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Tai-Sheng Chiu and Kwang-Zong Chang (1995) Diurnal cycling in vertical distribution of ichthyoplankton
at a fixed station off northwestern Taiwan. Zoological Studies 34(3): 183-192. The diurnal vertical variation
of ichthyoplanktonic abundance was investigated on May 21-22, 1994, at a 65 m deep fixed station (25°12'N,
121°20’E) situated 7 km offshore from the mouth of the Tanshui River, Taiwan. Temperature was stratified
at noon but was homogeneously distributed during the remainder of the day. A similar distribution pattern
was found also in salinity profiles. The density of ichthyoplankton ranged from 126 to 3167 ind/1000 m3.
The highest density occurred in bottom water at 0100 and a fairly even distribution occurred in mid-water.
A total of 5,860 ichthyoplankton specimens was collected and 222 species, or species groups belonging to
82 families, were identified. Sardinops melanostictus was the most abundant, making up 7.2% of the total
catch. The next four most abundant species were Callionymus huguenini (5.1%), Mene maculata (4.7%),
Auxis spp. (4.3%) and Therapon jarbua (3.8%). The dendrogram from the clustering method of unweighted
pair-group method using arithmetic averages (UPGMA) exhibited three assemblages: mid-night (0100), after-
dark (1900) and daytime (0700 and 1300). The former two assemblages were grouped as the nighttime
assemblage because they were similar, and the dominant species were Leiognathus rivulatus, Setipinna
tenuifilis, Ctenotrypauchen microcephalus, gobiid and ophichthid. The daytime assemblage was primarily
composed of Scomberoides lysan, Therapon jarbua, Sardinops melanostictus, Upeneus bensasi, and Holo-
centrus sp.
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The ichthyoplanktonic fauna has previously
been surveyed in the offshore waters of north-
western Taiwan. Samples were collected from the
photic zone at depths of less than 200 m (Chiu
and Chang 1994). Also, several surveys of fish
larvae and early juveniles have been conducted
in estuaries and coastal waters of northern Taiwan
(Chan et al. 1985, Tzeng et al. 1985, Tzeng and
Wang 1992). The samplings were conducted at
specific times of day or at specific stages of the
tidal cycle.

Movement of younger stages of fish in coastal
waters is affected by illumination and by tidal cy-
cle. Most ichthyoplanktonic species exhibit diurnal
vertical migration (Williams and Hart 1974) in which
larval fish move between bottom and upper water
layers. They are also carried in and out by water
movement in the tidal range. The combined effect

of illumination and tidal cycle may result in a com-
plex pattern of ichthyoplanktonic distribution. Thus,
comprehensive data are needed on diurnal vertical
distribution of ichthyoplankton to characterize the
temporal and spatial variations in its abundance
and distribution.

This study sought to determine variations in
the vertical distribution patterns of ichthyoplankton
in the offshore waters of northwestern Taiwan.

MATERIALS AND METHODS

After a reconnaissance survey, a fixed station
was selected for the study at 25°12’N and 121°20°E
with a depth of 65 m (Fig. 1). This station was
located 7 km outside the mouth of the Tanshui
River, which is the largest river in northern Taiwan;
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Fig. 1. Location of the fixed station for the study of diurnal
vertical distribution of ichthyoplankton.

it drains the Taipei metropolitan area.

Ichthyoplankton was sampled at six-hour inter-
vals for 24 hours starting at 0700 May 21, 1994,
A 4-m stretched conical net with 1.0 mm mesh
and an opening of 130 cm diameter was used for
sampling. A Hydro-Bios flowmeter was set in the
center of the opening to estimate the water volume
straining through the net. During each time period,
three samples were taken: one sample each at
the depths of O m (surface water), 30 m (mid-water)
and 60 m (bottom water). The sampling period
was 15 min. No gauge was used for opening and
closing the ichthyoplankton net, so during the mid-
water and bottom trawls, a wire was laid out under
the vessel to maintain a minimal headway. Once
the net reached the desired depth, the vessel
speed was increased to 3 knots. At the end of
the sampie period, the vessel was set adrift and
the net was quickly hauled up. The catches were
preserved in a 10% formalin sea water solution,
and brought back to the laboratory for identifica-
tion. Each individual specimen was identified to
species or species group, and its total length was
measured.

For each sampling, the water volume filtered
through the net was estimated from the reading
of the flowmeter, and the density of ichthyoplankton
was calculated accordingly. The abundance of
each species or species group of ichthyoplankton
in the sampie was converted to a percentage
value. The latter was compared among the three
depths of a sampling period, and also among the
four sampling periods at a given sampling depth.
Spearman’s rank correlation analysis, a measure
of resemblance, was conducted for selected domi-
nant species. A clustering algorithm of unweighted
pair-group method using arithmetic averages
(UPGMA) was used to categorize temporal spatial
variations into similar groups. Hydrographic condi-
tions were measured by a conductivity-temperature-
depth (CTD) sensor (SBE 19 SEACAT Profiler, SEA-
BIRD ELECTRONIC, INC.).

RESULTS
Hydrographic conditions

The vertical profiles of average temperatures
and salinities at the fixed station are plotted in
Fig. 2. The temperature profiles indicated a homo-
geneous distribution through the water column at
0100 (26.75-26.77 °C), 0700 (26.80-26.82 °C) and
1900 (27.00-27.01 °C), and temperature stratifica-
tion at 1300. A thermocline was located at just
above 7 m (27.06-27.23 °C), a slight reversed
temperature gradient existed between 7 and 15 m
(27.06-27.14 °C) and a lower thermocline existed
between 15 and 20 m (26.85-27.14 °C). The tem-
perature of the deeper water remained unchanged
(26.85-26.77 °C). A similar pattern in the salinity
profile was also found at the fixed station (Fig. 2).
Except at 0700 and 1300, the salinity profiles of
sea water indicated a homogeneous distribution
through the water column. The highest salinity
was found at 0100 (ca. 34.60 ppt), the next highest
at 1900 (ca. 34.58 ppt) and the lowest at 0700
(34.46-34.54 ppt). At 1300 salinity varied from the
surface to 15 m depth (34.58-34.54 ppt), but be-
came homogeneous in the lower layers (34.56-34.60

ppt).
Ichthyoplanktonic density

Ichthyoplankton in the samples consisted of
fish eggs, larvae and early juvenile stages. Zoo-
plankton was also present. The temporal variations
in the densities of fish eggs, ichthyoplankton and
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zooplankton at the three water depths are shown
in Fig. 3. The highest density of fish eggs (1774
ind/1000 m® and 0.53 g/1000 m® was located in
mid-water at 0100, while at 0700, a comparatively
high density occurred in bottom water (1078
ind/1000 m® and 0.65 g/1000 m®). This suggests
a settling downward of the eggs into the bottom
water.

The densities of ichthyoplankton ranged be-
tween 126 ind/1000 m® and 3167 ind/1000 m®.
The highest density occurred in bottom water at
0100. The second highest density was 1787
ind/1000 m® in surface water at 1900. In mid-
water the densities at three time periods were al-
most equal: 1148 (0100), 1288 (0700) and 1311
(1900) ind/1000 m3. A similar pattern was found
for the densities as measured by weight (g/1000
m3). The highest weight density recorded at each
of the three depths was 12.6 g/1000 m? (surface
at 1900), 5.1 g/1000 m® (mid-water at 1900) and
11.8 g/1000 m? (bottom at 0100). A relatively even
distribution of ichthyoplankton was found in mid-
water, except at 1300 when the densities were low
at all three depths.

An exceptionally high density (600 g/1000 md)
of zooplankton was found in bottom water at 0100,
followed by 229 g/1000 m® in mid-water at 0100
and 1900 (Fig. 3).

Salinity (ppt)

34.4 34.5 34.6 34.7

Composition and dominant species

In total, 5,860 individual ichthyoplanktonic
Specimens were caught and 222 species or
Species groups in 82 families were identified. The
major species that occurred at least once with
pumber greater than 1% of the sample are shown
in Table 1. Sardinops melanostictus, accounting
for 7.2% of the total catch, was the most abundant
species. The remaining ten major species in
terms of abundance were Callionymus huguenini
(5.1%), Mene maculata (4.7%), Auxis spp. (4.3%),
Therapon jarbua (3.8%), Konosirus punctatus
(3.5%), Scomberoides lysan (2.9%), Leiognathus
rivulatus (2.8%), Setipinna tenuifilis (2.6%) and
Priacanthus macracanthus (2.5%). Of the 222
species or species groups examined, twenty-six
species were each found to account for more than
1% of the total catch. Most of these species are
important fishery species except a few mesopelagic
species of Myctophidae and Paralepididae.

Diurnal and vertical patterns
The estimated densities of 222 species or
species groups at the three water depths and

the four sampling periods were rearranged semi-
arbitrarily into 135 categories for handling con-
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Fig. 2. Temperature and salinity profiles at the fixed station during the diurnal vertical distribution study of ichthyoplankton.
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venience. For each family, besides the dominant
species, the minor species were combined as
“others’’, but sometimes all species were lumped
together when their numbers were small.

The cluster analysis was applied to those cate-
gories having a density greater than 10 ind/1000
m3. Dendrogram and subsequent nodal analysis,
depicting the temporal and spatial similarities
among species or species groups of ichthyo-
plankton, are shown in Fig. 4. There were marked
temporal variations in the densities of ichthyo-
plankton. Three distinctive assemblages at three

Surface water
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sampling periods were identified as mid-night
(0100), after-dark (1900) and daytime (0700 and
1300). The ichthyoplankion assemblages in sur-
face and mid-water at 0700 were similar to those
at 1300, and less similar to the bottom assemblage
at 0700 (Fig. 4).

The mid-night and after-dark assemblages,
which were fairly similar to each other and different
from the daytime assemblage, were combined as
the nighttime assemblage. The nighttime species
were Leiognathus rivulatus, Setipinna tenuifilis,
Ctenotrypauchen microcephalus, gobiid, ophichthid,
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Fig. 3. Density variation of fish eggs, ichthyoplankton and zooplankton at three water depths and four sampling periods.
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Table 1. A list of major species of ichthyoplankton which occurred at fixed station
in waters off NW Taiwan, May 21-22, 1994

Family Occurrence (%)
Species Bottom water Mid-water Surface water Total
Clupeidae 10.92
Konosirus punctatus 0.59 9.18 017 3.53
Sardinops melanostictus 8.25 10.28 2.21 7.20
Gobiidae 10.60
Boleophthalmus pectinirostris 1.56 0.86 0.06 0.87
Ctenotrypauchen microcephalus 1.56 1.77 0.35 1.28
others 10.98 8.08 4.19 7.95
Myctophidae 5.68
Ceratoscopelus warmingi 0.88 1.20 ) 1.40 1.14
Diaphus pacificus 0.59 0.96 1.57 1.01
Lampanyctus spp. 0.34 0.14 2.33 0.85
Carangidae 5.39
Decapterus spp. 0.83 0.81 1.51 1.02
Scomberoides lysan 2.44 2.06 4.30 2.85
Leiognathidae 5.24
Leiognathus nuchalis 0.15 1.24 0.12 0.53
Leiognathus rivulatus 410 2.34 1.75 2.78
Leiognathus spp. 1.12 0.00 1.80 0.92
Callionymidae 5.07
Callionymus huguenini 8.88 2.01 4.19 5.05
Menidae 4.68
Mene maculata : 4.29 1.96 8.44 4.68
Scombridae 4.57
Auxis spp. 1.95 4.92 6.69 4.41
Theraponidae 3.89
Therapon jarbua 3.47 3.44 4.60 3.79
Engraulidae 2.90
Setipinna tenuifilis 2.24 4.06 1.34 2.63
Paralepididae 2.87
Lestidiops spp. 1.22 3.68 2.79 2.56
Bothidae 2.83
Engyprosopon multisquama 2.20 1.20 2.39 1.89
Priacanthidae 2.73
Priacanthus macracanthus 2.54 2.53 2.44 2.51
Mugilidae 2.47
Liza haematocheila 0.73 1.39 0.58 0.92
Liza macrolepis 1.22 0.33 0.06 0.56
Apogonidae 2.27
Apogon spp. 0.88 1.62 2.27 1.55
Synodontidae 2.13
Trachinocephalus myops 1.02 1.82 2.56 1.76
Cynoglossidae 2.13
Cynoglossus joyneri 0.93 1.24 1.28 1.14
Paraplagusia japonica 1.07 0.38 1.11 0.84
Holocentridae 212
Holocentrus sp. 2.10 1.24 3.20 212
Gerreidae 212
Gerres japonicus 2.24 1.34 2.21 1.9
Sillaginidae 1.88
Sillago japonica 1.42 1.43 0.35 1.11
Sillago sihama 0.34 0.67 1.11 0.68
Mullidae 1.40
Upeneus bensasi 1.42 1.39 1.40 1.40
Ophichthidae 1.04
Ophichthid 1.46 0.53 0.64 0.89
Ambassidae 1.01
Ambassis spp. 0.83 0.53 1.45 0.90
Tetraodontidae 0.87

Tetraodontid 0.00 0.00 1.11 0.32

187



Trachinocephalus myops, and Diaphus pacificus

Cynoglossus joyneri, Priacanthus macracanthus,
(Fig. 4).
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The daytime assemblage was composed of

six species: Scomberoides lysan

188
Engyprosopon multisquama and labrid (Fig. 4).

Therapon jarbua,

H

Sardinops melanostictus, Upeneus bensasi, Holo-

Correlation and diversity of assemblages

centrus sp., and Konosirus punctatus. There was
no significant difference in the assemblage be-

s rank correlation analysis was ap-

Spearman’
plied to the ichthyoplanktonic assemblages at the

tween 0700 and 1300. With the exception of S.
melanostictus and K. punctatus, the densities of

daytime species were comparatively low.

three water depths and the four sampling periods

(Table 2).

Most of the assemblages were not cor-

Little diurnal difference was found in densities
of Decapterus spp., Apogon spp., Mene maculata,

related at the 5% significant level, except four

Callionymus huguenini

Sardinops melanostictus
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Fig. 4. Dendrograms depicting the similarities of sampling periods and ichthyoplankton species during the diurnal vertical distri-
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Table 2. Result of Spearman’s rank correlation analysis on ichthyoplankton

assemblages

Water depth Time of day

Surface Mid Bottom 0100 0700 1300 1900
Surface .5068 .3082 3516 .0449 5872 .4873
Mid .0055 1563 .2481 .0564 .1308 4462
Bottom .0914 3921 2712 .3469 2311 1073
0100 .0541 1742 1374 —.2875 -.0823 1216
0700 .8056 .7572 .0574 1153 .3105 -.3276
1300 .0013 .4738 .2057 .6522 .0890 1567
1900 .0076 0145 5566 .5054 .0728 .3906

Upper triangie: Spearman’s rank correlation coefficient.

Lower triangle: significance level.

Table 3. Simpson’s diversity index of ichthyo-
plankton assemblages which occurred during diur-
nal depth study at the fixed station in the waters
off northwestern Taiwan (loge base)

Sample Index Evenness No. of species
(No.>1%)
0100
Surface 0.9273 0.3046 56 (21)
Mid-water 0.9004 0.2913 74 (22)
Bottom 0.9215 0.2939 75 (23)
0700
Surface 0.8970 0.3166 69 (17)
Mid-water 0.8227 0.3038 73 (15)
Bottom 0.8860 0.3127 66 (17)
1300
Surface 0.7636 0.2820 57 (15)
Mid-water 0.8197 0.3299 30 (12)
Bottom 0.8523 0.3008 52 (17)
1900
Surface 0.8673 0.2945 73 (19)
Mid-water 0.8172 0.2827 54 (18)
Bottom 0.8223 0.3954 33 ( 8)

pairs — surface vs. mid-water (r = 0.51, p =
0.01), surface vs. 1300 (r, = 0.59, p = 0.00), sur-
face vs. 1900 (r, = 0.49, p = 0.01), and mid-water
vs. 1900 (rs = 0.45, p = 0.01). The low correla-
tion suggests the occurrence of both vertical and
horizontal movements of ichthyoplankton.

Simpson’s diversity indices of ichthyoplankton
assemblages are shown in Table 3. Apparently,
the highest diversity index occurred at 0100 and
the lowest at 1300. The highest evenness index
occurred at 0700 and the lowest at 1900 (excluding
the bottom assemblage). The exceptionally high
evenness of the bottom assemblage at 1900 re-
sulted from the few number and low density of
species.

Length frequency and growth stages

The length frequency distributions of the eight
species with the highest densities are shown in
Fig. 5. The sizes of Sardinops melanostictus
specimens ranged from 6 to 17 mm SL and in-
cluded flexion larvae (6-7 mm), post-flexion larvae
(8-15 mm), and early juveniles (> 16 mm). The
size ranges and growth stages of the remaining
seven species were: Ceratoscopelus warmingi,
4-10 mm SL, flexion (4-5 mm), post-flexion (6-7 mm)
and early juvenile (= 8 mm); Scomberoides lysan,
3-11 mm SL, pre-flexion ( < 4 mm), flexion (4-5
mm), post-flexion (6-9 mm) and early juvenile (= 10
mm); Leiognathus rivulatus, 2-8 mm SL, pre-flexion
(< 3 mm), flexion (3-5 mm) and post-flexion (= 6
mmy); Callionymus huguenini, 2-11 mm SL, pre-
flexion (< 4 mm), flexion (4-5 mm), post-flexion
(6-8 mm) and early juvenile (= 8 mm); Mene
maculata, 2-8 mm SL, pre-flexion (< 3 mm), flexion
(3-5 mm) and post-flexion (= 6 mm); Auxis spp.,
4-10 mm SL, pre-flexion (< 5 mm), flexion (5-7
mm) and post-flexion (=z 8 mm); and Therapon
jarbua, 2-7 mm SL, pre-flexion (< 4 mm), flexion
(4-6 mm) and post-flexion (> 6 mm).

DISCUSSION

Analyses of hydrographic data collected at the
study station indicate that there was a temporal
stratification in the water column. At 1300 the
surface water was heated by solar radiation and
the water temperature increased about 0.4 °C,
above temperature at 0700 and 0100 (Fig. 2). The
homogeneous distribution of water temperatures
during the remaining of sampling periods indicated
cooling of the water. Since planktonic fish are a
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feeble swimmers and positioning of ichthyoplankton
in the waters off northwestern Taiwan varies diur-
nally, the ichthyoplanktonic samples obtained at
different sampling times and stations should be
standardized at the same sampling time before
comparison. The comparison of physical locality
data from several water depths should also be
correlated. Cumulative knowledge of the vertical
distributions of larval fishes is therefore important

Zoological Studies 34(3): 183-192 (1995)

for understanding the results of ichthyoplanktonic
surveys (Ahlstrom 1959).

Diurnal vertical variation of ichthyoplankton
was also observed in two other fixed stations in
waters around Taiwan in two previous studies
(Chiu 1991, Chiu and Chang 1993). Stratification
feature of the water column was found at a site
in the |-Lan Bay area, northeastern Taiwan in
June 1992 (Chiu and Chang 1993). However at
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Fig. 5. Body length frequency distribution of eight major species caught during the diurnal vertical distribution study.
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a station undergoing a vigorous Kuroshio edge
exchange process, the maintenance of a stable
ichthyoplankton assemblage was not found (Chiu
1991). Similar conditions were found at the fixed
station of the present study.

Two methods can be used to study diurnal
variations of ichthyoplankton: using a drogue to
tag a water parcel (Kendall and Naplin 1981, Leis
1991, Smith et al. 1978) or setting a fixed point
(Chiu 1991, Eldridge et al. 1978, Leis 1991). In
this study, we selected the fixed-point strategy
because of operation convenience. Leis (1991)
indicated that using a drogue was not superior to
the fixed-point method. In the waters around
Taiwan, the drogue should be used in highly strati-
fied water, such as in the I-Lan Bay area, but it
is not appropriate for areas with vigorous water
mixing, such as the neritic waters of northwestern
and northeastern Taiwan.

The highest density of ichthyoplankton was
found in surface water at 1900; relatively high
densities in mid-water at 0100, 0700 and 1900;
the highest density in bottom water occurred at
0100 (Fig. 3). Differential vertical density distri-
bution of ichthyoplankton throughout the day is a
widespread phenomenon (Eldridge et al. 1978,
Smith et al. 1978, Kendall and Naplin 1981, Boehlert
et al. 1985, Chiu 1991, Leis 1991, Chiu and Chang
1993). McLaren (1974) proposed some explanation
for vertical migration of zooplankton. Light modi-
fied by other physical and biological factors seems
to be important in initiating and controlling ver-
tical migration. In a detailed examination of the
vertical stratification of three near-shore larval
fishes (Engraulis mordex, Genyonemus lineatus,
and Seriphus politus), Schiotterbeck and Connally
(1982) suggested that vertical distribution of larval
fishes appears to be related to mode of feeding,
development stage, and availability of food in the
area. In this study, except in surface water, the
densities of zooplankton were highly correlated with
the densities of ichthyoplankton (Fig. 3). However,
a different view was proposed by Leis (1991) who
argued that day/night changes in vertical distri-
butions of fish larvae were due to randomization
or spread rather than active migration.

The species composition of ichthyoplankton
obtained from several surveys in the waters off
northern Taiwan were hardly consensus (Tzeng
and Wang 1992, Chiu and Chang 1993, this study),
even though the water mass is smali. Tzeng and
Wang (1992) reported that in May 1990 the larval
community in the inner estuary of the Tanshui River
was mainly composed of Stolephorus buccaneeri,

Gerres abbreviatus, sparids, leiognathids, Thryssa
kammalensis, and Sillago maculata. With the ex-
ceptions of leiognathid, these species were not
found to be the major species of ichthyoplankton
in the present study (Table 1), although our study
station was located in the outer plume of the
Tanshui River. The species common to this study
and a similar study (Chiu and Chang 1993) were
carangids (Scomberoides lysan and Decapterus
spp.), Callionymus spp., Auxis spp., and Priacanthus
macracanthus. These two studies were both con-
ducted at the same time of year (May and June),
but the localities of the stations were different
(inner shelf vs. marginal Kuroshio).

Based on the nodes exhibited on the dendro-
gram, three apparent ichthyoplanktonic assem-
blages were identified: mid-night, after-dark and
daytime (Fig. 4). The mid-night and after-dark
assemblages were significantly distinct from the
daytime. However, because knowledge of life
stages, behavior and feeding patterns of most of
these ichthyoplankton species is still lacking, the
grouping of species into assemblages is more or
less arbitrary, although it can be utilized for handl-
ing convenience.

The length-frequency distributions indicated
that the modal length group of major species, with
the exception of Sardinops melanosticus, were
composed of flexion larvae (Fig. 5). The caudal
fin of flexion larva is considered to be incompletely
developed, resulting in poor swimming ability. In
the water plume of the Tanshui River, the thermo-
cline is ephemeral (Fig. 2), and the ability of
ichthyoplankton to maintain a certain position at
a specific water depth is not considered possible
(Table 2).

Sampling in a general survey of ichthyoplankton
should cover the entire water column in order to
average out depth variations. Neuston samples
(Tzeng et al. 1985, Chan et al. 1985, Tzeng and
Wang 1992) would underestimate the abundance
and richness of ichthyoplankton species. Although
ichthyoplankton samples taken from the entire
water column (Chiu and Chang 1994) might com-
pensate for an unevenly distributed ichthyoplankton
density at a specific water depth, the effect of
behavioral avoidance by the ichthyoplankton during
daytime should also be taken into consideration.
Standardization of collecting times is therefore
necessary before comparisons can be made
among samples.
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