FHEMNBRRTITRHEAER-N(RBCHAE)
Joumal of the Society of Naval Architects and Marine Engineers, R.0.C., Vol. 9, No. 1, pp.29-41 (1990}

HYDRODYNAMIC FORCES
ON MARINE CABLES WITH PET SHROUDS

Min-Chih Huang*

*Department of Naval Architecture & Marine Engineering
National Cheng Kung University, Tainan, Taiwan, R. O. C.

Shyang-Yu Baur**
**Department of Hydraulic & Ocean Engineering
National Cheng Kuag University, Tainan, Taiwan, R.O.C

Keywords: Voriex-Shedding, Cable Strumming, PET Shrouds, Suppression Device

ABSTRACT

The hydrodynamic forces on 2 bare nylon cable with a diameter of 2.1cm in steady uniform flows are de-
termined experimentally. The range of flow velodty is from 037 to 135m/s, which corresponds o Reynolds num-
ber in the range of 0.95-35 X 10*, The hydrodynamic forces on the same cable with pedforated and with non-
perforated shrouds. made from 1.25-liter PET bottles. are also determined in the same velocity range.

This paper presents tested resuits for three different models: bare cable, cable with 50% area perforated
shrouds and cable with non-perforated shrouds in the reduced velocity range of 5.63-10.66, 11.20-20.72, 1137-
21.83, respectively. Both in-line and transverse force coefficients are given as functions of the reduced velocity.
The applications of PET shrouds as fish/kelp aggregation device and as strumming suppression device for marine
cables are discussed.
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INTRODUCTION |

Synthetic marine cables are.often used to
support buoys, instrument arrays and platforms. They
are highly flexible, nonlinear structures. The adaptive
nature of cables often makes them: vulnerable to the
hydrodynamic forces induced by vortex shedding in a
cross-flow. These alternating forces can cause large

amplitude oscillations of the cable system when the.

forces occur at or near one of its natural frcquénciu
The induced cable oscillations in turn control the
vortex shedding so that it is ﬁ'equgnéy synchrorﬁzed
to the motion. This phenomenon, called cable
strumming, often results in larger hydrodynamic
forces, increased fatigue and structural failures.

The vortex induced cable oscillations may be
studied experimentally by forced vibration or by self
excitation of the test cable, sincg: the similarities in
the wake structures from these two cxﬁcrimems were
previously validated by Griffin [4). Recent studies in-
clude those of Peltzer [7), Peltzer and Rodney (8],
Griffin and Vandiver [5}, Vandiver and Chung [9}.
The test cables in these studies aré all composite
type, with a rubber hose or a polyurethane jacket
wrapped around several braided Kevlar ropes.

The authors recently cdnd_ucted a series of
laboratory tests on moored nylon cable arrays with
PET shrouds, which were designed as fish and keip
aggregation devices in coastal waters. These shrouds
were made from commercial 1.25-liter PET bottles
with punched bottom holes through which a cable
was passed loosely, and the whole fish aggregation
device can be constructed easily in situ from a small
fishing boat.

Measured hydrodynainic forces and vibration
frequencies of strumming cables in steady uniform
flows are presented for three different models: bare
cable, cable with 50% area perforated shrouds and
cable with non-perforated shrouds. The experimental
results are from flow-induced self-vibration experi-
ments conducted in a circulation water tunnel.

Measured vibration characteristics indicate

that perforated shrouds made from commercial PET
bottles may also be considered as strumming sup-

pression device for synthetic marine cables.
EXPERIMENTAL SETUP

1. Test Rig

‘ The experiments were conducted at ;1 hori-
zontal circulation tunnel which has a open-water test
section 3.8m long, 1.2m wide and 0.825m deep. Uni-
form steady flow with Specd up to 1.35 m/s can 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 rod which can be moved in the verti-
cal direction. A two-component force transducer of
the type Nissho LMC-3504-5 with a maximum load
capacity of Skg was fixed to the end of rod. Another
force transducer of the type Kyowa Model LUB-
S0KB 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 force 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 surface during the .

experiments.
2. Velocity Mcasurements

One meter upstream of the test model, a
simple mechanism was constructed to lower a current
meter to any vertical position in the test section. The
current meter was a Marsh-McBirney Model 523, du-
al-axis, el'-ectromagnctic type. The sensor .outputs were
passed through low pass filters. A time constant of 5
seconds, with a 3dB corner frequency of 0.0306 Hz,
was set during the tests. The magnitude of uniform
current was measured 0.1m below the free surface

during the tests.

3. Test Models
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Three models were tested during the experi-
ments: bare cable, cable with perforated PET
shrouds, and cable with ﬁon-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 passed
loosely. The perforated shrouds have several circular
holes with 5cm diameter, and has a 50 percent open
area. These test models are illustrated in Fig, 2.

4. Data Acquisition

The inline and transverse forces on the test
model was calculated from the top force transducer
measurements, taken account of the non-submerged
part of cable; while the axial force was measured by
the bottom force transducer. The analog signals from
the force transducers were amplified and passed
through a 100 Hz low pass filter, digital force mea-
-surements were then obtained from an A/D con-
verter, at a sampling rate of 50 Hz with a 12 s sam-
pling 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 from O to 25 Hz with the frequency 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 exper-
imental results are illustrated 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 with 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 (0.25m/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 without readjusting the ca-
ble tension. The whole data acquistion sequence con-
tinued in this fashion until the flow speed reached
1.5 m/s. Those tests with flow speed over 1.35 m/s
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 13-27kg, respectively, for the three test sequences.
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 m/s, Where U =the magnitude
of the uniform flow. The corresponding Reynolds
number of the bare cable tests was Re=0.95-3.50 X
104, in which Re is defined by

Re (1)

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 presents tested results in the range
of reduced velocity of 5.63—10.66, 11.20—20.72,
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11.37 —21.83, for three different models: bare cable,
cable with 50% area perforated shrouds and cable
with non-perforated shrouds, respectively. The re-
duced velocity, Vr, is defined by

U
Ve s — @
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
frequency, fo, which is identified as the
(synchronized or noasynchronized) vortex shedding
frequency. The vortex shedding frequency lies in the
range of 49<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. This figure contains six spectrums where the
vortex shedding frequency is shown to increase with
increasing reduced velocity. Fig, 4 also indicates that
the excitation range for the transverse cable oscilla-
tions (strummihg) are likely to start at Vr>56. As a
comparison, the excitation range of the transverse
oscillations for a circular cylinder in water was previ-
ously identified by Every et al. {1] to extend over
45<Vr<10, with maximum amplitude falling within
.thc 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 compared with
that of a bare cable under the same flow speed and
tension. The vortex shedding frequency lies in the
range of 1.86<fo<3.03 in the reduced 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
the perforated shrouds.

Examples of the transverse force spectrums
for cable with non-perforated shrouds are shown in
Fig. 6. THe vortex shedding frequency lies in the
range of 1.09<fo<2.57 in the reduced velocity range
of 11.37<Vr<21.83. The 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 harmonics, especially the third
harmonics, are also increased. These higher frequen-
cy oscillations are mostly induced by the longitudinal
vortex associated with the non-uniform cross section
of the PET bottles.

5. Strouhal Numbers

The vortex shedding frequency, fo, identified
from the transverse force spectrum, is used to calcu-

late the Strouhal number, St, which is defined as

fo D
St = (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 used for all three models. Zdravkovich [11}] 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<82 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
—0.0398) is found for cable with non-perforated
shrouds, which indicates that the test (velocity) range
is not large enough to identify the whole synchroniia—
tion range of this model.

— 341 —



- ] o > o
o o} o o o

"LIFT FORCE SPECTRUM (Kg*+2/Hz)

o
o

LIFT FORCE SPECTRUM (Kg**2/Hz)
- N o > o
o o o o o
BN EN RSN N RSN RN NS NE RN NN NEY

o
o

Min-Chih Hueng, Shyang-Yu Bour: Hydrodynomk Forces
on Marine Cables with PET Shrouds

CABLE WITHOUT PET SHROUD
REDUCED VELOCITY : 5.63,
5.90, 6.21, 6.58, 681 7.14
( FROM BO'ITOM To ToP )

FILE : C204 - C209

s
i h
A S
[]
/ E JL
]llllllllT[llll’lllll[!lillllIl]lllllllll_]
0 5 10 15 20 25

'FREQUENCY ( Hz )

Fig. 4. Transverse force spectrums for a bare nylon cable

CABLE WITH_PERFORATED PET SHROUD
REDUCED VELOCITY : 14.5,

14.91, 16.35, 16.39, 17.26, 17.3

( FROM BOTTOM TO TOP §

FILE : C244 — C249

........................................................

ll!llllll[TTlllllll[lll!lllli]l‘ll‘Tlll]llllllllﬂ

0o'--°* 5§ 10 15 20 25
FREQUENCY ( Hz )

Fig. 5. Transverse force spectrums for a cabie

o

‘c:

-3
[?

with perforated PET shrouds
— 342 —




STROUHAL NO., St

LIFT FORCE SPECTRUM (Kg**2/Hz)

o
o

pu—y

g
o

.‘"
o

N
o

o

o
o

0.3

o
N

o

0.0

Journal of the Society of Naval Architects and Marine Engineers, R. 0.C, Vol. 9, No. 1 {1990}

CABLE WITH NON—PERFORATED PET SHROUD
REDUCED VELOCITY : 15.28,

16.06, 16.35, 16.89, 17.63, 17.96

( FROM BOTTOM TO TOP )

FILE : C273 - C278

FT 1 T TN e

o Yogpataen g bpa sy pp ety pen gyttt orapyalsgataragad

5 10

15 20 2
FREQUENCY ( Hz )

Fig. 6. Transverse force spectrums for a cable

5

. with non-perforated PET shrouds :

71 CABLE WITHOUT CABLE WITH PERFORATED CABLE WITH NON-

1 PET SHROUD PET SHROUD PERFORATED PET SHROUD

JFILE: C204~C221 FILE: C238-C255 FILE: C267-C284

1( STAR ) ( RECTANGLE ) ( CIRCLE )

- .Q. ‘

] e, Mt

. e

: ° 2 a . S0 o oo o

4 o9 o 9 90 © 00 0 00 O a0 o o o
lll'[“ll]TTlllll‘rrlllllll‘l[llllll"T]llll'll'l]

4

12 16 20 24
REDUCED VELOCITY, Vr

Fig. 7. Variation of Strouhal number with reduced velocity

— 343 —



Min-Chih Huang, Shyong-Yu Baur: Hydrodynamic Forces
on Marine Cables with PET Shrouds

Another aspects revealed in Fig. 7 is that the
Strouhal numbers (or, vortex-shedding frequencies)
for cable and for cable with nbn-pcrforatéd shrouds
follow approximately the inverse diameter law, at a
ratio of 8.65 to 2.1. The variation of Strouhal num-
ber for cable with 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 appréximated in
terms of finite Fourier series. For example, the
transverse lift force may be expressed as

FL(t) = P DUZ [ CL(p)

[

-

Cu(n) cos (2n nfot » €n)] (4)
1

H ™ =

in shich t=time, F,(t)=lift force variation, p =the
fluid density, C_(0)=the mean lift force coefficient,

Ci(n)=the fundamemtal and higher harmonic lift
. force coefficients, € ,=the phase, and N=number of
components. The in-line drag may be expressed in a
similar form.

The transverse lift force coefficients, C,( )s,
for a bare cable are presented in Fig. 8, while the in-
line drag force coefficients, Cp( )s, are presented in
- Fig. 9. The mean forces measurements were directly
nondimensionalized to oStain the mean lift and drag
coefficients, C;(0) and C,(0). However the funda-
mental lift and drag coefficients, C, (1) and Cp(1),
were calculated from the sums of force spectral con-
tents in an interval of 20 frequency increments cen-
tered at of [3]. The force coefficients for the higher
* harmonic force components, e. g., C, (2) and Cpo(2),
were calculated similarly.

Figs. 8-9 indicate that:

1. In general the vortex shedding results in alter-
nating lift forces at the fundamental ﬁ'equericy,
-while the inline drags alternated at the second
harmonic.

2. Synchronization for both transverse and in-lipe

cable oscillations livs in the range of 5.6<Vr<82,
-Data shown in these two figures support what
has been described previously in Figs. 4 and 7,
The maximum amplitudes of force coefficients C
1(1) and Cp(2) occurs near Vr=6.6, with C.-
(1)=39 and Cp(2)=1.33.

3. Transverse oscillations occur within three adja-

cent regions. The first is in the range of
5.6<Vr<8.2. The second region lies in the range
of 8.6<Vr<9.2, with maximum amplitude occurs
near Vr=8.9. The third region extends behond
Vr=9.5. ’
The lift and drag forcc/ coefficients for cable
with ‘perforated shrouds are shown in Figs. 10 and 11,
respectively. A vilue of cable diameter D=2.1cm was
also used henceforth to calculate the force coeffi-
cients of cable with shrouds. Figs. 10-11 indicate that:
1. The transverse forces and inline drags are also
alternating at the vortex shedding frequency and -

their second harmonic, respectively.

2. Both trdnsverse and in-line strumming starts at

Vr>13.8 and lies in the range of 13.8<Vr<20.7.
The maximum amplitudes of force coefficients C,
(1) and Cp(2) occur near Vr=14.9 and 16.4, re-
spectively, with C;(1)=2.6 and Cp(2)=1.76.

3. Prior to and after the onset of synchronization

(Vr=13.8), the mean drag coefficient C,(0) 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.

4. The in-line strumming in the range of

149<Vr<173 can be characteristized by an al-
most constant drag coefficient of Cp(2)=1.7.
The lift and drag force coefficients for cable

with non-perforated shrouds are shown in Figs. 12

and 13, respectively. The results indicate that:

1. The dominant frequencies of the lift forces and
inline drags are still the vortex shedding frequen-
cies and their second harmonics. However the
magnitude of the third harmonic lift force coeffi-
cient, C;(3), increased rapidly as Vr increases.
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This phenomenon was illustrated ‘previously in

the transverse force spectrums. ‘

2. The fundamental lift coefficient, C, (1), increases
almost lineary with increasing Vr in the range of
11.37<Vr<21.83, also indicating that the test
range is not large enough to cover the whole
synchronization range for this model. The max-
imum amplitude of force coefficients C; (1) oc-
curs at the end of test range with C,(1)=3.37
at Vr=21.83.

3. The mean and the second harmonic drag coeffi-

' cients, Cp(0) and Cp(2), are approximately of
the same magnitudes for the whole range of
11.37<Vr<21.83. The maximum force coefficient
Cp(2) occurs near Vr=16.4 with a value of 4.16.

4. 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
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 cabie
with perforated shrouds.

APPLICATIONS

Marine cables made of synthetic fiber ropes
are mostly constructed by twisting several strands
around each other helically. This helical shape intro-
duces disturbances on the surface which further in-
teract with the vortex shedding mechaniosm, and the
wake structure becomes more complicated when
compared with that behind a cylinder. Since the al-
ternation of structural stiffness,or damping of a ca-
ble system is often not practical, cable strumming is
best avoided or reduced by attaching some form of
flow spoiling devices to disrupt the vortex shedding
process. The helical shape and the flexible nature of
cable itself present mechanical difficulties of attach-
ing any fixed type flow spoiling device, even when
the cable is wrapped with a smooth tubing. Numer-

ous strumming suppression devices have } ‘n pro-

posed and tested in the past, such as those reviewed

by Hafen et al, ‘[6], Fabula and Bedore [2],

Zdravkovich {10}, and Every et al,, [1].

Measured vibration characteristics in this
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 transverse
and in-line oscillations are 5.6<Vr<8.2 and
13.8<Vr<20.7, for bare cable and cable with perfo-
rated shrouds, respectively. Since the natrual fre-
quency of bare cable is approximately 2.2-2.7 times
that of a cable with shrouds in the same range of
mean tension, therefore, the two reduced velocity
ranges correspond to approximately the same flow
velocity range where synchronization - occurs. The
maximum force coefficients C, (1) and Cp(2) for a
strumming bare cable are C,(1)=3.9 and Cp(2)=1.33,
while the corresponding amplitudes are C,(1)=2.6
and Cp(2)=1.76 for a cable with 50% area perforat-
ed shrouds.

The advantages of using perforated shrouds
made from comfnercial PET .boﬁlcs as strumming
suppression devices for marine cables are:

1. Discarded PET bottles are easily obtained.and
the 'shrdt{ds can be fabricated at very low cost.

2. PET shrouds are omnidirectional and each
shroud (i.e., each bottle) .acts as a module. Stop-
pers can be clamped to any two points on the
cable to contain a desired length of shrouds. The
shrouds will not present fixing and handling
problems.

3. They are easy to replaced when damaged.

The disadvantage of perforated PET shrouds
is similar to that of any strumming suppression device,
i.e, they tend to increase the in-line drag, As a com-
parison, the mean drag coefficient lies in the range
of 1.0<Cp(0)<1.64 for bare cable and 2.78 <C,(0)
< 391 for cable with 50% area perforated shrouds,
respectively.

CONCLUSIONS
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“

Hydrodynamic forces on bare nylo.n 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. ’

1. Synchronization for both transverse and in-line
cable oscillations occurs 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 coefficient
of 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
can be reduced considerably.

3. Considerable work remains to determine the
best shroud configuration (i.e., 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 co‘nsidered as strumming

suppression device for synthetic marine cables.
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Age Characters of Albacore.Thunnus alalunga.in the Indian Ocean

Ying-Chou Lee* and Chin-Lau Kuo**

ABSTRACT

The characteristics of scale. otolith, vertebra. and spine,
and their suitability for age-reading of albacore. Thunnus
alalunga. are discussed. The scale. vertebra. and spine are
thought to be suitable for age-reading. The scale from the
ventral-posterior portion and upper measurement axis will be
considered. The 18 - 20th vertebrae and its measurement axis of
the dorsal-posterior side will also be adopted.

* Institute of Oceanography. National Taiwan University, Taipei.
Taiwan, Republic of China.

** Department of Fishery Biology. Taiwan Fisheries Research
Institute. Keelung. Taiwan. Republic of China. .
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INTRODUCTION

Albacore. Thunhus alalunga. were distributed throughout the
Indian Ocean between latitudes 20° N and 40° S. and mainly
between 15° S to 35° S (Shimizu 1979). Albacore were caught by
Taiwanese, Japanese. and Korean longliners. by France, Spain, and
Ivory coast purse seiners, and by Taiwanese gillnetters. The
catch of albacore and all of the species by longliners and
gillnetters in 1986 and 1987 were shown in Table 1. In 1986. the
total catch was about 51,000 MT. and albacore occupied about 51%
Although the percentage by the longliners was not high (30%) .
however. almost all of the catch (96%) by the gillnetters were
albacore. In 1887, the total catch was about 65.000 MI, and
albacore occupied only about 35%, however, albacore caught by the
longliners and gillnetters occupied only about 31% and 47%,
respectively.

Mimura (1957). Kikawa (1966). Ucyanagi (1969), Koto (1969),
Suda (1974). Morita (1977). Nishikama et al. (1985). Shiohama
(1985a.b; 1986a.b). Huang et al, (1986), and Lee and Lin (1388)
have dealed with (1) larvae distribution: (2) movement and
distribution: (3) assessment of the stock resource by production
model: and (4) determination of the best shape parameter
coefficient m and significant. age group k., etc., but there were
almost none studying the age and growth of albacore in the Indian
Ocean. Therefore. the characteristics of scale, otolith. vertebra

and spine were described in this paper. and their possibility
for age-reading will be studied.
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Relationship between fork length and body weight

The relationship between fork length (FL.cm) and body weight
(W. kg) was shown in Fig. 6. Although the samples were composed
of larger fish ( =z 70 cm. by longliners) and smaller fish ( <
70 cm, by gillnetters), its relationship can be expressed with an

b ,
exponential equation:WN = a.FL .and the equations are as follous:
A - -5 2.8676
Male : W=3.3833x10 FL '
| -5 2.822

Female : W = 4.183 x 10 FL

Characteristics of scale. otolith., vertebra. and spine

Scale, otolith, vertebra. and spine were shown in place 1.
The scale was small and thin, however . the rings can be read
clearly under the mlcroscope The percentage of the regenerated
scales from six portions of body was shown in Table 2. The
occurrence of the regenerated scales in portion A and D were high
to 100%. and portlon F was the lowest, 30.77%. Fig. 7 shows the
mean. standrad error (SE). and coefficient of variation (CV) of
three measurement axes of portion F. The A measurement axis shous
the smallest value of SE and CV. whereas, it is as long as B or C
measurement axis. Therefore , the scale was considered to be a
good age character and suitable for age-reading., moreover.
portion F and A measurement axis will be adopted in the future
studies. '

The otolith was oval-shaped. thin. and tiny. It was also
fragile and broken easily. Under the microscope. the rings were
difficult to identify. therefore the otolith was not considered
to be a suitable age character in age determination.

Nine specimens with fork length ranging from 70.7cm to 71.7
chm were randomly sampled and studied to compare the variation of
length, width, and height between 37 vertebrae (Fig. 8). The 1-
8th and 30-37th vertebrae appeared a great deal of variation.
however, the 9-29th vertebrae appeared rather homogeneous in
their length, width. and height. Moreover, the CV values of the
1-8th and 30-37th vertebrae were also greater than those of the
9-29th vertebrae. Fig. 9 shows the growth rate of each vertebra

— 354 —




MATERIALS AND METHOD

Albacore specimens were collected at Kaohsiung fish market
from the landings of Taiwanese longliners and gillnetters which
operated in the Indian Ocean from December 1985 to April 1988.
The fishing areas of the longliners concentrated in three region:
(1) 10° N-5" S. 8° E-95" E: (2) central Indian Ocean: and
(3) 35° S - 40° S. whereas the gillnetters concentrated in two
regions: (1) Arabian Sea and (2) central Indian Ocean (Fig. 1)

After measuring the fork length . body weight ., and
identification of sex of specimens. the scales were removed from
six protions of the left side of the fish (Fig. 2). and the other
hard tissues.i.e.., otolith, vertebra. and spine were also removed
The percentage of the regenerated scale for each portion was
calculated. Three measurements for each scale were also made to
determine the most suitable measurement axis of the scale (Fig.3)
. The otolith of both sides and the first spine of the first
dorsal fin were removed and cleaned with water. The vertebrae
were removed and boiled in tape water for about 30 minutes and
brushed away remaining connective tissue. and soaked in 3% KOH
solution for about 12 hours. After drying. the length, width, and
height of each vertebra were measured (Fig. 4), and then were cut
by electrical saw horizontally. Four measurements were made for
each vertebra to determine the most suitable measurement axis of
the vertebra (Fig. 4).

RESULTS

Length frequency distribution

Length frequency distribution of sample specimens from the
Taiwanese longliners and gillnetters were shoun in Fig. 5. The
fish caught by longliners were larger. ranging from 60 cm to 122
cm, mode at 112 - 114 cm. and mean value at 98 cm. however., the
fish caught by gillnetters were smaller., ranging from 42 cm to
102 cm. mode at 74 - 76 cm. and mean value at 79 om.
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for fish of 90.5 cm/71.2 cm. 81.3 cm/71.2 cm, and 64.5 cm/71.2 cn
. The three curves were separate each other, and their variation
were also little, especially for the 9-28th vertebrae. therefore
the 9-29th vertebrae were all suitable for age-reading. Also, the
CV values at the 18-20th vertebrae were the lowest (Fig. 8). When
used for age-reading. 18-20th vertebrae will be adopted. From
Table 3. it is also clear that the CV- value of the B (dorsal-
posterior) measurement axis is the lowest. Therefore. this
measurement axis will be used when the vertebra is read and
measured.

The first spine of the first dorsal fin was hard. There were
no rings can be identified from the outer surface. The spine will
be cut by slow-speed saw before reading as Gonzalez-Garces and
Farina-Perez (1983). who thought the rings can be read easily and
clearly when cutting about 15 mm from the base of the spine.
Therefore, the spine seemed to be a suitable age character.

CONCLUSION

The above results show that (1) the scale may be a good age
character, but it is difficult to maintain long time: (2) the
otolith may be not good. because of its thin, tiny.. and fragile
characteristics: (3) the vertebra may be a good one,because it is
easy for preliminary treatment, and can be maintained long time,
however, the vertebra must be sampled from the whole fish body:
and (4) the spine also may be a good one, according to Gonzalez-
Garces and Farina-Perez (1983).

In the future, we will sample the specimens of albacore from
the catch of Taiwanese longliners and gillnetters which -operated
in the Indian Ocean continuously, and to proceed the age-reading
by suitable age characters so as to age and study the growth of
the fish.
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Table 1.

The catch of all species and albacare

in the Indian Ocean, 1385§-1947,

by the Taivaness longliners and gillnetters

Unit : N.T.
Year Species Longliner Gillnetter Total
1986 All species 35,143 15,892 51,038
Albacore 10,708 (30.47) 15,262 (96.04) 25,970 (50.89)
-1987 ALl species 46,504

Albacore

14,203 (30.54)

18,281
8,651 (47.32)

64,1785
22,854 (35.28)

vhere: the fligures in the parenthesis indicate the percentage of albacore.

Table 2. Percentage of regenerative scale from six partions of albacore.
Portion A B8 c ] E F
Regenerative 104 106 67 113 233 40
scale :

Tatal specimen 104 113 108 113 262 130
Parcentage of

tegenerative 100.00 79.70 62.04 100.00 88.93 .17
scale (1)
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‘table 3. Mean, ;tandard error (S.E.) and coelficient of variation (C.¥.) of different measurement

azes of vertebra.

Unit @ xm (X 16X)

Portion [Statistics | Dorsal-anterior  Dorasl-posterior Ventral-anterior  Ventral-pdsterior

O I ® © (0)

Kean | 6441 69.56 62.60 . 61,28
18 SE | L8 150 R N S an
C.v.(1) 2.87 .1 4.89 .19
Hean 65.01 69.73 §3.%2 68.44
19 S.E. .13 2.35 ’ 3.02 ‘ i
c.v. (1) {.20 1. «“n 5.42
Nean 66.09 10.91 €1.68 67.43
20 S.E. .92 2.45 3.82 3.38

C.V.(D) .42 3.46 5.71 5.01
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