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ABSTRACT

The RNA/DNA ratios of Japanese anchong@raulis japonicalarvae caught from the northeastern waters of
Taiwan were examined and compared in this study. Four types of water masses can be distinguished in the area; thus,
four hydrographic regions are defined as the southern East China Sea (SECS), Kuroshio (KUR), surface mixing water
(MIX) of SECS and KUR, and upwelling water (UWW) from subsurface KUR. The nucleic acid contents of indi-
vidual larva were measured, and the RNA/DNA ratio was used as an index to compare the nutritional condition of
larvae from among the waters. In general, the RNA and DNA contents were related to body size, but the RNA content
had higher variability in correspondence to hydrographic differences. Larvae from the KUR showed a significantly
lower RNA/DNA ratio than did those from the SECS, MIX and UWW. Finally, a relatively poor nutritional condition
of Japanese anchovy larvae in the KUR is inferred, and the distribution pattern of Japanese anchovy in the waters
around Taiwan is explained.
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l. Introduction has been determined to be an effective index of the nutri-
tional status in the larval stage (Buckley, 1984; Clemmesen,
The Japanese ancholngraulis japonicas an im-  1994), we adopt this method to examine the RNA/DNA ratio
portant pelagic species in the East China Sea (Hayasi, 196 0f. Japanese anchovy larvae from four hydrographic regions
During spring, its southern stock migrates to the northeastn the northeastern waters of Taiwan, and to infer their rela-
ern waters of Taiwan for spawning (Young and Chiu, 1994)tive fitness in different marine environments.
The area, including a coastal bay area, is an important
nursery area for planktonic larvae of Japanese anchoW. Materials and Methods
(Huang and Chiu, 1996).
The shelf area of northeastern Taiwan is part of the Japanese anchovy larvae were sampled during April
East China Sea, the water of which is affected seasonalR4-28, 1996 by R/V Ocean Research | in the northeastern
by intrusion of the Kuroshio from the southeast (Chuangvaters of Taiwan, approximately bounded by 25°-27°N and
and Liang, 1994). This intrusion event induces mixing of121°-124°E (Fig. 1). The larvae were collected using a
Kuroshio surface water with that of the East China Sea anBongo net (Hydro-Bios), with a mouth diameter of 60 cm,
causes the local Kuroshio subsurface water to move upength 250 cm and mesh size 508, operated in a water
ward (Cherret al, 1990; Liuet al, 1992; Gongt al, 1995).  column within a depth of 200 m. Obtained Japanese an-
The upwelling in the northeastern waters of Taiwan has beerhovy larvae were sorted within five minutes and stored in
found to be rich in nutrients (Gorg al, 1995) and chloro- liquid nitrogen immediately.
phyll-a (Chen, 1995). At each station, profiles of the temperature and salin-
The quantity and quality of food items in a water en-ity of the water were measured using a gauge with
vironment are major factors influencing fish stock in theirconductivity, temperature and depth (CTD) sensors (SBE
early life stage. A lack of food or a mismatch in distribu-9/11, Sea-Bird Electronics, Inc.). The patterns of tempera-
tion of larval fish and food organisms is, therefore, a majoture-salinity diagrams, the bottom depth, and satellite im-
cause of high larval mortality (Fortiet al, 1995; Busch, ages of the sea surface temperature were used to classify
1996; Gotceitagt al, 1996). Since the RNA/DNA ratio four hydrographic regions. These include two basic end-
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121 122 CB) 123 124, interval of 2 mm total length (TL). Duncan’s multiple
ST T . ] 4 range test (Snedecor and Cochran, 1980) was used to test
the differences in the RNA/DNA ratios among the 4 regions.

lll. Results
26
: 1. General Status
{CN) . : .
] During the spring of 1996, four water typeig, SECS,
- MIX, UWW and KUR, were identified in the northeastern
25 waters of Taiwan (Fig. 1). The environmental factors per-
] taining to the stations from these waters, including bottom
depth, water temperature and salinity, were measured at a
depth of 50 m, and the results are shown in Table 1. The
SECS, located on the continental shelf, had a shallower
bottom depth of 67-128 m, a temperature of 15.86-20.11 °C
_ o _ _ o and a salinity of 33.49-34.25 ppt. The MIX, lying on the
Fig. 1. Schematic diagram showing four hydrographic regions in the . . .
waters off northeastern Taiwan: the southern East China Segorders of the continental shelf, had an intermediate
(SECS), the mixing water (MIX), the upwelling water (UWW) and POttom depth of 113-709 m, a temperature of 18.46-
the Kuroshio (KUR). Solid circle (+): Survey stations occupied. 20.41 °C and a salinity of 34.42-34.56 ppt. The UWW was
discovered in a relatively smaller range with a depth of
97-194 m, a temperature of 17.71-18.84 °C and a salinity of
members of the southern East China Sea (SECS, low ter84.40-34.51 ppt. The temperature of the UWW was lower
perature and low saline situated on the continental shelthan that of the water in its vicinity although the extreme
and the Kuroshio (KUR, high saline and high temperatureold water found in the SECS were located very close to
situated far offshore, with a bottom much deeper than 50the coast of Mainland China with no ambiguous overlap in
M), and two derived members of the mixing water (MIX, geographic range. Therefore, the UWW can be identified
relatively low surface temperature situated on the continentabasonably precisely. The KUR, which stretched out into
slope between the SECS and KUR) and the upwelling wathe open sea, had a very deep bottom of 839-1343 m, hot
ter (UWW, surface temperature less than 20 °C, forming avater in the range 21.61-24.49 °C and a high level of salin-
significant cold dome in satellite images). The identifica-ity of 34.55-34.81 ppt.
tion of water categories was carried out by generally fol-
lowing Chiu and Lee (1991), Chiu and Hsyu (1994), and2. Variation in RNA/DNA Ratio with Body Size
Huang and Chiu (1998). For each larva, the body length
was measured using the notochord length (pre-flexion and  The scatter plots of DNA and RNA contents for each
flexion larvae) or total length (post-flexion larvae). Mea-larva are shown in Fig. 2. The magnitude of the RNA con-
surements of RNA and DNA contents basically followedtent per individual larva apparently increased with the in-
Clemmesen (1993), with minor modification. The RNA crease in fish size, but that of DNA remained fairly constant.
and DNA were first purified from individual larva A linear relationship between body length and RNA was
homogenate, and the contents were subsequently measufednd as follows: RNAfg/ind.) =-10.291 + 1.992 TL (mm)
using the fluorescence photometric method with the nucleir = 0.828,p < 0.001, n = 120). The RNA/DNA ratio was
acid fluorescence dye, ethidium bromide. The content oéiso found to be body size dependent (Fig. 3). The lowest
total nucleic acid (RNA+DNA) was determined first, and
the content of DNA was determined after RNA having been
digested by RNase. The fluorescence index was read Bypie 1. Basic Information of Four Hydrographic Regions where Japa-

Taiwan

24

using a spectrophotometer (F-2000, Hitachi), where a wave- nese Anchovy Larvae Were Sampled
length of 365 nm was selected for excitation, and the emit-
ted light was observed at 590 nm. Hydrographic Environmental factor (ranges)

Thirty individuals from each classified region were gegions Depth (m)  Temperature (°C)Salinity (ppt}
randomly selected for this study. Since the RNA/DNA ra- gg~g 67 128 1586 — 20.11  33.49_ 34.95
tio may be confounded by the body size (Westerman andgx 113 — 709 18.46 — 20.41  34.42 — 34.56
Holt, 1988), analysis of variance was used to separate theww 97 - 194 17.17-18.84  34.40-34.51
size effect, and comparison of the ratios among differentKUR 839 —1343 21.61-24.49  34.55-3481

waters was carried out within a relatively small body siz€ measured at a depth of 50 m.
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20 Upwelling and intrusion are the two mechanisms
KUR which transport water from the Kuroshio onto the southern
15 ° East China Sea shelf of northeastern Taiwan. The upwelling
10 Kuroshio water (UWW) carries surplus nutrients to the pho-
00 ° tosynthetic layer of the shelf water and causes high primary
5 %0 0® o productivity in the northeastern waters of Taiwan (Geng
p 83 Ma . U" o al., 1995). The intrusion of the Kuroshio into the southern
0 4 6 3 10 2 M 16 East China Sea causes water mixing and forms an ecotonal
Body length (mm) region (MIX) between the southern East China Sea and the

Kuroshio. Therefore, four hydrographic regions and, thus,
ecological regions can readily be found during the spring
blooming season of Japanese anchovy larvae.

It has been suggested that fish production is high in
value of the ratio (2.166 * 0.176) was found for fish withupwelling areas (Ryther, 1969). However, this phenom-
5.0-6.9 mm TL. The ratio increased as the size of the fisenon did not occur in the core upwelling region in the wa-
increased: 2.872 + 0.115 (7.0 — 8.9 mm TL), 3.550 * 0.16%ers of northern Taiwan (Chat al, 1993). This study is the
(9.0 -10.9 mm TL), 3.911 + 0.554 (11.0 — 12.9 mm TL) first time to compare the nutritional condition of anchovy
and 4.409 + 0.469 (13.0 — 14.9 mm TL), for each size grouparvae across four hydrographic regions in the waters of
respectively. NE Taiwan. In our study, no high values of the RNA/DNA

ratio, an index of nutritional condition (Canino, 1994), were

3. Variation in RNA/DNA Ratio with Hydro- found for larval Japanese anchovy from the UWW (Fig. 4).
graphic Region This result further shows that the persistent upwelling wa-
ter of northeastern Taiwan might not provide additional food

The ratios for fish obtained from four hydrographic to Japanese anchovy larvae. Probably, this further shows
regions were found to be different (Fig.pt< 0.001). that the upwelling water has little benefit for fish species of
Multiple range test revealed a group of SECS + MIX +non-phytoplankton eaters other than Japanese anchovy.
UWW to be in contrast to KUR. The average ratios andHowever, this inference should not be extended prematurely
standard deviation were 3.259 + 0.213, 3.388 + 0.130, anw@ other fish larvae, such as scombéusx{sspp.) and scads
3.180 + 0.144, for SECS, MIX and UWW, respectively. (Decapterusspp.), which have been found to be abundant
However, they were found to be significantly lower for KUR in the UWW (Huang and Chiu, 1998).

(2.181 £ 0.204). The migration of adult Japanese anchovy to the coast

Fig. 2. Scatter plots showing RNA&)and DNA (¢) contentgg) and total
length (mm) of individual Japanese anchovy larva.
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