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Abstract.—The fish assemblage in the estuary of Gong-Shy-Tyan River, a
pollution-free river, in north Taiwan was sampled for a period of one year from
June 1984 through June 1985 using an anchored bag-net with mesh size of
0.8-1.8 mm at night-time spring flood tide. The water temperature in the estuary
was lowest in February (15°C) and highest in September (30°C); the salinity varied
from 0.5 to 32%. A total of 65,968 individuals representing 46 families and 111
species was collected from 55 field trips. The fish assemblage was dominated by
a few species: Terapon jarbua (Teraponidae) was numerically the most dominant
(51.3% of the total), followed by Eleotris acanthopoma (Eleotridae) (13.4%), Gerres
macrosoma (Gerreidae) (8.7%), Liza macrolepis (Mugilidae) (5.0%), Taenioides
cirratus (Gobioididae) (4.2%), Sillago sihama (Sillaginidae) (3.0%), Yongeichthys
caninus (Gobiidae) (1.4%), Anguilla japonica (Anguillidae) (1.3%), Bathygobius
fuscus (Gobiidae) (1.2%), and Chanos chanos (Chanidae) (1.1%). These 10 species
constituted approximately 90% of the total. Most fishes enter the estuary as juveniles,
and use this river estuary as an important nursery ground. More species and individuals
were usually present from late spring through autumn than from winter through early
spring. A sudden drop in the abundance sometimes occurred during the summer
months. The recruitment pattern of the fish into the estuary was described based on
monthly length frequency distribution.

The estuary is one of the most productive areas on the earth, comparable to that
of the coastal upwelling area (Haedrich and Hall 1976). It functions as a nursery
and feeding ground for the juveniles of many inshore and offshore commercially
important fishes (Wallace and van der Elst 1975; Blaber and Blaber 1980; Day et
al. 1981; Lenanton 1982; Bell et al. 1984). This is because the estuary provides
suitable food resources as well as shelter, absence of turbulence, and a reduction of
predation (Blaber et al. 1985). The abundant food is utilized to accelerate growth
during their first year of fish life.

The fish resources conservation of the estuary in Taiwan is of great concern be-
cause of increased pollution of this very important local fishing ground for juveniles
of Engraulidae and Clupeidae, and for collecting fish fry of Anguillidae, Mugilidae,
and Sparidae for cultivation. A limited number of studies on the estuarine fish com-
munity in Taiwan have been conducted previously (Chen 1985; Huang et al. 1985;
Tzeng and Wang 1986, 1992; Wang et al. 1991). A number of well-documented
studies have been reported for other countries (Shenker and Dean 1979; Bell et
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al. 1984; Berkley 1984; Yamashita and Aoyama 1984; Jenkins 1986; Reina-Herva
and Serrano 1987; Bennett 1989). However, baseline ecological studies for con-
servation policy are meager compared with the vastly increased level of pollution
worldwide.

The aim of this study, therefore, is (1) to determine the relative abundance,
species composition, and recruitment seasonality of the fish larvae and juveniles in
the river estuary of north Taiwan; (2) to understand the role of such an estuary
as a nursery habitat for the fish; and (3) to correlate recruitment patterns of the
fish community with surface temperature and salinity. For this purpose, the fish
species entering the estuary of Gong-Shy-Tyan River were sampled over a period
of one year. The species and size of the fish and their seasonal abundance were
examined. Variations in numbers of species and in total number caught, as well
as the species diversity and species evenness in relation to water temperature and
salinity are discussed.

Materials and Methods

Gong-Shy-Tyan River estuary in the north coast of Taiwan (Figure 1) is defined
by a rocky north shore and a sandy south shore. The estuary is a coastal plain estuary.
Due to sand deposition in the river month, the estuary narrows slightly at the inlet
to about 50 m and widens in the inner part to about 100 m. The geomorphological
feature resembling a small bay is a favorite nursery ground for fish larvae and
juveniles. The sediment in the estuary is dominated by sand. The peripheral area of
the river is dominated by rice fields and grassland; no apparent pollution source was
found upstream. The river discharge was small except during the rainy season. The
estuary is flushed by a semidiurnal tide, ranging from 3 m at spring tide to 1.5 m at
neap tide (Chu 1963). The water circulation in the estuary was vertically mixed and
slightly stratified during large river discharge.

Fishes were collected using an anchored bag-net with mesh size of 0.8—1.8 mm
extended to completely block the river inlet (Figure 2). Fish entering the estuary
with the flood tide were collected at night for 2—3 consecutive days at approximately
2-week intervals during the period from June 1984 to June 1985. Specimens collected
were fixed immediately with 10% buffered formalin, and classified and identified to
the species level if possible. Total length (TL) of the fish was measured to the
nearest 0.1 mm using a profile projector (Nikon V-16) at 10x magnification. For
comparison, the fish collected from other studies during April 1988 through March
1989 (Miu et al. 1990) were also analyzed.

The structure of the fish community was estimated according to Margalef’s
(1969) index of species richness (d’), and Pielou’s (1966) index of evenness (J’).
The similarity of species composition of fish larvae and juveniles was analyzed by
applying Kimoto’s (1976) index for degree of overlap and cluster analysis was used
to construct similarity dendrograms to show seasonal variations (Mountford 1962).

The surface water temperature and salinity were measured with an
oceanographic salinity and temperature bridge (Model MCS5/2 Electronic
Instruments Ltd/England). The numbers of fish and species, as well as the
community structure indexes in relation to water temperature and salinity were
analyzed. :
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FIGURE 1.— The sampling station in the Gong-Shy-Tyan River estuary, north Taiwan.

Results

Environmental Characteristics

Surface water temperature in the estuary changed with season, reaching a max-
imum of 30°C between July and September and a minimum of 15°C in February
(Figure 3). Surface salinity in the estuary fluctuates greatly from approximately 32%
to less than 0.5% during rainy season (Figure 3).

Species Composition

Terapon jarbua (Teraponidae) was the most numerous and accounted for 51.3%
of the 65,968 individuals representing 46 families and 111 species that were collected
in the Gong-Shy-Tyan River estuary during June 1984 through June 1985. They were
followed by Eleorris acanthopoma (Eleotridae) (13.4%), Gerres macrosoma (Gerrei-
dae) (8.7%), Liza macrolepis (Mugilidae) (5.0%), Taenioides cirratus (Gobioididae)
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FIGURE 2.— Anchored bag-net used to collect fish during flood tide. A: wing net, B:
Bag net, C: ring, and D: cod end. Length = 16 m(A), 18 m(B); Mesh size = 1.8 mm(A,B),
0.83 mm(D).

(4.2%), Sillago sihama (Sillaginidae) (3.0%), Yongeichthys caninus (Gobiidae)
(1.4%), Anguilla japonica (Anguillidae) (1.3%), Bathygobius fuscus (Gobiidae)
(1.2%) and Chanos chanos (Chanidae) (1.1%). These 10 species constituted
approximately 90% of the total catch; the remaining 10% was accounted for more
than 101 species (Table 1).

According to the differences in life cycle, the fish larvae and juveniles in the es-
tuary were classified into marine, estuarine-dependent marine, estuarine, and fresh-
water species (Deegan and Thampson 1985). Most larvae and juveniles collected
in the Gong-Shy-Tyan River estuary seemed to be originated from inshore waters.
Offshore marine species were seldom found in the estuary. The estuarine species in-
cluded Gobiidae (18 species), Taenioides cirratus, Eleotridae (4 species) and Kuhlia
spp., which may complete their entire life cycle in the estuary. Species from freshwa-
ter were few; only Cyprinidae (2 species) and Gambusia affinis were found. Anguilla
spp. were a diadromous species, appearing in the study area as elvers during their
upstream migration. These results indicate that the species composition of marine
origin was more diversified than that from freshwater (Table 1).

Seasonal Abundance in Number of Species and Individuals

The total number of species and individuals found in the estuary showed large
variations within and between seasons. The number of species was higher during
the period from late spring to autumn than that from winter to early spring for
the year 19841985 (Figure 4); whereas the number of fishes caught was higher
in spring and autumn than in summer and winter for the years 1984-1985 and
1988-1989 (Figure 5 A,B). A depression in the relative abundance of the fish was
observed both in late summer when temperature was high and in November through
" February when temperature was low. The monthly variation in the total number of
fishes caught followed closely that of Terapon jarbua.

The number of species was positively correlated with water temperature
(r = 0.70; p < 0.001), but not significantly correlated with salinity (r = 0.4; p >
0.05). The number of individuals was not significantly correlated with either water
temperature (r = 0.33) or salinity (r = 0.08).
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FIGURE 3.— Seasonal variations of surface water temperature (A) and salinity (B) in the
Gong-Shy-Tyan River estuary, July 1984-June 19 85.

Recruitment Patterns

Most species recruited into the estuary during the period from late spring to
autumn (Table 1), e.g., Terapon jarbua, Sillago sihama, lutjanids, gerreids, eleotrids,
gobiids, and gobioids. In contrast, anguillids, cyprinids, poeciliids, centropomids
and mugilids were the dominant taxa during the period from winter through early
spring. The duration of recruitment in the estuary varied with species from one
month (e.g., Lateolabrax Japonicusy to almost year-round (e-g., Liza macrolepis).
The seasonal recruitment pattern of the fishes in the estuary was described based
on the monthly length-frequency distributions of 19 dominant species (Figure 6).

(1) Freshwater species migrated into the estuary during winter. Gambusia affinis
originated from upstream freshwater with wide length ranges, indicating that they
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FIGURE 4.— Seasonal fluctuations in total number of fish species in the Gong-Shy-Tyan
River estuary, June 1984-June 1985.

frequently recruited into the estuary; Anguilla japonica and Anguilla marmorata
spawned in the open ocean, appearing in the estuary as elvers during upstream
migration. Their size composition was rather uniform, because they remained in
the estuary for a short duration.

(2) The estuarine species were characterized by a long recruitment duration
(May—October) and mixed populations of various sizes, e.g., Eleotris acanthopoma,
Bathygobius fuscus, and Taenioides cirratus.

(3) The marine species can be further divided into two categories based upon
monthly changes of length-frequency distributions. Terapon jarbua and Gerres
macrosoma recruited into the estuary during 9 months (April-December) with
constant recruitment size modes of approximately 10~15 mm TL, and Sillago sihama
was recruited for six months with a size mode at about 15 mm TL. The continuous
migration into the estuary at a constant size suggested that the spawning season
of the fish may last quite long. Because few large-sized fish was caught, these
fishes stayed in the estuary probably for a short period of time. In contrast, Mugil
cephalus, Liza macrolepis, and Lutjanus russellii seemed to remain in the estuary for
a long period of time because there were large-sized fish to be found as indicated
from length-frequency distribution. However, all of the estuarine-dependent marine
species seemed to stay in the estuary only during their first year of life; no adult
was found for these species.

Species Diversity and Community Structure

Few species were caught at high frequency and many species were caught at low
frequency (Figure 7). The data showed that the number of species with a frequency
of 23 or less accounted for 62 species, or 55.8% of the total number of species. Only

- seven species occurred in a frequency greater than 20 (Figure 7).

The species richness index (d’) showed large day-to-day and seasonal variations.
The average value of the d’ was higher during the period from late spring to au-
tumn than that from winter to early spring (Figure 8). This indicates that the fish
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Jarbua collected in the Gony-Shy-Tyan River estuary. (A): June 1984-June 1985, (B): April
1988-March 1989.

community contains more species in the former period than the latter one. On
the other hand, species evenness (J’) was relatively 'ower in July, October, Decem-
ber, and March than in the other months (Figure 8). Thus, there were dominant
species during these months. Terapon jarbua was the first dominant in the first three
months, whereas Anguilla japonica was the dominant species in March (Table 1).
The species richness index was positively correlated with water temperature
(r=0.65; p < 0.001), but not significantly correlated with salinity (r=0.35; p>0.05).
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FIGURE 7.— Number of species vs. number of individuals for the juvenile fish community
in the Gong-Shy-Tyan River estuary.

In the contrast, the species evenness index was negatively correlated with water
temperature (r = 0.48; 0.01 < p < 0.05) and not significantly correlated with salinity
(r = —-045; p > 0.05).

According to the similarity of species composition in these samples, the fish
community in the estuary can also be classified into three principal temporal
groups (Figure 9), i.e., the spring group (February-June), the summer group
(June—October), and the autumn-winter group (October—February). The occurrence
of the three principal temporal groups of fish species corresponded to the period
when water temperature was increasing, maintained approximately at 30°C, and
decreasing, respectively (Figure 3).

Discussion and Conclusion

The length-frequency distribution of the fish in the studied area revealed that
most fish migrated to the estuary during their larval and juvenile stage (Figure 6).
Fish larger than 70 mm were seldom collected. The larger fish may avoid or escape
from gear, however, the absence of the larger fish in the estuary is probably not due
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FIGURE 8.— Seasonal variation of species richness (d’) and evenness (J°) mdexes for the
larval and juvenile fish community in the Gong-Shy-Tyan River estuary, June 1984-June 1985.

to gear selectivity, because many juveniles prefer shallow estuarine waters (Blaber
1981; Russell and Garrett 1983; Cyrus 1984) and their adults occur mainly in clear
offshore waters (Blaber et al. 1985). Accordingly, the estuary seemed to play an
important role as nursery ground for fishes inhabiting adjacent freshwater, estuar-
ine, and inshore marine habitats as adults (Gunter 1967; Zijlstra 1972; Jhingran
and Gopalakrishnan 1973; Poxton et al. 1983; Bell et al. 1984; Wallace et al. 1984;
Bennett 1989). Such areas can provide suitable food as well as shelter, absence of
turbulence, and reduction of predation, which is essential for early development of
many species (Blaber et al. 1985).

Based on the duration of recruitment into the estyary, fish in the estuary were
classified into three categories of permanent resident, temporary resident, and rare
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FIGURE 9.— Cluster dendrogram showing the month group of juvenile fish community in
the Gong-Shy-Tyan River estuary. The similarity of species composition between samples was
analyzed by Kimoto’s (1976) index of degree of overlap and clustered by Mountford’s (1962)
average-linkage method. Species composition data were combined by semimonthly period.

species (Bell et al. 1984). The permanent residents were estuarine species that
remained in the estuary throughout their entire life cycle, e.g., Kuhliidae, Eleotridae,
Gobiidae and Gobioididae (Table 1). Although specimens collected do not repre-
sent the entire life cycles of these permanent residents (Figure 6), this is probably
due to a size-related reduction in vulnerability to the present sampling method.

Temporary species constitute a great percentage of the total catch in this study.
These species were similar in body length at recruitment and continuously migrated
to the estuary for several months due to their long spawning season, e.g., Terapon
jarbua, (Miu et al. 1990). On the other hand, a wide variation in size was observed
among some temporary species as they entered ‘the estuary, e.g., Liza macrolepis
(Figure 6). This phenomenon indicated that the fish used the estuary not only as
juveniles but also as young.

Rare species were occasionally found in the estuary and their number was usu-
ally less than 10 individuals for a given species in a one-year collection. However,
they constituted a great proportion of the total number of species caught (Table 1,
Figure 7). Most of these rare species belonged to the marine species and they oc-
casionally drifted in with the tidal current.



382 TZENG

A seasonal increase both in the number of species and in the number of juveniles
from late spring to fall was observed (Figures 4 and 5). Similar observations in many
other studies of temperate bay-estuarine fishes were reported previously (Pearcy
and Richards 1962; Dahlberg and Odum 1970; Allen and Horn 1975; Adams 1976).
Water temperature seemed to be one of the most important factors in trigger-
ing this observed seasonal fluctuation. The number of individuals dramatically de-
creased in August—September of 1984—1985 as well as in August of 1988-1989 dur-
ing peak catch season (Figure 5). The sudden drop in abundance detected during
summer months was also observed in other studies (Allen 1976; Livingston 1976;
Horn 1980). Estuarine fish usually have a preferred temperature (Copeland and
Bechtel 1974). Water temperature in this Study site reached approximately 30°C
from July through September (Figure 3). Perhaps high temperature inhibits the
spawning of the fish and thus the fish larvae and juveniles recruited into the estu-
ary decreased in the summer months. The recruitment of the juvenile fish into the
eéstuary in late spring-autumn led to a more complex fish community in the estu-
ary (Figures 4 and 8). The timing of fish larvae and juveniles entering the estuary
depends on the spawning season of the fish, e.g., Terapon jarbua (Miu et al. 1990).
The spawning season generally coincides with a period of maximum production of
planktonic food organisms required by feeding larvae (Cushing 1975). The produc-
tion in the studied area was higher in the spring and autumn than in summer and
winter (Pianka 1967). The reduced productivity during summer and winter occurred
at time when the juveniles were less abundant and the fish community became more
complex in the spring and autumn.

Physical processes in the estuary are dynamic. The salinity greatly fluctuated in
the study site (Figure 3). However, the number of species and individual and the
community indexes were not significantly correlated with salinity. This indicated
that the recruitment of juveniles was not influenced by salinity and that juveniles
were able to withstand the extreme salinity regimes of the estuary. Austin (1971)
suggested that higher salinity tolerances of juveniles than their adult accounted for
the abundance of juveniles in the estuary. In the case of the estuarine-dependent
marine species, Terapon jarbua—the most dominant one in the estuary— could
survive in brackish water as well as in 100% fresh water (Liu 1978). The estuarine
and estuarine-dependent marine fish have evolved to tolerate the variable of salinity,
usually by secreting a thick mucous layer over the skin (e.g., gobiids, eleotrids,
gobioidids, Anguilla spp.), developing large scales (e.g., Terapon jarbua, Gerres Spp,
Liza macrolepis), or other physiological modifications to adapt to osmotic change
(Thia-Eng 1973). Probably these modifications permit the juvenile fish to survive
in the estuary in large number.

The species composition of larval and juvenile fish community in the Gong-
Shy-Tyan River estuary was extremely different from that in a 2-km area far from
the neighboring Tanshui River estuary. The most dominant species in the Tan-
shui River estuary was Sardinella melanura (Clupeidae), making up 70.2% of the
total catch, followed by Stolephorus buccaneeri (Engraulidae) (19.6%), Thryssa kam-
malensis (Engraulidae) (3.0%) and Gerres abbreviatus (Gerreidae) (2.6%) (Tzeng
and Wang 1992); whereas Terapon jarbua, the most numerically dominant species
in this study, was rare. The fish community in the Gong-Shy-Tyan River estuary was
mainly constituted of demersal fishes, but pelagic fishes dominated in the Tanshui
River estuary. Whether the differences are due to gear selectivity, eco-behavior of
the fish, or geomorphology of the estuary is an interesting subject of future study.
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