97.02% in composition, and
followed by the order of decreasing importance of preflexion larva (1.42-2.74%),
yolk-sac larva (0.6-1.39%) and the following minor components including postflexion
larva, flexion larva, juvenile and young which are not accounted for percentages.

. Body size of S. buccaneeri (Fig. 4) at yolk-sac larval stage ranged 1.5-3.0 mm
with the mode at 2.0-25 mm while that at preflexion larval stage ranged 1.5-4.0 mm
with the mode at 2.0-25mm. Although the developmental stages progressed
advancedly, neverthless, the modal length is not increased. The abundance of S.
buccaneeri larvae tends to intensify progressively from inner part of bay toward
outer offshore area. Body size of Sebastiscus marmoratus from every stations
ranged 2.0-4.0 mm with the mode at 3.0-3.5 mm. Its abundance is otherwise decreased
gradually from the inner part toward the outer part of the bay, which is different

from that of Stolephorus buccaneeri.
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Table 1. Species composition of fish eggs and larvae collected from
the coastal water adjacent to Tansui River estuary during
September 1984 and August 1985

1984 1985
Taxon Sep. Oct. Nov. Dec, Jan. Feb. Mar. Apr. May June July Aug. Total

Muraenidae

sp. 1 1
Engraulidae

Stolephorus buccaneeri 140 651 791

Stolephorus sp. 1 1

Thrissocles kammalensis 1 1
Gonostomatidaé

Cyclothone alba 1 1
Synodontidae

Trachinocephalus myops 1 1
Myctophidae

Diaphus sp. 1 2

Lampanyctus sp. 1 1 1

Lampanyctus sp. 2 1 1

Benthosema sp. 1 1 2
Bregmacerotidae

Bregmaceros nectabanus 1 2 3

Bregmaceros sp. 1 1
Trachipteridae

sp. 1 1
Scorpaenidae

Sebastiscus marmoratus 12 19 131 9% 3 261
Percichthyidae

Lateolabrax japonicus 2 2
Teraponidae

Terapon jurbua 5 5
Apogonidae

sp. 1 1
Sillaginidae

Sillago japonica 1 4 5
Carangidae

Decapterus maruadsi 2 6 8

Alepes djedaba 1 12 1 14
Formionidae o

Formio niger 2 2
Leiognathidae

sp. 1 2 3
Gerreidae .

Gerres sp. 1 1 1

Gerres sp. 2 1 1
Sciaenidae

sp. 1 6 6

sp. 2 1 1 1 2 5

sp. 3 2 2
Pempheridae

sp. 2 2
Scaridae

sp. 2 2
Champsodontidae

Champsodon sp. 1 ‘ i
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Table 1. (Continued)

1984 1985
Taxon Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Total

Tripterygiidae

sp. 1 1
Blenniidae ‘

sp. 1 2 63 65

sp. 2 1 1

sp. 3 3 3

sp. 4 1 1
Gobiidae

sp. 1 4 2 6

sp. 2 1 1

sp. 3 7 3 1 11

sp. 4 1 2 3

sp. 5 1 1

sp. 6 1 5 1 7

sp. 7 5 5

sp. 8 1 1

sp. 9 1 1

sp. 10 1 1 2
Gobioididae

Taenioides sp. 3 3
Trichiuridae

Trichiurus lepturus I 2 3
Callionymidae

sp. 1 o1 1

sp. 2 1 3

sp. 3 1 1
Paralichthyidae

Pseudorhombus sp. 3 3
Bothidae

sp. 6 6
Soleidae

sp. 1 1
Cynoglossidae

sp. 2 2
Monacanthidae

Stephanolepis cirrhifer 1 2 2 5
Unidentified species

sp. 1 1 1

sp. 2 1 1

sp. 3 2 2

sp. 4 1 1

sp. 5 3 3

sp. 6 1 1

sp. 7 1 1

sp. 8 3 3

sp. 9 1 147 1 149
Larvae

Total no. species 4 9 1 1 5 5 2 24 16 11 2 4 64

Total no. individuals 22 10 12 19 138 105 4 336 742 32 3 5 1,428
Eggs

Engraulids i 40,575 22 40,597

Others 65 45 38 3 46 16 50 424 345 43 16 48 1139

Total 65 45 38 3 46 16 50 40,999 367 43 16 48 41,736
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Table 2. Stage composition of fish eggs and larvae collected from
the coastal water adjacent to the Tansui River estuary
during September 1984 and August 1985

Station A Station B Station C Total
Development stage No. % Rank  No. % Rank  No. 9% Rank  No. % Rank

Egg 12,113 97.02 1 11,965 96.41 1 17,656 96.66 1 41,734 96.69 1
Yolk-sac larva 174 1.39 3 74 0.60 3 129 0.71 3 377 0.87 3
Preflexion larva 178 1.42 2 340 2.74 2 449  2.46 2 967 2.24 2
Flexion larvae 4  0.03 5 5 0.04 6 3 0.02 6 12 0.03 6
Postflexion larva 14 0.11 4 18 0.14 4 14  0.08 4 46  0.11 4
Juvenile 2 0.02 6 9 0.07 5 13 0.07 5 24 0.06 5
Young 2 0.01 7 2 0.00 7
Total 12,486 99.99 12,411 100.00 18,266 100.01 43,162 100.00
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Fig. 4. Length composition of Stolephorus buccaneeri (Upper panel, yolk-
sac larvae; middle panel, preflexion larvae) and preflexion larvae
of Sebastiscus marmoratus (Lower panel) collected at the three
stations from the adjacent coastal waters to the Tansui River
estuary during September 1984 and August 1985.
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Fig. 5. Monthly changes of Margalef’s index of species richness (d") for
the fish larva assemblages collected from adjacent coastal waters

to the Tansui River estuary during September 1984 and August
1985.

Community structure

Margalef’s index of species richness(d’) ranged from 0 to 3.2 with mean annual
figures of 0.74 (Fig. 5). Seasonal pictures of the species richness indices at stations
show similar trends; a small peak in September declining to the lowest between
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Fig. 6. Dendrogram produced by Mountford’s (1962) method for 36 times
of collections, linkage was based on the Kimotos index of degree
of overlap (Cp).
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November and December, resuming the increase from January until the highest
in April with a smooth drop shortly thereafter. The community structure during
spring and autumn are more complicated than that of summer and winter due to
- more numerous fish species entering the estuary during spring and autumn.

A further speculation from the results of overlap index and the analysis of
average linkage (Fig. 6), it is found that the monthly measurements of community
structure between stations are generally in high similarity over the year. However,
temporal changes in similarity values are not even, eg., the station similarity
index is highest during April and May, which is seconded by November and March,
in particular, the values for the group surveyed during the period from December
through Feburary is almost approaching 1.0. The similarity indices during the
periods June-August, and September-October, are relatively low, because the fish
species occurred during the period are quite different from those in other periods.
It is resulted from the seasonal turn over of fish species. The community with
high similarity index sustans a more prolonged period in winter (4 months, from
November through March) rather than other seasons (2-3 months).

DISCUSSION

Since great majority of eggs obtained in this survey belong to freshly fertilized
ones, with partial preflexion larvae, it could be certain that the spawning grounds
might be very close to the mouth of Tansui river. For example, the suggested
spawning ground in Sebastiscus marmoratus is located probably at the northeastern
corner of the river mouth with the bottom of sand and rocks in mixture. Thisis
evidenced from the decreasing larval abundance from near shore toward offshore
In addition, timing of larval bloom in S. marmoratus is also in agreement with
the occurrence of spawners extending from December through March (Chen and
Lee, 1980).

Stolephorus buccaneeri is by far the most dominant species among the commercial
catch by local larval fishery which is almost entirely at postlarval stage against
the more earlier stages of larvae such as eggs and preflexion larvae obtained during
our surveys. A further detailed comparison between the above two results is
needed for interpretation concerning if they are identical in specific recognization.
It should be borne in mind that the earliest larval stages are more numerous than
those of postlarvae from commercial catch. However, our results are otherwise
in different story due to the possible sampling errors, eg., selectivity in fishing
gears. The dispersal patterns of the larvae at different stages are important base
line informations for the study of fish population dynamics, as well as the
prediction for fisheries resources and their possible utilization. This would involve
a further detailed investigation.

The environmental factors are more or less to influence the occurrence of fish
eggs and larvae. The optimum temperature and salinity for fish eggs (Fig. 7)
~are 24.5-28°C and 24-349%, respectively with the higher numbers of 140-5,400/1000 m?
sea water in catch. Other factors might cause a reduction of numbers to below
42/1000 m®. The highest numbers of larvae are 77-642/1000 m® sea water at 24.5-28°C
and 24-349%,, decreasing to 45-141/1000 m®* when temperature dropped to 16-20°C
accompanied by the salinity of 11.3-33.5%. Larval density becomes scarcer than
30/1000 m® under other factors. The distributional limit of fish eggs tend to adapt
to narrower range of temperature and salinity while the larvae are more adaptive
to wider range of thermal and salinity conditions. Species numbers of larval
fishes and the density of fish eggs and larvae increased to the highest between
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Fig. 7. Relationship between temperature and salinity and abundances
(no./1000 m®) of eggs and larvae collected from the coast adjacent
to the Tansui River estuary during September 1984 and August
1985.

April and May with the less peak during January and February, the former being
correlated with the rising temperature while the latter being in conjunction with
the low temperature influences. In the temperate regions, larval bloom is normally
adaptive to the presence of two peaks in plankton production cycle, one in spring
and the other in autumn (Heinrich, 1962). .Most fishes are evolved to adjust their
timing for spawning for more easy availability of food resources (Cushing, 1975).
The highest production of eggs and larvae during April and May in the adjacent
sea of Tansui River estuary is an adequate example for this explanation, but the
insignificant smaller peak in autumn is probably caused by sampling errors. An
exceptional peak appeared in winter results from the entrance of recruitments in
Sebastiscus marmoratus which spawns normally in winter.

Numbers of larval fish species vary yearly, eg., 63 species (present study)
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during 1984-1985 against 39 species in 1982-1983 survey (Tzeng et al., 1985). They
also vary with areas, eg., the species numbers in the adjacent waters of Tansui
River estuary are fewer than other part of Taiwan (Tzeng and Wang, 1986). The
species richness index (d’) in the adjacent waters of Tansui estuary is relatively
low with a mean of only 074 against 4.15-4.85 (Tzeng and Wang, 1986; Wang,
1987), respectively for 1982-1983 and 1984-1985 surveys from Shuang-Hsi estuary.

Since community structure can be determined by topography and sediment
conditions of habitat along with the biological productivity in the area (Allen,
1982). The present surveyed area is such a sandy bottom with very simple
faunanistic constitutions, However, physical environmental factors in the area
change rapidly w1th a subsequently higher productivity as might be expected,
these would cause a reduction in species diversity.

As a generalization, estuary has a more variable environmental conditions, in
particular, change of tidal level might influence the transportation of larvae with
a subsequent effect on the amount of materials sampled (Boehlert and Mundy,
1988; Rijnsdorp ef al., 1985). In the present study, fish eggs and larvae are found
to be correlated with higher salinity suggesting their parent might spawn on the
immediate outér margin of the river mouth, with their produced eggs and larvae
drifting inward by the flood tide. The transportation, dispersal and distribution
of eggs and larvae are determined by the optimum salinity which being in turn,
influenced by the tidal action. The abundance of eggs and larvae collected are
certain to correlate with tide. A further study in detail on the link between them
should be intensified.

Besides, the well known elvers of Anguilla japonica from the ad]acent coast to
estuary of Tansui are very abundant. They are not found in pure regular daytime
collection since they only appear at night. Thus the population dynamics of the
anguillid elvers in- the area are provisionally excluded from this report.
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BRIK I 1 Sk 0 J 22 AU I B A HE R SRR R &
B 15 T PR RN 2 KB I SE (1984-1985)

ETRE-BEE-FER

BB 07 RE SR R BRI ZRET L » )0 1984 4E 9 A EZE 1985 4E 8 A 1k » #£A
A BRI O AR 5m~ 10 m & 20 m SERRELE =G - AfhEs Maruchi-D B
fFEf (ER 1.3m> %K 4.5m~#HE 0.5X0.5 mm) LUKFRETTRNIRERIIRAF > FEE
WEBBE T A  BER pH fEe
| RAESEEHETT 36 SREVFRUIRE o SHRMERIN 41734 KRfFf 31 B 6348 1,428 2 » Hrhbl
A AR (Stolephorus buccaneeri) 791 BRE% » {4 55.39% ; HXBAPL (Sebasticus
marmoratus) 2618 » 15 18.28% 5 E=1ME%l (Blenniidae) [J_EIEA*f 70 » {5 4.90% 5 &M
RHEEH (Gobiidae) +E4E 38 7 {i 2.66% o KB ABIELOISE 15T o REEHR
TS » BB SWNRAD (egg) » HRRFFRKIH LEFHAFE (preflexion larva) » HEREE
B BT LB E o HRAINEEMRES - ﬂﬂﬁﬁﬂaﬁ:T REREINEFTE o

U R B R R R o 4~5 B A T IR AT R AR 3R
2E ARz 2EREE 220 1 BE B EE  ERXEERIRD o B 4~5 A SEHNT
ST s 1 ARERA o FRAEEBNRAWLAINEE—EA o RIMEKE 24.5~
28°C DAREIE 24%~34%MHENEES HHE & » THFAREEOTMER - (54570 B8 EE R
B BRFREYES B ~ BRI o ;

FRANERBESHKRERENE - EAMBAREN o FRBERBERA GUEMHHECEE
& ANRMHELRERK TS RUEZE - HURERSNWEEEE (4~58) » HRURRXFE
(11~3 A) » ZE (6~8 B)~ K (9~10/) BMFE » FRRENHLEERIL « ALUBENRFELER
£ FZEHREERE (11~38) 4> KREERKHE2~3EAR -






