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ABSTRACT

The main purposes of this study are to find out the temporal
fluctuation of marine fish community based on impingement data
collected at the Second Nuclear Power Plant in recent years (September
2000 to May 2004), and to compare the recent fish community
structure data to that of an earlier period, around 14 years ago (July
1987 to April 1990).

Comparison of the data collected recently to that collected 14
years ago showed that there were no yearly or monthly differences.
However, the community structures reflected by clustering dendro-
grams or MDS ordination plots were quite different between earlier
and recent years.  This difference is likely due to the drastic changes
in the dominant species.  Fourteen years ago, the most dominant
species was mullet (Mugil cephalus), but now, it has changed to lower
economic species like rabbitfishes (Siganus fuscescens) and spiny
puffer (Diodon holocanthus).  This phenomenon might reflect the
declination in our fishery resources due to overfishing; a trend espe-
cially clear in those species with higher economic values.

INTRODUCTION

The purpose of impingement and entrainment in-
vestigation at a power plant is usually to estimate the
fishery loss due to cooling water intakes that inevitably
impinge fishes or marine organisms larger than the
mesh size of the screen (> 1 cm2), or entrain eggs or
juveniles that are smaller than the mesh size.  Moreover,
collecting impinged fish specimens is also one efficient
and economic way of studying local fish community

structure, especially pelagic or non-reef associate spe-
cies which are rarely observed by divers; or non-com-
mercial species that are not usually targeted by tradi-
tional fishing methods (Thomas and Miller, 1976; Lifton
and Storr, 1978; Rulifson and Copeland 1982; Margraf
et al., 1985; Shao and Kuo, 1988; Love et al., 1998;
Maes et al., 2001; Hadderingh and Jager, 2002).

In Taiwan, there are three nuclear power plants
(NPP), namely the 1st, 2nd and the 3rd NPP which have
been operating since 1977, 1981 and 1984, respectively
on northern and southern coasts of Taiwan.  The 4th NPP
is still in its constructing phase at Yenliao Bay, north-
eastern coast of Taiwan.  Estimation of fishery loss due
to impingement and entrainment has been done in pre-
vious monitoring or assessment reports (Su et al., 1987,
1988, 1989, Lin, 1990).  Shao et al. (1990) have used the
impingement data to study the temporal and spatial
variation of fish community structures at the three NPPs.
They reported that the species composition at the north
1st and 2nd NPP is very different from that of the south 3rd

NPP; however, the yearly difference was clear between
the 1st and 2nd NPP.  The advantages and disadvantages
of using impingement data to study fish community
structure have also been evaluated (Shao et al., 1990).

The purpose of this study is to examine the tempo-
ral fluctuation of marine fish community based on the
impingement data collected at the 2nd NPP from Septem-
ber 2000 to May 2004, a recent investigation for three
years and 8 months.  Secondly to explore possible long
term fish community changes after 14 years when a
previous investigation took place from July 1987 to
April 1990 (Lin, 1990).

MATERIALS  AND  METHODS

The impingement fish specimens were collected
from the cooling water intake of the 2nd NPP located at
Kuosheng (25.20 N, 121.67 E), near Yehliu, northern
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coast of Taiwan.  The average generating capacity and
the combined water flow velocity of the 2nd NPP is 980
× 2 MW/hour and 1.271 × 106 gal/min.  The geographi-
cal feature of the intake of the 2nd NPP is located inside
a bay with a small intake mouth which will let the fishes
in to be trapped and impinged more easily than the 1st

and the 3rd NPP.  The substrata at the intake structure of
the 2nd NPP are fringe reefs along the shoreline which
change into sandy bottom outward about 100-200 m
away.  Each fish specimen collection took 24 hours
using systematic sampling method (Cochran, 1977), i.e.
once (from 9 A.M. to the next day at 9 A.M.) monthly
from September 2000 to May 2004, a total of 45 months.
The impinged fishes on the finest mesh (1 cm2) were
flushed into sluice-way and then accumulated in a trash
basket suspended outside the pumping house.  All fishes
present in the trash baskets were collected and brought
back to the laboratory for sorting, identification, count-
ing and weighting.

To understand long term community change, ear-
lier impingement data by Lin (1990) from July 1987 to
April 1990 (34 months in total), when two collections
were made each month (but only once in June 1988),
were used to do further comparisons.  Due to the fact
that earlier investigation showed no raw data but only
categorized data, i.e. rare (R, n = 1), occasional (O, n =
2-19), common (C, n = 20-300), and abundant (A, n >
300); our data with individual numbers had to be con-
verted as multistate data, i.e. 0 for rare, 1 for occasional,
2 for common, and 3 for abundant before doing the
multivariate statistics in PRIMER v.5.2.2 (Clarke and
Gorley, 2001).  For clustering analysis, Bray-Curtis
similarity coefficient and UPGMA method were used to
construct dendrograms.

For ordination plot, MDS was used then one way
ANOSIM was adopted to test whether the communities
have changes between two investigations, different
years, and seasons. Similarity Percentage (species
contribution), as detected by SIMPER, was used to
identify which species typified the collective ichthyo-
faunal compositions between early and recent years.  In
addition, species number, individual number, and Shan-
non-Wiener diversity index were calculated for all
samplings.

RESULTS  AND  DISCUSSION

During recent data collection, from September
2000 to May 2004, a total number of 9,735 individuals
belonging to 55 families, 123 genera, and 196 species
were collected.  The total biomass was 242.2 kg and the
monthly average weight was 5.4 kg.  It is difficult to
make a fair comparison between recent and earlier fish
assemblage data because their sampling times were

different and in this case the original data containing
individual number of each sample in the earlier years
from 1987-1990 could not be retrieved.  Although the
total sampling times during 1987-1990 (67 times in 34
months, twice each month) was greater than that of the
2000-2004 samplings (45 times in 45 months, once per
month), the total number of genus, species, and indi-
vidual of impinged fishes were found to be higher in this
recent years in 2000-2004  than in earlier years in 1987-
1990 (105 genera, 164 species, and 8,258 individuals).
On the contrary, the number of different family in the
earlier years, 59 families, is slightly higher than the 55
collected in the recent years.

The most abundant species and their individual
number listed in order were Siganus fuscescens (6,124),
Diodon holocanthus (1,920), Sardinella gibbosa (233),
Abudefduf vaigiensis (181), Balistoides viridescens (76),
Sardinella lemura (68), Trachurus japonicus (64),
Hypoatherina woodwardi (54), and Pempheris oualensis
(43).  The most frequent occurring species were D.
holancanthus,  A. vaigiensis,  S.  fuscencens, H.
woodwardi ,  Pempher is  oualens is ,  Abudefduf
bengalensis, S. gibbosa, Trichurus lepturus, Apogon
doederleini, Alectic ciliaris, and Tylosurus crocodiles.
Similarity Percentage (species contribution), as detected
by SIMPER, from the 50% cumulative percentage for
17 species also shows the same result (Table 1).  The
most dominant species in earlier years used to be Mullet
(Mugil cephalus) which has very high economic value;
but in recent years, lower values species including
rabbitfish (S. fuscescens) and spiny puffer (D.
holocanthus) have became the dominant species.  This
result indicates and points out the problem of overfish-
ing mullets in past 10 years.  The total number of mullets
caught annually in Taiwan has dropped from more than
100 million individuals to less than 0.1 million indi-
viduals in the past few years (Hwang et al., 2003).
Beside that, the fish assemblages were influenced by the
dominant species much more in recent years than that in
early years.

Figure 1 demonstrates the monthly variation of
species number at two different time periods.  After
excluding those data with unusual high species number,
during September and October 1988 (46 and 48 species)
and July and August 1989 (44 and 33 species), seasonal
fluctuation of species number showed peaks in July-
September and dips in March-April in both the earlier
and the recent years.  Figure 2 shows monthly variation
of individual number, and several peaks in March 2002
(619 individuals), June (3,141), July (1,524), and Au-
gust (688) 2003 which were mainly caused by seasonal
massive impingement of dominant species, such as D.
holocanthus (March-April), and S. fuscescens (June-
August).  For example, a lot of juveniles or young fishes
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Table 1. Similarity Percentage (species contributions), as detected by SIMPER, from fish communities at the 2nd NPP, north Taiwan,
between earlier years (1987-1990) and recent years (2000-2004)

1987-1990 2000-2004

Species Av. Abund Av. Abund Av. Diss Diss/SD Contrib% Cum.%

Mugil cephalus 1.94 0.09 4.25 1.26 5.55 5.55
Diodon holocanthus 1.65 2.67 3.71 1.30 4.85 10.40
Hypoatherina woodwardi 1.59 0.71 3.18 1.06 4.15 14.55
Siganus fuscescens 0.24 1.24 2.91 1.16 3.80 18.35
Trichiurus lepturus 1.29 0.53 2.85 1.01 3.73 22.07
Pempheris oualensis 1.12 0.71 2.53 0.93 3.30 25.37
Abudefduf vaigiensis 1.91 1.38 2.48 0.76 3.24 28.62
Abudefduf sexfasciatus 1.00 0.04 2.28 0.93 2.98 31.60
Alectis ciliaris 0.59 0.49 1.96 0.81 2.56 34.16
Abudefduf bengalensis 0.53 0.67 1.96 0.79 2.56 36.71
Pomacentrus coelestis 0.74 0.13 1.73 0.87 2.26 38.97
Sardinella sindensis 0.82 0.00 1.70 0.65 2.23 41.20
Engraulis japonica 0.62 0.07 1.62 0.57 2.12 43.31
Tylosurus crocodilus 0.41 0.49 1.56 0.79 2.04 45.35
Sardinella gibbosa 0.00 0.62 1.40 0.63 1.83 47.19
Apogon doederleini 0.56 0.24 1.35 0.92 1.76 48.95
Trachurus japonicus 0.29 0.27 1.16 0.53 1.52 50.47

Av. Abund, average abundance; Av. Diss, average dissimilarity; Diss/SD, standard deviation of dissimilarity; Contrib%,
contribution percentage; Cum.%, cumulative percentage.
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Fig. 1.  Monthly variation of impinged fish species number collected at the 2nd NPP in two different periods of time (1987-1990 vs. 2000-2004).
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Fig. 2.  Monthly variation of impinged individual number collected at the 2nd NPP in two different periods of time (1987-1990 vs. 2000-2004).

of spiny puffer (D. holocanthus; SL < 10 cm, BW < 120
g) migrated toward inshore in March and April months
could imply that their spawning season is in January or
February.  Leis (2001) pointed out that D. holocanthus
have inshore migratory behavior after their young fishes
complete their drifting pelagic stage.  Periodically lower
values of Shannon-Weiner index in March-April months
are likely the result of massive impingement of young
spiny puffers during this period of time.  After these
massive impinged species were detected, the same usual
seasonal peak in the summer was detected in individual
number as the species number.  The Shannon-Weiner
diversity index values were 0.28-1.22 with 0.85 in
average for earlier years, and 0.04-1.26 with 0.65 in
average for recent years (Figure 3).  Similarly, the
lowest index values occurred in March-April for both
earlier and recent years.  The lower values of diversity
index and evenness index in the summer accordingly,
could be explained.  Data of the earlier years conducted,
March-April and June-September also showed high in-
dividual numbers in addition to that in October 1987,
September-October 1988, April and July 1989.  The
most dominant species during these three years, in
respectively, were: H. woodwardi, M. cephalus and A.

vaigiensis in 1987; Engraulis japonica and M. cephalus
in 1988; and M. cephalus and S. sindensis in 1989.
Therefore, annual dual peaks in early spring and sum-
mer for individual number of coastal fishes exist in
northern Taiwan.

Clustering analysis results tell us that the fish
assemblages between recent years (2000-2004) and ear-
lier years (1987-1990) are obviously different, includ-
ing their similarity values within each collection.  Fig-
ure 4 clearly demonstrate the differences in fish assem-
blages found in earlier (1987-1990) and recent (2000-
2004) years.  Figure 5 is the UPGMA dendrograms for
the 2000-2004 impingement data.  Although there are
no clear monthly or yearly differences, seasonal groups
have been observed:  1. Summer-autumn group (G1):
mainly from June 2003 till January 2004, dominanted
by rabbitfish (S. fuscescens), with 54-3,098 individuals
that comprised 64-99 % of the total individual collected
in those months.  2. Winter-spring group (G2): mainly
composed of large number of spiny puffer (D.
holocanthus), with 106-612 individuals which com-
prised 86-99 % of the total number.  3. Autumn group
(G3): contained samples with lower similarity values
among them (< 50%).
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Figure 6 shows the MDS ordination plot of tempo-
ral variation of impinged fish assemblage.  There are
clear differences (R = 0.492, P = 0.001) between the two
different time frames using one-way ANOSIM test.  In
the earlier years, the dispersion index was 0.892, which
is smaller than 1.061 of the recent years.  This indicates
that the variation in species composition is much greater

in the present compared to 14 years ago.  There is no
significant yearly difference in the MDS plot.  Statisti-
cal test, one-way ANOSIM, shows that result had no
significant differences (R = 0.374, P = 0.001).  There is
no monthly difference or trends to be found on the MDS
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Fig. 3.  Monthly variation of Shannon-Weiner index (H’) of fishes impinged at the 2nd NPP in two different periods of time (1987-1990 vs. 2000-2004).

Fig. 4. UPGMA dendrogram of impinged fish assemblages at the 2nd

NPP between earlier years (1987-1990) and the recent years
(2000-2004).

Fig. 5. UPGMA dendrogram of the impingement fish assemblages at
the 2nd NPP during 2000-2004.   indicates fish assemblage was
dominant by rabbitfish in that month, and  indicates spiny
puffer.  Solid mark and open mark means that the total number
of individual exceeds 75% and 50-75%, respectively.
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Fig. 6. MDS ordination for temporal (yearly) variation of impinge-
ment fish assemblages at the 2nd NPP.

plot, either.  And statistical test of one-way ANOSIM
does not show any significant difference as well (R =
0.119, P = 0.001).

The ascending trend of the species cumulative
curve of the investigations from 1987-1990 and 2000-
2004, suggests that the species number will still con-
tinue to increase in the further samplings (Figure 7).

Figure 8 is the dominance curve of the impinge-
ment fishes based on the individual number collected at
the 2nd NPP during 2000-2004.  This curve shows that

Fig. 7.  Species cumulative curve of the impingement fishes at the 2nd NPP.

the most dominant species could make up more than
50% of the total individual numbers in 2001-2004, and
even up to 90% in 2003.

In conclusion, the fish assemblage structure in
both the recent (2000-2004) and the earlier (1987-1990)
years could not reveal significant small-scale temporal
(monthly or yearly) variations.  However, if we com-

Fig. 8. Cumulative dominance curve of the impingement fishes based
on the individual numbers collected at the 2nd NPP during 2000-
2004.
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pare the assemblages between the two time periods, i.e.
a large-scale, on a long term basis of 10-14 years, the
species composition has become significantly different.
The result indicates that the community ecological
monitoring needs to be continued for at least 10 years or
longer.
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