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CRUISE OBJECTIVES
1. To make a long transect of batfish observations southwards across the
N.E. Atlantic to observe the latitudinal changes in the physical structure of

the surface 300m.

2. To locate the boundary of the 18°C Sargasso Sea Water to the south-west

of the Azores.

3. To investigate the physical and biological characteristics of the boundary,

if it occurred as a clearly demarcated front. ’

4. To pick up a tide gauge laid during Cruise 112.

5. To lay current meter moorings for the benthic boundary layer experiment

in the vicinity of the NEADS mooring site on the Madeiran Abyssal Plain.

PERSONNEL R. Wallace 2 IOSW
M.V. Angel ‘ PS5O IOSW R. Wild IOSW
J. Badcock IOSW Prof. M. Wells 1 U. of Leeds
R. Bonner 2 " Miss L. Cabecadas 1 SMBA
E. Darlington 1 " Mrs N Robertson 1 "
Mrs C Darter 2 " P. Tett 1 "
P. Domanski " M. Beney 2 RVS
Mrs C Ellis " R. Burnham 1 RVS
M. Fasham " E. Cooper RVS
J. Gould 2 " R. Lloyd 2 RVS
M. Harris 2 "

P. Herring 2 "

Miss J Horton 1 "

5. Houghton

V. Lawford 1 "
R. Pollard 1 "
P.R. Pugh "
H. Roe "

J. Smithers "
I. Waddington 2 a



SHIP'S OFFICERS
P.H. Maw
K.Q. Avery 1

P. McDermott 2

Master

Mate

J. Morse 2nd Officer
M. Barber Chief Engineer
G. Batten 2nd Engineer

P. Parker Elect. Engineer

P. Higginbottom P.C.O.
F.S5. Williams Bosun
D. Knox P.0O.Deck

L. Cromwell "

NARRATIVE
Leg 1.

The ship sailed at 1030/16.x, because of severe gales in the Western Approaches
she anghored in Carmarthen Bay. It was not until 0700/18.x that she got underway
again. Watches started at 1200/19.x soon after the shelf edge was crossed. At
1450-1800/19.x a batfish trial leg was run which identified a number of minor
faults in the operating system that were soon corrected. Overnight-the conducting
cable on the electfic winch was tensioned to 4600m. However, although the under-
lying cable was canvas wrapped, the unevenness of the loose coils resulted in
irregular spooling so that when ali the cable was on the drum it chaffed the
disc brakes. The batfish was relaunched the following morning (0830/20.x) and
the leg was terminated the fdlloﬂing morning when a fault in the fluorometer
started to seriously interfere with the measurement of the other parameters.

It was redeployed at 1435/20.x without the fluorometer, but six hours later

it developed a cable fault and had to be brought inboard again. While repairs
were being made the ship continued to steam full speed on a course of 215°.
The batfish was relaunched at 0445/22.x, and then ran continuously until 1500/
27.%, giving five and a half days of excellent data. Throughout these runs
hourly (or later two hourly) salinity samples were collected from the ship's
pure sea water supply, at a time that coincided with when the batfish was at
the top of its undulations. Occasional chlorophyll samples were taken to
check the calibration of the fluorometer, and an autoanalyser was run contin-
uously monitoring surface nitrate and silicate. At 0416/24.x the ship's course

was altered from 215° to 245° so that the vessel would pass to the southeast




of the Azores.

The long batfish run ended at 1500/27.x after the boundary between Eastern and
Western Atlantic Water had been crossed initially in the vieinity of 33°50'N 29°w
and then back into Eastern Atlantic Water at around 33°N 31°W. The batfish was
retrieved in force 7 wind conditions which proved to be both difficult and
dangerous because of the somewhat improvised handling system that we.  were
forced to employ in using the ship's capstan. For the rest of the night of 27/28.x
the ship remained hove to, partly because of the weather but also while the cable
fault was repaired. Next morning (0945/28.x) the weather and sea conditions had
moderated sufficiently to be able to launch the batfish, so once the ship had
returned to the position at which the fault had developed the batfish was
relaunched at 1330h. The ship steamed due South until the boundary was recrossed,
and then the boundary was followed running north-easterly. The batfish was
brought inboard at 1200/29.x and all the equipment removed from the poop-deck
and the RMT 1+8M net system rigged. Meanwhile a shallow CTD dip was made
to 300m and water bottle samples were collected to establish the nutrient,
fluorescence and productivity profiles. A series of nets centred close to
33°N 30°W was conducted to study the day and night vertical distributions of
organisms in the surface 800m of the Western Atlantic Water (Station 10222}.

Two more shallow CTD dips were made in the same area. The station was
completed at 1400/31.x. A line of six shallow CTD stations combined with
water bottles and pump profiles was sampled which transected the western boundary

back into Eastern Atlantic Water.

In the Eastern Atlantic Water another series of net samples was taken to look
at the vertical distribution of macroplankton and micronekton at station 10228
in the vicinity of 32°55°'N 31°30'W. During the fourth set of samples a rigging
error caused the gear to malfunction. More seriously during the sixth set of
hauls the heel block on the starboard A frame seized and the sheave was
damaged . Until repairs could be effected in Ponta Delgada all sampling had
to be conducted over the pert-side *A' frame. The net sampling was completed
at 1640/3.xi. Three CTD dips to 1500m were then made in each water type and
in the boundary region. A leaking sensor held up the second dip for several
hours. The batfish was redeployed in an attempt to locate a possible northern
boundary to the Western Atlantic Water. It was brought inboard at 1920/4.ki and

the PES fish was also brought in. The ship steamed for Sac Miguel in worsening
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conditions. The thermosalinograph indicated that the front was crossed at 0500/5.xi.
'After a most unccmfortable run the ship docked at Ponta Delgada in the Azores at
I0800/6.xi. Professor Wells, Dr. R. Pollard, Dr. P. Tett, Mr. E. Darlington,

Mr. v. Lawford, Mr. J. Burnham, Mrs N. Robertson, Miss J. Horton and

Miss L. Cabecadas left the ship and Dr. P, Herring, Dr. J. Gould, Mr. M. Harris,

Mr. I. Waddingtou, Mr. R. Wallace, Mr. R. Bonner, Mr. M. Beney, Mr. R. Lloyd and

Mrs C. Darter joined.

While the ship was in port Mr. D. Gaunt and a representative of the
manufacturers worked on the new midships winch.
Leg 2

The ship sailed from Ponta Delgada for the second leg at 0900/9.xi, and
steered for 37°N 30°W. 1Initially XBT's were dropped every two hours, but by
0200/10.xi the weather had deteriorated and the ship was effectively hove to
for the next 24 hours although still making some head way along the course. By
0800/3.xi the weather had ﬁoderated and the ship turned south to carry out an
XBT survey along 30°W to establish the northern boundary of the Western Atlantic
Water. The boundary was eventually located close to 35°N but the line of
XBT's was continued south as faf as 32°N. At 1300/12.xi the course was altered
to 309° so that the position of the front in the region where much of the work
on the first leg had been carried out could be re-established. The front had
moved about 20 nautical miles to the west so that the start position for the
Eastern Atlantic Water vertical series {Station 10228) was now in the front
region. A series of RMT 1+8M samples was then collected as the ship steamed
éouthAalong 31°30'W. interspersed with XBT dips, which helped to establish the
soutluérn position of the front. The net samples began the investigation into
rossible faunal changes associated with the physical changes associated with
moving from one water mass to another. The XBT's showed a well developed layer
of 18°C water to the south which had not been present in the area where station
10222 was worked. Consequently it was decided to work another vertical miniseries
in the vicinity of 32°N 31°30'W, where the water was more typically Western Atlantic.
This series was completed by 1500/16.xi. The first biological current meter
mooring (294) with current meters at 200, 700, and 1500m was laid on the 16.xi
at the start position for the vertical series. A line of deep CTD's to 2000m
was then worked back along 31°30'W at 10' intervals to 32°55'W. Since the
hydrographic conditions implied the line of CTD's was running nearly parallel

with the front the final CTD dip was at 33°N 31°47.5'W. This position was the




start for a line of four stations worked across the front at which net samples were
collected at specific depths or along specific isotherms to try to assess how much
the vertical distribution patterns of the zooplankton and micronekton changed
between the two water types. However, before the second station was worked the
second biological mooring (295) was laid in Eastern Atlantic Water at 33°N
31°47.5'W. CTD's were also worked along the line. The line was completed by
1730/22.%xi. Then after pressure testing the new stainless steel case for the
flucrometer, the batfish was reassembled and relaunched. Sampling began at o100/
23.xi. The course steered returned back up the line of stations just sampled
back to 33°17.5'N 31°53.9'W crossing the front back into Eastern Atlantic Water.
The course was then changed to 069° so that another cut was made across the fropt
into Western Atlantic Water again. At 1156/23.xi a toroid buoy was sighted at
approximately 33°26.0'N 31°32.9'W but with the batfish deployed no attempt was
made to approach it and identify it. After about another 120nm.the front back
into Eastern Aﬁlantic Water was crossed, and at 0500/24.xi the batfish was
retrieved. It was all inboard by 0606h and it was only a short distance to the
position where the tide gauge (Station 10213) had been deployed on cruise 112,

The release was operated without difficulty and the gauge surfaced at about 0800h.
Its light and the calm sea conditions contributed to it being quickly located

at the surface and recovered by 0822h.

The ship then set course for 33°N 22°W, and a series of XBT drops were made.
During the daylight period of 25.xi three trial tows with a new flowmeter system
and mounting position were made. Immediately after the last net was in, the
ship hove to for wire tests of the acoustic release for the benthic boundary
layer moorings. Wire tests were completed by 0140/26.%i and a short echo-sounding
survey of the area around the proposed mooring site started. The discovery of
a large bottom feature meant the orientation of the array was altered so the
first mooring was not deployed until 1520/26.xi. Further wire tests of acoustic
releases were carried out during the following night. At first light mooring
deployment restarted and all the moorings were in position by 0100/28.xi. The
6mm conductor cable on the electric winch was then tensioned to 5212m with
considerable difficulty because of the poor way it was wound on initially. A
deep CTD station to 5127m achieved the down observation, but socon after hauling
all signal was lost. The instrument was recovered and an unsuccessful attempt
was made to cut off the inboard 500m. At 1900/28.xi course was set for the
Azores and all scientific observations were stopped at 2000/28.xi. Weather condition
deteriorated rapidly but even so the ship docked at Ponta Delgada at 1000/30.xi.
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BATFISH

Instrument Report (Lawford)

The batfish was deployed six times on the first leg of the cruise and once on
the second totalling 193 and 28 hours of data collection respectively. Three of
the runs on the first leg were terminated prematurely because of faults in the
system. On two ocassions there was damage to the conductors in the towing cable
at the fish end at the towing block, and once the cable inside the vehicle was
damaged. Throughout the cruise the batfish was used in the yo-yo mode on the
end of around 550m of faired cable. At speeds of 8 knots (4 m.s—l) maximum and
minimum depths of about 300 and 15m respectively were achieved with cycle times
of around éleﬁen minutes. The final run on leg 1 was a seven hour trial for
a new simple tail unit that was built during the cruise. The unit which is
cheaper, lighter and more easily repaired, proved to be a successful modification

and it was used again for the 28h run on leg 2.

The batfish was launched and recovered in winds of up to force 7 and 8, however,
considerable difficulties arose from the lack of a suitable capstan correctly
sited. On one occasion the vehicle forcibly struck the ship's stern, but
fortunately in the one orientation in which damage was slight and easily reépaired.
For both the final run on ieg 1 and the leg 2 run the ship's crane was used
instead of the Hiab which had to be unshipped for net operations. Although the
launch and recovery was successful each time, conditions were very calm, and

the use of the ship's crane is not to be recommended except in emergencies.

UK - Azores Section (Pollard)

The passage leg from Barry to the Azores was the first of four surveys planned
for the next year. The scientific objective was to cbserve the physical structure
of the top 300m using the I0S CID/batfish system to describe longitudinal changes
on the north-south run from 47°N to 35°N, and ultimately to describe seasonal

changes also.

The tactical objective was to demonstrate that data reduction, calibration and
display could be carried out within a few hours of data collection, making the
repeated collection of such large quantities of data (50000 data cycles per hour

for a week) a practical proposition.




It was clear from the outset that computer logging of the data would not be
initially possible. The applications software had been substantially modified
since previous cruises but could not be tested prior to sailing. This was
because late delivery of hardware, basic software changes and insufficient
manpower at RVS had allowed little access to the system. We were alsc one man
short, as Duncan Collins had been taken ill at the end of the preceding trials

cruise 113.

After a week of frantic program testing, computer logging, archiving and
plotting were begun on day 299, in time for the survey south of the Azores, where
real-time decisions were necessary. Even by the end of the first leg, however,
sampling programs for the EM log and gyro, thermosalinograph, autocanalyser, ana
particle counter were not completed, and plans for the computer to merge data
from different instruments had had to be abandoned as the PDP 11/34 seemed

unable to handle the load.

Scientifically, the situation was retrieved by the Digidata magnetic tape
interface, which logs CTD data and time in computer compatible format direct from
the CTD deck unit. Later in the cruise, the Digidata tapes were read back into
the PDP 11/34 raw CTD data file, allowing averaging, calibration and display
by the normal real-time logging software. It took four hours to read back
and process a six hour tape. In this mode, conductivity could be. well
calibrated from salinities measured from two-hourly bottle samples drawn from
the sea-water supply. The evolution of the T/S curve along the entire track
could thus be followed, and sample contour plots of temperature, salinity,
sigmatheta, fluorescence and oxygen were obtained, along with vertical profiles

and time series.

The availability of four VDU's, tectronix hardcopy, and an HP 7221 plotter
were invaluable to provide plot output. The HP 7221 plotter could barely handle
the demands made on it by cont&ur plotting {character output) in the absence of
an operational Calcomp 1038 drum pletter. Once the Calcomp is interfaced, the
plotting can be much more sensibly managed. The hardcopy unit attached to a

fast screen plotter is essential.

There are several conclusions to be drawn for the following batfish sections:-



(1) The surface salinometer mus* oe operating and attached to the PDP 11/34.
The bottle samples showed tr .. the conductivity ratio changed several times
through the cruise. FP-w~ever, the samples did not resolve shortlived changes
apparent from the CTD records, which normally recovered within hours. On cne
occasions, severe fouling reduced calculated salinities by several parts per

thousand for several hours. Thus:

(a) There must be adequate water flow to the thermosalinograph. The pump on
cruise 114 could not handle the demands.

(b) The DTS interface must be completed.

(c} Water samples must be routinely drawn off the sea water supply to

monitor the thermosalinograph and CTD calibrations.

(2) Thorough systems analysis is required to monitor and improve computer
efficiency. In spite of hardware and software enhancements, the PDP 11/34 was
unable to handle loads nolgreater than those previously achieved (on cruise 94,
JASIN 1978 and Challenger 5/1979) and the substantially enhanced load envisaged
had to be abandoned.

(3) More core is urger*-; reqgu.red for cruise 116. Disk traffic caused
by checkpointing seéverely reduced throughput, as no more than two programs
could be held in the GEN partition simultaneously. A full load would require

about twenty programs runu:ng about every minute. On cruise 114 no more than

four or five could be handled.

(4) The CTD sampling program needs rewriting. At present up to half the data

cycles come out as bad data.

(5)' Calibrating and averaging programs need modification to avoid reinitialization

every minute. This should reduce disk traffic substantially.
(6) Adequate RVS computer personnel are required to run poth the PDP 11/34
and IBM 1800 systems. Two people (one hardware, one software) are insufficient

while the PDP software is still under development.

Results in the vicinity of 34°N, 30°W (Fasham)

From the data obtained on the long batfish run from the Bay of Biscay, it
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could be seen that in the E: ctern Atlantic the 15°C isotherm was always well
above 300m. At around 34°N, 29°W there was a sharp transition to Western
Atlantic Water during which both the 15°C and 16°C isotherms dropped below 300m
and the surface salinity increased by 0.3%, the whole change taking place over
about 30 n.m. The T-S relationship showed a marked change above 200m with a
considerable amount of interleaving. However, below 200m the T-S relationship
was identical on either side of the front. The frontal zone was alsc marked by
an increase in surface currents and the slope of the isopycnals and alsc a small
increase in phytoplankton chlorophyll. This latter effect could be due to a

slight shallowing of the pycnocline in the frontal zone.

Continuing the batfish run in a south-westerly direction it was found that .
around 33°N, 31°W there was a second front showing a reverse effect with a
transition back from Western to Eastern Atlantic Water. This suggested either
a detatched eddy of Western or Eastern Atlantic Water or a large meander of
the front. During the remainder of the cruise a further four crossings of
the front were made with the batfish and one using XBT's. Although the issue

could not be definitely resolved the evidence favoured a meander.

MIDWATER SAMPLING

Nets (Roe)

The multiple RMT 1+8 system was used throughout the cruise except for three
hauls with the ordinary combination net to test some new flowmeters. The
RMT 14+8M was fished 57 times yielding 304 samples. On 19 occasions only the
first and third pairs of nets were fished with the second being used as inter-
mediates linking the layers of interest. This method precluded any contamination
or blurring of samples between two different horizons. The gear worked very
well; 12 samples were lost or contaminated and of these, 4 were due to bridles
pulling prematurely out of the release gear, 1 to an RMT 1 tearing unaccountably

and the remaining 7 to human error.

Most of the hauls were made at shallow depths and since there was usually a
swell running the gear suffered considerable strain. Slight modifications will
be necessary to the RMT 1 part of the system - stoppers and bar inserts are

needed, and a return to the solid monitor cross is desirable for shallow use.



Gear handling on deck with the reduced ship's manning posed a few problems
initially but once the necessity of maintaining tension on the warp whilst
retrieving the net was appreciated by all there were no further difficulties.

Six people are required on deck to handle the multiple net with comfort.
The low light level photometer (LLP) was used occasionally and worked well.

Net Monitors (Harris & Darlington)

In the past the thermistor temperature sensor has been positioned in the
end-cap of the monitor. The location gave the thermistor maximum protection
against physical damage, but reduced its ability to respond quickly to
variations of seawater temperature. For this cruise the thermistor was mounted
externally on the fin of the monitor reducing its thermal time constant down
to one second and so providing a much more accurate record of temperature
fluctuations, making it pfactical to try and follow isotherms with the net.
Both J3 and J5 monitors were converted in this manner. The temperature
calibration of J3 was compared with the CTD on a vertical wire and the

temperature calibration modified.

The low light level photometer was used in conjunction with J3 and operated

correctly during the time it was used.

Some mechanical trouble was experienced with the flow meters with the rotors
becoming disengaged from their support spindles. Otherwise the net monitor

system functioned correctly and effectively throughout the cruise.

Flow meters (Wild)

Trials with haul-effect f-iow meters were carried out on the RMT 1+8 system.
This flow meter unit consists of a standard flow meter with the gear-head driven
contactor replaced by an electronic circuit which counts pulses emitted by a
‘hand-effect' diode. After 320 pulses it transmits a signal to the monitor and
a short off-set is produced on the temperature trace. The magnets in the rotor
are replaced by two rod magnets 180° apart mounted with opposed polarity. These

two magnets act on the diode through the aluminium alloy pressure housing end-cap.
The pufpose of the trials was to establish the feasibility of a change over
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to this type of meter which would be cheaper and easier to maintain. Cne of
each type of meter was mounted on the monitor cross. The first trial was
encouraging, in 34 minutes the haul-effect unit recorded 28% units of flow and
the standard unit 28. The second haul was inconclusive as the standard unit
failed. However, the new unit functiocned continuously. The third trial was

to examine the practicality of mounting the flow meter in the monitor fin where
it would be less vulnerable to physical damage when either launching or
recovering the nets. For this experiment a haul-effect meter was fitted with

a standard flow meter rotor fitted with four magnets set at 90°. The electron
circuit was cast in araldite inside a section of streamlined aluminiuvm alloy.
The modified unit was then mounted centrally on the leading edge of the fin.

A standard flow meter was attached to the cross. The results were disappointiﬁg.
The fin mounted meter gave slow counts while the net system was closed and being
hauled in and paid out. Once the nets were opened no counts occurred, partly
because of a minor mechanical fault, but probably mainly because of the change
in flow pattern that occurs when the nets open and the angle of the monitor
changes, further investigations of these flow patterns are needed. The design
and building of the electronics and its interfacing in the monitor was carried
out by Mr. M. Harris and Mr. E. Darlington designed and built the electronics

in the fin mounted unit.

Vertical Series (Angel)

Three sets of day and night vertical profiles of macrozooplankton and
micronekton distribution down to 1100m were collected. One in Eastern Atlantic
Water (station 10228), one in mixed water which was predominantly Western
(station 10222) and the third in Western Atlantic Water (station 10233). The
surface 200m was divided into the wind mixed zone, the region of the chlorcphyll
maximum as determined by the very consistent relationship between temperature
and the fluorescence maximum within each water type, and from the base of the
chlorophyll maximum to 200m. Below 200m the water column was sampled in 100m
strata. Each tow was for one hour at 2kts. The RMT 8 sampler would filter
in the region of 30,000m3 of water during this period and the RMT 1 about 2500m3.
Ninety of the RMT 8 samples were volumed and sorted into major groups onboard,
fish, decapods, euphausiids, chaetognaths and siphonophores. These groups
dominated the standing crop, except when large Pyrosoma were caught. The low
standing crop of medusae was particularly noticeable in the deep hauls in

comparison with recent sampling carried out at higher latitudes (e.g. during
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Discovery cruises 92 and 105).

The group data (Table la-f) shows firstly that there is a somewhat higher
standing crop in the Eastern Atlantic Water, with greater numbers of fish,
decapods and mysids being taken. Whereas euphausiids appeared to be equally
abundant in both water types. Chaetognaths were only sorted from the night
series at station 10233 where there was a striking maximum in chaetognath

abundance between 200-500m dominated by one very large species Sagitta maxima.

A total of 8730 chaetognaths were sorted from the one series.

The depth of the fish zone of maximum abundance dominated by Cyclothone braueri

was at 400-600m in Eastern Atlantic Water but at 500-600m in Western Atlantic
Water. However, the depth at which mysids became abundant (i.e. the top of

the Eucopia unguiculata zone) was at 700m by day at all three stations.

The data from these series should provide information on how the community
composition, structure and vertical distribution differs between the two water
types.  This information is the start point for the study of how the communities

respond and interact in the region of the front.

TABLE 1
Displacment volumes of total samples in mls

a. Volumes in brackets are for Pyrosoma

E. Atlantic Water Intermediate Water W. Atlantic Water
10228 10222 10233

Day Night Day Night Day ~ Night
Wind-mixed 80 200 (+460) 100 350 (+950) 60 210 {(+100)
C. max 70 250 100 390 140 230
C.max-200m 120 170 100 180 130 95
200-300m 230 300 200 230 150 210
300-400m 200 210 140 180 120 300 (+300Q)
400-500m 240 290 180 180 120 230
500-600m 150 180 200 (+690) . 210 120 190
600-700m 220 160 160 (+2860) 180 130 180
700-800m 300 150 270 (+380) 200 440 125
800~-900m 230 125 N.S. 220 150 190
900-1000m 260 150 N.S. 140 180 120
1000-1100m 140 230 N.S. 140 200 200
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b. Numbers of fish

E. Atlantic Water Intermediate Water W. Atlantic Water

Day Night Day Night Day Night
Wihd-mixed 59 550 42 791 71 219
C.max 31 339 25 367 55 544
C.max-200m 12 99 41 89 14 135
200-300m 22 65 19 68 38 88
300-400m 52 90 42 106 58 113
400-500m 702 754 266 390 456 262
500-600m 941 1025 743 704 749 612
600-700m 484 600 308 470 515 323
700-800m 380 272 348 220 311 274
800-900m 176 159 N.S. 110 168 148
900-1000m 173 353 N.S. 118 122 146
1000-1100m 322 132 N.S. 141 253 230
TOTALS 3354 4438 183 3574 2810 3094

¢. MNumbers of Decapods

Wind-mixed 124 272 47 225 59 267
C.max 13 478 4 162 i2 140
C.max-200m 6 227 15 134 8 86
200-300m 3 60 3 54 3 46
300-400m 5 19 1 a3 1 60
400-500m i4 33 31 18 11 47
500-600m 81 21 45 35 70 21
600-700m 72 21 62 23 71 14
700-800m 231 34 253 41 111 25
800-900m 83 36 N.S. 20 58 26
900-1000m 62 28 N.S. 21 35 32
1000-1100m 53 25 N.S. 10 54 41
TOTALS 747 1254 461 776 493 805

d. Numbers of Euphausiids

Wind-mixed 71 234 70 215 48 477
C.max 56 435 96 521 51 452
C.max-200m 82 587 143 669 177 578
200-300m 119 135 108 83 89 154
300-400m 131 111 58 106 54 104
400-500m 219 169 266 163 138 170
500-600m 293 197 127 82 246 117
600~-700m 130 101 93 54 125 926
700-800m 415 281 309 71 336 249
800-900m 184 213 N.S. 14 248 98
900-1000m 110 208 N.S. 20 123 168
1000-1100m 105 178 N.S. 18 229 215
TOTALS 1915 2849 1270 2016 1864 2878
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d. Number of mysids
10228 10222 10233 |

Day Night Day Night Day Night
Wind-mixed 0 0] 0 0 0 0 |
C.max 0 0 0 0 0 3 |
C.max-200m 1 0 8] 0 0 1 |
200-300m 0 ¢] 0 0 0 0 |
300-400m 0 0 0 1 0 2
400-500m 0] 1 0 1 0 0
500-600m 6 31 0 15 5 26
600-700m 0 27 2 25 4 14
700-800m 89 61 67 21 45 30
800-900m 154 100 N.S. 49 82 62
900-1000m ile 125 N.S. 80 87 130
1000-1100m 87 161 N.S. 69 147 122
TOTALS 453 506 9 261 370 390
£. Numbers of cephalopods o
Wind-mixed 12 10 42 23 10 12
C.max 16 57 21 61 27 15
C.max-200m 12 8 24 27 7 9
200-300m 4 5 5 - 3 5
300-400m - 2 2 5 1 2
400-500m 3 - 2 3 11 -
500-600m - 1 12 - 5 1
600-700m 2 3 3 - 2 3
700-800m 7 4 10 - 5 4
800-900m 5 4 N.S - 8 4
900-1000m 3 - N.S. - 7 6
10060-1100m 2 - N.S - 3 -
TOTALS 66 94 121 117 89 61

Samples in the region of the front (aAngel)

A series of stations were worked along a transect crossing the front. A large

series of nighttime tows were taken both in the wind-mixed layer and in the

chlorophyll maximum to compare the distributions of vertical migrants. By day
a few hauls were conducted following isolumes, light profiles were similar

on both sides of the front so if light is the dominant physical parameter i
determining the vertical distribution of any species these samples would be !
similar in composition regardless of the position of the samples relative to

the front. Then by night two depths were sampled, 200m and 300m and four

isotherms were followed 17°C, 16°C, 15° and 14°C. Pairs of parameters were

followed during each tow using the first and third nets of the multiple net

system; the second nets being used as a link system. By day the 11°C and 12°C

isotherms were followed and depths of 500m 600m and 700m. It is hoped that these
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samples will provide data on which species change dramatically across the front
in abundance or vertical distribution, and alsc indicate which physical parameter
is deminant in determining the vertical range of species occurring on both sides
of the front. Some of the changes may not show up above the 'noise' created by
sampling variability and so will not be amenable to future study during cruises
120 and 121. Hopefully there will be species that provide a clear enough signal
that will be clearly recognisable above the sampling ‘noise'. One advantage of
following isotherms in the work area, is that there is so little variability

in the T.S. relationship between temperatures of 9° and 16°C, that in effect

the sampler is also following density surfaces.

Fishes (Badcock)

In that the species composition of samples fished to particular parameters was
similar regardless of position relative to water mass type, the more usual
approach of providing some interpretation through a cursory examination of samples
was rendered invalid. However, the fishes taken at two stations, 10222 from
so-called Western Water and 10228 from so-called Eastern Water, were identified
and counted. Remarks and conclusions therefore are based entirely on these

series data.

In many ways the two collections were very similar. They contained about 92
{(Western) and 99 (Eastern) species, total 122, with 69 common to both. The
predominant groups of fishes in both collections were the stomiatoids and mycto-
phids and here the gimilarities, in terms of species present, were even more
marked, with 66 species present in Western collections, 68 in Eastern, and 56

common to both.

By day mesopelagic fishes were encountered from 200m to the lower sampling
depths but generally were centred below 400m in both waters. Indeed, with
the majority of species intra-specific variation of depth distribution between
the two series could not be detected, regardless of whether or not the species
made diel vertical migrations. The possible exception may have been the

relatively deep-dwelling Cyclothone microdon whose juvenile- population centres

may have existed 100m deeper in Western waters. Confirmation (or otherwise) should
be possible through length-frequency analysis together with data from the second

western series (St. 10233).
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The main difference between these twc collections are to be found in comparisons

of catch rates for the predominant species. The catch rates for Cyclothone,

emphatically C. braueri and C. microdon, and the hatchet-fish Argyropelecus
hemigymnus, were considerably higher in eastern than western waters, whilst

the converse situation arose for myctophids. The data for Cyclothone are more
convincing than those for the others, if only because of their natural great
abundance, their greater susceptibility to our sampling methods and in

particular, their non-migratory tendencies which ease interpretaticn problems.

On the other hand, it is interesting to note that for reasons at present even
beyond speculation, the trans-Atlantic data collected in March 1973 show a reverse
situation for C., braueri and C. microdon to that found here. For C. braueri

high and low catches were consistently taken westwards and eastwards, respectively,

of 34°W; a similar situation occurred at 39°W for €. microdon.

Myctophids were taken ip relatively low numbers and, in particular, the
validity of compared catch rates must be in doubt. The majority of species
were full migrants, ones to encountered in the upper 100m by nights; differences
in nigﬁt catch rates in this layer were slight. Myctophids are more active
than Cyclothone, more capable of net evasion and some species are known to form ‘
aggregations by day. Regardless of how consistent the present data may appear, ]
the question must arise as to whether the tows made were long enough to make

valid catch rate comparisons.

As a tentative conclusion cne may state that differences were found in these
two collections which may indicate a mesopelagic faunal change in an area "
where the physical structure of the upper layers is known to change. Hopefully
the remaining samples will add positive evidence and, more important, help

identify the problems that need resolving.
Siphonophores (Pugh)

During the cruise attention was focussed on identifying the siphonophores from
two series of hauls; one made in the Eastern Atlantic Water (EAW, 5t.10228),
and one in the Western Atlantic Water (WAW, S5t.10222), to try to establish
whether distinctive populations could be recognized. Unfortunately there was
not time to study all the material but most of the samples from the top 500m were

investigated. The preliminary conclusions from this study show that there are
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relative differences in the abundance of certain species in the two water masses.

Eudoxoides mitra appeared to be more abundant in the EAW, which contrasts with
some earlier work, done in 1973, where this species was found to be more abundant

in the WAW. Hippopodius hippopus showed the most notable change across the

boundary between the two water masses and was considerably more abundant in the
EAW. This again is interesting as the earlier studies indicated that there was
little difference in numbers between the two water masses. A cursory glance at
the series of hauls made through the boundary region at a depth of 50m showed
also a rapid decline in the numbers of this species as the WAW was approached.

Although the numbers of several species, e.g. Chelophyes appendiculata, were

similar in both water masses there was a distinct difference in their daytime )
depth distribution. The animals tended to migrate to deeper depths in the WAW

than in the EAW, which may be consistent with the greater depth of certain

isotherms in the former water mass. This is an interesting point as little is
known about the factors which might control the depth distribution of s iphonophores.
In addition, the population of siphonophores, particularly in the WAW, was consid-
ered to be quite young as, for instance, very few posterior nectophores of

C. appendiculata were found, and the animals appeared to be monogastric. Also

there were very few eudoxids, or reproductive stages, present in the samples.
Many hippopodid larval nectophores alsc were present. Whether this represents

a seasonality in the life histary of the animals or whether the recently

developed population is an outcome of some change in or the presence of the

boundary region is not clear, and it will be of interest to compare the present
results with those derived from the sampling programme to be carried out next

year, in a different season.
NUTRIENTS AND CHLOROPHYLL

Autocanalyser and profiles (Tett, Robertson and Cabecadas)

A Technicon II 2-channel autcanalyser connected to the ncntoxic seawater
supply was operated between 20 October 1980 (approximately 46°N 11°W) and 29
October 1980 (apprxomately 33°N 30°W). Nitrate and silicate were measured.
Various problems, some associated with the ship's motion in rough weather,
reduced precision or eliminated one channel or the other, for about 25% of
this time. There was little obvious variation in the concentration of the
nutrients, with nitrate always below 0.2 mg-at N m_3 after 21 October and

silicate always between 1 and 2 mg-at Si m_3 after this date. The instrument
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Table 2

STATIONS SAMPLED FOR NUTRIENTS AND CHLOROPHYLL

Statiqn Date Time Depth range {m) N Si Chl
10221 28 oct 1400 0-300 X -

10223 31 Oct 1800 11-292 X X X
10224 31 Oct 2345 0-300 X X -
10225 1 Nov 0330 0-300 X - -
10226 1 Nov 0500 0-300 X - -
10227 1 Nov 1000 6-320 X -

10228 1 Nov 1300 5-299 X X X
10229 3 Nov 2000 5-1500 X X -
10230- 4 Nov 0700 5-1500 X - -
10231 4 Nowv 5-1500 X - -
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was later used to measure nutrients in water bottle samples taken at the stations

listed in table 2.

Phytoplankton chlorophyll-a and pheopigments were measured fluorometrically
after extraction into acteone. Samples from the nontoxic seawater supply
were measured to calibrate flucrometers connected to this supply and measuring
in vivo fluorescence, and also to calibrate the batfish fluorometer. Chlorophyll
and pheopigments were also measured in water bottle samples at stations listed
in table 2, and used to calibrate the underwater fluorometer used for profiles
at these and other stations. Chlorophyll-a ranged from 0.02 to 0.08 mg m_3
at the surface to a maximum of about 0.25 mg m‘-3 in the upper thermocline.
Pheopigments reached maxima of about 0.30 mg m—3 just below the chlorophyll

maximum.

Photosynthetic rates were measured, using the carbon-14 method, in water taken
from the surface at stations 10222 (30 October '80) and 10228 (2 November '80),
and from the upper thermocline at stations 10223 {(95m on 31 October 'B0) and
10228 (109m on 1 November '80). Subsamples were incubated for 2, 4 or 24 hours
in a 6-compartment constant temperature bath exposed to a range of artificial
illumination, with the aim of estimating the parameters of a photosynthesis-

light model.

These parameters and the nutrient data will be used with measurements of
surface illumination and water column optical attenuation, to predict the
distribution of phytoplankton biomass in the water column, for comparison with

chlorophyll profiles observed at stations in Eastern and Western Atlantic Water.

Fluorescence and particle studies (Pugh)

Throughout the cruise the chlorophyll a fluorescence levels were very low
in the surface waters and the concentration of chlorophyll rarely exceeded
0.1 mg/m. Sub-surface flucrescence peaks were, however, noted and these are
reported on elsewhere in this report. Some experiments were carried out to
investigate to what extent the fluorescence levels might be enhanced by the
addition of the weed-killer, DCMU. A small and consistent enhancement was
achieved which apparently did not vary according to the time of day or to the
type of water mass being sampled. These experiments were discontinued on the

second leg of the cruise, but probably deserve further attention particularly if
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greater variability in the fluorescence levels are found during next year's cruise.
The particle counting results proved disappointing and disturbing. The software
which should have enabled the computer to sample the data was, unfortunately,

never completed and the results could only be printed out on paper tape.

However, the uniformly low concentrations of particles were not consistent

with a rapid sampling regime. Two new 'high concentration' senscrs were used
during the cruise, although most attention was paid to the one which sizeé
particles in the range 2.5 -150um. Some very strange results were obtained

from this sensor whilst vertically profiling using the submersible pump. No
matter what the fluorescence level, the counts increased dramatically after a

few minutes with no rhyme or reascn. Such peculiarities in the instrumentation

remain to be explained.

MOORING OPERATIONS

General (Gould, Harris, Waddington, Wallace, Bonner)

A total of eight moorings and a bottom mounted tripcd were deployed. These
have IQS(W) mooring numbers 294-302 and are described in table 3. 8ix moorings
were of the near bottom type and together with the tripod made up an array
within which benthic studies on cruise 117 will be carried out. The central
mooring of the array could not be deployed owing to the late arrival of VACM
Batteries in the Azores. The other two moorings were full depth moorings
deployed on either wide of the front found in the biological/physical
mesoscale experiment. All the mooring deployments were uneventful with the
double barrelled winch now driven from the ring main working very well. The
reduced noise levels and the modifications to the hydraulics made during

the cruise have greatly improved the ease of operation of this winch.

TABLE 3 MOORING DEPLOYMENTS

IOS no. Date/time Lat Long Water depth Instrument depth
°N W m m .

294 16.x1.80/2024 32 00.36 31 29.98 4050 200,703,1510 ,

295 19.x1.80/1142 33 01.41 31 47.80 3737 200,703,1510

296 26.xi.80/1659 33 04.98 21 58.42 5283 5273,5174,4632

297 26.x1.80/2047 33 10.86 21 58.34 5289 5288

298 - 27.x1i.80/1028 33 09.96 21 56.77 5286 5276, 5176

299 27.x1.80/1154 33 13.03 22 00.21 5300 5290,5189,4645
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I0S no. Date/time Lat Long Water depth Instrument depth

o

°N W m m
300 27.x1.80/1434 33 10.03 22 06,37 5300 5290,5189, 4645
301 27.xi.80/1740 32 54,11 21 59.56 5275 5265, 5165
302 28.x1.80/0052 33 09.53 22 17.35 5333 5323, 5222

Acoustic Command Units (Harris)

All of the acoustic command releases were tested at the depth they were going
to be used, prior to being deployed on the VACM/camera tripod and eight current
meter moorings. Two out of the ten releases that were "wire tested" failed to
operate correctly. In both instances the fault was due to damaged insulation

on internal conductor leads. This fault, once located, was easily repaired.

All of the time relases and two transponders operated correctly during the

operation of laying the moorings.
BIOLUMINESCENCE (Herring)

Experimental feeding of Oplophorus with 14C labelled tyrosine has been
undertaken in order to establish whether this decapod is capable of synthesizing
its own luciferin from the amino-acid precursors or whether it needs to ingest
it pre-formed in the diet. Other observations on Oplophorus have shown that most
of the photophcres have some degree of rotational capability but it has not been
possible to relate the degree of rotation to the animals' orientation or to the

direction of illumination.

A number of cephalopods have been studied, in particular the lycoteuthids

Selenoteuthis and Lampadioteuthis. Emission spectra have been obtained from

the photophores of these genera and from the cranchids Bathothauma, Coryneteuthis

and Galiteuthis. BAmong the fishes the capture of specimens of Aristostomias and

Pachystomias have provided opportunity for further investigation of these red-

emitting genera. Fluorescence microscopy of the glandular luminescence of the

copepod genus Euaugaptilus and the ostracod genus Conchoecia has shown the

extent of the glandular material and localised it clearly in several species.
Further image intensification studies have been made of the scyphozoan Atolla

and of Oplophorus and Selenoteuthis luminescence. Material from a number of species

has been fixed for subsequent investigation of the photophore structure. In
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addition samples of red and white muscle from species of Chauliodus, Argyropelecus

and Cyclothone have been fixed for ultrastructural analysis by Dr. I. Johnston,

University of St Andrews.
SHIP SYSTEMS

Foreward Ring Main (Wallace and Bonner)

This was the first cruise on which the foreward ring main hydraulic system
could be used both to lay moorings with the double-barrelled capstan and to
power the new midships winch. The ring main gave no trouble when laying
moorings. There was no heat problem, as found previously, since the addition
of a new cooler system. The problem of contamination of the oil also appears
to have been overcome by the modification of the filter system. The ring main
could only be used to power the new midships winch for testing purposes, but
this fevealed no further problems. The ring main system was run for a total

of 18 hours.

Note added by PSO. The noise levels produced by the motor driving the ring

main are still unacceptable in the foreward scientific accommeodation.

Midships Winch (Wallace and Bonner)

A lot of work was achieved on the new midships winch which had been installed
in Barry just prior to the ship sailing. The electric cables were put into
conduit to protect them. Thé slip ring fitted and wired up to the electronics
laboratory. The whole system was tested for electrical continuity and found to
be in order. The A-frame sheave was fitted with the load cell shackle, and
the complete assembly was installed on the A-frame, wired up and successfully

tested.

The trip mechanism, made according to the drawings provided, was fitted one
metre below the sheave., When tested, however, it was found that the mechanism
rode up the wire when hauling in and hit the sheave. The hole in the trip was
increased in diameter and the weight of the mechanism increased by attaching
brass side pieces. On retesting the modified trip worked well. When the wire

was hauled in at full speed and the trip activated, the winch stopped instantly.
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When the traverse encoder was wired in, it failed to work because of an
electronics fault. No hydraulics faults were found, and the winch was run for

a total of five hours under no load conditions.
PERSONAL REPORT (Wells, NERC Consultant on Shipborne Computing)

I am at present on a short secondment from my normal post as Director of
Computing Services at Leeds University, to allow me to carry out a ccnsultancy
study on the future development of Shipborne Computing within NERC. Such a
study must include spending some time at sea, in order to reach at least some
understanding of the problems involved in the use of computers on board a ship.
Pressure of work had precluded my joining an earlier cruise in January/February
of 1980; the first leqg of Discovery cruise ti4, from Barry to the Azores was
judged to be directly relevant to my study, since it included substantial
computing in probessing '‘Batfish' data. My own involvement can be clasgified
at three levels

(i) as a member of a team responsible for general-purpose computing on the
cruise, with especial emphasis on Batfish data capture and reduction,

(ii) as a worker in my own right, carrying out projects which might be
expected to contribute to the overall computing environment,

(iii) as a general observer of the whole approach to shipborne computing,

seeking to improve my understanding in the area of my consultancy study.

In summary the results that I achieved, again under these same three headings
were

(i) team member - very little! My net contribution to the Batfish computing
was quite negligible, due largely to certain physical discomforts associated
with the movement of the ship. Despite my good intentions, I managed to be
present on only two of the 0400 to 0800 shifts, and my attendance at 1600 to
2000 shifts was also of a rather transient nature.

(ii) single worker - considerable, though less than I might have hoped. I
was directly involved in three major pieces of work, two of which reached more
or less satisfactory conclusions:

{a) a rebuild of the RSX 11M operating system was completed by Jochn Burnham
amd myself during the time that Discovery was hove to in the Bristol Channel.
Among other improvements to the previous versions it was intended that this

rebuild would allow the amount of core memory in use to be extended; a
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subsequent attempt to introduce more memory was frustrated by the physical
limitations of the available hardware.

(b} development of a program to estimate the unused CPU time on the PDP11/34.
This program is working in a prerelease version, which has demonstrated the
validity of the approach; the program requires some further development and the
production of documentation before it can be regarded as fully completed, and
I am arranging for these aspects to be carried out at Barry by myself.

(¢) development of a hardware method of estimating the fraction of time that
the PDP 11/34 spends in supervisor state. The work is fully documented; no
attempt was made to carry out the modification at sea as it involves very minor
interference with the back-wiring of the CPU and it was rightly judged that
the consequences of any damage in the middle of a cruise were not worth the risk.
Again, I hope to complete this work during a visit to Barry.

(iii) general observer -. invaluable. My attempts at working on the projects
in (ii), under the physical conditions (both external and internal) imposed by
being at sea, gave me an iﬂsight of the nature of the problems of working on

board a ship that I could not have otherwise gained.

I would like to take this opportunity of recording my thanks to the crew and
scientific staff of Discovery for their patience and help during the cruise;
I shall remember them with gratitude when other, more painful memories, have long

since faded.

CRUISE STATISTICS

_ Leg 1 Leg 2
Batfish data 193hrs 28h
CTD 150m with light meter 1 0
100m with pump 4 0
300m 9 0
1500m 3 0
2000m 0 12
5000m 0 1
XBT's 0 73
RMT 1+8 samples
macroplankton 51 98
micronekton 51* g5*
Moorings
laid 0 9
retrieved 0 1
Autoanalyser
surface nutrients 9 days 0
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Profiles
nitrate 1
silicate
chlorophyll
light

oo b O
-0 OO0

* Ninety of these samples were volumed and part sorted on board.

XBT DATA
XBT Day Time 2 Maximum Lat. Long
No. depth m °N °W
1 314 1220 520 37 40.9 25 47,9
2 314 1405 540 37.3 26 04.2
3 314 1559 490 33.9 23.8
4 314 1755 536 33.1 43.7
5 314 2000 280 31.1 27 04.4
6 314 2200 538 28.4 23.5
7 315 © 0000 197 25.5 43.1
8 315 0202 70 22.6 28 01.7
g 315 Q412 282 20.6 18.0
10 315 0626 169 18.0 28.4
11 315 0958 523 13.3 40.1
i2 315 1800 180 059.6 29 07.4
13 316 0000 537 05.1 30.7
i4 316 0600 537 05.3 49.9
15 316 0957 546 36 44.0 30 00.2
16 316 1158 520 21.8 29 59.8
17 316 1302 536 10.4 59.8
18 3le 1402 525 35 59.5 59.5
19 316 1503 543 48.0 59.3
2C 316 1600 425 37.9 55.1
21 316 1800 543 16.5 58.7
22 316 2000 542 34 55.0 30 00.0
23 316 2200 582 35.2 00.0
24 317 Q010 760+ 12.8 29 59.6
25 317 0200 760+ 33 54.6 59.3
26 317 0400 760+ 33.8 30 00.0
27 317 0600 760+ 12.2 00.7
28 317 0800 760+ 32 50.9 00.4
29 317 1000 760+ 29.9 29 59.8
30 317 1200 760+ 09.5 30 00.3
31 317 1300 192 31 59.6 29 59.8
32 317 1400 760+ 32 05.8 30 09.2
33 317 1600 760+ 19.9 27.8
34 317 1800 760+ 33.3 46.4
35 317 2000 760+ 46.0 31 05.5
36 317 2100 760+ 51.3 16.4
37 317 2200 760+ 58.3 26.3
38 317 2300 760+ 33 04.3 36.4
39 318 0344 760+ 00.5 34.6
40 318 0721 760+ 32 54.8 31.4
41 318 1208 760+ 32 48.3 31 29.4
42 318 1350 760+ 35.1 30.7
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XBT Day Time Z Maximum  Lat. Long.
No. depth m  °N °w
43 318 1895 760+ 32 28.3 31 29.7
44 318 2013 760+ 49.3 29.9
45 319 0121 760+ 35.0 29.7
46 319 0530 760+ 20.8 29.7
47 319 0906 760+ 07.2 29.2
48 319 0957 760+ 00.0 29,7
49 319 1832 760+ 31 50.0 36.4
50 320 0535 365 59.3 51.0
51 320 1427 760+ 32 01.3 30.8
52 322 1230 760+ 54.9 29.8
53 322 1335 760+ 54.9 41.3
54 322 1405 760+ 54.0 47.0
55 322 1440 760+ 59.8 47.5
56 323 1210 760+ 33 09.3 53.¢9
57 325 1840 760+ 32 55.0 17.8
58 326 1602 315 35.8 00.5
59 329 1100 760+ 34 07.8 28 21.7
60 329 1300 . 760+7 03.3 27 55.6
61 329 1500 760+7 01.1 29.3
2 329 1700 760+ 33 56.0 04.0
63 329 1900 . 760+ 50.2 26 38.8
64 329 2054 760+ 44 .3 15.3
65 329 2156 760+ 41.3 02.5
66 330 0000 407 38.5 25 35.7
67 330 0100 760+ 36.5 22.8
68 33C 0300, 760+7? 32.2 24 17.1
69 330 0500 760+ 26.7 32.0
70 330 0700 760+ ‘ 21.4 07.9
71 330 0825 760+ 19.2 23 49.5
72 330 09GO 760+ 18.1 41.8
73 331 0145 760+ 10.4 01.9
SUMMARY

Cruise 114 was surprisingly successful. When we sailed we were not at all
certain whether we would find a clear boundary and if one existed exactly where
to look. Finding it so easily was a tribute to the power of the batfish as a
tool for physical oceanography. Defining exactly what sort of feature we
studied, whether it was a meander or an eddy, was. beyond our capabilities in the
time available, although we are reasonably sure it was a meander in a very
extensive frontal system. The samples we gathered should provide us with
information on the structure of the biological communities in the two outer types
and the how the communities are affected by the very different thermal structure.
Hopefully sufficient data can be extracted from the samples so that there is some
feed back into the design of the sampling for cruises 120 and 121 when we plan to
revisit the area in May and June 1981.
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K#.

K.

KM.

K#.

KH.

MEAN
SOUND
M.

31860



5TH.

1gz22
# 13

lgzze
# 14

1e222
# 1%

ta22e
# 16

HATE
1388

3a/10

3o-1@

3erls

36-19

3t-sta

310"!0

KRS N

31140

31418

31-18

3118

33
33

33
33

33
33

33
32

33
33

33
33

33
33

33
32

33
33

33
33

33

POSITION
LAT L

-3
e
=

38
38

w0
o
x

.2H 29 &
3e

w o
-
x

§.2N 3w

8.2H 3@
7.8H 3@

6.3H 30
4. 5H 38

4.5H 39
J.aN 30

3.1N 38
1.5N 38

5.8N 38
5.8N 3@

a.1N 29 5
4. 1N 2% 9

S.4H 38
2.2H 38

3.3H 38
8.9H 38

32 58.56N 38

ONHG

3.1

6. 64

8. 14
e vy

8. 64U
3. 34

3. 24
5. 9¢

1.44
2. 94

2.9y
4. 64

4. 64
6. 14

5. 1%
5. 6¢

9. 44
9. cu

1.4¢
1. 54

1. 54
1. 84

1. 84
2. 24

GE AR

RMT in-3
RMTBN-3

RMTiN-1t
RMTBH-1

RMTiIM-2
RMTEM-2

RAT1K-3
RHT8H-3

RHT1IM-1
RMTENM-1

RMTIN-2
ERMT8n-2

RHMT1IN-3
RMTEH-3

CTD
HS

CTh
ns

RMTINM-1L
RMTENM-1I

EMTIM-2
RMT8M-2

RMTin-3
RMT8H-3

DEFT
CH

4086~

2008 -

360~

4608 -

18-

165~

168 -

H

500

3eq

@4

e

1648

268

156

263

F1SHING TINE

GHMT
1615~-1715
uny

2ie5-22886
HIGHT

2266-2386
H1IGHT

23B6-8086¢6
HIGHT

fZee-8386
HIGHT

B306-84106
HIGHT

#418-8518
HIGHTY

#615-0780
HIGHT

88156-68338
RN

1032-1132
DRy

1132-1232
Ay

1232-133¢2
LAY

REMARKS MEAH

SOUNHD

FLOW DIST.

wl

.37 KH.

FLDW DIST. 4.17 XM,

FLOW DIST. 4.35 Ki.

FLOW DIST. 4.17 Kn.

FISHED ABOVE 2@°C ISOTHERM
FLOW DIST. 3.64 KH.

FISHED IN CHLORQPHYLL MAXINUN
FrLoWw DIST. 3.77 ¥Kn,

FISHED BELOW 18°C ISOTHERHM
FLOW DISTY. 4.883 Kn.

WBE @ STANDRRD DEPTHS

B @ STANTARDE DEPTHS

FISHED ABOYE Z2ZB8'C ISOTHERM

FLOW DISY. 3.44 KM,

FISHED IN CHLOROPHYLL MAXIMUNM
FLOW DIST. 3.73 KM,

FISHED BELOW
FLOW DIST.

18.7°C 150THERNM
3.57 EM.



STH.

§ 1

IRTE
1988

31718

3118

317149

3ls19

1711

1711

1-11

1711

32
3z

3z
32

32
32

32
32

3z
3z

L

49
48

50 .
o8,

%2,
52.

33.
33.

59.

36

54 .
55.

55.
35.

POSITION
LONG

At

. 4N
. 2N

. 2H
1IN

. 6H

2. 5H

7H
5H

BH
iHN

SH
3N

7N
. 2H

3H
gN

SN
8N

je
36

je

ig

g

3e
3g

38
38

36
3a

31
21

31
31

39
59.

i9.
19,

17,
17.

36.
36.

34.
53.

94.
S54.

12.
11,

28.
28.

6k
3"

.24
. 44

24
2u

v
64

74
s’

14
au

54
Sy

24
Su

=1
SW

GEAR

cTD
MS

UFL
LMD

CTD
MS
UFL

ETD
MS
UrL
FL

CTh
S
UFL

CTD
MS
UFL

CTD
MS
UFL

cCTD
Ms
UFL
FL

CTD
MS
UFL

CTh
Ms
UFL

DEPT
(HI

@ -

H

1ad

313

138

3oa

363

362

138

3z2@

3z2

FISHING TIMNME

GHT

1535~1698
DAy

1831-1857
DUSK

2143-22240
NIGHT

23135-2342
HIGHT

8212-8236
WIGHT

B433-8458
HIGHT

ge646-0788
HIGHT

#9a7-0351
nay

1234-131890
DAy

REBARKS

PUMPING AND PARTICLE COUNTIMNG

B @ STANDARD DEPTHS

PUNPING AND PRRTICLE COUHTING

WB @ STANDARD DEPTHS

WB @ STANDARD DEPTHS

B @ STANDARD DEPTHS

PUNPING AND PRRTICLE

WB @ STRNDARD DEPTHS

WB @ STANDARD DEPTHS

COUNTING

MERH
SOUND



-t -

STH. DATE POSITION GEAR DEPTH FISHING TIME RENARKS HEAH

153848 LAaT LONG o GHT SOUND
: ’ M.
i1gazs ls11 32 36.1H 3t 28 .34 CTD 8- 176 1345-1489 WB @ STAHIARD DEPTHS
# 2 32 36.4H 3t 28.4Y AHS bay
UFL
LMD
228 I»,t1 32 58.1H 31 28.14 RHTIN-1 JjeB- €603 1448-1548
8 3 33 ©0.8H 31 27.70 RHMT8HN-1I JAY FLOW DIST. 3.55 KH.
0228 1-11 33 8.7H 31 27.7d RHTIN-2 600- 783 1548-1648
£ 4 33 3.4H 321 27.3¢ RMTEHW-2 DAYy FLOW DBIST. 4.084 KN
1azz28 -1t 33 3.3K 31 27.34 RHTIAN-3 /25- 8@5 1648-1748 ‘
# S 33 5.4H 31 27.34 RHT8H-3 DAy FLOW DIST. 3.34 KM,
pzes 111 32 58.7H 31 28.24 RHMTiW-1 8008~ 988 Z2016-21t6
B 6 33 1.3K 31 28.2€d RHTS8H-1 HIGHT FLOK DIST. 3.19 KM.
18223 1211 33 1.2K 31 28.24 RMTIN-2 S08-1800 2116-2216
# 7 33 3.7H 31 28.54W RMT8HM-2 HI1GHT FLOW DIST. 3.37 KH.
lez228 1711 33 3.€6H 31 28.54W REMTIN-3 1ev8-11868 2216-2316
¥ 3 33 6.1N 31 28 8¢ RMTEN-3 HIGHT FLOW DIST. 3.65 KNM.
1EzZ23 241 33 1.9H 31 33.9%W RMT1IH-1 B00- 680 B2a2-83682
# 9 33 ©.6N 3t 31.5W RHMTENH-1 NIGHT FLOW DIST. 3.38 KH.
tezzg 2411 33 B.6H 31 31 668 RHTIN-2 668~ 78l B302-6402
# 10 32 B9.4H 31 29.3¢ RMTE8HM-2 HIGHT FLOW DIST. 3.78 KH.
18228 2-s11 32 59.4H 31 25. 440 RHTIN-3 788- 888 @8462-8582
11 32 58.5H 31 27.24 RMTBM-3 HIGHT FLOW DIST. 3.89 K¥.
lézzs 211 33 5.6H 31 33.740 EHTIHW-) 288- 308 B8H2%5-1825 RNMT8 FAILED TO0 CLOSE COMPLETELY
# 12 33 S.1H 31 31.84Y RMNTENM-1 nay FiOW DIST. 3.46 KN,
gaz8 Zs11 33 S.1H 31 21.84 RHTIN-2 386- 480 1025-1125 RMT8 COULD HOT OPEN COMPLETELY
¥ 13 33 4.5H 31 28.4W RHMTEN-2 aYy FLOW DIST. 3. 8% KNM.




S5TH.

_EE_

-

3* G b - S ot
Fus P}
N R L ]
o oo L O

| X

-
E- v
s
ro
- 0y

T
o R
03

L]

I o

tgz2s
§ 23

*
ra M
Ja 03

.,.
* o

ro
ra P
oo

DATE
1588

egs11

2711

2711

2711

F

11

2711

2711

311

33
33

33
33

33
33

33
33

32

22

33

33
33

32
32

32

POSITION
LONG

Lay

4.5H

3.8H

4.34
6. 4H

6.4H
g.9H

8.5H
18 4H

18. 1N
3.1H

9.1H
7.9H

56 . 2N
58.5H

58. 9N
0. 7H

35.4H
57. 4N

37.4H
59.7H

31
31

31
31

31
31

31
31

31
31

31
31

31
31

31
31

31
31

31
3t

31
31

26.
28.

28.
27.

26.
25.

31.
32,

32.
34.

34.
335.

30.
32.

3z2.
34.

.4y
. 7Y

-1
. 84

. 84
. 84

gy
oy

14
4b

.44
. 84

84
8Y

ay
6b

6H
14

oy
6k

6
11"

1e
54

GEAR

RMTIN-3
RHTBH-3

RMT1IN-1I
RHTEH-1

RMT1IHW-2
RMTEM-2

RATIN-3
RMT8H-3

RMT1IM-1
RHTEN-1

RMTIM-2
RMTEM-2

RMT1H-3
RMTEN-3

RMTiM-1
RMTBM-1

RMT1IN-2
RHT8H-2

RMTIR-3
RMTB8M-3

RHTiH-1
rRMTBNK-1

RMTIN-2
RHT8H-2

DEPTH
(M
488- 385
18- 113
ge- 13@
128- 208

5~ 350
350- 6540
650-1800
26@- 366
309- 464
498- 500

18- 129
98- 140

FISHING TIHE

GHT
1123-1225
DAY

1333-1433
DAY

1433-1333
Ay

1333-1633
DAY

1711~-1737
nay

1737~-1884
DAY

1884-1831
BUSK

2283-23683
HIGHT

2383-8006G4
NIGHT

geG4-0104
HIGHT

8z2z59-8359
NIGHT

8359-0459
HIGHT

REMARKS

RMTS COULD HOT OPEN COMPLETELY

FLOW DIST. 4.13 KNM.

F1ISHED ABOVYE 19’C T1SOTHERN
FLOW DIST. 3.51 KH.

FISHED AROUND 18°(C ISOTHERN
FLOW DIST. 2.937 XM

FISHED BELOW t7°C ISOTHERMN
FLOW DIST. 3. 24 KN.

BBLIQUE
FLOW DIST. 1.68 KH.

BBLIQUE
FLOW DIST. 1.686 KN.

6BLIGUE
FLOW DISTY. 2.95 KH.
FLOW DIST. 3.87 KH.

FLOW DIST. 4.80 Kn.

FLOW DIST. 3.86 K.

FISHED RBOVYE 19°C ISOTHERMNM
FLOW DIST. 4.81 KM.

FISHED ABOUT
FLOB DIST.

18°C ISOTHERHN
4.19 KN

MERN
SQUND
M.



—

H.

18228
# 26

1e228
# 27

18228
y 28

lazza
# 28

18228
# 38

_bg_

lezzs
$ 21

19228
# 32

18228
$# 33

L]

1e2z
#

—

lpz3a
# 1

18231l
o

DATE
13880

3’1l

3711

3711

3711

3’11

3/t

311

311

3711

4-11

4711

32
33

32
32

32
33

33
33

33
33

33
33

33
33

33
32

32
32

3z
32

32
32

L

59

2.

35.
39.

35.
33,

54.
54.

53.
53.

PGSITION
LONG

art
.TH
N

2N
8N

. 7N
.IN

. 1N
. 8N

. 8N
. BH

3N
@M
8N
.SM

. 9N
. IH

4N
8N

eN
oM

31
31

3t
31

31
31

31
21

31
31

31
31

31
31

31
31

31
31

31
31

aa
lg

34.
36.

38.
29.

31
32.

3z2.
3z.

32.
33.

31,
29.

29.
27.

27.
235.

39.
31.

11,
18.

54.
33.

1
24

16
8y

14
44

4u
6U

64
2y

8y
4y

4y
24

24
1

U
1y

1y
e

6y
9y

GEAR

RHT1M-3
RHT8M-3

CTD
UFL
FL
PUNHP

RHTIH-1
RMT8N-1

RMTIN-2
RMTEN-2

RMT1H~-3
RMT8H-3

RMTiN-1
RPHTEM-1

RAT1IH-2
RHT8H-2

RMTIN-3
RMTE8M-3

CTh
ms

CTD
MSs

CTD
MS

DEPTH
(MO

128~ 268

8- L34

geg- 9ea
5996-1000
895-1160
285- 360
3ee- 484
396- 503
8-1509

9-15086

e-1564

FISHING TIMWE

GHT
#459-08559
HIGHT

a73a-p88o
DRWN

B326-102¢6
pay

1826-1t26
DAY

1126-1226
DAy

1346-1448
DAY

1448-1540
DAY

1548-1648
Ay

1933-2044
DUSK

8656-8753
BAWN

B93B-1180
DAy

REMARKS

FISHED BELOW 17'€C ISOTHERM

FLOW DIST. 4.

at kM.

PARTICLE COUNTING

FLOW DIST. 3.
FLOW BIST. 3.
FLOW DIST, 2.
FLOW DIST. 4.
FLOW DIST. 4.
FLOW DIST. 3.

4B @ STANDARD

UB @ STANDARD

WB @ STAHNDARD

33 KM.

37 Kn.

97 Kn.

26 KM.

88 KH.

84 Kit.

DEPTHS

DEPTHS

DEPTHS

MEAN
SOUND
M.




- G¢ -

DATE
15849

13-11

1311

13711

13711

13711

13711

13711

13-11

13711

13711

13411

33
33

33
33

33
33

32
32

32
32

32
32

32
32

32
32

32
32

32
32

32
32

LAT

59
. 3H

38

58.
56.

56.
55.

53.
31

51,
58.

50.
48 .

34,
3z.

32.
39.

. 4N
. 9N

. 9N
. 4N

. 4N
.9H

8N

9N
gH

ON
8N

7N
I

31
31

31
31

31
31

31
31

31
31

31
31

31
31

31
31

31
31

31
31

31
31

POSITION

LOHG

37.
36.

36.
35.

33.
34.

34.
33.

33.
32.

32.
31

38.
3a.

3.
29.

29.
29.

3a,
38.

30.
23.

4]
5

S
‘Y

7d
a8y

29
34

3
54

oW
6d

94
34

34
84l

L)
L]

a4d
1

ey
3

GEAR

RNTIN-1
RHTEN-1

PHT1H-2
RMTB8M-2

RMT1IM-3
RHT8M-3

RMTLIM-1
RHTE8M-1

RNTiN-2
RMTEM-2

RHT1HM-3
RMHTEH-3

RMT1IHM-1
RMT8HM-1
LiLp

RNT1H-2
pMTEM-2
LLP

PMNTINM-3
RHT8NM-3
LLP

PUT1IN-1
PHTBM~1
LLP

PHNT1In-2
pnrTan-2
LLP

DEPT
(R

43-

45-

48-

45-

49-

47 -

420~

448~

538-

h48-

H

534@

345

6i0

§h8

618

FISHING TIHME

GHT
gez27-a1L27v
NIGHT

glLa2v-e227
NIGHT

g227-8327
NIGHT

B4B85-85@5
HIGHT

8585-8683
NIGHT

8605-8785
HIGHT

A334-08938
DAY

8538-1039
naY

1839-1139
DAY

1434-1532
DAY

1532~-1632
DAy

REHARKS

FISHED ABOVE THERMOCLINE
FLOW DIST. 3.69 KH.

FISHED ABOVYE THERMOCLINE
FLOW DIST. 3.69 KM.

FISHED ARBOYE THERMWOLLINE
FLOW DIST. 3.68 KM.

FISHED ABOYE THERMOCLINE
FLOW DIST. 3. 64 KM.

FISHED aBOVYE THERMOCLINE
FLOW DIST. 3.67 KH.

FISHED AROYE THERMOCLIME
FLOW DISY. 3.5t KM.

i85-113 DB

FLOW BIST. 3.52 KH.

28-185 DB
FLOYW DIST. 3.23 KW~

1@3-115 DB
FLOW DIST. 3.15% K#i.

37-186 DB
FLOW DIST. 3.61 KM,

184-117 DB
FLOW. DIST. 3.53 KH.

MEAN
SOUND



19232
# 12

18232
# 13

18232
# 14

BATE
1980

13-481

1311

13711

13711

14-11

14711

14711

14711

14,11

147114

14711

32
32

32
32

32
32

32
32

32
32

32
32

32
32

32
32

31
31

31
31

31
3t

L

31
29

48 .
46.

46 .
43,

43.
43.

34.
32.

31.
30.

20 .
19.

18,
17.

39.
58.

58.
96 .

56.
55

POSITION
LONG

Ar

.@H
1N

1K
SH

&N
2H

2N
3N

8N
1N

N
2K

IN
1H

9H
7H

4N
2K

2H
’H

31 29,94

31

31

31

31
31

31
31

31
31

31
31

31
i1

3t
31

31
K

31
31

31
31

3e.

29.

28.

28.
27.

27.
27.

29,
29.

28.
28.

2%5.
29.

29.
28.

38.
31,

31.
32.

32

24

18

24

2y
8y

8y
1]

54
1

9y
1

6d
24

14
24

2y
44

k]
1]

. oY
33.

74

GEAR

RMTLIN-3
RHTSNM-3
LLP

RHTINM-1
RHTEN-1

RHAT1IR-2
RMT8M-2

RAT1IH-3
RHT8H-3

PATY1M-1
RMT8H-1

RMT1IHK-2
RNT8H-3

RHTiNH-1
RAT8H-1

PMT1H-3
RHT8HM-3

AMT 1M~
RHTBM-1
LLe

RHTIH-2
RRT8H-2
LLP

RMTIH-3
RHTEHW-3
LLe

DEPTH
CHDO
485- 550
48 - a6
§3- 99
73- g2
45- 68
68 - 58
48 - S8
78- 98
200- 303
295- 460
4800- 560

FISHING TIHE

GHT

1632-1732
Ay

2454-2154
HIGHT

2154-2254
HIGHT

2254-2354
NIGHT

8157-8257
NIGHT

838E6-84486
NHIGHT

R547-0637
NIGHY

8645-8735
NIGHT

1834-1134
oAy

1134-1234
DAy

1234-1334
Day

REHARKS

86-186 DB

FLOW DIST. 3.73 KH.

FISHED RBOYE THERMOCLINE
FLOW DIST. 3.68 KHW.

FISHED AT BASE OF THERMWOCLINE
FLOY DIST, 3.57 KM,

FISHED AT BASE OF THERMOCLINE
FLGY DIST. 3. 34 KM.

FISHED ARBOYE THERWOCLIMNE
FLDW DIST. 4.00 KH.

FISHED AT BASE OF THERMWOCLINE
FLOW DIST. 4.40 KM.

FISHED ABOVE THERHOCLINE
FLOW D1IST. 2.88 KH.

FISHED AT BASE OF THERKHOCLINE

FLOW DIST. 3.56 KH.
65-76 DB
FLOW DIST. 3.12 KH.
74-85 DB
FLOW DIST. 3.37 KH.
85-95 DB
FLOW DISY. 3.595 KA.

MEAH
50UND
M.




_LE_

STH.

DATE
15889

14711

14/11

14711

14711

14-11

14-11

15-11

15711

1s-11

15711

15711

15711

31
3t

31
31

31
31

31

32

32
32

32
32

32
32

32
32

32
31

32
32

32
32

L

36

54.

54.
J2.

52.
58.

1.9 321

POSITION
AT

.2H 31

4N 31t

4N 31
’H 31%

N 31
9N 31

.8H 31

.2H 31

. 2H
. 5N

31
31

9N
. 8N

31
31

. 4N 31
J1H 31

1IN 31
. 4N 31

44 31
.44 31

3N 31 31
34.

6N 31

.S5H 31

32.
33

33.
34.

34.
35,

33.

35.

35.
38.

38.
40.

44,
46.

46.
48,

48,
586.

34.
3¢6.

LONG

6y
54

Je
5S¢

Su
54

34

84

74
24

14
94

1y
a8y

au
44

44
Sy

44
iy

eu
4y

GEAR

RETIH-1
RMTEM-1
LLe

REY1INM-2
RMY8HM-2
LLP

RHT18-3
RHT8H-3
LLP

RMT1M-1
RMTEM-1

RMTIM-2
RHT8H-2

RMT1IN-3
RHT8HM-3

RHT1HM-1
RHT8M-1

RMT i{H-2
RuTamM-2

RRT1IR-3
RHT8M-3

RMT1IN-~-1
RNT8M-1

RHT1K-2
RMT8H-2

DEPTH
(M
58@- 660
88~ 7608
798~ 3ae
ggg- 9¢e
9B8-1862
teee-11a0
508- 668
60ag- 769
7ed- 809
795- 894
ggs5-18948

FISHING TIME

CHT

1451-1331
DAy

15951-1651
LAY

1651-17351
DAYy

2118-2210

HIGHT

2218-2310
HIGHT

2310-0810
HIGHTY

aze7-@83a7
HIGHT

83e7-8489
NIGHT

B4B9-8589
NHIGHT

8936-1a3¢6
DAY

1936-1136
DAy

REMARKS

FLOW DIST.

FLOW DIST.

FLOW DIST.

FLOW DIST.

NO FLOUW

NO FLOW

FLOW DIST.

FLoW DIST,

FLOW DIST.

RMT8
Fi oW

HETS
DIST.

RHT8
FLOW

HETS
DIST.

3.13

3.73 KH.

TANGLED

3.13% KH.

TARGLED

3.42 KM

KH.

KM.

KK,

KM.

KH.

KH.

CATCH DISCARDED

CARTCH BISCARDED

MERN
S0UND



STN. DATE
1980
18233 15/11
415
18233 15711
y 16
18233 15/11
¥ 17
18233 15711
4 18
18233 15/11
§ 19
'1@233 15-11%
o 4 20
|
10233 15/11
8 21
189233 16711
B 22
18233 16711
§ 23
18233 16711
# 24
18233 16711
§ 25
19233 16711
4 26

32
32

32
32

32
31

31
31

32
32

32
32

32
32

32
32

32
32

32
32

32
32

32
32

LAT

.94
.7H

. 9N
.IH

. iN
.6N

. 6N
LN

. 8N
.4N

.4NH
.1H

.1H
;6N

. 9N
. 3H

. 3H
. 6N

.6H
. BH

. 4H
. 8N

.7H
. 9N

31
31

31
31

31
31

31
31

31
31

31
31

a3
31

31
31

31
31

31
31

31
31

31
31

POSITYION
LONG

36.
38.

3a.
32.

32.
335.

33.
37.

31.
34.

34.
36.

36.
38.

48.
42.

42.
43.

43.
47.

29.
. 5y

28

29,
31.

44
’d

4.
9y

sS4
39

24
6w

Y
3

3¢
b4

7Y
’d

gy
8y

o
2y

14
44

44

6
9y

GEAR

RHY1W-3
RMT8H-3

RAT1H-1
RMTE8N-1

RMT1H-2
RHNTEH-2

RHT1HM-3
RMTBH-3

RMT1iH-1
RAT8H-1

RHET1IH-2
RHTGN-2

RHT1H-3
RATE8H-3

RAT1IH-1
RRTAENM-1

RMT1H-2
RMT8H-2

RHT1H-3
RHWTEBHM-3

CTD
HS

RMTIH-1
RHT8N-1

DEPTH
(KO
995-1168
- 78
65- ar
98- 200
185~ 368
388- 460
498- 3008
te- 9@
468~ 167
95~ 268
e-2009
gee- 918

FISHING TIHE

ERNT

1136-1236

DAY

1447-1549
[ R

1548-1608
DAY

16508~-175@
DAY

2819-2119
HIGHY

2119-2219
HIGHY

2219-2319
HIGHY

89as8-6508
HIGHT

ei1eg-a288
NIGHT

A2@gg-83088
HIGHT

es512-@8623
NIGHTY

1149-1249
DAY

REMARKS

RMT8 HETS TANGLED
FLOW DIST.

- CATCH DISCARDED
3.089 Kh.

FISHED ABOYE THERMOCLINE
FLOY DIST. 4.17 KH.

FISHED AROUND 12°C ISOTHERH
FLOW DIST. 4. .37 KN,

FISHED BELOW 18.9°C ISOTHERH

FLOB DIST. 4.8t KM
FLOW BPIST. 3.735 KA.
FLOW DIST. 4.80 KH.
FLOY DIST. 3.19 KH.

FISHED RBOYE THERMOCLINE
FLOW DIST. 3.53 KAH.

FISHED AROUND 19°C ISOTHERH
FLOB DIST. 3.76 KH.

FISHED BELOW 18.3'C ISOTHERHM
FLOY DIST. 32.76 KH.

FLOW DIST. 2.78 KH.

HERHN
S0UND

41880



STHN.

18240
i 1

18240
§ 2

1B241
# 1

DATE
is8e

lest il

16711

1641

16711

17211

1e711

17711

17711

ivotd

17-11

17711

17711

32
32

32
32

32
32
32

32
32

32
32

32
32

32
32

32
32

33
33

33
33

33
33

LAT

n Mo

15.
15.

25,
26.

34.
35.

45 .
46.

59.
35.

19.
11.

11

. 9N
.1H

. 1N
. "N

. 4H

. 4H
. TN

2N
7H

7N
3N

9H
7H

7N
6H

gN
7N

. OH
.6H

1K
8H

. 8H
i1,

1IN

31
31

31
31

31

31

31

31
31

31
31

i1
31

31
31

31
31

31
31

31
31

31
31

POSITION

LOMNG

3.
34.

34.
36.

3a.

29.
29.

38

KL
29.

3e.
29.

29.
29.

29.
29.

47.
47.

47.
47.

47.
5@.

L
24

24
64

ey

g
3y

. 44
3.

i

44
9y

24
6W

Su
44

84
8y

34
24

14
id

84
34

GEAR

RET1IN-2
RMTENH-2

RHT1M-3
PHT8M-3

CH

€7D

CTD

WB 1

€TD
KHS

CTh
HS

CTD
KS

CTD
MS

CTD
MS

ETD
S
LLP

RMTLIH-1
RMTEM-

BEPTH
CHY

SeE-10840

19006-1100

2@gp-1668

B-z2eod

8-2600

B8-2800

g-2808

g-200680

g-208680

8-2808

a- 778

98- 118

FISHING TINE

GHT
1249-1349
DAY

1349-1449
Ay

2824-
2251-2359
HIGHT

e128-0238
HIGHT

8481-8328
NIGHT

638-8735
DAWN

8989-1818
HE R

1128-1228
DAY

1543-1648
Ay

1742-1845
nay

2013-2113
RIGHT

REMARKS

FLOW DIST.

FLOW DIST.

MOORING NO. 294

3.21 KH.

3.26 KH.

-CHM @ Z0G,890, 1688

MONITOR J3 CALIBRATIOH

FISHED PAROUND 19°'C ISOTHERH

FLOW DIST.

3.87 KH.

HEAY
SCGUHD

3735

3592

3678

3781



STH.

18241

18241

18241

# le

18241
i 11

18241
4 12

1241l
# 13

DATE
1586

17711

17711

1g-11

18711

18-11

18-11

18-11

1841

18711

18-11

i8/11

18711

33
33

33
33

33
33

33
33

33
33

33
33

33
33

33
33

33
33

33
33

33
33

33
33

L

11.
10.

19.
9.

11.
11.

11

i1

11.
1t.

11.
11

11.
1t

i1e.
16.

18.
9.

11,
ig.

POSITION
LONG

AT

IH

4N

4N
gH

IN
2H

.2H
3N

IR
3N

3N
IN

1IN
1K

I
4N

4N
7H

6N
8N

. 8H
. BN

. 8N
.9H

3t
31

31
31

31
31

31
31

31
31

31
31

31
31

31
31

31
31

31
31

31
31

31
31

58.
53.

53.
55.

46.
49,

49,
52.

§1.
54.

48.
36.

39.
sz2.

47.
49,

49,
52.

48.
58.

58.
53.

53.
39.

349
3y

3Y
8y

9y
44

34
au

gu
4t

44
64

64
6H

44
84

94d
44

54
8y

g8k
oy

1
84

GERR

PHT1H-2
RMT8H-2

RHTIM-3
RHTB8H-3

ERT1R-1
RAT8H-1

RMTIN-2
RETEN-2

RHTIN-3
RHT8H-3

RHT1n-1
RHTBH-1

RHT1IH-2
RHTQR-2

RHTIN-1
RATE8H-1

RHUT1IH-3
RHTE8M-3

RHTiM-1
RRTE8H-1

RHT1M-2
RRTBMN-2

RHT1INM-3
RHTER-3

DEPTH
CMo
ae- ;95
g2~ 1464
55— 100
v3- B3
83~ 323
7e8~- 95
68- 38
418- 554
548~ 528
4568~ 3589
558- 688
680~ vZ@8

FISHING TIHE

GHT

2113-2213

HIGHT

2213-2313
HIGHT

8949-08148
HIGHT

8148-0248
NIGHT

9248-0348
NIGHTY

8518-68618
HIGHT

8618-0718
HIGHTY

@935-18@35
DAY

163B-1138
pay

1321-1419
IRy

1419-1517
pay

1317-1617
DAY

REMARKS

FISHED AROUND

FLOW DIST. 3.

FISHED ARGUND

FLOW DIST. 3.

FISHED ARQUND

FLOW DIST. 3.

FISHED AROUND

FLOY DIST. 3.

FISHED ARQUND

FLOYW DISTY. 3.

FISHED ARGUHD
FLOW DIST. 3

FISHED AROUND

FLOW DIST. 3.

FISHED AROUND

FLOW DIST. 3.

FISHED AROUND

FLOY DIST. 3.

FLOW DIST. 3.

FLOW DIST. 3.

FLOW DIST. 3.

13°C ISOTHERH
91 KH.

13'C ISOTHERMN
96 Ki.

19°C ISOTHERH
85 KH.

13°C ISOTHERN
64 KH.

19'C ISOTHERH
87 KM.

19°C ISOTHERM

.31 KH.

13°C ISOTHERH
67 KM.

12*C ISOTHERN
12 Kn.

11’C ISOTHERH

64 KH.

63 KH.

36 KM.

86 KiM.

MEANH
SOUND



STH.

18243
8 3

162473
8 4

DATE
15880

18711

1811

18/11

18-411

19711

{9711

18781

1911

18/11

18711

13711

1911

1941

33
33

33
33

33
33

33
33

33

33

33
33

33
33

33

33

33

33
33

33
33

33
33

_——:-llII'-IIIlF-Il-.........llIll...l........-r,_,_.;________

POSITION

LAT

11.7H

11.3K

11. 1N
16.2H

ig.8H
8.8H

11. 8N
11. 7N

11.7H
11.2H

11. 84
19. 8H

18. 7H
9.9H

1. 6N

2.5N

5.5H

5.6H
g. 3N

8.2K
8. 7K

1.6NH
4. 2N

LONG
31 47. 44
31 47. 6%

31 4814
31 49. 8V

3t 96. 14
31 51,649

31 48, 3¢
31 58. 74

31 S8.94
31 53,14

11 48. 8
31 56. 94

31 51.1¥
31 54. 14

31 47. 7Y
31 38. a4
31 30.84

31 36.94
31 32. 064

31 38. 6V

31 30.8Y

3t 31. 44
31 32.5¢

GEAR

€TD
fs

REHT1IH-1
RHT8H-1

RHTLH-3
RHTEH-3

RMT1K-1
RHNT8H-1

RHT1iNH-3
RHT8NH-3

RETiIN-1¢
RMTEM-1

RHT1H-3
RHT8H-3

cH

RHATIH-1

RATBH-1

RAT1IH-3
RH¥TBM-3

CTh
Hs

ERYiH-1
RHTBH-1

DEPTH
CHI
g-2860
185- 239
235- 239
98- 148
145- 1539
195- 218
258- 3635
280-1660
4853- 534
575- 648

e-28049
225- 304

FISHING TIRE

GMT

1885-19180

DUSK

2eav?-2187
NIiGHT

2117-2217
NIGHT

2343-8043
HIGHT

ge56-8138
NIGHT

8314-8414
HIGHT

8424-6524
HIGHT

11408~
1482-158@2
nayY

1586-1686
Ay

1751-1581
DUSK

2013-2113
HIGHT

REWARKS

FISHED AROUND

FLOW DIST. 3.

FISHED RROUND

FLOW DIST. 3.

FISHED AROUMND

FLOW DIST. 3.

FISHED AROUHND

FLOW DISY. 3.
FLOW DIST. 3.

FLOW DIST. 3.

AOORING HO. 295

FISHED ARDUND

FLDOW DISYT. 3.

FISHED RROUHD

FLOW DIST. 3.

FISHED AROUND
FLOW DISY. 3

13°C ISOTHERN
51 KM.

t4°C ISOTHERN
67 KH.

17°C ISOTHERN
85 KH.

16'C ISOTHERHA
7?1 KH.

37 KM.

78 KHW.

~-CH @ 2¢¢,8086e, 1688 M.

12’€C ISOTHERH
91 KM,

11°€C 1SCGTHERH
56 KM,

15°C ISOTHERH

.69 KA.

MERH
SOUND

3563

3737



STN, BRTE POSITION GEAR DEPTH FISHING TIMWE REWARKS HEAN
1988 LAT LONG (M2 GHT SOUND
. M.
182413 19711 33 4. 6H 31 32.6¥ RHTIHN-3 295- 348 2122-2222 FISHED 14°'C ISOTHERKH - RNTI NET TORN
# 5 33 7.34 31 33.6V RHTEH-3 HIGHT FLBY DIST. 4. 88 KM.
18243 208-11 33 1.4N 31 38.386 RHTiA-1 148- 185 B@12-98112 FISHED AROUND 17'C ISOTHERHM
£ 6 33 4.2K 31 38.99 RHTER-1 NHIGHT FLOW DIST. 3.95 KH.
18243 2e-11 33 4.2H 31 38.9¢ RNT1IH-3 170- 135 8116-08216 FISHED 16°C ISOTHERHM - RMT1 NET TORK
# 7 33 7.tH 31 31.20 RHMTEH-3 - NIGHT FLOW DIST. 4.14 KN
18243 20-11 33 2 .84 31 31.6¥ PRHTIN-1 1%98- 215 @423-0525
# 8 33 4.4H 31 33. 14 RHT8M-I HIGHT FLOW DIST. 3.89 KNM.
18243 28-1%f 33 4.8N 31 33.44 RHTINM-3 295- 315 B336-8636
g 3 33 7.4H 31 34.9¢ RNHTBHW-3 NIGHT FLOW DIST. 4.13 KH.
118243 28711 33 2.8H 31 30.4¢ RHTIH-1 485- 558 @8947-1049
ho# 1o 33 5.0H 31 31.6¥ RHTB8H-I DAY FLOW DIST. 4.21 KM,
|18243 2011 33 S.8H 31 31.64 RHBTIN-2 358- 638 1049-114¢6
11 33 77N 31 32.24 RHYBHM-2Z bay FLOW DIST. 4,88 KM.
18243 2e-11 33 7.6N 31 32. 18 RATLIW-3 650~ 728 1146-1246
# 12 33 106.34 31 32.64 RHTEH-3 DAY FLOW DIST. 4.17 KM.
1@244 2a-s11 32 59.4H 31 15.14 RHTIM-1 S68- 628 1637-1728 FISHED AROUND 12'C IS0THERHN
# i 32 S52.2H 31 16.28 RHTBH-I DAY FLOW DIST. 2.62 KH.
19244 28-1t 32 52.4M 31 16.48 RHTIR-3 663- 700 1727-1882 FISHED AROUND 1§°'C ISOTHERH
& 2 32 53.8N 31 17.14 PRHT8M-3 oAy FLOW DIST. 2.46 KH.
18244 26-11 32 S1.8H 31 13.54 FRHTIM-1 315~ 3s8 2043-2143 FISHED AROUND 15'C ISOTHERN
# 3 32 53.64 31 13.9Y RHT8H-t NIGHT FLOW DIST. 3.96 KH.
19244 28,11 32 S53.%H 31 14.8W RHNTIH-3 398~ 405 2158-2256 FISHED AROUND 14°C ISOTHERH
# 4 32 56. 3N 31 14. 54 RHTBH-3 HIGHT FLOW DIST. 3.94 KH.

M————“&_—_




STH.

18244
8 5

18244
# 6

16244
¥ 7

18244
# 8

18244
8 9

18244
$ 18

|
N
W
|

18244
# 11

19244
12

18245
# 3

DRTE
19849

21711

21711

21711

21711

2111

21711

21711

21711

2111

21711

2111

32
32

32
3z

32
32

32
32

32
32

32
32

32
32

32
32

‘32

32

32
32

32
32

e e e [

L

POSITION
LOHG

AT

49.6N 31 14

51.

wa.
54,

49,
51

91.
93.

49.
45,

48.
47 .

47 .
45 .

45 .
44,

25.
25.

23.
25.

25.
25.

7N

o
1N

6N
8N

7
8H

itN
6H

2H
3N

4H
7H
éH

7H
6N

8N
BN

7N
2H

31

31
31

31
31

11
31

kD!
3t

31
31

31
31

31
31

360
3a

30
30

e
38

i6.

16.
i8.

19,
17.

17.
2e.

13.
12.

14,
16.

t16.
£9.

19.
22.

39.
39.

48.
43.

43.
45.

. BY
S5y

8y
64

1@
9y

8w
19

64
8y

9y
8y

6
64

6V
6

94y
14y

[
3y

64
Sy

GEAR

RMT1H-1
RMTE8H-1

RWT1R-3
RATBN-3

RMT1NM-}
RHT8N-1
RHT1M-2
RHTBNH-2

RMT1iH-3
RMTEH-3

CTD
Hs

RMT1nK-1
RHTE8NU-1

RHTIHR-2
RATBH-2

RMT1H-3
RHT8BH-3

CTD
M5

RMTiN-1
RHT8NM-1
RMY1H-2
RMTE8H-2

RMTIHN-3
RWTBH-3

BEPTH
M2
288- 248
265~ 293
19e- 300
29e- 318

a-200606
48@- 3549
538~ 618
616- 720

ga-2608
338- 360
4868- 435

FISHING TIHME

GHT
@045-08145
NIGHTY

B156-8256
NIGHT

9438-8546
HIGHT

B546-8646
NIGHT

8812-8935
DAWN

1835-1134
TaY

1134-1234
oAy

1234-1334
DAy

1885-1948
DUSK

2B198-2118
NIGHT

2117-2217
NIGHT

REWHARKS

FISHED AROUND

FLGW

FISHED AROUND

FLOW

RET2
FLOUW

FLOW

FLOUY

FLOUW

FLOW

HET2
FLOW

FISHED ARROUND 14°C ISOTHERM
4.084 KN

FLOUY

DIST. 3.

DIST. 4.

1?7°C ISOTHERH
84 KH.

16°C ISOTHERH
81 KH.

MERN
SOUND

OPENED PREMATURELY-SEE BIOD LOG.

DIST.

DIST. 4.26

DIST. 2.99

DIST. 3,886

DIST. 3. 806

4.55 KH.

KM.

KH.

KH.

KH.

3676

OPENED PREMATURELY-SEE BIO LOG.

DIST.

DIST.

3.68 KA,



—.bb_

18249
# 4

18245
# 3

18245
B b

18245
8 7

18245
# 8

10245
8 9

18245
$ 10

12249
# 11

18245
# 12

18246

DATE
1986

22711

22711

22-11

22711

22r11

22711

22711

22711

22-11

257114

25711

25711

32
32

32
32

32
32

32
32

32
32

32
32

32
32

32
32

32
32

33
33

33
33

33
33

L

26.
26.

26

26.

26.

27

27

27.

27.

29

39.

32

26

27

T

2
28

28.
29.

16,
15.

13

14.

12.
1.

POSITION

ar LONG

.4H 30 44.
SH 38 47,

.3H 38 43

.8H 38 43

.2H 38 49,
.6H 38 42,

.3H 38 42.
.8N 38 49,

1IN 38 41,
3N 36 44,

SN 30 41.
2N 38 43.

gH 38 49.
.8H 398 41.

9N 306 42.
.74

8N 38 45.
94 38 47.

IN
7H

. 2N
3N

2N
3N

23
23

23
23

23
23

29.
27.

22.
17,

(|
i

44
8y

2y
6

.9y
35H 39 46.

64

4y
9y

14

8y

av

8
24

24
64

ad
iy

44d
24

. 54
. 3W

GEAR

RMT1iN-1
RHYBH-1

RATIM-3
RHT8H-3

RMTLIN-1
RHTEHN-1

RHT1H-3
PHT8H-3

RHTiIH-1
RHT8H-1

RMNTIN-3
RHT8H-3

RHTLIH-1
RATBNK-1

RAT1H-2
RMTEM~2

RHTIH-3
RHT8HM-3

RMT
RMT

RHT
RHT

RMT
RMT

1
8

1

[

JEPTH
TH
238- 250
3i@8- 349
lég- 218
292~ 3895
388- 668
688- 7!e@
480~ 3554
3308- 658
638~ 713
338- 528
845;1193
647- 798

FISHING TIHE

GHT

ge14-9114

HIGHT

er1z22-8222
NIGHTY

8486-8386
HIGHT

8515-8615
NIGHT

B9535-1033
DAY

1183-1283
Day

1428-1526
DAY

1326-1627
Bay

162?7-1727
nay

1045-1129
DAY

1311-1516
DavY

1716-1816
Day

REMARKS

FISHED AROCUND

FLOW DISY. 4,

FISHED AROUND

FLOB DIST. 4.

FLOW DIST. 3.

FLOYW DIST. 4.

FISHED AROUND
FLOW DIST. 3

FISHEDB AROUND

17°C ISOTHERH
88 Ku.

16°C ISOTHERM

83 KH.

82 Kn.

86 KH.

12°C ISOTHERN

.75 KH.

11'C ISOTHERH

FLOW DIST. 4.81 kKA.
FLOW DIST. 3.37 KH.
FLOW DISTY. 3.91 KM.
FLOW DEST. 3.98 KH.
HALL EFFECT FLOM DIST. 2.29 KN,
FLOW BIST. 2.508 KM.
HALL EFFECT FLOW DBIST. &.81 KN

s -1,M‘m, o

MEAH
SOUND
M.



STH,

19249
# @

18259
# @

18251
¥ 0

~ 18252
R

18253
8 B

182354
8 B

DATE
1988

26711

26711

2rrs11

gvrsid

2r/11

27711

2811

28-11%

33

33

33

33

33

32

33

32
32

L

3.

13.

13.

1@.

34.

59.
59.

POSITION
LOHG

AT

iN

. 2H

8N

IN

L}

2N

. 8N

9K
7H

21 58, 44

21

22

22

22

21

22

22
22

87.

59.

i16.

2u

. 84

. 34

. 8y

3y

SH

. 349
. 9¢

GEAR

CH

cH

CH

CH

CH

CH

€7D
HS

DEPTH
ne

4632~-3273

9288-5288

5176-5276

46435-5250

4645-35299

51695-3263

5222-35323

8-5tt11

FISHING TIHE
GHT

1659~

2847~

1828~

11354-

1434-

17408-

pasz2-

0588-1197

REMARKS

HOORING 296

MOORING 297

MODRING 298

MOORING 2399

MODRING 308

HOORING 361

HOGRING 302

SIGHAL LOST

- CM 8 4632,5174, 3273 .

- TRIPOD. VACHM & CANERA
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FIGURE CAPTIONS

General track charts showing batfish track and the positions of the
main working areas A & B.

Positions of RMT 1+8M stations within work area A.

Positions of XBT positions within work area A.

Batfish tracks within work area A.

Pogitionsof CTD dips and of mooringsin work area A.

Positions of CTD dip and of moorings in work area B.
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