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OBJECTIVES

1. To provide a qualitative and quantitative description of the
midwater and benthic ecosystems at a site on the Madeira Abyssal Plain

{Great Meteor East).

2. To study the relationships between the midwater and benthic

communities at GME,

3. To study the physical characteristics of the water column at GME.

4, To study the primary production of phytoplankton and its associated

physico/chemical parameters both at GME and en route to the site.

5. To make experimental observations on a range of oceanic animals both

at GME and in transit.

NARRATIVE (Fig. 1)

Discovery sailed from Falmouth at 1611h on the 18 June, a short meeting
was held to outline the proposed programme. The precision echo sounder
(PES) fish was deployed at 1845h. On the following morning {(0400h) PES
watches started and a diversion was made toc pick up a HERMES buoy deployed
some 9 months earlier. Despite making a box search around 46°53.2'N,
7°25.8'W the buoy was not found and a course was set for GME at 1330h on
the 19th June.

Expendable Bathythermograph (XBT) launches started at 2100h on the 19
June and these continued throughout the cruise; data was telexed back to
the Hydrographic Office in London. Continuous surface fluorescence
profiling using the non-toxic sea water supply was also started and this

too continued throughout the cruise.

A shallow (0-300m) CTD transect started at 2209h on the 19 June. A CTD
fitted with rosette multisampler (MS), transmissometer and fluorometer was
deployed and samples taken for nutrients, salinity, chlorophyll and

particulate concentration. Cultures for coccolithophores were started from
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the water samples. Similar dips, with the addition of a light meter and a
7.4 litre water bottle sample made at the depth of the chlorophyll maximum,

were done twice daily for the next five days.

During the afternoon and evening of 24 June a series of trial deployments
of the multiple midwater trawl (RMT 1&8M) were made to adjust bridle
lengths, to check a new mouth sealing system, and to acquaint newcomers
with the gear. At 1910h, whilst recovering the RMT 1+8M, Mr. R. Jordan
trapped his thumb between the net bars. It was decided to seek medical

attention and Discovery made for Madeira at full speed.

En route to Madeira the PES fish was recovered and a damaged faring
replaced. Discovery reached Funchal at 0220h on 26 June, Mr. Jordan was
taken ashore to the hospital and returned about an hour later. No serious

damage had occurred to his thumb and Discovery sailed for GME at 0336h.

At 0900h on 27 June the PES fish was redeployed and at 1111h midwater
sampling with the RMT 1+8M started at GME. Most subsequent work at GME
concentrated around a 10km square centred on 31°17'N, 25°24'W. For the
next three days and nights 100m depth layers were sampled between the
surface and 1500m - repeating each layer by day and night. The sampling
was generally successful but a few failures occurred during the night tows.
Shallow (0-300m) CTD/MS dips were done over the sunset and sunrise periods.
Primary production measurements were made in association with some of
these shallow CTDs; 4 water samples were taken at the depth of the
chlorophyll maximum and incubated with C14 between the 29 June and 2 July.
The first deep CTD was done on the 28 June to within 20m of the bottom

(5296m); a Bathysnap release was unsuccessfully tested on this.

At 0835h on 30 June the first Semi-Balloon Otter Trawl (0OTSB14) was shot
and during the next six days and nights a further 5 OTSB hauls were made.
For each haul 14000m of wire was paid out and the trawl allowed to settle on
to the sea bed (depth 5440m). Three of the hauls were totally successful,
two probably only fished on the bottom for a short while and the last haul
fouled the bottom and held the ship fast for ca. 30 minutes. The net was
eventually recovered, split open. The catches were small, containing t'ish,
decapods, ophiuroids, and manganese nodules and boulders. Interspersed

with the OTSB hauls were 0-300m CTD/MS dips as before and deep near bottom



RMT 1+8M tows.

The near bottom echosounder (NBES) failed on the first deep RMT 1+8M tow
- due to a faulty monitor component, and the trawl hit the bottom.
Nevertheless the nets were operated successfully and the bottom 300m of the
water column was sampled. Two successful NBES tows were made on the 4 and
6 July when the bottom 90m of the water column was sampled. The catches
were very small, the greatest micronektonic biomass - mainly pelagic
holothurians, seemed to be within 10-25m of the bottom whereas the maximum

planktonic concentrations were between 25-50m of the bottom.

The first leg of the cruise concluded with a deep oblique RMT 1+8M tow
made between 3900-5100m and some repeated night tows in the upper 1500m.
Discovery sailed for Madeira on the 8 July, a summary scientific meeting

was held, and we docked in Funchal at 1648h on the 9 July.

During the port call nine scientists disembarked and ten scientists
Joined the ship. Discovery sailed for GME at 0618h on the 11 July; a short
meeting was held to outline the remaining programme. XBT deployments and
PES watches resumed at 1500h on the 12 July and the RMT 1+8M series started
again at 2020h with an oblique haul between 1500-2700m. Subsequent oblique
hauls were successfully made down to 5110m (on the 14 July) - thereby

completing the water column sampling.

A deep CTD dip was made to within 5m of the bottom (5424m) on 13 July and
a Bathysnap release successfully tested. Throughout the night of the 14/15
July a series of neuston net hauls was made at half-hourly intervals.
Whilst these were proceeding a NBES haul was deployed, but at ca. 0100h on
the 15 July all pressure was lost on one of the winch pumps - followed by
brake failure. The warp was stopped off at 0400h and slowly recovered
later in the morning. The fault was eventually traced to a defective fuse
and repairs and testing were complete by 2030h. A further deep CTD (to
5375m) followed - accompanied by another unsuccessful test of a Bathysnap

release.

It was decided to temporarily abandon the midwater programme in favour of
the benthic sledge (BN1.5) tows, and the first of these was shot at 0226h on

the 16 July The Mufax record for this tow was rather ambiguous and it was
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subsegently found that the net had been incorrectly rigged and that
consequently it may have been wrongly orientated on the bottom. Three BN1.5
hauls followed, sampling ca. 2, 4 and 8km respectively. The catches were
small but similar to each other, containing mainly bialves, ophiurocids,

Bathymicrops and, in the supra-benthic net, Komokiacea. The sledge camera

showed that the fauna was indeed very sparse and that the catches were

representative.

A CTD dip was made to 2000m on the 17 July and a second Bathysnap release
successfully tested. As sufficient benthic material had been collected on
the four sledge tows a photographic sledge (BN1.5P) run was made on the 18
July. This was made over a hill to the north of the main sampling area, at
a site which had been found to be rich in manganese nodules on a previous
geophysical cruise. A run of ca. 6km was made and the resulting film

developed back in the U.K.

Bathysnap was deployed in the centre of the 10km square box on the 19 July
and three shallow BMT 1+8 Closing Cod End (CCE) hauls made during the night
of the 19/20 July. During the third of these hauls - made to catch
experimental animals, the Schatt davit began making heavy banging noises.
Fishing was postponed until the causes could be investigated in daylight.

It was found that the bolts holding the platform drive were loose and
trawling was resumed at 1020h on the 20 July. A final, successful, NBES
tow with the RMT 1+8M was made, the catches of which were encouragingly

similar to those taken on the first leg.

A sledge tow was made on the 21 July over the manganese nodule area
photographed three days earlier. A one kilometre run over the bottom
produced a spectacular assortment of ca. 18000 nodules - many of them
forming around large shark's teeth. A second Bathysnap was deployed at
2000h on the 21 July, midway between the existing IOS currrent mooring and
the main work area. The moorings and an associated tide gauge were
successfully interrogated and Discovery left GME at ca. 2230h on the 21
July.

PES and XBT surveys were resumed for the northerly passage and between
the 22-26 July a series of RMT 1+8/CCE hauls were made for experimental

animals. Two hauls were made each morning and two each evening, the CCE
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worked very successfully and the final haul of the cruise finished at 0105h
on the 26 July. A detour was made to search for the HERMES buoy and during
this detour sea water was collected for the Standard Sea Water Service. A
concluding scientific meeting was held; the HERMES Buoy located and picked

up on the 28 July, and Discovery berthed at Barry at 2015h on 29 July.

It is a pleasure to thank the Master, officers and crew for their expert
help during this cruise. All the objectives were accomplished and
scientifically and domestically the cruise was very successful. I would
particularly like to thank, on behalf of all the scientists of this and
previous cruises, the six officers for whom Discovery 156 was their last

cruise.

SAMPLING EQUIPMENT AND INSTRUMENTATION

RMT Nets

The RMT 148 multinet was fished on 25 occasions taking 67 successful RMT
1 and RMT 8 samples from discrete depths. There were only two failures,
one due to a minor electronics problem and the other probably due to an

unexplained rigging fault that dropped two nets together.

The near bottom echo sounder was used on four hauls at depths of around
5400m. Some problems were experienced with keeping the net and the ship
sufficiently in line to maintain acoustic links between them. This was
overcome by ensuring that the hauls were made with the ship close to the
wind, to prevent drift, and experimenting with the ship's heading to bring
the net and the ship into line. Once this technique had been adopted no
problems were experienced receiving signals from, or transmitting signals
to, the net.

The rigging of the RMT 8's was changed on this cruise and the nets were
not joined together. This was to prevent the possibility of the previous
net being held open. The sponge rubber used on previous cruises, to help
seal the mouth of the nets, was changed for a thicker and lighter
rubberised horse hair. Sealing was extended to all three of the RMT 8 nets
which, in combination with the rigging changes, greatly reduced leakage

when the nets were closed. This was especially valuable on the deep hauls
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when the catches were very small and the haul and payout times were very

long.

Side-wire rollers were used throughout the cruise on the sliding RMT 8
bars. These worked well, showed very little wear and made pulling the
side-wires through when re-rigging very much easier. Problems were
experienced with the RMT 1's twisting together on some deep hauls. The
reason for this is not clear, but it did not occur when the more cumbersome
sieving cod-ends were not used.

R.G. Aldred

Electronics and acoustics

The RMT Monitor was used on 48 trawls. An initial inter-comparison was
made between the monitor and the CID to a depth of 5415m. The results were
very close, with a pressure correlation of :SdBar and a temperature

correlation of + 0.1°C.

The NBES was used four times but was left attached to the monitor so that
a continuous check on its operation was obtained from surface reflection.
The system failed on the first near bottom
trawl due to a 'floating gate' in the monitor's electronics; thereafter
its operation was faultless. There were some difficulties in obtaining
clear telemetered signals and in commanding the monitors when trawling
close to the bottom with ca. 14000m of wire out. These problems were
overcome by altering the ship's heading so that the PES and monitor

transducers effectively lined up.

The closing cod end monitor was used on 23 occasions, and the benthic
sledge monitor and its peripheral equipment on 6; all tows were successful.
The OTSB 14 monitor was used on 7 trawls; a problem occurred with the

pressure reading and the unit was replaced.

A Mufax and PES fish No. 10 were used throughout the cruise for
echo-sounding and monitoring acoustic telemeters. A 45° backward looking
towed transducer was available but this could not improve upon the results

obtained from the beam steered PES fish.
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Four releases were tested for the 2 Bathysnap deployments: CR 2387 to
>5000m failed due to a leak; CR 2307 to >5000m was satisfactory; CR 2384 to
>5000m tailed due to incorrect beacon operation; CR 2553 to 2000m was

satisfactory.

CR 2553 (Period 1.02, rel. freq. 460Hz) was attached with a pyro release
and deployed in 5376m on the first Bathysnap. Fix 14.39Z, Posn 31°15.2'N,
250°25.4'W.

CR 2307 (Period 1.06, rel. freq. 420Hz) was attached with a pyro
release and deployed in 5433m on the second Bathysnap. Fix 20.30Z, Posn.
31°19.9'N, 24°53.9'W.

Four moorings deployed on previous crulses were successfully interrogated.
A Hewlett Packard microcomputer based XBT system operated successfully
throughout the cruise. The development of signal digitization from
telemeters and echo-sounder returns was started using a BBC microcomputer

for data storage, processing and display.

D. Edge

Conductivity Temperature Depth Probe

A total of 22 successful CTD stations were occupied during the first leg
of cruise 156; twenty of these were shallow casts to 300 metres and two

were deep to ca. 5400 metres.

Generally the basic CTD functioned perfectly but some problems did arise
with peripheral instruments. The transmissometer functioned well on all of
the shallow casts but did not work on the first of the deep casts due to a
leaking plug. On the second deep cast there was a dramatic decline in the
signal output below 300 metres due to a signal path to seawater via a
supposedly unused plug. After correcting the fault a test cast to 500

metres was performed and showed the transmissometer to be working properly.

The multisampler worked well throughout; there were a number of misfires
but the bottles were generally fired at the correct depths. The underwater

irradiance meter and near bottom echo sounder functioned well throughout
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the cruise. The oxygen probes on both the shallow and deep instruments
failed to work although they would work on the bench when immersed in

saturated seawater. The cause of this problem has not been found to date.

The Digidata logging system functioned successfully on all but the first
cast, and the BBC microcomputer system provided on-line plots of
temperature, salinity, irradiance and fluorescence versus pressure

throughout the casts.

The CTID frame, whilst being difficult to handle on the winch platform,
provided quick transfer of instruments between deep and shallow casts as

well as good protection.

J. Smithers

Bathysnap

Two Mk V modules were deployed during the cruise for recovery in the
early part of 1986. The first was in the 10km square (31°15,2'N,
25°25.4'W) using the standard Mk IV camera and a frame interval of 512
minutes. The second was to the east of the square (31°19.9'N, 24°53.9'W)
using the half frame camera (Mk IV b) and an interval of 256 minutes. Both
should continue photographing the seabed until April 1986. The photographs
will be used to measure megafaunal activity and to monitor long term
changes both in the appearance of the seabed and in the suspended sediment
load. In addition, the current meters are an integral part of an array of
current meters at GME being used to study the physics of the near bottom
water. The rest of the moorings have already been deployed by the Marine

Physics Department of I.0.S.

R.S. Lampitt

Underwater cameras

I0S deep sea cameras obtained over 2000 photographs during the four

epibenthic sledge hauls and one short photosledge station carried out
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during the cruise.

The Mk 4A half frame which first became fully operational in 1984 was
originally subject to a depth limitation of 1500 metres because of problems
associated with the pressure housing optical window. New techniques have
recently increased its depth range to 6000 metres making it possible to
operate both the standard and half frame systems on the sledge at depth.
The high capacity of the latter system was of particular value during the

extended hauls made on this cruise.

No problems were encountered with the photographic equipment, well
balanced results being gained throughout. A marginal loss of resolution
from one standard photographic unit caused some concern and this will be fully

investigated later under laboratory conditions.

During the latter stages of the cruise one half frame unit and a standard
flash system were modified to operate in the elapsed time mode and were
mounted on the second Bathysnap.

E.P. Collins

Computing

The computer system sampled navigation and meteorological instruments
between 1830h on the 18 June and 1350h on the 9 July (leg 1); and between
1344h on the 11 July and 0632h on 29 July (leg 2)}. The fluorometer and

surface irradiance meter were sampled throughout the cruise.

On day 174 (23 June) it was noticed that the EM log was becoming noisy.
The cause of thils noise was due to a Lemo connector on the D.T.S interface
being so damaged that the electrical connections were becoming
intermittent. This was rectified by soldering the wires directly into the

interface. This repair caused a break in the data for a couple of hours.

During leg 2 of the cruise a major fault developed on the computing
system which seriously affected the reliability of the data logging. The
cause of the trouble was intermittent failure of the hard disc storage. It

is impossible to repair this and the unit will need to be returned to its
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manufacturer. Therefore as good a service as possible had to be provided
in spite of this problem. Navigation was provided for almost all of the
work and two of the three CTD stations were recorded and processed. It was
necessary to start a number of archive tapes due to full system crashes.
This may prove as annoying during post cruise processing as it was to us at
the time but there was nothing which could be done on the ship to prevent

this.

During the cruise, several CTD stations were sampled and the data
plotted and written onto magnetic tape. The processed data files were
written onto magnetic tape in the standard format and given to the PSO at
the end of the cruise.

D.A. Jones, G.C. Knight and P.J. Mason

Mechanical instrumentation and aft hydraulics

This was the most intensive deep samping programme yet undertaken with
our sampling gear and its reliability was very reassuring. There were no
flowmeter or release gear failures and all the closing cod end hauls were
successful. The neuston net was used throughout the cruise with no

problems.

A number of problems occurred with the aft hydraulic system.
One of the carbon brushes on the electric motor of No. 1 pump had to be
replaced and the slip ring cleaned. A defective fuse in the No. 11
position caused several elusive faults before it was traced. "Cracking"
noises emitted from the Schatt davit which may or may not have come from
the hydraulic rotary manifold; tightening the 6 bolts securing the slewing
motor gear assembly to the davit reduced the "cracking" a great deal. A
proximity switch in the wire count and speed electronics was defective and
was replaced. Generally the hydraulic systems worked well for over 400
hours, hauling and paying out up to 14000m of wire and running non-stop for

up to 20h at a time.
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The slewing mechanism of the aft crane was adjusted; the maintenance of
this crane continues to be a grey area between the ship's engineers and

I0S personnel.

R.A. Wild, R.D. Peters, R. Dyer, M.A. Squires, N.T. Timmins
BIOLOGICAL INVESTIGATIONS: NET SAMPLING
Pelagic sampling and processing at GME

It was intended,to a) sample the top 1500m of the water column in 100m
depth intervals by both day and night; b) to sample the water column
between 1500 and ca. 5400m at 200m depth intervals and c) to sample
repeatedly the 100m depth layer immediately above the sea bed. In the
event a and ¢ were completely successfully accomplished but the depth

intervals for b were 400m rather than 200m.

The RMT 1 samples from the top 1500m were subdivided by a multiple cod
end which separates out 3 size fractions viz. >4.5mm, >1.0mm and >0.32mm.
The >4.5mm fraction is more representatively sampled by the RMT 8 and the
RMT 1 catches of these larger animals are only of passsing interest. The
two smaller size fractions were each divided into two with a plankton
splitter; one half was preserved in formalin for subsequent qualitative and
quantitative analysis, the other half was deep frozen for subsequent

measurements of dry weights and C/N ratios.

The deeper RMT 1 catches were so small that they were impossible to
split with the plankton splitter. The multiple cod end was also abandoned
for these samples and any animals larger than 4.5mm will be removed prior
to laboratory processing. Biomass values for these small catches will be
obtained from volumes, wet weights and extrapolations from the 0-1500m

data.

The most striking feature of the pelagic ecosystem at GME was the
scarcity of animals; this is commented on in several of the subsequent
reports. Subjectively I cannot recall a more depauperate area - in terms
of both numbers of individuals and species. It is likely that an important

part of this ecosystem was not sampled by our nets. By far the greatest
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biomass was contained within Pyrosoma. These filter feeding tunicates were
abundant between 700-800m by day and 100-200m by night; their food is too
small to be sampled by our nets but it must have been relatively abundant

to support such a large and active population.

The near bottom pelagic catches were particularly interesting. An
increase in pelagic biomass close to the sea bed did occur at GME but it
was far less striking than has been observed previously in shallower and/or
more productive areas. Some of the most abundant near-bottom micronekton
were pelagic holothurians, one of which was also found in a haul made ca.
4000m above the bottom. Unfortunately it is not, at present, possible to

state unequivocably that the presence of Scottothuria in this latter haul

was real rather than contamination from a previous tow. It seems most
likely that it was real (thereby agreeing with a previous observation made
at GME on Discovery cruise 140), and it may therefore represent a direct

interchange between relatively shallow and benthopelagic ecosystems.

Although the deep sampling horizons were rather broader than originally
intended, the total water column at GME was successfully sampled in greater
detail than has hitherto been achieved anywhere. The catches were small
but were consistent with one another, and they should allow a comprehensive
analysis of the vertical structure of the pelagic ecosystem.

H.S.J. Roe

Biomass profiles (Figs 2AB, 3)

The biomass profiles in the top 1500m of the water column were
estimated for three size classes of midwater organisms using measurements
of displacement volumes : a) the micronekton (RMT 8 samples), i.e. animals
retained by 4.5mm mesh; b) the larger macroplankton i.e. animals passing
through 4.5mm mesh but retained by 1.0mm mesh (part of RMT 1 samples); c)
the smaller macroplankton i.e. animals passing through 1.0mm mesh but
retained by 0.32mm mesh (part of RMT 1 samples). These profiles have not
been adjusted for variations in volumes of water filtered resulting from
variations in towing speed. Consequently these raw data are subject to
errors of 10-20% but such errors are small compared with other sampling
variability. Plots of the day and night profiles are shown in figure 2AB,

These profiles show the way in which diel vertical migration results in a
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18

Depths of quartiles for displacement volumes of the RMT 8 samples,
the 1.0mm and 0.32mm fractions of the RMT 1 samples by day and by
night for the surface 1500m (Values not corrected for flow),

RMT 8
(micronekton)
DAY NIGHT
Q25 448 157
Q50 832 555
Q75 1070 947

RMT 1
1.0mm fraction

(large macro-

plankton)

DAY NIGHT
400 195
595 555
960 1000

0.32mm fraction

(small macro-

plankton)

DAY NIGHT
130 90
270 230
500 640
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substantial redistribution of the biomass in the top 600m of the water
column in the case of the two macroplankton size fractions, and in the top
1100m in the case of the micronekton. This effect can be seen in the way
the depths of the quartile values changed between day and night (Table 1).
The quartile depths are calculated by interpolating depths of the 25%
(Q25), 50% (Q50) and 75% (Q75) levels from the percentage accumulation
curves. The table of values illustrates clearly that for these size
fractions larger animals tend to become relatively larger contributors to
the pelagic standing crop with depth. This is further illustrated by the
plot in figure'3 of the ratios between the standing crops of the 1.0mm and
0.32mm fractions, which shows how the small fraction dominates in the

surface 500m but then tends to be the smaller at greater depths.

Total catches were slightly higher by day than by night: - for the
micronekton the total night catch was 90.4% of day, and for the large and
small macroplankton catches the night catches were 84.3% and 79.2% of the
day catches restpectively. Although this could have been caused by
vertical migration from >1500m, analyses of previous data have suggested
that this is unlikely to have occurred to any great extent and that
the differences lie in sampling bias and/or net avoidance. The set of
hauls taken subdividing the surface 100m at night indicated that very high
standing crops occurred in the surface 25m. At such shallow depths
samplin variability is at its maximum and the 10-20% differences between

the day and night estimates is probably of no significance.

The total catches in the surface 1500m of the water column indicated that
the standing crops beneath each m? of sea surface of the three size
fractions collected were about 0.4, 0.3 and 0.35g m ? for micronekton,
large and small macroplankton respectively. The largest individual
contribution was probably by Pyrosoma whose occurrence was too irregular to
estimate adequately, but was also probably about 0.25-0.5g m 2. Thus the
total pelagic community sampled only had a standing crop of about 1.5g m 2,
but this estimate does not include the standing crop of phytoplankton
(which on the basis of the chlorophyll measurements is likely to be very

low}, microzooplankton, and very large nektonic species.

M.V. Angel
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Faunal composition of the pelagic samples (Fig. 4)

Time only allowed a few of the micronekton samples to be sorted, but the
whole of the day series of the 1.0mm fraction of the RMT 1 samples were
sorted to group. These preliminary data already provide an indication of
depth zonation of the planktonic communities within the surface 1500m
(Table 2). The total number of individuals sorted approximately follows
the profile of standing-crop. Nineteen groups were distinguished, but only
around half occurred with any regularity. The greatest diversity of groups
occurred in the surface 100m where radiolarians and larval decapod
crustaceans made their only significant contribution. Radiolarians were
particularly abundant at the surface, where large colonies up to a
centimetre in diameter were clearly visible. This is a group of organisms
which may have been inadequately sampled, particularly because some species
form delicate gelatinous colonies which are broken up and extruded through
the meshes of nets. Only four groups of organisms were numerically
abundant at one or more of the sampling depths. Siphonophores in the near
surface 200m, chaetognaths between 200-500m; copepods at all depths from
500~1500m except for 1200-1300 where euphausiids were most abundant. The
vertical profiles of abundance of these groups are shown in figure 4. The
data have not been corrected for variations in flow, but since each tow
represents the filtration of around 2700m® of water and only half the
fraction was sorted (the other half having been frozen for dry weights and
C:N analysis) a count of 100 specimens is equivalent to 1 specimen per
13.5m® of water filtered. Hence even the largest count of 702 large

copepods at 500-600m still represents only about one copepod per 2m3.

The paucity of certain groups is worth remarking on. Firstly many of the
herbivorous filter-feeders such as salps, doliolids and pteropods occurred
in extremely low numbers. Mysids were surprisingly uncommon at deep
mesopelagic depths and yet there was a population of quite deep-living
euphausiids, which also coincided with an increase in the abundance of
siphonophore pieces. Even at this crude level of analysis there are clear
signs of the classical patterns of vertical zonation which must reflect
changes in the food-web structure and hence the pathways along which

organic matter and chemical constituents move within the communities.
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One advantage of sorting onboard was to identify the reasons for a
suspect tow. One of the night samples collected on the first leg
(500-600m) had an anomalously small content. A minor problem with using
the cod-end sieving system was that it sometimes induced the cod-ends of the
RMT 1's to twist together so that the catches were held up in the body of
the net. This was usually simply remedied by untwisting the nets and
dropping them back into the sea for a few minutes so that the catch washed
down. In this case the washing down process was inadequate and a large bulk
of the catch stayed hung up in the net and appeared in the daytime catch
from 1400-1500m. Hence the data for this catch has parentheses for fish
and chaetognaths since it includes many obvious contaminants from the
shallower night catches. The night catch was repeated on the second leg to
give more reliable data. Otherwise there were no signs of similar
contamination either from interhaul hang-up or leakage into closed nets.

M.V. Angel
Pelagic Holothurioidea

Several specimens of the swimming sea-cucumbers Scottothuria herringi and

Enypniastes diaphana were taken in midwater trawls fished close to the

seabed. Their density, in comparison with previously sampled areas such as
the Azores-Biscay Rise and the Cape Verde Abyssal Plain, was low. One
specimen of the fragile species S. herringi was taken at a depth of
1400-1520m (St. 11261#68), some 4000m above the seabed. Although the
specimen was in good condition some doubts were raised about the validity
of this record since the previous set of multiple midwater nets, which had
been fished close to the seabed, were found to have tangled during their
deployment. It is possible therefore that the specimen had been caught up
on the net of the trawl (St. 11261#65). However, it should be noted that
S. herringi was taken at a similar depth in this area during Discovery
cruise 140 (St. 10927#1, 1430-1750m). The tentacles of both S. herringi
and E. diaphana were preserved for TEM and SEM analyses in order to
determine whether these holothurians are able to feed on suspended

particles.

D.S.M. Billett
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Copepods

Samples of about 40 species of midwater copepods were taken for the
collections of the British Museum (Natural History). Additionally two
parasites were found in the OTSB hauls, an asteroid siphostome from a
starfish host, and the large chondracanthid Diocus, from the gill cavity of

Coryphaenoides armatus. In one series of near-bottom RMT 1M hauls the

proportion of dead carcases to live copepods was examined.

Carcasses comprised 62 to 73% of the total copepod fraction. Some
representatives of the near-bottom fauna, members of the harpacticoid
family Tisbidae, were removed for taxonomic study.

G.A. Boxshall

Bioluminescence

Bioluminescence investigations have necessarily been restricted by the
limited diversity of the GME fauna and in consequence relatively few studies
have been made of fish and cephalopods while attention has been directed

much more upon the copepod crustaceans.

A small adult female of the octopod Japetella was obtained with the
luminous oral ring characteristic of mature females. Study of the
morphology of this specimen should clarify whether the luminous tissue is
derived from pre-existing muscle or arises de novo on maturity. Emission
spectra have been obtained from the cranchiid Bathothauma and the large

subocular organs of a species of Mastigoteuthis fixed for later

microscopical study.

Several juveniles of the searsiid fish Holtbyrnia have been fixed for
light and electron microscopy. This will enable a detailed comparison to
be made between the ventral photophores and the remarkable secretory
post-cleithral organ. The escas of several ceratioid angler fishes have
been fixed for study by Dr. E. Bertelsen, as has also a near-perfect

specimen of Monognathus.

Attempts have been made to investigate the distribution of red fluorescent
material in the suborbital photophore of Malacosteus by quick-freezing the

organs in a dry ice/iso-pentane mixture for the preparation of frozen



24

sections.

Ten specimens of the shrimp Oplophorus spinosus have been injected with

MC tyrosine in an attempt to determine whether there 1s any isotope

incorporation into the animal's luciferin, thereby indicating a de novo

synthesis.

Copepod studies have concentrated on the glandular distribution and
morphology of the luminous tissues of the Augaptilidae, Lucicutiidae,
Metridiidae and Heterorhabdidae. Fluorescent microscopy has been used to
identify the glands in several species but there are clearly both specific
and familial differences in the nature of the secretion. This is indicated
by differences in fluorescence and the morphology of subcellular particles
in both different species and in different glands within a single
individual. Fixed material has been obtained for both light and electron
microscopy (SEM and TEM). Similar fluorescent microscopy in the cyclopoid

Oncaea conifera has given additional information concerning its photocyte

distribution and structure.

Samples of the euphausiids Nematoscelis megalops and Meganyctiphanes

norvegica have been taken in order to provide information on the genetic
differences both between Eastern and Western North Atlantic populations and
between closely spaced populations in each area.

P.J. Herring
Polonium-210 Flux experiments

A number of specimens of the more abundant decapod species collected with
the closing cod end were kept alive for periods of up to five days in order
to collect faecal pellets. Certain species, particularly Gennadas spp.
have been found to exhibit extremely high levels of the naturally occurring
radionuclide 210Po. By determining the levels in faecal pellets and
depriving the animals of food for several days, it is hoped that some
measure of the elimination of this material may be obtained. It has been
postulated that the high levels of 210Po, particularly in the
hepatopancreas, result from a high degree of detritivory in the diet, thus

210Po might be a useful dietary marker. Determination of the flux of
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materials through the pelagic bioclogical system is difficult to measure so
it is also hoped that 210Po Wwill prove useful in this respect.

P.A. Domanski
Trace metals in Crustacea

The open ocean characteristically contains heavy metals at dissolved
concentrations an order of magnitude or more lower than in coastal waters
and correspondingly oceanic organisms might be expected to contain such
metals at minimum body concentrations. As part of a wider study into the
significance of levels of essential and non-essential metals in crustaceans
it was considered of interest to measure metal concentrations in a variety
of deep sea crustaceans. The specific objective therefore was to collect a
large number of specimens of several species of deep sea malacostracan
crustaceans, particularly decapods, for subsequent analysis for heavy

metals including copper, zinc, iron, manganese and cadmium.

During Cruise 156 specimens in excellent condition were taken at a
variety of depths from a series of sites by means of an RMT 8 with a closing
cod end. The crustaceans were identified with the much appreciated
assistance of Peter Domanski and stored individually deep frozen for
transport to the UK. Twelve penaeid decapod and 9 carid decapod species were
taken, in addition to 5 mysid species and 2 identified euphausiid species.
A further collection of unidentified euphausiids was alsoc made. Four

penaeid species (Gennadas valens 79 specimens; Sergia robustus, 58; Sergia

tenuiremis, 31; Sergestes henseni, 11), 2 carid species (Acanthephyra

purpurea, 98; Systellaspis debilis, 67), 1 mysid (Eucopia unguiculata, 61)

and 1 euphausiid (Meganyctiphanes norvegica, 261) were taken in adequate

numbers for detailed analyses. Occasionally sufficient numbers of several
of these species were taken in a single haul to be of use for
investigations of body size - metal concentration relationships within a single

species free of suspicion of geographical variation.

The retrieval of a drift buoy in the Bay of Biscay afforded the
opportunity to collect 27 specimens of a goose barnacle (Lepas sp.),
similarly to allow measurement of body heavy metal concentrations for

comparison against levels in coastal barnacles.
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The opportunity was also taken to collect and fix specimens of a deep sea
amphipod Paradania sp. as part of a study of iron-rich crystals in the gut
caeca of stegocephalid amphipods.

P.S. Rainbow

Mesopelagic food webs

Recent collections of mesopelagic decapods from Discovery cruises have
shown that some species have very high levels of certain metals, especially
cadmium. Non-regulated metals like cadmium may provide a quantitifiable
tracer in food webs and a representative collection of animals, especially
of those with known predator/prey relationships, was taken for future

laboratory analysis.

Numbers collected:

Medusae Mysids
Pelagia noctiluca 2 Eucopia unguiculata 44
Siphonophora E. sculpticauda 21
Diphyes dispar 3 Gnathophausia ingens 3
Isopods Decapods
Phronima sp. g Acanthephyra purpurea 134
Euphausiids A. pelagica 1
Meganyctiphanes norvegica 100s Systellaspis debilis 90
Thysanopoda sp. 27 Parapandalus richardi 12
Thysanoessa sp. 41 Sergestes 'corniculum' 16
Nematoscelis boopis? 137 Sergia robustus 30
Euphausia krohni? 11 Funchalia villosa 1
Stylocheiron sp. 35 Gennadas valens 119

Bentheogennema intermedia 16

H.S.J. Roe

Epibenthic sledge hauls

Four epibenthic sledge hauls using one fine and two coarse nets, were

obtained in the 10km square box, the sledge being fished for successively
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longer distances on the bottom.

These hauls were all made with the Mk II IOS epibenthic sledge which had
been used only once previously on Challenger cruise 8/81. During that cruise
there was some doubt about the fishing efficiency of the sledge, possibly
resulting from the use of glass spheres to improve the stability of the gear
(see Cruise Report 119). On the present cruise the spheres were not used
and the stability problems were succeésfully overcome by shooting the gear
through the surface layers with the ship propelled on the bow thruster and
the main propulsion stopped. Nevertheless, with this uncertainty about the
performance of the sledge it was difficult to know whether the extremely
small sample retrieved by the first sledge haul (11262#15), which traversed
only 470m according to the odometer, was truly representative of the
megabenthos in the area. Unfortunately, no photographic evidence was
available since, owing to an incorrect orientation of the camera control

switch in the net monitor, the camera failed to operate during this haul.

Nevertheless, in view of the small sample and the absence of mud from
this catch, the second sledge haul (11262#16) was fished for about 2km over
the bottom and obtained a very similar sample to the first one, but
correspondingly larger. This time the camera worked correctly and the
photographs confirmed that megafaunal animals are, indeed, very rare on the
bottom and that the catches are therefore probably representative.
Accordingly, the third and fourth hauls (1126#17 and 19) were fished for
about 4 and 8km respectively and again obtained similar but larger catches

than the earlier hauls.

A1l of these samples were dominated by the asteroids Hyphalaster

inermis and Styrachaster horridus with smaller numbers of species of

bivalve similar to the genus Abra and occasional specimens of the holothurians

Psychropotes semperiana and Pseudostichopus alanticus and the galatheid

decapod Munidopsis thiele. There were also a number of small echiurans in

each of the samples.

The fine residues were very small, but the supra-benthic net on each
occasion took many pelagic foraminiferan tests and considerable numbers of

benthic foraminiferans including komokiaceans.
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Because of the lengths of the later sledge hauls and the similarity of
all of the catches, it seemed unnecessary to take further epibenthic sledge
samples on the abyssal plain. Accordingly, the available time was used to
survey the lower slopes of the abyssal hill to the north of the 10km square
box, where manganese nodules had been located but not sampled during a
recent I0S geophysics cruise (Discovey cruise 153 - report 172). A
photographic transect (11262#20) was made using the epibenthic sledge
without any benthic nets, but at the time of writing the results are not
available since thin-based film was used. This was followed by a sledge haul
(11262#28) using the original epibenthic sledge now normally used as a rock
dredge by the geophysics department. The sledge travelled 1096m across the
bottom according to the odometer and collected almost a tonne of
roughly spherical nodules mostly 3-5cm in diameter.

A.L. Rice and D.S.M. Billett

Otter trawling and demersal fishes

Six operations of the semi-balloon otter trawl (OTSB 14) were carried out
in 5400m, predominantly to sample the demersal ichthyofauna. Of these three
were fully successful. On two occasions the net evidently was not on the
bottom for the entire 3-hour duration of the tow due, it seemed, to
substantial current shear in the near-surface waters. In the final
operation no signals were received from the door-mounted acoustic monitor
to indicate arrival on, or departure from, the bottom by the net. After
some 10 minutes of hauling for recovery, the trawl came fast on the seabed
with over 13500m of warp out, causing a momentary outboard load in excess of 11
tons. Way was immediately taken off the ship and, with the hauling speed
reduced, the net came free after 30 minutes or so. Normal hauling speed
was resumed but when the net was recovered it was found to be irrepairably

damaged.

A total of 154 specimens representing 17 species of fish were collected
from the area. The species composition was reminiscent of that found at
4100m on the Madeira Abyssal Plain on Discovery cruise 148, but
substantially different from the ichthyofauna at abyssal depths farther to
the north. In general the mean size of fish was smaller and the relative
biomass (0.005-0.05kg/1000m?) less than in more northerly waters. This

result reflected the situation of impoverished production found in the
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overlying water mass.
Numerically, the Chlorophthalmidae (68%), Macrouridae (21%) and the

ophidioid fishes (Ophidiidae + Aphyonidae; 12%) comprised 99% of the total

collection. Bathymicrops regis, a species of small adult size (< 130mm

standard length), hitherto thought to be solitary and rare in the area,

dominated the catches (43%). This, together with Bathypterois longipes and

Echinomacrurus mollis constituted 73% of the overall catches. Of special

interest were 2 specimens of a closely related congener of B. regis and a
specimen of a hitherto undescribed species with sufficiently distinct
characters probably to warrant generic separation within bathymicropine
chlorophthalmids. In addition, some interesting ophidiids were collected,

among which were the deepest-living fish known, Abyssobrotula galatheae ,

2 specimens of Barathrites iris, hitherto known only from the holotype,

and those aphyonids mentioned below by J.G. Nielsen.
N.R. Merrett
Demersal fishes
The main reason for my participation in Discovery cruise 156 (leg 1) was
the planned fishing of the OTSB and RMT 8 at and near the bottom at abyssal
depths. Three families of fish from these depths have my special interest,

and we obtained very interesting material of all three.

Monognathidae. Being halfway through a revision of this family I have

found it necessary to make an electron microscopic examination of certain
organs. This requires that the material has to be specially fixed
immediately after capture. The four specimens caught and fixed on board
should fulfill this need.

Aphyonidae. Twelve specimens of this rarely caught family were obtained,
three of which represent an undescribed species. The remaining nine
specimens belong to species which are known from less than 10 specimens

each.
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Ophiidae. Three species were caught each represented by two specimens.
All three are known from so few specimens that the present material adds
new information both to the distribution and to the specific variation.

J.G. Nielsen
Otter trawl catches - invertebrates
The major difference between the invertebrate samples taken with the

otter trawl and epibenthic sledge was the presence of many decapods, especially

Aristeomorpho? and Plesiopenaeus armatus, in the otter trawl catches.

These large natant crustaceans werenot taken in any of the sledge samples.
Otherwise the catches of the two types of gear were qualitatively similar

with the asteroid Hyphalaster inermis and Styrachaster horridus dominating

samples principally notable for their paucity. Several samples contained
small actiniarians and bivalves, and a few specimens of the crustacean

Munidopsis thiele, the asteroids Styrachaster elongatus and Freyella

sexradiata, and the holothurians Psychropotes semperiana, Peniagone

ferrunginea and Molpadia blakei were also taken.

D.S.M. Billett and A.L. Rice

Echinoderm reproduction

In order to continue Dr Tyler's work into the reproductive biology of
echinoderms it was hoped to dissect out various tissues from deep-sea
holothurians. These would then have been freeze-dried aboard Discovery and
their calorific content determined by microbomb calorimetry back in
Swansea. Unfortunately holothurians were scarce and those which were taken
were too scarce to have provided sufficient gonad tissue to make this
exercise worthwhile. Attention was therefore diverted to two

Parcellerasteroid asteroids, Hyphalaster and Styrachaster. About 50

Hyphalaster were dissected immediately after capture and the gonads deep
frozen. 1In addition, 20 specimens of each were dissected (from fixed
material) and the gonads taken for routine paraffin wax histology which may

yield information on the reproductive strategies of these species.

A. Muirhead
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BIOLOGICAL INVESTIGATIONS: PRIMARY PRODUCTION AND ASSOCIATED STUDIES

Chlorophyll a distribution

During the passage down to the GME site a series of shallow CID casts
were made, at approximately 2° intervals of latitude, in order to
investigate the vertical distribution of chlorophyll a in relation to the
physical structure of the water column and alsoc to collect water samples
from various depths. As expected, at the most northerly station the
phytoplankton were evenly distributed in the top mixed layer, but as we
progressed south a chlorophyll maximum appeared towards the base of the
shallow pycnocline. The depth of this maximum progressively deepened and
broadened, such that, at the GME site, it lay at ca. 100m, with virtually
no chlorophyll being registered above 70m or below 150m. Thus the surface
fluorescence values, as measured from the ship's clean sea-water supply,

indicated values of chlorophyll a of less than 0.lug/litre.

The fluorescence/depth profiles were compared with the readings from the
transmissometer and there was a clear correlation between the two.
However, the particle counts carried out on the water samples were more
dificult to relate to transmittance as, although a peak in particle numbers
was found at the chlorophyll maximum/transmittance minimum, the highest
counts always were encountered in the samples taken closer to the surface.
It is presumed that much of the phytoplankton material in the chlorophyll
maximum is of very small size and, therefore, was below the 2.5um diameter
limit of detection by the particle counter. This conclusion is borne out
by the results of filtering samples onto different pore size filters, as at
least half the material was of a size less than 1pm. In addition, large
amounts of phaeophytin, a breakdown product of chlorophyll, were found in
the samples from the chlorophyll maximum which, in combination with the
deep depth of this maximum, probably indicates that the rate of primary

production in the GME waters is relatively low.

P.R. Pugh
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Primary productivity

Estimates of primary production were made by the Steeman-Nielsen MC
method using a shipboard incubation unit built by the Bedford Instititute of
Oceanography. Culture bottles are filed behind a light source and
arranged in such a fashion as to produce a light attenuation effect of more

than three orders of magnitude.

Four experiments were performed, all within the GME sampling area. Each
experiment comprised two productivity determinations. Principally there

were three aims:

1) to estimate the total daily primary productivity

2) to determine the relative productivity between cells lum in size
{picoplankton) to larger cells (>tum).

3) to investigate the degree (if any) of photo-adaptation exhibited by
algal populations at different depths.

Productivity stations Depth(s) (m) Filter type
11261#25 29.6.85 90 (Chl. max layer) 1)GF/F (fibreglass
0.4 pm}.

2) Nuclopore

(membrane 1um)

11261#42  30.6.85 95 (Chl. max layer) 1)GF/F
2) Nuclopore

11261#49 2.7.85 96 (Chl. max) 1)GF/F

71 (above Chl. max) 2)GF/F

11261459 5.7.85 68 (above Chl. max) 1)GF/F

2) Nuclopore

P.A. Domanski

Photosynthetic Pigments

7.4 litre Niskin bottles were used to collect water samples from the

chlorophyll maximum layer during most of the shallow (0-300m) CTD stations.
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These samples were filtered onto GF/F filters to be analysed for
photosynthetic pigments using H.P.L.C. techniques.

P.A. Domanski

Coccolithorphorids {Prymnesiophyceae) and other micro-organisms

Seawater was collected in 1.7 litre water bottles during shallow (0-300m)
and deep (0-5400m) CTD casts. One litre quantities of this seawater were
filtered from each bottle and the filters (nucloplore, 47mm, 0.4um) stored
for later analysis by Scanning Electron Microscopy. By utilising this
latter technique, classification, distribution and community structure of

coccolithorphorids can be analysed.

Before allowing the filters to run dry, samples were removed for
culturing. Cultures were suspended in sterile Erd-Schreiber media and
placed in an illuminated incubator at 15°C (Periodicity: 8h dark, 16h
light). Later single cell isolation and axenic cultures will be attempted
in order to establish a culture collection which will hopefully provide enough
material for life cycle studies and elucidation of internal morphology

using Transmission Electron Microscopy.

Samples were also collected from the ship's clean water supply by
filtering through a 10um mesh, resuspending in water and transferring the
material to tubes of media. Neuston net samples were also prepared for
culturing, although the material was dominated by Noctiluca, a naked,
unarmoured dinoflagellate, and Sphaerozoum, a colonial, spicule-bearing
radiolarian. Other organisms present were typical (those bearing stiff
axopodial arms) radiolarians, Ceratium (an armoured dinoflagellate)}, an
extraordinary large species of Melosira (diatom) and numerous

coccolithophorids, too small to identify.

Cultures of thraustochytrids were also set up, using pine pollen grains as
bait. Finally, samples collected during deep CTD casts were preserved in

1% glutaraldehyde in an attempt to determine whether or not benthic
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flagellates exist. These latter samples were collected for Prof. Manton
of Leeds University.

R. Jordan

XBT TRANSECT (Fig. 5)

One hundred and twenty four XBTs were deployed of which 116 were
successful. Most of the probes were supplied by the Hydrographic Office
and information obtained south of 41°N was routinely telexed back to the

Meteorological Office.

The XBT transects clearly showed the presence of 18°C water south of
34°N and east of 21°W (Fig. 5). This 18°C water was a variable feature of
the GME site throughout the cruise and the XBT and associated CTD and
chlorophyll fluorecence data promise to be of considerable interest.
H.S.J. Roe
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GEAR ABBREVIATIONS IN STATION LIST

CTD Conductivity Temperature Depth Probe

MS Multi-Sampler

Trans M Transmissometer

UFL Underwater Fluorometer

LMD Light Meter Diode

W/B Water Bottle

RMT 1+8M Multiple Rectangular Midwater Trawl with 3 pairs of
(nominally) 1m® mouth area nets (RMT 1) and 8m® mouth area
nets (RMT 8)

RMT 1+8 As above but with a single pair of nets

CCE Closing Cod End {(used on RMT 8)

NBES Near Bottom Echo Sounder

OTSB 14 Semi-balloon Otter Trawl

BN1.5/3M/SBN Bottom Net with 3 nets, plus a 0.32mm mesh supra benthic net
BN1.5/P Photosledge - no nets

BN1.5/Q Bottom Net modified as a rock dredge

B'Snap Bathysnap V



36

7" LM

aw1
4N
WSNVYL
AV G SW M&*22 4L N2"L% 0% C #
Sve60=-2060 00¢ =0 aid M9®22 L NZ"LY n% 9 /22 962lLi
HeLEM
oW1l
150
WSNY¥L
LHSIN Sh MZ*LS SL NO®"8L 2% 0 4
syle-2012 00¢ -C Gl)o MZ®LS SL NO"8L 2% 9 /L2 SS2Ll
heLEM
CW
I3an
WSNY3 1
AvQ Sk MO*22 %L N6°2S €9 0 #
¥1VaInIa ON GS&0-L160 0CE =0 619 MO*22 %l N6°2S €% 9 /L2 962l
welEM
QW7
140
WSNYYL
AvQ Sw ME*LL 21 NZ*L%® G% 0 #
¥I¥AINIA ON 0s2L=-%021L 00% -0 (P ME*LL 2L NZ"LY S§% 9 /02 §62L1L
Ta0
HSNY YL
LHS TN SW MO*JZY & NE"9S ¢y n o
¥IVQIDIA ON 2ege-2022 Q0% -0 0Ld MO®/2% 6 NE®9GC O% 9 /6l 26211
1w (W) ONO 191 CREL
SNV WI X IWIL SNIMSIS Hid3c 4VIY NOILISOd 3LYC °NLS



37

WX §C°¢  °L1SIC MOOd AvC SI/WgLE MH*QG w2 NP7 LS 2
€el=-8221L 0Q¢ =00% <Z2/WILRY ME®GS w2 N9°/L2 LS 9 /.2 L9Q2Ll
WY §2°*¢ "LSIC MO AV C L/WELWY ME "8 %2 N9"/.2 L€ L »
g22L-221L4 CO% -00¢ L/WlLlw¥ M2*°95 %¢ N&®*82 LY 9 /22 192l
HtLGM
OW"
a0
WSNYYL
AvQ Sh ML*02 €7 Ns*¢6 €€ 0 4
Gne0=-CCH2 00E =C Gld ML®0Z ¢¢ NB8®¢S ¢¢ @ /92 (9211
v*laM
o]7hn}
14N
WSNRY1l
LHOIN SW MO®Lg L2 Ng®9¢ &% 0 %
gy l2=-901L¢ C00¢ =0 GLI MO®LS e N8°9¢ 6¢ @ /g7 66211
HTLlEM
W7
4N
WSNYZl
AV SW MET6L 02 NE°S2 (!¢ 0
1560-2060 C(00¢ -C alo MR®éL Q2 N§°"6Z Lt & /¢2 86211
7oLBM
GWT
74N
WSNYE L
LHOIN SW ML®ES 8L NE®L 6% 0=
gele-4CLe 00% =0 aid ML"&S &L N8°|L 6¢ 9 s22 ZS2ll
1W9 (W) aNo1 1vl ceel

S avW3 Y ZWIL ONIHSIZ Hldzl dvi9 NCILISOd 3Lve  °NLS



38

ISdl ASYVATIY dYNSH TNASSHOONSNA

MOTd ON fI1S3L YOLINOW

MOTd ON f@d1IVd SIAN

MOTd ON f@dTIVd SIAN

WX L2"¢  TLISIC MOTd4
WX 2Z2°¢ °"1SIG MOT3
WY (A"E CLSIC MONd
WX %6°¢  "LSIC MONd

SHEVwW3

NMYQ
800L-2%50

1HOIN
95%0=-22%0

LHOIN
96¢0-6%00

LHOIN
60¢2-€02¢

XSNC
201¢-¢202

AvVQ
9neL-sCel

AV QO
SCel=-S021

AYG

SCLL-50¢1

IWS

SWIL ONIHSIA

9626-0
0 -02¢
0 -004
00l -00¢
oce =0
0ge =-00%
coe =004
actsL =009
ceo ~CCs
(W)

Hid30

aKWA
7°L8M
4N
WSNYal
SW

G123

L/WELIWY
L/WL1iWY

C/WBLWY
c/WLLlnWd

L/WBLWY
L/WLLWY

7oLeM
awn
740
WSNYJL
SW

el

C/HBLWY
C/WLLKWY

/WS LWY
C/WLLKY

L/WELWY
L/WLLWY

§/HELWY
S/WLLIKY

MO*EE G2 NE*21
MO®gE 62 Nl
ME®gE &2 Nl
MO®LE G2 NG /1L
MZ2*®.l2 §2 NZ"gl
M6°61 G2 N9*61L
M6*6L S2 Net6l
ME®ZL S§¢ N2*°0?
MRTEL G2 NGTCGZ
Met¢lL 62 NG°0Z2
MG®LL G2 N2*L¢
mME®6 82 N%*t2¢
ME®6 G2 N%*TZ¢
ME L 62 NGl
ME®L G2 NGTEZ
ME®%  S¢ NG&*%¢
ME®(C 67 NZ*6¢
MEtES 2 NLTZL?
NGO lva
NOCILISOd

(Y

L&
L

L&
Y

(B9

L&
L€

Y
L€

<.

Le

<

L&

L
39

Y
L€

/22

/82

/182

142

1212

142

122

1.2

122

SR6L
EFRAY

bl#
LgclLt

nLe
LectilL

L &
ray
Lectt

S
ran
Lec

¢ #
LectLl

"NLS



39

W

W

" WM

" WX

"W

W

"W

"W

SHEVWI Y

L8°2

28" ¢

66 ¢

L0

*LlSIC MO

*1SIO MOT4

"1SIC MOs

*1SIC mCd

*1SIC MO

*1SIC MOT4

"1SI0 MOTd

*1SIQ MOTd

"1SIa MmOond

lHSIN

2600-96¢2

LHOIN
gcgeg=-enze

LHOIN
9%22-9%12¢

¥SNG
9002-2161

AV G
60€L=-6CL1

Ava
60LL=-6C91

AYG
£09L=-6CS1L

AvaQ
irsl=4m2l

AV G
Li921L-9%11

AvC
99 11=-9%01

1W9

IWIL ONIHSIA

002L=-0011L

CLLL=-CGCL

No0L-Cle

00% -0

0C2L-COL1L

coLL=-00G1L

coCL-0Ce

0 -C01

0oL =0C¢

00¢ -0C¢e

(W)
H1d43G

CIWELWY
C/bLiWa

2/vWgiwy
c/Wline

L/7WELWY
L/WELWY

VAP
GWT
BE1L
WSNvYal
SW

clL2

C/WELKY
e/WLLikY

C/W8IikY
S/WLIlwy

L/WELWY
L/WL1IWY

L/WRLIKY
/WLLiWY

C/WELWY
C/WLLINWY

L/WBLWY
L/WLLWY

3v39

MO®&l 62 MNOT61L
MO®ZL S2 NLTZL
MC*Z2L S2 NLTZL
MZTSL S2 NZ'vl
ML®GL S2 NZ®#%lL
MO*H] C2 No°ZL
Mo=¢l €2 NZ2"Ol
My*¢lL §2 NZ2*°QY
MZ2*%L S2 NGO
ML®9L ¢? Ng*LL
Mi®oLp ¢ N2*LlL
ME 8L SZ NLTEYL
ME*glL s2 NL*¢L
MG®02Z SZ N¥°HL
MZ2®%2 62 NO°9L
ML®G2 62 Né6°9L
ML*92 SZ N6*91L
ML®62 S¢ NB°/ZI
ML®é2 S2 NE*ZIL
ML®Le G2 N9l
95NOT 1va
NCILISOd

L&
(39

LE
(39

(39
L&

Lg

(39

le
Le

/182

/1872

1¢2

/8¢

/82

/82

/82

G861l
3ivo

ELe
lectt

Ll
Leelt

OLl#
arant

SL¥
192t

yLlH
92t

Sl
Le21LiL

214
leltll

"NLS



40

® WX

W

"W

“WH

"WH

"W

“WH

“ W

S W

SHITHI &

VAt

25"

89°¢

g% ¢

L0°¢

L4t

65°¢

KA

(e
~

L)
18]

*1lSIC

*1SIG

“1SIC

"1SIC

*1SIC

*1SIQ

*1SIa

*1SIC

" 1S

[

MOTd

MoT4

M0 d

Mo74

MO 4

M07d

MCT 4

MOTd

MO 4

AvQ
219L=-%161

AVQO
Zisl=-%1i%1

Ava
AN N

AV U
C7LL-0%01L

AvQ
0%0L-0%60

AvQ
0%60-C9&C

NMYC
CNL0=-¢6E90

LHOIN
9¢60=9¢%0

LHOIN
9ev0-6¢¢0

LHOIN
Geel=-6¢23

LW
IWIL

9
INIHSIAS

coL -0§
0§ =62
§z =2
0051-00%1
00%1-00¢€1
00€1L-00214
00 =0
009 -GCS
06S -0Cv
00y -cog
(W)
H1ld2C

C/WELWY
§/WLLNWY

C/NRLWY
C/WILNWY

L/WBLWY
L/WLLKWY

C/WGLWY
S/WLLIWY

2/WBLWY
Z/WihlWd

L/WGLWY
L/WLLWY

"TlGM
KW
14N
WSNY¥l
SwW

c12

¢/WBLkY
C/WILLWY

C/HILWY
¢/Wilna

L/WRLWYH
L/RLLWY

ML*CZ2 S¢ Ng*¢l
Mg=02Z G2 N9'¢l
Mge0e2 sZ N9°®6GlL
MG°02 S¢Z NL*"BlL
MG°02 S¢ NiL*8i
MG&*(2 82 N9°02
MZ®L2 se Neg*ee
ML®22 62 NL*®%2
mL*22 S¢ NL*%¢
Mytee S NL*9¢
M#°2¢2 G2 NiL°9¢
MHTg2 §2 NL*®8Z
ME®2e ¢ NEg*6c
Mg 22 GC N8"62
MO®2Z 2 NC®éc¢
ME®DZ S2 NGT9Q7
MR®02 62 NG&°9Y
ML®02 G2 N9*%¢
ML®02 G2 N9*#%¢
MG*6L S2 N%°¢7?
aNCT 1v7
NQILISOd

Le
L

Y
L¢

[
39

L€

L

(37
(39

59
Le

LS
L

Y
Le

/62

/162

/62

/16¢

162

/162

162

/62

/162

wr N
- 20
<1 O
PRl o

Les
LedlLt

O¢c#
Lozt

6%
Locit

8¢
Ledlt

L2#
LedltLt

02s
toctLt

624
Lectl

nln
LezlLi

el
Le2tl

[
Nt

"NLS



41

WX L6°C  T1SIC MCOd LH9IN CIhELWY MO®Z¢ G2 NE"ZLL LE Lwd

¢080-6C70 00% -CCZ S/WLLIWY MLTLE §2 Ne*SL LE 9 /0¢  Le2Ll
WX ¢et¢  "1SIC MOOd iHZIN S/ WELWY ML®2E GC Né'SlL Lg Coe
60%C-2C¢0 CO0O2 -CCL  Z/WL1lWY Me®le 62 NZ*%L LS @ /08 Le2Ll
WY §£2°¢  *1SIOa MGTd LHSIN L/WSLWY Me*le G2 NL*elL Lg by*
QHEO-8020 0CL =-C b/WLLWY MP®2e S2 NELL Lg 9 /0SS 19CL
WX %1l°¢ °1SIG MO IHOIN C/WILIWY Me®gg €2 NSOl Lg QLA
9CLC-%000 6G¢€ =008 S/WLLWY METCL 6¢ NL*CL LE @ /0% 19211
WY L0¢ CLSIC MOTs LHOIN 008 -009 2/WELWY¥ MEEE ¢¢ NL®"OL LE @ /0¢ lin
¥000-%0¢2 COR =-0CL 2/WiliWY MZ®lE 92 NE°6 LE 9 /62 L9CL
WY ¢g2°¢  "1SIC MOT4 LHOIN 008 =-009 L/WELWY MZ2*le G2 Ng"¢ 1¢ 9¢nH
HHIHIAD0L JHHSIA ¢ ANV L SIWH 70€2-%022 (004 -009 L/WLLWY ML*6Z S N8"6 LE G /e2 LoZLi
7oLAM
aW1
14N
WSNvHL
1HOIN SH MG®Lle S¢ NL*CL L¢ S¢n
sliz-g¢02 00¢ -G Cld MG®22 62 NL®°CL L 9 /62 L92L1
WX Bé6E  TLlSIQg MO AvVQ | $/WBLWY ME®d2 §2 N&*CL Lt heH
6002=-8C61 O -C09 &/WLlky M6°62 62 NE"LL LE G 7672 L9CLL
WY §lt¢ T1SIC MGTd AVC S/WELliy M6®G2 S2 Ng®LL Lg fed
g06lL-2C81L 009 -00S 2/WLLIWY M#®*¢c 62 NE°LL LE 9 /62 L92L1
WY 2¢°¢  "1SIQ MONd AVGC L/WBLWY Mwtee S2 N2 LL LE 2en
gewl-2041 00S =-CO0% L/WLLWY MEg®le S2 Ng*2l Lg 9 /e2 (<2l
1W9 (W) OINGT itva S8éL

SYEVUWIY IWIL INIKSIs Hid3ad av3o NCILISOd 31lv(®  *NILS



42

WX §%°f  "LSIC MGOs
QdTIVA SddN

*1SIC MON4
@d1Ivd SdAN

*Wx 29°2 *L1SIC MO7Td
aQa1Ivd SdaN

*Wx C%tcl tUSIC

D
[®]
-

WX T6%2L LSIC 207

LHOIN
S9-S5 920

LHIIN
¢n20-6900

Ava
VAR NNt

NMYC
Czs0-L%s0

l
-
}_
D
Z
H
-
)

2816-€625

€ges5=-62¢¢

G298 =42%6

S3EN
C/WILRWY
C/WLLIWY

S3EN
/gLy
/WlinWa

S3IGN
L/WELWS
L/ZWLIWE

HTLEM
WSNYXL
CWI
74N

SW

al”

vLeS1C

7| &S1C

AL
w7
4N
WSNVad
Sk

cin

[ag
(44
(R R

i

mircg
Mo*" L2

Mé*"LZ
MC*H¢e

MG*%HY
Me*tie

AN

NOILISO4

[FalR'al

[aNIR ¥

[TaWVal
~ g

fa¥ )

IR VY

Pa Vo
g
P
o

/¢

/e

/1

/1l

/0

chel
slvC

2!

ehy
LeclLt

ARG
Lecti

Qv
Lo2LtL

(= F-]
Leell

VA
tretLl

Cor

Loeeti

-
[¢ N
(AN §
— 1
-

..

%8

-



43

"Wy L2  *LSIC MO
WOLL0Og J40 WGG-%2

"WX ¢¢*0  *"1SIG MG
WOLLOE 440 W06-6%
WX 08°61L  *lSIC <07

NOILVYLITYD dLD/HOLINOW

WX O0L®ZL "LSIO 907

SHAVHWI Y

o~
o
«—
. >
RalES o
(s g8 ]
o
O

NMY (]
gCuC-4090C

1HSIN
06e7-91¢¢

AVG
SCel=-%4%1
LHSIN
See0-9¢¢0

¥SNC
0022-C061

AvQ
2860-9¢80

1WO
IWIL 9ONIHSIs

$h]
™~y

SLYS-E5ES

LYE6-82¢6

eee -2

DH%G=0%%¢

Le%6-C

0v9s-Cuv¢

cog¢ -0

(W)
Hlia3(

S3eN
Z/WELWE
2/ WLLIWY

S3EN
L/WaliWd

wELER
Ch1
HSNYYL
R

Sk

ciL2

?L68S10

WSNYEL
SW
GL2

%1510

7t LEM
WSNYYL
30
GW1

Sk

gl12

dv

1
(8]

MO 2 N.Lwl
METLL S2 N2t LI
METLL €2 Nt LL
MLl S2 N6t 8§
ME®9S 72 NZ*éS
MA®9C %2 NL®6S
M#*G €7 NO*Q
MG®Z21L ¢¢ Ne*t2i
Me*gg S2 Nip®¢ce
MC*EE 62 NL°6Z
MG*G2 G2 NE*'gl
Mg*elL S2 Ne*el
ML®GE &C NC*°6¢
ML®gg G2 NO®G%
SN0 Ly
NCILISOd

L&
L

Le
L€

(Y
Le

Lg
Y

I

/*

/<

/<

/2

S861L
3ivC

€64
L9ctLi

25%
lecit
Lo#
locti

0o
Le21L1

by
ledlit

*N1S



44

WM %22 "LlSIG MOTd

WOILLOE 440 WO06-8%
WX Lé*¢  *1lSIQ MOTd
WM ge2*¢  *LlSIa MOTd

ISYd IIN *NNY FONVISIA ON

WX 38°Z21L °L1SIG 9207
WX 282 "LSIC MO
WOLLOE J440 WGS-LL

SHavkzd

AVC
¥esl-62¢€1

LHOIN
¢5¢0-2620

LHOIN
¢scel-2610

AVG
0e6L-02%1

AY (G
¢re0-0060

LHOQIN
€0ed-c7¢¢

AYC
LEQl=1luel

Ava
9negl=-6C01L

GRES-69¢S
cog -00¢
0ol =-CQ0%

0C%S-C%%s

00t -C

Q0%s=-07%¢

oce -G

SZYe-CL%HS

b=~

a.
) ~r

[

S39N
L/WGLWY
L/WLLWY

S/WELWY
/WLInWY

L/WBLWY
L/WLLIWY

%18S1G

7°LEM
WSNYaL
QW1
14N

SW

alad

%18S1C

7°LaM
WSHNYSL
OWA
14N

SW

G193

S3GN
C/WELKY
IWATEP YR

4
<1

1)
W

Me=12
ML L2

My LZ
ML*61L

mLTé1L
M& 9|

Me*% 1|
MLt é

Mertos
MG 0¢S

MG®26
P

meg*ed
Mmgrge

SRR
varyl

cHon

8¢
14

62
%4

g¢

s¢

Vx4
ve

"?
ce

[Va TRV aY
[aNIEa¥]

NZg*®6l
No°%L

Ny 9L
NE"9L

NE*YL
NZ*tEL

zP.m
NO* ¥

NG* &%
NG ™ 6%

NG 8%
NG* 9

NZ*Zd
Ng*®2?

Net L
NZ* %l

L1v7

NOILISOd

(39
L€

<

L€

Le

Le
Ls

Y
te

~ o~

/9

/9

/Q

/5

/6

/S
Y

/%

GRa6l
31vG

cou
LedltLt

294
L9cti

LG#
1211

o9#
LoctLi

66¢
LecdtLt

86H
19211

LS8
Leelti

os#

Le2tLlL

"NLS



45

W

"W

W

WY

"W

"W

W

WX

w
p'4
[
<
=
tu
(a4

Gl°¢

Sg*th

2erty

28t ¢

glL°%

YA

WOLLO9 440 WiE-LL

WA

WOLLOE 440 W8%=42

*1S1IC

*1SIC

"1SIC

*1SIC

"1SId

"1S1I0

*1SIC

MCTd

MG 4

Mo

MO 4

MO 4

MOTd

IHOTN
v002-82¢1L

AV O
gLel=-cevi

Ava
geyl-11igl

AVG
Ligl-eStLl

LHYIN
2L%0=-21¢0Q

LHOIN
2Le0=-21295

lHOIN
2L2o-21L1io

AVO
6261-6¢L1

AvYQ
seil=-%¢st

1W9

IWIL ONIHSIS

20¢ -0

00LSs-COL*

00L9-C08Yy

00EY-00¢¢

0251-0071

00~ L-00¢1L

0evs-01L%S

OL%6-68¢6

(W)
Hldz0

WSNY3 1
TJan
0w
Sh
Glo

C/WBLIWY
e/WlLiWy

/WS LIWY
¢/wWllihd

L/WELnWE
L/WLLIWY

C/WELIWY
S/WLiWY

C/WELWY
S/WLLIWY

L/WBLRKY
L/WLLWE

S3EN
§/WBLNWY
E/WLLWY

S39N
Z/WELWY
Z/Wllky

ML"22 S2 NZ'gS
ML*CZ §2 NZ*t¢gS
MZ*6Z §2 Ng*°¢
MZ"GZ2 G2 N&'9
MZ2*Sc2 S22 N.L'Y
M2°62 S¢C N6L
MZ2°62 €2 Ne' L
ME®G62 S¢ NZ°LIL
MZ2*6¢2 62 NET9?
ME"GZ SZ2 N%°8¢
MG®G62 6¢ N%*"e?
ML®*9@2 SZ NG*CE
ML®92 8¢ NS°0¢
Mg°seg 62 NO°¢§
M6* L2 S¢ Ne¢*82
ME*L2 S¢ Ng*%e
ME®1L2Z &2 N&*°%¢
Me*L2 G2 N2°61L
SN0 1y
NOILISOd

0¢
Ce

(39
L€

Ls
L€

L¢
[

Le
L&

Lg
LE

L¢
L&

(59
Le

39
(Y

/e

/e

/e

/L

/L

/L

/9

/9

SRé 1
3lva

2Ln
LeclLlL

L2+
Lectil

new
LoelLi

694
LeclLi

39#
L9dtLtL

L94
tezlit

o9
LoclLt

o4
LectLtL

794
LeclLlL

"NLS



46

1SHL

WY LéT¢  "LSIQ MOTd

dSVATHY dVNSd TNASSHIINS

WX (9°¢ "LSIC MOTd
WY BETLL *LSIC MOT4
WX L6°4  *LSIC MONd
"WX ¢g¢2°*f "ISIC MCO3
WY %6°%  "1SIC MO
WX gl*® "1SIG MOTd
WX 9%*¢  "L1SIC MO
"WYX 89°¢  *ISIC MO74
WX %0°%  "LSIC MO+
W3y

LHSIN
62¢0-2220

LHOIN
§e10-2%0¢

AYG
LeLL=-R81LSH

Ava
2lsl=-0¢2l

Avo
cell-0¢0

lIHOIN
6290-2220

LHOIN
£220-9¢0¢C

LHSIN
§¢0C=-c222

LHOIN
inee=L%2¢

LHSIN

inée-L9i2

009 -00¢

729§ =0

Cléeg-0¢ece

00s¢-ClLig

OLLg-002¢

0022-01L¢¢

SlLeec-0lel

QLelL=-costL

L/Wglkd
L/WLihd

WSNYYL
SW
Ci2

C/WILIY
/WLy

Z/WELWY
S/WLLIWY

L/WRLWY
L/WLLIWY

E/WILinY
C/WlLIWY

C/NW2LWY
C/WLLIWY

L/WE LWy
L/WLilY

C/HELWY
/W LLW

Q/WELWY
/Ll

L/vWiglihY
L/WLLke

o
L4
ui

(8]

Mec9s %2 NO"¢?
ME QG %2 N%»*/?¢
Me*ag ¢2 N%°§2
ME*QS %Z N%*Q¢
ML®*®S %2 N(O®EL2
My *2 € NG"8lL
My =2 €2 Ng°*¢gl
ME*CL 62 N%"61L
ME*CL ¢ N%*6l
MOl €2 Nitel
Mgege 62 Ng*"L?¢
ME"EL €¢ Ng*2Z
ME®EL G2 Ng*te2?
MeTelL g2 NZ2*¢?
Me*SL €2 N2*ge
ML®G 62 NG*¢¢
Ml®GL &2 N#°"9
ML®Z2L 62 Ng*?
ML®ZL €2 Ng*°¢
MZ®élL §7 N¢°L
M2te)L 62 NE°L
MZ®L2 ¢ NL®&S
anNne 1y
NOCILISOd

39
Le

Le
Le

L§
L€

Le
Le

Lg
Le

L<
39

Lg
Le

Le
Ce

~~

~ r~

/71

/91
/¢l

/el

/¢l

/%1

/el

/¢l

~ N
[V o]
— -

r~ o0

b S

/L

/L

Seel
3LvgC

A
2ectLl

¢getlL

*N1S



47

"W

LSdlL ISYITEH dVNSH 'TN4SSHOONS

*WX

SW

GL*?

d9°0

ISHEL ISVITIH dVNSH

W

W

W

* WX

SYaviWad

SMOL

60°8

§2°4

)

L9°"Y

"1SIT 207
*1SIC 907
"L1SIC 207
TNASSEOINSNN

ZlL JO SHIYAS

"lSIC MOTd

"1SIC MOOd

*1SIC MGTd

*1SIC MO4

AY G
%221-6240

LHSIN
%6ee=-2461¢

AT DO

Livl=-%121

IHEIN
lsGC-02¢¢

AvGQ
6CLL-68€0
LHOIN

0el0-6tL1te

LHOIN
£se9C-0e0¢

AYG
§6oL-2S%1

AYQ
gevi-£621

AVQ
§621L-0S01L

IHOIN
2e0-62¢¢0

iW3
IWNIL 9NIHSIA

2e%S-2§€76

goce-C

2e%6=-26%6

2ehG=-2¢%s

2eMS-289S

Clis=CaLy

02L%-S627%

Soc%7-006¢

-0C9

S6%

(W)
H1ld30Q

S0 NE€S
WE/S"LNE

WSNuY1
Q42

S0 NES
We /ST INE

G*0 NES
WE/S"INT

S*0 NGBS
WE/S® INE

WSNvdl
SW

gLd

NN

$/WeLliWy
S/WLLIWY

C/WSLIKWY
Z/WLLIWY

L/WSLIWY
L/WLLIWY

C/HWELIWY
Z/WLLWY

dy30

ME®Q2 €2 NC°%¢
Mp*ée S22 Ngtsl
Me*lE S22 N¥°S
Ma®LE G2 N%*¢

mMG®6  SZ Ne*'Ll

Mo*hL 6 NE*C
MO®*¢ G2 N.*E
Mozl 62 NL*"5
Me*e §Z NZ'¢glL
Me*E G2 NZ®%l
ME®LZ S2 N9
Me&*42 SC N9*H%L
MO*% G2 NC"91L
MO®%g G¢ NL*Z2IL
M6*Lc C2 N%*t2lL
MHt2e S¢ NL*¢l
M9t2d S¢ N.Z'ZIL
MZ*9L S¢ NS*¢l
ML®OL 62 NS" L1
Mg 0L &2 NZ2*Y%1L
MG*egS %2 NG*°Z¢
MG*9¢ %¢ NO®G2
INOT 1v
NOILISOd

L
(3
39
Le

Le
L¢

L<

-

(9

Le
Y

A"

L 14t

L orLl

L 12

L /el

L /9

N~ o~
~
n
-

~~
S
-3
-

ARt

L /9l

L /7l

se¢él
2iva

fLe
2oclLl

2in
¢sell

ll#
22t

QL#
2oclit

CLA
¢seli
7Ld

29clil

Sl
¢9ctl

ZL#
¢ocltLt

LiIF
{921l

OL#
2ozilt

6
¢oclilt

“NLS



48

SW

"W

SN

"W

W

WM

SHEVWz

a1 TLSIC 907

$4%L  T1SIC MOTS
WOL10d 440 WSC-0!

6L,  *1SIC MOT4
WOLLCH J40 WLlG-G2

oLtd *LSIC MO
WOLI0E 440 W06-1G

gr*c  CLSIC MON4
24°¢  TLSIC MO
G2%%  *LSIC MCT42

AVYQ
OLgi~QesStLlL

ASNC
L922-4%02

AYC
AR VAR Y

A7G
Inel=Lw0lL

AHSIN
91¢C=-9%10

1H9IN
26¢2-4512

AYC
Ziel=-2151

AVG
LeGl-29% )

002s-00%

0e¥9s-Sly

SLY76=-CL¢

S286-0%¢

€sS -00%

n
O
La)
l
o
]
o0

¢so -00¢
GLES=9.¢

C2e¢c-011

(W)
Hid30

S

S

S

S

S

S

v/s*

S3IEN

INE

/WS LY
E/HLLIWY

S3IEN

C/WBLle
C/WLLWY

S36N

LZWE LinY
L/WLLky

232
S1lnWy
LlWy

322
PliWy
Liwa
=22

FilWY
Lild

dUNS

d/6"*

‘e

LN7

NE*62
Ny*ge

MT8C %2 N%"é1
Ll §2 NO*8l

"L §Z¢ NG*8L

N9

NL®9L
NE*SH

=
wn
-
o
-
[Ta W Ta
[N I aY]

@l 62 N¢°*
Me*6LlL S2 NC°CL

me*ce X
M®*cZ SZ N

ML ®

ke

ONGT 1v7
NOILISOd

L€
(9

39
[

Le
(3

[
Le

<

(39
3

L€
le

/12

/102

/C2

/02

/1C2

/61

161

161

el

Ut N
— 0
< 0>

Q2
292tl

224
¢ocli

0z
¢9clLl

Sl
eecil

hoy

292t

§24
¢edtl

"NLS



49

WX Z22°6
"W §5°¢
WY LetE
WX 2R°¢
"W 00*%
"WY %9°¢
WY 68°¢
"WYX L6°¢

SHIVYWS ¥

*lsIcC

*1SIC

*L1SIC

*1sS1IC

“1sIu

"lSIC

*1SIC

MO

KO 4

mCc 4

MO d

MO S

SO E]

LHSIN
9900-9LEe

IHSIN
gy i2-2%02

AYGQ
6v7¢i=-6%21

AYG
0201-0260

1HOIN
L70C-L%¢2

LHOIN
9612-%¢02

AYC
2L7l=-2Lsi

AVG
2801=-26860

ASNG
9122-920¢

iIWS

IWTL ONIHSIH

0el =-00¢
06s -C0¢%
ovCL=-C0¢l
08 =-001L1
cLe -C0S
0¢c -CO¢
Cy<s -00¢
cle -000C1L
£eY6-28E96
(W)
H1ld430

222
Slivy
LinWy

320
Slhy
LiWa

322
2LlWd
LIWY

323
Clla
LiW3

320
LW
LiWy

322
LW
Lilkd

332
glWd
LilWa
323
iy
Liw¥

d¥NS*" &

293

W

MESQ  Ld NLTw?
mé=2 12 N£*¢?
0 C *C
‘C 0 *0
ML"2% L2 NZ*%¢
M€Y L2 No®2¢
Mw=l% L2 Ng*®é6¢
M6 LY L2 N9*®ZL2
ME®LS 22 NG®2¢
M2*§ES6 2 NE®0¢
ML®GS 22 N.*B8¢
MG*LS 22 N%*°/l¢
M2"6E €2 NEtgy
ME*0y ¢€2 NE" LY
receh £2 N9TEWw
METG6% ¢2 No° LY
M6°¢S ¢ N6'6l
ME®¢S %2 N6°61L
ONCT 1v1

NOILISOd

D O

ve
Ve

s
ka2

[ el
M

133
13

s
2t

(43
€

L€

N~

/152

/¢2

/¢

/¢¢
/122

/22

/22

AT

seel
EPQ A

|
occilL

*NLS



50

"W

‘W

S W

W

S W

"W

S W

Lt

(&)
M
"
N g

99°¢

*1SIG

*1S1I0

*lS

"1S

"1S

Ic

IG

IC

-
(]

M0ON4d

MOd

MO 4

MO

MO 4

MO

MO s

Ave
ELCL-6%80

LHOIN
QoLo=-1¢c¢c?

LHSIN
1222-6012

AV
7oel=-¢Ct i

iIHSIN
6022-680¢

(]
s
-
-
1
e ]
R Ne!
o
fah}

W9
L9

INIHST S

GL9 =-6C§
0e =00¢
De9 -00CL
Cey =LN9
SL9 -(Lls
021 -sie
¢Ct» -00¢
0leL=-C0CL
(W)
Hiaz?

332
LW
R,

232
flhy
LIWY

329
ElWY
LikY

339D
QLW
L1k

329
QLWY
LiWd

339
2Ll Y
Lila

1

22
Flia
Lilwd
233
lia
Lila

MLE2
ME"QP

MeETél
moe= e

SNOT

Gl
Sl

91
il

Zl

Ll

0 o0
—

-

ce
02

NZ*ES
NE* LS

NO*¢%
No*"¢*

NLT LY
NL®6S

Ne* %%
NEg* g

NE®LE
Ne*c¢

NZ"E€S
NZ* LS

NO® w2

NgtC?

1v1

NCILISOd

0y

o g
MM

o s

[

Wl wn

/92

/52

/16¢

S
N
™~

/8¢

$—
T O~
.

602t

g9t

L #
G211

“NLS



51

SWX

* WO

* W

Gé° ¢

*LSIC mON4d LHOIN
LS(00-4¢€82

*L1SIC MOz LK9IN
222¢=24602

*1SIC MQO7d AVC

96el=H¢ct1

LWS

TWIL ONIKSI

201 -CC¢

02e -CCs

¢se =01L¢

b
¥y

Hlas(

330
ELWE
LiWa

=22
Qliy
LilWY

230
glWd
Libiy

(a4

tu

1

NLTCE
N6" &7

Ne®d42
NG® 92

MLt92
MO®éL

NZ*9¢
Ne" ¢

[Tal Vel
L el and

SNGT 1v7
NOILISGd

LY
L%

9
Cv

~

/142
L /92

So¢l
3iv0

*NLS



52

50

—40
Azores
ey
<
Madeira
GME —
—30
T . £
T T T | |
25 15 5 W

FIGURE 1. Track chart RRS Discovery Cruise 156. Stns 11252 and 11272 are the

first and last stations respectively; GME is the main work area.
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FIGURE 2A.

Profiles of displacement volumes of complete RMT 8 micronekton

samples (unstandardised) by both day and night.
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FIGURE 2B. Profiles of displacement volumes of half samples of RMT 1

macroplankton samples (unstandardised) by both day and night.
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FIGURE 3. Ratio between displacement volumes of 1.0 and 0.32mm

fractions of RMT 1 samples, showing the shif't in ratios with depth.
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FIGURE 4.

Profiles of numerical abundance of the four dominant

groups of macroplankton in the 1.0mm half subsamples in the

EMT 1 daytime samples. The counts per half sample for each

group are shown.
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