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The modification of schooling behaviour in larval sea bass,
Dicentrarchus labrax, by sublethal concentrations
of methyl parathion”

Madelaine A. WILLIAMS**

Abstract: The species-typical schooling behavioural repertoire of larval sea bass, Dicentrarchus
labraz, was examined and is described in this paper. Experiments were conducted to determine

the cifects of sublethal concentrations of methyl par

1

hion, an organophosphate insecticide and

anticholinesterase agent, on their schooling behaviour. The fish were exposedio 2.50, 5.00
and 10.00 ppm of the toxicant for periods of 2, 8, 24 and 48 hours. The results demonstrated
distinct modifications in their schooling patterns; there was generally little or no correlation

of dosage with period of exposure; deviations in schooling behaviour were maximal and

ignment in contrast to the controls.

schooling species of fish.

1. Introduction

The biclogical effects of pesticide contamination
of the environment have been studied principally
from physiological or developmental points of
view. Another approach, which has received
some attention, is concerned with the mechanism
and patterns of behaviour of the organisms living
in the altered environment (KLEEREKOPER, 1976;
EISLER, 1979). DBehaviour is the result of an
animal’s growth in its environment; when an
animal lives in a species-typical environment,
species-typical behaviour emerges. If, on the
other hand, the animal’s environment is atypical,
subtle or conspicuous modifications occur and
affect the expression of behaviour (WILLIAMS
and SHAW, 1971; WILLIAMS, 1976). Since a
pollutant alters the environment in some way,
those organisms that are living in it will probably
be affected behaviourally. If the behavioural
modification is deleterious, there may be a gradual
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Iting in statistically significant declines in dur
i The test &

ious in fish exposed to 10.00 ppmn of methyl parathion. The most conspicuous modification
deterioration of social attraction and interaction in the three groups of test fish,

ation and frequency
1ges in locomotor

Behavioura! medifications caused

depletion of the species over a long period of
time and eventual extinction.

Analyses of non-adaptive behavicural changes
caused by pesticide pollution may be sensitive and
meaningful indicators by which ‘‘safe” con-
centrations of pesticides may be determined
(SPRAGUE, 1971; BULL and MCINERNEY, 1974;
LIVINGSTON, 1977). In addition these analyses
may be valuable in demonstrating that the be-
havioural modifications produced by the toxicant
vary at different dosages, and may develop at
concentrations which are considered too low . to
elicit other biological effects (HOLDEN, 1973).
Exposure of fish to sublethal levels of pesticides
may be more critical than individual deaths
caused by lethal concentrations (KLEEREKOPER,
1974); if subtle or conspicuous changes occur in
their behaviour, these may be of long-term
ecological significance.

Schooling in fish was investigated in this
research; it is a vital adaptative behaviour, en-
suring species survival by facilitating life functions
as protection from predators, reproduction, socia-
bility, finding of food and energy conservations
Disruption of schooling may, indeed, jeopardize
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the animal’s success in its environment. Schooling
develops gradually with larval fish initially
demonstrating patterns of approach and with-
drawal which later decrease in frequency and are
replaced by sustained parallel orientation and
swimming in schools (WILLIAMS and SHAW, 1971,
WiLLiAMS, 1976).

The experiments were conducted in Concarneau,
Brittany, France at the Laboratoire Biologie
Marine, Collége de France, in order to determine
the effects of a range of sublethal concentrations
of methyl parathion on the species-typical school-
ing behavioural repertoire of sea bass, D. labrax
(LINNAEUS, 1758), for varying perionds of ex-
posure from 2 to 48 hours. These schooling
fish are widely distributed in Breton coastal
waters and estuaries and are exposed to fluctuating
sublethal concentrations of the polyvalent organo-
phosphate, methyl parathion; it is used as an
agricultural insecticide and discharged into water-
sheds and the ocean where it undergoes dilution
processes (ROUGER, 1988). Methyl parathion is
an anticholinesterase agent which affects the
nervous system of fish and may produce changes
in their schooling behaviour. The subjects of
the experiments were feeding larvae which are
the most sensitive of the different life stages of
fish to pesticides (BUTLER, 1964; MURTY, 1986).
This study was designed to detect and quantify
subtle or conspicuous behavioural modifications
of the fish to the altered environment.

2. Materials and methods

Experimental fish and maintenance

Approximately 375 sea bass, D. labrax, 72
days of age, with a median length of 6.50 mm
were obtained from the hatchery of the Centre
National pour I’Exploration de Océans, Centre
Océanologique de Bretagne (CNEXO) in Brest,
France; they were a small part of a huge,
genetically homogeneous population. The fish
were maintained during the experiments in a
tank (designated as home tank) which measured
9l cm in length and 50 cm in width; the water

level was 26cm - and was natural, - filtered
sea water with a salinity of 24%. It was

continuously aerated and circulated by several
air stones and was* partially- ‘discarded ‘and- re-
plenished on a’daily basis. All tanks, ‘containing
the toxicart, were ‘covered securely ‘with  plastic

sheeting to prevent its volatization into the
atmosphere. In addition, as with the home tank,
regular and frequent replenishment of the medium
was done to maintain constant concentrations o
the insecticide. The lighting in the laboratory
was natural with an ambient temperature of 21+
1°C, similar to that of the hatchery in CNEXO;
the fish were also fed the same diet of pellets of
dried shrimp and fish, ten to twelve times daily.
Rigid controls were applied to the handling of
the fish and maintenance of stable environmental
conditions for all parts of the experiment.

Methyl parathion is manufactured in France
under the name of Ecadion methyl Sedagi, Ugine
Kuhlmann (0,0-dimethyl 0-p-nitrophenyl phos-
phorothioate). The determination of sublethal
dosages was made by conducting relative toxicity
tests on 54 animals. FEach test consisted of a
group of 2 fish which was placed in a 1 litre
container of thoroughly aerated sea water and
a particular concentration of Ecadion methyl,
ranging from 0.75 to 50.00 ppm. A total of 19
dosages plus 3 controls resulted in 27 tests;
frequent observations on survival of the fish were
made over a period of 48 hours. All of the fish
died in the following concentrations: 12.50 ppm
at 90 minutes, 25.00 ppm at 60 minutes and 50.00
ppm at 2 minutes. They survived in 16 different
concentrations, ranging from 0.75 to 11.55 ppm
for the exposure period of 48 hours. It was thus
decided to expose and test the fish at 2.50, 5.00
and 10.00 ppm for 2, 8, 24 and 48 hours in order
to comprehensively examine the effects of these
subacute levels of methyl parathion on the species-
typical schooling behavioural repertoire of larval
D. labrax.

Procedures of grouping and exposure of fish
to the pesticide

Table 1 summarizes the details of the experi-
mental design. In order to acclimate the fish
to the dimensions of the exposure tank, groups
consisting of 8 fish were transferred from the
home tank to small holding tanks for a period
of 8 hours or overnight prior to exposure and
testing. The holding and exposure tanks were
of the same dimensions, measuring 28 cm X 23 cm
%23cm with a capacity of 3 litres of water.
The tanks were covered and thoroughly aerated
for several hours-ptidr to.reception of - the: fish.



Modification of schooling behaviour in larval sea bass 175

Table 1. Experimental design — grouping and exposure of fish to pesticide.

Period of
e?ﬁ)osur)e Group exposed to varying concentrations of methyl parathion in ppm
ours,
0.00 2.50 5.00 10.00 Total Total
N of N of N of N of N of N of
Group? Group? Group® Group? Tests Fish
2 5 5 5 5 20 80
8 5 5 5 5 20 80
24 5 5 5 5 20 80
48 5 5 5 5 20 80
Totals 80 3200

N=number. @ Four fish formed a group. P Fish were naive to testing and exposure to pesticide.

Procedures of testing and recording of obser-

vations

The methods of testing and recording of be-
haviour were basically similar to those done in
previous studies (WILLIAMS and SHaw, 1971;
WILLIAMS, 1976). The tank that was used for
testing was circular, 70cm in diameter with a
water level of 5cm and a capacity of 16 litres of
water; it was illuminated directly by a 10-watt
opaque light suspended 38cm above it. The
fresh sea water, which was introduced into the
test tank for each test, contained the same
concentration of methyl parathion to which the
test fish were previously exposed. Prior to each
test, the tank was covered with plastic sheeting,
and the sea water was aerated for a minimum
of 10 minutes.

The four test fish were individually and gently
poured from a small cup into the test tank at
specific times. The first fish remained alone for
three minutes; the second was introduced at the
end of that period; the third three minutes later
and the fourth three minutes after that; the fish
were introduced at the same location in the tank.
During each three minute period, observations
were made of the behaviour of the newly intro-
duced fish. Table 2 summarizes the test pro-
cedure; a total of 23 minutes of recorded data
was collected for each of the tests. All fish
were naive to testing and exposure to methyl
parathion;

The Rustrak Event Recorder, a miniature re-
corder and keyboard designed on the Esterline
Angus multievent recorder (TOBACH et al., 1962),
was operated to simultaneously record sequence,
frequency and duration of behaviour of the fish.-

Quantitative recordings were made of: (1) dura~:

Table 2. Procedures of testing of fish.

Time period Iﬁnggéeg a?iréf Procedure
1 through 3 min. Fish No. 1 introduced;
3 min. no behaviour recorded
4 through 3 min. Fish No. 2 introduced;
6 min. behaviour of fish No. 2
recorded
7 through 3 min. Fish No. 3 introduced;
9 min. behaviour of fish No. 3
recorded
10 through 3 min. Fish No. 4 introduced;
12 min. behaviour of fish No. 4
recorded
13 through 12 min. Behaviour of all fish
24 min. recorded
30th min. 1 min. ys v »s
36th min. 1 min. " ' v

tion of approach-orientation: one fish approaches
another to within 3mm or less and both remain
near each other; (2) duration of parallel orien-
tation: two or more fish approach each other,
orient into position parallel to each other and
swim in a school; (3) frequency of realignment
within the school: parallel reorientation of fish
succeeded by change in direction of the school;
this action is preceded by energetic and rapid
swimming by the members, followed by a brief
pause of 3 to 4 seconds, during which time they
turn around simultaneously in the same direction
to observe and wait for a solitary conspecific
that is lagging behind, or one that is stationary
and located near their swimming path; the fish
joins the-group; the parallel formation is subse-
-quently compressed when the fish turn laterally
in unison, reorient and swim in another direction.
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Statistically significant differences among the
means of the above parameters were determined
by analysis of variance using IBM Scientific
Subroutines in Fortran; all comparisons of means
were on a pair basis.
Qualitative observations
general organization of the schools, locomotor
behaviour and unique behaviours demonstrated
by the test fish. Feeding behaviour was also
noted in both the home and exposure tanks as
well as the general behaviour of the fish when
they were transferred after testing to a community
tank of fresh, aerated sea water.

were made of the

Results

General results

The basic research that was conducted in these
experiments involved the observation and analysis
of the species-typical schooling behavioural re-

3.

, 1989. .

serve as. the norm for comparison with the
fish that were exposed to the pesticide or
atypical environment. The repertoire consisted
of the following patterns of behaviour: (1) limited
duration of approach-orientation, non-polarized
aggregating of fish when they approach each
other and remain adjacent to within 3 mm; (2)
the latter behaviour develops into the dominant
activity, polarized parallel orientation, when the
the fish approach each other and orient in sus-
tained paralle! formations or schools; the fish
swim in the same direction with close intra-fish
spacing of approximately 1mm, augmented by
synchronized swimming movements and speed,
and (3) frequent realignment within the schools,
as described three
patterns of schooling behaviour are the mutual,
positive biosocial attraction and interaction of the

fish.

above. Intrinsic to these

S

pertoire of larval D. labraz; this would The results of the experiments generally indi-
Table 3. Intergroup comparisons of mean duration of approach-orientation.
Hours of Control Group exposed to Group exposed to Group exposed to
exposure group 2.50 ppm methyl 5.00 ppm methyl 10. 00 ppm methyl
parathion parathion parathion
N Mean? N Mean? N Mean® N Mean®
2 5 212.1 5 450. 4 5 448.2 5 195.8
8 5 62.1 5 337.0 5 461.2 5 184.8
24 5 51.9 5 164.6 5 349, 2P 5 131.0
48 5 46. 4 5 48.9 5 28.9 5 36.0
N=number. 2 Means are expressed in seconds.
b This group is significantly different from the other three groups (P<(0.05).
500
0.00 PPM GROUP
——————— 2.50 PPM GROUP
200-] - - 500 PPM GROUP
— — — 10.00 PPM GROUP
300
MEAN DURATION \‘
IN SECONDS \\
200 .
100 T~ N
I
~
0= T T |
2 8 24 8

HOURS OF EXPOSURE TO METHYL
PARATHION

Fig. 1. Comparisons of duration of approach-orientation.
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cated that schooling behavicur in larval D.
labrax was considerably modified by exposure
to subacute concentrations of methyl parathion.
Duration of parallel orientation and f{requency of
realignment within the schools declined signifi-
cantly in the three groups of test fish in contrast
to the control group. The addition of the toxi-
cant to the medium resulted in various new and
deleterious behavicurs in the three groups of fish.
There was some diminution of locomotor ability.
Dispersal of schools occurred with ongoing pro-
gression of the tests; schools when present were

disorganized with wide intra-fish spacing. The
fish were irritable and in some cases veered

away from each other. Their tail regions were
they performed wundulations, circum-
volutions, serpentine movements and swam up-

right in the water as well as around the circum-

curved;

177

ference of the tank. Social attraction and inter-
action were greatly deteriorated. The deviations
in schooling patterns were maximal and con-
spicuous in the fish exposed to 10.00 ppm of
methyl parathion for all periods of exposure.

Quantitative results

Intergroup and longitudinal comparisons of means
of duration of approach-orientation, duration of
parallel orientation and frequency of realignment
within schools are presented, respectively, in
Table 3, Fig. 1; Table 4, Fig. 2; Table 5, Fig.
3. Statistically significant differences (P<0.05)
among the means are specified in the Tables.

Duration of approach-orientation was reduced
in the control fish, while the test fish demonst-
rated slightly higher durations at 2, 8 and 24
hours with a subsequent decline at 48 hours, so

Table 4. Intergroup comparisons of mean duration of parallel orientation.
Hours of Control Group exposed to Group exposed to Group exposed to
exposure group 2.50 ppm methyl 5.00 ppm methyl 10. 00 ppm methyl
parathion parathion parathion
N Mean? N Mean? N Mean? N Mean?
2 5 727.2b 5 431.7 5 57.7 5 4.5
8 5 962.1P 5 650. 6 5 118.0 5 6.3
24 5 1063. 9 5 874.2P 5 300.9 5 15.0
48 5 1087.2b 5 759.1 5 423.3 5 28.3

N=number. 2 Means are expressed in seconds.

1200

1000

800

MEAN DURATION
IN SECONDS
600

400

200

b This group is significantly
different from the other two or three groups (P<(0.05).

0.00 PPM GROUP
250 PPM GROUP
- 5.00 PPM GROUP

— — — 10.00 PPM GROUP

HOURS OF EXPOSURE TO METHYL

PARATHION

Fig. 2. Comparisons of duration of parallel orientation.
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Table 5. Intergroup comparisons of mean frequencies of realignment.
Hours of Control Group exposed to Group exposed to Goup exposed to
exposure group 2.50 ppm methyl 5.00 ppm methyl 10. 00 ppm methyl
parathion parathion parathion
N Mean N Mean N Mean N Mean
2 5 66. 22 5 16.2 5 4.2 5 2.4
8 5 37.02 5 9.4 5 4.4 5 6.4
24 5 40. 8% 5 9.6 5 7.4 5 0.2
48 5 13. 62 5 2.6 5 7.8 5 0.2
N=number. 2 This group is significantly different from the other three groups (P<C0.05).
70
0.00 PPM GROUP
60—\ e 250 PPM GROUP
- - 5.00 PPM GROUP
501 — — — 10.00 PPM GROUP
MEAN 407
FREQUENCIES
30
20—
10—
0

HOURS OF EXPOSURE TO METHYL
PARATHION

Comparisons of frequencies of realignment.

Fig. 3.

that all four groups were the same for the
(Fig. 1). The

adverse effects of methyl parathion were demon-

maximal period of exposure
strated in duration of parallel orientation and
frequency of realignment. The control fish dis-
played statistically significant higher duration and
frequency, respectively, in these 2 parameters;
there were no significant differences in the longi-
tudinal comparisons (Table 4, Fig. 2; Table 5,

Fig. 3).

Qualitative observations

Two hours

The control fish formed cohesive schocls with
the members closely spaced at 1 to 3 mm apart.
They swam in short, darting movements, and
there were some changes in the direction of the
schools. When this occurred, the fish immedi-
ately oriented parallel to each other, subsequently
synchronizing their swimming movements. This

resulted in uniform schools usually composed of
4 fish and persisting for several seconds to a
minute in duration. As the time progressed in
the tests, the schools improved in cohesiveness
There
strations of approach-orientation behaviour with
fry grouping together at distances of 2 to 3mm.

The fish that were exposed to 2.50 ppm methy!
parathion for two hours exhibited a decline in
locomotor ability in comparison to the controls;

and composition. were many demon-

they swam at a slower pace; their approaches,

followed by orientation, were slower. Schooling
occurred, but most of the time was spent in
orientation. Many of the fish appeared to be
irritable and nipped at each other; their bodies
assumed a curved posture especially in the tail
region; other fish swam in circles. There was
generally a decline in the duration of parallel
orientation in contrast to the controls.

The behaviour of the fish exposed to 5.00
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ppm of methyl parathion was characterized by a
dramatic decline in parallel orientation; approach-
orientation was the dominant activity. It was
of long duration and frequent since the fish
showed a definite interest in each other and in
schooling together, but these attempts were
thwarted by their inability to swim. They
demonstrated their affinity for each other by
huddling close together. Some of the fish had
curved bodies, especially pronounced in the tail
region. The fish were very much subdued in
comparison to the fish exposed to 2.50 ppm.
Aggressiveness was observed as fish nipped and
occasionally chased each other which resulted in
withdrawals.

The fish that were exposed to 10.00 ppm
methyl parathion generally displayed some dimin-
ished locomotor ability, characterized mainly by
undulating, quivering serpentine movements;
their tails were curved. They swam past each
other with no interaction or cognizance of each
other.
tation behaviour and parallel swimming.

Eight hours

Schooling activity for the controls was generally
There was a decrease in duration of
approach-orientation correlated with an increas®

There were little or no approach-orien-

cohesive.

in duration of parallel orientation in comparison
to the fish tested after 2 hours. The fish to
fish distance was close at 1 mm; swimming speed
was fast and quick darting movements were
conspicuous. Schooling improved with the pro-
gress of the test. Realignment occurred frequently
with its characteristic social interaction among

the fish.
other as illustrated by members of a school which

They were very much aware of each

hesitated in their swimming for several seconds
to turn around in order to observe a species
mate that was following, or in some cases to
observe a solitary, stationary fish. In each in-
cident, the school waited for the conspecific to
join it.

The fish that were exposed to 2.50 ppm for
eight hours demonstrated haphazard schooling of
short duration, but there was a definite improve-
The fish swam
faster; some fish were irritable and moved in
circles; their tails were curved. Their desire to
school was indicated by aggregating closely,

ment over the 2 hour exposure.

resulting in parallel swimming at 1mm apart;

some realignment was exhibited. The close
communication among the fish was conspicuous.
They huddled very tightly together and oriented
to each other. Some fish exhibited irritability
and sensitivity to environmental sounds and
movements by darting in the water.

The fish that were exposed for eight hours to
5.00ppm of the pesticide were inactive and
lethargic. There was frequent approach-orien-
tation; the fish grouped closely together and
attempted to school, but this was frustrated be-
cause of diminished locomotor ability. The fish
were extremely irritable. There were occasions
in which the fish were located far from each
other, moving in their individual spheres.

The fish exposed to 10.00 ppm of methyl para-
thion demonstrated similar behaviour as at 2
hours, but with the addition of circumvolutions
produced mainly by the fish circling about their
own axes or occasionally moving in small circles.
They were totally unresponsive to each other
even when swimming immediately adjacent to a
species mate. There was the distinct absence
of approach-orientation, parallel formations and
realignment. They also appeared to be non-irri-
table and failed to respond to environmental
sounds. The fish demonstrated a quivering,
undulating movement as at 2 hours, but they
also swam rapidly around the circumference of
the tank.

Twenty-four hours

Schooling in the control group was cohesive
and characterized by rapid swimming and close
fish to fish distances of 1 mm. A frequent occur-
rence was realignment with its distinctive,
positive social communication among the fish.
The fish demonstrated a great affinity {or each
other in their realignment behaviour.

The fish that were exposed to 2.50 ppm ex-
hibited an increase in parallel orientation over
the 8 hour exposure to the pesticide. Schooling
persisted, but it was haphazard, typified by frequent
reversals in direction of swimming; this was
initiated by one fish which was subsequently
followed by the other members of the school.
which the
swimming movement was slow, and the fish
appeared to be waiting for species mates to
join up with them. Fish to fish distances were

The fish. frequently

There were a few incidents in

wide at 4mm or more.
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circumrotated on their own axes. Improvement
in schooling behaviour correlated with increase
in progress of the test at 25 to 30 minutes.
Some schooling was exhibited by fish exposed
to 5.00ppm of insecticide. Swimming was
characterized by slow, short, hesitant, undulating
and meandering movements. There were sporad-
ic bursts of rapid swimming in schools. Aggress
siveness was expressed by frequent chasing of
one fish after another with subsequent rapid
withdrawals. The fish also demonstrated extreme
irritability by a horizontal back and forth move-
Their bodies were curved and circum-
They were acutely aware of

ment.
rotation occurred.
each other as indicated when one fish was station-
ary; its conspecific approached and oriented for ap-
proximately a second and then swam away.

The schooling behaviour of the fish exposed
to 10.00 ppm of methyl parathion for 24 hours
was similar as at exposures of 2 and 8 hours.
Locomotor ability, however, improved slightly,
but interaction and awareness of the fish for each
other, as well as schooling, were negligible. They
exhibited occasional withdrawals from species
mates which were located close by and were
involved in circumrotating on their axes. Some
fish sporadically demonstrated bouts of swimming
around the circumference of the tank for as long
as 60 seconds. They sometimes swam upright
and close to the surface of the water; their
bodies were curved. Movements were erratic,
and each fish performed its own action, seem-
ingly oblivious of species mates in the tank.

Forty-eight hours

The schooling of the controls at 48 hours was
cohesive and well organized with close fish to
fish distances. Again as at 2, 8 and 24 hours,
the fish in a school hesitated in their locomotion
for a slower-swimming species mate to catch up
with them; there was a high duration of parallel
orientation.

The fish exposed to 2.50 ppm of methyl para-
thion exhibited schools that were less cohesive
than at 2, 8 and 24 hours. The distance between
the fish was wide at 4 mm or more and swim-
ming was rapid. There were frequent reversals
of direction of swimming by members of the
school: The duration of most schools was 60
seconds, and they dispersed with passage of time
in the test; In addition there was a diminution

of sensitivity and awareness of the fish of each
other; they swam past each other without
communication.

The fish exposed to 5.00 ppm of methyl para-
thion for 48 hours exhibited improved swimming
ability compared to their species mates at 2, 8
and 24 hours at the same concentration. They
swam closely past each other and did not appear
to communicate. Their bodies quivered as they
swam, and this action was more pronounced than
at 24 hours; they swam quickly at times. Limited
schooling occurred, but it was very brief in dura-
tion, highly incohesive and disorganized with wide
fish to fish distances of 4mm or more. There
was dispersal of members with ongoing progres-
sion of the test.

The same behaviour prevailed for fish in 10.00
ppm insecticide for 48 hours as in the groups at
2, 8 and 24 hours. They were, however, livelier,
swimming high in the water, occasionally ex-
hibiting sudden bursts of energetic swimming;
fish that passed each other in this manner appeared
to be completely disinterested in each other.
There was generally no interaction among the fish.
Circumrotations occurred, but were much dimin-
ished in frequency in comparison to fish exposed
to 10.00 ppm methyl parathion for 2, 8 and 24
hours.

General observations of fish in their living

environments

The experimental fish did not feed in the holding
tanks to which various concentrations of pesti-
cide had been added. This was in dramatic con-
trast to the controls in the holding tanks and other
fish living in the home tank, which fed avidly.

The fish that were exposed to methyl parathion
were transferred after testing to tanks containing
fresh, aerated, uncontaminated water. They ex-
hibited all the effects of the pesticide after 24
hours. They did not school, but oriented close
to each other; their swimming movements were
slow and hesitant. Approximately 4 days later,
all of the fish appeared to have recovered; they
were swimming, schooling and feeding in the
same way as were the control fish.

4. Discussion
Ejffects of sublethal concentrations of methyl
parathion on schooling behaviour
The present experiments demonstrated the
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debilitating effect of the pesticide on locomotor
ability of the experimental fish, D. labraz.
Similar results have been reported in the literature.
Sublethal concentrations of organophosphate
pesticides decrease activity of fish brain acetyl-
cholinesterase (WEISS, 1961). BONE (1978) con-
cluded from his studies that acetylcholinesterase-
mediated transmission of nerve impulses through
the central and peripheral nervous systems is
necessary for coordinated muscle movement.
This suggests that swimming or locomotor
activity may well be affected by exposure to
these compcunds. RAND (1977) demonstrated
that the general locomotor behaviour of goldfish
was adversely affected by subacute concentrations
of methyl parathion. MURTY et al. (1984) also
observed behavioural changes in the swimming
performance of the freshwater catfish, Mystus
cavasius, as a result of exposure to subacute
levels of the toxicant. The affected fish swam
rapidly and erratically, often performing somer-
saults. Significant inhibitory effects of subacute
levels of two other organophosphate pesticides,
EPN and guthion, on the swimming ability and
brain acetylcholinesterase activity in the estuarine
sheepshead minnow, Cyprindon variegatus, were
reported by CRIPE er al. (1984).

The effect of subacute dosages of methyl
parathion on the locomotor ability of D. labrax
was primarily a retardation of swimming speed;
at various times, the movements of fish were
slow, hesitant, quivering, undulating or meander-
ing, and sometimes there were rapid bursts of
swimming. Nevertheless, all of the experimental
fish retained the ability, although limited, to
swim. Indeed, this slow locomotion may have
contributed partially to the slightly higher dura-
tion of approach-orientation, a nonpolarized
orientation, in the test fish, than that of the
controls (Table 3, Fig. 1); the former fish re-
mained together or aggregated for longer periods
of time, whereas the latter showed a reduced
duration of aggregation, and in most cases
oriented in parallel swimming immediately after
the approach. This behaviour was part of the
species-typical schooling repertoire of larval D.
labrax.

Locomotion is a component of schooling be-
haviour; sublethal of methyl
parathion as high as 10.00 ppm for a period of

concentrations

exposure of 48 hours did not eliminate it com-
pletely. The fish in the 10.00 ppm groups were
swimming, but parallel orientation was almost
non-existent. Directly related to this phenomenon
was a striking behavioural modification: the
complete absence of social interaction. The fish
swam past species mates which were situated
immediately adjacent, without any communication
or awareness. ‘There was no affinity or attrac-
tion of the fish for each other. Methyl parathion
appeared to have a stupefying effect. Similar
behaviour, but of a lesser magnitude, was ex-
hibited by the fish exposed to 2.50 and 5.00 ppm
at 48 hours. The three test groups also showed
statistically significant lower duration of parallel
orientation in comparison with the control fish
(Table 4, Fig. 2). The decline of social interac-
tion in the test groups was alsc directly correlated
with their decline in frequency of realignment
behaviour, characterized by the unique and
positive social communication of the fish (Table
5, Fig. 3).

Schooling behaviour is a social behavicur; itis
initiated and based on biosocial mutual attraction
of the fish which leads to sustained parallel
orientation. Methyl parathion, in its role as an
anticholinesterase agent, may have adversely
affected the visual system of the fish which
functions as the primary sensory modality in the
attraction-approach mechanism and in paraliel
orientation. This system integrates with other
sensory systems to provide information for sus-
tained parallel orientation. When the fish swam
past conspecies without any communication, this
may have been caused by their inability to interact
visually which resulted in the absence of a
stimulus for the apprcach. When there was no

approach, there was subsequently no parallel
orientation.

During the dispersal of schools in the experi-
mental groups, increases in the intra-fish spacing
occurred in the schools at 4mm and more. The
compact control schools were composed of fish
closely positioned at lmm apart. WEIS and
WEIS (1974) also observed a spreading out of a
school of Atlantic silversides, Menidia menidia,
over a large area after a 24 hour exposure to
Sevin, a carbamate compound, which acts simi-
larly to an organophosphate by inhibition of
acetylcholinesterase.
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Parallel orientation is also facilitated by the
lateral line system of fish which consists of nerves
that function as receptors to detect vibratory
stimuli of water movements made by adjacent
fish. It may be possible that these pollutants
had a detrimental effect on this system, so that
the fish did not receive the critical information
to properly orient in parallel formation and
maintain positioning in the school.

It appeared that the adverse effects produced
by sublethal concentrations of methyl parathion
on larval D. labrax did not persist, since the
fish were swimming without impairment, school-
ing and feeding after transfer to clean, uncontami-
nated water after approximately 4 days. It may
be of value to study the fish more intensively
with observations and testing in the pesticide-free
environment for varying periods of residence,
preceded by long periods of exposure to sublethal
levels of the toxicant. This may provide infor-
mation on the survival of the fish in the natural
environment after chronic exposure to subacute
concentrations of methyl parathion.

Effects of sublethal concentrations of methyl

parathion on feeding bebaviour

Feeding declined significantly in fish that were
exposed to sublethal concentrations of methyl
parathion; in cntrast the control D. labrax fed
avidly throughout the experiments. EISLER
(1967, 1970) reported similar results in the
northern puffer, Sphaeroides maculatus, and the
mummichog, Fundulus heteroclitus, when they
were exposed to methyl parathion. Reduced
feeding was also observed by KLEEREKOPER
(1974) in mullet when the food was contaminat-
Similar decreases in feeding
also occurred in coho salmon, Omncorhynchus
kisutch, in a stream aquarium exposed to sublethal
concetrations of the organophosphate, Sumithion
(fenitrothion) (BULL and MCINERNEY, 1974).
SPRAGUE (1971) reported that damage to periph-
eral sense organs by some pollutants negatively
affected the feeding behaviour of fish.

The return to normal feeding patterns in
addition to other behaviours occurred in the test
D. labrax approximately three to four days after
introduction to clean uncontaminated sea water.
This is similar to the findings of WEIS and
WEIS (1974) in their work on M. mendia. In
addition HOLDEN (1973) observed that fish that

ed with parathion.

had been exposed to a pesticide survived after
transfer to fresh water, but concluded that they
became more vulnerable to environmental variables.
Comparisons of schooling behaviour in larval
D. labrax, M. menidia and Atherina mochon
The species-typical schooling behavioural re-
pertoire was investigated in two species of
developing atherinid fish: M. menidia from 1 to
55 days of age (WILLIAMS and SHAW, 1971)
and A. mochon from 1 to 35 days of age
(WILLIAMS, 1976). The present experiments
involved D. labrax at 72 days of age. Data of
the three studies are not comparable because of
differences in ages of the fish; these age gaps
encompass multitudinous changes that occur during
the development of the fish. It may, nonethe-
less, be concluded from these researches that the
three species exhibited similar behavioural develop-
ment in their schooling patterns. They demon-
strated, in general, reduced duration of approach-
orientation with concommitant increased duration
of parallel orientation, since the fish upon their

mutual approaches immediately oriented into
parallel formations.

There were, however, two striking differences
in D. labrax as compared to the atherinid fish
that merit attention. The schooling repertoire
of the former fish showed the unique absence of
approach-withdrawal behaviour which usually
occurs initially in the development of schooling.
It is characterized by mutual attraction and
apprecach of the fish to within 3mm and an
immediate veering away from each other by one
or both of the fish. Frequencies of approach-
withdrawals in M. menidia tapered off steadily,
starting at 25 days of age and declined to a lew
or none at 55 days of age. Their age-peers of
A. mochon were, however, uniform in their
frequencies throughout 1 to 35 days. It is pos-
sible that these fish may show diminution in
approach-withdrawal behaviour after 35 days.
Perhaps D. labrax experienced appraoch-with-
drawals at an earlier period of development which
then declined completely prior to 72 days of age.

Another provocative difference between D.
labraxr and the two atherinid fish is that the
latter did not exhibit realignment behaviour with
its unique social communication. Since they
were studied respectively up to 55 and 35 days
of age, and this behaviour was observed in 72
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day old D. labraz, it may be that the sophisti-
cated social interaction and parallel reorientation
of the fish normally occur at a more mature
age in the development of schooling repertoire.
Further studies would have to be conducted on
the three species at comparable ages in order to
examine the above hypotheses.
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Relationship between turbidity of water and visual acuity of fish (4)

Fish reaction to twine barrier in turbid water*
Yoshihiko NAKAMURA** and Kanau MATSUIKE**

Abstract: The reactive distance to twine barrier and the number of crossing twine barrier
were examined for different beam attenuation coefficients (wavelength of gravity center, 486
nm) after changing twine diameters with Japanese parrotfish Oplegnathus fasciatus. The
reactive distance is estimated to decrease with increasing beam attenuation coefficient and the
difference of distance in twine diameter to become small. No fish crossed at twine barrier

!, while fish sometimes crossed

in water with beam attenuation coefficients lower than 0.6m~
over to the other side in the range higher than 1.0m™. The twine diameters at the limit of
fish crossing are calculated experimentally. For example, the twine diameters with a fish

swimming speed of 60 cm/sec are 1, 3 and 10 mm for the beam attenuation coefficients 0.3,

1.0 and 1.5m™, respectively.
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Fig. 2. Relationship between suspended particles
(mg/l) and the turbidity (beam attenuation co-
efficient; wavelength of gravity center, 486 nm).
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Fig. 3. Particle size distribution of sea bed mud
used.

Table 1. Apparent contrast of twine for different
turbidities after changing distance between fish
eye and twine.

Distance (cm)
Turbidity

(m=)) 100 150 200 250 300
0.3 8.8 7.6 6.5 5.5 4.9
0.6 6.5 4.8 3.6 2.6 2.0
1.0 4.4 2.6 1.6 1.0 0.6
1.5 2.6 1.3 0.6 0.3 0.1
2.0 1.6 0.6 0.2 0.1 0.03

Table 2. Ratio of crossing vertical twine barriers
of 2.8 mm diameter in ordinary seawater after
changing distance between twines in daylight.

Distance between twines (cm)
10 30 60 120

Number of approaches 36 38 38 35
Number of crossings 0 0 4 15
Ratio of crossing® 0 0 0.01 0.4

* Crossings/(approaches+crossings).

Table 3. Ratio of crossing vertical twine barriers
of 2.8mm inordinary seawater after changing
distance between twines in darkness.

Distance between twines (cm)

10 30 60

Number of approaches 30 27 12

Number of crossings 0 1 6
-“Ratio of crossing® - 0 0.04 0.3

. ¥ Crossings/(approaches+crossings).
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Fig. 4.
barrier.

Typical reaction of fish to vertical twine

Symbols & and /A respresent the
closest point and final reversal point; O, [
and B8 represent the point of changing course,
speed and crossing to the other side of twine
barrier, respectively.

Fig. 5. Fish path to vertical twine barrier of 2.8 mm diameter
_ with twines 10 cm apart in ordinary seawater, turbidity of
0.3"'. Same symbols as in Fig. 4.
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Fig. 6.
symbols as in Fig. 4.
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approach and twine barriers for different tur-
bidities. Thick lines denote the number of
times.
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Table 4. Ratio of crossing vertical twine barriers
of diameter 2.8 mm with twines 10 cm apart
for different turbidities during 20 minutes.

Turbidity (m™)
0.3 0.6 1.0 1.5 2.0
Number of approaches 36 32 31 33 21
Number of crossings 0 0 3 3 8
Ratio of crossing™® 0 0 0.1 0.1 0.3

* Crossings/(approaches+crossings).
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Operational experiences of Datawell waverider buoys*

S.G. DiwaN**, A.K. SURYAVANSHI** and B.U. NAYAK**

Abstract: The experiences gained by NIO, Goa since 1980 in the use of Datawell waverider
buoys under the long-term wave measurement projects applicable to coastal and ocean engi-
neering problems at nine locations along the west and east coast of India are briefly described
in this paper. Information on waverider buoys, mooring, deployment and retrieval techniques,
and the type of wave recording system used etc. are presented. Various operational problems
associated with measuring and recording equipment, leading some times to loss of valuable
wave data etc. have also been discussed. The damages occurred to waverider mooring system
due to natural as well as man-made causes including remedial measures adopted have been

briefly described.

1. Introduction

India has about 6000 km long coast line and
many marine structures are expected to be in-
stalled in near future. Design wave is an im-
portant parameter which plays a major role in
optimising the investment for such huge expen-
sive project. Design wave and various important
wave parameters can be obtained from the
statistical and numerical analysis of the long-
term data collected at the particular project site.

National Institute of Oceanography (NIO), Goa,
initiated the comprehensive wave measurement
programme in 1980. Fig. 1 indicates nine loca-
tions along the west and east coast of India
where Datawell waverider buoys were deployed
as a part of this wave measurement programme.
From Table 1, it may be noted that a total of
25 waverider buoy deployments have been carried
out at nine different locations, yielding 2199 buoy-
days of operations at sea, out of maximum
possible of 2348 buoy-days. This works out to
an in-service percentage of 93.06 and the average
duration of each buoy deployment is 87.96 days
ranging between 6 days off Daman at initial
stages to 291 days at Bombay High. The
average buoy days per adrift comes to 244.3
days.

A moored waverider buoy is capable of operat-
ing unattended for long durations of 10 or 18
months at sea depending upon whether the buoy

* Received April 13, 1989
** National Institute of Oceanography, Dona Paula,
Goa, India-403004

is 70cm or 90cm in diameter respectively.
Waverider mooring lines were designed so as to
withstand hazardous sea conditions for longer
periods of time. Mooring components supplied
by M/s Datawell bv were used in all moorings.
Fig. 2 shows a typical disassembled view of
waverider buoy mooring.

The recording equipments were installed in a
building located on the shore, which was free
from electrical disturbances. When the wave-
rider buoy was installed near the offshore plat-
form at Bombay High, the recording equipments
were installed in the radio room of the platform.
Various instrumental and mooring problems
encountered during the wave measurement pro-
gramme by NIO using Datawell waverider buoys
are briefly described in this paper.

2. Handling of waverider mooring

A locally available mechanised boat, usually a
fishing trawler having a derrick boom and a 2
tonne winch was generally selected for handling
waverider buoys. The size of the boat varied
from 12 meters to 16 meters. Most of the time
the same trawler was used for keeping a watch
on the moored waverider buoy, which was most
essential in severe fishing activity area. Supply
vessels owned by M/s Garware, India, and M/s
Mountego Seahorse corp. U.S.A. were used for
operations at Bombay High. The positioning of
waveriders at Daman, Umbergaon, Kakinada,
Bombay High was taken using Magnovax 1107,
a satellite navigation system.
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Fig. 1. Waverider buoy deployed locations.

Table 1. Waverider buoy performance off the east and west coast of India.

Sl.  Location Period of study No. of Actual l{XlOO No. of Adrift
- No. of wave- buoy days no. of Y deploy-
rider buoys Start Finish possible  buoy days % ments
X Y
1. Off Goa® 22-5~80 2- 8-80 70 70 100 1 Nil
2. Off Daman 14-5-82 26-11-82 197 172 87.3 5 4
3. Off Umbergaon® 10-6-82 23-11-82 167 113 67.6 3 1
4. Off Machalipatnam 9-5-83 18-12-83 224 224 100 2 Nil
5. Off Kakinada® 14-5-83 1~ 9-84 477 461 96. 6 5 3
6. Bombay High 22-5-83 12-12-84 571 537 94.05 3 Nil
7. Off Uran 26-6-84 16-10-84 113 113 100 1 Nil
8. Off Hazira® 22-6-85 13-12-85 205 195 95.1 3 Nil
9. Off Kandla® 22-6-86 11- 5-87 324 314 96.9 2 1%
Total 2348 2199 93.06 25 9

Y Due to failure of accelerometer data could be collected for only 51 days.

Second redeployment delayed due to non availability of waverider buoy.

» Buoy lost on 1 Sept. 1984 and is not yet traced.

® The buoy was recovered on 3 Aug. 1985 and 17 Oct. 1985 for checking the pits on hull which were filled
with Araldite.

% Buoy was recovered to inspect mooring components status as current speeds of 4 to 5 knots were common
in the area.

® Buoy was drifted along with the whole mooring over a distance of 500 meters due to strong currents
prevailing in the area.
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Fig. 2. A disassembled view of a typical
waverider buoy mooring system.

Anchor last method was adopted for the
waverider buoy deployment. Before paying out
the mooring gear, the boat was made to proceed
towards the desired buoy location. Opposing
the sea surface current/wind, whichever was
dominant at the time of deployment of the
waverider buoy, the buoy was first dropped in
sea from the stern of the boat with the boat
cruising at about 2 knot speed. Then the con-
nected mooring line was paid out manually under

moderate tension. Ultimately, the anchor was
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Fig. 8. Data processing system for digitised
wave data.

dropped from the stern of the boat. During
recovery operation, the waverider buoy was first
hauled up and kept on the deck of the boat.
Then the upper slack part of the mooring in-
cluding the rubber cord and the floating poly-
propylene rope was manually pulled up on the
deck. Finally winch was operated for hauling
up the dead weights and the sub-surface buoys on
the deck. Proper manceuvering of the boat was
very important particularly when the sea was
rough for safe retrieval of the waverider buoy
and its mooring.

3. Wave receiving/recording station

The Datawell Waverider Receiver (WAREP)
in conjunction with Digital Magnetic Tape
Recorder (DIMA) was used to receive and record
the wave data transmitted by the waverider
buoy. The analog wave records were obtained
on 10cm wide chart paper used in the WAREP
while digital data were recorded on Verbatim
300 H type digital cassette in DIMA. Both these
units were generally operated on 220 volts AC
mains supply and on failure of the mains supply,
the units were set to automatically switch on to
the external standby 12 volt DC (80 AH) lead
acid battery.
ments were used in remote coastal villages where
frequent power failures used to occur for extended
period of time, a portable 500 watt AC/DC
petrol generator was used to charge the batteries

Whenever these recording equip-
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and the recording equipments were operated on
these batteries.

Recently Digital Waverider Receiver (DI-
WAR) along with personal computer HP-85B
is procured from M/s Datawell, Netherland,
and is used for wave data collection off Calcutta.
The software computes on-line energy spectrum,
significant wave height ‘“‘Hs’’ and significant

Fig. 4. TFailure of U-eye on bottom of waverider
buoy (A).

La mer 27, 1989

wave period ‘“Tz”’.

The computed values are

stored in the data cartridge.

4. Data processing techniques

The WAREP was operated in program mede
to record 20 minute wave data at every 3 hours
continuously. The analog wave records were
analysed using Tucker’s method to determine the

Fig. 5. Growth of barnacles on waverider hull.

Table 2. Electronic failure of buoy and receiving equipment.

Type of failure Possible cause

Measures taken

Transistor 2N4897 in flash
light circuit was faulty.

1. Flash light not
glowing

Short circuit in H.F. auto-
transformer & leakage of

2. No flash light and
R.F. transmission

seawater damaging top
pcb.
3. Zeroline of WAREP Spinning of waverider

due to surface disturbances
caused due to close move-
ment of watch-keeping
boat.

modulated by 40 sec
time period wave

a) Rectifier diode in 24
volt power was open.
b) Power supply pcb con-
verting DC voltage to

220 v AC faulty.

Pen holder arm jammed
due to over pressing of
the recorder pen in the
pen holder.

a) Deck drive pcb faulty.

4, Total failure of
WAREP

5. No movement of
WAREP pen

6. DIMA failure

b) Digital clock pcb-E
faulty.
7. Partial recording of Magnetisation level of
digitised data by DIMA magnetic tape dropped

in each cassette down slowly below opti
mum level, due to faulty

lot of Verbatim cassettes.

With replacement of new
transistor flash light start-
ed working.

Replacement of flash tube
assembly, roof hatch O-
ring & top pcb.

Watch-keeping boat was
anchored at least 500 m
away from the buoy.

Rectifier diode replaced.

Faulty pcb replaced.

Bent in the pen arm of
pen holder assembly was
removed.

Pcbh-B replaced with new
one.

Faulty pch-E
with new one.

Use of new lot of Verbatim

cassettes enabled to obtain
good data.

replaced

This type of fault occurred
in 4 instances.

Water entered in top pch
housing due to damaged
O-ring.

The disturbance disap-
peared after about 24
bours when the disturbed
fluid surrounding the ac-
celerometer platform came
to steady state.

Performance of WAREP
in humid & dusty en-
vironment was most re-

liable.

Such problems arised for
3 times.

This fault occurred 3
times.
This fault occurred 2
times.

Quite an amount of digi-
tised data was lost due to
this problem.
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significant wave height ““Hs’’ and zero crossing

“TZ”

wave periods

The DIMA. unit inter-

faced with WAREP in program mode records
digitised data on cassettes for every 0.5 seconds

interval.

Memodyne Tape Reader 3122 ABVT

is interfaced to HP Vectra Personal Computer
where all raw wave data from data cassette are

read and stored on hard disk (Fig. 3).

This PC

is interfaced to super mini computer ND-520 and
raw data are transferred to it using a software
NORLINK. For statistical, zero upcrossing and
spectral analysis of the digitised time series wave
data a software package NEPTUN-5 was used on

ND-520 computer.

This programme carries out
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Fig. 6.
shackle (A).

Corrosion of D-type st. steel 316

Table 3. Mechanical and operational faults and failures.

Type of failure

Possible cause

Measures taken

Remarks

1.  Rubber cord slipping
out of its end termi-
nals

2. Snapping of rubber
cord

3. Failure of acceler-
ometer suspension of
waverider buoy

4. Failure of the bottom
U-eye of waverider
buoy (Fig. 4)

5. Failure of data trans-
mission from the wave-
rider buoy

6  Partial submergence
of the waverider buoy

Improper manoeuvering
of supply vessel during
recovery under strong
current caused rubber
cord to stretch beyond
its tolerable limits.

Man made causes

a) Entanglement of drift-
ing fishing nets with the
waverider mooring.

b) Cutting of rubber cord
by fishermen to free
the net.

c) Passing boat/vessels
running over the moor-
ing. Natural failure due
to prolonged use under
complex nature  of
forces.

The buoy was hit by a
fishing trawler resulting in
breakage of accelerometer
suspension.
The buoy was drifted to
shore & the U-eye was
broken by the local fisher-
man while removing stab-
ilising chain.
Splashing seawater enter-
ed the whip antenna base
socket through the damag-
ed socket sealing washers
which got damaged due to
placing them wrongly.

a) Entanglement of the
mooring with plants &
bushes during floods in
adjoining river.

b) Growth of large colo-
nies of barnacles on

the waverider surface
(Fig. 5).

Avoided the recovery of
waverider mooring with
supply vessel under strong
currents.

To overcome all these
problems a watch keeping
boat with few crew was
made to anchor about 500
m from the buoy day &
night. This boat used to
be withdrawn during bad
weather.

Triangular guard was fixed
to the buoy to safeguard
it from collision.

Measures are underway
to weld a new U-eye to
this waverider buoy.

The damaged socket seal-
ing washers were replaced.
They were placed in
position with the thicker
spongy washer below the
hard Delrin washer.

Periodical checks were
carried out by sending
divers to check the moor-
ing line during floods in
adjoining river.

Cunnifer (90/10) buoys are
being wused in location
known for severe biofoul-
ing. A few 90cm dia
cunnifer buoys have been
procured.

This problem arised during

wave measurement at
Bombay High, where
ONGC supply vessels

were used for deployment/
recovery operations.

Earlier when watch keep-
ing boat was not used,
the buoy used to adrift
many times & search ope-
ration used to be carried

out by wusing Direction
Finder (OAR model Fr-
206).

One buoy deployed off
Goa is in irrepairable
condition due to damage
of accelerometer.

This is a rare problem
and has happened during

the wave measurements
off Daman.

The socket sealing wash-

ers were replaced quite
oftenly.
This problem was en-
countered during the
wave measurement off
Kakinada.

Barnacle growth has re-
sulted in severe pitting on
a 316 st. steel buoy de-
ployed at Bombay High.
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the necessary checks on both raw and computed
data to have a control over the quality of the
data. The raw data are subjected to various
checks on spikes, steepness, constant level of
signal etc. The program computes the energy
spectrum of the time series using fast fourier
transform.

5. Major problems faced during wave

measurement programme

The wave data collection programe was some-
times seriously affected due to various reasons
such as electronic failure of waverider buoy or
recording equipment or dirifting or loss of the
waverider buoy from its location etc. Some of
the problems faced by NIO during the wave
measurement programmes
Tables 2, 3 and 4.

are summarised in

6. Problems in data processing eguipment
The DIMA records digital wave data on cas-

settes as 12 bit binary word. When this cassette

s run on Memodyne Tape Reader 3122 ABVT

Fig. 7. Cathodic protection of U-type
shackle (A).

Table 4. Marine corrosion of waverider buoys and mooring hardwares.

Forms of corrosion

& location Possible cause

Remarks

Measures taken

1. Crevice corrosion on
316 st. steel waverider
buoy at the following

locations
a) In & around the Formation of oxygen Periodical replacement of This problem was more
O-ring grooves concentration cells O-ring & application of sili- predominant during mon-
due to trapped sea- cone grease were done. soon because of repeated
water in & around splashing of seawater.

b) On the bottom hull
surface

2. Crevice corrosion
of D-type 316 st.
steel shackle

the O-ring area.
Oxygen concentration
cells were formed on
the bottom hull sur-
face due to the attach-
ment of marine foul-
ers & deposition of
fine sediments.

Formation of oxygen
concentration cells in
the crevicies between
U-body, bolt (& nut
(Fig. 6).

Cunnifer (90/10) buoys were
used in the zrea known for
severe bicfculing. When
316 st. steel buoys were
deployed in these locations
they were recovered perio-
dically & redeployed after
cleaning. For subsequent
projects the hull surfece
was painted with double
coat of zinc chromate pri-
mer & a sealing coat of
epoxy paint. ‘The paint
was applied after filling the
pits with Araldite adhesive.

The design of D-shackle is
modified, in which the bolt
has enough play in the axial
direction after tightening
the nut. In few instances,
zinc sacrificial anodes were
clamped to the shackle
(Fig. 7).

The biofoulers resulted
in severe pitting (0.8-1mm
deep) on one of the buoys
deployed at Bomby High.

The paint worked satis-
factorily & the buoys with
deep pits are still in use.

The modified D-shackles
worked satisfactorily.
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interfaced to HP-Vectra pc, a 12 bit word is
modified to 16 bit word in which 4 extra non-
significant bits are added. While using this data
for computer analysis the extra 4 bits have to be
removed so as to retrieve the original 12 bit wave
data word. The logical problem was solved on
ND-520 computer as explained in Fig. 8. After
solving this problem, the collected data could be
analysed using the software program NEPTUN
-5 on ND-520 computer.

7. Ceonclusions

The success of the long term wave data col-
lection and analysis using Datawell waverider
buoy depends on proper functioning of various
electronic equipment, proper design of mooring
of the waverider buoy and its successful operation
Based on the experiences gained in wave
the following

at sea.
measurement programes at NIO,
conclusions are drawn.

i) The small fishing trawlers of 36-50 {t. length
can be successfully used for deployment and
retrieval of the waverider buoys in the coastal
Offshore supply vessels are found to be
inconvenient for recovery operations as they have
minimum handling facility and they could not be
manoeuvered as desired.

i) Continuous watchkeeping on the wave-
rider buoy reduces chances of loss of the wave-

waters.

rider buoy or their drifting from the moored
location particularly at high fishing activity area.

10/ND 520 COMPUTER

Method of 12 bit data recovery.

Regular checking and replacement of the
mooring at an interval of 6 to 9)months ensures
long term wave data collection with minimum
of interruptions.

iv) Scrap ship chain links are most suitable
for using as anchor weights as they are convenient
to handle from small boats equipped with mini-
mum handling facility.

v) The waverider buoy made up of 90/10
Copper-Nickel alloy hull is found to be more
resistant against marine corrosion and biofouling.

vi)
paint with a suitable sealing coat on the 316
stainless steel hull of the waverider buoy was
found to give satisfactery cerrosion protection for
3 to 4 months of operation in sea.

iii)

A double coat of zinc chromate primer
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A note on oceanic tides in relation to satellite altimetry”

Shigehisa NAKAMURA**

Abstract: A note is presented on oceanic tides in relation to satellite altimetry. Methods
of satellite oceanography are noted first briefly for those who are not familiar with the satellite
but interested in satellite oceanography. Recent research activity is introduced for the prob-
lems especially on detection from satellites in a form of rush notes. A remark is added to
notify about the northern envelope of satellite orbit in relation to expected merits for gravity
detection and for tidal modelling of the Arctic Ocean as one of the sea area in the high lati-

tude.
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