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ABSTRACT

The hydrodynamic for 峙。n a bare nylon 曲Ie with a diameter of 2.lan 姐 steady uniform flows are de-

tennined 呵 erimcn 叫Iy. The range of fl仰帽 l個 ty is from 037 to 135m/s, which ∞叮叮on 也 to Reynolds num-

ber in the range of 0.95-3.5 X 10�. The hydrodynamic forces on the same cable 叫出 perforated and 明白 non-

pe 巾 rated shrouds. made from 1.25-liter PET bottl 低的 尬。detennined in the same 帽 locity range.

計lis paper pr 位ents t自ted r臼ults for thrce different models: bare cable, 個 ble with 50% arca perforated

shrouds and cable with non-perforated shrouds in the reduced velocity range of 5.63-10.66, 1120-20.72, 1日 7-
21.83. respe α ively. Both in-line and transVerse force ∞efficients are given as functions of the reduced velocity.

Thc applications of P訂 shrouds as fISh/kelp a館egation device and as strumming suppr 臨ion device for mari 且e

cables are discusscd.

串通保特瓶覆蓋物纜繩之流體力
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摘 要

本文利用試圖會決定一直徑 2.1 公分之光滑尼龍續續在穗 , 單均勻流中之流體力。試盟會時況還
範團介診。 .37 至 USm/s 之間 , 其所對應之雷諾歡草afllf$0.95-3.5 X 104 。問 �-�.�.N2•� 1.25 公

升之苦是特組覆蓋物亦在相同之流遠 Ii 蜀中試圖, 求得其流體力 ,
至於覆 )I 物償還則錄用光滑之

保持瓶或閱孔之保得竄。

本文提供以下三種不同模型之試驗結果 : 光滑鐵觸 ,
續繩外串百分之五十開孔面積之保

縛瘋 ,
與..外學光滑之保持瓶。此三種模型試驗之相對流遠 .團各介於 5. “一 10. “ . 11.20-

20.72. 1137 -21.83 之間。文中探討正向流阻力係歇 ,
側向 2震動力係歐與相對流速變化關係之試

團會結果。文中亦討論採用保縛瓶覆蓋E 物為人工浮漁嘿 ,
海 E龍聚集物 , 與..共盡量壓制器之ff!

用性。
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INTRODUCTION

Synthetic marine cables are. often used to

support bu 叮草 , instrument arrays. and platforms. τ'hey

are highly flexible, nonlinear structures, 百le adaptive

nature of 個bles often makes them. vulnerable to the

hydrodynamic for 自s induced by vortex shedding in a

cross-flow. 訂lese alternating forces can 個use large

amplitude oscillations of the 且ble system when the

forces occur at or near one of its natural frequencies.

τ'he induced cable oscillations in turn ∞otrol the

vortex shedding ω that it is frequency synchron 包eel

to the motion. This phenomenon, called cable

strumming, often results in larger hydrodynamic

for 自s, in αeased fatigue 個ds 甘u αural failures.

The vortex indu 自d cable oscillations may be

studied 位peri mentally by forced Vibration or by self

excitation of the test cable, since the similarities in

the wake structur 閱、台om these two experiments were

pre 吋ously validated by Griffin [4]. Recent studies in-

elude those of Peltzer [7], Peltzer and Rooney 闕 ,

Griffin and Vandiver [旬 , Vandiver and Chung [9].

T�e test cables in these studies are all ∞mposite

type, with a rubber hose or a polyurethane jacket

啊apped around several braided Kevlar ropes.

The authors recently conducted a series of

laboratory tests on moored nylon cable 缸Tays with

PET shrouds, which were designed as fish and kelp

aggregation de 咐但這 in ∞astal waters. These shrouds

were made from ∞mmercial 1.25-liter PET bottles

with punched bottom holes through which a cable

was passed loosely,. and the whole fish aggregation

device can be ∞nstructed . easily in situ from a small

fishing boat.

Measured hydrodynamic for 個 s and vibration

台eqt=encies of strumming 臼bles in steady uniform

flo 附缸e pre 揖nted for three different models: bare

cable, cable with 50% 訂閱 perforated shrouds and

cable with non-perforated shrou 也.甘le e叩erimental

results are from flow-induced self-vibration experi-

ments ∞nducted in a circulation water tunnel.

Measured vibration characteristics indi 回te

that perforated shrouds made from ∞mmercial PET

bottles may also be considered as 甜umming sup-

pression device for synthetic marine cabl 臼 .

EXPERIMENTAL SETUP

1. Test Rig

The e.叩eriments were conducted at a hori-

mntal circulation tunnel which has a open-water test

se αion 3.8m long, 1.2m wide and O.825m deep. Uni-

form steady flow with speed up to 1.35 mls 個n be

generated in the test section.

In the middle of the test section, a steel

frame was placed on the sides of the tunnel to sup-

port a circular r剖 which can be m 仰'ed in the verti-

cal direction. A two- ∞mponent for 臼 transducer of

the type Nissho LMC-350 ι5 with a,maximum load

也pacity of 5kg was fixed to the end of rod. Another

force transducer of the type Kyowa Model LUB-

50KB with a maximum axial load capacity of 50kg

was fixed on the bottom. A test cable was then' sim-

ply connected to the top force transducer via an uni-

versal joint, and to the bottom for, 臼 transducer via a

swivel. The cable tension was then adjusted at the

top through a turnbuckle on the movable rod. This

test arrangement is shown in Fig. 1, where a 16cm

long cable was kept above the free surfa 自 during the

expenments.

2. Velocity Measurements

One meter upstream of the test model, a

simple mechanism was constructed to lower a current

meter to any vertical position in tJte test section. τbe

current meter was a Marsh-McBirney Model 523, du ﹒

到 -axis, electromagnetic type. The sensor .outpu 臼 were

p ωsed through low p 的s filters. A time ∞nstant of 5

seconds, with a 3dB ∞mer frequency of 0.03 個 Hz.

was set during the tests. The magnitude of uniform

current was measured O.lm below the free surface

during the t臼 ts.
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Three models were tested during the experi-

ments: bare cable, cable with perforated PET

shrouds, and cable with non-perforated PET shrouds.

The cable used in the tests was a length of nylon

synthetic fiber ropes with a nominal diameter of

D=2.1cm. The shrouds were made from two 1.25-

liter PET bottles and has a maximum .diameter of

8.65cm. A circular hole was punched at the bottom

of each bottle through which a cable was p 泌sed

loosely. The perforated shrouds have several circular

holes with 5cm diameter, and has a 50 per 臼 nt open

area. These test models are illustrated in Fig. 2.

4. Data Acquisition

The inline and transverse forces on the test

model was calculated 企om the top force transducer

measurements, taken account of the non-submerged

part of 臼 ble; while the axial force was measured by

the bottom force transducer. The analog signals from

the force transducers were amplified and p ωsed

through a 100 Hz low pass filter, digital force mea-

surements were then obtained from an A/D ∞n-

vert 仗 , at a sampling rate of 50 Hz with a 12 s sam-

piing duration, and stored for data analysis. A stan-

dard fast Fourier transform method were used to

calculate the axial, inline and transverse force spec-

trums 台am 0 to 25 Hz with the 台equency resolution

of 0.0977Hz.

EXPERIMENTAL RESULTS

1. Free Vibration Tests

Free vibration tests were first conducted to

find the natural frequencies of test models in the

range of cable tension from 10 to 20kg. These e叩er-

imental results are i\Iustrated in Fig. 3 where the

variation of natural frequencies with the tensions are

shown to be well represented by linear regression

lines. The natrual frequency of bare cable is approx-

imately 2.2-2.7 times that of cable wi 也 shrouds un-

der the same tension.

2. Test Procedure

The tests reported herein constitute three se-

quences corresponding to three different models.

Each test sequence comprises typically 20 to 25 dif-

ferent flow speeds. During each test sequence the

cable was first pretensioned at 10kg and the magni-

tude of uniform current was adjusted to the lowest

speed of the test tunnel (O.25m/s). After the force

and velocity measurements were taken for this flow

speed, the magnitude of uniform current was in-

creased to a higher speed 制出out readjusting 由e ca-

ble tension. The whole data a呵uistion sequence ∞n-
tinued in this fashion until the flow speed reached

1.5 m/s. Those tests with flow speed over 1.35 mls

were not analysed in this study since the flow was too

turbulent.

The mean cable tension under each flow

speed was found from the axial force spectrum. The

mean tension lies in the range of 12-20kg, 13-22kg,

and 13-2 咒g, respectively, for the three test sequen 臼s.
The corresponding natural frequency for each test

was then calculated from the linear regression and

extrapolation lines shown in Fig. 3.

3. Test Range

The velocity range of the tests reported here-

in was U=0.37-1.35 mis, Where U=the magnitude

of the uniform flow. The corresponding Reynolds

number of the bare cable tests was Re = 0.95-3.50 X

10\ in which Re is defined by

U D
Re = �-N� -

v
)l(

where v = the kinematic viscosity. The hydrodynamic

forces on the same cable with perforated and with

non-perforated PET shrouds were also determined in

the same velocity range.

This paper presen 岱 tested results in the range

of reduced velocity of 5.63 一一10.66, 11.20 一-20.72,
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11.37 一一21.83, for three different models: bare cable,

cable with 50% area perforated shrouds and cable

with non-perforated shrouds, respectively. 甘Ie re-

duced velocity, Vr, is defined by

U
Vr =-

D fn

Where fn = the natural frequency of the vibrating

model. A value of cable diameter D=2.1cm is used

for all three test models.

4. Transverse Force Spectrums

All the transverse force spectrums for the

bare cable model in the whole test range are nar-

rowbanded, each with a single peak fundamental

is identifiedfrequency,

(synchronized or nonsynchronized) vort 臨 shedding

企equency. The vortex shedding 台equency lies in the

fo, which as

range of 4.9<fo<6.1 in the reduced velocity range of

5.63<Vr< 10.66.

Examples of the transverse force spectrums

for tne bare cable at various speeds are illustrated in

Figs. 4. τ"his figure contains six spe αrums where the

va 訂閱 shedding frequency is shown to increase with

increasing reduced velocity. Fig, 4 also indicates that

the excitation range for the transverse cable 。“iIIa-

tions (strumming) are likely to start at Vr> 5.6. As a

comparison, the excitation range of the transverse

oscillations for a circular cylinder in water was previ-

ously identified by Every et al. [I] to eXtend over

4.5<Vr< 凹 , with maximum amplitude falling within

the range of 6.5<Vr<8.

Examples of the transverse force spectrums

for cable with perforated shrouds at various speeds

are shown in Fig. 5. The peak frequency of each

spectrum decreases significantly when ∞mpared with

由 at of a bare cable under th.e same flow speed and

tension. The vortex shedding frequency lies in the

range of 1.86<fo<3.03 in the redu 臼d velocity range

of 11.20<Vr<20.72. Higher freqrency components in

the force spectrums are also shown in Fig. 5, which

are induced by the incomplete vortex shedding from

出e perforated shrouds.

(2)

Examples of the 甘ansverse force spectrums

for cable with non-perforated shrouds are shown in

Fig. 6. THe vortex shedding 台equency lies in the

range of 1.09 < fa < 2.57 in the redu 臼d velocity range

of 11.37<Vr<21.83. 叮Ie peak frequency of the force

spectrum is smaller than that of cable with perforcted

shrouds under the same flow speed and tension. The

magnitudes of higher harmon 悶, especially the third

h 紅monics, 訂e also increased. These higher frequen-

cy oscillations are mo�tly induced by the longitudinal

vortex associated with the non-uniform cross section

of the PET bottles.

5. Strouhal Numbers

the The vortex shedding frequency, fo, identified

from the transverse force spectrum, is used to calcu-

late the Strouhal number, St, which is defined as

RHU

←-
nvEHUM-

ri

自--φ
'"

。
。 (3)

The variations of Strouhal number, St, with

reduced velocity for the three test models are shown

in Fig. 7, where a value of cable diameter D=2.1cm

is 凶ed for all three models. Zdravkovich [I 月 indi-

cated- that the almost constant frequency of vortex

shedding within the range of synchronization leads to

a continuously decrease of the Srouhal number. Fig.

7 illustrated this phenomenon in the range of

5.6 < Vr <8'.2 for a bare cable where the Strouhal

number decreased from 0.178 to 0.159, and in the

whole range of the reduced velocity for cable with

perforated shrouds. Fig. 7 also shows that an almost

constant Strouhal number (lies in the range of 0.0433
一-{I.0398) is found for cable with non-perforated

shrouds, which indicates that the test (velocity) range

is not large enough to identify the whole synchroniza-

tion range of this model.

一
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Another aspects revealed in Fig. 7 is that the

Strouhal numbers (肘 , vortex-shedding frequencies)

for cable and for cable with non-perforated shrouds

follow approximately the inverse diameter law, at a

ratio of 8.65 to 2.1. The variation of S 虹ouhal num-

her for 個ble wi 也 perforated shrouds then lies in be ﹒

tween these two extremes.

6. Force Coefficients

The measured force traces resemble those of

harmonic signals which may be approximated in

terms of finite Fourier series. For example, the

transverse lift force may be expressed as

FLIt) = - p DU2 [ CdO)
2

、

..',

A
峙,t

、])n'.ee--AwrAWn呵,
‘{eenwpu)"

“{'
』

《
4.

‘
aa

uRPt-z"
“

φ

in shieh t = time, F
L (t) = lift force variation, ρ

fluid dens 旬 , CL(O) = the mean lift force ∞efficient,

CL(n)=the fundamemtal and higher harmonic lift

for, 臼∞e 筒 cients, ε . = the ph ωe, and N = number of
∞mponents. τ"he in-line drag may be 目pressed in a

= the

similar form.

The transverse I混 force ∞efficie 胞 ,CL( )s,

for a bare cable are prl臼ented in Fig. 8, while the in-

line 企ag force coe 岱 cients, CD( )s, 位e presented in

Fig. 9. The mean for; 臼:s measurements were directly

nondimensionalized to obtain the mean lift and drag

∞e 伍 cients, CL(O) and CD(O). However the funda-

mental I法 and drag coe 血cients, CL(l) 耐心 (1),

were calculated from the sums of force ψectral ∞心
tents in an interval of 20 frequency increments cen-

tered at of [3] ﹒ The force ∞e 血 cients for the higher

harmonic for 臼∞mponents, e. 忌 , CL(2) and CD(2),

were calculated similarly.

Figs. 8-9 indicate that:

1. In general the vort 自 shedding results in alter-

nating lift forces at the fundamental frequency,

while the in line drags alternated at the second

harmonic.

2. Synchronization for both transverse and in-line

cable 由cillations lie::s in the range of 5.6< Vr < 8.2.

Data shown in these two figurl 臼 support what

has been described previously in Figs. 4 and 7.

τ"he maximum amplitudes of force cae 節cients C

L(I) and CD(2) occurs near Vr-6.6, with CL 動

3.
(1)=3.9 and CD(2)=1.33.

Transverse oscillations occur within thr 白 adja-

cent regions. The first is in the range of

5.6<Vr<8.2. The se ∞nd region lies 扭曲已 range

of 8.6<Vr<9.2, with maximum amplitude a 個固

near Vr 竺 8.9. The third region extends behond

Vr=9.5.

The lift and drag for 自 cae 血cients for 個ble

with 'perforated shrouds are sh 仰n in Figs ﹒ 10 and 11,

respectively. A value of 個ble diameter D=2.1cm was

also used henceforth to calculate .the force α)C 伍.
cients of cable with shrouds. Figs. 10-11 indicate that:

The transverse forces and inline drags 訂e also

alternating at the vortex shedding frequency and

their second harmonic, respe α ively.

Both transverse and in-line strumming starts at

Vr>13.8and lies in the range of 13.8<Vr<20.7.

The maximum amplitudes of force coefficients CL

1.

2.

3.

(1) and CD(2) O'CCUr near Vr= 14.9 and 16.4, re-

spe 出vely, with CL(1)=2.6 and CD(2) = 1.76.

Prior to and after the onset of synchronization

(Yr= 13 訓 , the mean drag coefficient CD(O) can

be approximated by two constant values of 2.85

and 3.8 in the ranges of 11 <Vr< 13.7 and

13.85<Vr<17.3, respectively.

strumming in 役 ,

14.9<Vr<17.3 個nbech 訂acterist 泣ed by an al-

most ∞ nstant drag coefficient of CD(2) = 1.7.

The lift and drag force coe 筒cients for cable

with non-perforated shrouds are shown in Figs. 12

4. The in-line Ie

and 13, respe αively. The results indicate that:

The dominant frequencies of the lift forces and

inline drags are still the vort 自 shedding frequen-

cies and their second harmonics. However the

magnitude of the third harmonic lift force ∞e 節 -
cient, CL(3), increased rapidly as Vr increases.

1.
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Mln- α71h Huang, Shyan� Yu B 甜'r: 吵吵呦malnlc Forces
on Marine Cabl, 自 with PET Shr, 卸的

posed and tested in the past, such as ,those reviewed

by Hafen et ai., [叫 , Fabula and Bedore [月 ,

Zdravkovich [1 呵 , and Every et 瓜 , [1].

Measured vibration characteristics in this

This phenomenon was illustrated 'Previously in

the transverse, force spectrums.

百Ie fundamental lift coefficient, CL(I), in αeases

almost lineary with increasing Vr in �he range of

2.

study indicate that perforated shrouds made from

commercial PET bottles may be considered as

strumming suppression device for synthetic marine

cables. Synchronization ranges for both 甘ansverse

11.37 < V r < 21.83, also indicating that the test

rangc is not large enough to covcr thc whole

synchronization range for 曲 is model. 百Ie m 缸-
imum amplitude of force ∞efficients CL(I) oc-

13.8<Vr<20.7, for bare cable and cable wi' 自 perfa-

rated shrouds,' respectively. Since thc natrual !re-

quency of bare" cable is approximately 2.2-2.7 times

that of a cable with shrouds in the same range of

mean tension, thereforc, the two reduced velocity

ranges correspond to approximately the same flow

velocity range where synchronization" 0αurs. 甘Ie

maximum for 自∞efficien 凶 CL(I) and CD(2)

strumming bare 回ble are CL(I)=3.9 andCD(2) = 1.33,

whilc the corresponding amplitudes are CL(I) = 2.6

and CD(2) = 1.76 for a 個ble with 50% 訂閱 perforat-

ed shrouds.

5.6<Vr<8.2 andareoscillationsin-lineandcurs at the end of test range with CL (1) = 3.37

τ"hc mean and the second harmonic drag ∞e 伍-
cients, CD(O) and CD(2), are approximately of

the same magnitudes for the whole range of

11.37 < Vr < 21.83. Thc maximum force ∞e 伍cient

at Vr=21.83.

3.

for

CD(2) occurs near Vr= 16.4 with a value of 4.16.

Comparison of Fig. 11 and Fig. 13 indicates that

the mean drag on a cable with non-perforated

shrouds is approximately the same as that on a

4.

a

cable with 50% area perforated shrouds. How-

ever the amplitude of the second harmonic drag

coefficient on a cable with non-perforated

shrouds is at least twice as large as that of cable The advantages of using perforated shrouds

made from commercial PET" bottles as strumming
suppression devices for marine cables are:

1. Discarded PET bottles are easily obtained. and

t�e shrouds can be fabricated at ve η low ∞st.

PET shrouds arc omnidirectional and each

with perforated shrouds.

APPUCATIONS

shroud (iι each bo 叫e)ac 岱 as a module. Stop-

pers can be clamped to 迫 ny two points on thc

cable to contain a desircd length of shrouds. 甘Ie

shrouds will not present fixing and handling

2.Marine cables made of synthetic fiber ropes

are mostly constructed by twisting several strands

around each other helical 抄 .Th 扭扭 lical shape in 甘0-

duces disturban 億s on the surface which further in-

teract with the vortex shedding mechaniosm, and the

problems.

They are easy to replaced when damaged.

The disadvantage of perforated PET shrouds

is similar to that of any strumming SUPPI1 臼sion devi 切 ,

Le., they tend to in 叮ease the in-line drag. As a ∞m-

parison, the mean drag coefficient lies in the range

of 1.0 < CD(O) < 1.64 for bare cable and 2π <CD(O)

3.91 for cable with 50% area perforated shrouds,

wake structure becomes more complicated when

compared with that behind a cylinder. Since the al- 3.
ternation of structural stiffness.or damping of a ca-

ble system is often not practi 阻 I, cable strumming is

best avoided or reduced by attaching some form of

flow spoiling devices to disrupt the vortex shedding

process. 百Ie helical shape and the flexible nature of

cable itself present mechanical difficulties of attach-

義

〈

respectively.

'n pro- CONCLUSIONS
一 348' 一

ing any fixed 句pe flow spoiling device, even when

the cable is wrapped 叫 th a smooth tubing. Numer-

ous strumming suppression devices have }-
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Hydrodynamic forces on bare nylon cable

and cable with PET shrouds have been studied by

self-excitation experiments in steady uniform flows.

The main conclusions of this study are summarized

as follows.

Synchronization for both transverse 阻din-line

cable oscillations 。但urs in the reduced velocity

range of 5.6<Vr<8.2, where the Strouhal num-

ber lies in the range of 0.178<St<0.159. Large

transverse forces can be induced by cable

strumming with the maximum force coe 的 cient

。f 3.9 occurs near Vr=6.6.

2. The use of moored nylon cables with non-

perforated shrouds made from commercial 1.25-

liter PET bottles as fish/kelp aggregation de-

vices is probably not practical due to the large

hydrodynamic forces induced by vortex shedding.

However when the shrouds have a 50% perfo-

rated area, both in-line and transverse forces

也n be reduced considerably.

Considerable work remains to determine the3.

best shroud configuration (Le., diameter, per-

centage of perforated area and length) suitable

for field application as fish/kelp aggregation de-

vIces.

4. Perforated shrouds made from commercial PET

bottles may also be considered as strumming

suppression device for synthetic marine cables.
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] �l un! 玉立, In t.he Indian Ocean

Ying 一Chou Lee and Chin-Lau Kuo

印度洋長起書會有之年白令形質

華英 j萄 郭慶老

本報告之目的在於研究印度洋長嬉賄年齡形質 , 女口車驚肉、 耳石、 守空丹tE1 哥

第3 嘆自「是書買賣學束 , 之恃性及其輪紋狗j讀之可行性。結果顯示 ,

便棘均 1直合華為主立與j 言賞心

�. 年內、 守牢牢佳青H� 嘆自「賣書

叉 , 魚、體左側目璽後部份鱗肉之上部為適合之測量:軸 ; 第

18-20 節脊椎骨的背後部份為適合之測量軸。
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Age α閥、act 的� of Alba ∞悶 ,Thunnus alaloog 里 , in the Indian Oc 海飢

Ying-Chou Lee* and 臼tin-Lau Iuo' 楠

A前TRAcr

The characteristics of scale, otol ith,' vertebra, and spine,
and their suitability for age-r 曲ding of alba ∞陀 ,Thunnus
alalun 徊 , 剖宅 disc 旭忍海d. The S( 車站 , 呢rteb 悶 , and spine 前海

thought to be suitable for age-reading. The scale from the
ventral-post 甘 ior porti ∞ and upper n間surement axis wi II be
α)I'lSi der 、凶 . The 18 - 20th vertebrae and its measurement axis of
the dorsal-posterior side will also be ad 叩too.

* lnst i tute of Ocean 句raphy, Nati ∞al Taiwan University, Taipei,
Taiwan, Republic of China.

** 胎開聲1:11 阻1t

lnst i tute,
of Fishery BioI 句y, Taiwan

k個 lung, Taiwan, Republic of
Fisheries

αtina. 、

Research
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INTR ∞UCfION

Alba ∞闕 , 而也由us alahm 徊 , 凶ere distributed thr 、oughout the
Indian Ocean between latitudes 200 N and 400 S, and mainly
betWI 臨到 150 S to 詣。 S (Shimizu 1979). Alba ∞re were 臼ught by
Taiwane 鈕 , J apane:! 嗯 , and Korean I oog I i肥肉 , by Fr'an 白 , Spain, and

Ivory α)8St p1lr'Se se ine 悶 , 值1d by Taiwanese gi Ilnetter'S. The
catch of al ba ∞1J"e and all of the species by I∞9 liner'S 加d
gi llnetter 、s in 1986 and 1羽7 were sh α的 in Table 1. In 19( 詣 , the
tota I catch was about 缸 , αm 前 , and alba ∞向前::cupi ed a 凶ut 51%

Although the �r α�tage by the I∞gl iner'S was not high (30 完 ) ,

ho 側的甘 , almost all of the 個tch 仰望的 by the gillnetter'S we 開
alba ∞向 . In 1泊7, the total 臼tch 凶as about 筒 , 做到D MI, and
alba ∞re occupi ed ∞ I y about 35 克 , however, al ba ∞,J"e caught by the
long I iners and gi Ilnetters α:cupied ∞ ly about 31% and 47 曳 ,

內sp 前tively.
Mim 叮油 (1957), Kika 油 (1966), Ucyanagi (1 前珀 ), Koto (1969),

卻da (1974), Morita (1977), Nishikarna et al. (1 接15) , Shi 鉗制祖
(1985a,b: 1� 封8, b), 油)ang et 剖 , ( 19( 施 ), and Lee and Lin (1 鼓站 )

have deal ed ω i th ( 1) I 誼、vae di 吼叫 buti ∞ : (2) mov 臼lent and
distributi ∞ : (3) as! 始認nent of the stock 1"eSO1.D"Ce by product i∞
闊地el: and (4) determinati ∞ of the bE 封t shape par-ameter

coefficient m and signifi 口mt. age group k, etc., but there were

almost n∞e studying the age and 9r' 叫th of alba ∞re in the Indian
Ocean. TheT'ef ore, the char 司cteristics of sea 尬 , otolith, vertebr'a

and sp i ne were de:! 蚓、 ihE 封 in this paper 、 , and their possibility

age-reading wi 11 be studi 凶 .for
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Relationship bet 側臨到 f 即'k I ength and be: 滔y weight

The relationship 切tw 臨到 fork I臼gth (H., 明 ) and body 側eight
( 闕 , kg) was sh 側1 in Fig. 6. . Although the samples wer 啥叫1POS 凶
oflar 、ger fish ( 孟加旬 , by 1 ∞g liners) and small er 、 fish �

70 珊 , by gi Ilnetter 、s), its relati ∞ship αmbe 服肺、� 兒d with an

b
位ponential 問uati ∞ :W = a. 缸 , and the 問uati ons ar 、e as folIo 凶s:

-5 2.8676
: W = 3.383 x 10 H.

-5 2.8222
F剖祖 Ie : W = 4.183 x 10 FL

Hale

Ch 甜aeter 、 istics of sea 峙 , ato li !.h,,-_yertebra, and spine
Sea 峙 , ato I i 坊 ,. verteb 惘 , and spine were shown in place 1.

The scale was small and thin, h 。“ever, the r 、 ings can be read
cl 個rly under 、 the mi α、的∞pe. The per 臼:ntage of the r 旬白白、ated
sea 1 es from six port i ons of 切地y 划的 shown in Table 2. The

叫混血可明白 of the r 旬eneratedsc 刻的 in porti ∞ A and D were high
to 100%, and port i∞ F was the Iωe 鈍 , 30.77 曳 . Fig. 7 sho 附 the
mean,standr 、ad e 鬥"Or (SE), and coefficient of variati ∞ (CV) of

t 加'ee measurement axes of port i∞ F. The A n閥割rement axis sho ωs
the 獨自Best value of SE and 凹 , 的ereas, it is as I∞gasBorC
R閥割JreI 胞1t axi s. Theref ore, the sea I e 凶as consider 凶 to be a
g α滔 age character 九 and suitable for ag ←reading, mar ωIver,

port i ∞ F and A measurement axis wi II be adopted in the future
studies.

,The otolith ωas oval-shaPE 泊 , thin, ar
fragi I e and broken 飽sily. Under the roi α"OS( 刀pe, the rings 凶ere
difficult to identify, ther 可fore the otolith was not α>nsidered
to be a sui tab I e age character 、 in age detenninati ∞ .

Nine specimens with fork length ranging from 70.7 翎 to 71. 7
an 凶ere randomly sampled and studied to α>mpare the vat' 、 iati ∞ of
1 ength, 叫 dth, and hei ght be 叫樹1 '3l vertebrae (Fig. 8). The 1-
8th and 3O-'3lth vertebrae app 磁red a great deal of v甜 iati ∞ ,

however, the 9-29th vertebrae appeared rather h αnag 凹的us in
their length, 叫 dth, and height. M仰的Iver, the CV val ues of the
I-8th and 3O-'3lth vertebrae �飽問 al so gr 、eater 、 than those of the
9-29th vertebrae. Fig. 9 sh ωs the gr 、制th rate of each vertebra

ld
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MATERIALS AND METH ∞

Alba ∞內 specin 阻15 were ∞ lleeted at Kaohsiung fish market

from the landings of Taiwanese I∞gliners and gillne 悅目穹的 ich

operated in the Indi an Ocean from I) 到eember 1 哎話 to A仰、 il 1� 詣 -

The fi shing areas of the I∞gl iners ω1centrated in three r 句 i ∞ :
(1) 10 � N - 5 �

SI 85 � E - 95 � E: (2) central Indian Ocean: and
(3) 35 � S - 40 �

SI whereas the gi 1 I nett 副官倒1倍1trat 凶 in t 削O

regions: (1) Arabian 訟a and (2) central Indian Ocean (Fig. 1)
After n閥suri ng the fork length, 切封y 凶eight I and

identification of sex of speci 瞬間 I the sea 1 es Wet 啥 removed from

six proti 凶器 of the left side of the fish (Fig. 2)1 and the other

har 吐 tissu 眩 Ii. 缸 , otolithl ve 忱的內 I and spine were al so removed
The per 泊流age of the regenerated seal e for 臼ch port i∞圳的
calculated. Three measurements for each scale 泌ere al so made to

determi ne the most 到 itable mE 強sur 宙間1t axis of the seale (Fig.3)

. The otol ith of both sides and the first spine of the first

dorsa 1 f in were removed and cl 個ned with 助ter. The vertebrae
闢閃閃的V凶 and 凶 i led in tape wate� for a 切ut 30 minutes and
brushed 訓ay remaining α)Meet i ve t i SS1. 妞 landS( 油ked in 3 克 KOH

sol uti ∞ f or about 12 hom τ . After dryi 旬 I the I ength I “ idthl and
height of 凹ch ve' 忱的m 肥肉 measured (Fig. 4) I and then 凶ere cut

by el 舵trical saw horiz ∞tally. Fo 四、 measurements were made for

each 叩門 ebra to determine the me: 溶t suitable r酷迫surement axi s of
the ve 忱的ra (Fig. 4).

RESULTS

Length fr 凹uency d i stri but i∞
Length fre 叩Jency distribution of 泊mple s 伊拉 in 間15 from the

Taiwan� 詣 i ∞gliners and gillne 屯ters ω自宅 sh ωat in Fig. 5. The
fish 個ught by long liners 凶甘e larger I ranging from 切叩 to 122
α0, me 駝的 112 - 114 曲 I and n閥n value at 98 剖 I ho ωever I the
fish caught by gi IInetters ωere S1I1811er, ranging from 42 αn to

102 明 I mode at 74 - 76 anI and mean value at 79 叫 .
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for fish of 90.5 ωnl.2 明 , 81.3 ω /11.2 叫 , and 64.5 an/11. 2 an

. The three CUT 、'ves were separate each other, and their 、 variati ∞
ωere also litt 峙 , 留pecially for the �29th vertebrae, therefore

the �29th vertebrae were all suitable for age-reading. Also, the
CV values .atthe 18- 泌的呢�rtebrae were the I叫自t (Fig. 8). 關len
used for age-reading, 18-2Oth vertebrae wi II be adopt 凶 . From

Table 3, it is also clear that the CV value of the B (dorsal-

F 溶terior) 肥asurer 間It axis is the I 。“自t. Ther
、efore, this

n盼到r 甜甜It axi s wi II be used when the vertebra is I" 閉d and

E閥割r 甜 .
The first spine of the first dorsal fin was harc!. There w筒、e

no rings αn be identified from the outer surface. The spine wi II
be cut by sl ω-speed sa 凶加fore reading as Gonzalez-G
F 筒、 ina-Per 位 (1 當認 ), who thought the rings can be read 曲sily and
clear 、旬的en cutting about 15 mm from the base of the spine.
Ther 、efore. the spine 回到1絕d to be a sui tab I e age character.

s

∞INCLUSION

Thea 切呢 ? 也ults sh ω that (1) the scale maybe a g α討 age

charact 甜 . but it is difficult to maintain I∞g time: (2) the

otolith may be not g α祠 .hE 虹ause' of its thin, tiny" and fragile

characteristi 臼 : (3) the vertebra may be a 9 α泊∞e,because it is

easy for prel iminary tr 臼tn 間流 , and can be maintained I ∞g time,
h 。“ever. the vertebra must be samp 1 ed fr 珊 the whole fish 訊地y:

and (4) the spine also may be a gα肘∞e. according to Gonzalez-

Gar 、ces and Farina-Perez (1 白主3).
In the futur 宅 , we wi II 泊mple the s俱ciI 胞15 of alba ∞ire fr αn

the catch of Taiwan� 兒 l ∞gl iners and gillnetters which .operated
in the Indi an Ocean αXlt i nuous 旬 . and to proc 船dthe age-reading
by 到 i tab 1 e age characters so as to age and study the growth of

the fish.
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Year Species Loncliner Cillnetter Total

1986 All species 35, 143 15,892 5 \, 035
AI bacon 10,708 (30.m 15.262 (96.04) 25,970 (50.89)

'
1987 All species 46,504 18.281 64,785

Alb4core 14,203 (30.54) 8,651 (41.32) 22,854 m.28)

Portion A E c D E F

Recenerative 104 106 67 1l3 233 40
scale

Sø�,

Total sped.en 104 133 108 113 262 130

�PþR�r�c�e�n�h�c�e at
�r�e�c�e�n�e�r�a�t�i�vþR 100.00 79.70 62.04 100.00 88.93 30.77scale U>

Table 1. The catch at all species and alb4cau by the Taiwanesl lanc1iners and cillnetters

in the Indian Ocean, 198&-1987,
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Par lion Sta lis lics Dorsal-anterior Dorul-posterior Ventral-anlerior �V�e�n�t�r�a�l�-�p�a�s�tþR�r�i�o�r
(A) (B) (C) (D)

Kiln 64.U 69.S6 62.60 67.28

18 S.£. 1.85 1.90 1.06 3.22

C.V.m 2.87 2.73 4.89 4.79

Kiln 6S.01 69.73 63.32 68.U

1.9 S.E. 2.73 2.3S 3.02 3.71

C.V.m 4.20 3.37 t.77 5.42

Kiln �6�6�.v„ 70.91 61.68 67.43

20 S.E. 2.92 us U2 3.38

c.V.m U2 3.46 5.71 5.01

tAble 3. 祖 un. U.ndud rrror (S.£.) and carUicirnl of vuiation (C.V.) liC diff.rent I.uurnent

ues of vrrtrbrA.

Unit: II (x 16X)
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