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ABSTRACT 
 


This report documents the scientific activities on board the Royal Research Ship (RRS) James Clark 
Ross (JCR) during the eighth Atlantic Meridional Transect (AMT-8), 24 April to 7 June 1999. There 
are three objectives of the AMT program. The first is to derive an improved understanding of the links 
between biogeochemical processes, biogenic gas exchange, air-sea interactions, and the effects on, and 
responses of, oceanic ecosystems and climate change. The second is to investigate the functional roles 
of biological particles and processes that influence ocean colour in ecosystems dynamics. The third is 
the algorithm development and validation of remotely sensed observations of ocean colour. 
 
 


1 INTRODUCTION 
 The Atlantic Meridional Transect (AMT) 


programme, Robins and Aiken (1996), exploits 
the passage of the Royal Research Ship (RRS), 
James Clark Ross (JCR) through the Atlantic 
Ocean latitudinally from 50°N to 52°S, between 
the U.K. and the Falkland Islands, a distance of 
over 13,500 km.  In September the JCR sails 
southward, sampling the N. Atlantic during the 
boreal fall and the S. Atlantic during the austral 
spring ); the following April it returns to the UK, 
sampling the S. Atlantic during the austral fall 
and the spring conditions in the Northern 
Hemisphere.  The ship's track crosses a range of 
ecosystems and physico-chemical regimes, within 
which conditions vary from sub-polar to tropical 
and from eutrophic shelf seas and upwelling 
systems to oligotrophic mid-ocean gyres.  The 
JCR provides the ideal platform to measure 
physical, biological and bio-optical properties and 
processes through these diverse ecosystems of the 
North and South Atlantic Ocean. 
The AMT programme scientific objectives are: 
1. To test and refine hypotheses on the impact 


and the responses of oceanic circulation, 
marine ecosystems and the coupled marine 
atmosphere of the Atlantic Ocean to 
anthropogenically forced environmental 
change by assessing measurements of key 
marine and atmospheric variables over 
spatially extensive scales covering seasonal 
and inter-annual timescales.  


2. To improve our knowledge of marine 
biogeochemical processes, ecosystem 
dynamics, food webs and fisheries and 
characterise physical and biogeochemical 
provinces.  


3. To develop a holistic research strategy, 
integrating shipboard measurements with 
autonomous and novel techniques, remote 
sensing and modelling, exploiting the time 
and space series provided by the AMT. 


4. To provide calibration and validation of 
satellite sensors of ocean colour, sea surface 
temperature, and solar radiation from high to 
low latitudes over the Atlantic Ocean, 50°N 
to 52°S. 


5. To quantify oceanic ecosystem responses to 
changes in abundance of radiatively and 
chemically active trace gases.  


6. To develop coupled physical-biological 
models of production and ecosystem 
dynamics. 


Taken together, the goals and objectives form a 
holistic research strategy to provide an improved 
understanding of the links between 
biogeochemical processes, biogenic gas 
exchange, air sea interactions and the effects on, 
and responses of, oceanic ecosystems 
(biogeochemical provinces) to climate change. A 
key element of the strategy is to provide an 
improved understanding of the functional roles of 
biological particles and processes of ecosystem 
dynamics which can be related to the 
measurement of ocean colour.  
The thrust of the AMT programme has been the 
acquisition of data for the development of remote 
sensing algorithms, the development of whole-
water column algorithms, the interpretation of 
remotely sensed imagery, the determination of 
phytoplankton characteristics and photosynthetic 
parameters by Fast Repetition Rate Fluorometry 
(FRRF) for productivity studies. Additional to 
these are the development of climatologies of key 
parameters for regional and basin-scale 
productivity and ecosystem dynamics models, the 
measurement of zooplankton community 
structure and distribution, nutrient recycling and 
the exchange of atmospheric gases.  The 
development of models of global primary 
production, ecosystem dynamics and air-sea 
interaction are the ultimate objectives of the 
programme.  The specific objectives have been to 
produce calibrated, quantitative satellite 
measurements of oceanic biological properties, 
parameter values and contemporaneous data for 
tuning models that exploit satellite data. 
The dates of the first 7 AMT cruises are: AMT-1 
Sept./Oct. 1995; AMT-2 April/May 1996; AMT-
3 Sept./Oct. 1996; AMT-4 April/May 1997; 
AMT-5 Sept./Oct. 1997; AMT-6 May/June (Cape 
Town to UK on JCR) (1998b); AMT-7 Sept./Oct. 
1998. 
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Figure 1. AMT-8 cruise track with noon positions and the sequential day of the year. 
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1.1 Cruise Strategy 
The concept of the AMT is only marginally 


different from a ship of opportunity operation in 
that the scientific work is based on a passage 
either between the UK and Stanley or vice versa. 
Due to time limitations there is very little scope 
for deviation from the AMT track or from the 
present sampling routine.  


The package which CCMS negotiated with 
BAS provids the AMT community with six days 
of ship time over and above the time that would 
be used for the direct (no science) passage. 2 days 
are used for the course deviations and the 
remainder for station time. The ‘standard’ AMT 
track (described from north to south) leaves the 
UK coastal shelf and head westward to 20°W, 
47°N; this is a well-documented and repeated 
sampling area, forming a part of a series of 
international JGOFS stations. At 47°N the track 
turns south along 20°W which is an extension of 
the BOFS transect. This route aims to sample the 
edge of the Mauritanian upwelling. The track 
deviates slightly to avoid Madeira and Canaries 
territorial waters but cannot avoid either the 
Mauritanian or Cape Verde's EEZ for some 360 
nautical miles. Diplomatic clearances for the 
Cape Verde’s waters have been obtained from 
AMT4 onwards so continuous sampling has been 
possible. At 13°N the track heads south-west but 
staying outside Brazilian and Uruguayan waters 
until work stops off the R. Plate for a port call at 
Montevideo. After Montevideo the JCR shapes 
the best course for the Falkland Islands which 
avoids Uruguayan and Argentinean territorial 
waters. 


A 4-day seismic cruise (JR-42) in the vicinity 
of Ascension Island (circa 8.7°W, 14.5°S), during 
AMT-8 resulted in a deviation from the ‘typical’ 
track. Figure 1 shows the full AMT-8 cruise 
track, Table 1 summaries the main cruise dates. 


Date Location 
24/04/99 (114) Depart Port Stanley 
29/04/99 (119) Arrive Montevideo 
02/05/99 (122) Depart Montevideo 
13/05/99 (133) Start of JR42 
18/05/99 (138) End of JR42 
07/06/99 (158) Arrive Grimsby 


Table 1. AMT-8 main dates. 


To accommodate the scientist involved in JR-
42, the number of berths available to the AMT 
programme between Montevideo and Stanley was 
restricted. Of the 13 scientists involved in AMT-
8, five were continuously on board for the 
complete passage from Stanley to the UK with 
others embarking/disembarking at Montevideo 
and Ascension, (appendix 1 contains the full list 
of cruise personnel). This impacted on scientific 
activities and in effect split the cruise into three 


distinct legs; Stanley-Montevideo, Montevideo-
Ascension and Ascension-UK, each with 
different scientific objectives and activities. 


1.2 Sampling Strategy 
The daily routine consisted of continuous 


underway sampling of surface water using the 
uncontaminated sea water supply and daily 
stations. Where possible the research agenda and 
sampling location was dictated by the analysis of 
recent AVHRR, SeaWiFS and TOPEX imagery 
received on board via email. The strategy proved 
particularly effective in the higher latitudes with 
SeaWiFS imagery providing information for 
navigation into both a coccolithophore bloom and 
high chlorophyll levels at the UK shelf break.  


On leg I the sampling strategy was tailored to 
investigate the structure of eddy systems within 
the Brazil/Falklands confluence. Science time 
was used to achieve the 53°W meridional, along 
which recent TOPEX imagery showed the centre 
of eddy activity. The CTD was deployed to 
coincide with the edges and the centre of the eddy 
systems 


A ‘shuffle’ of scientist personnel and the arrival 
of the NASA optics team in Montevideo resulted 
in the sampling strategy on legs II and III 
focusing on the acquisition of optical 
measurements at the SeaWiFS wavebands and 
concurrent data on phytoplankton pigments and 
species, zooplankton, hydrographic properties, 
Productivity-Irradiance (PI) curves, biogases and 
nutrients. The primary station commenced at 
approximately 1030 (ship’s time), coinciding 
with the recovery of the undulating 
oceanographic recorder.  


The main instruments deployed were as 
follows: 
1. Sea-Bird electronics (SBE) 911 plus CTD 


(conductivity, temperature and depth) sensor 
deployments from the dedicated mid-ships 
gantry, with fluorometer, transmissometer, 
and photosynthetically available radiation 
(PAR) instruments, plus a 12x30 l bottle 
water sampler for phytoplantkton pigments. 


2. SeaFALLS and LoCNESS optical free-fall 
profilers deployed from the stern; and 


3. Repeated zooplankton net deployments from 
the forward crane. 


For much of leg II and virtually all of leg III, an 
afternoon optics station was performed to 
coincide, within +/- one hour of the SeaWiFS 
overpass. A total of 61 stations, were completed 
during AMT-8, with 38 (successful) CTD casts, 
XX Optics profiles, YY zooplankton nets. An 
inventory of measurements made on station are 
summarised in Table 2. 
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Table 2. A summary of station work executed during AMT-8. Station activities are denoted by C – 
CTD, Z – Zooplanton, O – Optics. Bold station indicate CTD failure. The HPLC column gives the 


chlorophyll a pigment concentration (mg m-3) at 7m. The times are in Greenwich Mean Time (GMT).   
DATE SDAY TIME STATION POSITION HPLC 
25 Apr. 115 1311 A800 CZ 47°59.9’S 54°18.2’W  


 115 1800 A801 C 47°36.7’S 53°57.1’W  
26 Apr. 116 0040 A802 CZ 46°30.0’S 53°00.0’W  


 116 1639 A803 CZ 43°30.0’S 53°00.0’W  
 116 2310 A804 CZ 42°29.8’S 53°00.0’W  


27 Apr. 117 0958 A805 CZ 41°11.9’S 53°00.4’W  
 117 1534 A806 CZ 40°12.0’S 53°00.0’W  
 117 2247 A807 CZ 39°00.7’S 52°59.9’W  


28 Apr. 118 1003 A808 CZ 38°00.1’S 52°59.9’W  
3 May 123 1400 A809 OCZ 35°04.6’S 51°40.3’W 0.142 
4 May 124 1356 A810 OCZ 32°57.7’S 47°01.1’W 0.045 


 124 1728 A811 OCZ 32°41.7’S 46°27.1’W 0.067 
5 May 125 1546 A812 OCZ 30°44.1’S 42°16.1’W 0.087 
6 May 126 1400 A813 OCZ 28°51.0’S 38°19.1’W 0.073 
7 May 127 1258 A814 OCZ 26°53.6’S 34°15.1’W 0.075 
8 May 128 1446 A815 OCZ 24°33.2’S 29°33.6’W 0.027 
9 May 129 1347 A816 OCZ 22°13.7’S 25°49.0’W 0.029 


10 May 130 1128 A817 OCZ 19°12.7’S 23°13.2’W 0.037 
 130 1401 A818 OC 18°59.7’S 23°03.5’W 0.066 


11 May 131 1200 A819 OCZ 16°02.8’S 20°31.9’W 0.03 
 131 1405 A820 O 15°51.1’S 20°24.1’W 0.026 


12 May 132 1030 A821 OCZ 13°10.2’S 18°07.5’W 0.039 
 132 1330 A822 O 12°53.4’S 17°54.7’W 0.057 


13 May 133 1030 A823 OCZ 09°51.6’S 15°23.9’W 0.086 
 133 1301 A824 O 09°36.4’S 15°12.7’W 0.082 


18 May 138 1332 A825 OCZ 07°38.5’S 14°31.0’W 0.072 
19 May 139 1030 A826 OCZ 04°07.1’S 15°31.8’W 0.161 


 139 1300 A827 OZ 03°52.3’S 15°36.8’W 0.184 
20 May 140 1030 A828 OCZ 00°04.6’S 16°42.6’W 0.139 


 140 1301 A829 OZ 00°13.9’N 16°47.9’W 0.11 
21 May 141 1030 A830 OCZ 03°53.9’N 17°53.0’W 0.152 


 141 1400 A831 OC 04°18.8’N 18°00.7’W 0.113 
22 May 142 1028 A832 OCZ 07°37.2’N 18°59.3’W 0.168 


 142 1245 A833 O 07°50.8’N 19°03.2’W 0.136 
23 May 143 1028 A834 OCZ 11°33.8’N 20°09.1’W 0.237 


 143 1332 A835 O 11°55.0’N 20°15.6’W 0.145 
24 May 144 1035 A836 OCZ 15°09.0’N 21°00.2’W 0.414 


 145 1028 A837 OCZ 18°48.1’N 21°00.2’W 0.814 
25 May 145 1401 A838 O 19°18.5’N 21°00.0’W 0.412 
26 May 146 1028 A839 OCZ 22°55.0’N 21°00.9’W 0.117 


 146 1331 A840 O 23°16.7’N 21°03.9’W 0.145 
27 May 147 1030 A841 OCZ 26°41.6’N 21°48.4’W 0.079 


 147 1331 A842 OZ 27°03.1’N 21°52.2’W 0.094 
28 May 148 1022 A843 OCZ 30°28.0’N 21°33.8’W 0.048 


 148 1403 A844 O 30°57.3’N 21°29.9’W 0.037 
29 May 149 1026 A845 OCZ 34°22.0’N 20°47.3’W 0.054 


 149 1301 A846 OZ 34°33.0’N 20°41.5’W 0.052 
30 May 150 1028 A847 OCZ 38°10.7’N 20°00.7’W 0.036 


 150 1359 A848 O 38°38.5’N 20°00.2’W 0.079 
31 May 151 1030 A849 OCZ 41°51.0’N 20°00.7’W 0.124 
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 151 1259 A850 O 42°15.8’N 20°00.5’W 0.137 
1 June 152 1008 A851 OCZ 45°56.6’N 19°58.7’W  


 152 1330 A852 O 46°22.7’N 20°00.1’W  
 152 1750 A853 CZ 47°00.0’N 20°00.0’W 0.661 


2 June 153 1032 A854 OCZ 47°27.2’N 15°39.8’W  
 153 1450 A855 O 47°32.4’N 14°46.3’W 0.852 


3 June 154 1036 A856 OCZ 48°08.9’N 09°39.9’W 0.514 
 154 1236 A857 O 48°12.8’N 09°24.5’W 1.9-2.9 
 154 1500 A858 OCZ 48°15.2’N 09°14.1’W 2.028 


4 June 155 1030 A859 OCZ 48°58.9’N 09°15.0’W 0.932 
 155 1244 A860 OC 48°59.0’N 09°10.7’W 0.942 
 155 1458 A861 O 49°01.9’N 08°51.9’W 0.647 


5 June 156 1008 A862 OCZ 49°42.1’N 04°27.5’W 1.5-2.4 
 
2 NARRATIVE 
 
Monday 19 April - Thursday 22 April (110), UK 
to Falkland Islands 
An inauspicious beginning. 


The flight transporting the AMT personnel to 
the Falkland Islands was delayed overnight at 
Ascension Island, with the RAF providing 
accommodation in bunk bed city. In the evening 
we visited the Mountain View Club, where to 
keep up morale Greg was allowed to organise and 
win the AMT-8 pool competition. Phone calls to 
the UK confirmed that the airfreight was still at 
Brize Norton. After consultation the airfreight 
was re-organised by Malcolm Woodward to meet 
the JCR in Montevideo. 


We arrived in Stanley on the Wednesday 
evening, and the following morning the JCR 
docked. We were able to scrounge enough 
equipment from both BAS and UEA (thanks to 
David Blake and Dave Stevens) to be able to 
complete our basic work until we got to 
Montevideo. 


 
Friday 23 April (113), Falkland Islands 


We boarded the ship at 1300 in the middle of a 
snowstorm. The officers and crew had done a 
good job, unloading the PML container and 
putting equipment in the correct lab spaces. That 
left adequate time to set-up equipment ready for 
departure the following afternoon. 
 
Saturday 24 April (114), South Atlantic Shelf 


The day was spent completing the set-up of 
equipment. After consulting with the Captain a 
rapid transect of 14 knots, on a bearing 31°, to the 
waypoint of 46° 30’S 53°W was agreed. 
Underway work began at 0000 hours. 
 
Sunday 25 April (115), South Atlantic 


The JCR crossed the shelf break at 1200 and by 
1400 we were in the over 5000m of water. Hourly 
XBT deployment began at 1300. At circa 1330 
the Sub Antarctic front was crossed notable by a 


sharp increase in the Sea Surface Temperature 
(from 5 to 11°C within 20 km). The shakedown 
station was performed at 1500, problems with the 
configuration of the BAS CTD lead to an early 
abandonment. The first successful CTD (A801) 
was completed at 1900. 


 
Monday 26 April (116), South Atlantic 


After the morning CTD (A802) the JCR turned 
north and proceeded along the 53°W meridian at 
the standard passage speed (11.5 knots). The third 
station was performed at the edge of a warm core 
eddy and the forth (A804) in the core of the eddy. 
During A804 the CTD in-water pumps turned off 
for 30 seconds before recovering. The secondary 
system appeared to suffer flow problems, and the 
in-line fluorometer in the secondary system failed 
to give any sensible readings. Post cast the 
fluorometer was examined and it was discovered 
that the internal glass chamber was broken.  


 
Tuesday 27 April (117), South Atlantic 


CTD casts continued with main and secondary 
temperature and conductivity sensors and the 
transmissometer. 


 
Wednesday 28 April (118), South Atlantic 


The final CTD cast (A808) on leg I was 
performed at the edge of the Uruguayan EEZ. All 
sampling stopped after the station.  
 
Thursday 29 April – Saturday 1 May, Montevideo 


There were major changes in personnel on 
board, a change-over in officers and crew, the 
AMT personnel were ‘shuffled’, and the 
scientists and technicians of JR42 joined the 
vessel. Several sets of equipment arrived, with 
the notable exception of the airfreight left behind 
at Brize Norton. 


 Most of the science party took time to sort out 
their equipment, however a good couple of nights 
in Montevideo were possible. The local produce 
was heavily sampled, with the ‘meat market’ 
enjoying much of our custom.  
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Sunday 2 May (122), River Plate 
After many, many inexplicable delays our 


airfreight arrived, 4 hours before the JCR sailed. 
A manic 24 hours ensued, as equipment was set-
up. 


 
Monday 3 May (123), South Atlantic 


For the first time on an AMT Uruguay had 
granted permission to sample in her waters and a 
mid morning full station of Zooplanton nets, CTD 
(A809) and Optics rockets was performed. 


 
Tuesday 4 May (124), South Atlantic 


The CTD developed intermittent spikes on the 
data streams – this appeared to be a termination 
problem, however 3 re-terminations failed to cure 
the problem. No CTD cast was possible. Poor 
weather condition and a continual battle to get 
equipment working meant the optics team 
restricted themselves to a morning only cast. 


 
Wednesday 5 May (125), South Atlantic 


The BAS CTD was decommissioned, and 
seawater was found in the main power in plug. 
The NASA CTD was built as a replacement, and 
was successfully deployed (A812). Weather still 
poor.  


 
Thursday 6 May (126), South Atlantic 


Guy discovered half of the liquid nitrogen on 
board had evaporated (leaving approx. 100 l). 
Leonie reported that PI curves were limited to 4 
station pre-Ascension, due to the small number of 
filters on board. An XBT calibration exercise post 
station was conducted. During the station (A813) 
Alex’s drift net rips. Weather worsens. 


 
Friday 7 May (127), South Atlantic 


At the station (A814) Chris loses his rig and 
zooplankton net. We are in the clear blue waters 
of the South Atlantic Gyre, with a deep 
chlorophyll maximum and low chlorophyll 
concentrations. Weather still poor. 


 
Saturday 8 May (128), South Atlantic 


Weather conditions had eased but it was still 
too cloudy for good optics. Chris deployed the 
replacement zooplankton nets.  


 
Sunday 9 May (129), Tropical South Atlantic 


The first calm day, the clouds cleared for the 
first station – all instruments were deployed 
successfully. The carboys were filled with low 
nutrient water @ 21°57.7 S 25°34.8 W. 


 
Monday10 May (130), Tropical South Atlantic 


The ship placed the sun was on the port side for 
station A817. The afternoon station cast was to 
3000m to obtain waters from the southerly 


flowing NADW for the bio-gas work. A good 
optics station. 


 
Tuesday 11 May (131), Tropical South Atlantic 


The CTD wire was twisted during A818 (the 
deep cast), to untwist the wire, a cast was 
performed to 3,000m with a weight attached as a 
replacement for the CTD. The re-termination 
took until 1900 hours – and the CTD cast was 
abandoned for the day. The first afternoon optics 
station was performed. 


 
Wednesday 12 May(132), Tropical South Atlantic 


All instruments working. Two good optics 
stations in clear conditions during SeaWiFS 
overpass. 


 
Thursday 13 May (133), South of Ascension 


A full casts in the morning, and a good optics 
station in the afternoon. At 1800 cruise JR42 
takes over use of the ship. The main pump for the 
Stephen’s Gas Chromatograph finally dies on 
him. 
 
Friday 13 May – Monday 17 May JR42Cruise 
around Ascension  


Proposal writing, paper chasing, catching up on 
work and sleep.  
 
Tuesday 18 May (138), North of Ascension 


We say good bye to the JR42 personnel and 
welcome back on board Adrian, Tony and 
Murielle. They bring some vital supplies, the UK 
papers, extra filters and replacement equipment. 
One station (A825) was performed north of 
Ascension in the afternoon. Swift sub-surface 
currents cause the delay of rocket deployments, 
but the station was successfully completed. The 
primary conductivity sensor on CTD (A825) has 
anomalous reading near surface on the up cast – 
on investigation the tube taking the water to the 
sensor was loose. Replacement equipment for 
Stephens GC was fitted successfully. Guy reports 
problems with the FRRF bench system as it 
appears to give low readings, and there are 
intermittent power failures from the battery 
packs. 
 
Wednesday 19 May (139), Tropical South 
Atlantic 


We start early morning UOR tows to compare 
the FRRF measurements with the PI curves 
obtained at the morning station. During the 
morning station a hydraulic hose on the CTD unit 
bursts, spraying the deck and CTD unit with oil, 
the cast was aborted (A826). The CTD was taken 
apart and the bottles are thoroughly cleaned, and 
the unit was washed down with soap and water. 
By evening the CTD was rebuilt and a new 
hydraulic hose was fitted. Zooplankton and 







Rees et al. 


 7


Optics work continued as normal as the spill was 
dealt with. For the first time on the cruise Toby 
measures significant levels of Trichodesmium. 
 
Thursday 20 May (140), Equator 


The morning station was performed just 6 miles 
south of the equator. A strong undercurrent sees 
both the zooplankton net and CTD wires pay out 
at sharp angles to starboard. It appears that the 
Bio-gas work has suffered heavily from (oil) 
contamination and Stephen begins a long battle 
with his machine that was destined to lasts until 
Grimsby. 


In the evening we celebrate crossing the line 
with an equatorial BBQ. 


 
Friday 21 May (141), North Equatorial Atlantic 


During the morning station the clouds clear to 
give good optical conditions. On the afternoon 
station the Turner fluorometer was cleaned and 
checked – readings appear to be okay – and the 
levels on leaving the station are noted to rise 
slightly. Optics casts in the afternoon produce 
good data. Calm and hot. 


 
Saturday 22 May (142), North Equatorial 
Atlantic 


Experiments with UOR to determine optimum 
wire and speed to achieve good depth ranges 
begin. The ocean was like a millpond. 


 
Sunday 23 May (143), North Equatorial Atlantic 


Calm waters again, Fluorescence level rises 
throughout the day, accompanied by a fall in 
temperature as the influence of the upwelling off 
the African coast was felt. Calm conditions allow 
a good cast but there was intermittent haze. 
Waiting on imagery to decide the exact location 
for tomorrow’s stations. 


 
Monday 24 May (144), 200 miles off Senegal 


A large increase in the level of fluorescence 
was recorded by the in-line Turner fluorometer, 
from 0730 to a maximum at 0830, circa 21°N 
15°09’W. The UOR was recovered at 0930 by 
which time the levels of fluorescence had started 
to fall. The ship was turned around and headed 
back to the maximum and was on station by 
1030. A 3 and a half-hour station (A836) was 
performed, during which time the surface 
fluorescence levels increase. A bonus for the 
optical work was the stability of the illumination 
field caused in part by the haze from the Saharan 
dust 


 SeaWiFS imagery downloaded to ship from 
the web was low quality and resolution it appears 
to show ‘fingers’ of chlorophyll heading offshore 
from the upwelling – one of which we may have 
sampled today. Hopefully the same can be 


repeated tomorrow. On leaving the station the 
UOR was towed again. 


 
Tuesday 25 May (145), 200 miles off Mauritania 


A large peak in fluorescence was recorded at 
0300 but was not noticed until 0800 – 
frustratingly to far to turn around and sample. 
The weather conditions have deteriorated slightly 
there was a small swell and ‘marble cloud’ cover. 
The fluorescence levels on station are twice those 
at A836. 


 
Wednesday 25 May (146), 200 miles off 
Mauritania 


The effects of the upwelling had diminished. 
Two stations are performed in extremely calm 
waters and very stable clear skies. 


 
Thursday 26 May (147), 200 miles off Canaries 


Electrical problems strike. A malfunction in the 
cable-out metering causes the cancellation of the 
CTD cast. The oceanlogger system appears to 
have noise on the scientific temperature and the 
Themosalinograph channels. A replacement PC 
partially solves the problem but data was still 
noisy. Good clear skies and the calmest 
conditions seen at sea by many on-board. 
Stunning sunset. 


 
Friday 28 May (148), Southwest of Madeira 


The NASA spare CTD (SeaCat) system was 
used on deck with water from the non-toxic 
supply as a backup system, although the 
underway logger system appears to be ‘settling 
down’.  


 
Saturday 29 May (149), North Atlantic 


Weather worsens slightly – regular casts. 
Scientist verses the crew at darts and crib in the 
crew bar.  


 
Sunday 30 May (150), North Atlantic 


Heading into a big swell all day, (light winds). 
During the morning station (A847) SeaFalls 
optics rocket makes contact with the hull of the 
ship, and damages its wings. The afternoon 
station was performed with Locness. 


 
Monday 31 May (151), NE Atlantic 


Still in a large swell – stations pass without any 
major problems 


 
Tuesday 1 June (152), NE Atlantic 


Weather improves overnight – we wake to a 
flat sea, blue skies and high fluorescence levels! 3 
stations today including one at 20°W, 47°N, after 
which the ship turns east and head towards the 
English Channel, the weather starts to worsen as 
a low pressure follows us in towards the south-
west. SeaWiFS images for the last week show 
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high chlorophyll on the shelf break, fortunately, 
just between French and Irish territorial waters 
and a coccolithophore bloom to the north of it. 


 
Wednesday 2 June (153), NE Atlantic 


An early morning UOR tow provides good 
data. The Sea State worsens, with squalls on and 
off all day, the optics team manages to dodge the 
showers and produce two good stations. 
Fluorescence levels continue to rise. Imagery 
received in the evening showed high chlorophyll 
staying on the shelf break, no new imagery 
showing coccolithophores. 


 
Thursday 3 June (154) UK Shelf Break 


At 1030 there was high chlorophyll and blue 
skies, 2 hours later the fluorescence levels are off 
the Turner fluorometer lower scale. The sea was 
virtually black. Three stations (A856, A857, and 
A858) are performed and the UOR was towed at 
all other times. At 1800 the JCR goes into an 
overnight grid pattern to map the 
coccolithophores bloom. At 2010 the ship entered 
the bloom, and the entire scientific party turn out 
to marvel at the milky blue seas. The UOR was 
being towed as we entered the bloom. 


 
Friday 4 June (155), Shelf Break 


The swell increased overnight, a contour of the 
overnight grid shows the lowest levels of light 
transmittance were in the northern section of the 
grid. The ship returns to northern section and two 
full stations are performed (A859, A860). There 
was an opportunistic optics stations later in the 
afternoon and the UOR was towed out of the 
bloom. The swell was increasing and was driving 
us up the channel.  


 
Saturday 5 June (156), South of Cornwall 


A dull dark day with heavy rain in other words 
a typical West Country summer weather, we are 
back. The final station begins under leaden skies 
but a large sudden (blue) rent in the clouds lets 
through the sun enough for a final optics cast in 
sunshine – a good way to finish. Underway 
sampling was completed after the morning station 
and the underway non-toxic water supply was 
turned off in the afternoon. Everyone tries to 


conclude their work in time for the end of cruise 
meal. 
 


3 PROVINCES 
Traditionally, oceanographers have partitioned 


the oceans on the basis of physical and biological 
characteristics: e.g., topography, geostrophic 
flows, wind-driven circulation, gyres, fronts, 
upwelling zones and patterns of seasonal 
stratification, biological productivity, as well as 
phytoplankton and zooplankton assemblages and 
community structure. Taken together, this bio-
physical partitioning provides the descriptors of 
regional ecosystems or biogeochemical 
provinces, each with discrete boundaries and each 
having distinct flora and fauna. More recently, 
the concept of biogeochemical provinces has 
been promoted by Longhurst et al. (1995) 
particularly as a means of evaluating patterns of 
basin- to global-scale productivity from remotely 
sensed measurements of ocean colour, making 
use of province-specific physical and biological 
parameterisations (climatological values of the 
key variables).  


The AMT cruise track crosses 10 provinces 
proposed by Longhurst (1998). For reference 
Figure 2 shows a plot of the along-track 
temperature, salinity and raw fluorometery 
recorded during AMT-8, with the approximate 
province boundaries overlaid. Each province 
appears to have distinct fluorescence 
characteristics, however the surface physical 
characteristics are variable within the larger 
provinces.  


Longhurst concentrated his work on 
distinguishing regions on marine ecology, rather 
than the physical structure. Hence the fronts at 
30°South (Brazil Current front), and 36°North 
(Azores Front) are not viewed by as province 
boundaries. The equatorial region (ETRA) 
contains the banded structure of the equatorial 
currents, North Equatorial Current, the North 
Equatorial Counter Current (NECC), and the 
South Equatorial The NECC is a particularly 
distinct feature, seen as a drop in salinity water at 
circa 4°North.  
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Figure 2. Temperature, Salinity and Fluorescence at 1-minute intervals recorded from waters at 7m 
depth during AMT-8, plotted against latitude. Provinces from Longhurst: FKLD Southwest Atlantic 
Shelves, SSTC South Subtropical Convergence, BRAZ Brazil Current Coastal, SATL South Atlantic 
Gyral, ETRA Eastern Tropical Atlantic, NATR North Atlantic Tropical Gyral, CNRY Eastern (Canary) 
Current Coastal, NAST (E) North Atlantic Subtropical Gyral, NADR North Atlantic Drift, NECS 
North Eastern Shelves. 
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4 Satellite Images, Surface 
T, S, F and CTD Sections  


4.2 Stanley to Montevideo 
The confluence of the Brazil and Falkland 
Currents is recognised as one of the most 
dynamic features of the global ocean. The 
location and movement of the water masses 
involved, the Falkland Current, the Brazil Current 
and a coastal current, are important factors in the 
determination of the areas of high phytoplankton 
production. The study of the confluence is 
particularly suited to the use of remotely sensed 
imagery, because of the complex mesoscale 
activity and variability of the region. Imagery that 
can be used to resolve the eddy structure of the 
region includes AVHRR (Sea Surface 
Temperature) and TOPEX-POSEIDON (Sea 
Surface Height Anomalies). In situ measurements 
add detail and vertical structure to the dataset. 


4.2.1 Cruise track 
The JCR sailed from Stanley on 24 April 1999 


(Sday 114) and made a course for the waypoint 
46°30 S, 53°W, from where it followed the 53°W 
meridian to 38°S, then the ship took a direct route 
to Montevideo. The ship docked in Montevideo 
on 29 April. Figure 3 shows the cruise track and 
the location of station on leg I. 


 
 


Figure 3. Leg1 Stanley to Montevideo 


4.2.2 Current systems 
The surface waters of the S. W. Atlantic are 


dominated by the presence of the two major 
currents - the Falkland (Malvinas) Current and 
the Brazil Current. The Brazil Current originates 


as a branch of the South Equatorial Current and 
runs poleward nearly parallel to the shelf break. 
Due to its tropical origin, it is warm, saline and 
relatively oligotrophic (Bisbal, 1995). Olson et al 
(1988) describe how the southern limit of the 
warm water associated with the Brazil Current 
fluctuates between 38-46oS, accompanied by the 
intermittent formation of warm-core anti-cyclonic 
eddies. Garzoli and Giulivi (1994) described the 
encounter between the warm southward flowing 
Brazil Current and the cold northwards flow of 
the Falkland Current, at approximately 38°S 
causing a strong thermohaline front. The cool, 
nutrient-rich Falkland Current branches off the 
Antarctic Circumpolar Current (ACC), and flows 
northward along the continental slope (Provost et 
al, 1996).  Glorioso and Flather (1995) described 
how it flowed round both sides of the Falkland 
Islands before turning northwards as a single flow 
approximately 100 km wide. The Falkland 
Current is the dominant circulation feature along 
the Falkland Shelf Break.  Goni et al, (1996) and 
Garzoli et al, (1992) observed sub-Antarctic 
waters from the Falkland Current to flow along 
the shelf as far north as 32oS before returning 
south as the Falkland Return Current (Gordon, 
1989) and flowing offshore at the confluence 
zone. Stevenson (1997) found surface water 
temperatures in the northerly coastal current, 
between 24-33oS, to be several degrees lower 
than the Brazil Current, consisting of a mixture of 
cool water from the Falkland Current and warm 
water being recirculated from the Brazil Current. 


Ciotti et al (1995) define the water masses in 
terms of the temperature and salinity 
characteristics of water sampled in October 1987 
and September 1988. Brazil Current waters have 
a temperature greater than 20.0°C and salinity 
greater than 36.0; Falkland Current waters have a 
large temperature range between 4.0 - 15.0°C, but 
a narrow salinity signal between 33.7 – 34.1. Due 
to the large gap between the salinity ranges 
specified for the Brazil and Falkland Currents, it 
is expected that a large proportion of the water 
sampled will have mixed characteristics.  Provost 
et al (1996) observed high temperatures 
(≥19.0°C) over the continental slope, very high 
temperatures (≥24.0°C) in the River Plate 
Estuary. Salinity values given for the outer limit 
of the River Plate estuary vary from 33.0 
(Framian & Brown, 1996) to 30.0 (Guerrero et al, 
1997).  


4.2.3 AVHRR imagery 
Figure. 4 shows an AVHRR daily composite SST 
of the area between 25-55oS, 40-70oW on 13 May 
1999 taken from the Rosentiel School of Marine 
and Atmospheric Sciences web page. 
(http://www.rsmas.miami.edu/environment/imagery/) with  
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.
 


 
 
Figures 4 and 5. Satellite Imagery of the Brazil and Falkland Current Confluence, with AMT-8 cruise 
track overlaid. On the left is an AVHRR image for 13 April 1999, on the right a TOPEX analysis for 


the period 14- 24 April 1999 with the date, time and location of the CTD casts. 
 
the AMT-8 cruise track overlaid. The Falkland 
Current is seen as a band of cold water, between 
4-8oC (blue), flowing along the shelf break from 
50oS to 37oS, while the warmer waters of the 
Brazil Current flow south to the east of this. The 
waters of the Brazil Current reach temperatures 
of around 21oC (green) in the region between 30-
40oS, with eddies and filaments south of this, 
concentrated in the area where the two Currents 
meet between 38-46oS.  Eddies with a warm 
surface signal shed by the main Brazil Current, 
can be seen in the imagery, reaching as far south 
as 48oS.  


4.2.4 Altimeter Data 
The Colorado Centre for Astrophysics 


Research process TOPEX datasets the results are  
available via their website (http://www-
ccar.colorado.edu/~realtime/global_historical_ssh
). The maps show sea-surface height anomalies 
(SSHA) produced from TOPEX and ERS-2 
altimeter data. Lillbridge et al (1997) describe 
how the data from the Geophysical Data Records 
from the satellites are referenced to the Ohio 


State University Mean Sea Surface 1995. Figure 
5 shows the TOPEX analysis of the region 40-
55oS, 40-70oW, on 24 April 1999 with the AMT 
cruise track superimposed, with the location and 
 dates of the CTD casts 


The eddy activity in the confluence is very 
clearly defined in the TOPEX image as areas of 
pole and dipole anomalies. The TOPEX image 
shows the eddy structure of the confluence with 
much greater definition than the AVHRR image 
where the edges of eddies are less well defined 
due to mixing across the temperature gradient.  
Robinson (1984) stated that eddies may exist 
below the sea surface without having a thermal 
surface signature 


The imagery shows cyclonic eddies as positive 
SSH anomalies and anticyclonic eddies as 
negative anomalies. Grundlingh (1995) states that 
there is good agreement between the topographic 
and infrared portrayals of rings, but the altimetry 
can also depict features that are invisible in the 
infrared imagery, either due to obscuration by 
cloud or from having lost their surface signature 
through air-sea interaction. 
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Figure 6. Surface temperature, salinity and fluorescence for leg I plotted against latitude, with the 
location of the stations overlaid. 


 


4.2.5 In Situ Surface Measurements  
The near-surface (7m) measurements of 


temperature (T), salinity (S) and raw fluorescence 
(F) voltage between Stanley and Montevideo are 
shown in Figure 6. The data shows the track 
crossing the shelf break, and encountering the 
Sub Antarctic Front (SAF) at circa 48.4°S. The 
T-S values indicate the region between 48 and 
45°S contains a mixture of the warm brazil 
current and the colder fresher Falkland Current 
water. The low S and high F seen at 44°S, is 
probably caused by a dipole originating from the 


Falkland Current which is rotating around the 
warm core eddy. The T-S relationship of the 
warm core eddy identifies it as originating from 
the Brazil Current. It is centred at approx. 42°S it  
is distinctly evident in both the AVHRR and 
TOPEX images. At circa 38.6°S there is an 
intense front (SAF) between the northern extent 
of the Falklands Current. (noted by low S, low T 
and high F), and the southern edge of the Brazil 
Current (high T, high S, low F). ).  


At 37.5°S the outflow from the River Plate is 
sampled (low S, high F, relatively high T). 
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Figure 7. CTD sections for temperature (a) and salinity (b) for leg I, plotted against latitude, with the 
location of the stations overlaid. 


 
4.2.6 In-situ CTD sections. 


The measurements of T and S obtained from 
the CTD casts are shown as contoured section in 
Figure 7. The dominant physical feature is the 
warm core eddy system originating from the 
Brazil current centred at 42.5°S. The eddy has a 
core of the high S, and T between 100 and 200m 
and extends to depths below 500m. Mixing 
between the colder less saline water of the 
Falkland Currents have dynamically altered the T 
and S fields both vertically and horizontally, 


influenced the surface waters between 40 and 
46°S. 


The northern extent of the Falkland Current 
(39°S) is seen immediately to the north of the 
warm core eddy. Clearly visible in the AVHRR 
as a band of cold water which circulates eastward 
and becomes entrapped within the confluence. 
The intense front between the Falkland Current 
and Brazil Current (38°S) shows a front of 8°C 
within 50 km and is seen at all depths to 500m. 
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4.2 Montevideo – Ascension 


 
 


Figure 8. Leg II Montevideo to Ascension 


The subtropical gyre of the South Atlantic 
(SATL) is one of the least well-researched 
regions of the oceans. The SATL province 
comprises the anticyclonic circulation of the 
South Atlantic. The province, as defined by 
Longhurst 1998, is bounded to the east by the 
Bengula Current, to the west by the Brazil 
Current, to the north by the southern limb of the 
westward flowing South Equatorial Current, and 
to the south by the Subtropical Convergence 
Zone. 


4.2.1 Cruise Track 
The JCR sailed from Montevideo on 2 May 


1999 (Sday 122), on course for Ascension Island. 
A deviation to the direct route was required to 
avoided sampling Brazilian territorial waters 
(circa 20°S, 30°W). The ship arrived off 
Ascension on the evening of the 13 May (Sday 
122). Figure 8 shows the cruise track and the 
location of station for leg II. 


4.2.2 Current Systems 
The southwestwardly flowing Brazil current is 


relatively shallow and closely confined to the S. 
American continental shelf. South of 
approximately 30°S, the current intensifies, this 
appears to be linked to a distinct anticyclonic re-
circulation cell south of the Rio-Grande rise 
(30°S, 37°W), Stramma and Peterson 1989. 


The Bengula current begins to separate from 
the African coast near 30°S with most of its flow 
turning northwest. At 28°S, Stramma and 
Peterson 1989, describe the current flowing 
mainly westward across the Atlantic. The current 


crosses the Atlantic to the south of Ascension 
Island, between 15°S and 25°S, the southern 
component of the current becomes entrapped 
within the subtropical gyre, and the northern band 
forms a southerly component of the South 
Equatorial Current. 


4.2.3 AVHRR Imagery 
An AVHRR image of the South Atlantic is shown 
in figure 9, with the cruise track overlaid. 


 
Figure 9. AVHRR image of the Brazil Current 


from days 122 and 123. 
 


Warm tropical waters are evident to the north 
west of the image (reddish-brown), at a 
temperature of 25°C (and above). South of 32°S 
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are the cooler waters of the South Atlantic 
Current (SAC) (20°C yellow band) lying on an 
east-west axis. The Sub Tropical front (STF) is a 
band of up to 350 km width, between the tropical 
waters and the SAC.  


The Brazil Current (BC) is seen transporting 
warm waters (22°C) southward, parallel to the 
South American coast, to the mouth of the River 
Plate. The Brazil Current front is formed at the 
boundary of the BC and SAC below 30°S and is 
the western extension of the STF  


The image contains cloud contamination 
evident as purple patches off the River Plate 


4.2.4 In-situ surface Measurements 
The near-surface (7m) measurements of 


temperature (T), salinity (S) and raw fluorescence 
(F) voltage between Stanley and Montevideo are 
shown in Figure 10. The data shows the track 


leaving the River Plate, crossing the core of the 
southward flowing BC, denoted by a slight rise in 
temperature and an increase in salinity after 
station A809. Station A813 is performed within a 
jet from the STF. The front is crossed at 
approximately 28°S. To the north of the front 
there are a series of ‘step’ like increase in both T 
and S due to mixing of the frontal zone. At 
approx. 20°S there is salinity maximum for the 
Southern Hemisphere (37.25). Within the tropics 
precipitation exceeds evaporation and leads to a 
decrease in surface salinity. Whilst temperature 
remains relatively stable, S decreases towards the 
equator.  


The surface F values are at the lower limit of 
the Turner Fluorometer detection capabilities. 
Chla recorded by HPLC at station A815 was 
0.025 mg m-3. 


 
 


Figure 10. Surface temperature, salinity and fluorescence for leg II plotted against latitude, with the 
location of the stations overlaid 
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4.2.5 In-situ CTD sections 


 
 


Figure 11. CTD sections for temperature (a), salinity (b), (uncalibrated) fluorescence (c) for leg II, 
plotted against latitude, with the location of the stations overlaid.  


 


The surface waters at A809 are under the 
influence of discharge from the River Plate 
waters (low S) to 80 m. (Station A809 was 
performed without the benefit of a fluorometer). 
Stations A812, A813 and A814 straddle the 
BCF/STF, with the surface 50m shows a south to 
north increase in the T and S fields. North of the 


front the T, S fields stabilise, and a mixed layer 
develops between 100 and 130m. Surface S 
reaches a maximum at stations A817, A818. 


 The deep Chlorophyll maximum lies beneath 
the mixed layer through out the region. HPLC 
analysis at station A817 recorded chlorophyll a 
concentration of 0.14 mgm-3 at a depth of 140 m. 
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AMT-8 Cruise Report:- Pigments, Chlorophyll a and Taxonomy 
 
METHODS AND PROVISIONAL RESULTS 
  
Chlorophyll a  
 
Methods 
 
Measurements of Chlorophyll a concentration were collected from the non-toxic seawater 
supply every 2 hrs (7m), and from 8-9 depths sampled during the daily CTD cast.  Samples 
were filtered onto 25mm GF/F (0.7μm) glass fibre filters.  Volume filtered varied between 
250-500ml and were possible an idetical volume was filtered for Size Fractionated 
Chlorophyll measurements (see next Section).  Concentration of Chlorophyll a was 
determined following the method of Welschmeyer (Limnology and Oceanography, 1994); 
filters extracted in 90% acetone for 24hrs in the dark, removed and defrosted in the dark for 
30-40 minutes and then flourescence measurements made using a Turner Designs, Model 10-
AU Fluorometer.  Chlorophyll concentration was calculated using a standard equation 
incorporating volume filtered (ml), acetone volume (ml) and flourescence. 
 
Results 
 
Presented below are the Chlorophyll a concentrations found in the surface waters from the 
three legs of AMT-8 (as sampled from the non-toxic seawater supply).  As an example of the 
depth distribution of Chlorophyll with depth the results from station A8c13 are also 
presented. 
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Figure 1a. Underway (Surface) Chlorophyll a measurements during Leg 2. (Montevideo to 
Ascension) 
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Figure 1b. Underway Chlorophyll a measurements during Leg 3. (Ascension to Grimsby) 
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Figure  2a. Station A8c13 (Chlorophyll a) 
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Figure 2b.  Station A8c39 (Chlorophyll a) 
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Figure 2c.  Station A8c49 (Chlorophyll a) 
 
Size fractionated Chlorophyll 
 
Methods 
 
Samples for Size Fractionated Chlorophyll measurements were collected from 5-6 depths 
from the daily CTD cast.  The 6 depths sampled were selected to include a surface sample, 
the Transmisson Minimum (where present) and the Chlorophyll Maximum, as well as giving 
a good depth profile.  Samples were successively filtered through 20μm, 2μm and 0.2μm 
polycarbonate filters (Poretics Ltd) in plastic 47mm filter housings.  Two methods for 
determining chlorophyll concentration were used during AMT-8;  during leg 2 chlorophyll 
concentration was determined following the Welschmeyer (1994) method (as described 
above), during leg 3 a new technique using sample sonication and centrifugation was tried.  
During leg 3 samples were collected and placed in 10ml 90% acetone, sonicated for 30 
seconds and then centrifuged for 15 minutes at 6000rpm.  Also during leg 3., samples were 
collected on 47mm GF/F (0.7μm) glass fibre filters and treated identically to the 
polycarbonate filter samples. 
 
Results 
 
As an example of the size fractionated chlorophyll data collected from AMT-8, results from 
Station A8c13 are plotted below.  Figure 3 shows the depth distribution of chlorophyll within 
the size classes used; >20μm (net-plankton), 20-2μm (nanoplankton) and 2-0.2μm 
(picoplankton) (classifications follow Sieburth, 1979).  The peak in chlorophyll within the 
nanoplankton at 62m represents a Transmission Minimum (i.e. high concentration of 
particulate matter) and is possibly due to large numbers of Coccolithophores.  Figure 4 shows 
the same data but as percentages of the total chlorophyll concentration 
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Figure 3a. Station A8c13 (Chlorophyll a in size fractions) 
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Figure 3b. Station A8c13 (Chlorophyll a in size fractions as percentage of total) 
 
Phytoplankton Pigments (High Performance Liquid Chromatography, HPLC) 
 
Methods 
 
Sample collection  
 
Samples for Pigment Concentration (HPLC) were collected from up to 9 depths from the 
daily CTD casts and every 2 hours from the non-toxic seawater supply.  Between 2.1 - 4.3 
litres was filtered through 25mm GF/F (0.7μm) glass fibre filters.  Volume filtered depended 
upon the depth sampled (from deep CTD depths) or on Fluorescence readings from the in-
flow Fluorometer. Filtering started with the deepest samples first, while waiting samples 
were covered with black plastic bags to slow degradation.  Samples were stored in liquid-
Nitrogen before being analysed by the HPLC. 







HPLC Methodology 
 
Results 
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Figure 4a. Station A8c13 (Chlorophylls) 
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Figure 4b. Station A8c13 (Carotenoids) 
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Figure 5a. Station A8c39 (Chlorophylls) 
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Figure 5b.  Station A8c39 (Carotenoids) 
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Figure 6a.  Station A8c49 (Chlorophylls) 
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Figure 6b.  Station A8c49 (Carotenoids) 
 
Taxonomy (including Picoplankton sampling) 
 
Taxonomy Samples 
 
Samples for phytoplankton taxonomy were collected throughout AMT-8 from the daily CTD 
casts, although the frequency and depths sampled changed during the 3 legs.  During leg 1. 
more horizontally spaced samples from the non-toxic seawater supply were collected, with a 
reduction in the number of depths sampled.  During leg 2. and leg 3. samples were collected 
from three key depths sampled by the CTD;  a surface 7m bottle, the Transmission Minimum 
and the Flourescence Maximum (as determined from real-time CTD data).  Two samples 
were collected from each depth; 100ml preserved in 2% acidic Lugols solution and 100ml 
preserved in 4% phosphate-buffered formaldehyde.  Samples were stored in the dark at room 
temperature and will be examined following the Uttermohl method. 
 
Picoplankton (Mike Zubkov, PML) 
 
Samples for picoplankton were also collected from the daily CTD cast, from all chlorophyll a 
depths.  Approximately 3 ml of sample water was placed in a cryovial containing 0.1ml of 
25% glutaraldehyde.  All sample collection was carried out with separate ‘bulb’ pipettes to 
avoid contamination.  Picoplankton samples were stored in the –80 °C freezer and wrapped, 
in bulk, in aluminium foil for return to the UK. 
 
 








AMT8  cruise report 
Dr. Guy Westbrook, CCMS Plymouth Marine Laboratory 
 
Deployment of  Fast Rate Repetition Fluorometer on board UOR. 
 
1.1 Introduction 
 
The undulating oceanographic recorder (UOR) was develop at Plymouth 
Marine Laboratory and is produced commercially, under license, by Chelsea 
Instruments Limited. The version deployed on AMT-8 was designed and built 
at PML specially to carry the Chelsea Instruments fast rate repetition 
flourometer (FrrF). Figure 1.1 illustrates the general layout of the payload 
deployed onboard the UOR. 
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Figure 1.1. Schematic of the UOR and payload deployed during AMT-8. 
 
 
 
More sophistocated than the more familiar broad band exitation and emission  
fluorometer, the FrrF  measures rapid real time in-situ measurements of 
photosynthetic parameters of marine and freshwater phytoplankton by 
exposing the algae to a series of microsecond flashes of blue light at a 
repetition rate of 200KHz, a profile of the algal fluorescence is observed and 
recorded describing the level of maximum fluorescence and at various stages 
of signal decay. The complete instrumentation suite deployed is detailed in 
table 1.1. The FrrF was also regularly deployed attatched to the NASA CTD-F 
integrated bottle sampling rosette (see table 1.2). During selected casts, 
vicarious calibration of the UOR conductivity and temperature probes was 
also undertaken (see table 1.3).  







 
Table 1.1 Payload instrumentation 


Module Instrumentation  
 


Purpose 


Servo Incorporates programmable 
actuating mechanism for fin, a depth 
sensor and inclinometer. Propeller 
driven alternator. 
PML designed and built. 


Self powering (from integrated power 
supply). Drive UOR in pre-set undulating 
pattern (profile is logged). Provides tilt 
and roll data for data quality control and 
hydrodynamic modelling of platform 
performance. Provides depth information. 


Temper-
ature and 
conduct-
ivity 


Conductivity and temperature 
probes incorporated into stand alone 
module. PML designed and built  


Powered from the logger battery, C & T 
information is merged with depth from 
servo to provide temperature, salinity and 
hence density. 


Logger 
(JA-6) 


Programmable logger, 12v Power 
supply. Irradiance connected on red. 
PML designed and built. 


Takes depth and tilt / roll data from servo, 
CT module and irradiance head. 
Additional channels available. 


Scalar 
PAR 


Integrated spectral irradiance over 
300-700nm. 


Characterises lightfield in terms of 
downwelling PAR 


Vector 
spectral 
irradiance 


Samples the downwelling irradiant 
light field at discrete 10nm intervals 
centred at 412nm,443nm, 
490nm,510nm,555nm,670nm, 
700nm. 


Characterises light field in terms of 
downwelling spectral irradiance to better 
represent the dimunition of irradiance 
than may be derived from scalar PAR. 
Optical data QA is provided by periodic 
NASA SeaWiFS quaity monitor(SQM) 
field calibration and tilt and roll up to a 
maximum limit of 10o. 


FrrF Fluorometer built under license by 
Chelsea Instruments Limited. 


In-situ measurement of various 
phtotosynthetic parameters of marine and 
freshwater algae. 


 
 
 
1.2 Scientific objectives 
 
The FrrF is a new instrument and is becoming increasingly used in studies of 
primary productivity. This programme of research served to  
(i) Continue the assessment of the instrument in low biomas waters of the 


northern and southern Atlantic gyres, as well as allow comparison with 
the higher biomass boundary regions of the equatorial upwelling, the 
tendrills of nutrient rich waters eminating from the west African coast 
and the Western approaches to the English channel. 


(ii) Collect a data set in these regions at the CTD stations where C14 P-I 
analyses were also being carried out, as well as HPLC pigment 
determinations, measurements of secondary productivity, and 
phytoplankton particle absorption analysis (in the mixed layer and at 
the deep chlorophyll maximum). 


(iii) To compare the value of observations of scalar broadband PAR and 
spectral irradiance when assessing phytoplankton pigment absorption 
and how this relates to absorption by the pigment assemblage at the 







precise point in space and time of measurement and what implications 
this has for enhancing themodels applied to FrrF data.  


(iv) Continuing the assessment of the UOR for its suitability for this work 
and development for future studies. 


 
 
The UOR derived temperature and conductivity data describe the physical 
structure of the study site at the time of FrrF sampling to give a general 
understanding of the vertical structure of the water column, particularly the 
depth and intensity of the thermocline, as well as to enhance the value of the 
profile CTD observations and the various XBT’s (to 700m) that were also 
deployed at regular intervals along track. 
 







 
1.3 Deployment field log 
 
Table 1.2 FRRF coincident CTD deployment log. 
 


 
SDAY 


 
Time Station 


 
FrrF file name 


 
Position 


123 1400 A809 A809CTD.BIN 35°04.6’S 51°40.3’W 
124 1356 A810 A810CTD.BIN 32°57.7’S 47°01.1’W 
126 1400 A813 A813CTD.BIN 28°51.0’S 38°19.1’W 
127 1258 A814 A814CTD.BIN 26°53.6’S 34°15.1’W 
128 1446 A815 A815CTD.BIN 24°33.2’S 29°33.6’W 
129 1347 A816 A816CTD.BIN 22°13.7’S 25°49.0’W 
130 1128 A817 A817CTD.BIN 19°12.7’S 23°13.2’W 
130 1401 A818 A818CTD.BIN 18°59.7’S 23°03.5’W 
131 1200 A819 A819CTD.BIN 16°02.8’S 20°31.9’W 
132 1030 A821 A821CTD.BIN 13°10.2’S 18°07.5’W 
132 1330 A822 A822CTD.BIN 12°53.4’S 17°54.7’W 
138 1332 A825 A825CTD.BIN 07°38.5’S 14°31.0’W 
140 1030 A828 A828CTD.BIN 00°04.6’S 16°42.6’W 
141 1030 A830 A830CTD.BIN 03°53.9’N 17°53.0’W 
142 1028 A832 A832CTD.BIN 07°37.2’N 18°59.3’W 
143 1028 A834 A834CTD.BIN 11°33.8’N 20°09.1’W 
143 1332 A835 A835CTD.BIN 11°55.0’N 20°15.6’W 
145 1028 A837 A837CTD.BIN 18°48.1’N 21°00.2’W 
146 1028        A839     A839CTD.BIN 22°55.0’N 21°00.9’W 
148 1022 A843 A843CTD.BIN 30°28.0’N 21°33.8’W 
149 1026 A845 A845CTD.BIN 34°22.0’N 20°47.3’W 
150 1028 A847 A847CTD.BIN 38°10.7’N 20°00.7’W 
151 1030 A849 A849CTD.BIN 41°51.0’N 20°00.7’W 
152 1008 A851 A851CTD.BIN 45°56.6’N 19°58.7’W 
153 1750 A853 A853CTD.BIN 47°00.0’N 20°00.0’W 
153 1032 A854 A854CTD.BIN 47°27.2’N 15°39.8’W 
154 1036 A856 A856CTD.BIN 48°08.9’N 09°39.9’W 
154 1500 A858 A858CTD.BIN 48°15.2’N 09°14.1’W 
155 1030 A859 A859CTD.BIN 48°58.9’N 09°15.0’W 
155 1244 A860 A860CTD.BIN 48°59.0’N 09°10.7’W 
156 1008 A862 A862CTD.BIN 49°42.1’N 4°27.5’W 


 
 


 
Table 1.3. Vicarious CTD calibration log. 
   
   
   
   
   
   







1.4 Preliminary Results 
 
Figures 1.2 to 1.5 show data arising from sample deployments. 
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Figure 1.2. Preliminary results from the UOR. Shown are data collected during 
tow A808 on SDY 144 (24 May 1999). Data shown are uncalibrated where (a) 
depth, (b)  temperature, (c) conductivity and (d)  downwelling spectral 
irradiance.    
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Figure 1.3 Preliminary results from the FrrF deployment on board UOR 
where (a) shows a time plot of Fv/Fm with PAR, and (b) a time plot of the 
depth profile. deployed coincident with CTD 36. Data were collected on SDY 
144 (24 May 1999). PAR is in units of **************. 
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 Figure 1.4 shows a data set obtained from the FrrF when deployed 
contemporaneously with the CTD (CTD no 15, SDY 128).  
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Figure 1.5 Data collected during the early morning of SDY 144 from the non-
toxic supply. 
 







 
 
1.5 Discussion 








 14 C Sample log - Leonie Dransfield


Date Station lat long Depth Sample ID NO PE SA chl a 
8.5.99 C15 -2433.2 2933.6 7 C15 I 1


30 C15 II 1
63PM C15 III 1
120DCM C15 IV 1


9.5.99 C16 -2213.7 2549.0 7 C16 I 1
135 C16 II 1


10.5.99 C17 -1912.7 2313.27 7 C17 I 1
140 C17 II 1


11.5.99 CTD FAILURE
12.5.99 C21 -1310.26 1807.53 7 C21I 1


135 C21 II 1
13.5.99 C23 -0951.6 1523.9 7 C23 II 1


85 C23 II 1
15.5-17.5.99 ASCESNSIONS
18.5.99 C25 -0738.5 1431.0 7 2


63 2
19.5.99 CTD FAILURE
20.5.99 C28 0004.6 1642.6 7 2


60 2
21.5.99 C30 0353.9 1753.0 7 2


60 2
22.5.99 C32 0737.2 1859.3 7 2


30 2
23.5.99 C34 1133.8 2009.1 7 2


30 2
24.5.99 C36 1509.0 2100.2 7 2


25 2
25.5.99 C37 1848.1 2100.2 7 2


25 2
25.5.99 18.00h UW219 7NT 1
26.5.99 6.00h UW225 7NT 1
26.5.99 C39 2255.0 2100.9 7 1


58 1
27.5.99 CTD FAILURE
28.5.99 C43 3028 2133.8 7 2


100 2
29.5.99 C45 3422 2047.3 7 2


85 2
30.5.99 C47 3810.7 2000.7 7 2


63 2
31.5.99 C49 4151 2000.7 7 1


45 1
75 1
95 1


1.6.99 C51 4556 1958.7 7 1
18 1
35 1
75 1


2.6.99 C54 4727.2 1539.8 2 1
7 1


20 1
30 1


3.6.99 C56 4808.9 0939.9 7 1
16 1
22 1
30 1


4.6.99 C59 4858.9 0915.0 2 1
7 1


14 1
26 1


5.6.99 C62 4942.1 0427.5 7 1
15 1
22 1
26 1
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Leonie Dransfield
Station Depth Pmax α Value β Value Ik
C15 -2433.2 2933.6 7 23.67 α 1.27E-01 β -7.85E-03 186.378


-2433.2 2933.6 30 1.55 α 1.59E-02 β -6.07E-04 97.60705
-2433.2 2933.6 63 3.41 α 3.72E-02 β 4.63E-03 91.74964
-2433.2 2933.6 120 1.29 α 1.11E-01 β 4.15E-03 11.6268


C16 -2213.7 2549.0 7 16.40 α 3.29E+00 β -1.26E-03 4.99239
-2213.7 2549.0 135 1.00 α 6.03E-02 β 1.75E-03 16.57179


C17 -1912.7 2313.27 7 24.81 α 7.92E-02 β 4.34E-02 313.3923
-1912.7 2313.27 140 5.93 α 3.54E-01 β 7.39E-03 16.74557


C21 -1310.26 1807.53 7 32.00 α 4.76E+00 β -9.05E-03 6.728343
-1310.26 1807.53 135 8.03 α 2.26E-01 β 2.51E-03 35.6183


C23 -0951.6 1523.9 7 13.60 α 8.03E-02 β -9.30E-05 169.3227
-0951.6 1523.9 85 10.98 α 1.08E-01 β 2.34E-02 101.4737


C25 -0738.5 1431.0 7 7.00 α 6.72E-03 β -1.02E-03 1042.442
-0738.5 1431.0 63 1.94 α 1.91E-02 β 3.31E-03 101.3611


C28 0004.6 1642.6 7 7.17 α 2.86E-02 β 5.98E-04 250.2824
0004.6 1642.6 60 2.59 α 2.90E-02 β 3.33E-03 89.40008


C30 0353.9 1753.0 7 8.15 α 1.78E-02 β 4.56E-03 458.1604
0353.9 1753.0 60 2.61 α 3.87E-02 β 2.22E-03 67.39739


C32 0737.2 1859.3 7 11.82 α 2.78E-02 β 4.83E-03 425.7788
0737.2 1859.3 30 1.83 α 2.04E-02 β 2.01E-03 89.94053


C34 1133.8 2009.1 7 7.00 α 2.12E-02 β -2.35E-04 329.8775
1133.8 2009.1 5.15 α 2.80E-02 β 3.91E-03 183.7809


C36 1509.0 2100.2 7 23.10 α 8.70E-02 β -1.46E-04 265.6699
1509.0 2100.2


C37 1848.1 2100.2 7 11.87 α 3.37E-02 β 2.09E-01 351.8133
1848.1 2100.2 25 9.60 α 4.96E-02 β -4.66E-04 193.5484


UW219 7 4.89 α 2.63E-02 185.9262
UW225 7 1.14 α 1.91E-02 β -2.15E-04 59.56113
C39 2255.0 2100.9 7 6.74 α 1.53E-02 β 3.79E-03 441.0126


2255.0 2100.9 58 3.28 α 4.59E-02 β 3.05E-03 71.51588
C43 3028 2133.8 7 9.70 α 2.14E-02 β 6.59E-03 452.7014


3028 2133.8 100 1.43 α 5.48E-02 β 1.62E-03 26.11303
C45 3422 2047.3 7 5.71 α 1.54E-02 β 6.88E-04 369.6858


3422 2047.3 85 1.59 α 2.25E-01 β 8.30E-04 7.05969
C47 3810.7 2000.7 7 10.50 α 2.55E-01 β -3.21E-03 41.11198


3810.7 2000.7 63 5.08 α 7.18E-02 β 2.66E-03 70.65946
C49 4151 2000.7 7 2.45 α 1.87E-02 β 5.83E-06 130.9163


4151 2000.7 45 2.23 α 1.38E-02 β 3.88E-03 162.2806
4151 2000.7 75 1.50 α 2.13E-02 β -3.24E-05 70.48872
4151 2000.7 95 0.90 α 9.93E-03 β 1.29E-03 90.73582


C51 4556 1958.7 7 3.80 α 2.78E-02 β -4.23E-04 136.8383
4556 1958.7 18 3.84 α 3.79E-02 β 9.96E-04 101.3133
4556 1958.7 35 5.32 α 2.90E-02 β 3.63E-03 183.6137
4556 1958.7 75 0.90 α 2.61E-02 β 3.04E-04 34.63574


C54 4727.2 1539.8 2 3.97 α 2.96E-02 β 3.79E-04 133.9056
4727.2 1539.8 7 2.67 α 1.81E-02 β -3.47E-05 147.8405
4727.2 1539.8 20 3.81 α 1.86E-02 β 1.75E-03 205.1342
4727.2 1539.8 30 2.45 α 3.21E-02 76.27646


C56 4808.9 0939.9 7 1.86 α 8.62E-03 β 9.41E-06 215.6528
4808.9 0939.9 16 1.72 α 1.11E-02 β -2.12E-04 154.3986
4808.9 0939.9 22 1.48 α 7.50E-03 β 1.38E-04 196.6822
4808.9 0939.9 30 1.55 α 1.31E-02 β 9.40E-04 118.88


C59 4858.9 0915.0 7 6.46 α 4.96E-02 β 1.11E-04 130.241
4858.9 0915.0 8 2.40 α 2.15E-02 β -2.34E-04 111.836
4858.9 0915.0 14 3.05 α 1.66E-02 β 4.21E-05 183.2138
4858.9 0915.0 26 1.57 α 1.58E-02 β 1.01E-03 99.00422


C61 4942.1 0427.5 7 3.25 α 2.88E-02 β 1.36E-05 112.876
4942.1 0427.5 15 3.21 α 3.15E-02 β -3.26E-04 101.9371
4942.1 0427.5 22 3.34 α 1.90E-02 β -7.57E-05 175.9747
4942.1 0427.5 26 4.10 α 3.71E-02 β -1.39E-04 110.4228
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Leonie Dransfield
AMT 8 14 C statistics
Date Station Depth Parameter Value StdErr CV(%) Dependenc r2 norm Pmax obserData omitted 
8.5.99 C15 7 P 2.4E+01 1.0E+01 4.3E+01 8.2E-01 0.88 14 25-40 I3


a 1.3E-01 5.1E-02 4.0E+01 2.8E-01
b -7.9E-03 4.2E-03 5.4E+01 8.0E-01


30 P 1.5E+00 4.5E-01 2.9E+01 4.6E-01 0.72 2.3 2.9-3.9
a 1.6E-02 9.1E-03 5.7E+01 1.9E-01
b -6.1E-04 1.5E-04 2.4E+01 3.7E-01


63 P 5.0E+00 9.5E-01 1.9E+01 9.4E-01 0.91 1.088 3.4 iii5,8
a 3.7E-02 5.2E-03 1.4E+01 3.9E-01
b 4.6E-03 2.0E-03 4.4E+01 9.3E-01


120 P 1.5E+00 1.4E-01 9.3E+00 7.4E-01 0.93 0.38 1.35 iv1,5,6
a 1.1E-01 2.3E-02 2.0E+01 2.2E-01
b 4.1E-03 1.2E-03 2.8E+01 7.1E-01


9.5.99 C16 7 P 1.6E+01 8.1E-01 4.9E+00 5.2E-01 0.64 4.4 17-20 i9,10,11
a 3.3E+00 9.5E-01 2.9E+01 2.9E-02
b -1.3E-03 7.9E-04 6.3E+01 5.1E-01


135 P 1.1E+00 9.6E-02 8.4E+00 7.6E-01 0.9 0.42 1.2
a 6.0E-02 1.3E-02 2.2E+01 1.9E-01
b 1.8E-03 4.7E-04 2.7E+01 7.3E-01


C17 7 P 6.8E+01 2.1E+02 3.2E+02 1.0E+00 0.67 22.3 26
a 7.9E-02 3.4E-02 4.3E+01 7.6E-01
b 4.3E-02 2.2E-01 5.0E+02 1.0E+00


140 P 6.6E+00 1.4E+00 2.1E+01 7.2E-01 0.49 6.8 7.1-8
a 3.5E-01 2.1E-01 5.9E+01 1.7E-01
b 7.4E-03 5.3E-03 7.2E+01 6.9E-01


C21 P 3.2E+01 2.9E+00 8.9E+00 2.7E-01 0.79 19
a 4.8E+00 2.1E+00 4.4E+01 6.0E-02
b -9.1E-03 1.5E-03 1.6E+01 2.3E-01
P 8.5E+00 8.4E-01 9.8E+00 7.2E-01 0.81 3.7
a 2.3E-01 5.1E-02 2.3E+01 2.2E-01
b 2.5E-03 1.3E-03 5.2E+01 6.8E-01 9--11


C23 7 P 1.4E+01 3.0E+00 2.2E+01 8.3E-01 0.88 5.6 13
a 8.0E-02 2.1E-02 2.7E+01 3.1E-01
b -9.3E-05 2.0E-03 2.2E+03 8.1E-01


85 P 1.9E+01 5.2E+00 2.7E+01 9.7E-01 0.91 0.38 10
a 1.1E-01 1.3E-02 1.2E+01 4.6E-01
b 2.3E-02 1.3E-02 5.3E+01 9.7E-01


C25 7 P 7.1E+00 8.6E+00 1.2E+02 9.8E-01 0.91 4.77
a 6.7E-03 1.8E-03 2.6E+01 7.2E-01
b -1.0E-03 1.1E-03 1.1E+02 9.8E-01


63 P 3.2E+00 5.4E-01 1.7E+01 9.6E-01 0.94 0.63 1.9
a 1.9E-02 1.9E-03 1.0E+01 5.7E-01
b 3.3E-03 1.1E-03 3.2E+01 9.6E-01


C28 7 P 7.9E+00 1.4E+00 1.8E+01 9.2E-01 0.91 3 9.5 bad results 
a 2.9E-02 3.8E-03 1.3E+01 3.1E-01
b 6.0E-04 7.8E-04 1.3E+02 9.1E-01


60 P 3.7E+00 4.9E-01 1.3E+01 9.5E-01 0.92 1.15 2.6-3.1
a 2.9E-02 3.7E-03 1.3E+01 5.2E-01
b 3.3E-03 9.2E-04 2.8E+01 9.4E-01


C30 P 1.5E+01 9.0E+00 5.9E+01 1.0E+00 0.9 4
a 1.8E-02 2.3E-03 1.3E+01 6.8E-01
b 4.6E-03 5.6E-03 1.2E+02 9.9E-01
P 3.3E+00 5.6E-01 1.7E+01 9.1E-01 0.72
a 3.9E-02 9.7E-03 2.5E+01 4.9E-01
b 2.2E-03 1.0E-03 4.7E+01 8.9E-01


C32 7 P 1.9E+01 1.1E+01 5.5E+01 9.9E-01 0.85 6.4
a 2.8E-02 4.3E-03 1.6E+01 6.7E-01
b 4.8E-03 6.3E-03 1.3E+02 9.9E-01
P 2.6E+00 5.3E-01 2.1E+01 9.3E-01 0.8 1.2
a 2.0E-02 4.3E-03 2.1E+01 4.9E-01
b 2.0E-03 9.5E-04 4.7E+01 9.2E-01


C34 7 P 7.3E+00 8.5E-01 1.2E+01 8.9E-01 0.95 3.1 8.5
a 2.1E-02 2.4E-03 1.1E+01 4.0E-01
b -2.4E-04 3.4E-04 1.4E+02 8.8E-01
P 7.9E+00 1.6E+00 2.0E+01 9.6E-01 0.75 5 6_7
a 2.8E-02 3.7E-03 1.3E+01 4.3E-01
b 3.9E-03 1.8E-03 4.5E+01 9.6E-01


C36 7 P 2.3E+01 2.5E+00 1.1E+01 8.6E-01 0.94 9.8 20 check subsample
a 8.7E-02 9.9E-03 1.1E+01 3.6E-01 also check where is PEI
b -1.5E-04 1.3E-03 8.8E+02 8.4E-01


C37 7 P 2.2E+02 9.7E+03 4.5E+03 1.0E+00 0.9 4 10
a 3.4E-02 6.9E-03 2.0E+01 8.9E-01
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b 2.1E-01 1.0E+01 4.8E+03 1.0E+00
P 9.6E+00 4.5E-01 4.7E+00 8.2E-01 0.99 1.2 10
a 5.0E-02 2.8E-03 5.6E+00 2.5E-01
b -4.7E-04 2.6E-04 5.6E+01 8.0E-01


UW219 7NT P 4.9E+00 4.5E-01 9.2E+00 2.3E-01 0.86 2.3 5
a 2.6E-02 5.0E-03 1.9E+01 2.3E-01


UW225 7NT P 1.1E+00 1.4E-01 1.3E+01 6.6E-01 0.79 0.7 2.8
a 1.9E-02 6.0E-03 3.1E+01 2.4E-01
b -2.2E-04 1.2E-04 5.4E+01 6.0E-01


C39 7 P 1.3E+01 1.0E+01 8.2E+01 1.0E+00 0.91 2.5 6 ii11,ii7
a 1.5E-02 3.4E-03 2.2E+01 7.3E-01
b 3.8E-03 6.5E-03 1.7E+02 1.0E+00


58 P 4.2E+00 6.4E-01 1.5E+01 9.1E-01 0.84 1.5 3.4
a 4.6E-02 8.3E-03 1.8E+01 4.0E-01
b 3.1E-03 1.3E-03 4.4E+01 8.9E-01


C43 7 P 2.0E+01 1.2E+01 6.3E+01 1.0E+00 0.91 3.4 8
a 2.1E-02 2.2E-03 1.0E+01 6.7E-01
b 6.6E-03 8.2E-03 1.2E+02 1.0E+00
P 1.6E+00 2.7E-01 1.6E+01 7.3E-01 0.71 1.18 1.5
a 5.5E-02 2.2E-02 4.0E+01 1.3E-01
b 1.6E-03 9.1E-04 5.6E+01 7.1E-01


C45 7 v 6.9E+00 1.5E+00 2.2E+01 9.6E-01 0.9 3.1 6.5
a 1.5E-02 2.1E-03 1.4E+01 5.2E-01
b 6.9E-04 7.8E-04 1.1E+02 9.5E-01


85 P 1.6E+00 1.1E-01 7.0E+00 5.0E-01 0.67 1.3 1.8
a 2.3E-01 1.2E-01 5.3E+01 2.1E-02
b 8.3E-04 2.6E-04 3.2E+01 4.9E-01


C47 P 1.1E+01 9.5E-01 9.0E+00 1.7E-01 0.85 11.2
a 2.6E-01 9.6E-02 3.7E+01 8.9E-02
b -3.2E-03 2.6E-04 8.0E+00 1.0E-01
P 6.0E+00 5.1E-01 8.6E+00 8.5E-01 0.88 1.84
a 7.2E-02 1.2E-02 1.6E+01 3.2E-01
b 2.7E-03 6.5E-04 2.5E+01 8.4E-01


C49 7 P 2.5E+00 3.0E-01 1.2E+01 8.0E-01 0.91 0.88 2.5
a 1.9E-02 3.3E-03 1.7E+01 2.4E-01
b 5.8E-06 1.5E-04 2.6E+03 7.8E-01 changed resolution of P
P 4.4E+00 1.8E+00 4.0E+01 9.9E-01 0.91 0.7 2.2
a 1.4E-02 1.7E-03 1.2E+01 5.4E-01
b 3.9E-03 2.9E-03 7.6E+01 9.9E-01 back to normal resolutio
P 1.5E+00 1.4E-01 9.5E+00 7.4E-01 0.88 0.6 2.1
a 2.1E-02 5.1E-03 2.4E+01 2.7E-01
b -3.2E-05 9.5E-05 2.9E+02 7.1E-01 "
P 1.3E+00 3.9E-01 2.9E+01 9.3E-01 0.88 0.35
a 9.9E-03 2.4E-03 2.4E+01 5.5E-01
b 1.3E-03 7.7E-04 6.0E+01 9.1E-01


C51 7 P 3.8E+00 3.0E-01 7.7E+00 7.1E-01 0.96 1.15
a 2.8E-02 3.8E-03 1.4E+01 2.5E-01
b -4.2E-04 1.2E-04 2.7E+01 6.7E-01


18 P 4.3E+00 3.1E-01 7.1E+00 8.8E-01 0.96 0.85 4.1
a 3.8E-02 3.4E-03 9.0E+00 3.6E-01
b 1.0E-03 3.8E-04 3.8E+01 8.6E-01


35 P 7.9E+00 8.2E-01 1.0E+01 9.6E-01 0.97 1 5
a 2.9E-02 1.9E-03 6.7E+00 3.9E-01
b 3.6E-03 8.7E-04 2.4E+01 9.6E-01


75 P 9.6E-01 1.1E-01 1.1E+01 7.1E-01 0.73 0.45 0.97
a 2.6E-02 7.6E-03 2.9E+01 1.6E-01
b 3.0E-04 1.3E-04 4.4E+01 6.9E-01


C54 2 P 4.2E+00 3.9E-01 9.3E+00 8.4E-01 0.94 1.05
a 3.0E-02 3.4E-03 1.2E+01 3.7E-01
b 3.8E-04 2.4E-04 6.2E+01 8.1E-01


7 P 2.7E+00 1.4E-01 5.1E+00 8.7E-01 0.99 0.36 5
a 1.8E-02 1.1E-03 5.8E+00 3.6E-01
b -3.5E-05 1.1E-04 3.3E+02 8.5E-01


20M P 5.3E+00 8.4E-01 1.6E+01 9.6E-01 0.92 1.03
a 1.9E-02 1.9E-03 1.0E+01 2.9E-01
b 1.8E-03 7.3E-04 4.1E+01 9.6E-01


30 P 2.4E+00 1.5E-01 6.0E+00 8.6E-01 0.97 0.41 2
a 3.2E-02 2.8E-03 8.9E+00 4.0E-01
b 1.5E-03 2.5E-04 1.7E+01 8.4E-01


56 7 P 1.9E+00 1.3E-01 6.9E+00 8.5E-01 0.98 0.35 2
a 8.6E-03 6.9E-04 8.0E+00 3.1E-01
b 9.4E-06 6.2E-05 6.6E+02 8.3E-01
P 1.7E+00 5.6E-02 3.2E+00 8.5E-01 0.996 0.14 2.1
a 1.1E-02 4.5E-04 4.1E+00 3.2E-01
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b -2.1E-04 3.9E-05 1.8E+01 8.2E-01
P 1.6E+00 8.4E-02 5.2E+00 9.0E-01 0.99 2.1 1.5 pmax resolution 0.005)
a 7.5E-03 4.2E-04 5.7E+00 2.9E-01
b 1.4E-04 5.0E-05 3.6E+01 8.9E-01


IV P 2.0E+00 3.7E-01 1.9E+01 9.0E-01 0.87 0.58
a 1.3E-02 2.1E-03 1.6E+01 4.1E-01
b 9.4E-04 4.3E-04 4.6E+01 8.8E-01


C59 I P 6.6E+00 3.1E-01 4.7E+00 8.3E-01 0.95 0.68
a 5.0E-02 3.8E-03 7.7E+00 4.2E-01
b 1.1E-04 1.6E-04 1.4E+02 7.9E-01


II P 2.4E+00 3.7E-01 1.5E+01 8.1E-01 0.85 1
a 2.1E-02 4.9E-03 2.3E+01 2.8E-01
b -2.3E-04 2.9E-04 1.2E+02 7.9E-01


III P 3.1E+00 3.4E-01 1.1E+01 8.6E-01 0.93 1
a 1.7E-02 2.4E-03 1.4E+01 2.9E-01
b 4.2E-05 1.8E-04 4.2E+02 8.5E-01


IV P 2.0E+00 3.4E-01 1.7E+01 9.0E-01 0.87 0.6
a 1.6E-02 2.9E-03 1.8E+01 3.8E-01
b 1.0E-03 4.4E-04 4.4E+01 8.9E-01


C61 P 3.3E+00 1.0E-01 3.1E+00 7.4E-01 0.99 0.42
a 2.9E-02 1.6E-03 5.4E+00 2.8E-01
b 1.4E-05 5.7E-05 4.2E+02 7.1E-01
P 3.2E+00 1.5E-01 4.6E+00 7.9E-01 0.98 0.56
a 3.1E-02 2.3E-03 7.4E+00 3.1E-01
b -3.3E-04 1.2E-04 3.8E+01 7.5E-01
P 3.3E+00 1.2E-01 3.6E+00 8.4E-01 0.99 0.37
a 1.9E-02 9.9E-04 5.2E+00 2.4E-01
b -7.6E-05 5.7E-05 7.6E+01 8.3E-01
P 4.1E+00 1.3E-01 3.1E+00 7.4E-01 0.99 0.54
a 3.7E-02 2.0E-03 5.4E+00 2.3E-01
b -1.4E-04 6.7E-05 4.8E+01 7.0E-01
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Planktonic Foraminifers DNA Analysis 


Muriel Bonzon and Colomban De Vargas 


University of Geneva  


 


Planktonic foraminifers are ubiquitous protists found in marine zooplankton. About 70 % of 


oceanic carbonate sediments are composed of foraminifers shells. These sediments are widely 


used for paleoenvironmental, stratigraphic and evolutionary analyses. Fossil forms of all extant 


planktonic foraminfers can be found in the geologic record. 


 


Objectives 


1. Make a molecular study (with rRNA coding genes) to infer a general molecular phylogeny of 


planktonic foraminifers. This study should enable us to calibrate the molecular clock with the 


fossil record in order to calculate DNA evolutionary rates among different lineages. 


2. Make a broad-scale study of the genetic variability in a planktonic group of organism. We 


will characterise the latitudinal variability of DNA sequences at the species level in order to 


define genetic boundaries between populations. We will also look for correlation between 


oceanographic factors and geographical distribution. Genetic variability between or among 


species may help us to understand gene flows across different water masses. 


  


Methods 


Two to four net tows (63 and 200 μm mesh, 20 and 175 m deep) were made at each daily CTD-


station. Samples were immediately distributed in Petri dishes and examined with a dissecting 


microscope. Foraminifers were isolated and transferred to other dishes containing filtered 


seawater. They were then sorted by species or by morphotypes if taxonomic identification was 


not possible with the optic available on board. In the latter case, some specimens were dried 


and stored on micropaleontology slides for further examination by scanning electronic 


microscopy (SEM).  


DNA extractions were performed on day of collection to avoid damage of fragile specimens and 


artefacts due to degradation of cell material. Foraminifers were individually cleaned by brushing 







to eliminate the spines, detritus and micro-organisms on their surface. DNA extractions were 


performed by dissolving specimens in 40 μl of a guanidine-based buffer containing Guanidium 


isothiocyanate, Tris-HCl, EDTA, Sodium loryl sarkosinate and β-mercaptoethanol. All DNA 


extracts were preserved at  -20 °C. 


 


Accomplishments 


About 1160 DNA extractions on more than 1400 specimens were achieved during AMT-8 


(appendix 1). Twenty species belonging to 8 different genera (on 12 living) were determined 


and extracted. We found representatives of 3 families (Globigerinidae, Hastigerinidae and 


Globorotaliidae) and species having interesting evolutionary features or unknown fossil origin.  


Many species were found at different stations of the transect, sometimes in different 


biogeographical oceanic provinces. Orbulina universa and Globigerinella siphonifera - two 


widely distributed species - were intensively studied at each station and will be used as 


reference species for studying the plankton community genetic structure over basin scales.  


 


Further work 


Post cruise work in Geneva will consist in amplifying DNA by polymerase chain reaction (PCR), 


cloning of the PCR products in supercompetent bacteria, and sequencing clones on a ABI 377 


Prism automated sequencer. To start with, genes coding for the ribosomal RNA will be 


analysed. 


 







Date Sday Time Tow Station Depth (m) Nb nets Mesh (μm) Nb of species Nb of extr.
18.05.99 138 1330 1 A825 20 0.5 200 4 13
19.05.99 139 1030 2 A826 20 1 63 4 11
. 2.1 175 1 63 5 23
20.05.99 140 1030 3 A828 20 1 63 1 5


3.1 175 1.5 63 7 24
21.05.99 141 1030 4 A830 20 1 63 5 7


4.1 175 1 63 9 57
1500 5 A831 20 1 63 6 10


22.05.99 142 1030 6 A832 20 1 63 4 8
6.1 175 1 63 7 23


23.05.99 143 1030 7 A834 20 1 63 4 6
7.1 175 1.5 63 7 39


24.05.99 144 1030 8 A836 20 1 63 4 54
8.1 175 2.5 63 12 70
8.1 175 1 200


25.05.99 145 1030 9 A837 20 1 63 5 44
9.1 175 1 63 7 65


26.05.99 146 1030 10 A839 20 1 63 7 63
10.1 175 1 63 6 89


27.05.99 147 1030 11 A841 20 1 63 5 13
11.1 175 1 63 4 16


1330 12 A842 20 1 63 7 34
12 20 1 200


12.1 175 1 63 7 30
12.1 175 1 200


28.05.99 148 1030 13 A843 20 1 63 4 12
13.1 175 1.5 63 3 7


29.05.99 149 1030 14 A845 20 1 63 4 5
14.1 175 1.5 63 10 69


1300 15 A846 20 1 63 1 4
15 20 1 200


15.1 175 1 63 8 51
15.1 175 1 200


30.05.99 150 1030 16 A847 20 1 63 5 28
16.1 175 1.5 63 11 67


31.05.99 151 1030 17 A849 20 1 63 5 33
17.1 175 1 63 9 26


01.06.99 152 1000 18 A851 20 1.5 63 7 34
18 20 0.5 200


18.1 175 1.5 63 11 50
1800 19 A852 20 1 63 5 31


19 20 0.5 200
19.1 175 1.5 63 7 38


02.06.99 153 1030 20 A853 20 1 63 7 17
20.1 175 1.5 63 10 81


03.06.99 154 1030 21 A855 20 1 63 4 40
21.1 175 1 63 9 85


1500 22 A857 20 1 63 6 22
22.1 175 1 63 6 24


04.06.99 155 1030 23 A859 20 1 63 3 9
23.1 166 1 63 11 40


05.06.99 156 1030 24 A862 50 1 63 2 2


AMT-8 SAMPLING
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Stan Hooker


AMT-8 (25 April to 7 June 1999) LoCNESS Log for the Sequential Day of the Year (SDY) with all times 
reported in GMT
(SDY 125 is 5 May and SDY 156 is 5 June).


Cast           Position          Darks    Down Cast  CCD   Depth
 No. SDY  Longitude Latitude   Es  Lu/Ed  Beg.  End  Pic.   [m]   Sky Conditions Around the Sun
---- ---  --------- --------  ---- -----  ---- ----  ----  -----  
-------------------------------------------------
  1  125   -42.2701 -30.7339  1512 1512   1553 1555         135   Mostly cloudy with brightening.
  2  125   -42.2723 -30.7336              1613 1615         140   Overcast cloudy with brightening.
  3  125   -42.2859 -30.7289              1714 1716         130   Overcast with some brightening.
  4  128   -29.5651 -24.5547  1410 1410   1513 1516         160   Partly cloudy, cirrus in front of 
sun.
  5  128   -29.5669 -24.5540              1522 1524         160   Partly cloudy, cirrus in front of 
sun.
  6  128   -29.5686 -24.5537              1530 1533  1537   145   Partly cloudy, cirrus in front of 
sun.
  7  129   -25.8268 -22.2244  1434 1434   1444 1446         150   Clear.
  8  129   -25.8285 -22.2245              1453 1455  1458   160   Clear.
  9  129   -25.8295 -22.2247              1501 1503         160   Clear.
 10  130   -23.0392 -18.9922  1346 1346   1414 1417         170   Clear.
 11  130   -23.0411 -18.9916              1418 1431         165   Clear.
 12  130   -23.0439 -18.9909              1436 1439         160   Clear.
 13  131   -20.5361 -16.0447  1159 1159   1215 1218         180   Clear.
 14  131   -20.5371 -16.0444              1224 1226         160   Cloudy, sun at the end of the 
cast.
 15  131   -20.3917 -15.8631       1355   1417 1419         120   Cloudy, sun at the end of the 
cast.
 16  131   -20.3925 -15.8621              1423 1426         160   Clear.
 17  131   -20.3933 -15.8614              1431 1434  1436   180   Clear.
 18  132   -17.9123 -12.8890  1305 1305   1338 1341         125   Clear.
 19  132   -17.9147 -12.8882              1347 1350  1352   155   Clear.
 20  132   -17.9221 -12.8848              1409 1411         100   Clear.
 21  133   -15.2141  -9.6051  1249 1249   1307 1309         110   Clear.
 22  133   -15.2173  -9.6036              1315 1318  1322   155   Clear.
 23  133   -15.2198  -9.6031              1324 1326         140   Clear, small cloud in the middle 
of the cast.
 24  138   -14.5101  -7.6387  1315 1315   1442 1444         100   Clear with thin cumulus clouds.
 25  139   -15.5310  -4.1196  1012 1012   1040 1042         130   Clear with high haze.
 26  139   -15.5310  -4.1209              1051 1053         115   Clear with high haze; cloud edges 
at start.
 27  139   -15.5309  -4.1210              1058 1101  1102   180   Clear with high haze.
 28  139   -15.6181  -3.8713  1245 1245   1321 1322         105   Cirrus clouds.
 29  139   -15.6197  -3.8727              1327 1329         105   Cirrus clouds.
 30  139   -15.6211  -3.8738              1332 1334         105   Cirrus clouds.
 31  140   -16.7110  -0.0751  0954 0954   1038 1041         110   Thin high cumulus clouds; cloud 
edge in middle.
 32  140   -16.7098  -0.0741              1048 1050         120   Thin high cumulus clouds.
 33  140   -16.7087  -0.0735              1056 1059  1118   105   Thin high cumulus clouds; cloud in
middle.
 34  140   -16.8019   0.2418       1336   1344 1346  1319   100?  Thin high cirrus clouds.
 35  141   -18.0118   4.3128  1340 1340   1403 1405         125   Thin high cirrus clouds.
 36  141   -18.0128   4.3125              1413 1415         125   Thin high cirrus clouds.
 37  141   -18.0137   4.3121              1420 1423         140   Thin high cirrus clouds.
 38  141   -18.0147   4.3117              1428 1430  1433   125   Thin high cirrus clouds.
 39  142   -19.0523   7.8401  1205 1205   1251 1253         120   Clear with high haze.
 40  142   -19.0508   7.8414              1258 1300         110   Clear with high haze.
 41  142   -19.0492   7.8422              1305 1307  1308   115   Clear with high haze.
 42  142   -19.0460   7.8440              1318 1320         115   Clear with high haze.
 43  142   -19.0435   7.8445              1327 1329         125   Clear with high haze.
 44  142   -19.0416   7.8450              1335 1337         130   Clear with high haze.
 45  144   -20.9987  15.1502  1001 1001   1053 1053         140   Clear with high haze.
 46  144   -20.9983  15.1503              1108 1110  1109   125   Clear with high haze.
 47  144   -20.9979  15.1502              1115 1117         125   Clear with high haze.
 48  144   -20.9997  15.1502       1223   1231 1234         130   Clear with high haze.
 49  144   -20.9996  15.1514              1239 1241         130   Clear with high haze.
 50  144   -20.9996  15.1514              1246 1248         125   Clear with high haze.
 51  144   -20.9992  15.1511              1253 1255  1254   130   Clear with high haze.
 52  144   -20.9998  15.1507              1314 1316         115   Clear with high haze.
 53  144   -20.9997  15.1509              1320 1322         110   Clear with high haze.
 54  144   -20.9995  15.1510              1326 1327         100   Clear with high haze.
 55  144   -20.9998  15.1511              1337 1339         100   Clear with high haze.
 56  144   -21.0003  15.1511              1343 1345         105   Clear with high haze.
 57  145   -20.9995  18.8022  0945 0945   1036 1038         100   Cloudy.
 58  145   -20.9991  18.8027              1043 1045  1051   100   Cloudy.
 59  145   -20.9982  18.8038              1059 1101         100   Clear then cloudy.
 60  145   -20.9971  18.8064              1117 1118          70   Clear then cloudy.
 61  145   -20.9971  19.3092              1407 1409         125   Cloudy with a little brightening.
 62  145   -20.9956  19.3105              1422 1424  1427    95   Clear then cloudy.
 63  145   -20.9943  19.3123              1428 1430         125   Cloudy with some brightening.
 64  145   -20.9939  19.3132              1436 1438         125   Cloudy with a little brightening.
 65  145   -20.9918  19.3154              1450 1451         100   Clear then cloudy.
 66  146   -21.0686  23.2769  1239 1239   1333 1335         120   Clear.
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 67  146   -21.0709  23.2757              1338 1340  1346   110   Clear.
 68  146   -21.0735  23.2741              1349 1352         130   Clear.
 69  146   -21.0761  23.2725              1357 1359         145   Clear.
 70  147   -21.8722  27.0508  1301 1301   1339 1342         155   Clear with thin cirrus.
 71  147   -21.8741  27.0505              1349 1352  1354   155   Clear with thin cirrus.
 72  147   -21.8759  27.0505              1405 1407         165   Clear with thin cirrus.
 73  147   -21.8775  27.0505              1415 1418         180   Clear with thin cirrus.
 74  147   -21.8813  27.0504              1425 1428         150   Clear with thin cirrus.
 75  147   -21.8835  27.0504              1432 1435         130   Clear with thin cirrus.
 76  148   -21.4981  30.9547  1334 1334   1409 1412  1407   160   Overcast.
 77  148   -21.4998  30.9542              1418 1421         155   Overcast with brightening at the 
end.
 78  148   -21.5008  30.9538              1425 1428         155   Overcast with slow brightening.
 79  149   -20.6916  34.5498  1236 1236   1306 1308         155   Clear, cloud edges in the middle 
of the cast.
 80  149   -20.6921  34.5504              1314 1316          90   Clear, cloud in the middle of the 
cast.
 81  149   -20.6923  34.5503              1320 1323         140   Clear.
 82  149   -20.6924  34.5503              1326 1329         175   Clear.
 83  150   -20.0042  38.6417  1350 1350   1405 1408         155   Overcast with slow brightening.
 84  150   -20.0060  38.6423              1413 1415  1419   155   Overcast with slow brightening.
 85  150   -20.0072  38.6435              1425 1429         165   Clear with thin cumulus.
 86  150   -20.0075  38.6442              1434 1437         175   Clear with thin cumulus.
 87  152   -20.0039  46.3761  1302 1302   1333 1335         110   Clear with thin cirrus.
 88  152   -20.0030  46.3740              1342 1345          95   Clear with cirrus.
 89  152   -20.0025  46.3728              1348 1350         115   Cirrus and thin cumulus.
 90  152   -20.0027  46.3709              1356 1357         100   Cloudy with brightening.
 91  153   -15.6636  47.4543  1000 1000   1039 1041  1045   130   Overcast with slow brightening.
 92  153   -15.6652  47.4552              1049 1051         110   Overcast.
 93  153   -15.6661  47.4555              1054 1056         120   Overcast.
 94  153   -15.6670  47.4561              1100 1102         120   Overcast.
 95  153   -15.6685  47.4566              1107 1109         115   Overcast.
 96  153   -15.6700  47.4574              1116 1118         100   Overcast.
 97  154    -9.6645  48.1486  1022 1022   1051 1053         115   Clear.
 98  154    -9.6647  48.1487              1103 1105         115   Clear.
 99  154    -9.6648  48.1488              1108 1110  1111   100   Clear.
100  154    -9.6652  48.1487              1117 1118          75   Clear, cloud at the end of the 
cast.
101  154    -9.4086  48.2132       1232   1249 1249          75   Clear.
102  154    -9.4120  48.2132              1253 1254  1255    75   Clear.
103  154    -9.4143  48.2128              1258 1259          75   Clear.
104  154    -9.4156  48.2124              1302 1304         135   Clear.
105  154    -9.2356  48.2542       1451   1506 1508          65   Clear with thin cirrus.
106  154    -9.2366  48.2546              1510 1511          60   Clear with thin cirrus.
107  154    -9.2376  48.2552              1514 1515          55   Clear with thin cirrus.
108  154    -9.2382  48.2553              1517 1518  1519    65   Clear with thin cirrus.
109  154    -9.2391  48.2555              1521 1522          60   Clear with thin cirrus.
110  154    -9.2398  48.2556              1524 1525          55   Clear with thin cirrus.
111  154    -9.2417  48.2564              1532 1534          65   Clear with thin cirrus.
112  154    -9.2429  48.2569              1536 1537          70   Clear with thin cirrus.
113  154    -9.2446  48.2576              1540 1541          65   Clear with thin cirrus, cloud at 
the end.
114! 155    -9.2503  48.9774  1029 1029   1052 1055         100   Cirrus.
115! 155    -9.2506  48.9760              1059 1102  1105   100   Cirrus.
116! 155    -9.2508  48.9749              1106 1107          90   Cirrus, cloud edges at the end of 
the cast.
117! 155    -9.2531  48.9721              1116 1118          90   Cirrus.
118! 155    -9.2535  48.9708              1121 1123         100   Cirrus.
119! 155    -9.1804  48.9836       1239   1254 1256         100   Overcast.
120! 155    -9.1830  48.9833              1307 1309  1310   100   Overcast with brightening.
121! 155    -9.1848  48.9831              1312 1313          75   Overcast with darkening.
122! 155    -9.1860  48.9832              1315 1317         100   Overcast.
123! 155    -9.1890  48.9824              1321 1322         100   Overcast (a very small amount of 
rain).


Notes:
----------------------------------------------------------------------------------------------------
---------------
  0. The Es sensor is OCM-030 on MVD-009 (MVD-009K.CAL).
     The data logger is OCP-011 and the heads are OCI-050 (Ed), OCR-036 (Lu), and OCI-048 (Eu). The 
calibration
     file is OCP011K.CAL. The distance from the Ed sensor aperture to the Eu sensor aperture is 1787
mm and the Ed
     to Lu distance is 1779 mm. The top of Ed is 575 mm above the pressure sensor, Lu is 1210 mm 
below the pressure
     sensor, and Eu is 1218 mm below the pressure sensor. The fluorometer inlet port where the 
funnel attaches is 
     50 mm above the pressure sensor. The conductivity sensor is 60 mm above the pressure sensor.
     ! indicates sampling in a coccolithophore bloom.
  1. No fluorometer data during cast 1.
  2. Cast 2 was executed with no problems.
  3. The sky was more diffuse during cast 3.
  4. Cast  4 was done simultaneously with SeaSAS cast  1 and SeaFALLS cast 13.
  5. Cast  5 was done simultaneously with SeaSAS cast  2 and SeaFALLS cast 14.
  6. Cast  6 was done simultaneously with SeaSAS cast  3 and SeaFALLS cast 15.
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  7. Cast  7 was done simultaneously with SeaSAS cast 10 and SeaFALLS cast 21.
  8. Cast  8 was done simultaneously with SeaSAS cast 12 and SeaFALLS cast 22.
  9. Cast  9 was done simultaneously with SeaSAS cast 14 and SeaFALLS cast 23.
 10. Cast 10 was done simultaneously with SeaSAS cast 23 and SeaFALLS cast 28.
 11. Cast 11 was done simultaneously with SeaSAS cast 25.
 12. Cast 12 was done simultaneously with SeaSAS cast 26 and SeaFALLS cast 29.
 13. Cast 13 was done simultaneously with SeaSAS cast 38 and SeaFALLS cast 36.
 14. Cast 14 was done simultaneously with SeaSAS cast 40 and SeaFALLS cast 37.
 15. Cast 15 was done simultaneously with SeaSAS cast 42 and SeaFALLS cast 38.
 16. Cast 16 was done simultaneously with SeaSAS cast 43 and SeaFALLS cast 39.
 17. Cast 17 was done simultaneously with SeaSAS cast 45 and SeaFALLS cast 40.
 18. Cast 18 was done simultaneously with SeaSAS cast 59 and SeaFALLS cast 47.
 19. Cast 19 was done simultaneously with SeaSAS cast 61 and SeaFALLS cast 48.
 20. Cast 20 was done simultaneously with SeaSAS cast 63 and SeaFALLS cast 49.
 21. Cast 21 was done simultaneously with SeaSAS cast 70 and SeaFALLS cast 53.
 22. Cast 22 was done simultaneously with SeaSAS cast 72 and SeaFALLS cast 54.
 23. Cast 23 was done simultaneously with SeaSAS cast 74 and SeaFALLS cast 55.
 24. Cast 24 was done simultaneously with SeaFALLS cast 56.
 25. Cast 25 was done simultaneously with SeaSAS cast 82 and SUnSAS (water) cast 44.
 26. Cast 26 was done simultaneously with SeaSAS cast 84 and SUnSAS (water) cast 46.
 27. Cast 27 was done simultaneously with SeaSAS cast 86 and SUnSAS (water) cast 48.
 28. Cast 28 was done simultaneously with SeaSAS cast 87.
 29. Cast 29 was done simultaneously with SeaSAS cast 88.
 30. Cast 30 was done simultaneously with SeaSAS cast 89.
 31. Cast 31 was done simultaneously with SeaSAS cast 90 and SeaFALLS cast 57.
 32. Cast 32 was done simultaneously with SeaSAS cast 91 and SeaFALLS cast 58.
 33. Cast 33 was done simultaneously with SeaSAS cast 92 and SeaFALLS cast 59.
 34. Cast 34 was done simultaneously with SeaSAS cast 98 and SeaFALLS cast 62.
 35. Cast 35 was done simultaneously with SeaSAS cast 114 and SUnSAS (water) cast 68.
 36. Cast 36 was done simultaneously with SeaSAS cast 117 and SUnSAS (water) cast 71.
 37. Cast 37 was done simultaneously with SeaSAS cast 119 and SUnSAS (water) cast 73.
 38. Cast 38 was done simultaneously with SeaSAS cast 121 and SUnSAS (water) cast 75.
 39. Cast 39 was done simultaneously with SeaSAS cast 140 and SUnSAS (water) cast 94.
 40. Cast 40 was done simultaneously with SeaSAS cast 142 and SUnSAS (water) cast 96.
 41. Cast 41 was done simultaneously with SeaSAS cast 144 and SUnSAS (water) cast 98.
 42. Cast 42 was done simultaneously with SeaSAS cast 146 and SUnSAS (water) cast 100.
 43. Cast 43 was done simultaneously with SeaSAS cast 148 and SUnSAS (water) cast 102.
 44. Cast 44 was done simultaneously with SeaSAS cast 150 and SUnSAS (water) cast 104.
 45. Cast 45 was done simultaneously with SeaSAS cast 165 and SUnSAS (water) cast 119.
 46. Cast 46 was done simultaneously with SeaSAS cast 169 and SUnSAS (water) cast 123.
 47. Cast 47 was done simultaneously with SeaSAS cast 171 and SUnSAS (water) cast 125.
 48. Cast 48 was done simultaneously with SeaSAS cast 175 and SUnSAS (water) cast 129.
 49. Cast 49 was done simultaneously with SeaSAS cast 177 and SUnSAS (water) cast 131.
 50. Cast 50 was done simultaneously with SeaSAS cast 179 and SUnSAS (water) cast 133.
 51. Cast 51 was done simultaneously with SeaSAS cast 181 and SUnSAS (water) cast 135.
 52. Cast 52 was done simultaneously with SeaSAS cast 182 and SeaFALLS cast 81.
 53. Cast 53 was done simultaneously with SeaSAS cast 183 and SeaFALLS cast 82.
 54. Cast 54 was done simultaneously with SeaSAS cast 184 and SeaFALLS cast 83.
 55. Cast 55 was done simultaneously with SeaSAS cast 185 and SUnSAS (water) cast 136.
 56. Cast 56 was done simultaneously with SeaSAS cast 187 and SUnSAS (water) cast 138.
 57. Cast 57 was done simultaneously with SeaSAS cast 192 and SUnSAS (water) cast 143.
 58. Cast 58 was done simultaneously with SeaSAS cast 194 and SUnSAS (white) cast 145.
 59. Cast 59 was done simultaneously with SeaSAS cast 196 and SUnSAS (water) cast 147.
 60. Cast 60 was done simultaneously with SeaSAS cast 199 and SUnSAS (water) cast 150.
 61. Cast 61 was done simultaneously with SeaSAS cast 200 and SUnSAS (water) cast 151.
 62. Cast 62 was done simultaneously with SeaSAS cast 202 and SUnSAS (water) cast 153.
 63. Cast 63 was done simultaneously with SeaSAS cast 203 and SUnSAS (water) cast 154.
 64. Cast 64 was done simultaneously with SeaSAS cast 205 and SUnSAS (water) cast 156.
 65. Cast 65 was done simultaneously with SeaSAS cast 207 and SUnSAS (water) cast 158.
 66. Cast 66 was done simultaneously with SeaSAS cast 214 and SUnSAS (water) cast 165.
 67. Cast 67 was done simultaneously with SeaSAS cast 215 and SUnSAS (water) cast 166.
 68. Cast 68 was done simultaneously with SeaSAS cast 216 and SUnSAS (water) cast 167.
 69. Cast 69 was done simultaneously with SeaSAS cast 218 and SUnSAS (water) cast 169.
 70. Cast 70 was done simultaneously with SeaSAS cast 238 and SUnSAS (water) cast 195.
 71. Cast 71 was done simultaneously with SeaSAS cast 240 and SUnSAS (water) cast 197.
 72. Cast 72 was done simultaneously with SeaSAS cast 242 and SUnSAS (water) cast 199.
 73. Cast 73 was done simultaneously with SeaSAS cast 244 and SUnSAS (water) cast 201.
 74. Cast 74 was done simultaneously with SeaSAS cast 245 and SUnSAS (water) cast 202.
 75. Cast 75 was done simultaneously with SeaSAS cast 247 and SUnSAS (water) cast 204.
 76. Cast 76 was done simultaneously with SeaSAS cast 265 and SUnSAS (water) cast 225.
 77. Cast 77 was done simultaneously with SeaSAS cast 267 and SUnSAS (water) cast 227.
 78. Cast 78 was done simultaneously with SeaSAS cast 269 and SUnSAS (water) cast 229.
 79. Cast 79 was done simultaneously with SeaSAS cast 280 and SUnSAS (water) cast 245.
 80. Cast 80 was done simultaneously with SeaSAS cast 281 and SUnSAS (water) cast 246.
 81. Cast 81 was done simultaneously with SeaSAS cast 282 and SUnSAS (water) cast 247.
 82. Cast 82 was done simultaneously with SeaSAS cast 283 and SUnSAS (water) cast 248.
 83. Cast 83 was done simultaneously with SeaSAS cast 290 and SUnSAS (water) cast 255.
 84. Cast 84 was done simultaneously with SeaSAS cast 292 and SUnSAS (gray)  cast 257.
 85. Cast 85 was done simultaneously with SeaSAS cast 293 and SUnSAS (water) cast 258.
 86. Cast 86 was done simultaneously with SeaSAS cast 295 and SUnSAS (water) cast 260.
 87. Cast 87 was done simultaneously with SeaSAS cast 316 and SUnSAS (water) cast 287.
 88. Cast 88 was done simultaneously with SeaSAS cast 318 and SUnSAS (water) cast 289.
 89. Cast 89 was done simultaneously with SeaSAS cast 319 and SUnSAS (water) cast 290.
 90. Cast 90 was done simultaneously with SeaSAS cast 320 and SUnSAS (water) cast 291.
 91. Cast 91 was done simultaneously with SeaSAS cast 321 and SUnSAS (water) cast 295.
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 92. Cast 92 was done simultaneously with SeaSAS cast 323 and SUnSAS (water) cast 297.
 93. Cast 93 was done simultaneously with SeaSAS cast 324 and SUnSAS (white) cast 298.
 94. Cast 94 was done simultaneously with SeaSAS cast 326 and SUnSAS (water) cast 300.
 95. Cast 95 was done simultaneously with SeaSAS cast 328 and SUnSAS (gray)  cast 302.
 96. Cast 96 was done simultaneously with SeaSAS cast 330 and SUnSAS (water) cast 304.
 97. Cast 97 was done simultaneously with SeaSAS cast 335.
 98. Cast 98 was done simultaneously with SeaSAS cast 336.
 99. Cast 99 was done overlapping with SeaSAS cast 337 and SeaFALLS cast 113.
100. Cast 100 was done simultaneously with SeaSAS cast 339.
101. Cast 101 was done simultaneously with SeaSAS cast 340 and SUnSAS (water) cast 325.
102. Cast 102 was done simultaneously with SeaSAS cast 341 and SUnSAS (gray)  cast 326.
103. Cast 103 was done simultaneously with SeaSAS cast 342 and SUnSAS (water) cast 327.
104. Cast 104 was done simultaneously with SeaSAS cast 343 and SUnSAS (gray)  cast 328.
105. Cast 105 was done simultaneously with SeaSAS cast 353 and SeaFALLS cast 122.
106. Cast 106 was done simultaneously with SeaSAS cast 354 and SeaFALLS cast 123.
107. Cast 107 was done simultaneously with SeaSAS cast 355 and SeaFALLS cast 124.
108. Cast 108 was done simultaneously with SeaSAS cast 356 and SeaFALLS cast 125.
109. Cast 109 was done simultaneously with SeaSAS cast 357 and SeaFALLS cast 126.
110. Cast 110 was done simultaneously with SeaSAS cast 358 and SeaFALLS cast 127.
111. Cast 111 was done simultaneously with SeaSAS cast 360 and SeaFALLS cast 128.
112. Cast 112 was done simultaneously with SeaSAS cast 361 and SeaFALLS cast 129.
113. Cast 113 was done simultaneously with SeaSAS cast 362 and SeaFALLS cast 130.
114. Cast 114 was done simultaneously with SeaSAS cast 363 and SUnSAS (water) cast 338.
115. Cast 115 was done simultaneously with SeaSAS cast 364 and SUnSAS (water) cast 339.
116. Cast 116 was done simultaneously with SeaSAS cast 365 and SUnSAS (water) cast 340.
117. Cast 117 was done simultaneously with SeaSAS cast 366 and SUnSAS (water) cast 341.
118. Cast 118 was done simultaneously with SeaSAS cast 367 and SUnSAS (water) cast 342.
119. Cast 119 was done simultaneously with SeaSAS cast 369 and SUnSAS (water) cast 344.
120. Cast 120 was done simultaneously with SeaSAS cast 370 and SUnSAS (water) cast 345.
121. Cast 121 was done simultaneously with SeaSAS cast 371 and SUnSAS (water) cast 346.
122. Cast 122 was done simultaneously with SeaSAS cast 372 and SUnSAS (water) cast 347.
123. Cast 123 was done simultaneously with SeaSAS cast 373 and SUnSAS (water) cast 348.
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A8PROLog
Stan Hooker


AMT-8 (25 April to 7 June 1999) SeaFALLS Log for the Sequential Day of the Year (SDY) with all times
reported in GMT
(SDY 123 is 3 May and SDY 156 is 5 June).


Cast           Position            Darks      Down Cast  CCD   Depth
 No. SDY  Longitude Latitude   Ew   Ea  Lu/Ed Beg.  End  Pic.   [m]   Sky Conditions Around the Sun
---- ---  --------- --------  ---- ---- ----- ---- ----  ----  -----  
-----------------------------------------------
  1  123   -51.6712 -35.0827  0818      0818  1413 1415  0922   100   Clear.
  2  123   -51.6726 -35.0839                  1419 1422  1443   100   Clear.
  3  123   -51.6737 -35.0847                  1425 1427         100   Clear.
  4  123   -51.6752 -35.0857                  1432 1434         105   Clear.
  5  124   -47.0163 -32.9636  1314      1314  1405 1408         145   Overcast with some 
brightening.
  6  124   -47.0171 -32.9635                  1417 1420         135   Overcast with some 
brightening.
  7  126   -38.3187 -28.8508  1311      1311  1404 1406         115   Overcast with some 
brightening.
  8  126   -38.3190 -28.8508                  1413 1415         135   Overcast with some 
brightening.
  9  126   -38.3200 -28.8510                  1425 1427         145   More overcast with some 
brightening.
 10  127   -34.2516 -26.8959  1301      1301  1312 1315         100   Overcast with some 
brightening.
 11  127   -34.2515 -26.8957                  1320 1322         135   Overcast with some 
brightening.
 12  127   -34.2513 -26.8960                  1328 1331         135   Overcast with some 
brightening.
 13  128   -29.5651 -24.5547  1413      1413  1513 1516         145   Partly cloudy, cirrus in front
of sun.
 14  128   -29.5669 -24.5540                  1522 1524         150   Partly cloudy, cirrus in front
of sun.
 15  128   -29.5686 -24.5537                  1530 1533  1537   140   Partly cloudy, cirrus in front
of sun.
 16  129   -25.8173 -22.2286  1330      1330  1402 1406         160   Clear.
 17  129   -25.8184 -22.2276                  1411 1414         160   Clear.
 18  129   -25.8200 -22.2268                  1420 1422         140   Clear.
 19  129   -25.8227 -22.2256                  1428 1431         125   Clear.
 20  129   -25.8248 -22.2248                  1435 1438         135   Clear.
 21  129   -25.8270 -22.2244                  1444 1447         170   Clear with thin cirrus.
 22  129   -25.8285 -22.2245                  1453 1455  1458   140   Clear.
 23  129   -25.8295 -22.2247                  1501 1503         125   Clear.
 24  130   -23.2208 -19.2105  1123      1123  1139 1142         175   Clear.
 25  130   -23.2211 -19.2096                  1149 1152         175   Clear.
 26  130   -23.2216 -19.2090                  1202 1206         200   Clear.
 27  130   -23.2233 -19.2060                  1214 1216  1219   100   Clear.
 28  130   -23.0392 -18.9922  1346 1346 1346  1414 1417         180   Clear.
 29  130   -23.0438 -18.9909                  1436 1438         110   Clear.
 30  130   -23.0469 -18.9903                  1450 1453         170   Clear.
 31  130   -23.0484 -18.9900                  1459 1502         175   Clear.
 32  130   -23.0508 -18.9891                  1513 1516         150   Clear.
 33+ 130   -23.0543 -18.9885                  1535 1538  1539   150   Clear.
 34+ 130   -23.0569 -18.9876                  1551 1554         170   Clear.
 35+ 130   -23.0590 -18.9872                  1602 1605         155   Clear, cloudy at end of cast.
 36  131   -20.5361 -16.0447  1149      1149  1215 1218         175   Clear.
 37  131   -20.5371 -16.0444                  1224 1226         145   Cloudy, sun at end of cast.
 38  131   -20.3917 -15.8631       1355 1355  1417 1419         120   Cloudy, sun at end of cast.
 39  131   -20.3925 -15.8621                  1423 1426         165   Clear.
 40  131   -20.3933 -15.8614                  1431 1434  1436   175   Clear.
 41+ 131   -20.3960 -15.8576                  1500 1503         180   Clear.
 42+ 131   -20.3996 -15.8539                  1527 1530         180   Clear.
 43+ 131   -20.4010 -15.8527                  1538 1541         180   Clear.
 44+ 132   -18.1270 -13.1682  1005 1005 1005  1056 1059         160   Clear.
 45+ 132   -18.1283 -13.1661                  1105 1108  1110   145   Clear.
 46+ 132   -18.1337 -13.1615                  1124 1127         145   Clear.
 47  132   -17.9123 -12.8890            1149  1338 1341         150   Clear.
 48  132   -17.9147 -12.8882                  1347 1350         175   Clear.
 49  132   -17.9223 -12.8847                  1409 1412         150   Clear.
 50+ 133   -15.4025  -9.8587  0954 0954 0954  1042 1045         155   Clear, cloud at end of cast.
 51+ 133   -15.4042  -9.8585                  1053 1056  1058   175   Clear, cloud edge at end of 
cast.
 52+ 133   -15.4063  -9.8575                  1104 1106         125   Clear.
 53  133   -15.2141  -9.6051            1245  1307 1309         130   Clear.
 54  133   -15.2173  -9.6036                  1315 1318  1322   150   Clear.
 55  133   -15.2198  -9.6031                  1324 1326         155   Clear, small cloud in middle 
of cast.
 56  138   -14.5106  -7.6389  1315      1315  1443 1445         105   Clear with thin cumulus 
clouds.
 57  140   -16.7110  -0.0751  1007      1007  1038 1041         140   Thin high cumulus clouds; 
cloud edge in middle.
 58  140   -16.7098  -0.0741                  1048 1050         125   Thin high cumulus clouds.
 59  140   -16.7087  -0.0735                  1056 1059  1118   110   Thin high cumulus clouds; 
cloud in middle.
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 60+ 140   -16.7994   0.2319       1247 1247  1312 1314  1319   125   Thin high cirrus clouds.
 61+ 140   -16.7998   0.2348                  1322 1325         125   Thin high cirrus clouds.
 62  140   -16.8020   0.2420                  1344 1347         115   Thin high cirrus clouds.
 63+ 141   -17.8834   3.8994  0946 0946 0946  1038 1040         130   Thin hich cirrus clouds.
 64+ 141   -17.8833   3.9000                  1047 1049         130   Thin hich cirrus clouds.
 65+ 141   -17.8835   3.9006                  1055 1058  1105   130   Thin hich cirrus clouds.
 66+ 141   -17.8839   3.9022                  1108 1110         110   Cloudy, brightening in the 
middle of the cast.
 67+ 141   -17.8839   3.9026                  1115 1117         125   Thin hich cirrus clouds.
 68+ 141   -17.8838   3.9028                  1121 1124         125   Thin hich cirrus clouds.
 69  142   -18.9876   7.6207  0947      0947  1038 1040         105   Clear with high haze.
 70  142   -18.9871   7.6209                  1043 1045         105   Clear with high haze.
 71  142   -18.9869   7.6210                  1050 1052  1054   110   Clear with high haze.
 72  142   -18.9862   7.6211                  1057 1100         160   Clear with high haze.
 73  142   -18.9856   7.6216                  1104 1106         105   Clear with high haze.
 74  142   -18.9853   7.6220                  1110 1113         135   Clear with high haze.
 75  142   -18.9852   7.6222                  1118 1121         125   Clear with high haze.
 76+ 143   -20.1479  11.5644  0959 0959 0959  1042 1044         100   Clear with high haze.
 77+ 143   -20.2589  11.9183       1251 1251  1352 1354         125   Clear with high haze; cloud 
edge at end.
 78+ 143   -20.2592  11.9177                  1405 1407         100   Cloud edges throughout cast.
 79+ 143   -20.2595  11.9177                  1410 1412  1415   130   Clear with high haze.
 80+ 143   -20.2598  11.9171                  1418 1420         130   Clear with high haze.
 81  144   -20.9998  15.1507       1254 1254  1314 1316  1254   110   Clear with high haze.
 82  144   -20.9997  15.1509                  1320 1322         115   Clear with high haze.
 83  144   -20.9995  15.1510                  1326 1327         100   Clear with high haze.
 84+ 146   -21.0071  22.9115  0956 0956 0956  1044 1046         125   Clear with thin cirrus.
 85+ 146   -21.0074  22.9123                  1058 1058  1103   130   Clear with thin cirrus.
 86+ 146   -21.0079  22.9123                  1106 1108         110   Clear with thin cirrus.
 87+ 146   -21.0081  22.9129                  1114 1117         150   Clear with thin cirrus.
 88+ 147   -21.8056  26.6933  0931 0931 0931  1046 1049         155   Clear.
 89+ 147   -21.8046  26.6939                  1053 1056  1058   150   Clear, cloud edge at the end 
of the cast.
 90+ 147   -21.8031  26.6943                  1104 1107         150   Clear.
 91+ 147   -21.8020  26.6951                  1112 1116         210   Clear.
 92+ 148   -21.5607  30.4769       0955 0955  1034 1047         150   Overcast with slow 
brightening.
 93+ 148   -21.5608  30.4776                  1046 1049  1051   160   Overcast with brightening.
 94+ 148   -21.5601  30.4804                  1101 1103         155   Overcast.
 95+ 148   -21.5602  30.4820                  1108 1111         155   Overcast.
 96  149   -20.7876  34.3650  1010      1010  1050 1053  1055   165   Clear.
 97  149   -20.7874  34.3635                  1101 1104         160   Clear, cloud edge in the 
middle of the cast.
 98  149   -20.7883  34.3630                  1112 1114         100   Clear, cloud in the middle of 
the cast.
 99  150   -20.0144  38.1779  1010      1010  1035 1037  1039   120   Clear.
100  151   -20.0000  42.0021  1011      1011  1045 1048  1051   125   Overcast.
101  151   -19.9996  42.0033                  1053 1056         130   Overcast with slow 
brightening.
102  151   -19.9963  42.0075                  1121 1123         100   Clear then cloudy.
103  151   -20.0079  42.2642            1228  1304 1307  1309   150   Clear, very small cloud at the
end of the cast.
104  151   -20.0064  42.2664                  1315 1318         145   Clear.
105+ 152   -19.9783  45.9438  0934 0934 0934  1015 1017         110   Clear with thin cirrus.
106+ 152   -19.9788  45.9440                  1024 1026  1025   125   Clear with thin cirrus.
107+ 152   -19.9798  45.9445                  1032 1034         130   Clear with thin cirrus.
108+ 152   -19.9802  45.9453                  1039 1041         140   Clear with thin cirrus.
109+ 152   -19.9812  45.9459                  1045 1048         130   Clear with thin cirrus.
110  153   -14.7764  47.5429  1443      1443  1524 1525          75   Cloudy, bright at the end of 
the cast.
111  153   -14.7785  47.5429                  1535 1537         100   Cloudy.
112  153   -14.7799  47.5427                  1541 1543         110   Cloudy.
113  154    -9.6649  48.1488  1053      1053  1107 1109         130   Clear.
114  154    -9.6650  48.1488                  1113 1115          85   Clear, cloud at the end of the
cast.
115  154    -9.4229  48.2121            1319  1325 1326          75   Clear, cloud at the end of the
cast.
116  154    -9.4265  48.2122                  1334 1335          50   Clear, cloud at the end of the
cast.
117  154    -9.4275  48.2122                  1336 1337          55   Clear.
118+ 154    -9.4288  48.2121       1327       1339 1340          75   Clear.
119+ 154    -9.4303  48.2123                  1343 1344          75   Clear.
120  154    -9.4340  48.2114                  1354 1355          65   Clear.
121  154    -9.4347  48.2113                  1357 1358          75   Clear.
122  154    -9.2356  48.2542  1451      1451  1506 1508          65   Clear with thin cirrus.
123  154    -9.2366  48.2546                  1510 1511          60   Clear with thin cirrus.
124  154    -9.2376  48.2552                  1514 1515          55   Clear with thin cirrus.
125  154    -9.2382  48.2553                  1517 1518  1519    65   Clear with thin cirrus.
126  154    -9.2391  48.2555                  1521 1522          60   Clear with thin cirrus.
127  154    -9.2398  48.2556                  1524 1525          55   Clear with thin cirrus.
128  154    -9.2417  48.2564                  1532 1534          65   Clear with thin cirrus.
129  154    -9.2429  48.2569                  1536 1537          70   Clear with thin cirrus.
130  154    -9.2446  48.2576                  1540 1541          65   Clear with thin cirrus, cloud 
at the end.
131! 155    -8.8705  49.0310  1453      1453  1509 1512  1506    70   Overcast with slow darkening.
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132! 155    -8.8712  49.0310                  1512 1515          65   Overcast with slow 
brightening.
133! 155    -8.8723  49.0311                  1517 1520          65   Overcast with slow darkening 
(and very light rain).
134  156    -4.4468  49.7004  0922      0922  0935 0936          55   Overcast.
135  156    -4.4449  49.6994                  0939 0940          55   Overcast.
136  156    -4.4433  49.6990                  0942 0943  0945    60   Overcast.
137  156    -4.4344  49.6973                  1004 1004          60   Clear.
138  156    -4.4330  49.6967                  1008 1009          65   Clear.
139  156    -4.4303  49.6955                  1016 1017          35   Clear, cloud at the end of the
cast.
140  156    -4.4285  49.6950                  1022 1023          55   Overcast.
141  156    -4.4258  49.6939                  1030 1031          60   Overcast.


Notes:
----------------------------------------------------------------------------------------------------
-----------------
  0. Two in-air references are being used: OCN-046 (SeaBOSS) on REF-021 (Ew) and OCN-048 (DalBOSS) 
on REF-022 (Ea); 
     the calibrations files are REF021F.CAL and REF022E.CAL, respectively. SeaBOSS is deployed on 
top of a pole on
     the starboard trawl post mast and DalBOSS is deployed as a tethered buoy. On DalBOSS, the Lu 
sensor is 640 mm
     below the steel band (waterline) and the overall length is 1010 mm.
     When SeaFALLS (PRO-008) is falling through the water column, the top of the Lu sensor (OCQ-016)
is 920 mm below 
     the pressure port and the Ed sensor (OCH-023) is 325 mm above it. The calibration file is 
PRO008H.CAL. The
     fluorometer inlet port where the funnel attaches) is 70 mm below the pressure port and the 
conductivity sensor
     is 70 mm above. The top of the Lu sensor is 1245 mm from the top of the Ed sensor.
     + indicates simultaneous measurements with DalBOSS; all other casts are for SeaBOSS and 
SeaFALLS only.
     ! indicates sampling in a coccolithophore bloom.
  1. Cast 1 was recorded on two separate computer systems.
  2. Cast 2 was recorded on two separate computer systems.
  3. Cast 3 was recorded on two separate computer systems.
  4. Cast 4 was recorded on two separate computer systems.
  5. Cast 5 was done with no main (large rosette) CTD sampling.
  6. Cast 6 was done with no main (large rosette) CTD sampling and was more diffuse than cast 5.
  7. Cast 7 was done in a mostly diffuse sky.
  8. During cast 8 the profiler moved under the boat during recovery.
  9. The sky was more diffuse during cast 8.
 10. The illumination field changed quickly during cast 10.
 11. Cast 11 was only a little better than cast 10.
 12. Cast 12 was the best cast.
 13. Cast 13 was done simultaneously with LoCNESS cast 4 and SeaSAS cast 1.
 14. Cast 14 was done simultaneously with LoCNESS cast 5 and SeaSAS cast 2.
 15. Cast 15 was done simultaneously with LoCNESS cast 6 and SeaSAS cast 3.
 16. Cast 16 was done simultaneously with SUnSAS (water) cast 1 and SeaSAS cast 4.
 17. Cast 17 was done simultaneously with SUnSAS (water) cast 3 and SeaSAS cast 6.
 18. Cast 18 was done simultaneously with SUnSAS (water) cast 5 and SeaSAS cast 8.
 19. Cast 19 was done while setting up LoCNESS.
 20. Cast 20 was done while setting up LoCNESS.
 21. Cast 21 was done simultaneously with LoCNESS cast 7 and SeaSAS cast 10.
 22. Cast 22 was done simultaneously with LoCNESS cast 8 and SeaSAS cast 12.
 23. Cast 23 was done simultaneously with LoCNESS cast 9 and SeaSAS cast 14.
 24. Cast 24 was done right before SUnSAS (water) cast 7 and SeaSAS cast 16.
 25. Cast 25 was done simultaneously with SUnSAS (gray)  cast  8 and SeaSAS cast 17.
 26. Cast 26 was done simultaneously with SUnSAS (gray)  cast 10 and SeaSAS cast 19.
 27. Cast 27 was done simultaneously with SUnSAS (water) cast 12 and SeaSAS cast 21.
 28. Cast 28 was done simultaneously with LoCNESS cast 10 and SeaSAS cast 23.
 29. Cast 29 was done simultaneously with LoCNESS cast 12 and SeaSAS cast 26.
 30. Cast 30 was done simultaneously with SUnSAS (water) cast 14 and SeaSAS cast 27.
 31. Cast 31 was done simultaneously with SUnSAS (water) cast 16 and SeaSAS cast 29.
 32. Cast 32 was done simultaneously with SUnSAS (water) cast 18 and SeaSAS cast 31.
 33. Cast 33 included DalBOSS and was done simultaneously with SeaSAS cast 33.
 34. Cast 34 included DalBOSS and was done simultaneously with SeaSAS cast 34.
 35. Cast 35 included DalBOSS and was done simultaneously with SeaSAS cast 37.
 36. Cast 36 was done simultaneously with LoCNESS cast 13 and SeaSAS cast 38.
 37. Cast 37 was done simultaneously with LoCNESS cast 14 and SeaSAS cast 40.
 38. Cast 38 was done simultaneously with LoCNESS cast 15 and SeaSAS cast 42.
 39. Cast 39 was done simultaneously with LoCNESS cast 16 and SeaSAS cast 43.
 40. Cast 40 was done simultaneously with LoCNESS cast 17 and SeaSAS cast 45.
 41. Cast 41 included DalBOSS and was done simultaneously with SUnSAS (water) cast 20 and SeaSAS 
cast 47.
 42. Cast 42 included DalBOSS and was done simultaneously with SUnSAS (water) cast 22 and SeaSAS 
cast 49.
 43. Cast 43 included DalBOSS and was done simultaneously with SUnSAS (water) cast 24 and SeaSAS 
cast 51.
 44. Cast 44 included DalBOSS and was done simultaneously with SUnSAS (water) cast 26 and SeaSAS 
cast 53.
 45. Cast 45 included DalBOSS and was done simultaneously with SUnSAS (water) cast 28 and SeaSAS 
cast 55.
 46. Cast 46 included DalBOSS and was done simultaneously with SUnSAS (water) cast 30 and SeaSAS 
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cast 57.
 47. Cast 47 was done simultaneously with LoCNESS cast 18 and SeaSAS cast 59.
 48. Cast 48 was done simultaneously with LoCNESS cast 19 and SeaSAS cast 61.
 49. Cast 49 was done simultaneously with LoCNESS cast 20 and SeaSAS cast 63.
 50. Cast 50 included DalBOSS and was done simultaneously with SUnSAS (water) cast 32 and SeaSAS 
cast 64.
 51. Cast 51 included DalBOSS and was done simultaneously with SUnSAS (water) cast 34 and SeaSAS 
cast 66.
 52. Cast 52 included DalBOSS and was done simultaneously with SUnSAS (water) cast 36 and SeaSAS 
cast 68.
 53. Cast 53 was done simultaneously with LoCNESS cast 21 and SeaSAS cast 70.
 54. Cast 54 was done simultaneously with LoCNESS cast 22 and SeaSAS cast 72.
 55. Cast 55 was done simultaneously with LoCNESS cast 23 and SeaSAS cast 74.
 56. Cast 56 was done simultaneously with LoCNESS cast 24.
 57. Cast 57 was done simultaneously with LoCNESS cast 31 and SeaSAS cast 90.
 58. Cast 58 was done simultaneously with LoCNESS cast 32 and SeaSAS cast 91.
 59. Cast 59 was done simultaneously with LoCNESS cast 33 and SeaSAS cast 92.
 60. Cast 60 included DalBOSS and was done simultaneously with SUnSAS (water) cast 50 and SeaSAS 
cast 94.
 61. Cast 61 included DalBOSS and was done simultaneously with SUnSAS (water) cast 52 and SeaSAS 
cast 96.
 62. Cast 62 was done simultaneously with LoCNESS cast 34 and SeaSAS cast 98.
 63. Cast 63 included DalBOSS and was done simultaneously with SUnSAS (water) cast 54 and SeaSAS 
cast 100.
 64. Cast 64 included DalBOSS and was done simultaneously with SUnSAS (water) cast 56 and SeaSAS 
cast 102.
 65. Cast 65 included DalBOSS and was done simultaneously with SUnSAS (water) cast 58 and SeaSAS 
cast 104.
 66. Cast 66 included DalBOSS and was done simultaneously with SUnSAS (water) cast 60 and SeaSAS 
cast 106.
 67. Cast 67 included DalBOSS and was done simultaneously with SUnSAS (water) cast 61 and SeaSAS 
cast 107.
 68. Cast 68 included DalBOSS and was done simultaneously with SUnSAS (water) cast 63 and SeaSAS 
cast 108.
 69. Cast 69 was done simultaneously with SUnSAS (water) cast 81 and SeaSAS cast 127.
 70. Cast 70 was done simultaneously with SUnSAS (gray)  cast 82 and SeaSAS cast 128.
 71. Cast 71 was done simultaneously with SUnSAS (gray)  cast 84 and SeaSAS cast 130.
 72. Cast 72 was done simultaneously with SUnSAS (gray)  cast 86 and SeaSAS cast 132.
 73. Cast 73 was done simultaneously with SUnSAS (water) cast 87 and SeaSAS cast 133.
 74. Cast 74 was done simultaneously with SUnSAS (water) cast 89 and SeaSAS cast 135.
 75. Cast 75 was done simultaneously with SUnSAS (water) cast 91 and SeaSAS cast 137.
 76. Cast 76 included DalBOSS and was done simultaneously with SUnSAS (water) cast 107 and SeaSAS 
cast 153.
 77. Cast 77 included DalBOSS and was done simultaneously with SUnSAS (water) cast 113 and SeaSAS 
cast 159.
 78. Cast 78 included DalBOSS and was done simultaneously with SUnSAS (water) cast 114 and SeaSAS 
cast 160.
 79. Cast 79 included DalBOSS and was done simultaneously with SUnSAS (water) cast 115 and SeaSAS 
cast 161.
 80. Cast 80 included DalBOSS and was done simultaneously with SUnSAS (water) cast 117 and SeaSAS 
cast 163.
 81. Cast 81 was done simultaneously with LoCNESS cast 52 and SeaSAS cast 182.
 82. Cast 82 was done simultaneously with LoCNESS cast 53 and SeaSAS cast 183.
 83. Cast 83 was done simultaneously with LoCNESS cast 54 and SeaSAS cast 184.
 84. Cast 84 included DalBOSS and was done simultaneously with SUnSAS (water) cast 159 and SeaSAS 
cast 208.
 85. Cast 85 included DalBOSS and was done simultaneously with SUnSAS (water) cast 160 and SeaSAS 
cast 209.
 86. Cast 86 included DalBOSS and was done simultaneously with SUnSAS (water) cast 162 and SeaSAS 
cast 211.
 87. Cast 87 included DalBOSS and was done simultaneously with SUnSAS (water) cast 164 and SeaSAS 
cast 213.
 88. Cast 88 included DalBOSS and was done simultaneously with SUnSAS (water) cast 186 and SeaSAS 
cast 232.
 89. Cast 89 included DalBOSS and was done simultaneously with SUnSAS (water) cast 188 and SeaSAS 
cast 234.
 90. Cast 90 included DalBOSS and was done simultaneously with SUnSAS (water) cast 190 and SeaSAS 
cast 236.
 91. Cast 91 included DalBOSS and was done simultaneously with SUnSAS (water) cast 191 and SeaSAS 
cast 237.
 92. Cast 92 included DalBOSS (but no SeaBOSS) and was done simultaneously with SUnSAS (water) cast 
209 and SeaSAS cast 249.
 93. Cast 93 included DalBOSS (but no SeaBOSS) and was done simultaneously with SUnSAS (water) cast 
212 and SeaSAS cast 252.
 94. Cast 94 included DalBOSS (but no SeaBOSS) and was done simultaneously with SUnSAS (white) cast 
214 and SeaSAS cast 254.
 95. Cast 95 included DalBOSS (but no SeaBOSS) and was done simultaneously with SUnSAS (white) cast 
216 and SeaSAS cast 256.
 96. Cast 96 was done simultaneously with SUnSAS (water) cast 236 and SeaSAS cast 274.
 97. Cast 97 was done simultaneously with SUnSAS (water) cast 238 and SeaSAS cast 276.
 98. Cast 98 was done simultaneously with SUnSAS (water) cast 240 and SeaSAS cast 278.
 99. Cast 99 was done simultaneously with SUnSAS (water) cast 250 and SeaSAS cast 285.
     SeaFALLS was smashed under the boat after cast 99: two fins broken, one cracked and chipped, 
and one fin arm bent.
100. Cast 100 was done simultaneously with SUnSAS (water) cast 266 and SeaSAS cast 298.
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     SeaFALLS was deployed with a set of the original (smaller) fins and was reballasted.
101. Cast 101 was done simultaneously with SUnSAS (gray)  cast 268 and SeaSAS cast 300.
102. Cast 102 was done simultaneously with SUnSAS (water) cast 269 and SeaSAS cast 301.
103. Cast 103 was done simultaneously with SUnSAS (water) cast 270 and SeaSAS cast 302.
104. Cast 104 was done simultaneously with SUnSAS (water) cast 272 and SeaSAS cast 304.
105. Cast 105 included DalBOSS and was done simultaneously with SUnSAS (water) cast 277 and SeaSAS 
cast 306.
106. Cast 106 included DalBOSS and was done simultaneously with SUnSAS (water) cast 279 and SeaSAS 
cast 308.
107. Cast 107 included DalBOSS and was done simultaneously with SUnSAS (water) cast 281 and SeaSAS 
cast 310.
108. Cast 108 included DalBOSS and was done simultaneously with SUnSAS (water) cast 283 and SeaSAS 
cast 312.
109. Cast 109 included DalBOSS and was done simultaneously with SUnSAS (water) cast 284 and SeaSAS 
cast 313.
110. Cast 110 was done simultaneously with SUnSAS (water) cast 305 and SeaSAS cast 331.
111. Cast 111 was done simultaneously with SUnSAS (water) cast 306 and SeaSAS cast 332.
112. Cast 112 was done simultaneously with SUnSAS (water) cast 307 and SeaSAS cast 333.
113. Cast 113 was done simultaneously with SeaSAS cast 337 and overlapping LoCNESS cast 99.
114. Cast 114 was done simultaneously with SeaSAS cast 338.
115. Cast 115 was done simultaneously with SUnSAS (water) cast 331 and SeaSAS cast 346.
116. Cast 116 was done simultaneously with SUnSAS (water) cast 332 and SeaSAS cast 347.
117. Cast 117 was done overlapping with SUnSAS (water) cast 332 and SeaSAS cast 347.
118. Cast 118 included DalBOSS and was done simultaneously with SUnSAS (water) cast 333 and SeaSAS 
cast 348.
119. Cast 119 included DalBOSS and was done simultaneously with SUnSAS (water) cast 334 and SeaSAS 
cast 349.
120. Cast 120 was done simultaneously with SUnSAS (water) cast 336 and SeaSAS cast 351.
121. Cast 121 was done simultaneously with SUnSAS (gray)  cast 337 and SeaSAS cast 352.
122. Cast 122 was done simultaneously with LoCNESS cast 105 and SeaSAS cast 353.
123. Cast 123 was done simultaneously with LoCNESS cast 106 and SeaSAS cast 354.
124. Cast 124 was done simultaneously with LoCNESS cast 107 and SeaSAS cast 355.
125. Cast 125 was done simultaneously with LoCNESS cast 108 and SeaSAS cast 356.
126. Cast 126 was done simultaneously with LoCNESS cast 109 and SeaSAS cast 357.
127. Cast 127 was done simultaneously with LoCNESS cast 110 and SeaSAS cast 358.
128. Cast 128 was done simultaneously with LoCNESS cast 111 and SeaSAS cast 360.
129. Cast 129 was done simultaneously with LoCNESS cast 112 and SeaSAS cast 361.
130. Cast 130 was done simultaneously with LoCNESS cast 113 and SeaSAS cast 362.
131. Cast 131 was done simultaneously with SeaSAS cast 375.
132. Cast 132 was done simultaneously with SeaSAS cast 376.
133. Cast 133 was done simultaneously with SeaSAS cast 377.
134. Cast 134 was done simultaneously with SUnSAS (water) cast 349 and SeaSAS cast 378.
135. Cast 135 was done simultaneously with SUnSAS (water) cast 350 and SeaSAS cast 379.
136. Cast 136 was done simultaneously with SUnSAS (water) cast 351 and SeaSAS cast 380.
137. Cast 137 was done simultaneously with SUnSAS (water) cast 352 and SeaSAS cast 381.
138. Cast 138 was done simultaneously with SUnSAS (water) cast 353 and SeaSAS cast 382.
139. Cast 139 was done simultaneously with SUnSAS (water) cast 354 and SeaSAS cast 383.
140. Cast 140 was done simultaneously with SUnSAS (water) cast 355 and SeaSAS cast 384.
141. Cast 141 was done simultaneously with SUnSAS (water) cast 356 and SeaSAS cast 385.
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A8SASLog
Stan Hooker


AMT-8 (25 April to 7 June 1999) SeaSAS Log for the Sequential Day of the Year (SDY) with all times 
reported in GMT
(SDY 128 is 8 May and SDY 156 is 5 June).


Cast           Position          Darks     Sampling       Li     CCD   Stability
 No. SDY  Longitude Latitude  Ei/Es Li/Lt  Beg.  End    Views    Pic.  Li Lt Es   Sky Conditions 
Around the Sun
---- ---  --------- --------  ----- -----  ---- ----  ---------  ----  -- -- --   
-----------------------------------------------------------------
  1  128   -29.5651 -24.5547  1425  1425   1513 1516  Cloud                       Clear.
  2  128   -29.5668 -24.5540               1521 1524  Sky/Cloud                   Clear.
  3  128   -29.5686 -24.5537               1530 1533  Sky/Cloud                   Clear.
  4  129   -25.8171 -22.2290  1334  1334   1402 1402  No Data                     Clear.
  5  129   -25.8178 -22.2280               1407 1410  No Data                     Clear.
  6  129   -25.8182 -22.2277               1410 1413  No Data                     Clear.
  7  129   -25.8191 -22.2272               1416 1419  No Data                     Clear.
  8  129   -25.8201 -22.2267               1420 1423  No Data                     Clear.
  9  129   -25.8211 -22.2263               1423 1426  No Data                     Clear.
 10  129   -25.8267 -22.2244               1443 1446  Sky/Cloud                   Clear, with some 
cirrus.
 11  129   -25.8276 -22.2244               1447 1450  Sky                         Clear.
 12  129   -25.8285 -22.2245               1453 1456  Sky/Cloud  1458             Clear.
 13  129   -25.8289 -22.2245               1456 1459  Sky/Cloud                   Clear.
 14  129   -25.8294 -22.2247               1500 1503  Cloud                       Clear.
 15  129   -25.8300 -22.2246               1504 1507  Sky/Cloud                   Clear.
 16  130   -23.2209 -19.2100  1124  1124   1145 1148  Sky                         Clear.
 17  130   -23.2211 -19.2096               1149 1152  Sky                         Clear.
 18  130   -23.2212 -19.2093               1153 1156  Sky                         Clear.
 19  130   -23.2216 -19.2090               1202 1205  Sky                         Clear.
 20  130   -23.2219 -19.2084               1208 1211  Bad Data                    Clear, ship moved 
during the cast.
 21  130   -23.2232 -19.2062               1213 1216  Sky                         Clear.
 22  130   -23.2248 -19.2042               1218 1221  Sky        1219             Clear.
 23  130   -23.0388 -18.9923               1413 1413  Sky                         Clear.
 24  130   -23.0398 -18.9921               1417 1420  Sky/Cloud                   Clear, cloud at 
the end of the cast.
 25  130   -23.0420 -18.9915               1427 1430  Sky                         Clear.
 26  130   -23.0437 -18.9909               1435 1438  Sky                         Clear.
 27  130   -23.0467 -18.9903               1449 1452  Sky                         Clear.
 28  130   -23.0477 -18.9902               1454 1458  Sky                         Clear.
 29  130   -23.0484 -18.9900               1459 1502  Sky/Cloud                   Clear.
 30  130   -23.0491 -18.9898               1503 1506  Cloud                       Clear.
 31  130   -23.0508 -18.9891               1513 1516  Sky                         Clear.
 32  130   -23.0514 -18.9889               1517 1520  Sky/Cloud                   Clear.
 33  130   -23.0543 -18.9885               1535 1538  Sky        1539             Clear.
 34  130   -23.0555 -18.9880               1544 1547  Sky                         Clear.
 35  130   -23.0567 -18.9876               1550 1553  Sky                         Clear.
 36  130   -23.0577 -18.9876               1555 1558  Sky/Cloud                   Clear.
 37  130   -23.0590 -18.9872               1602 1605  Sky/Cloud                   Clear, cloud at 
the end of the cast.
 38  131   -20.5361 -16.0447  1151  1151   1215 1218  Sky/Cloud                   Clear.
 39  131   -20.5365 -16.0446               1219 1222  Sky/Cloud                   Clear, small cloud
at the end of the cast.
 40  131   -20.5370 -16.0444               1223 1226  Sky/Cloud                   Cloudy, sun at the
end of the cast.
 41  131   -20.5371 -16.0446               1227 1227  Cloud                       Clear.
 42  131   -20.3917 -15.8630               1417 1420  Sky                         Cloudy, sun at the
end of the cast.
 43  131   -20.3923 -15.8622               1422 1425  Sky                         Clear.
 44  131   -20.3929 -15.8617               1426 1429  Sky                         Clear.
 45  131   -20.3933 -15.8614               1431 1434  Sky                         Clear.
 46  131   -20.3937 -15.8614               1435 1438  Sky        1436             Clear.
 47  131   -20.3960 -15.8576               1500 1503  Sky                         Clear.
 48  131   -20.3965 -15.8568               1504 1507  Sky                         Clear.
 49  131   -20.3995 -15.8540               1526 1529  Sky                         Clear.
 50  131   -20.4001 -15.8536               1531 1534  Sky                         Clear, cloud at 
the end of the cast.
 51  131   -20.4010 -15.8527               1538 1541  Sky                         Clear.
 52  131   -20.4014 -15.8523               1542 1545  Sky                         Clear.
 53  132   -18.1270 -13.1682  1000  1000   1055 1058  Sky/Cloud                   Clear.
 54  132   -18.1273 -13.1679               1059 1102  Sky                         Clear.
 55  132   -18.1283 -13.1661               1105 1108  Sky                         Clear.
 56  132   -18.1294 -13.1648               1109 1112  Sky        1110             Clear.
 57  132   -18.1337 -13.1615               1124 1127  Sky                         Clear.
 58  132   -18.1355 -13.1604               1131 1134  Sky                         Clear.
 59  132   -17.9123 -12.8890               1338 1341  Sky                         Clear.
 60  132   -17.9132 -12.8886               1341 1344  Sky                         Clear.
 61  132   -17.9147 -12.8882               1347 1350  Sky                         Clear.
 62  132   -17.9154 -12.8879               1350 1353  Sky        1352             Clear.
 63  132   -17.9223 -12.8847               1409 1412  Sky/Cloud                   Cloudy at start, 
then clear until the end of the cast.
 64  133   -15.4025  -9.8587  0954  0954   1042 1045  Sky/Cloud                   Clear, cloud at 
the end of the cast.
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 65  133   -15.4032  -9.8588               1047 1050  Sky                         Clear at start, 
then cloudy.
 66  133   -15.4042  -9.8585               1053 1056  Sky        1058             Clear, cloud edge 
at the end of the cast.
 67  133   -15.4049  -9.8582               1057 1100  Sky                         Clear, small cloud
edge at the end of the cast.
 68  133   -15.4065  -9.8574               1104 1107  Sky                         Clear.
 69  133   -15.4076  -9.8564               1108 1111  Sky/Cloud                   Clear, small cloud
in the middle of the cast.
 70  133   -15.2138  -9.6052               1306 1309  Sky                         Clear.
 71  133   -15.2156  -9.6041               1310 1313  Sky                         Clear.
 72  133   -15.2173  -9.6036               1315 1318  Sky                         Clear.
 73  133   -15.2188  -9.6034               1320 1323  Sky        1322             Clear.
 74  133   -15.2200  -9.6030               1324 1327  Sky                         Clear, small cloud
in the middle of the cast.
 75  133   -15.2210  -9.6027               1327 1330  Sky/Cloud                   Clear.
 76* 133   -15.2313  -9.5920               1345 1348  Sky                         Clear.
 77* 133   -15.2339  -9.5871               1349 1352  Sky/Cloud                   Clear.
 78* 133   -15.2370  -9.5678               1402 1405  Sky                         Clear.
 79* 133   -15.2394  -9.5643               1405 1408  Sky                         Clear.
 80* 133   -15.2427  -9.5594               1409 1412  Sky                         Clear.
 81* 133   -15.2452  -9.5557               1412 1415  Sky                         Clear.
 82  139   -15.5310  -4.1195  1013  1013   1039 1042  Sky/Cloud                   Clear with high 
haze.
 83  139   -15.5314  -4.1197               1043 1046  Sky/Cloud                   Clear with high 
haze and some small clouds.
 84  139   -15.5310  -4.1208               1050 1053  Sky/Cloud                   Clear with high 
haze and cloud edges at start.
 85  139   -15.5308  -4.1209               1054 1057  Cloud                       Clear with high 
haze.
 86  139   -15.5309  -4.1209               1057 1100  Sky/Cloud  1102             Clear with high 
haze.
 87  139   -15.6181  -3.8713               1320 1323  Sky/Cloud                   Cirrus clouds.
 88  139   -15.6199  -3.8728               1327 1330  Sky        1330             Cirrus clouds.
 89  139   -15.6212  -3.8739               1332 1335  Sky                         Cirrus clouds.
 90  140   -16.7110  -0.0753  0950  0950   1037 1040  Cloud                       Thin high cumulus 
clouds; cloud edge in middle.
 91  140   -16.7097  -0.0740               1048 1051  Sky/Cloud                   Thin high cumulus 
clouds.
 92  140   -16.7087  -0.0735               1056 1059  Cloud                       Thin high cumulus 
clouds; cloud in middle of cast.
 93  140   -16.7068  -0.0724               1109 1111  Sky/Cloud  1118             Thin high cumulus 
clouds; cloud at the end of cast.
 94  140   -16.7995   0.2318               1311 1314  Sky/Cloud                   Thin high cirrus 
clouds.
 95  140   -16.7995   0.2328               1315 1318  Sky/Cloud  1319             Thin high cirrus 
clouds.
 96  140   -16.7998   0.2348               1322 1325  Sky/Cloud                   Thin high cirrus 
clouds; cloud at the end of the cast.
 97  140   -16.8000   0.2360               1326 1329  Sky/Cloud                   Thin high cirrus 
clouds; cloud at the end of the cast.
 98  140   -16.8018   0.2417               1343 1346  Sky/Cloud                   Thin high cirrus 
clouds.
 99  140   -16.8046   0.2440               1350 1353  Cloud                       Thin high cirrus 
clouds; cloud in middle to end.
100  141   -17.8834   3.8994  0946  0946   1037 1040  Sky/Cloud                   Thin high cirrus 
clouds.
101  141   -17.8834   3.8996               1041 1044  Sky/Cloud                   Thin high cirrus 
clouds.
102  141   -17.8833   3.9001               1047 1050  Sky/Haze                    Thin high cirrus 
clouds.
103  141   -17.8833   3.9003               1051 1054  Sky/Haze                    Thin high cirrus 
clouds.
104  141   -17.8835   3.9006               1055 1058  Sky/Haze                    Thin high cirrus 
clouds.
105  141   -17.8836   3.9012               1059 1102  Sky/Cloud  1108             Thin high cirrus 
clouds.
106  141   -17.8839   3.9022               1108 1111  Sky/Cloud                   Cloudy with 
brightening in the middle of the cast.
107# 141   -17.8839   3.9026               1115 1118  Sky/Cloud                   Thin high cirrus 
clouds.
108# 141   -17.8838   3.9027               1118 1121  Sky                         Thin high cirrus 
clouds.
109# 141   -17.8838   3.9028               1121 1124  Sky/Cloud                   Thin high cirrus 
clouds.
110# 141   -17.8838   3.9030               1125 1128  Sky/Cloud                   Thin high cirrus 
clouds.
111# 141   -17.8837   3.9032               1129 1132  Sky/Cloud                   Thin high cirrus 
clouds.
112# 141   -17.8837   3.9034               1132 1135  Sky/Haze                    Thin high cirrus 
clouds.
113# 141   -17.8837   3.9038               1136 1139  Sky/Cloud                   Thin high cirrus 
clouds.
114# 141   -18.0119   4.3128               1403 1406  Sky                         Thin high cirrus 
clouds.
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115# 141   -18.0121   4.3126               1406 1409  Sky                         Thin high cirrus 
clouds.
116# 141   -18.0124   4.3126               1409 1412  Sky                         Thin high cirrus 
clouds.
117# 141   -18.0128   4.3125               1413 1416  Sky                         Thin high cirrus 
clouds.
118# 141   -18.0133   4.3123               1417 1420  Sky                         Thin high cirrus 
clouds.
119# 141   -18.0137   4.3121               1420 1423  Sky                         Thin high cirrus 
clouds.
120# 141   -18.0143   4.3119               1424 1427  Sky                         Thin high cirrus 
clouds.
121# 141   -18.0148   4.3116               1428 1431  Sky/Haze                    Thin high cirrus 
clouds.
122# 141   -18.0152   4.3114               1432 1435  Sky/Haze   1433             Thin high cirrus 
clouds.
123# 141   -18.0152   4.3110               1436 1439  Sky/Haze                    Thin high cirrus 
clouds.
124* 141   -18.0188   4.3112               1446 1449  Sky/Haze                    Thin high cirrus 
clouds.
125* 141   -18.0242   4.3126               1450 1453  Sky/Haze                    Thin high cirrus 
clouds.
126* 141   -18.0283   4.3137               1453 1456  Sky/Haze                    Thin high cirrus 
clouds.
127  142   -18.9875   7.6207  0947  0947   1038 1041  Haze                        Clear with high 
haze.
128  142   -18.9871   7.6209               1042 1045  Haze                        Clear with high 
haze.
129  142   -18.9870   7.6210               1046 1049  Haze/Cloud                  Clear with high 
haze; cloud edge at the end of the cast.
130  142   -18.9870   7.6210               1049 1052  Haze/Cloud                  Clear with high 
haze.
131  142   -18.9868   7.6210               1053 1056  Haze/Cloud 1054             Clear with high 
haze.
132  142   -18.9864   7.6211               1056 1059  Haze/Cloud                  Clear with high 
haze.
133# 142   -18.9856   7.6216               1103 1106  Haze                        Clear with high 
haze.
134# 142   -18.9855   7.6219               1107 1110  Haze                        Clear with high 
haze.
135# 142   -18.9853   7.6220               1110 1113  Haze                        Clear with high 
haze.
136# 142   -18.9853   7.6220               1113 1116  Haze                        Clear with high 
haze.
137# 142   -18.9852   7.6222               1118 1121  Haze/Cloud                  Clear with high 
haze.
138# 142   -18.9850   7.6222               1121 1124  Haze/Cloud                  Clear with high 
haze.
139# 142   -18.9848   7.6222               1124 1127  Haze                        Clear with high 
haze.
140  142   -19.0524   7.8400               1250 1253  Haze                        Clear with high 
haze.
141  142   -19.0516   7.8409               1254 1257  Haze                        Clear with high 
haze.
142  142   -19.0510   7.8413               1257 1300  Haze                        Clear with high 
haze.
143  142   -19.0500   7.8419               1301 1304  Haze                        Clear with high 
haze.
144  142   -19.0493   7.8421               1304 1307  Haze/Cloud                  Clear with high 
haze.
145  142   -19.0483   7.8426               1308 1311  Haze/Cloud 1308             Clear with high 
haze.
146$ 142   -19.0459   7.8440               1318 1321  Haze                        Clear with high 
haze.
147$ 142   -19.0448   7.8442               1322 1325  Haze                        Clear with high 
haze.
148$ 142   -19.0437   7.8445               1326 1329  Haze                        Clear with high 
haze.
149$ 142   -19.0425   7.8448               1330 1333  Haze                        Clear with high 
haze.
150$ 142   -19.0416   7.8450               1334 1337  Cloud                       Clear with high 
haze.
151$ 142   -19.0413   7.8453               1338 1341  Haze/Cloud                  Clear with high 
haze.
152$ 142   -19.0415   7.8454               1342 1345  Haze/Cloud                  Clear with high 
haze.
153  143   -20.1479  11.5645  0954  0954   1042 1045  Haze                        Clear with high 
haze.
154  143   -20.1476  11.5646               1045 1048  Haze                        Clear with high 
haze; cloudy at the end of the cast.
155* 143   -20.2542  11.8745               1302 1305  Haze                        Clear with high 
haze; cloudy at the end of the cast.
156* 143   -20.2526  11.8839               1309 1312  Sky/Haze                    Clear with high 
haze; cloud edges in middle of cast.
157* 143   -20.2515  11.8907               1314 1317  Haze/Cloud                  Clear with high 
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haze; cloud edges in middle of cast.
158* 143   -20.2559  11.9078               1324 1327  Haze/Cloud                  Clear with high 
haze at start; cloudy to end of cast.
159  143   -20.2589  11.9183               1352 1355  Haze/Cloud                  Clear with high 
haze; cloud edges at end of cast.
160  143   -20.2593  11.9178               1405 1408  Haze/Cloud                  Cloud edges for 
the entire cast.
161  143   -20.2595  11.9177               1410 1413  Haze/Cloud                  Clear with high 
haze.
162  143   -20.2597  11.9175               1413 1416  Haze       1415             Clear with high 
haze.
163  143   -20.2598  11.9171               1418 1421  Haze/Cloud                  Clear with high 
haze.
164  143   -20.2601  11.9170               1422 1425  Haze                        Clear with high 
haze.
165  144   -20.9986  15.1502  1001  1001   1053 1056  Sky/Haze                    Clear with high 
haze.
166  144   -20.9984  15.1502               1056 1059  Sky/Haze                    Clear with high 
haze.
167  144   -20.9986  15.1501               1101 1104  Sky/Haze                    Clear with high 
haze.
168  144   -20.9986  15.1501               1104 1107  Sky/Haze                    Clear with high 
haze.
169  144   -20.9984  15.1502               1107 1110  Sky/Haze   1109             Clear with high 
haze.
170  144   -20.9980  15.1503               1111 1114  Sky/Haze                    Clear with high 
haze.
171  144   -20.9979  15.1502               1115 1118  Sky/Haze                    Clear with high 
haze.
172  144   -20.9978  15.1501               1118 1121  Sky/Haze                    Clear with high 
haze.
173  144   -20.9977  15.1502               1122 1124  Sky/Haze                    Clear with high 
haze.
174  144   -20.9977  15.1496               1126 1129  Sky/Haze                    Clear with high 
haze.
175# 144   -20.9997  15.1502               1231 1234  Sky/Haze                    Clear with high 
haze.
176# 144   -20.9994  15.1507               1234 1237  Sky/Haze                    Clear with high 
haze.
177# 144   -20.9996  15.1513               1238 1241  Sky/Haze                    Clear with high 
haze.
178# 144   -20.9997  15.1515               1242 1245  Sky/Haze                    Clear with high 
haze.
179# 144   -20.9996  15.1514               1246 1249  Sky/Haze                    Clear with high 
haze.
180# 144   -20.9994  15.1510               1249 1252  Sky/Haze                    Clear with high 
haze.
181# 144   -20.9992  15.1510               1253 1256  Sky/Haze   1254             Clear with high 
haze.
182  144   -20.9998  15.1508               1314 1317  Sky/Haze                    Clear with high 
haze.
183  144   -20.9997  15.1509               1320 1323  Sky/Haze                    Clear with high 
haze.
184  144   -20.9995  15.1510               1325 1328  Sky/Haze                    Clear with high 
haze.
185  144   -20.9999  15.1511               1337 1340  Sky/Haze                    Clear with high 
haze.
186  144   -21.0001  15.1510               1340 1343  Sky/Haze                    Clear with high 
haze.
187  144   -21.0003  15.1511               1343 1346  Sky/Haze                    Clear with high 
haze.
188  144   -21.0006  15.1510               1347 1350  Sky/Haze                    Clear with high 
haze.
189* 144   -21.0008  15.1546               1354 1357  Sky/Haze                    Clear with high 
haze.
190* 144   -21.0006  15.1601               1358 1401  Sky/Haze                    Clear with high 
haze.
191* 144   -21.0004  15.1642               1401 1404  Sky/Haze                    Clear with high 
haze.
192  145   -20.9996  18.8022  0945  0945   1035 1038  Sky/Cloud                   Cloudy.
193  145   -20.9992  18.8024               1039 1042  Cloud                       Cloudy with 
brightening.
194  145   -20.9991  18.8026               1043 1046  Cloud                       Cloudy.
195  145   -20.9989  18.8025               1047 1050  Cloud      1051             Cloudy with 
brightening.
196  145   -20.9982  18.8039               1059 1102  Sky/Cloud                   Clear then cloudy.
197  145   -20.9979  18.8046               1103 1105  Sky/Cloud                   Clear, cloudy, 
clear, and then cloudy.
198  145   -20.9973  18.8057               1113 1116  Sky/Cloud                   Clear and cloudy.
199  145   -20.9970  18.8066               1117 1120  Cloud                       Clear then cloudy.
200  145   -20.9970  19.3093               1407 1410  Cloud                       Cloudy with a 
little brightening.
201  145   -20.9966  19.3099               1410 1413  Cloud                       Cloudy with 
brightening.
202  145   -20.9955  19.3107               1422 1425  Cloud      1427             Clear then cloudy.
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203  145   -20.9943  19.3124               1428 1431  Cloud                       Clear with some 
brightening.
204  145   -20.9940  19.3129               1432 1435  Cloud                       Cloudy with a 
little brightening.
205  145   -20.9938  19.3133               1436 1439  Cloud                       Cloudy with a 
little brightening.
206  145   -20.9935  19.3136               1440 1443  Cloud                       Cloudy then 
brightening at the end of the cast.
207  145   -20.9918  19.3154               1449 1452  Sky/Cloud                   Clear then cloudy 
towards the end of the cast.
208  146   -21.0071  22.9116  0954  0954   1044 1047  Sky/Cloud                   Clear with thin 
cirrus; cloud at the end of the cast.
209  146   -21.0075  22.9122               1058 1101  Sky/Cloud                   Clear with thin 
cirrus.
210  146   -21.0077  22.9122               1101 1104  Sky/Cloud  1103             Clear with thin 
cirrus.
211  146   -21.0079  22.9124               1106 1109  Sky/Cloud                   Clear with thin 
cirrus; cloud edge in the middle.
212  146   -21.0080  22.9127               1111 1114  Sky/Cloud                   Clear with thin 
cirrus; cloud edge at the end.
213  146   -21.0081  22.9129               1114 1117  Sky/Cloud                   Clear with thin 
cirrus.
214  146   -21.0684  23.2770               1332 1335  Sky                         Clear.
215  146   -21.0711  23.2756               1338 1341  Sky/Cloud  1346             Clear.
216  146   -21.0735  23.2741               1349 1352  Sky                         Clear.
217  146   -21.0748  23.2733               1353 1356  Sky                         Clear.
218  146   -21.0759  23.2726               1356 1359  Sky                         Clear.
219  146   -21.0776  23.2717               1400 1403  Sky                         Clear.
220* 146   -21.0860  23.2701               1409 1412  Sky                         Clear.
221* 146   -21.0924  23.2699               1412 1415  Sky                         Clear.
222* 146   -21.0987  23.2697               1415 1418  Sky                         Clear.
223* 146   -21.1116  23.2696               1422 1425  Sky                         Clear.
224* 146   -21.1176  23.2694               1426 1429  Sky                         Clear.
225* 146   -21.1221  23.2693               1429 1432  Sky                         Clear.
226* 146   -21.1423  23.2707               1438 1441  Sky                         Clear.
227* 146   -21.1504  23.2714               1441 1444  Sky                         Clear.
228* 146   -21.1585  23.2722               1444 1447  Sky                         Clear.
229* 146   -21.1760  23.2740               1450 1453  Sky                         Clear.
230* 146   -21.1858  23.2751               1453 1456  Sky                         Clear.
231* 146   -21.1990  23.2767               1457 1500  Sky                         Clear, small cloud
edges at the end of the cast.
232  147   -21.8057  26.6931  0928  0928   1045 1048  Sky/Cloud                   Clear.
233  147   -21.8050  26.6935               1049 1052  Sky                         Clear.
234  147   -21.8046  26.6939               1053 1056  Sky                         Clear, cloud edge 
at the end of the cast.
235  147   -21.8042  26.6939               1057 1100  Sky/Cloud  1058             Clear.
236  147   -21.8032  26.6942               1103 1106  Sky/Cloud                   Clear.
237  147   -21.8021  26.6951               1112 1115  Sky/Cloud                   Clear.
238  147   -21.8720  27.0508               1338 1341  Sky                         Clear with thin 
cirrus.
239  147   -21.8725  27.0507               1342 1345  Sky/Cloud                   Clear with thin 
cirrus.
240  147   -21.8741  27.0505               1349 1352  Sky/Cloud                   Clear with thin 
cirrus.
241  147   -21.8749  27.0505               1352 1355  Sky/Cloud  1354             Clear with thin 
cirrus.
242@ 147   -21.8758  27.0505               1404 1407  Sky/Cloud                   Clear with thin 
cirrus.
243@ 147   -21.8762  27.0505               1409 1412  Sky/Cloud                   Clear with thin 
cirrus.
244@ 147   -21.8772  27.0505               1414 1417  Sky/Cloud                   Clear with thin 
cirrus.
245@ 147   -21.8813  27.0504               1425 1428  Sky                         Clear with thin 
cirrus.
246@ 147   -21.8824  27.0504               1428 1431  Sky/Cloud                   Clear with thin 
cirrus.
247@ 147   -21.8835  27.0504               1432 1435  Sky/Cloud                   Clear with thin 
cirrus.
248  147   -21.8860  27.0503               1442 1445  Sky/Cloud                   Clear with thin 
cirrus.
249  148   -21.5607  30.4764  0955  0955   1033 1036  Cloud                       Overcast with slow
brightening.
250  148   -21.5608  30.4768               1037 1040  Cloud                       Overcast with some
brightening.
251  148   -21.5606  30.4769               1041 1044  Cloud                       Overcast with a 
little brightening.
252  148   -21.5608  30.4776               1046 1049  Cloud                       Overcast with 
brightening.
253  148   -21.5605  30.4781               1050 1053  Cloud      1051             Overcast.
254  148   -21.5601  30.4805               1101 1104  Cloud                       Overcast.
255  148   -21.5602  30.4812               1104 1107  Cloud                       Overcast.
256  148   -21.5602  30.4820               1108 1111  Cloud                       Overcast.
257  148   -21.5601  30.4826               1112 1115  Cloud                       Overcast.
258* 148   -21.5586  30.4963               1124 1127  Cloud                       Overcast.
259* 148   -21.5579  30.5039               1127 1130  Cloud                       Overcast.


Page 5







A8SASLog
260* 148   -21.5570  30.5140               1131 1134  Cloud                       Overcast with 
brightening.
261* 148   -21.5005  30.9293               1350 1353  Cloud                       Overcast with 
darkening.
262* 148   -21.4995  30.9351               1353 1356  Cloud                       Overcast with 
darkening.
263* 148   -21.4984  30.9409               1356 1359  Cloud                       Overcast.
264* 148   -21.4971  30.9486               1400 1403  Cloud      1407             Overcast.
265  148   -21.4981  30.9547               1409 1412  Cloud                       Overcast.
266  148   -21.4992  30.9544               1414 1417  Cloud                       Overcast with 
brightening.
267  148   -21.4998  30.9542               1418 1421  Cloud                       Overcast with 
brightening at the end of the cast.
268  148   -21.5003  30.9540               1421 1424  Cloud                       Overcast with slow
brightening.
269  148   -21.5008  30.9538               1425 1428  Cloud                       Overcast with slow
brightening.
270  148   -21.5013  30.9535               1429 1432  Cloud                       Overcast with 
darkening.
271* 148   -21.5086  30.9531               1439 1442  Cloud                       Overcast.
272* 148   -21.5135  30.9531               1442 1445  Cloud                       Overcast.
273* 148   -21.5199  30.9530               1446 1449  Cloud                       Overcast.
274  149   -20.7876  34.3650  1010  1010   1050 1053  Sky                         Clear.
275  149   -20.7877  34.3643               1054 1057  Sky        1055             Clear.
276  149   -20.7873  34.3635               1100 1103  Sky                         Clear, cloud edge 
in the middle of the cast.
277  149   -20.7877  34.3634               1104 1107  Sky                         Clear.
278  149   -20.7883  34.3630               1112 1115  Sky/Cloud                   Clear, cloud in 
the middle of the cast.
279  149   -20.7886  34.3629               1115 1118  Sky/Cloud                   Clear, cloud at 
the end of the cast.
280  149   -20.6917  34.5497               1305 1308  Sky/Cloud  1313             Clear, cloud edges
in the middle of the cast.
281  149   -20.6922  34.5504               1314 1317  Sky/Cloud                   Clear, cloud in 
the middle of the cast.
282  149   -20.6923  34.5503               1320 1323  Sky/Cloud                   Clear.
283  149   -20.6924  34.5503               1326 1329  Sky                         Clear.
284  149   -20.6924  34.5502               1330 1333  Sky                         Clear, cloud in 
the middle of the cast.
285  150   -20.0143  38.1779  1010  1010   1034 1037  Sky                         Clear.
286  150   -20.0148  38.1773               1038 1041  Sky/Cloud  1039             Clear, small cloud
in the middle of the cast.
287  150   -20.0163  38.1753               1053 1056  Sky                         Clear.
288  150   -20.0165  38.1747               1056 1059  Sky/Cloud                   Clear.
289  150   -20.0177  38.1742               1103 1106  Cloud                       Overcast with 
light rain.
290  150   -20.0042  38.6417               1405 1408  Sky/Cloud                   Overcast with slow
brightening.
291  150   -20.0048  38.6418               1408 1411  Sky/Cloud                   Overcast with slow
brightening.
292  150   -20.0061  38.6424               1413 1416  Sky/Cloud  1419             Overcast with slow
brightening.
293  150   -20.0071  38.6435               1425 1428  Sky                         Clear with thin 
cumulus.
294  150   -20.0072  38.6438               1429 1432  Sky                         Clear with thin 
cumulus.
295  150   -20.0075  38.6442               1434 1437  Sky                         Clear with thin 
cumulus.
296  150   -20.0084  38.6452               1438 1441  Sky/Cloud                   Clear with thin 
cumulus.
297  151   -20.0001  42.0019  1011  1011   1042 1045  Cloud                       Overcast.
298  151   -20.0000  42.0021               1045 1048  Cloud                       Overcast.
299  151   -20.0000  42.0026               1049 1052  Cloud      1051             Overcast with slow
brightening.
300  151   -20.0000  42.0026               1049 1052  Cloud                       Overcast with slow
brightening.
301  151   -19.9962  42.0076               1121 1124  Sky/Cloud                   Clear then cloudy.
302  151   -20.0079  42.2642               1304 1307  Sky/Cloud                   Clear, very small 
cloud at the end of the cast.
303  151   -20.0076  42.2643               1308 1311  Sky/Cloud  1309             Clear.
304  151   -20.0064  42.2664               1315 1318  Sky                         Clear, small cloud
in the middle of the cast.
305  151   -20.0058  42.2672               1318 1321  Sky                         Clear.
306  152   -19.9783  45.9438  0942  0942   1014 1017  Sky/Cloud                   Clear with thin 
cirrus.
307  152   -19.9784  45.9437               1018 1021  Sky/Cloud                   Clear with thin 
cirrus.
308  152   -19.9788  45.9440               1024 1027  Sky/Cloud  1025             Clear with thin 
cirrus.
309  152   -19.9794  45.9442               1028 1031  Sky/Cloud                   Clear with thin 
cirrus.
310  152   -19.9798  45.9445               1031 1034  Sky/Cloud                   Clear with thin 
cirrus.
311  152   -19.9800  45.9450               1035 1038  Sky/Cloud                   Clear with thin 
cirrus.
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312  152   -19.9803  45.9453               1039 1042  Sky/Cloud                   Clear with thin 
cirrus.
313  152   -19.9812  45.9459               1045 1048  Sky/Cloud                   Clear with thin 
cirrus.
314  152   -19.9818  45.9463               1054 1057  Cloud                       Clear with thin 
cirrus (a litle prop wash early in cast).
315  152   -19.9814  45.9470               1058 1101  Cloud                       Clear with thin 
cirrus (prop wash at the end of the cast).
316  152   -20.0039  46.3760               1333 1336  Sky/Cloud                   Clear with thin 
cirrus.
317  152   -20.0036  46.3752               1336 1339  Sky/Cloud  1338             Clear with cirrus.
318  152   -20.0030  46.3740               1342 1345  Cloud                       Clear with cirrus.
319  152   -20.0025  46.3727               1348 1351  Cloud                       Cirrus and thin 
cumulus.
320  152   -20.0027  46.3709               1355 1358  Sky/Cloud                   Cloudy with 
brightening.
321  153   -15.6636  47.4542  1000  1000   1038 1041  Cloud                       Overcast with slow
brightening.
322  153   -15.6645  47.4546               1043 1046  Cloud      1045             Overcast with some
brightening.
323  153   -15.6653  47.4552               1049 1052  Sky/Cloud                   Overcast.
324  153   -15.6660  47.4555               1053 1056  Cloud                       Overcast.
325  153   -15.6665  47.4558               1056 1059  Cloud                       Overcast.
326  153   -15.6671  47.4561               1100 1103  Cloud                       Overcast.
327  153   -15.6678  47.4563               1103 1106  Cloud                       Overcast.
328  153   -15.6686  47.4566               1107 1110  Cloud                       Overcast.
329  153   -15.6691  47.4569               1110 1113  Cloud                       Overcast with slow
brightening.
330  153   -15.6697  47.4572               1114 1117  Cloud                       Overcast.
331  153   -14.7766  47.5429               1524 1527  Cloud                       Cloudy, bright, 
cloudy, bright, and then cloudy.
332  153   -14.7784  47.5429               1535 1535  Cloud                       Cloudy.
333  153   -14.7801  47.5427               1541 1544  Cloud                       Cloudy.
334  153   -14.7808  47.5424               1550 1553  Cloud                       Cloudy (prop wash 
1.5 minutes into the cast).
335  154    -9.6645  48.1486  0909  1029   1051 1054  Sky                         Clear.
336  154    -9.6647  48.1487               1102 1105  Sky/Cloud                   Clear.
337  154    -9.6648  48.1488               1106 1109  Sky        1111             Clear.
338  154    -9.6650  48.1488               1113 1116  Cloud                       Clear, cloud at 
the end of the cast.
339  154    -9.6653  48.1487               1117 1120  Cloud                       Clear, cloud at 
the end of the cast.
340  154    -9.4098  48.2132               1249 1252  Sky/Cloud                   Clear.
341  154    -9.4120  48.2132               1252 1255  Sky        1255             Clear.
342  154    -9.4147  48.2127               1258 1301  Sky/Cloud                   Clear.
343  154    -9.4156  48.2125               1301 1304  Sky/Cloud                   Clear.
344  154    -9.4165  48.2120               1305 1308  Sky                         Clear.
345  154    -9.4181  48.2118               1309 1312  Sky                         Clear.
346  154    -9.4233  48.2121               1325 1328  Sky/Cloud                   Clear, cloud at 
the end of the cast.
347  154    -9.4270  48.2122               1334 1337  Sky/Cloud                   Clear, cloud at 
the end of the cast.
348  154    -9.4284  48.2121               1337 1340  Sky/Cloud                   Clear.
349  154    -9.4303  48.2123               1342 1345  Sky                         Clear.
350  154    -9.4310  48.2122               1345 1348  Sky/Cloud                   Clear, small cloud
edge in the middle of the cast.
351  154    -9.4335  48.2115               1352 1355  Sky/Cloud                   Clear.
352  154    -9.4347  48.2113               1356 1359  Sky                         Clear.
353  154    -9.2358  48.2543               1506 1509  Sky                         Clear with thin 
cirrus.
354  154    -9.2366  48.2547               1509 1512  Sky                         Clear with thin 
cirrus.
355  154    -9.2375  48.2551               1513 1516  Sky                         Clear with thin 
cirrus.
356  154    -9.2385  48.2554               1517 1520  Sky        1519             Clear with thin 
cirrus.
357  154    -9.2392  48.2555               1520 1523  Sky/Cloud                   Clear with thin 
cirrus.
358  154    -9.2400  48.2557               1524 1527  Sky/Cloud                   Clear with thin 
cirrus.
359  154    -9.2406  48.2560               1528 1531  Sky                         Clear with thin 
cirrus.
360  154    -9.2419  48.2565               1532 1535  Sky/Cloud                   Clear with thin 
cirrus.
361  154    -9.2433  48.2571               1536 1539  Sky                         Clear with thin 
cirrus.
362  154    -9.2446  48.2576               1539 1542  Sky/Cloud                   Clear with thin 
cirrus, cloud at the end of the cast.
363! 155    -9.2503  48.9774  1021  1021   1052 1055  Cloud                       Cirrus, cloud 
edges at the end of the cast.
364! 155    -9.2506  48.9760               1059 1102  Cloud      1105             Cirrus, cloud 
edges in the middle of the cast.
365! 155    -9.2509  48.9749               1105 1108  Cloud                       Cirrus, cloud at 
the end of the cast.
366! 155    -9.2531  48.9720               1116 1119  Cloud                       Cirrus.
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367! 155    -9.2534  48.9709               1120 1123  Cloud                       Cirrus with a 
little brightening.
368! 155    -9.2539  48.9702               1123 1126  Cloud                       Cirrus with a 
little darkening.
369! 155    -9.1805  48.9836               1254 1257  Cloud                       Overcast.
370! 155    -9.1830  48.9833               1307 1309  Cloud      1310             Overcast with 
brightening.
371! 155    -9.1848  48.9831               1311 1314  Cloud                       Overcast with 
darkening.
372! 155    -9.1860  48.9832               1315 1317  Cloud                       Overcast.
373! 155    -9.1890  48.9824               1321 1322  Cloud                       Overcast (a very 
small amount of rain).
374! 155    -9.1963  48.9802               1333 1336  Cloud                       Overcast (prop 
wash 1.5 minutes into the cast).
375! 155    -8.8705  49.0310               1509 1512  Cloud      1506             Overcast with slow
darkening.
376! 155    -8.8712  49.0310               1512 1515  Cloud                       Overcast with slow
brightening.
377! 155    -8.8723  49.0311               1517 1520  Cloud                       Overcast with slow
darkening (and very light rain).
378  156    -4.4464  49.7001  0913  0913   0935 0938  Cloud                       Overcast.
379  156    -4.4443  49.6993               0939 0942  Cloud                       Overcast.
380  156    -4.4428  49.6989               0942 0945  Sky        0945             Overcast.
381  156    -4.4344  49.6973               1004 1004  Sky/Cloud                   Clear, cloud in 
the middle of the cast.
382  156    -4.4326  49.6966               1008 1011  Sky/Cloud                   Clear, cloud at 
the end of the cast.
383  156    -4.4299  49.6955               1016 1019  Sky/Cloud                   Clear, cloud in 
the middle and end of the cast.
384  156    -4.4286  49.6950               1022 1022  Cloud                       Overcast with 
brightening.
385  156    -4.4259  49.6940               1030 1030  Cloud                       Overcast with 
darkening.


Notes:
----------------------------------------------------------------------------------------------------
-----------------------------------------------
  0. The Es sensor is OCM-035 and the Ei sensor is OCM-095 on MVD-013 (MVD013L.CAL).
     The Li sensor is OCT-069 on OCP-019 (OCP019F.CAL) and the Lt sensor is OCT-075 on MVD-020 
(MVD-020A.CAL).
     The directional data is being provided by SeaSAS: DIR-001 on OCP-019 (OCP019F.CAL). Add 40 
degrees to measured angle to
     get the nadir viewing angle. The usual nadir- and zenith-viewing angle is 40 degrees.
     The base of the SeaSAS pedastal is approximately 9.0-9.5 m above the water.
     * indicates SeaSAS and SUnSAS underway experiments.
     # indicates SeaSAS azimuth pointing experiments.
     $ indicates SeaSAS nadir- and zenith-viewing angle experiments.
     @ indicates SeaSAS and SUnSAS nadir- and zenith-viewing angle experiments.
     ! indicates sampling in a coccolithophore bloom.
  1. Cast  1 was done simultaneously with LoCNESS cast 4 and SeaFALLS cast 13          (Es from 
OCM-035 only; no Ei).
  2. Cast  2 was done simultaneously with LoCNESS cast 5 and SeaFALLS cast 14          (Es from 
OCM-035 only; no Ei).
  3. Cast  3 was done simultaneously with LoCNESS cast 6 and SeaFALLS cast 15          (Es from 
OCM-035 only; no Ei).
  4. Cast  4 was done simultaneously with SUnSAS (water) cast  1 and SeaFALLS cast 16  (Es is from 
OCM-030; no Ei, Li, or Lt).
  5. Cast  5 was done simultaneously with SUnSAS (gray)  cast  2                       (Es is from 
OCM-030; no Ei, Li, or Lt).
  6. Cast  6 was done simultaneously with SUnSAS (water) cast  3 and SeaFALLS cast 17  (Es is from 
OCM-030; no Ei, Li, or Lt).
  7. Cast  7 was done simultaneously with SUnSAS (gray)  cast  4                       (Es is from 
OCM-030; no Ei, Li, or Lt).
  8. Cast  8 was done simultaneously with SUnSAS (water) cast  5 and SeaFALLS cast 18  (Es is from 
OCM-030; no Ei, Li, or Lt).
  9. Cast  9 was done simultaneously with SUnSAS (gray)  cast  6                       (Es is from 
OCM-030; no Ei, Li, or Lt).
 10. Cast 10 was done simultaneously with LoCNESS cast 7 and SeaFALLS cast 21          (Es is from 
OCM-030; no Ei).
 11. Cast 11 was done as the in-water sensors were being pulled to the surface         (Es is from 
OCM-030; no Ei).
 12. Cast 12 was done simultaneously with LoCNESS cast 8 and SeaFALLS cast 22          (Es is from 
OCM-030; no Ei).
 13. Cast 13 was done as the in-water sensors were being pulled to the surface         (Es is from 
OCM-030; no Ei).
 14. Cast 14 was done simultaneously with LoCNESS cast 9 and SeaFALLS cast 23          (Es is from 
OCM-030; no Ei).
 15. Cast 15 was done as the in-water sensors were being pulled to the surface         (Es is from 
OCM-030; no Ei).
 16. Cast 16 was done simultaneously with SUnSAS (water) cast  7 and SeaFALLS cast 24.
 17. Cast 17 was done simultaneously with SUnSAS (gray)  cast  8 and SeaFALLS cast 25.
 18. Cast 18 was done simultaneously with SUnSAS (water) cast  9.
 19. Cast 19 was done simultaneously with SUnSAS (gray)  cast 10 and SeaFALLS cast 26.
 20. Cast 20 was done simultaneously with SUnSAS (water) cast 11.
 21. Cast 21 was done simultaneously with SUnSAS (water) cast 12 and SeaFALLS cast 27.
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 22. Cast 22 was done simultaneously with SUnSAS (gray)  cast 13.
 23. Cast 23 was done simultaneously with LoCNESS cast 10 and SeaFALLS cast 28         (Es from 
OCM-035 only; no Ei).
 24. Cast 24 was done as the in-water sensors were being pulled to the surface         (Es from 
OCM-035 only; no Ei).
 25. Cast 25 was done simultaneously with LoCNESS cast 11                              (Es from 
OCM-035 only; no Ei).
 26. Cast 26 was done simultaneously with LoCNESS cast 12 and SeaFALLS cast 29         (Es from 
OCM-035 only; no Ei).
 27. Cast 27 was done simultaneously with SUnSAS (water) cast 14 and SeaFALLS cast 30.
 28. Cast 28 was done simultaneously with SUnSAS (gray)  cast 15.
 29. Cast 29 was done simultaneously with SUnSAS (water) cast 16 and SeaFALLS cast 31.
 30. Cast 30 was done simultaneously with SUnSAS (gray)  cast 17.
 31. Cast 31 was done simultaneously with SUnSAS (water) cast 18 and SeaFALLS cast 32.
 32. Cast 32 was done simultaneously with SUnSAS (gray)  cast 19.
 33. Cast 33 was done simultaneously with SeaFALLS cast 33                             (Es from 
OCM-035 only; no Ei).
 34. Cast 34 was done simultaneously with SeaFALLS cast 34                             (Es from 
OCM-035 only; no Ei).
 35. Cast 35 was done as the in-water sensor was being pulled to the surface           (Es from 
OCM-035 only; no Ei).
 36. Cast 36 was done as the in-water sensor was being pulled to the surface           (Es from 
OCM-035 only; no Ei).
 37. Cast 37 was done simultaneously with SeaFALLS cast 35                             (Es from 
OCM-035 only; no Ei).
 38. Cast 38 was done simultaneously with LoCNESS cast 13 and SeaFALLS cast 36.
 39. Cast 39 was done as the in-water sensors were being pulled to the surface.
 40. Cast 40 was done simultaneously with LoCNESS cast 14 and SeaFALLS cast 37.
 41. Cast 41 was done as the in-water sensors were being pulled to the surface.
 42. Cast 42 was done simultaneously with LoCNESS cast 15 and SeaFALLS cast 38.
 43. Cast 43 was done simultaneously with LoCNESS cast 16 and SeaFALLS cast 39.
 44. Cast 44 was done as the in-water sensors were being pulled to the surface.
 45. Cast 45 was done simultaneously with LoCNESS cast 17 and SeaFALLS cast 40.
 46. Cast 46 was done as the in-water sensors were being pulled to the surface.
 47. Cast 47 was done simultaneously with SUnSAS (water) cast 20 and SeaFALLS with DalBOSS cast 41.
 48. Cast 48 was done simultaneously with SUnSAS (gray)  cast 21.
 49. Cast 49 was done simultaneously with SUnSAS (water) cast 22 and SeaFALLS with DalBOSS cast 42.
 50. Cast 50 was done simultaneously with SUnSAS (gray)  cast 23.
 51. Cast 51 was done simultaneously with SUnSAS (water) cast 24 and SeaFALLS with DalBOSS cast 43.
 52. Cast 52 was done simultaneously with SUnSAS (gray)  cast 25.
 53. Cast 53 was done simultaneously with SUnSAS (water) cast 26 and SeaFALLS with DalBOSS cast 44.
 54. Cast 54 was done simultaneously with SUnSAS (gray)  cast 27.
 55. Cast 55 was done simultaneously with SUnSAS (water) cast 28 and SeaFALLS with DalBOSS cast 45.
 56. Cast 56 was done simultaneously with SUnSAS (gray)  cast 29.
 57. Cast 57 was done simultaneously with SUnSAS (water) cast 30 and SeaFALLS with DalBOSS cast 46.
 58. Cast 58 was done simultaneously with SUnSAS (gray)  cast 31.
 59. Cast 59 was done simultaneously with LoCNESS cast 18 and SeaFALLS cast 47.
 60. Cast 60 was done as the in-water sensors were being pulled to the surface.
 61. Cast 61 was done simultaneously with LoCNESS cast 19 and SeaFALLS cast 48.
 62. Cast 62 was done as the in-water sensors were being pulled to the surface.
 63. Cast 63 was done simultaneously with LoCNESS cast 20 and SeaFALLS cast 49.
 64. Cast 64 was done simultaneously with SUnSAS (water) cast 32 and SeaFALLS with DalBOSS cast 50.
 65. Cast 65 was done simultaneously with SUnSAS (gray)  cast 33.
 66. Cast 66 was done simultaneously with SUnSAS (water) cast 34 and SeaFALLS with DalBOSS cast 51.
 67. Cast 67 was done simultaneously with SUnSAS (gray)  cast 35.
 68. Cast 68 was done simultaneously with SUnSAS (water) cast 36 and SeaFALLS with DalBOSS cast 52.
 69. Cast 69 was done simultaneously with SUnSAS (gray)  cast 37.
 70. Cast 70 was done simultaneously with LoCNESS cast 21 and SeaFALLS cast 53.
 71. Cast 71 was done as the in-water sensors were being pulled to the surface.
 72. Cast 72 was done simultaneously with LoCNESS cast 22 and SeaFALLS cast 54.
 73. Cast 73 was done as the in-water sensors were being pulled to the surface.
 74. Cast 74 was done simultaneously with LoCNESS cast 23 and SeaFALLS cast 55.
 75. Cast 75 was done as the in-water sensors were being pulled to the surface.
 76. Cast 76 was done simultaneously with SUnSAS (water) cast 38 (ship steaming at 5 knots).
 77. Cast 77 was done simultaneously with SUnSAS (gray)  cast 39 (ship steaming at 5 knots).
 78. Cast 78 was done simultaneously with SUnSAS (water) cast 40 (ship steaming at 5 knots).
 79. Cast 79 was done simultaneously with SUnSAS (gray)  cast 41 (ship steaming at 5 knots).
 80. Cast 80 was done simultaneously with SUnSAS (water) cast 42 (ship steaming at 5 knots).
 81. Cast 81 was done simultaneously with SUnSAS (gray)  cast 43 (ship steaming at 5 knots).
     The DIR-10 compass was recalibrated after cast 81.
 82. Cast 82 was done simultaneously with SUnSAS (water) cast 44 and LoCNESS cast 25.
 83. Cast 83 was done simultaneously with SUnSAS (water) cast 45.
 84. Cast 84 was done simultaneously with SUnSAS (water) cast 46 and LoCNESS cast 25.
 85. Cast 85 was done simultaneously with SUnSAS (water) cast 47.
 86. Cast 86 was done simultaneously with SUnSAS (water) cast 48 and LoCNESS cast 25.
 87. Cast 87 was done simultaneously with LoCNESS cast 28.
 88. Cast 88 was done simultaneously with LoCNESS cast 29.
 89. Cast 89 was done simultaneously with LoCNESS cast 30.
 90. Cast 90 was done simultaneously with LoCNESS cast 31 and SeaFALLS cast 57.
 91. Cast 91 was done simultaneously with LoCNESS cast 32 and SeaFALLS cast 58.
 92. Cast 92 was done simultaneously with LoCNESS cast 33 and SeaFALLS cast 59.
 93. Cast 93 was done simultaneously with SUnSAS (water) cast 49 (short cast approximately 2 minutes
long).
 94. Cast 94 was done simultaneously with SUnSAS (water) cast 50 and SeaFALLS with DalBOSS cast 60.
 95. Cast 95 was done simultaneously with SUnSAS (gray)  cast 51.
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 96. Cast 96 was done simultaneously with SUnSAS (water) cast 52 and SeaFALLS with DalBOSS cast 61.
 97. Cast 97 was done simultaneously with SUnSAS (gray)  cast 53.
 98. Cast 98 was done simultaneously with LoCNESS cast 34 and SeaFALLS cast 62.
 99. Cast 99 was done as the in-water sensors were being pulled to the surface.
100. Cast 100 was done simultaneously with SUnSAS (water) cast 54 and SeaFALLS with DalBOSS cast 63.
101. Cast 101 was done simultaneously with SUnSAS (gray)  cast 55.
102. Cast 102 was done simultaneously with SUnSAS (water) cast 56 and SeaFALLS with DalBOSS cast 64.
103. Cast 103 was done simultaneously with SUnSAS (gray)  cast 57.
104. Cast 104 was done simultaneously with SUnSAS (water) cast 58 and SeaFALLS with DalBOSS cast 65.
105. Cast 105 was done simultaneously with SUnSAS (gray)  cast 59.
106. Cast 106 was done simultaneously with SUnSAS (water) cast 60 and SeaFALLS with DalBOSS cast 66.
107. Cast 107 was done at  90 deg. wrt sun simultaneously with SUnSAS (water) cast 61 and SeaFALLS 
with DalBOSS cast 67.
108. Cast 108 was done at  80 deg. wrt sun simultaneously with SUnSAS (water) cast 62.
109. Cast 109 was done at  70 deg. wrt sun simultaneously with SUnSAS (water) cast 63 and SeaFALLS 
cast 68.
110. Cast 110 was done at  60 deg. wrt sun simultaneously with SUnSAS (water) cast 64.
111. Cast 111 was done at  50 deg. wrt sun simultaneously with SUnSAS (water) cast 65.
112. Cast 112 was done at  40 deg. wrt sun simultaneously with SUnSAS (water) cast 66.
113. Cast 113 was done at  30 deg. wrt sun simultaneously with SUnSAS (water) cast 67.
114. Cast 114 was done at  90 deg. wrt sun and simultaneously with SUnSAS (water) cast 68 and 
LoCNESS cast 35.
115. Cast 115 was done at 100 deg. wrt sun and simultaneously with SUnSAS (water) cast 69.
116. Cast 116 was done at 110 deg. wrt sun and simultaneously with SUnSAS (water) cast 70 (some wake
effects in SeaSAS FOV).
117. Cast 117 was done at 120 deg. wrt sun and simultaneously with SUnSAS (water) cast 71 and 
LoCNESS cast 36.
118. Cast 118 was done at 130 deg. wrt sun and simultaneously with SUnSAS (water) cast 72.
119. Cast 119 was done at 140 deg. wrt sun and simultaneously with SUnSAS (water) cast 73 and 
LoCNESS cast 37.
120. Cast 120 was done at 150 deg. wrt sun and simultaneously with SUnSAS (water) cast 74.
121. Cast 121 was done at 160 deg. wrt sun and simultaneously with SUnSAS (water) cast 75 and 
LoCNESS cast 36.
122. Cast 122 was done at 170 deg. wrt sun and simultaneously with SUnSAS (water) cast 76.
123. Cast 123 was done at 180 deg. wrt sun and simultaneously with SUnSAS (water) cast 77.
124. Cast 124 was done simultaneously with SUnSAS (water) cast 78 (ship steaming at 5 knots).
125. Cast 125 was done simultaneously with SUnSAS (water) cast 79 (ship steaming at 5 knots).
126. Cast 126 was done simultaneously with SUnSAS (water) cast 80 (ship steaming at 5 knots).
127. Cast 127 was done simultaneously with SUnSAS (water) cast 81 and SeaFALLS cast 69.
128. Cast 128 was done simultaneously with SUnSAS (gray)  cast 82 and SeaFALLS cast 70.
129. Cast 129 was done simultaneously with SUnSAS (water) cast 83.
130. Cast 130 was done simultaneously with SUnSAS (gray)  cast 84 and SeaFALLS cast 71.
131. Cast 131 was done simultaneously with SUnSAS (water) cast 85.
132. Cast 132 was done simultaneously with SUnSAS (gray)  cast 86 and SeaFALLS cast 72.
133. Cast 133 was done at 90 deg. wrt sun simultaneously with SUnSAS (water) cast 87 and SeaFALLS 
cast 73.
134. Cast 134 was done at 80 deg. wrt sun simultaneously with SUnSAS (water) cast 88.
135. Cast 135 was done at 70 deg. wrt sun simultaneously with SUnSAS (water) cast 89 and SeaFALLS 
cast 74.
136. Cast 136 was done at 60 deg. wrt sun simultaneously with SUnSAS (water) cast 90.
137. Cast 137 was done at 50 deg. wrt sun simultaneously with SUnSAS (water) cast 91 and SeaFALLS 
cast 75.
138. Cast 138 was done at 40 deg. wrt sun simultaneously with SUnSAS (water) cast 92.
139. Cast 139 was done at 30 deg. wrt sun simultaneously with SUnSAS (water) cast 93.
140. Cast 140 was done simultaneously with SUnSAS (water) cast 94 and LoCNESS cast 39.
141. Cast 141 was done simultaneously with SUnSAS (gray)  cast 95.
142. Cast 142 was done simultaneously with SUnSAS (water) cast 96 and LoCNESS cast 40.
143. Cast 143 was done simultaneously with SUnSAS (gray)  cast 97.
144. Cast 144 was done simultaneously with SUnSAS (water) cast 98 and LoCNESS cast 41.
145. Cast 145 was done simultaneously with SUnSAS (gray)  cast 99.
146. Cast 146 was done at  0 deg. wrt nadir simultaneously with SUnSAS (water) cast 100 and LoCNESS 
cast 42.
147. Cast 147 was done at 10 deg. wrt nadir simultaneously with SUnSAS (water) cast 101.
148. Cast 148 was done at 20 deg. wrt nadir simultaneously with SUnSAS (water) cast 102 and LoCNESS 
cast 43.
149. Cast 149 was done at 30 deg. wrt nadir simultaneously with SUnSAS (water) cast 103.
150. Cast 150 was done at 40 deg. wrt nadir simultaneously with SUnSAS (water) cast 104 and LoCNESS 
cast 44.
151. Cast 151 was done at 45 deg. wrt nadir simultaneously with SUnSAS (water) cast 105.
152. Cast 152 was done at 50 deg. wrt nadir simultaneously with SUnSAS (water) cast 106.
153. Cast 153 was done simultaneously with SUnSAS (water) cast 107 and SeaFALLS with DalBOSS cast 
76.
154. Cast 154 was done simultaneously with SUnSAS (gray)  cast 108.
155. Cast 155 was done simultaneously with SUnSAS (water) cast 109 (ship steaming at 5 knots).
156. Cast 156 was done simultaneously with SUnSAS (water) cast 110 (ship steaming at 5 knots).
157. Cast 157 was done simultaneously with SUnSAS (water) cast 111 (ship steaming at 5 knots).
158. Cast 158 was done simultaneously with SUnSAS (water) cast 112 (ship steaming at 7 knots).
159. Cast 159 was done simultaneously with SUnSAS (water) cast 113 and SeaFALLS with DalBOSS cast 
77.
160. Cast 160 was done simultaneously with SUnSAS (water) cast 114 and SeaFALLS with DalBOSS cast 
78.
161. Cast 161 was done simultaneously with SUnSAS (water) cast 115 and SeaFALLS with DalBOSS cast 
79.
162. Cast 162 was done simultaneously with SUnSAS (gray)  cast 116.
163. Cast 163 was done simultaneously with SUnSAS (water) cast 117 and SeaFALLS with DalBOSS cast 
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80.
164. Cast 164 was done simultaneously with SUnSAS (gray)  cast 118.
165. Cast 165 was done simultaneously with SUnSAS (water) cast 119 and LoCNESS cast 45.
166. Cast 166 was done simultaneously with SUnSAS (gray)  cast 120.
167. Cast 167 was done simultaneously with SUnSAS (water) cast 121.
168. Cast 168 was done simultaneously with SUnSAS (gray)  cast 122.
169. Cast 169 was done simultaneously with SUnSAS (water) cast 123 and LoCNESS cast 46.
170. Cast 170 was done simultaneously with SUnSAS (gray)  cast 124.
171. Cast 171 was done simultaneously with SUnSAS (water) cast 125 and LoCNESS cast 47.
172. Cast 172 was done simultaneously with SUnSAS (gray)  cast 126.
173. Cast 173 was done simultaneously with SUnSAS (water) cast 127.
174. Cast 174 was done simultaneously with SUnSAS (gray)  cast 128.
175. Cast 175 was done at  90 deg. wrt sun simultaneously with SUnSAS (water) cast 129 and LoCNESS 
cast 48.
176. Cast 176 was done at 100 deg. wrt sun simultaneously with SUnSAS (water) cast 130.
177. Cast 177 was done at 110 deg. wrt sun simultaneously with SUnSAS (water) cast 131 and LoCNESS 
cast 49.
178. Cast 178 was done at 120 deg. wrt sun simultaneously with SUnSAS (water) cast 132.
179. Cast 179 was done at 130 deg. wrt sun simultaneously with SUnSAS (water) cast 133 and LoCNESS 
cast 50.
180. Cast 180 was done at 140 deg. wrt sun simultaneously with SUnSAS (water) cast 134.
181. Cast 181 was done at 150 deg. wrt sun simultaneously with SUnSAS (water) cast 135 and LoCNESS 
cast 51.
182. Cast 182 was done simultaneously with LoCNESS cast 52 and SeaFALLS cast 81.
183. Cast 183 was done simultaneously with LoCNESS cast 53 and SeaFALLS cast 82.
184. Cast 184 was done simultaneously with LoCNESS cast 54 and SeaFALLS cast 83.
185. Cast 185 was done simultaneously with SUnSAS (water) cast 136 (both SASs to stbd) and LoCNESS 
cast 55.
186. Cast 186 was done simultaneously with SUnSAS (water) cast 137 (both SASs to stbd).
187. Cast 187 was done simultaneously with SUnSAS (water) cast 138 (both SASs to stbd) and LoCNESS 
cast 56.
188. Cast 188 was done simultaneously with SUnSAS (water) cast 139 (both SASs to stbd).
189. Cast 189 was done simultaneously with SUnSAS (water) cast 140 (both SASs to stbd and ship 
steaming at 5 knots).
190. Cast 190 was done simultaneously with SUnSAS (water) cast 141 (both SASs to stbd and ship 
steaming at 5 knots).
191. Cast 191 was done simultaneously with SUnSAS (water) cast 142 (both SASs to stbd and ship 
steaming at 5 knots).
192. Cast 192 was done simultaneously with SUnSAS (water) cast 143 and LoCNESS cast 57.
193. Cast 193 was done simultaneously with SUnSAS (gray)  cast 144.
194. Cast 194 was done simultaneously with SUnSAS (white) cast 145 and LoCNESS cast 58.
195. Cast 195 was done simultaneously with SUnSAS (water) cast 146.
196. Cast 196 was done simultaneously with SUnSAS (water) cast 147 and LoCNESS cast 59.
197. Cast 197 was done simultaneously with SUnSAS (water) cast 148.
198. Cast 198 was done simultaneously with SUnSAS (water) cast 149.
199. Cast 199 was done simultaneously with SUnSAS (water) cast 150 and LoCNESS cast 60.
200. Cast 200 was done simultaneously with SUnSAS (water) cast 151 (both SASs to stbd) and LoCNESS 
cast 61.
201. Cast 201 was done simultaneously with SUnSAS (gray)  cast 152 (both SASs to stbd).
202. Cast 202 was done simultaneously with SUnSAS (water) cast 153 (both SASs to stbd) and LoCNESS 
cast 62.
203. Cast 203 was done simultaneously with SUnSAS (water) cast 154 (both SASs to stbd) and LoCNESS 
cast 63.
204. Cast 204 was done simultaneously with SUnSAS (gray)  cast 155 (both SASs to stbd).
205. Cast 205 was done simultaneously with SUnSAS (water) cast 156 (both SASs to stbd) and LoCNESS 
cast 64.
206. Cast 206 was done simultaneously with SUnSAS (gray)  cast 157 (both SASs to stbd).
207. Cast 207 was done simultaneously with SUnSAS (water) cast 158 and LoCNESS cast 65.
208. Cast 208 was done simultaneously with SUnSAS (water) cast 159 and SeaFALLS with DalBOSS cast 
84.
209. Cast 209 was done simultaneously with SUnSAS (water) cast 160 and SeaFALLS with DalBOSS cast 
85.
210. Cast 210 was done simultaneously with SUnSAS (gray)  cast 161.
211. Cast 211 was done simultaneously with SUnSAS (water) cast 162 and SeaFALLS with DalBOSS cast 
86.
212. Cast 212 was done simultaneously with SUnSAS (gray)  cast 163.
213. Cast 213 was done simultaneously with SUnSAS (water) cast 164 and SeaFALLS with DalBOSS cast 
87.
214. Cast 214 was done simultaneously with SUnSAS (water) cast 165 (both SASs to stbd) and LoCNESS 
cast 66.
215. Cast 215 was done simultaneously with SUnSAS (water) cast 166 (both SASs to stbd) and LoCNESS 
cast 67.
216. Cast 216 was done simultaneously with SUnSAS (water) cast 167 (both SASs to stbd) and LoCNESS 
cast 68.
217. Cast 217 was done simultaneously with SUnSAS (gray)  cast 168 (both SASs to stbd).
218. Cast 218 was done simultaneously with SUnSAS (water) cast 169 (both SASs to stbd) and LoCNESS 
cast 69.
219. Cast 219 was done simultaneously with SUnSAS (gray)  cast 170 (both SASs to stbd).
220. Cast 220 was done simultaneously with SUnSAS (water) cast 171 (both SASs to stbd and ship 
steaming at  7 knots).
221. Cast 221 was done simultaneously with SUnSAS (water) cast 172 (both SASs to stbd and ship 
steaming at  7 knots).
222. Cast 222 was done simultaneously with SUnSAS (water) cast 173 (both SASs to stbd and ship 
steaming at  7 knots).
223. Cast 223 was done simultaneously with SUnSAS (water) cast 174 (both SASs to stbd and ship 
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steaming at  5 knots).
224. Cast 224 was done simultaneously with SUnSAS (water) cast 175 (both SASs to stbd and ship 
steaming at  5 knots).
225. Cast 225 was done simultaneously with SUnSAS (water) cast 176 (both SASs to stbd and ship 
steaming at  5 knots).
226. Cast 226 was done simultaneously with SUnSAS (water) cast 177 (both SASs to stbd and ship 
steaming at  9 knots).
227. Cast 227 was done simultaneously with SUnSAS (water) cast 178 (both SASs to stbd and ship 
steaming at  9 knots).
228. Cast 228 was done simultaneously with SUnSAS (water) cast 179 (both SASs to stbd and ship 
steaming at  9 knots).
229. Cast 229 was done simultaneously with SUnSAS (water) cast 180 (both SASs to stbd and ship 
steaming at 11 knots).
230. Cast 230 was done simultaneously with SUnSAS (water) cast 181 (both SASs to stbd and ship 
steaming at 11 knots).
231. Cast 231 was done simultaneously with SUnSAS (water) cast 182 (both SASs to stbd and ship 
steaming at 11 knots).
232. Cast 232 was done simultaneously with SUnSAS (water) cast 186 and SeaFALLS with DalBOSS cast 
88.
233. Cast 233 was done simultaneously with SUnSAS (gray)  cast 187.
234. Cast 234 was done simultaneously with SUnSAS (water) cast 188 and SeaFALLS with DalBOSS cast 
89.
235. Cast 235 was done simultaneously with SUnSAS (gray)  cast 189.
236. Cast 236 was done simultaneously with SUnSAS (water) cast 190 and SeaFALLS with DalBOSS cast 
90.
237. Cast 237 was done simultaneously with SUnSAS (water) cast 191 and SeaFALLS with DalBOSS cast 
91.
238. Cast 238 was done simultaneously with SUnSAS (water) cast 195 and LoCNESS cast 70.
239. Cast 239 was done simultaneously with SUnSAS (gray)  cast 196.
240. Cast 240 was done simultaneously with SUnSAS (water) cast 197 and LoCNESS cast 71.
241. Cast 241 was done simultaneously with SUnSAS (gray)  cast 198.
242. Cast 242 was done simultaneously with SUnSAS (water) cast 199 (both SASs at 30 deg. wrt nadir) 
and LoCNESS cast 72.
243. Cast 243 was done simultaneously with SUnSAS (water) cast 200 (both SASs at 30 deg. wrt nadir).
244. Cast 244 was done simultaneously with SUnSAS (water) cast 201 (both SASs at 30 deg. wrt nadir) 
and LoCNESS cast 73.
245. Cast 245 was done simultaneously with SUnSAS (water) cast 202 (both SASs at 45 deg. wrt nadir) 
and LoCNESS cast 74.
246. Cast 246 was done simultaneously with SUnSAS (water) cast 203 (both SASs at 45 deg. wrt nadir).
247. Cast 247 was done simultaneously with SUnSAS (water) cast 204 (both SASs at 45 deg. wrt nadir) 
and LoCNESS cast 75.
248. Cast 248 was done simultaneously with SUnSAS (water) cast 205.
249. Cast 249 was done simultaneously with SUnSAS (water) cast 209 and SeaFALLS with DalBOSS (but no
SeaBOSS) cast 92.
250. Cast 250 was done simultaneously with SUnSAS (gray)  cast 210.
251. Cast 251 was done simultaneously with SUnSAS (white) cast 211.
252. Cast 252 was done simultaneously with SUnSAS (water) cast 212 and SeaFALLS with DalBOSS (but no
SeaBOSS) cast 93.
253. Cast 253 was done simultaneously with SUnSAS (gray)  cast 213.
254. Cast 254 was done simultaneously with SUnSAS (white) cast 214 and SeaFALLS with DalBOSS (but no
SeaBOSS) cast 94.
255. Cast 255 was done simultaneously with SUnSAS (water) cast 215.
256. Cast 256 was done simultaneously with SUnSAS (white) cast 216 and SeaFALLS with DalBOSS (but no
SeaBOSS) cast 95.
257. Cast 257 was done simultaneously with SUnSAS (gray)  cast 217.
258. Cast 258 was done simultaneously with SUnSAS (water) cast 218 (both SASs to stbd and ship 
steaming at 9 knots).
259. Cast 259 was done simultaneously with SUnSAS (water) cast 219 (both SASs to stbd and ship 
steaming at 9 knots).
260. Cast 260 was done simultaneously with SUnSAS (water) cast 220 (both SASs to stbd and ship 
steaming at 9 knots).
261. Cast 261 was done simultaneously with SUnSAS (water) cast 221 (both SASs to stbd and ship 
steaming at 7 knots).
262. Cast 262 was done simultaneously with SUnSAS (water) cast 222 (both SASs to stbd and ship 
steaming at 7 knots).
263. Cast 263 was done simultaneously with SUnSAS (water) cast 223 (both SASs to stbd and ship 
steaming at 7 knots).
264. Cast 264 was done simultaneously with SUnSAS (water) cast 224 (both SASs to stbd and ship 
steaming at 7 knots).
265. Cast 265 was done simultaneously with SUnSAS (water) cast 225 and LoCNESS cast 76.
266. Cast 266 was done simultaneously with SUnSAS (gray)  cast 226.
267. Cast 267 was done simultaneously with SUnSAS (water) cast 227 and LoCNESS cast 77.
268. Cast 268 was done simultaneously with SUnSAS (gray)  cast 228.
269. Cast 269 was done simultaneously with SUnSAS (water) cast 229 and LoCNESS cast 78.
270. Cast 270 was done simultaneously with SUnSAS (gray)  cast 230.
271. Cast 271 was done simultaneously with SUnSAS (water) cast 231 (both SASs to stbd and ship 
steaming at 5 knots).
272. Cast 272 was done simultaneously with SUnSAS (water) cast 232 (both SASs to stbd and ship 
steaming at 5 knots).
273. Cast 273 was done simultaneously with SUnSAS (water) cast 233 (both SASs to stbd and ship 
steaming at 5 knots).
274. Cast 274 was done simultaneously with SUnSAS (water) cast 236 and SeaFALLS cast 96.
275. Cast 275 was done simultaneously with SUnSAS (gray)  cast 237.
276. Cast 276 was done simultaneously with SUnSAS (water) cast 238 and SeaFALLS cast 97.
277. Cast 277 was done simultaneously with SUnSAS (gray)  cast 239.
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278. Cast 278 was done simultaneously with SUnSAS (water) cast 240 and SeaFALLS cast 98.
279. Cast 279 was done simultaneously with SUnSAS (gray)  cast 241.
280. Cast 280 was done simultaneously with SUnSAS (water) cast 245 and LoCNESS cast 79.
281. Cast 281 was done simultaneously with SUnSAS (water) cast 246 and LoCNESS cast 80.
282. Cast 282 was done simultaneously with SUnSAS (water) cast 247 and LoCNESS cast 81.
283. Cast 283 was done simultaneously with SUnSAS (water) cast 248 and LoCNESS cast 82.
284. Cast 284 was done simultaneously with SUnSAS (water) cast 249.
285. Cast 285 was done simultaneously with SUnSAS (water) cast 250 (both SASs to stbd) and SeaFALLS 
cast 99.
286. Cast 286 was done simultaneously with SUnSAS (gray)  cast 251 (both SASs to stbd).
287. Cast 287 was done simultaneously with SUnSAS (water) cast 252 (both SASs to stbd).
288. Cast 288 was done simultaneously with SUnSAS (water) cast 253 (both SASs to stbd).
289. Cast 289 was done simultaneously with SUnSAS (water) cast 254 (both SASs to stbd).
290. Cast 290 was done simultaneously with SUnSAS (water) cast 255 (both SASs to stbd) and LoCNESS 
cast 83.
291. Cast 291 was done simultaneously with SUnSAS (gray)  cast 256 (both SASs to stbd).
292. Cast 292 was done simultaneously with SUnSAS (gray)  cast 257 (both SASs to stbd) and LoCNESS 
cast 84.
293. Cast 293 was done simultaneously with SUnSAS (water) cast 258 (both SASs to stbd) and LoCNESS 
cast 85.
294. Cast 294 was done simultaneously with SUnSAS (gray)  cast 259 (both SASs to stbd).
295. Cast 295 was done simultaneously with SUnSAS (water) cast 260 (both SASs to stbd) and LoCNESS 
cast 86.
296. Cast 296 was done simultaneously with SUnSAS (gray)  cast 261 (both SASs to stbd).
297. Cast 297 was done simultaneously with SUnSAS (water) cast 265.
298. Cast 298 was done simultaneously with SUnSAS (water) cast 266 and SeaFALLS cast 100.
299. Cast 299 was done simultaneously with SUnSAS (white) cast 267.
300. Cast 300 was done simultaneously with SUnSAS (gray)  cast 268 and SeaFALLS cast 101.
301. Cast 301 was done simultaneously with SUnSAS (water) cast 269 and SeaFALLS cast 102.
302. Cast 302 was done simultaneously with SUnSAS (water) cast 270 and SeaFALLS cast 103.
303. Cast 303 was done simultaneously with SUnSAS (gray)  cast 271.
304. Cast 304 was done simultaneously with SUnSAS (water) cast 272 and SeaFALLS cast 104.
305. Cast 305 was done simultaneously with SUnSAS (gray)  cast 273.
306. Cast 306 was done simultaneously with SUnSAS (water) cast 277 and SeaFALLS with DalBOSS cast 
105.
307. Cast 307 was done simultaneously with SUnSAS (gray)  cast 278.
308. Cast 308 was done simultaneously with SUnSAS (water) cast 279 and SeaFALLS with DalBOSS cast 
106.
309. Cast 309 was done simultaneously with SUnSAS (gray)  cast 280.
310. Cast 310 was done simultaneously with SUnSAS (water) cast 281 and SeaFALLS with DalBOSS cast 
107.
311. Cast 311 was done simultaneously with SUnSAS (gray)  cast 282.
312. Cast 312 was done simultaneously with SUnSAS (water) cast 283 and SeaFALLS with DalBOSS cast 
108.
313. Cast 313 was done simultaneously with SUnSAS (water) cast 284 and SeaFALLS with DalBOSS cast 
109.
314. Cast 314 was done simultaneously with SUnSAS (water) cast 285 (with a little prop wash at the 
start of the cast).
315. Cast 315 was done simultaneously with SUnSAS (water) cast 286 (with prop wash at the end of the
cast).
316. Cast 316 was done simultaneously with SUnSAS (water) cast 287 and LoCNESS cast 87.
317. Cast 317 was done simultaneously with SUnSAS (gray)  cast 288.
318. Cast 318 was done simultaneously with SUnSAS (water) cast 289 and LoCNESS cast 88.
319. Cast 319 was done simultaneously with SUnSAS (water) cast 290 and LoCNESS cast 89.
320. Cast 320 was done simultaneously with SUnSAS (water) cast 291 and LoCNESS cast 90.
321. Cast 321 was done simultaneously with SUnSAS (water) cast 295 and LoCNESS cast 91.
322. Cast 322 was done simultaneously with SUnSAS (gray)  cast 296.
323. Cast 323 was done simultaneously with SUnSAS (water) cast 297 and LoCNESS cast 92.
324. Cast 324 was done simultaneously with SUnSAS (white) cast 298 and LoCNESS cast 93.
325. Cast 325 was done simultaneously with SUnSAS (gray)  cast 299.
326. Cast 326 was done simultaneously with SUnSAS (water) cast 300 and LoCNESS cast 94.
327. Cast 327 was done simultaneously with SUnSAS (white) cast 301.
328. Cast 328 was done simultaneously with SUnSAS (gray)  cast 302 and LoCNESS cast 95.
329. Cast 329 was done simultaneously with SUnSAS (water) cast 303.
330. Cast 330 was done simultaneously with SUnSAS (water) cast 304 and LoCNESS cast 96.
331. Cast 331 was done simultaneously with SUnSAS (water) cast 305 and SeaFALLS cast 110.
332. Cast 332 was done simultaneously with SUnSAS (water) cast 306 and SeaFALLS cast 111.
333. Cast 333 was done simultaneously with SUnSAS (water) cast 307 and SeaFALLS cast 112.
334. Cast 334 was done right after the afternoon station (prop wash 1.5 minutes into the cast).
335. Cast 335 was done simultaneously with LoCNESS cast 97.
336. Cast 336 was done simultaneously with LoCNESS cast 98.
337. Cast 337 was done simultaneously with SeaFALLS cast 113 and overlapping with LoCNESS cast 99.
338. Cast 338 was done simultaneously with SeaFALLS cast 114.
339. Cast 339 was done simultaneously with LoCNESS cast 100.
340. Cast 340 was done simultaneously with SUnSAS (water) cast 325 and LoCNESS cast 101.
341. Cast 341 was done simultaneously with SUnSAS (gray)  cast 326 and LoCNESS cast 102.
342. Cast 342 was done simultaneously with SUnSAS (water) cast 327 and LoCNESS cast 103.
343. Cast 343 was done simultaneously with SUnSAS (gray)  cast 328 and LoCNESS cast 104.
344. Cast 344 was done simultaneously with SUnSAS (water) cast 329.
345. Cast 345 was done simultaneously with SUnSAS (gray)  cast 330.
346. Cast 346 was done simultaneously with SUnSAS (water) cast 331 and SeaFALLS cast 115.
347. Cast 347 was done simultaneously with SUnSAS (water) cast 332 and SeaFALLS cast 116 and 
overlapping with SeaFALLS cast 117.
348. Cast 348 was done simultaneously with SUnSAS (water) cast 333 and SeaFALLS with DalBOSS cast 
118.
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349. Cast 349 was done simultaneously with SUnSAS (water) cast 334 and SeaFALLS with DalBOSS cast 
119.
350. Cast 350 was done simultaneously with SUnSAS (gray)  cast 335.
351. Cast 351 was done simultaneously with SUnSAS (water) cast 336 and SeaFALLS cast 120.
352. Cast 352 was done simultaneously with SUnSAS (gray)  cast 337 and SeaFALLS cast 121.
353. Cast 353 was done simultaneously with SeaFALLS cast 122 and LoCNESS cast 105.
354. Cast 354 was done simultaneously with SeaFALLS cast 123 and LoCNESS cast 106.
355. Cast 355 was done simultaneously with SeaFALLS cast 124 and LoCNESS cast 107.
356. Cast 356 was done simultaneously with SeaFALLS cast 125 and LoCNESS cast 108.
357. Cast 357 was done simultaneously with SeaFALLS cast 126 and LoCNESS cast 109.
358. Cast 358 was done simultaneously with SeaFALLS cast 127 and LoCNESS cast 110.
359. Cast 359 was done in isolation.
360. Cast 360 was done simultaneously with SeaFALLS cast 128 and LoCNESS cast 111.
361. Cast 361 was done simultaneously with SeaFALLS cast 129 and LoCNESS cast 112.
362. Cast 362 was done simultaneously with SeaFALLS cast 130 and LoCNESS cast 113.
363. Cast 363 was done simultaneously with SUnSAS (water) cast 338 and LoCNESS cast 114.
364. Cast 364 was done simultaneously with SUnSAS (water) cast 339 and LoCNESS cast 115.
365. Cast 365 was done simultaneously with SUnSAS (water) cast 340 and LoCNESS cast 116.
366. Cast 366 was done simultaneously with SUnSAS (water) cast 341 and LoCNESS cast 117.
367. Cast 367 was done simultaneously with SUnSAS (water) cast 342 and LoCNESS cast 118.
368. Cast 368 was done simultaneously with SUnSAS (water) cast 343.
369. Cast 369 was done simultaneously with SUnSAS (water) cast 344 and LoCNESS cast 119.
370. Cast 370 was done simultaneously with SUnSAS (water) cast 345 and LoCNESS cast 120.
371. Cast 371 was done simultaneously with SUnSAS (water) cast 346 and LoCNESS cast 121.
372. Cast 372 was done simultaneously with SUnSAS (water) cast 347 and LoCNESS cast 122.
373. Cast 373 was done simultaneously with SUnSAS (water) cast 348 and LoCNESS cast 123.
374. Cast 374 was done right after the afternoon station (prop wash 1.5 minutes into the cast).
375. Cast 375 was done simultaneously with SeaFALLS cast 131.
376. Cast 376 was done simultaneously with SeaFALLS cast 132.
377. Cast 377 was done simultaneously with SeaFALLS cast 133.
378. Cast 378 was done simultaneously with SUnSAS (water) cast 349 and SeaFALLS cast 134.
379. Cast 379 was done simultaneously with SUnSAS (water) cast 350 and SeaFALLS cast 135.
380. Cast 380 was done simultaneously with SUnSAS (water) cast 351 and SeaFALLS cast 136.
381. Cast 381 was done simultaneously with SUnSAS (water) cast 352 and SeaFALLS cast 137.
382. Cast 382 was done simultaneously with SUnSAS (water) cast 353 and SeaFALLS cast 138.
383. Cast 383 was done simultaneously with SUnSAS (water) cast 354 and SeaFALLS cast 139.
384. Cast 384 was done simultaneously with SUnSAS (water) cast 355 and SeaFALLS cast 140.
385. Cast 385 was done simultaneously with SUnSAS (water) cast 356 and SeaFALLS cast 141.
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In- and Above-Water Optics
--------------------------
For AMT-8, the total number of optical systems deployed on the JCR was as
follows:


a) The Low Cost NASA Environmental Sampling System (LoCNESS) configured with
the Three-Headed Optical Recorder (THOR) option and a surface reference,


b) The SeaWiFS Free-Falling Advanced Light Level Sensors (SeaFALLS) with
the SeaWiFS Buoyant Optical Surface Sensor (SeaBOSS) as a reference,


c) The SeaWiFS Surface Acquisition System (SeaSAS),


d) The SeaWiFS Underway Surface Acquisition System (SUnSAS),


e) The SeaWiFS Shadowband (SeaSHADE) radiometer system,


f) The Dalhousie University Buoyant Optical Surface Sensor (DalBOSS), and


g) An SQM and an SQM-II, which were set up in the Underway Instrumentation
and Control (UIC) room.


The in-water profilers were LoCNESS and SeaFALLS, SeaSAS and SUnSAS made
above-water measurements, and DalBOSS made both types of measurements. SeaSHADE
provided reference measurements for the SeaSAS and SUnSAS platforms.


The SQM-II and all of the radiometers used with the optical measurement systems,
were manufactured by Satlantic, Inc. This commonality in equipment was not
accidental; the AMT optical team decided early in the AMT Program this was the
easiest way to ensure redundacy and intercalibration. Another reason for relying
on one manufacturer was it greatly simplified calibration monitoring with the 
SQM
and SQM-II, since all the radiometers had identical outer dimensions, which 
meant
neither SQM had to be repeatedly reconfigured.


LoCNESS, SeaSAS, SUnSAS, and SeaSHADE all use 7-channel ocean color radiance
series 200 (OCR-200) sensors, as well as 7-channel ocean color irradiance series
200 (OCI-200) sensors. Both radiometers utilize 16-bit analog-to-digital (A/D)
convertors and are capable of detecting light over a four-decade range. 
SeaFALLS,
SeaBOSS, and DalBOSS are equipped with both 13-channel OCI and OCR series 1000
radiometers (OCI-1000 and OCR-1000, respectively), which employ 24-bit A/D
convertors and gain switching and are usually capable of detecting light over a
seven-decade range [the gain switching option was disabled for AMT-8, because
recent analyses (Hooker and Maritorena 1999) have shown these systems are not
performing at the level expected and the gain switching circuit is considered 
the
most likely explanation for performance degradation].


A benefit of assembling (nearly) identical equipment from the participating
investigators was the wavelengths and bandwidths (10 nm) for the different
instruments were very similar. This made it much easier to make substitutions in
the event of failures. For example, shortly after deploying on the ship, the
SeaSHADE references malfunctioned, so the LoCNESS reference was routed to the
SeaSAS and SUnSAS systems with only a partial loss in data collection (the 
diffuse
irradiance data was lost).


The LoCNESS profiler measures spectral upwelled radiance and irradiance plus
downwelled irradiance as a function of depth, $L_u(z,\lambda)$, 
$E_u(z,\lambda)$,
and $E_d(z,\lambda)$, respectively. A separate sensor measures the total solar
irradiance (the direct plus the indirect or diffuse components) just above the 
sea
surface at the same wavelengths, $E_d(0^+,\lambda)$. Internal tilt sensors
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quantify the vertical orientation ($\varphi$) of the profiler as it falls 
through
the water column. The free-fall aspects of the LoCNESS design are derived from 
the
SeaFALLS profiler which is based on a Satlantic SeaWiFS Profiling Multichannel
Radiometer (SPMR).


In the SeaFALLS design, 13-channel OCR-1000 and OCI-1000 sensors are connected 
in
line with power and telemetry modules (24-bit A/D convertors for the light
sensors) to form a 1.24 m long cylinder. The OCR-1000 is oriented as the  nose 
to
measure $L_u(z,\lambda)$, and the OCI-1000 as the tail to measure
$E_d(z,\lambda)$. The addition of weight to the nose and buoyant (foam) fins to 
a
tail bracket produces a rocket-shaped package that falls through the water 
column
with minimum tilts (originally less than 5 degrees, but the use of larger fins 
and
additional weight improved the stability to less than 2 degrees). The power and
telemetery cable extends through the field of view of the irradiance sensor, but
the small diameter of the cable (7 mm) minimizes any negative effects on the
measured light field. The addition of a conductivity and temperature (CT) probe
plus a miniature fluorometer (with counterbalancing dummy on the opposite side 
of
the profiler) provides a good description of basic water column properties.


The SeaSAS instruments measure the spectral indirect (or sky) radiance reaching
the sea surface, $L_i(0^+,\lambda)$, and the (total) radiance right above the 
sea
surface, $L_T(0^+,\lambda)$. The latter is composed of three terms: the
radiance leaving the sea surface from below (the so-called water-leaving
radiance), the direct sunlight reflecting off the surface (the so-called sun
glint), and the indirect sky light reflecting off the surface (the so-called sky
glint). SUnSAS makes the same measurements as SeaSAS, $L_i(0^+,\lambda)$ and
$L_T(0^+,\lambda)$, but the surface-viewing radiometer looks through a square
aperture that can be blocked with a calibrated gray or white plaque, so it can 
also
measure the radiance of the plaque, $L_p(0^+,\lambda)$.


SeaSHADE is composed of two separate irradiance sensors. One is used to measure 
the
total or global solar irradiance just above the sea surface, $E_d(0^+,\lambda)$,
and the other is equipped with a motorized shadowband that periodically occults
the irradiance sensors so the indirect (or diffuse) solar irradiance,
$E_i(0^+,\lambda)$, can  be measured. SeaSHADE provided all of the reference 
data
for both SeaSAS and SUnSAS during AMT-8. The other major difference between the
two systems is in the design of their frames: the SUnSAS frame is compact with
several limitations in its sampling orientations, whereas the SeaSAS frame is
large with very few restrictions in its viewing or pointing aspects.


The basic data sampling activity involved collecting data from all of the
instruments as simultaneously as possible, so hand-held radios were used
to coordinate the beginning and ending of sampling intervals. Although it would
have been preferable to have all of the instruments sampling the smallest patch 
of
water possible, space limitations and illumination constraints on the ship did 
not
permit this; there was also a desire to collect underway data, so the SUnSAS 
system
was mounted on the bow to prevent contamination of the data by the vessel's 
wake.


In addition to the above-water and in-water optical measurements, a variety of
other data were collected to help chracterize the optical properties of the JCR
transect:
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1. Seawater temperature and salinity both vertically and along track;


2. Pigment analyses using the high performance liquid chromatography (HPLC)
technique;


3. Seawater fluorescence and beam transmission both vertically and along
track;


4. Meteorological observations including cloud cover, wind speed 
and direction; and


5. Wave height and swell direction.


In addition to paying close attention to the optimal viewing capabilities of 
each
instrument system, some instruments were equipped with sensors that measured
their viewing angles. SeaSAS, for example, had an external module that measured 
the
vertical (two-axis) tilts and horizontal (compass) pointing of the radiometers
(the so-called DIR-10 unit). A second DIR-10 was not available for SUnSAS
(alhtough the frame was built to accommodate one), so the output of the SeaSAS
DIR-10 was routed to the SUnSAS acquisition computer. LoCNESS, SeaFALLS, 
SeaBOSS,
and DalBOSS were all equipped with internal sensors that measured the vertical
(two-axis) tilts of the radiometers.


References
----------
Hooker, S.B., and S. Maritorena, 1999: An Evaluation of Oceanographic Optical
Instruments and  Deployment Methodologies. J.\ Atmos. Oceanic Technol.,
(submitted).
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AMT-8 (25 April to 7 June 1999) SUnSAS Log for the Sequential Day of the Year (SDY) with all times 
reported in GMT
(SDY 129 is 9 May and SDY 156 is 5 June).


Cast           Position          Darks     Sampling       Li     Lt/Lp  CCD   Stability
 No. SDY  Longitude Latitude  Ei/Es Li/Lt  Beg.  End    Views    Views  Pic.  Li Lt Es   Sky 
Conditions Around the Sun
---- ---  --------- --------  ----- -----  ---- ----  ---------  -----  ----  -- -- --   
----------------------------------------------------------
  1  129   -25.8173 -22.2287  1334  1329   1402 1405  Sky/Cloud  Water                   Clear.
  2  129   -25.8178 -22.2280               1407 1410  Sky/Cloud  Gray                    Clear.
  3  129   -25.8182 -22.2277               1410 1413  Sky/Cloud  Water                   Clear.
  4  129   -25.8191 -22.2272               1416 1419  Sky/Cloud  Gray                    Clear.
  5  129   -25.8201 -22.2267               1420 1423  Sky/Cloud  Water                   Clear.
  6  129   -25.8211 -22.2263               1423 1426  Sky/Cloud  Gray                    Clear.
  7  130   -23.2209 -19.2100  1124  1140   1145 1148  Sky/Cloud  Water                   Clear.
  8  130   -23.2211 -19.2096               1149 1152  Sky/Cloud  Gray                    Clear.
  9  130   -23.2212 -19.2093               1153 1156  Sky/Cloud  Water                   Clear.
 10  130   -23.2216 -19.2090               1202 1205  Sky/Cloud  Gray                    Clear.
 11  130   -23.2219 -19.2084               1208 1211  Bad Data   Water                   Clear, ship
moved during the cast.
 12  130   -23.2232 -19.2062               1213 1216  Sky/Cloud  Water                   Clear.
 13  130   -23.2248 -19.2042               1218 1221  Sky        Gray   1219             Clear.
 14  130   -23.0467 -18.9903               1449 1452  Sky/Cloud  Water                   Clear.
 15  130   -23.0476 -18.9902               1454 1457  Sky        Gray                    Clear.
 16  130   -23.0484 -18.9900               1459 1502  Sky        Water                   Clear.
 17  130   -23.0491 -18.9898               1503 1506  Sky        Gray                    Clear.
 18  130   -23.0508 -18.9891               1513 1516  Sky        Water                   Clear.
 19  130   -23.0514 -18.9889               1517 1520  Sky        Gray   1539             Clear.
 20  131   -20.3960 -15.8576  1151  1442   1500 1503  Sky        Water  1436             Clear.
 21  131   -20.3965 -15.8568               1504 1507  Sky        Gray                    Clear.
 22  131   -20.3995 -15.8540               1526 1529  Sky        Water                   Clear.
 23  131   -20.4001 -15.8536               1531 1534  Sky        Gray                    Clear, 
cloud at end of the cast.
 24  131   -20.4010 -15.8527               1538 1541  Sky        Water                   Clear.
 25  131   -20.4014 -15.8523               1542 1545  Sky/Cloud  Gray                    Clear.
 26  132   -18.1270 -13.1682  1000  1000   1055 1058  Sky/Cloud  Water                   Clear.
 27  132   -18.1273 -13.1679               1059 1102  Sky        Gray                    Clear.
 28  132   -18.1283 -13.1661               1105 1108  Sky        Water                   Clear.
 29  132   -18.1294 -13.1648               1109 1112  Sky        Gray   1110             Clear.
 30  132   -18.1337 -13.1615               1124 1127  Sky/Cloud  Water                   Clear.
 31  132   -18.1355 -13.1604               1131 1134  Sky/Cloud  Gray                    Clear.
 32  133   -15.4025  -9.8587  0954  0954   1042 1045  Sky        Water                   Clear, 
cloud at end of the cast.
 33  133   -15.4032  -9.8588               1047 1050  Sky/Cloud  Gray                    Clear at 
first, cloudy at end of the cast.
 34  133   -15.4042  -9.8585               1053 1056  Sky/Cloud  Water                   Clear, 
cloud edge at end of the cast.
 35  133   -15.4049  -9.8582               1057 1100  Sky        Gray   1058             Clear, 
small cloud edge at end of the cast.
 36  133   -15.4065  -9.8574               1104 1107  Sky        Water                   Clear.
 37  133   -15.4076  -9.8564               1108 1111  Sky        Gray                    Clear, 
small cloud in the middle of the cast.
 38* 133   -15.2313  -9.5920        1342   1345 1348  Sky/Cloud  Water                   Clear.
 39* 133   -15.2339  -9.5871               1349 1352  Sky/Cloud  Gray                    Clear.
 40* 133   -15.2370  -9.5678               1402 1405  Sky        Water                   Clear.
 41* 133   -15.2394  -9.5643               1405 1408  Sky        Gray                    Clear.
 42* 133   -15.2427  -9.5594               1409 1412  Sky        Water                   Clear.
 43* 133   -15.2452  -9.5557               1412 1415  Sky        Gray                    Clear.
 44  139   -15.5310  -4.1195  1012  1012   1039 1042  Cloud      Water                   Clear with 
high haze.
 45  139   -15.5314  -4.1197               1043 1046  Cloud      Water                   Clear with 
high haze and some small clouds.
 46  139   -15.5310  -4.1208               1050 1053  Sky/Cloud  Water                   Clear with 
high haze and cloud edges at start.
 47  139   -15.5308  -4.1209               1054 1057  Sky/Cloud  Water                   Clear with 
high haze.
 48  139   -15.5309  -4.1210               1058 1101  Cloud      Water  1102             Clear with 
high haze.
 49  140   -16.7068  -0.0724  0950  1104   1109 1111  Sky/Cloud  Water  1118             Thin high 
cumulus clouds; cloud at the end of cast.
 50  140   -16.7995   0.2318               1311 1314  Sky        Water                   Thin high 
cirrus clouds.
 51  140   -16.7995   0.2328               1315 1318  Sky        Gray   1319             Thin high 
cirrus clouds.
 52  140   -16.7998   0.2348               1322 1325  Sky        Water                   Thin high 
cirrus clouds; cloud at the end of the cast.
 53  140   -16.8000   0.2360               1326 1329  Sky/Cloud  Gray                    Thin high 
cirrus clouds; cloud at the end of the cast.
 54  141   -17.8834   3.8994  0946  0946   1037 1040  Sky/Cloud  Water                   Thin high 
cirrus clouds.
 55  141   -17.8834   3.8996               1041 1044  Sky        Gray                    Thin high 
cirrus clouds.
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 56  141   -17.8833   3.9001               1047 1050  Sky/Cloud  Water                   Thin high 
cirrus clouds.
 57  141   -17.8833   3.9003               1051 1054  Sky/Haze   Gray                    Thin high 
cirrus clouds.
 58  141   -17.8835   3.9006               1055 1058  Sky        Water                   Thin high 
cirrus clouds.
 59  141   -17.8836   3.9012               1059 1102  Sky/Cloud  Gray                    Thin high 
cirrus clouds.
 60  141   -17.8839   3.9022               1108 1111  Sky/Cloud  Water  1108             Cloudy with
brightening in the middle of the cast.
 61# 141   -17.8839   3.9026               1115 1118  Sky        Water                   Thin high 
cirrus clouds.
 62# 141   -17.8838   3.9027               1118 1121  Sky        Water                   Thin high 
cirrus clouds.
 63# 141   -17.8838   3.9028               1121 1124  Sky        Water                   Thin high 
cirrus clouds.
 64# 141   -17.8838   3.9030               1125 1128  Sky        Water                   Thin high 
cirrus clouds.
 65# 141   -17.8837   3.9032               1129 1132  Sky        Water                   Thin high 
cirrus clouds.
 66# 141   -17.8837   3.9034               1132 1135  Sky/Cloud  Water                   Thin high 
cirrus clouds.
 67# 141   -17.8837   3.9038               1136 1139  Sky/Cloud  Water                   Thin high 
cirrus clouds.
 68# 141   -18.0119   4.3128               1403 1406  Sky/Haze   Water                   Thin high 
cirrus clouds.
 69# 141   -18.0121   4.3126               1406 1409  Sky/Haze   Water                   Thin high 
cirrus clouds.
 70# 141   -18.0124   4.3126               1409 1412  Sky/Haze   Water                   Thin high 
cirrus clouds.
 71# 141   -18.0128   4.3125               1413 1416  Sky/Haze   Water                   Thin high 
cirrus clouds.
 72# 141   -18.0133   4.3123               1417 1420  Sky/Haze   Water                   Thin high 
cirrus clouds.
 73# 141   -18.0137   4.3121               1420 1423  Sky/Haze   Water                   Thin high 
cirrus clouds.
 74# 141   -18.0143   4.3119               1424 1427  Sky/Haze   Water                   Thin high 
cirrus clouds.
 75# 141   -18.0148   4.3116               1428 1431  Sky/Haze   Water                   Thin high 
cirrus clouds.
 76# 141   -18.0152   4.3114               1432 1435  Sky/Haze   Water  1433             Thin high 
cirrus clouds.
 77# 141   -18.0152   4.3110               1436 1439  Sky/Haze   Water                   Thin high 
cirrus clouds.
 78* 141   -18.0188   4.3112               1446 1449  Sky/Cloud  Water                   Thin high 
cirrus clouds.
 79* 141   -18.0242   4.3126               1450 1453  Sky/Cloud  Water                   Thin high 
cirrus clouds.
 80* 141   -18.0324   4.3148               1456 1459  Sky/Cloud  Water                   Thin high 
cirrus clouds.
 81  142   -18.9875   7.6207  0947  0947   1038 1041  Sky/Haze   Water                   Clear with 
high haze.
 82  142   -18.9871   7.6209               1042 1045  Sky/Cloud  Gray                    Clear with 
high haze.
 83  142   -18.9870   7.6210               1046 1049  Sky/Cloud  Water                   Clear with 
high haze; cloud edge at end of the cast.
 84  142   -18.9870   7.6210               1049 1052  Sky/Haze   Gray                    Clear with 
high haze.
 85  142   -18.9868   7.6210               1053 1056  Sky/Cloud  Water  1054             Clear with 
high haze.
 86  142   -18.9864   7.6211               1056 1059  Sky/Cloud  Gray                    Clear with 
high haze.
 87# 142   -18.9856   7.6216               1103 1106  Sky        Water                   Clear with 
high haze.
 88# 142   -18.9855   7.6219               1107 1110  Sky/Haze   Water                   Clear with 
high haze.
 89# 142   -18.9853   7.6220               1110 1113  Sky/Haze   Water                   Clear with 
high haze.
 90# 142   -18.9853   7.6220               1113 1116  Sky/Haze   Water                   Clear with 
high haze.
 91# 142   -18.9852   7.6222               1118 1121  Sky/Haze   Water                   Clear with 
high haze.
 92# 142   -18.9850   7.6222               1121 1124  Haze/Cloud Water                   Clear with 
high haze.
 93# 142   -18.9848   7.6222               1124 1127  Sky        Water                   Clear with 
high haze.
 94  142   -19.0524   7.8400               1250 1253  Haze/Cloud Water                   Clear with 
high haze.
 95  142   -19.0516   7.8409               1254 1257  Haze/Cloud Gray                    Clear with 
high haze.
 96  142   -19.0510   7.8413               1257 1300  Haze/Cloud Water                   Clear with 
high haze.
 97  142   -19.0500   7.8419               1301 1304  Haze/Cloud Gray                    Clear with 
high haze.
 98  142   -19.0493   7.8421               1304 1307  Sky/Haze   Water                   Clear with 
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high haze.
 99  142   -19.0483   7.8426               1308 1311  Sky/Haze   Gray   1308             Clear with 
high haze.
100$ 142   -19.0459   7.8440               1318 1321  Sky/Haze   Water                   Clear with 
high haze.
101$ 142   -19.0448   7.8442               1322 1325  Sky/Haze   Water                   Clear with 
high haze.
102$ 142   -19.0437   7.8445               1326 1329  Sky/Haze   Water                   Clear with 
high haze.
103$ 142   -19.0425   7.8448               1330 1333  Sky/Haze   Water                   Clear with 
high haze.
104$ 142   -19.0416   7.8450               1334 1337  Sky/Haze   Water                   Clear with 
high haze.
105$ 142   -19.0413   7.8453               1338 1341  Sky/Haze   Water                   Clear with 
high haze.
106$ 142   -19.0415   7.8454               1342 1345  Haze/Cloud Water                   Clear with 
high haze.
107  143   -20.1479  11.5645  0954  0954   1042 1045  Sky/Haze   Water                   Clear with 
high haze.
108  143   -20.1476  11.5646               1045 1048  Haze/Cloud Gray                    Clear with 
high haze.
109* 143   -20.2542  11.8745               1302 1305  Sky/Cloud  Water                   Clear with 
high haze; cloudy at the end of the cast.
110* 143   -20.2526  11.8839               1309 1312  Sky/Cloud  Water                   Clear with 
high haze; cloud edges in middle of cast.
111* 143   -20.2515  11.8907               1314 1317  Sky/Cloud  Water                   Clear with 
high haze; cloud edges in middle of cast.
112* 143   -20.2559  11.9078               1324 1327  Sky/Cloud  Water                   Clear with 
high haze at start; cloudy to end of cast.
113  143   -20.2589  11.9183               1352 1355  Sky/Cloud  Water                   Clear with 
high haze; cloud edges at end of cast.
114  143   -20.2593  11.9178               1405 1408  Haze/Cloud Water                   Cloud edges
for the entire cast.
115  143   -20.2595  11.9177               1410 1413  Sky/Haze   Water                   Clear with 
high haze.
116  143   -20.2597  11.9175               1413 1416  Haze/Cloud Gray   1415             Clear with 
high haze.
117  143   -20.2598  11.9171               1418 1421  Sky/Haze   Water                   Clear with 
high haze.
118  143   -20.2601  11.9170               1422 1425  Haze/Cloud Gray                    Clear with 
high haze.
119  144   -20.9986  15.1502  1001  1001   1053 1056  Sky/Haze   Water                   Clear with 
high haze.
120  144   -20.9984  15.1502               1056 1059  Sky/Haze   Gray                    Clear with 
high haze.
121  144   -20.9986  15.1501               1101 1104  Sky/Haze   Water                   Clear with 
high haze.
122  144   -20.9986  15.1501               1104 1107  Sky/Haze   Gray                    Clear with 
high haze.
123  144   -20.9984  15.1502               1107 1110  Sky/Haze   Water  1109             Clear with 
high haze.
124  144   -20.9980  15.1503               1111 1114  Sky/Haze   Gray                    Clear with 
high haze.
125  144   -20.9979  15.1502               1115 1118  Sky/Haze   Water                   Clear with 
high haze.
126  144   -20.9978  15.1501               1118 1121  Sky/Haze   Gray                    Clear with 
high haze.
127  144   -20.9977  15.1501               1122 1125  Sky/Haze   Water                   Clear with 
high haze.
128  144   -20.9977  15.1496               1126 1129  Sky/Haze   Gray                    Clear with 
high haze.
129# 144   -20.9997  15.1502               1231 1234  Sky/Haze   Water                   Clear with 
high haze.
130# 144   -20.9994  15.1507               1234 1237  Sky/Haze   Water                   Clear with 
high haze.
131# 144   -20.9996  15.1513               1238 1241  Sky/Haze   Water                   Clear with 
high haze.
132# 144   -20.9997  15.1515               1242 1245  Sky/Haze   Water                   Clear with 
high haze.
133# 144   -20.9996  15.1514               1246 1249  Sky/Haze   Water                   Clear with 
high haze.
134# 144   -20.9994  15.1510               1249 1252  Sky/Haze   Water                   Clear with 
high haze.
135# 144   -20.9992  15.1510               1253 1256  Sky/Haze   Water  1254             Clear with 
high haze.
136  144   -20.9999  15.1511               1337 1340  Sky/Haze   Water                   Clear with 
high haze.
137  144   -21.0001  15.1510               1340 1343  Sky/Haze   Water                   Clear with 
high haze.
138  144   -21.0003  15.1511               1343 1346  Sky/Haze   Water                   Clear with 
high haze.
139  144   -21.0006  15.1510               1347 1350  Sky/Haze   Water                   Clear with 
high haze.
140* 144   -21.0008  15.1546               1354 1357  Sky/Haze   Water                   Clear with 
high haze.
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141* 144   -21.0006  15.1601               1358 1401  Sky/Haze   Water                   Clear with 
high haze.
142* 144   -21.0004  15.1642               1401 1404  Sky/Haze   Water                   Clear with 
high haze.
143  145   -20.9996  18.8022  0945  0945   1035 1038  Sky/Cloud  Water                   Cloudy.
144  145   -20.9992  18.8024               1039 1042  Cloud      Gray                    Cloudy with
brightening.
145  145   -20.9991  18.8026               1043 1046  Cloud      White                   Cloudy.
146  145   -20.9989  18.8025               1047 1050  Sky/Cloud  Water  1051             Cloudy with
brightening.
147  145   -20.9982  18.8039               1059 1102  Sky/Cloud  Water                   Clear then 
cloudy.
148  145   -20.9979  18.8046               1103 1105  Sky/Cloud  Water                   Clear, 
cloudy, clear, and then cloudy.
149  145   -20.9973  18.8057               1113 1116  Sky/Cloud  Water                   Clear and 
cloudy.
150  145   -20.9970  18.8066               1117 1120  Sky/Cloud  Water                   Clear then 
cloudy.
151  145   -20.9970  19.3093               1407 1410  Cloud      Water                   Cloudy with
a little brightening.
152  145   -20.9966  19.3099               1410 1413  Cloud      Gray                    Cloudy with
brightening.
153  145   -20.9955  19.3107               1422 1425  Cloud      Water  1427             Clear then 
cloudy.
154  145   -20.9943  19.3124               1428 1431  Cloud      Water                   Clear with 
some brightening.
155  145   -20.9940  19.3129               1432 1435  Cloud      Gray                    Cloudy with
a little brightening.
156  145   -20.9938  19.3133               1436 1439  Cloud      Water                   Cloudy with
a little brightening.
157  145   -20.9935  19.3136               1440 1443  Sky/Cloud  Gray                    Cloudy then
brightening at the end of the cast.
158  145   -20.9918  19.3154               1449 1452  Sky        Water                   Clear then 
cloudy towards the end of the cast.
159  146   -21.0071  22.9116  0954  0954   1044 1047  Sky/Cloud  Water                   Clear with 
thin cirrus; cloud at the end of the cast.
160  146   -21.0075  22.9122               1058 1101  Sky/Cloud  Water                   Clear with 
thin cirrus.
161  146   -21.0077  22.9122               1101 1104  Sky/Cloud  Gray    1103            Clear with 
thin cirrus.
162  146   -21.0079  22.9124               1106 1109  Sky/Cloud  Water                   Clear with 
thin cirrus; cloud edge in the middle.
163  146   -21.0080  22.9127               1111 1114  Sky/Cloud  Gray                    Clear with 
thin cirrus; cloud edge at the end.
164  146   -21.0081  22.9129               1114 1117  Sky/Cloud  Water                   Clear with 
thin cirrus.
165  146   -21.0684  23.2770               1332 1335  Sky        Water                   Clear.
166  146   -21.0711  23.2756               1338 1341  Sky        Water  1346             Clear.
167  146   -21.0735  23.2741               1349 1352  Sky/Cloud  Water                   Clear.
168  146   -21.0748  23.2733               1353 1356  Sky/Cloud  Gray                    Clear.
169  146   -21.0759  23.2726               1356 1359  Sky/Cloud  Water                   Clear.
170  146   -21.0776  23.2717               1400 1403  Sky        Gray                    Clear.
171* 146   -21.0860  23.2701               1409 1412  Sky        Water                   Clear.
172* 146   -21.0924  23.2699               1412 1415  Sky        Water                   Clear.
173* 146   -21.0987  23.2697               1415 1418  Sky        Water                   Clear.
174* 146   -21.1116  23.2696               1422 1425  Sky        Water                   Clear.
175* 146   -21.1176  23.2694               1426 1429  Sky        Water                   Clear.
176* 146   -21.1221  23.2693               1429 1432  Sky        Water                   Clear.
177* 146   -21.1423  23.2707               1438 1441  Sky        Water                   Clear.
178* 146   -21.1504  23.2714               1441 1444  Sky        Water                   Clear.
179* 146   -21.1585  23.2722               1444 1447  Sky        Water                   Clear.
180* 146   -21.1760  23.2740               1450 1453  Sky        Water                   Clear.
181* 146   -21.1858  23.2751               1453 1456  Sky        Water                   Clear.
182* 146   -21.1990  23.2767               1457 1500  Sky/Cloud  Water                   Clear, 
small cloud edges at the end of the cast.
183% 147   -21.8032  26.6580  1006  1006   1015 1018  Sky        Water                   Clear.
184% 147   -21.8046  26.6671               1018 1021  Sky        Water                   Clear.
185% 147   -21.8060  26.6761               1021 1024  Sky        Water                   Clear.
186  147   -21.8057  26.6931               1045 1048  Sky        Water                   Clear.
187  147   -21.8050  26.6935               1049 1052  Sky        Gray                    Clear.
188  147   -21.8046  26.6939               1053 1056  Sky        Water                   Clear, 
cloud edge at the end of the cast.
189  147   -21.8042  26.6939               1057 1100  Sky        Gray   1058             Clear.
190  147   -21.8032  26.6942               1103 1106  Sky/Cloud  Water                   Clear.
191  147   -21.8021  26.6951               1112 1115  Sky        Water                   Clear.
192% 147   -21.8588  27.0176               1312 1315  Sky        Water                   Clear with 
thin cirrus.
193% 147   -21.8612  27.0296               1316 1319  Sky        Water                   Clear with 
thin cirrus.
194% 147   -21.8630  27.0386               1319 1322  Sky        Water                   Clear with 
thin cirrus.
195  147   -21.8720  27.0508               1338 1341  Sky/Cloud  Water                   Clear with 
thin cirrus.
196  147   -21.8725  27.0507               1342 1345  Sky/Cloud  Gray                    Clear with 
thin cirrus.
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197  147   -21.8741  27.0505               1349 1352  Sky/Cloud  Water                   Clear with 
thin cirrus.
198  147   -21.8749  27.0505               1352 1355  Sky/Cloud  Gray   1354             Clear with 
thin cirrus.
199@ 147   -21.8758  27.0505               1404 1407  Sky/Cloud  Water                   Clear with 
thin cirrus.
200@ 147   -21.8762  27.0505               1409 1412  Sky/Cloud  Water                   Clear with 
thin cirrus.
201@ 147   -21.8772  27.0505               1414 1417  Sky/Cloud  Water                   Clear with 
thin cirrus.
202@ 147   -21.8813  27.0504               1425 1428  Sky/Cloud  Water                   Clear with 
thin cirrus.
203@ 147   -21.8824  27.0504               1428 1431  Sky/Cloud  Water                   Clear with 
thin cirrus.
204@ 147   -21.8835  27.0504               1432 1435  Sky/Cloud  Water                   Clear with 
thin cirrus.
205  147   -21.8860  27.0503               1442 1445  Sky/Cloud  Water                   Clear with 
thin cirrus.
206% 148   -21.5705  30.4339  0955  0955   1002 1005  Cloud      Water                   Overcast.
207% 148   -21.5705  30.4339               1002 1005  Cloud      Water                   Overcast.
208% 148   -21.5705  30.4339               1002 1005  Cloud      Water                   Overcast.
209  148   -21.5607  30.4764               1033 1036  Cloud      Water                   Overcast 
with slow brightening.
210  148   -21.5608  30.4768               1037 1040  Cloud      Gray                    Overcast 
with some brightening.
211  148   -21.5606  30.4769               1041 1044  Cloud      White                   Overcast 
with a little brightening.
212  148   -21.5608  30.4776               1046 1049  Cloud      Water                   Overcast 
with brightening.
213  148   -21.5605  30.4781               1050 1053  Cloud      Gray   1051             Overcast.
214  148   -21.5601  30.4805               1101 1104  Cloud      White                   Overcast.
215  148   -21.5602  30.4812               1104 1107  Cloud      Water                   Overcast.
216  148   -21.5602  30.4820               1108 1111  Cloud      White                   Overcast.
217  148   -21.5601  30.4826               1112 1115  Cloud      Gray                    Overcast.
218* 148   -21.5586  30.4963               1124 1127  Cloud      Water                   Overcast.
219* 148   -21.5579  30.5039               1127 1130  Cloud      Water                   Overcast.
220* 148   -21.5570  30.5140               1131 1134  Cloud      Water                   Overcast 
with brightening.
221* 148   -21.5005  30.9293               1350 1353  Cloud      Water                   Overcast 
with darkening.
222* 148   -21.4995  30.9351               1353 1356  Cloud      Water                   Overcast 
with darkening.
223* 148   -21.4984  30.9409               1356 1359  Cloud      Water                   Overcast.
224* 148   -21.4971  30.9486               1400 1403  Cloud      Water  1407             Overcast.
225  148   -21.4981  30.9547               1409 1412  Cloud      Water                   Overcast.
226  148   -21.4992  30.9544               1414 1417  Cloud      Gray                    Overcast 
with brightening.
227  148   -21.4998  30.9542               1418 1421  Cloud      Water                   Overcast 
with brightening at the end of the cast.
228  148   -21.5003  30.9540               1421 1424  Cloud      Gray                    Overcast 
with slow brightening.
229  148   -21.5008  30.9538               1425 1428  Cloud      Water                   Overcast 
with slow brightening.
230  148   -21.5013  30.9535               1429 1432  Cloud      Gray                    Overcast 
with darkening.
231* 148   -21.5086  30.9531               1439 1442  Cloud      Water                   Overcast.
232* 148   -21.5135  30.9531               1442 1445  Cloud      Water                   Overcast.
233* 148   -21.5199  30.9530               1446 1449  Cloud      Water                   Overcast.
234% 148   -21.5273  30.9661               1455 1458  Cloud      Water                   Overcast 
with some brightening.
235% 148   -21.5256  30.9781               1459 1502  Cloud      Water                   Overcast 
with brightening at the end of the cast.
236  149   -20.7876  34.3650  1010  1010   1050 1053  Sky        Water                   Clear.
237  149   -20.7877  34.3643               1054 1057  Sky        Gray   1055             Clear.
238  149   -20.7873  34.3635               1100 1103  Sky        Water                   Clear, 
cloud edge in the middle of the cast.
239  149   -20.7877  34.3634               1104 1107  Sky        Gray                    Clear.
240  149   -20.7883  34.3630               1112 1115  Sky        Water                   Clear, 
cloud in the middle of the cast.
241  149   -20.7886  34.3629               1115 1118  Sky/Cloud  Gray                    Clear, 
cloud at the end of the cast.
242% 149   -20.6996  34.5362               1247 1250  Sky/Cloud  Water                   Clear.
243% 149   -20.6971  34.5399               1250 1253  Sky/Cloud  Water                   Clear, 
cloud edges in the middle and the end.
244% 149   -20.6940  34.5448               1254 1257  Sky        Water                   Overcast 
with brightening and then clear.
245  149   -20.6917  34.5497               1305 1308  Sky/Cloud  Water  1313             Clear, 
cloud edges in the middle of the cast.
246  149   -20.6922  34.5504               1314 1317  Sky        Water                   Clear, 
cloud in the middle of the cast.
247  149   -20.6923  34.5503               1320 1323  Sky/Cloud  Water                   Clear.
248  149   -20.6924  34.5503               1326 1329  Sky        Water                   Clear.
249  149   -20.6924  34.5502               1330 1333  Sky        Water                   Clear, 
cloud in the middle of the cast.
250  150   -20.0143  38.1779  1010  1010   1034 1037  Water      Water                   Clear.
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251  150   -20.0148  38.1773               1038 1041  Sky/Cloud  Gray   1039             Clear, 
small cloud in the middle of the cast.
252  150   -20.0163  38.1753               1053 1056  Sky/Cloud  Water                   Clear.
253  150   -20.0165  38.1747               1056 1059  Cloud      Water                   Clear.
254  150   -20.0177  38.1742               1103 1106  Cloud      Water                   Overcast 
with light rain.
255  150   -20.0042  38.6417               1405 1408  Sky        Water                   Overcast 
with slow brightening.
256  150   -20.0048  38.6418               1408 1411  Sky        Gray                    Overcast 
with slow brightening.
257  150   -20.0061  38.6424               1413 1416  Sky        Gray   1419             Overcast 
with slow brightening.
258  150   -20.0071  38.6435               1425 1428  Sky        Water                   Clear with 
thin cumulus.
259  150   -20.0072  38.6438               1429 1432  Sky        Gray                    Clear with 
thin cumulus.
260  150   -20.0075  38.6442               1434 1437  Sky        Water                   Clear with 
thin cumulus.
261  150   -20.0084  38.6452               1438 1441  Sky        Gray                    Clear with 
thin cumulus.
262% 150   -20.0142  38.6506               1450 1453  Sky/Cloud  Water                   Cloudy then
clear.
263% 150   -20.0196  38.6544               1454 1457  Sky        Water                   Clear.
264% 150   -20.0235  38.6572               1457 1500  Sky        Water                   Clear, 
small clouds in the middle of the cast.
265  151   -20.0001  42.0019  1011  1011   1042 1045  Cloud      Water                   Overcast.
266  151   -20.0000  42.0021               1045 1048  Cloud      Water                   Overcast.
267  151   -20.0000  42.0026               1049 1052  Cloud      White  1051             Overcast 
with slow brightening.
268  151   -20.0000  42.0026               1049 1052  Cloud      Gray                    Overcast 
with slow brightening.
269  151   -19.9962  42.0076               1121 1124  Sky/Cloud  Water                   Clear then 
cloudy.
270  151   -20.0079  42.2642               1304 1307  Sky        Water                   Clear, very
small cloud at the end of the cast.
271  151   -20.0076  42.2643               1308 1311  Sky        Gray   1309             Clear.
272  151   -20.0064  42.2664               1315 1318  Sky        Water                   Clear, 
small cloud in the middle of the cast.
273  151   -20.0058  42.2672               1318 1321  Sky        Gray                    Clear.
274% 152   -19.9863  45.9088  0940  0940   0949 0952  Sky/Cloud  Water                   Clear.
275% 152   -19.9826  45.9177               0952 0955  Sky/Cloud  Water                   Clear.
276% 152   -19.9789  45.9266               0955 0958  Sky/Cloud  Water                   Clear with 
very thin cirrus.
277  152   -19.9783  45.9438               1014 1017  Sky/Cloud  Water                   Clear with 
thin cirrus.
278  152   -19.9784  45.9437               1018 1021  Sky/Cloud  Gray                    Clear with 
thin cirrus.
279  152   -19.9788  45.9440               1024 1027  Sky        Water  1025             Clear with 
thin cirrus.
280  152   -19.9794  45.9442               1028 1031  Sky        Gray                    Clear with 
thin cirrus.
281  152   -19.9798  45.9445               1031 1034  Sky/Cloud  Water                   Clear with 
thin cirrus.
282  152   -19.9800  45.9450               1035 1038  Sky/Cloud  Gray                    Clear with 
thin cirrus.
283  152   -19.9803  45.9453               1039 1042  Sky/Cloud  Water                   Clear with 
thin cirrus.
284  152   -19.9812  45.9459               1045 1048  Sky/Cloud  Water                   Clear with 
thin cirrus.
285  152   -19.9818  45.9463               1054 1057  Sky/Cloud  Water                   Clear with 
thin cirrus (a litle prop wash early in cast).
286  152   -19.9814  45.9470               1058 1101  Sky/Cloud  Water                   Clear with 
thin cirrus (prop wash at the end of the cast).
287  152   -20.0039  46.3760               1333 1336  Sky/Cloud  Water                   Clear with 
thin cirrus.
288  152   -20.0036  46.3752               1336 1339  Sky/Cloud  Gray   1338             Clear with 
cirrus.
289  152   -20.0030  46.3740               1342 1345  Sky/Cloud  Water                   Clear with 
cirrus.
290  152   -20.0025  46.3727               1348 1351  Sky/Cloud  Water                   Cirrus and 
thin cumulus.
291  152   -20.0027  46.3709               1355 1358  Cloud      Water                   Cloudy with
brightening.
292% 153   -15.7106  47.4500  1000  1000   1013 1016  Cloud      Water                   Overcast.
293% 153   -15.6973  47.4516               1016 1019  Cloud      Water                   Overcast 
with brightening at the end of the cast.
294% 153   -15.6749  47.4544               1021 1024  Cloud      Water                   Overcast.
295  153   -15.6636  47.4542               1038 1041  Cloud      Water                   Overcast 
with slow brightening.
296  153   -15.6645  47.4546               1043 1046  Cloud      Gray   1045             Overcast 
with some brightening.
297  153   -15.6653  47.4552               1049 1052  Cloud      Water                   Overcast.
298  153   -15.6660  47.4555               1053 1056  Cloud      White                   Overcast.
299  153   -15.6665  47.4558               1056 1059  Cloud      Gray                    Overcast.
300  153   -15.6671  47.4561               1100 1103  Cloud      Water                   Overcast.
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301  153   -15.6678  47.4563               1103 1106  Cloud      White                   Overcast.
302  153   -15.6686  47.4566               1107 1110  Cloud      Gray                    Overcast.
303  153   -15.6691  47.4569               1110 1113  Cloud      Water                   Overcast 
with slow brightening.
304  153   -15.6697  47.4572               1114 1117  Cloud      Water                   Overcast.
305  153   -14.7766  47.5429               1524 1527  Cloud      Water                   Cloudy, 
bright, cloudy, bright, and then cloudy.
306  153   -14.7784  47.5429               1535 1535  Cloud      Water                   Cloudy.
307  153   -14.7801  47.5427               1541 1544  Cloud      Water                   Cloudy.
308& 154    -9.9580  48.0692  0909  0909   0914 0917  Sky        Gray1                   Clear.
309& 154    -9.9430  48.0728               0919 0922  Sky        White1                  Clear.
310& 154    -9.9255  48.0772               0923 0926  Sky        Gray1                   Clear.
311& 154    -9.9079  48.0818               0927 0930  Sky        White1                  Clear, 
small cloud edges in the middle of the cast.
312& 154    -9.8947  48.0855               0930 0933  Sky        Gray1                   Clear.
313& 154    -9.8773  48.0903               0934 0937  Sky        White1                  Clear.
314& 154    -9.8600  48.0949               0938 0941  Sky        Gray1                   Clear.
315& 154    -9.8466  48.0983               0941 0944  Sky        White1                  Clear.
316& 154    -9.8158  48.1063               0948 0951  Sky        Water                   Clear.
317& 154    -9.8023  48.1098               0951 0954  Sky        Gray                    Clear.
318& 154    -9.7844  48.1145               0955 0958  Sky        White                   Clear.
319& 154    -9.7669  48.1191               0959 1002  Sky        Water                   Clear.
320& 154    -9.7537  48.1226               1002 1005  Sky        Gray                    Clear.
321& 154    -9.7360  48.1273               1006 1009  Sky        White                   Clear.
322& 154    -9.7229  48.1308               1009 1012  Sky        Water                   Clear.
323& 154    -9.7052  48.1356               1013 1016  Sky        Gray                    Clear.
324& 154    -9.6925  48.1391               1016 1019  Sky        White                   Clear.
325  154    -9.4098  48.2132               1249 1252  Sky        Water                   Clear.
326  154    -9.4120  48.2132               1252 1255  Sky        Gray   1255             Clear.
327  154    -9.4147  48.2127               1258 1301  Sky/Cloud  Water                   Clear.
328  154    -9.4156  48.2125               1301 1304  Sky        Gray                    Clear.
329  154    -9.4165  48.2120               1305 1308  Sky        Water                   Clear.
330  154    -9.4181  48.2118               1309 1312  Sky/Cloud  Gray                    Clear.
331  154    -9.4233  48.2121               1325 1328  Sky/Cloud  Water                   Clear, 
cloud at the end of the cast.
332  154    -9.4270  48.2122               1334 1337  Sky/Cloud  Water                   Clear, 
cloud at the end of the cast.
333  154    -9.4284  48.2121               1337 1340  Sky        Water                   Clear.
334  154    -9.4303  48.2123               1342 1345  Sky        Water                   Clear.
335  154    -9.4310  48.2122               1345 1348  Sky        Gray                    Clear, 
small cloud edge in the middle of the cast.
336  154    -9.4335  48.2115               1352 1355  Sky        Water                   Clear.
337  154    -9.4347  48.2113               1356 1359  Sky/Cloud  Gray                    Clear.
338! 155    -9.2503  48.9774  1021  1048   1052 1055  Cloud      Water                   Cirrus, 
cloud edges at the end of the cast.
339! 155    -9.2506  48.9760               1059 1102  Cloud      Water  1105             Cirrus, 
cloud edges in the middle of the cast.
340! 155    -9.2509  48.9749               1105 1108  Cloud      Water                   Cirrus, 
cloud at the end of the cast.
341! 155    -9.2531  48.9720               1116 1119  Cloud      Water                   Cirrus.
342! 155    -9.2534  48.9709               1120 1123  Cloud      Water                   Cirrus with
a little brightening.
343! 155    -9.2539  48.9702               1123 1126  Cloud      Water                   Cirrus with
a little darkening.
344! 155    -9.1805  48.9836               1254 1257  Cloud      Water                   Overcast.
345! 155    -9.1830  48.9833               1307 1309  Cloud      Water  1310             Overcast 
with brightening.
346! 155    -9.1848  48.9831               1311 1314  Cloud      Water                   Overcast 
with darkening.
347! 155    -9.1860  48.9832               1315 1317  Cloud      Water                   Overcast.
348! 155    -9.1890  48.9824               1321 1322  Cloud      Water                   Overcast (a
very small amount of rain).
349  156    -4.4464  49.7001  0913  0913   0935 0938  Sky/Cloud  Water                   Overcast.
350  156    -4.4443  49.6993               0939 0942  Sky/Cloud  Water                   Overcast.
351  156    -4.4428  49.6989               0942 0945  Sky/Cloud  Water  0945             Overcast.
352  156    -4.4344  49.6973               1004 1004  Sky/Cloud  Water                   Clear, 
cloud in the middle of the cast.
353  156    -4.4326  49.6966               1008 1011  Sky/Cloud  Water                   Clear, 
cloud at the end of the cast.
354  156    -4.4299  49.6955               1016 1019  Cloud      Water                   Clear, 
cloud in the middle and end of the cast.
355  156    -4.4286  49.6950               1022 1022  Cloud      Water                   Overcast 
with brightening.
356  156    -4.4259  49.6940               1030 1030  Cloud      Water                   Overcast 
with darkening.


Notes:
----------------------------------------------------------------------------------------------------
-----------------------------------------------
  0. The Es sensor is OCM-035 and the Ei sensor is OCM-095 on MVD-013 (MVD013L.CAL).
     The Li sensor is OCT-068 on OCP-009 (OCP009I.CAL) and the Lt sensor is OCT-028 on MVD-012 
(MVD-012J.CAL).
     The directional data is being provided by SeaSAS: DIR-001 on OCP-019 (OCP019F.CAL). Add 40 
degrees to measured angle to
     get the nadir viewing angle.
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     The base of the SUnSAS pedastal is approximately 9.5-9.7 m above the water.
     * indicates SeaSAS and SUnSAS underway experiments.
     % indicates SUnSAS underway experiments.
     & indicates SUnSAS underway experiments with OCT-069 (Li sensor) in place of OCT-028 (Lp/Lt 
sensor) with split viewing.
     # indicates SeaSAS nadir- and zenith-viewing angle experiments.
     @ indicates SeaSAS and SUnSAS nadir- and zenith-viewing angle experiments.
     $ indicates SeaSAS nadir pointing experiments.
     & indicates SUnSAS underway experiments with OCT-069 (Li sensor) in place of OCT-028 (Lp/Lt 
sensor).
     ! indicates sampling in a coccolithophore bloom.
     White1 indicates sea- then (white) plaque-viewing in the same file (about 1.5 mins each).
     Gray1  indicates sea- then (gray)  plaque-viewing in the same file (about 1.5 mins each).
  1. Cast  1 was done simultaneously with SeaSAS cast  4 and SeaFALLS cast 16 (Es is from OCM-030; 
no Ei).
  2. Cast  2 was done simultaneously with SeaSAS cast  5                      (Es is from OCM-030; 
no Ei).
  3. Cast  3 was done simultaneously with SeaSAS cast  6 and SeaFALLS cast 17 (Es is from OCM-030; 
no Ei).
  4. Cast  4 was done simultaneously with SeaSAS cast  7                      (Es is from OCM-030; 
no Ei).
  5. Cast  5 was done simultaneously with SeaSAS cast  8 and SeaFALLS cast 18 (Es is from OCM-030; 
no Ei).
  6. Cast  6 was done simultaneously with SeaSAS cast  9                      (Es is from OCM-030; 
no Ei).
  7. Cast  7 was done simultaneously with SeaSAS cast 16 and SeaFALLS cast 24.
  8. Cast  8 was done simultaneously with SeaSAS cast 17 and SeaFALLS cast 25.
  9. Cast  9 was done simultaneously with SeaSAS cast 18.
 10. Cast 10 was done simultaneously with SeaSAS cast 19 and SeaFALLS cast 26.
 11. Cast 11 was done simultaneously with SeaSAS cast 20.
 12. Cast 12 was done simultaneously with SeaSAS cast 21 and SeaFALLS cast 27.
 13. Cast 13 was done simultaneously with SeaSAS cast 22.
 14. Cast 14 was done simultaneously with SeaSAS cast 27 and SeaFALLS cast 30.
 15. Cast 15 was done simultaneously with SeaSAS cast 28.
 16. Cast 16 was done simultaneously with SeaSAS cast 29 and SeaFALLS cast 31.
 17. Cast 17 was done simultaneously with SeaSAS cast 30.
 18. Cast 18 was done simultaneously with SeaSAS cast 31 and SeaFALLS cast 32.
 19. Cast 19 was done simultaneously with SeaSAS cast 32.
 20. Cast 20 was done simultaneously with SeaSAS cast 47 and SeaFALLS with DalBOSS cast 41.
 21. Cast 21 was done simultaneously with SeaSAS cast 48.
 22. Cast 22 was done simultaneously with SeaSAS cast 49 and SeaFALLS with DalBOSS cast 42.
 23. Cast 23 was done simultaneously with SeaSAS cast 50.
 24. Cast 24 was done simultaneously with SeaSAS cast 51 and SeaFALLS with DalBOSS cast 43.
 25. Cast 25 was done simultaneously with SeaSAS cast 52.
 26. Cast 26 was done simultaneously with SeaSAS cast 53 and SeaFALLS with DalBOSS cast 44.
 27. Cast 27 was done simultaneously with SeaSAS cast 54.
 28. Cast 28 was done simultaneously with SeaSAS cast 55 and SeaFALLS with DalBOSS cast 45.
 29. Cast 29 was done simultaneously with SeaSAS cast 56.
 30. Cast 30 was done simultaneously with SeaSAS cast 57 and SeaFALLS with DalBOSS cast 46.
 31. Cast 31 was done simultaneously with SeaSAS cast 58.
 32. Cast 32 was done simultaneously with SeaSAS cast 64 and SeaFALLS with DalBOSS cast 50.
 33. Cast 33 was done simultaneously with SeaSAS cast 65.
 34. Cast 34 was done simultaneously with SeaSAS cast 66 and SeaFALLS with DalBOSS cast 51.
 35. Cast 35 was done simultaneously with SeaSAS cast 67.
 36. Cast 36 was done simultaneously with SeaSAS cast 68 and SeaFALLS with DalBOSS cast 52.
 37. Cast 37 was done simultaneously with SeaSAS cast 69.
 38. Cast 38 was done simultaneously with SeaSAS cast 76 (ship steaming at 5 knots).
 39. Cast 39 was done simultaneously with SeaSAS cast 77 (ship steaming at 5 knots).
 40. Cast 40 was done simultaneously with SeaSAS cast 78 (ship steaming at 5 knots).
 41. Cast 41 was done simultaneously with SeaSAS cast 79 (ship steaming at 5 knots).
 42. Cast 42 was done simultaneously with SeaSAS cast 80 (ship steaming at 5 knots).
 43. Cast 43 was done simultaneously with SeaSAS cast 81 (ship steaming at 5 knots).
 44. Cast 44 was done simultaneously with SeaSAS cast 82 and LoCNESS cast 25.
 45. Cast 45 was done simultaneously with SeaSAS cast 83.
 46. Cast 46 was done simultaneously with SeaSAS cast 84 and LoCNESS cast 26.
 47. Cast 47 was done simultaneously with SeaSAS cast 85.
 48. Cast 48 was done simultaneously with SeaSAS cast 86 and LoCNESS cast 27.
 49. Cast 49 was done simultaneously with SeaSAS cast 93 (short cast approximately 2 minutes long).
 50. Cast 50 was done simultaneously with SeaSAS cast 94 and SeaFALLS with DalBOSS cast 60.
 51. Cast 51 was done simultaneously with SeaSAS cast 95.
 52. Cast 52 was done simultaneously with SeaSAS cast 96 and SeaFALLS with DalBOSS cast 61.
 53. Cast 53 was done simultaneously with SeaSAS cast 97.
 54. Cast 54 was done simultaneously with SeaSAS cast 100 and SeaFALLS with DalBOSS cast 63.
 55. Cast 55 was done simultaneously with SeaSAS cast 101.
 56. Cast 56 was done simultaneously with SeaSAS cast 102 and SeaFALLS with DalBOSS cast 64.
 57. Cast 57 was done simultaneously with SeaSAS cast 103.
 58. Cast 58 was done simultaneously with SeaSAS cast 104 and SeaFALLS with DalBOSS cast 65.
 59. Cast 59 was done simultaneously with SeaSAS cast 105.
 60. Cast 60 was done simultaneously with SeaSAS cast 106 and SeaFALLS with DalBOSS cast 66.
 61. Cast 61 was done simultaneously with SeaSAS cast 107 (at  90 deg. wrt sun) and SeaFALLS with 
DalBOSS cast 67.
 62. Cast 62 was done simultaneously with SeaSAS cast 108 (at  80 deg. wrt sun).
 63. Cast 63 was done simultaneously with SeaSAS cast 109 (at  70 deg. wrt sun).
 64. Cast 64 was done simultaneously with SeaSAS cast 110 (at  60 deg. wrt sun).
 65. Cast 65 was done simultaneously with SeaSAS cast 111 (at  50 deg. wrt sun).
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 66. Cast 66 was done simultaneously with SeaSAS cast 112 (at  40 deg. wrt sun).
 67. Cast 67 was done simultaneously with SeaSAS cast 113 (at  30 deg. wrt sun).
 68. Cast 68 was done simultaneously with SeaSAS cast 114 (at  90 deg. wrt sun) and LoCNESS cast 35.
 69. Cast 69 was done simultaneously with SeaSAS cast 115 (at 100 deg. wrt sun).
 70. Cast 70 was done simultaneously with SeaSAS cast 116 (at 110 deg. wrt sun).
 71. Cast 71 was done simultaneously with SeaSAS cast 117 (at 120 deg. wrt sun) and LoCNESS cast 36.
 72. Cast 72 was done simultaneously with SeaSAS cast 118 (at 130 deg. wrt sun).
 73. Cast 73 was done simultaneously with SeaSAS cast 119 (at 140 deg. wrt sun) and LoCNESS cast 37.
 74. Cast 74 was done simultaneously with SeaSAS cast 120 (at 150 deg. wrt sun).
 75. Cast 75 was done simultaneously with SeaSAS cast 121 (at 160 deg. wrt sun) and LoCNESS cast 38.
 76. Cast 76 was done simultaneously with SeaSAS cast 122 (at 170 deg. wrt sun).
 77. Cast 77 was done simultaneously with SeaSAS cast 123 (at 180 deg. wrt sun).
 78. Cast 78 was done simultaneously with SeaSAS cast 124 (ship steaming at 5 knots).
 79. Cast 79 was done simultaneously with SeaSAS cast 125 (ship steaming at 5 knots).
 80. Cast 80 was done simultaneously with SeaSAS cast 126 (ship steaming at 5 knots).
 81. Cast 81 was done simultaneously with SeaSAS cast 127 and SeaFALLS cast 69.
 82. Cast 82 was done simultaneously with SeaSAS cast 128 and SeaFALLS cast 70.
 83. Cast 83 was done simultaneously with SeaSAS cast 129.
 84. Cast 84 was done simultaneously with SeaSAS cast 130 and SeaFALLS cast 71.
 85. Cast 85 was done simultaneously with SeaSAS cast 131.
 86. Cast 86 was done simultaneously with SeaSAS cast 132 and SeaFALLS cast 72.
 87. Cast 87 was done simultaneously with SeaSAS cast 133 (at  90 deg. wrt sun) and SeaFALLS cast 
73.
 88. Cast 88 was done simultaneously with SeaSAS cast 134 (at  80 deg. wrt sun).
 89. Cast 89 was done simultaneously with SeaSAS cast 135 (at  70 deg. wrt sun) and SeaFALLS cast 
74.
 90. Cast 90 was done simultaneously with SeaSAS cast 136 (at  60 deg. wrt sun).
 91. Cast 91 was done simultaneously with SeaSAS cast 137 (at  50 deg. wrt sun) and SeaFALLS cast 
75.
 92. Cast 92 was done simultaneously with SeaSAS cast 138 (at  40 deg. wrt sun).
 93. Cast 93 was done simultaneously with SeaSAS cast 139 (at  30 deg. wrt sun).
 94. Cast 94 was done simultaneously with SeaSAS cast 140 and LoCNESS cast 39.
 95. Cast 95 was done simultaneously with SeaSAS cast 141.
 96. Cast 96 was done simultaneously with SeaSAS cast 142 and LoCNESS cast 40.
 97. Cast 97 was done simultaneously with SeaSAS cast 143.
 98. Cast 98 was done simultaneously with SeaSAS cast 144 and LoCNESS cast 41.
 99. Cast 99 was done simultaneously with SeaSAS cast 145.
100. Cast 100 was done simultaneously with SeaSAS cast 146 (at  0 deg. wrt nadir) and LoCNESS cast 
42.
101. Cast 101 was done simultaneously with SeaSAS cast 147 (at 10 deg. wrt nadir).
102. Cast 102 was done simultaneously with SeaSAS cast 148 (at 20 deg. wrt nadir) and LoCNESS cast 
43.
103. Cast 103 was done simultaneously with SeaSAS cast 149 (at 30 deg. wrt nadir).
104. Cast 104 was done simultaneously with SeaSAS cast 150 (at 40 deg. wrt nadir) and LoCNESS cast 
44.
105. Cast 105 was done simultaneously with SeaSAS cast 151 (at 45 deg. wrt nadir).
106. Cast 106 was done simultaneously with SeaSAS cast 152 (at 50 deg. wrt nadir).
107. Cast 107 was done simultaneously with SeaSAS cast 153 and SeaFALLS with DalBOSS cast 76.
108. Cast 108 was done simultaneously with SeaSAS cast 154.
109. Cast 109 was done simultaneously with SeaSAS cast 155 (ship steaming at 5 knots).
110. Cast 110 was done simultaneously with SeaSAS cast 156 (ship steaming at 5 knots).
111. Cast 111 was done simultaneously with SeaSAS cast 157 (ship steaming at 5 knots).
112. Cast 112 was done simultaneously with SeaSAS cast 158 (ship steaming at 7 knots).
113. Cast 113 was done simultaneously with SeaSAS cast 159 and SeaFALLS with DalBOSS cast 77.
114. Cast 114 was done simultaneously with SeaSAS cast 160 and SeaFALLS with DalBOSS cast 78.
115. Cast 115 was done simultaneously with SeaSAS cast 161 and SeaFALLS with DalBOSS cast 79.
116. Cast 116 was done simultaneously with SeaSAS cast 162.
117. Cast 117 was done simultaneously with SeaSAS cast 163 and SeaFALLS with DalBOSS cast 80.
118. Cast 118 was done simultaneously with SeaSAS cast 164.
119. Cast 119 was done simultaneously with SeaSAS cast 165 and LoCNESS cast 45.
120. Cast 120 was done simultaneously with SeaSAS cast 166.
121. Cast 121 was done simultaneously with SeaSAS cast 167.
122. Cast 122 was done simultaneously with SeaSAS cast 168.
123. Cast 123 was done simultaneously with SeaSAS cast 169 and LoCNESS cast 46.
124. Cast 124 was done simultaneously with SeaSAS cast 170.
125. Cast 125 was done simultaneously with SeaSAS cast 171 and LoCNESS cast 47.
126. Cast 126 was done simultaneously with SeaSAS cast 172.
127. Cast 127 was done simultaneously with SeaSAS cast 173.
128. Cast 128 was done simultaneously with SeaSAS cast 174.
129. Cast 129 was done simultaneously with SeaSAS cast 175 (at  90 deg. wrt sun) and LoCNESS cast 
48.
130. Cast 130 was done simultaneously with SeaSAS cast 176 (at 100 deg. wrt sun).
131. Cast 131 was done simultaneously with SeaSAS cast 177 (at 110 deg. wrt sun) and LoCNESS cast 
49.
132. Cast 132 was done simultaneously with SeaSAS cast 178 (at 120 deg. wrt sun).
133. Cast 133 was done simultaneously with SeaSAS cast 179 (at 130 deg. wrt sun) and LoCNESS cast 
50.
134. Cast 134 was done simultaneously with SeaSAS cast 180 (at 140 deg. wrt sun).
135. Cast 135 was done simultaneously with SeaSAS cast 181 (at 150 deg. wrt sun) and LoCNESS cast 
51.
136. Cast 136 was done simultaneously with SeaSAS cast 185 (both SASs to stbd) and LoCNESS cast 55.
137. Cast 137 was done simultaneously with SeaSAS cast 186 (both SASs to stbd).
138. Cast 138 was done simultaneously with SeaSAS cast 187 (both SASs to stbd) and LoCNESS cast 56.
139. Cast 139 was done simultaneously with SeaSAS cast 188 (both SASs to stbd).
140. Cast 140 was done simultaneously with SeaSAS cast 189 (both SASs to stbd and ship steaming at 5
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knots).
141. Cast 141 was done simultaneously with SeaSAS cast 190 (both SASs to stbd and ship steaming at 5
knots).
142. Cast 142 was done simultaneously with SeaSAS cast 191 (both SASs to stbd and ship steaming at 5
knots).
143. Cast 143 was done simultaneously with SeaSAS cast 192 and LoCNESS cast 57.
144. Cast 144 was done simultaneously with SeaSAS cast 193.
145. Cast 145 was done simultaneously with SeaSAS cast 194 and LoCNESS cast 58.
146. Cast 146 was done simultaneously with SeaSAS cast 195.
147. Cast 147 was done simultaneously with SeaSAS cast 196 and LoCNESS cast 59.
148. Cast 148 was done simultaneously with SeaSAS cast 197.
149. Cast 149 was done simultaneously with SeaSAS cast 198.
150. Cast 150 was done simultaneously with SeaSAS cast 199 and LoCNESS cast 60.
151. Cast 151 was done simultaneously with SeaSAS cast 200 (both SASs to stbd) and LoCNESS cast 61.
152. Cast 152 was done simultaneously with SeaSAS cast 201 (both SASs to stbd).
153. Cast 153 was done simultaneously with SeaSAS cast 202 (both SASs to stbd) and LoCNESS cast 62.
154. Cast 154 was done simultaneously with SeaSAS cast 203 (both SASs to stbd) and LoCNESS cast 63.
155. Cast 155 was done simultaneously with SeaSAS cast 204 (both SASs to stbd).
156. Cast 156 was done simultaneously with SeaSAS cast 205 (both SASs to stbd) and LoCNESS cast 64.
157. Cast 157 was done simultaneously with SeaSAS cast 206 (both SASs to stbd).
158. Cast 158 was done simultaneously with SeaSAS cast 207 and LoCNESS cast 65.
159. Cast 159 was done simultaneously with SeaSAS cast 208 and SeaFALLS with DalBOSS cast 84.
160. Cast 160 was done simultaneously with SeaSAS cast 209 and SeaFALLS with DalBOSS cast 85.
161. Cast 161 was done simultaneously with SeaSAS cast 210.
162. Cast 162 was done simultaneously with SeaSAS cast 211 and SeaFALLS with DalBOSS cast 86.
163. Cast 163 was done simultaneously with SeaSAS cast 212.
164. Cast 164 was done simultaneously with SeaSAS cast 213 and SeaFALLS with DalBOSS cast 87.
165. Cast 165 was done simultaneously with SeaSAS cast 214 and LoCNESS cast 66.
166. Cast 166 was done simultaneously with SeaSAS cast 215 and LoCNESS cast 67.
167. Cast 167 was done simultaneously with SeaSAS cast 216 and LoCNESS cast 68.
168. Cast 168 was done simultaneously with SeaSAS cast 217.
169. Cast 169 was done simultaneously with SeaSAS cast 218 and LoCNESS cast 69.
170. Cast 170 was done simultaneously with SeaSAS cast 219.
171. Cast 171 was done simultaneously with SeaSAS cast 220 (both SASs to stbd and ship steaming at  
7 knots).
172. Cast 172 was done simultaneously with SeaSAS cast 221 (both SASs to stbd and ship steaming at  
7 knots).
173. Cast 173 was done simultaneously with SeaSAS cast 222 (both SASs to stbd and ship steaming at  
7 knots).
174. Cast 174 was done simultaneously with SeaSAS cast 223 (both SASs to stbd and ship steaming at  
5 knots).
175. Cast 175 was done simultaneously with SeaSAS cast 224 (both SASs to stbd and ship steaming at  
5 knots).
176. Cast 176 was done simultaneously with SeaSAS cast 225 (both SASs to stbd and ship steaming at  
5 knots).
177. Cast 177 was done simultaneously with SeaSAS cast 226 (both SASs to stbd and ship steaming at  
9 knots).
178. Cast 178 was done simultaneously with SeaSAS cast 227 (both SASs to stbd and ship steaming at  
9 knots).
179. Cast 179 was done simultaneously with SeaSAS cast 228 (both SASs to stbd and ship steaming at  
9 knots).
180. Cast 180 was done simultaneously with SeaSAS cast 229 (both SASs to stbd and ship steaming at 
11 knots).
181. Cast 181 was done simultaneously with SeaSAS cast 230 (both SASs to stbd and ship steaming at 
11 knots).
182. Cast 182 was done simultaneously with SeaSAS cast 231 (both SASs to stbd and ship steaming at 
11 knots).
183. Cast 183 was done right before the morning station (ship steaming at 11 knots).
184. Cast 184 was done right before the morning station (ship steaming at 11 knots).
185. Cast 185 was done right before the morning station (ship steaming at 11 knots).
186. Cast 186 was done simultaneously with SeaSAS cast 232 and SeaFALLS with DalBOSS cast 88.
187. Cast 187 was done simultaneously with SeaSAS cast 233.
188. Cast 188 was done simultaneously with SeaSAS cast 234 and SeaFALLS with DalBOSS cast 89.
189. Cast 189 was done simultaneously with SeaSAS cast 235.
190. Cast 188 was done simultaneously with SeaSAS cast 236 and SeaFALLS with DalBOSS cast 90.
191. Cast 188 was done simultaneously with SeaSAS cast 237 and SeaFALLS with DalBOSS cast 91.
192. Cast 192 was done right before the afternoon station (ship steaming at 11 knots).
193. Cast 193 was done right before the afternoon station (ship steaming at 11 knots).
194. Cast 194 was done right before the afternoon station (ship steaming at 11 knots).
195. Cast 195 was done simultaneously with SeaSAS cast 238 and LoCNESS cast 70.
196. Cast 196 was done simultaneously with SeaSAS cast 239.
197. Cast 197 was done simultaneously with SeaSAS cast 240 and LoCNESS cast 71.
198. Cast 198 was done simultaneously with SeaSAS cast 241.
199. Cast 199 was done simultaneously with SeaSAS cast 242 (both SASs at 30 deg. wrt nadir) and 
LoCNESS cast 72.
200. Cast 200 was done simultaneously with SeaSAS cast 243 (both SASs at 30 deg. wrt nadir).
201. Cast 201 was done simultaneously with SeaSAS cast 244 (both SASs at 30 deg. wrt nadir) and 
LoCNESS cast 73.
202. Cast 202 was done simultaneously with SeaSAS cast 245 (both SASs at 45 deg. wrt nadir) and 
LoCNESS cast 74.
203. Cast 203 was done simultaneously with SeaSAS cast 246 (both SASs at 45 deg. wrt nadir).
204. Cast 204 was done simultaneously with SeaSAS cast 247 (both SASs at 45 deg. wrt nadir) and 
LoCNESS cast 75.
205. Cast 205 was done simultaneously with SeaSAS cast 248.
206. Cast 206 was done (with no Ei and Es data) right before the morning station (ship steaming at 
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11 knots).
207. Cast 207 was done (with no Ei and Es data) right before the morning station (ship steaming at 
11 knots).
208. Cast 208 was done (with no Ei and Es data) right before the morning station (ship steaming at 
11 knots).
209. Cast 209 was done simultaneously with SeaSAS cast 249 and SeaFALLS with DalBOSS (but no 
SeaBOSS) cast 92.
210. Cast 210 was done simultaneously with SeaSAS cast 250.
211. Cast 211 was done simultaneously with SeaSAS cast 251.
212. Cast 212 was done simultaneously with SeaSAS cast 252 and SeaFALLS with DalBOSS (but no 
SeaBOSS) cast 93.
213. Cast 213 was done simultaneously with SeaSAS cast 253.
214. Cast 214 was done simultaneously with SeaSAS cast 254 and SeaFALLS with DalBOSS (but no 
SeaBOSS) cast 94.
215. Cast 215 was done simultaneously with SeaSAS cast 255.
216. Cast 216 was done simultaneously with SeaSAS cast 256 and SeaFALLS with DalBOSS (but no 
SeaBOSS) cast 95.
217. Cast 217 was done simultaneously with SeaSAS cast 257.
218. Cast 218 was done simultaneously with SeaSAS cast 258 (both SASs to stbd and ship steaming at 9
knots).
219. Cast 219 was done simultaneously with SeaSAS cast 259 (both SASs to stbd and ship steaming at 9
knots).
220. Cast 220 was done simultaneously with SeaSAS cast 260 (both SASs to stbd and ship steaming at 9
knots).
221. Cast 221 was done simultaneously with SeaSAS cast 261 (both SASs to stbd and ship steaming at 7
knots).
222. Cast 222 was done simultaneously with SeaSAS cast 262 (both SASs to stbd and ship steaming at 7
knots).
223. Cast 223 was done simultaneously with SeaSAS cast 263 (both SASs to stbd and ship steaming at 7
knots).
224. Cast 224 was done simultaneously with SeaSAS cast 264 (both SASs to stbd and ship steaming at 7
knots).
225. Cast 225 was done simultaneously with SeaSAS cast 265 and LoCNESS cast 76.
226. Cast 226 was done simultaneously with SeaSAS cast 266.
227. Cast 227 was done simultaneously with SeaSAS cast 267 and LoCNESS cast 77.
228. Cast 228 was done simultaneously with SeaSAS cast 268.
229. Cast 229 was done simultaneously with SeaSAS cast 269 and LoCNESS cast 78.
230. Cast 230 was done simultaneously with SeaSAS cast 270.
231. Cast 231 was done simultaneously with SeaSAS cast 271 (both SASs to stbd and ship steaming at 5
knots).
232. Cast 232 was done simultaneously with SeaSAS cast 272 (both SASs to stbd and ship steaming at 5
knots).
233. Cast 233 was done simultaneously with SeaSAS cast 273 (both SASs to stbd and ship steaming at 5
knots).
234. Cast 234 was done right after the afternoon station (ship steaming at 11 knots).
235. Cast 235 was done right after the afternoon station (ship steaming at 11 knots).
236. Cast 236 was done simultaneously with SeaSAS cast 274 and SeaFALLS cast 96.
237. Cast 237 was done simultaneously with SeaSAS cast 275.
238. Cast 238 was done simultaneously with SeaSAS cast 276 and SeaFALLS cast 97.
239. Cast 239 was done simultaneously with SeaSAS cast 277.
240. Cast 240 was done simultaneously with SeaSAS cast 278 and SeaFALLS cast 98.
241. Cast 241 was done simultaneously with SeaSAS cast 279.
242. Cast 242 was done right before the afternoon station (ship steaming at 5 knots).
243. Cast 243 was done right before the afternoon station (ship steaming at 5 knots).
244. Cast 244 was done right before the afternoon station (ship steaming at 5 knots).
245. Cast 245 was done simultaneously with SeaSAS cast 280 (both SASs to stbd) and LoCNESS cast 79.
246. Cast 246 was done simultaneously with SeaSAS cast 281 (both SASs to stbd) and LoCNESS cast 80.
247. Cast 247 was done simultaneously with SeaSAS cast 282 (both SASs to stbd) and LoCNESS cast 81.
248. Cast 248 was done simultaneously with SeaSAS cast 283 (both SASs to stbd) and LoCNESS cast 82.
249. Cast 249 was done simultaneously with SeaSAS cast 284.
250. Cast 250 was done simultaneously with SeaSAS cast 285 (both SASs to stbd) and SeaFALLS cast 99.
251. Cast 251 was done simultaneously with SeaSAS cast 286 (both SASs to stbd).
252. Cast 252 was done simultaneously with SeaSAS cast 287 (both SASs to stbd).
253. Cast 253 was done simultaneously with SeaSAS cast 288 (both SASs to stbd).
254. Cast 254 was done simultaneously with SeaSAS cast 289 (both SASs to stbd).
255. Cast 255 was done simultaneously with SeaSAS cast 290 (both SASs to stbd) and LoCNESS cast 83.
256. Cast 256 was done simultaneously with SeaSAS cast 291 (both SASs to stbd).
257. Cast 257 was done simultaneously with SeaSAS cast 292 (both SASs to stbd) and LoCNESS cast 84.
258. Cast 258 was done simultaneously with SeaSAS cast 293 (both SASs to stbd) and LoCNESS cast 85.
259. Cast 259 was done simultaneously with SeaSAS cast 294 (both SASs to stbd).
260. Cast 260 was done simultaneously with SeaSAS cast 295 (both SASs to stbd) and LoCNESS cast 85.
261. Cast 261 was done simultaneously with SeaSAS cast 296 (both SASs to stbd).
262. Cast 262 was done right after the afternoon station (ship steaming at 5 knots).
263. Cast 263 was done right after the afternoon station (ship steaming at 5 knots).
264. Cast 264 was done right after the afternoon station (ship steaming at 5 knots).
265. Cast 265 was done simultaneously with SeaSAS cast 297.
266. Cast 266 was done simultaneously with SeaSAS cast 298 and SeaFALLS cast 100.
267. Cast 267 was done simultaneously with SeaSAS cast 299.
268. Cast 268 was done simultaneously with SeaSAS cast 300 and SeaFALLS cast 101.
269. Cast 269 was done simultaneously with SeaSAS cast 301 and SeaFALLS cast 102.
270. Cast 270 was done simultaneously with SeaSAS cast 302 and SeaFALLS cast 103.
271. Cast 271 was done simultaneously with SeaSAS cast 303.
272. Cast 272 was done simultaneously with SeaSAS cast 304 and SeaFALLS cast 104.
273. Cast 273 was done simultaneously with SeaSAS cast 305.
274. Cast 274 was done right before the morning station (ship steaming at 11 knots).
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275. Cast 275 was done right before the morning station (ship steaming at 11 knots).
276. Cast 276 was done right before the morning station (ship steaming at 11 knots).
277. Cast 277 was done simultaneously with SeaSAS cast 306 and SeaFALLS with DalBOSS cast 105.
278. Cast 278 was done simultaneously with SeaSAS cast 307.
279. Cast 279 was done simultaneously with SeaSAS cast 308 and SeaFALLS with DalBOSS cast 106.
280. Cast 280 was done simultaneously with SeaSAS cast 309.
281. Cast 281 was done simultaneously with SeaSAS cast 310 and SeaFALLS with DalBOSS cast 107.
282. Cast 282 was done simultaneously with SeaSAS cast 311.
283. Cast 283 was done simultaneously with SeaSAS cast 312 and SeaFALLS with DalBOSS cast 108.
284. Cast 284 was done simultaneously with SeaSAS cast 313 and SeaFALLS with DalBOSS cast 109.
285. Cast 285 was done simultaneously with SeaSAS cast 314 (with a little prop wash at the start of 
the cast).
286. Cast 286 was done simultaneously with SeaSAS cast 315 (with prop wash at the end of the cast).
287. Cast 287 was done simultaneously with SeaSAS cast 316 and LoCNESS cast 87.
288. Cast 288 was done simultaneously with SeaSAS cast 317.
289. Cast 289 was done simultaneously with SeaSAS cast 318 and LoCNESS cast 88.
290. Cast 290 was done simultaneously with SeaSAS cast 319 and LoCNESS cast 89.
291. Cast 291 was done simultaneously with SeaSAS cast 320 and LoCNESS cast 90.
292. Cast 292 was done right before the morning station (ship steaming at 11 knots).
293. Cast 293 was done right before the morning station (ship steaming at 11 knots).
294. Cast 294 was done right before the morning station (ship steaming at 11 knots).
295. Cast 295 was done simultaneously with SeaSAS cast 321 and LoCNESS cast 91.
296. Cast 296 was done simultaneously with SeaSAS cast 322.
297. Cast 297 was done simultaneously with SeaSAS cast 323 and LoCNESS cast 92.
298. Cast 298 was done simultaneously with SeaSAS cast 324 and LoCNESS cast 93.
299. Cast 299 was done simultaneously with SeaSAS cast 325.
300. Cast 300 was done simultaneously with SeaSAS cast 326 and LoCNESS cast 94.
301. Cast 301 was done simultaneously with SeaSAS cast 327.
302. Cast 302 was done simultaneously with SeaSAS cast 328 and LoCNESS cast 95.
303. Cast 303 was done simultaneously with SeaSAS cast 329.
304. Cast 304 was done simultaneously with SeaSAS cast 330 and LoCNESS cast 96.
305. Cast 305 was done simultaneously with SeaSAS cast 331 and SeaFALLS cast 110.
306. Cast 306 was done simultaneously with SeaSAS cast 332 and SeaFALLS cast 111.
307. Cast 307 was done simultaneously with SeaSAS cast 333 and SeaFALLS cast 112.
308. Cast 308 used OCT-069 with sea-viewing for 1.5 mins, then (gray)  plaque-viewing for 1.5 mins 
(ship steaming at 11.5 knots).
309. Cast 309 used OCT-069 with sea-viewing for 1.5 mins, then (white) plaque-viewing for 1.5 mins 
(ship steaming at 11.5 knots).
310. Cast 310 used OCT-069 with sea-viewing for 1.5 mins, then (gray)  plaque-viewing for 1.5 mins 
(ship steaming at 11.5 knots).
311. Cast 311 used OCT-069 with sea-viewing for 1.5 mins, then (white) plaque-viewing for 1.5 mins 
(ship steaming at 11.5 knots).
312. Cast 312 used OCT-069 with sea-viewing for 1.5 mins, then (gray)  plaque-viewing for 1.5 mins 
(ship steaming at 11.5 knots).
313. Cast 313 used OCT-069 with sea-viewing for 1.5 mins, then (white) plaque-viewing for 1.5 mins 
(ship steaming at 11.5 knots).
314. Cast 314 used OCT-069 with sea-viewing for 1.5 mins, then (gray)  plaque-viewing for 1.5 mins 
(ship steaming at 11.5 knots).
315. Cast 315 used OCT-069 with sea-viewing for 1.5 mins, then (white) plaque-viewing for 1.5 mins 
(ship steaming at 11.5 knots).
316. Cast 316 used OCT-069 and was done right before the morning station (ship steaming at 11.5 
knots).
317. Cast 317 used OCT-069 and was done right before the morning station (ship steaming at 11.5 
knots).
318. Cast 318 used OCT-069 and was done right before the morning station (ship steaming at 11.5 
knots).
319. Cast 319 used OCT-069 and was done right before the morning station (ship steaming at 11.5 
knots).
320. Cast 320 used OCT-069 and was done right before the morning station (ship steaming at 11.5 
knots).
321. Cast 321 used OCT-069 and was done right before the morning station (ship steaming at 11.5 
knots).
322. Cast 322 used OCT-069 and was done right before the morning station (ship steaming at 11.5 
knots).
323. Cast 323 used OCT-069 and was done right before the morning station (ship steaming at 11.5 
knots).
324. Cast 324 used OCT-069 and was done right before the morning station (ship steaming at 11.5 
knots).
325. Cast 340 was done simultaneously with SeaSAS cast 340 and LoCNESS cast 101.
326. Cast 326 was done simultaneously with SeaSAS cast 341 and LoCNESS cast 102.
327. Cast 327 was done simultaneously with SeaSAS cast 342 and LoCNESS cast 103.
328. Cast 328 was done simultaneously with SeaSAS cast 343 and LoCNESS cast 104.
329. Cast 329 was done simultaneously with SeaSAS cast 344.
330. Cast 330 was done simultaneously with SeaSAS cast 345.
331. Cast 331 was done simultaneously with SeaSAS cast 346 and SeaFALLS cast 115.
332. Cast 332 was done simultaneously with SeaSAS cast 347 and SeaFALLS cast 116 and overlapping 
with SeaFALLS cast 117.
333. Cast 333 was done simultaneously with SeaSAS cast 348 and SeaFALLS with DalBOSS cast 118.
334. Cast 334 was done simultaneously with SeaSAS cast 349 and SeaFALLS with DalBOSS cast 119.
335. Cast 335 was done simultaneously with SeaSAS cast 350.
336. Cast 336 was done simultaneously with SeaSAS cast 351 and SeaFALLS cast 120.
337. Cast 337 was done simultaneously with SeaSAS cast 352 and SeaFALLS cast 121.
338. Cast 338 was done simultaneously with SeaSAS cast 363 and LoCNESS cast 114.
339. Cast 339 was done simultaneously with SeaSAS cast 364 and LoCNESS cast 115.
340. Cast 340 was done simultaneously with SeaSAS cast 365 and LoCNESS cast 116.
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341. Cast 341 was done simultaneously with SeaSAS cast 366 and LoCNESS cast 117.
342. Cast 342 was done simultaneously with SeaSAS cast 367 and LoCNESS cast 118.
343. Cast 343 was done simultaneously with SeaSAS cast 368.
344. Cast 344 was done simultaneously with SeaSAS cast 369 and LoCNESS cast 119.
345. Cast 345 was done simultaneously with SeaSAS cast 370 and LoCNESS cast 120.
346. Cast 346 was done simultaneously with SeaSAS cast 371 and LoCNESS cast 121.
347. Cast 347 was done simultaneously with SeaSAS cast 372 and LoCNESS cast 122.
348. Cast 348 was done simultaneously with SeaSAS cast 373 and LoCNESS cast 123.
349. Cast 349 was done simultaneously with SeaSAS cast 378 and SeaFALLS cast 134.
350. Cast 350 was done simultaneously with SeaSAS cast 379 and SeaFALLS cast 135.
351. Cast 351 was done simultaneously with SeaSAS cast 380 and SeaFALLS cast 136.
352. Cast 352 was done simultaneously with SeaSAS cast 381 and SeaFALLS cast 137.
353. Cast 353 was done simultaneously with SeaSAS cast 382 and SeaFALLS cast 138.
354. Cast 354 was done simultaneously with SeaSAS cast 383 and SeaFALLS cast 139.
355. Cast 355 was done simultaneously with SeaSAS cast 384 and SeaFALLS cast 140.
356. Cast 356 was done simultaneously with SeaSAS cast 385 and SeaFALLS cast 141.
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AMT8 Cruise Report 
 
Halocarbons 
 
Narrative 
 Leg 1 was used to set up the equipment, there being several teething 
problems setting up carrier gases and some of the automated systems. 
Consequently, no water samples were analysed during this leg.   


During Leg 2, water, air and equilibrator samples were analysed at all 
depths (0 – 250m) between Stations 9 and 17, with an additional station (18) 
down to 3000m to permit an assessment of analytical blanks and reproducibility.  
At the start of Station 19 there was an accident with another piece of equipment, 
which resulted in seawater being sprayed onto some of the electronics, causing 
arcing and instrument failure.  The ship’s electrician managed to recover the 
situation prior to Station 21, but subsequent failure of the turbo pump on the 
mass spectrometer meant that this was the last station to be analysed on this 
leg.  A new turbo pump was shipped out from the UK and was fitted following the 
boat transfers at Ascension Island.   


On Leg 3 samples were analysed from Station 25 onwards but, following 
the rupture of the winch hydraulic line, contamination entered the system, 
becoming apparent during the analysis of Station 32, and severely compromised 
analysis thereafter.  The contamination required the complete cleaning and 
rebuilding of the analysis system and replacement of the chromatography column 
and sampling syringes, with analysis being resumed at Station 43.  Even so, 
there remained residual contamination that slowly degraded the instrument 
response, resulting in declining sensitivity as the cruise progressed.  At this time 
we are unable to fully assess the effects on final data quality. 


In total, 222 water samples were analysed, 108 on Leg 2 and 114 on Leg 
3, together with 44 air and 22 equilibrator samples. 
 
 
Methodology 
 The purpose of this work was to analyse a suite of halocarbons, both 
biogenic and anthropogenic, in the 0 – 250m depth range and to relate these 
measurements to the other biological and physical parameters measured on the 
cruise.  Analysis was performed using a purge-and-trap GCMS (gas 
chromatography – mass spectrometry) system based on that described in 
Boswell and Smythe-Wright (1996).  Water samples were collected from the 
rosette using ground glass syringes fitted with stainless steel luer stopcocks and 
were kept in a water bath until analysed.  Approximately 80 ml of sample was 
introduced into the sparging tower and stripped for 8 min, the gases being 
absorbed onto a cryogenic trap.  Chromatography was performed using a 30m x  
0.32mm i.d. CB Sil-5 column (Chrompack) with helium as carrier gas. Mass 
spectrometry provides a very sensitive means of detecting compounds, the mass 
information providing a means of separating co-eluting components while 
achieving good signal to noise.  The mass spectrometer (Hewlett Packard 5973) 







was operated in selective ion monitoring (SIM) mode, with time windows set up 
with small groups of ions so as to obtain the maximum signal to noise. In all, 22 
compounds were determined during AMT8 (see table below), although there are 
a number of other peaks that remain to be positively identified and from which 
data may subsequently be obtained.  Both air and “Weiss equilibrator” samples 
were taken at regular intervals to enable determination of surface water 
saturations.  An experimental automated underway sampling system was also 
tested during Leg 3.  Calibration was by injections of known volumes of standard 
gases: for the main anthropogenic halocarbons (CFC-11, CFC-12, CFC-113, 
CCl4) compressed air calibrated by CMDL (Climate Monitoring and Diagnostics 
Laboratory) was used, while a Kintek standards generator was employed for the 
other compounds. 
 
 
Table 1.  SIM ions used for compound determination 
Compound Ion Compound Ion 
HCFC134a 69 Methyl chloride 50 
HCFC-22 51 Methyl iodide 142 
CFC-12 87 Methylene chloride 84 
HCFC-142b 65 Vinylidine chloride 96 
CFC-11 103 Dimethyl sulphide 62 
HCFC-141b 81 bromochloromethane 130 
CFC-113 103 Iodoethane 127 
carbon tetrachloride 117 chloroform 83 
Methyl bromide 96 trichloroethylene 130 
Methyl chloroform 97 bromodichloromethane 83 
  chloroiodomethame 176 
  bromoform 173 
    
 
 
 
Results 
 Calibration of this data set will take some time, especially those stations 
affected by the contamination problems that beset Leg 3.  Therefore, only 
example plots can be presented here.  Figure 1 shows a selection of the selected 
ion chromatographs obtained from a water sample.  Figure 2 illustrates several 
depth profiles (uncalibrated) obtained from Station 13.  CFC-11 is totally 
anthropogenic and its profile is primarily controlled by its solubility, a function of 
temperature and salinity, and therefore follows the T and S structure with 
concentrations increasing with decreasing temperature below the mixed layer.  In 
contrast, methyl chloride is biogenic and its distribution is determined by factors 
that affect biological productivity, the highest values here lying between the 
fluorescence maximum and the transmission minimum. Other compounds exhibit 
maxima at different depths, eg DMS in the surface, reflecting the varying 
importance of species abundances, chemical degradation rates and the extent of 







anthropogenic production.  These halocarbon data will be analysed in the context 
of the biological data collected on the cruise to obtain a better understanding of 
the ocean’s role as a source/sink of these compounds. 
 
 
Boswell, S.M. and Smythe-Wright, D., (1996), Dual-detector system for the 
shipboard analysis of halocarbons in sea-water and air for oceanographic tracer 
studies, Analyst, 121, 505 – 509 
 
 
TOC 
 A total of 113 samples were collected for both TOC and POC analysis.  
100ml of water was filtered through pre-ashed (500oC, 4hrs) GF/F glass-fibre 
filters into similarly treated bottles.  These were then sealed, using sulphuric acid-
cleaned PTFE inserts in the caps, and stored at –20oC.  A further volume of 
water (up to 2 litres or until the filter clogged) was filtered and the GF/F placed in 
a “Cryovial” for storage at –80oC.  Both sets of samples will be analysed for 
carbon and nitrogen content back at the SOC. 
 























Station Halicarbons TOC
1 NA NA
2 NA NA
3 NA NA
4 NA NA
5 NA NA
6 NA NA
7 NA NA
8 NA NA
9 11 NA


10 NA NA
11 9 NA
12 NA NA
13 11 NA
14 10 NA
15 11 NA
16 11 NA
17 11 NA
18 11 NA
19 NA NA
20 NA NA
21 11 NA
22 NA NA
23 1 NA
24 NA NA
25 11 NA
26 NA NA
27 NA NA
28 10 6
29 NA NA
30 11 6
31 NA NA
32 4 6
33 NA NA
34 NA 6
35 NA NA
36 NA 6
37 8 6
38 NA NA
39 5 6
40 NA NA
41 NA NA
42 NA NA
43 7 6
44 NA NA
45 10 6
46 NA NA
47 9 6
48 NA NA
49 8 6
50 NA NA
51 7 6
52 NA NA
53 3 6
54 7 6
55 NA NA
56 8 6
57 NA NA
58 3 6
59 11 5
60 NA NA
61 3 6
62 NA 6
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AMT Filtering Logistics and Protocol 
 


Toby Tyrell 
 


CTD Casts (Station) 
 
HPLC 
Cyrovials are labelled pre-station and placed in the black holder (in numerical order).  
Labelling follows the following format: 
 
A8 cXX 01A (01B) where A8 is AMT8, cXX is the station number (CTD cast number) 
and 01A represents the non-toxic sample.  Station number can be found on the morning 
sheets.   
 
At each station there are 9 samples in total (with replicates A and B, therefore 18), with 
the first being 01A/B.  Filtering of the water from the CTD starts from the deepest sample 
first so that 02A/B holds the deepest filters, and so forth.  The last cyrovial (09A/B) 
aways contains the 7m bottle sample (for cross-calibration with the non-toxic sample – 
01A/B). 
 
From all depths one bottle is filtered per replicate and the volume in the bottle is 2156ml 
(2.1L) and should be filled to the brim.  This volume along with the leakage’s are 
recorded in the HPLC station log-sheet, so that the volume filtered can be accurately 
calculated and problems with the equipment are obvious.   
 
If it is necessary that the samples are kept unfiltered for long there are black bags to place 
over the jerry cans.  So that it is not necessary to move between the liquid-N and the 
WetLab there is a cool box in the WetLab that should be filled with ice pre-station.  A 
bucket placed in the –20C walk-in freezer overnight will produce enough ice per day. 
 
Sets A and B should be separated when storing in liquid-N. 
 
Chlorophyll 
There is a station chlorophyll logsheet which should also be filled in on station.  It is best 
to filter these samples at the same time as the HPLC so that the samples are in the same 
numerical and depth order.  Again a sample is first taken from the non-toxic. 
 
Chlorophyll sample number – this is a sequential numbering system to identify the chl 
sample during analysis and data entry.  Upon arriving on station the number can be found 
by looking on the underway chl sheets and continuing the numbering.  The scintillation 
vials are labelled 1-106 and are used in that order.  Analysis takes place after 24hrs in the 
freezer compartment of the fridge and after the analysis the vials are washed and dryed 
and replaced in order.  This was there is a constant supply of vials and no confusion (in 
theory).  During station time the vials are stored in the cool box until after the station – at 
this point yesterdays samples are removed from the freezer to be analysed and to make 
room for today’s samples. 







Underway (and optics stops)  
The underway sample vials are numbered sequentially, with the prefix A8 (AMT8) UW 
(underway) 01A/B.  Optics stops will be numbered A8 OPS 02A/B – the optics stops will 
be a continuation of the underway lablling and   







Preliminary Results. 
 
Preserved net samples had not been counted at the time of writing.  These preliminary 
results are based mainly upon numbers of colonies counted in the 15m CTD bottles, 
where available.  These were scaled up to estimates of the number of colonies per 
square metre of water surface, from knowledge of the volume of the CTD rosette 
bottle, and from estimates of the depth to which phytoplankton were present in the 
water column, based on the depth profile of chlorophyll fluorescence.  It was assumed 
that Trichodesmium colonies were found in reasonable density throughout the top half 
of the depth to which chlorophyll extended.  This assumption may be incorrect given 
that colonies can migrate vertically.  Where CTD bottle counts were not made, colony 
concentration was extrapolated from one of the other techniques.  It is estimated that 
these colony abundances are accurate only to an order of magnitude. 
 
Table 1: Numbers of Trichodesmium Colonies per Square Metre at each Station. 
 
Station 
Number 


? 
3rd May 


C10? 
4th May 


? 
5th May 


? 
6th May 


C14? 
7th May 


C15? 
8th May 


C16 C17 


Colony 
Abundance 


32 0 0 0 0 0 0 0 


 
 
Station  
Number 


C19 C21 C23 C25 C26 C27 C28 C29 


Colony  
Abundance 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
230,000 


 
550,000 


 
 
Station 
Number 


C30 C31 C32 C33 C34 C36 C37 C39 


Colony 
Abundance 


 
710,000 


 
710,000 


 
2,000 


 
510,000 


 
0 


 
4,900 


 
14,000 


 
1,700 


 
Station 
Number 


C41 C43 C45 C47 C49 C51 C53 C54 


Colony 
Abundance 


 
0 


 
0 


 
2,300 


 
0 


 
0 


 
8,600 


 
22,000 


 
4,800 


 
 
Station 
Number 


C56 C58 C59 C62     


Colony 
Abundance 


 
1,700 


 
0 


 
0 


 
0 
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