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MARMAP ATLAS SERIES
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INTRODUCTION

This atlas is the third in a series dealing with mesoscale
plankton surveys and attendant information from a compre-
hensive fishery ecosystem study known as the MARMAP!
program (Sherman 1980, 1988). It summarizes sampling
nicthods, station activities, and geographic coverage for
MARMAP surveys conducted o{f the northeastern United
States from 1984 through 1987, the final four yearsof an 11-
year multidisciplinary survey program that began in 1977
(Sibunka an” Silverman 1984).

The basic MARMAP research strategy is to integrate
survey information on seasonal and annual variability in
biological and environmental components of the shelf
ecosystem with fine-scale, process-oriented field studies
and laboratory research 1o determinc influences on the size
of recruiting fish populations. The survey data have been
used to prepare reports on changing biotic and abiotic
components of the continental sheit’ ecosystem off the
northeastern United States. A list of reports is available on
request to the Northeast Fisheries Center (NEFC) Narra-
gansett Laboratory, Narragansett, Rhode Island. Fish eggs
and larvae from the surveys have provided an effective,
fishery-independent means for assessing adult spawning
biomass of important fish stocks (Berrien et al. 1981;
Morse 1982; Mose 1984; Berrien 1983; Berricn 1984 a,b;
Berrien and Sissenwine 1988).

MARMAP surveys off the northeastern United States
covered continental shelf waters from Cape Hatteras, North
Carolina, to Cape Sable, Nova Scotia, an area of some
260,000 km?. On several cruises, additional stations were
occupied as far south as Charlesion, South Carolina. Svr-
vey measurements during the 1984-87 reporting period
included: ichthyoplankton and zooplankion abundance,
iemperature, salinity, dissolved oxygen, concentration of
chlorophyll a and phacopigments, nulrients, and primary
productivity. Water samples were taken for circulation
studies using H,'*O/H,'*0 ratios. Marine mammal and sea
bird censuses were conducted on a regular basis by inves-
tigators from Manomet Bird Observatory, Manomet,
Massachusetts. Ships and scientific personnel from Poland
participated in survey operations during the spring and
summer of 1987.

The successful 11-year series of surveys, the longest
continuously running monitoring program of its kind ever
conducted in thc western North Atlantic, was broken in
1988 when recurring mechanical problems with R/V Dela-
ware Il forced cancellation of the January survey after
completing just 63 stations. Shortly thereafter, MARMAP
survey activities were scaled back to collections made with
0.61-m bongo tows on semi-annual trawl surveys and a
summer mollusk survey to monitor changes in size compo-
sition and biomass of zooplankton. An intensive series of
monthly to bimonthly ichthyoplankton surveys is planned
at three-year intervals beginning in 1991 to monitor th.

! Marine Resource Monitoring, Assessment, and Prediction
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status of the Northeast Continental Shelf Ecosystem through
fishery-independent estimates of total finfish biomass.

SAMPLING PROCEDURES

The MARMAP data base of the Northeast Fisheries
Center (NEFC) contains station information obtained from
two types of cruises: (1) those in which the principal
objective was 1o conduct ichthyoplankion surveys with
supportive biological, chemical, and physical oceanographic
data collection; and (2) resource surveys in which the
principal objective was to assess the distribution and abun-
dance of fish and mollusk populations. In addition, plank-
ton samples were taken on two environmental assessment
cruises (AL8406, GY8507). The latier cruise, a survey of
coastal waters in the Gulf of Maine 10 determine the
relationship of hydrographic conditions and the distribu-
tion of nutrients and plankton, was led by Dr. D. Townsend,
Bigelow Laboratory for Ocean Science, West Boothbay
Harbor, Maine. Finally, during the spring and early sum-
mer of 1987, a cooperative program involving the United
States, Canada, and Poland was undertaken to estimate the
spawning biomass of Atlantic mackerel, Scomber scom-
brus, based on the production of eggs. In support of this
program, plankton cruises were made on Polish vessels
Admiral Arciszewski and Wieczno (AA8704, WI8701).
Although a 0.20-m bongo sampler was used for the mack-
erel assessment, we took advantage of the ship time and
geographic coverage by towing a 0.61-m bongo sampler
along with the smaller sampler following standard MAR-
MAP sampling procedures. Research ships, corresponding
cruise numbers, principal cruise objectives, and related
information are listed in chronological order in Table 1.

The station plan for most MARMAP cruiscs was fixed.
Station positions for the bottom trawl surveys were based
on a stratified random plan which changes with each cruise
(Grosslein 1969). A summary list by cruise of each station
in the MARMAP data base for 1984 throuzh 1987 is
presented in Table 2. Graphic presentations for both cruise
and survey coverage ar. shown in Figures 1-36. Cruise
maps show all stations occupied by one ship that are part of
the MARMAP data base. Survey maps depici only those
stations north of Cape Hatteras, North Carolina, where the
0.61-m bongo plankton sampler was towed, and include the
most compiete coverage resulting from cither one or a
combination (f two cruises. Where parts of cruises were
combined, geographically overlapping stations that were
out of phase temporally were omitted from one of the
cruises. Deleted stations are identitied in Table 2.

This report summarizes sampling activities for 39
cruises which comprise 34 surveys. On an annual basis,
coverage ranged from 9 to 11 cruises and 8 to 9 surveys.
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Table 1. Listing of Northeast Fisheries Center MARMAP cruises and combinatious of cruises to form surveys, 1984-87.

MARMAP
Survey Research Cruise Sampling No. Principal
No. Vessel No. Dates Stations Cruise Objective
1984
Delaware Il 84.01 Jan 10-Feb 8 161 Ichthyoplankton-Zooplankton
48 Delaware 1l 84-01 Jan 10-Feb 8 160
49 Albatross IV 84-02 Mar 2-Apr 25 156 Bottom Trawl
Albatross IV 84-03 May 9-Jun 2 181 Ichthyoplankton-Zooplankion
50 Albatross IV 84-03 May 9-Jun 2 178
S1 Delaware Il 84-05 Jun 17-24 41 Botiom Trawl
Albatross IV 84-06 Jul 4-18 70 Ocean Pulse
52 Albatross IV 84-06 Jul 4-18 68
S3 Delaware I 84-06 Jul 10-30 107 Shellfish Assessment
54 Albatross IV 84-07 Jul 25-Aug 30 119 Scallop Assessment
55 Albatross 1V 84-08 Sep 17-Nov 3 158 Bottom Trawl
Delaware Il 84-09 Nov 1-Dec 5 146 Ichthyoplankton-Zooplankton
56 Delaware Il 84-09 Nov 1-Dec 5 144
1985
Delaware IT 85-01 Jan 8-Feb 6 132 Ichthyoplankton-Zooplankton
57 Delaware I 85-01 Jan 8-Feb 6 126
Albatross IV 85-02 Feb 27-Apr 12 130 Bottom Trawl
58 Albatross 1V 85-02 Feb 27-Apr 12 120 Bottom Trawl
Delaware Il 85-03 Apr 2-30 191 Ichthyoplankton-Zooplankton
59 Delaware Il 85-03 Apr 2-30 130
Albatross IV 85-04 May 9-Jun 4 173 Ichthyoplankton-Zooplankton
60 Albatross IV 85-04 May 9-Jun 4 134
Gyre 85-07 Jul 17-Jul 22 22 Oceanographic
Albatross IV 85-07 Jul 23-Aug 29 128 Scaliop Assessment
61 Albatross 1V 85-07 Jul 17-Aug 29 150
Gyre 85-07 Jul 17-Aug 29
Delaware 11 85-07 Aug 29-Scp 22 103 Ichthyoplankton-Zooplankton
62 Delaware 11 85-07 Aug 29-Sep 22 173
Albetross IV 85-08 Sep 10-Nov 15 60 Bottom Trawl
Delaware II 85-08 Oct 1-Oct 25 80 Bottom Trawl
63 Albatross IV 85-08 Sep 10-Nov 15 140
Delaware 11 85-08 Sep 10-Nov 15
Delaware Il 85-10 Nov 7-Dec 12 180 Ichthyoplankton-Zooplankton
64 Delaware I 85-10 Nov 7-Dec 12 176
1986
Delaware Il 86-01 Jan 10-Feb 12 174 Ichthyoplankton-Zooplankton
65 Delaware Il 86-01 Jan 10-Feb 12 173
Albatross 1V 86-02 Mar 4-Apr 27 150 Bottom Trawl
66 Albbatross IV 86-02 Mar 4-Apr 27 145 Bottom Trawl

Delaware Il 86-03 May 8-Jun 6 165 Ichthyoplankton-Zooplankton
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MARMAP
Survey Research Cruise Sampling No. Principal
No. Vessel No. Dates Stations Cruise Objective
1986
67 Delaware 11 86-03 May 8-Jun 6 160
68 Delaware IT 86-04 Jun 17-Jul 17 105 Shelifish Assessment
69 Albatross IV 86-04 Jul 29-Aug 29 116 Scallop Assessment
Delaware Il 86-07 Aug 25-Sep 24 174 Ichthyoplankton-Zooplankton-
Ocean Pulse
70 Delaware 11 86-07 Aug 28-Sep 24 155
Albatross IV 86-05 Scp 14-Nov 6 106 Bottom Trawl
Delaware Il £5-08 Sep 30-Oct 10 41 Bottom Trawl
" Albatross IV 86-05 Scp 14-Mov 6 147
Delaware Il 86-08 Sep 14-Nov 6
Delaware Il 86-10 Nov 5-Dec 11 161 Ichthyoplankton-Zooplankton
72 Delaware Il 86-10 Nov 5-Dec 11 159
1987
Delaware Il 87-03 Jan 7-Feb 8 134 Ichthyoplankton-Zooplankton
7 Delaware I 87-01 Jan 7-Feb 8 133
Albatross IV 87-01 Mar 24-Apr 28 123 Bottom Trawl
Delaware Il 87-03 Apr 21-28 32 Botiom Trawl
74 Albatross IV 87-01 Mar 24-Apr 28 155
Delaware 11 8703 Mar 24-Apr 28
75 Admiral Arciszewski 81-04 Apr 13-22 91 Ichthyoplankton-Zooplankton
Delaware Il 87-04 May 7-Jun? 253 Ichthyop!ankton-Zooplankton
76 Delaware Il 87-04 May 7-Jun 7 193
Wieczno Pans I.1II ~ 87-01 May 31-Jul 14 ™ Ichthyoplankton-Zooplankton
7 Wieczno Parts I1&11 8701 May 31-Jun 30 129
Albatross IV 87-05 Jul 7-Aug 10 109 Scallop Assessment
78 Wieczno Part I 87-01 Jul 7-Aug 10 155
Albatross IV 87-05 Jul 7-Aug 10
Delaware 11 87-08 Aug 19-Sep 20 180 Ichthyopiankton-Zooplankton
79 Delaware Il 87-08 Aug 19-Scp 20 179
80 Albatross IV 87-07 Sep 11-Oct 30 144 Bottom Tra vl
Delaware Il 87-10 Nov 4-Dec 10 125 Ichthyoplankton-Zooplankton
81 Delaware lI 87-10 Nov 4-Dec 10 124

ICHTHYOPLANKTON-ZOOPLANKTON

The 0.61-m bongo sampler used to collect fish eggs
and larvac was described by Posgay and Marak (1980).
This sampler was fitted with 0.505- and 0.333-mm mesh
nets on all cruises. Standard methods employed in sam-
pling operations are given in Smith and Richardson (1977)
and Jossi and Marak (1983). For special studies, a 0.20-m
bongo sampler was towed with the larger bongos. Various

mesh nets (0.505-, 0.333-, 0.253-, 0.165- and 0.053-mm)
were useJ to collect these smaller samples. After the nets
were washed down, plankton samples were transferred to
sample jars and preserved in five-percent buffered for-
malin.

To determine the volume of water filtered, a General
Oceanics? digital flowmeter was suspended within each
bongo frame. These flowmeters were calibrated routinely
pefore and after each cruise in a flume tank at the NEFC

3 Use of trade names does not Imply endorsement by NOAA/Nationsl Marine Fisheries Service
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Woods Hole Lahoratory (Potter 1978). To eliminate wind-
milling by the flowmeters when setting the gear, disposable
beverage cups were placed over the fins before the 0.61-m
bongo array was deploycd. The cup was washed immedi-
ately into the net when the flowmeter was submerged and
later discarded when the plankton sample was preserved. If
a flowmeter malfunctioned, it was repaired or replaced and
the amount of water sampled during the tow was estimated
from a regression line derived from plotting previous
flowmeter readings versus the total tow time.

A Nendix Model T-1 mechanical time-depth recorder
(TDR) was attached to the towing wire immediately above
the 0.61-m bongo array to record tow profile and maximum
sampling depth. Calibration of TDRs was done ashore,
both intermittently and after any repairs. A hydraulic pump
fitted with a pressure gauge assembly was used to simulate
water pressure at nominal depth. A calibration scale was
derived from a plot of resultant TDR deflection points at
simulated depths. If the TDR malfunctioned, maximum
sampling depth of the plankton tow was éestimated by
multiplying the total amount of wire out (in the water) by
the sine of the occurring horizontal wire angle at maximum
depth (see Smith and Richardson 1977).

Plankton tows were smooth double-oblique from the
surface to a maximum depth of 200 m or to within 5 m of
the bottom. A 45-kg ball was attached beneath the bongo
array to depress the sampler(s). Vessel speed of 1-2 kn was
adjusted to maintain a 45° wire angle throughout the tow,
The wire angle was measured from the horizontal with an
inclinometer. An electric meter block was used 10 monitor
rate of wire payout and retrieval (m/min) and the amount of
wire out. Wire was payed out at 50 m/min and retrieved at
20 m/min. These rates were adjusted at depths less than or
equal to 60 m to tow for S min, with a wire payout time of
1 minand 15 sec and a retrieval time of 4 min. This towing
scheme was adopted to insure sampling a minimum of 100
m?® of water (Houde 1977).

The 0.61-m plankton samples were sent to the Morski
Instytut Rybacki (MIR), Szczecin, Poland, for sorting,
identification, and enumeration according to procedures
described by Jossi and Marak (1983). The MARMAP
0.505-mm samples were sorted for all ichthyoplankton.
Larval fish were identified, counted, and measured to the
nearest 0.1 mm of standard length. Up to 50 randomly
selected larvae of a species were measured from each
sample. Larvae and related data sheets were sent 1o the
NEFC Sandy Hook Laboratory for verification, further
analysis. data entry, and archiving,

The 0.333-mm plankton samples were analyzed for
invertebrate zooplanktcn composition and abundance. The

volume of the entire sample was deterr " organ-
ismis greater than 2.5 cm were rermov olumes
determined separately. A subsample. .imately 500

organisms was taken, the.a each orgamsm iuentified to the

lowest taxon possible (Jossi and Marak 1983). The zo-

oplankton samples were archived at the MIR faboratory.
Vertical plankton hauls were made at 24 stations on

Georges Bank on cruisc DL8708 to collect scallop larvae
for Dr. M. J. Tremblay, Fisheries and Oceans, Halifax,
Nova Scotia, Canada. A 0.40-m bongo frame fitted with
paired 0.085-mm nets was used along with 68 kg of weight
to depress the sampler. A TSK analog flowmeter was
suspended within each bongo frame and a iDR attached to
the towing wire to record actual tow depth. Sampling
procedures required that the ship be stopped. Tows were
made to within S m of bottom or to a maximum depth of 100
m. Wire was payed out and retricved at SO m/min and the
wire angle recorded. The plankton samples collected were
preserved in five-percent buffered formalin and returned to
Dr. Tremblay for analysis.

Two neuston samplers were towed on MARMAP
surveys. One consisted of a 0.5- by 1.0-m tubular frame
fitted with a conical 0.505-mm net (Jossi and Marak 1983).
This net was towed for 10 min in conjunction with the
bongo haul. After the tow, large pieces of debris or seaweed
were rinsed of adhering planktor, the amount of weed
recorded and discarded. The resultant catch was preserved
in five-percent formalin. Excessively large catches were
measured volumetrically and subsampled; the remainder of
the catch was drained and then discarded. Samples were
archived at the NEFC Narragansett Laboratory.

A Haedrich neuston sampler was towed at 3.5 kn for 15
min at selected stations to collect juvenile fish that avoid the
slower towed 0.5- x 1.0-m sampler. It consisted of a 1.0- x
0.3-m fiberglass rectar.gular frame with a built-in pontoon
on each end (Bartlett and Haedrich 1968). The frame was
fitted with a 1.8-mm mesh conical meter net. Samples from
this neuston net were sorted at sea, the fish preserved in
five-percent formalin, and the remaining sample discarded.
The fish were identified, counted, and measured to the
nearest 0.1 mm SL at NEFC Sandy Hook and Woods Hole
facilities.

HYDROGRAPHY

Hydrographic procedures used on MARMAP surveys
are described by Kirschner (1980) and Patanjo et al. (1982).
Minor modifications in hydrographic methodology were
implemented over time, either to expedite survey opera-
tions or to meet the needs of shert-term studies.

Both 1.7- and S-liter polyvinyl chloride Niskin bottles
were used 1o collect water samples. Boitles were attached
to 2 1/4-in diameter wire and the array depressed with a45-
kg weight. An electronic meter block was used to attain
nominal sampling depths. To aid in determining actual
depths sampled, a mechanical TDR was attached near the
deepest bottle. In water depths greater than 75 m, asecond
TDR was used, usually at the 50-m bottle. Normally all
bottles were fitted with protected and unprotected reversing
thermometers. Nominal sampling depths were: 1, 5, 10, 15,
20, 25, 30, 35, 50, 75, 100, 150, 200, 250 m, and within 5
m of the bottom, if water depth was less than 300 m. If
station depth exceeded 300 m, the cast was made 0 a



maximum depth of 300 m. This procedure changed in 1987
(D' 8708) when reversing the:mometers were not used, but
waler bottle casts were made to 8 maximum depth of 100
m to cotlect water for chiorophyll a and phacopigments,
and salinity determunations. Twice a day, ai stations where
primary productivity sampies were collected, additional
botties were added and some standard sampling depths
were adjusted 10 sampie at predetermined light ievels.

After the cast was set at depth, bottles were allowed 10
flush and thermometers 1o equilibrate for 3-5 min before
the messenger was released. A that time, the wire angle
was measured and recorded. A modified Niskin bottic
without revers.ag thermometers, knewn as the “bottom trip
bottle™ (BTB), was attacned just above the 45-kg weight at
station depths less than 101 m. After all bottles had been
'rnipped, the entire array was lowered slowly until the
weight niade contact with the scabed, the closing mecha-
nism on the BTB was activated automatically, and a water
samplc obtained within 1 m of the oottom. The tetal
amount of wire was recorded and used in conjunciion with
the TDR trace \c establish actual bottom depth at that time.
The BTB was used on cruise DL8607 in depths greater than
100 m in suppont of a special study involving benthic
samphing.

After the fydrographic cast was completed, reversing
thermometers were read twice. allowing a minimum time
lapse of 20 min from cast completion. Sampies for analysis
were drawn immediately from water botties in the fcllovi-
ing ore'c7: dissolved oxygen, primary productiviiy, chloro-
phyll a and phacopigments, phyioplankion, numens, sa-
hinity, and H,'"O/H,'*0. Dissuived oxygen samples col-
lected in 1984 and 1985 were taken from all botiles at
primary preductivity stations and at selected transec, sta-
tions. These samples were processed at sea using the
modified Winkler method (Carpenter 1965). The proce-
dure changed in 1986 n that dissolved oxygen samples
were drawn from the BTB only. An alternate procedure,
the azide modification of the Winkler method (Kroner et
al. 1964; American Puolic Health Association 1975), was
used on two cruises, DL8607 and DLB708. Salinity samples
were taken from all watcr bottles and analvzed ashore with
a Guildline AutoSal Model 8400. This piocedure changed
with the introduction of a Seabird Model S3E9 conductiv-
ity, temperature, depth (CTD) instrument in 1987. The
Scabird CTD was used on MARMAP cruises DL8708,
8710, and part of 8704. In addition, a SeaMarTech Model
602 AR fluorometer was integrated with the CTD and
used intermittently on cruises DL8708 and 8710. CTD
casts were made 1o within S m of the botiom if water depth
was less than 300 m. In water depths greater than 300 m,
the CTD was lowered to a maximum depth of 300 r. After
cach cast, data from the CTD were unloaded into a COM-
PAQ personnel computer. On cruise DL8704, a single
Niskin botile was attached to the hydrographic wire just
above the CTD. The array was lowcred to maximum wire
out, the winch stopped, and a messenger deployed on the
wire 1o trip the water bottle. Both the temperature record
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salinity sample were used to calibrate the CTD. During
cruise DL8707, salinity sampies were taken from the 1-m
depth and deepest waier bottle used on station tn calibrate
the CTD. Samples coliscted for H,'*O/H,'*O measure-
ments were taken from all botiles and were analyzed at the
Lamont-Doherty Geological Observatory, Palisades, New
York, using methods described by Fairbanks (1982). The
latter rampling was discontinued after cruise DL8610.

On cruise GY8507, a Neil Brown Mark Il CTD was
used along with both a General Oceanics rosetie water
sampler fitted with Niskin bottles 10 collect discrete depth
samples and a Sea Tech 25-cm path length trarsmissometer
to measure light transperency in the watsy. CTD and
transmissometer data were collected during cast decent,
and the discrete-depth water samples were obtained during
cast ascent. This array was lowered to near bottom on each
cast. The hydrographic results from this cruise were
presented in Townsend and Christensen (1986).

Or. cruises where hydrographic casts were not made,
i.e,, when plankton sampling was conducted in conjunction
with trawl surveys, or if continuous temperature profiles
were desired, a Sippican expendable bathythermograph
(XBT) was used. Two probe types, one efiective from 0 1o
206 m and anothcr from O 1o 450 m were utilized. On
MARMAP cruises, XBT casts were routinely made at all
stations on selected transects (usually Transect A, C, Djand
on other transect stations where watcr depths were greater
than 150 m. Ths procedure was discontinued in 1985
(DL8S07). In support of a special ichthyoplankion study
undenaken in the spring of 1987 (AA8704, W18701), XBT
casts were made at alternate stations. XBT drops were
cither made near the time of messenger release for the water
bottle cast or near the time of the plankton tow on rawl
surveys.

Sea surface temperature was measured with a stem
thermometcer to the nearest 0.1°C at all stations. On iwo
cruises in 1987 (AA8704 and pan of DL&710), a thermustor
affixed 10 the vessel’s seawater mtake pipe recorded sca
surface temperature. A sample of water from the surface
bucket was kegt for salinity analysis on trawl surveys, but
this practice was discontinued in 1987 (AL8701).

A Secchi disc reading was taken to measurc water
transparency when the vessel was siopped for hydrographic
observations. This reading, recorded 10 the nearest 0.5 m,
was not taken at night or in rough sea coaditions.

At each station, observations of barometric pressure,
wind speed and direction, wave height, air temperatunc
clond type, and amount of cover were recorded.

CHLOROPHYLL a AND PHAEOPIGMENTS

The determinatior of chlorophyll a and phacopigment
(phaeophorbide and phacophytin) concentrations was based
on methods described by Strickland a. «d Parsons (1972) and
Evans and O'Reilly (1983). Water samples were taken at
each station at standard sampling depths from surface to
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100 m (see Hydrography section). Additional samples for
chiorophyll a and phacopigment measurements were taken
twice & day al primary productivity stations from water
bottles. Determinations were completed at sea.

Afer water bottles were retricved, a measured volume
of scawatcr (approximately 200-800 ml) from each was
filtered. Phytoplankton were size-fractionated by filtration
to separate the netplankton (greater than or equal 10 20 um)
and nannoplankton (less than 20um). The sample filters
were then transferred to individual grinding tubes and
pulverized in 90-percent acetone with the aid of an electric
grinding rod. After grinding, the acetone volume in each
tube was brought to 10 ml and the sample centrifuged for
clarification. A portion of the supernatant was poured into
a test tube and the fluorescence was measured with a Turner
Designs fAluorometer.

Approximately 0.1 ml (two drops) of five-percent HCI
was added to degrade chlorophyll a to phaeopigments and
the fluorescence was re-read. The two fluorescence read-
ings were used to caiculate chlorophyil a and phacopig-
ment concentrations. The chlorophyll a and phacopigment
concentrations in the netplankton and nannoplankion were
summed to obtain tie total amount of chiorophyll a and
phacopigment at each depth sampled.

A modified version of the above provedure, based on
methods described in Parsorns et al. (1984), was initiated in
1985 (DL8510). Following the filtration process, sample
filters were submerged in a tube containing 10 ml of 90-
percent acetone and refrigerated in darkness for 24 h while
chiorophyll a and phacopigmenis transfused into the ace-
tonc solution. In 1987 (DL8708), the time period allowed
for chlorophyll a and phacopigments to transfuse into the
acetone solution was reduced to 12 h, Standard methods for
centrifuging samples and reading fluorescence were then
followed. Procedures were again modified in 1987 (DL8708,
&710) in that samples were centrifuged only when neces-
sary to clarify the solution. This extraction procedure was
also used on cruise GY8507 with minor differences. A 100-
ml sample of seawater was filtered through a 0.45-um filter,
and a minimum period of 6 h was allowed for chiorophyll
aand phaeopigment transfusion into acetone before fluorom-
etric analysis.

Fluorescence of near-surface water was measured
continuously using a modifed Turner Designs fluorometer
(Lorenzen 1966; Turner Designs 1981) on two surveys in
1984 (DL8401 and AL.8403) and on all MARMAP surveys
from DL8510 through DL8710 with the exception of
AA8704 and WI8701. Water for underway measurements
was provided through the laboratory seawater system of the
ship. Astrip chart recorder was used along with this system
in 1984. This procedure was changed in 1985 (DL8510) in
that fluorescence was read and recorded by scientific
personnel. In 1987 (DL8704), this procedure again changed
and the fluorometry system was interfaced with a Hewlett-
Packard 71B microcomputer, a cassette drive, printer, and
a North Star 800 Loran C navigation unit to record location
and fluorescence automatically. The flow-through under-

way fluorescence measurements were calibrated routinely
at sca by measuring the pigment (chlorophyil a and phac-
opigments) content of water taken from the fluorometer
efftuent using standard methods.

Fluorescence in the water column was also measured
by a SeaMarTec Model 6000 AR fluorometer integrated
with the CTD unit on several 1987 cruises (se¢ Hydrogii:-
phy section).

NUTRIENTS

Techniques v:sed to collect and analyze inorganic nutrients
in scawater are found in Matte er al. (1983). Additional
analytical procedures were based on methodology pre-
sented in Kaczmarek et al. (1974). Scawater samples were
collccted at designated stations on cruise DL8401 from
selected water bottles, except at station depths less than or
equal t¢ 25 m, where samples were taken from all botiles.
At ¢zpths greater than 25 m but less than or equal to 35 m,
samples were taken from 1, 5, 10, and 15 m and the bottom
bottle. A: depths greater than 35 m, samples were taken
from 1, 10, 20, 30, 50, 75, 100, 150, 200, and 250 m and the
bottom bottle, or to a maximum depth of 300 m. Samples
were also taken from the bottom trip bottle when used (see
Hydrography section).

Paired samples for inorganic nitrogen (nitrite and
nitrate), orthophosphate, and reactive silicon analysis were
drawn from a Niskin hottle into acid-cleaned, twice-rinsed,
30-ml polyethylene vials. In addition, a 25-ml sample was
also drawn into a 40-ml acid-cleaned, twice-rinsed, glass
vial for determination of ammonium concentration. One
milliliter of phenoi alcohol reagent (10-pecent phenol in
alcohol) was added to the 25-ml sample as the first reagent
of the ammonium analysis (Liddicoat er al 1975) and as a
presen ative (Degobbis 1973). The glass vial was then
scaled with aluminum foil and Teflon-lined cap. All
samples were frozen for analyses ashore.

Several times during a cruise, replicate samples were
taken from the same Niskin bottle (usualiy from the 5- or
10-m depth sample) to measure precision of collection and
analytical procedures. In addition, seven replicates were
frozen for standardization of the laboratory analysis for
each 75 to 100 samples coilected for ammonium determii-
nation.

Estimates of nitrite, nitrate, orthophosphate, and reac-
tive silicon were obtained using a Technicon Autoanalyzer
11 and techniques found in Kaczmarek et al. (1974). Analy-
ses for ammonium were performed separately using a
modified procedure by Liddicoat et al (1975) in which
samples were provessed in batch modes and absorbance
was measured vsing the autoanalyzer.

Water samples collected on cruise GY8507 (sce Hy-
drography section) were analyzed at sea for concenirations
of nitrate, nitrite, phosphate, silicate, and ammonium using
a Technicon autoana'ver and m« .hods found ip Strickland
and Parsons (1972). Determination of urea was based on



procedures in Aminot and Kerouel (1982), but modified in
that 1.0 ml of sample per minute was injected into the
autoanalyzer. The diluent used was 2.0 ml of Brij 30 plus
11 ml of distilled deionized water.

PRIMARY PRODUCTIVITY

Primary productivity measurements using methods
described by O'Reilly end Thomas (1984) were made at
two staticns per day, orc shortly after sunrise for morning
incubation and another near time of local solar noon for
aftemoon incubation. A LICOR submersible quantum
cosine sensor was used to determine the depths where light
intensities were of 100, 69, 46, 25, 10, 3, and 1 percent of
subsurface irradiance. Water samples from these depths
were filtered through a 300-pm screen to remove large
zooplankton. For each depth sampled, two replicate “light”
and one “dark” 125-ml productivity bottles were filled with
secawater. Twenty-five uCi of '*C-bicarbonate were added
to cach bottle. Light bottles were placed in glass tubes
which were s ecped to match the corresponding light
intensity at de; 1 dark bottles were placed inan opaque
tube. All bottlesw  allowed to incubate in a continuous
flow scawater bath {5 h. The '*C uptake in dark botiles
was subiracted from the !'4C uptake in light bottles to
determine the amount of ' ‘C utilized by the phytoplanktion
community at each depth.

After incubation, the samples were filiered serially
with 20- and 0.45- um mesh discs to separate netplankton,
nannoplankion, and organic ' . released as dissolved or-
ganic carbon by the active phytoplankton. The filters were
then fumed over concentrated HCIl vapor for 1 min 10
remove residual inorganic '*C and placed in individual
vials to which 0.2 ml of water and 1.0 ml of Soluene-100
(Packard Instrument Company) were added. After 2 h, two
drops of 30-percent hydrogen peroxide were added to each
vial, and following an additional 2 h, 9 ml of Insta-Gel were
added to (fix) the contents of each vial. Concurrently,a 10-
ml subsample of the filtiate containing the dissolved organic
14C-labeled carbon was placed in a glass liquid scintillation
vial, acidified to pH 2.8, and sparged with air (100 cc/vial/
min) for 30 min to remove the inorganic !“C. Thereafter, 10
ml of Insta-Gel flucr were added to the filtrate. All fixed
samples were analyzed ashote using a liquid scintillation
spectrometer.

Daily primary productivity (mg C m* d') was esti-
mated by integrating the results from the light depths
sampled and extrapolating the '*C uptake measured during
the 5-h incubation period to the total photoperiod. Photo-
synthetically active radiation was measured using a quan-
turn sensor (400-700 nm) and a digital integrator (LICOR
500) affixed to the incubator.
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PHYTOPLANKTON

Scawatcr samples for phiytopiankton species composi-
tion and enumeration were collected for two different
studics on MARMAP cruises. These samples are desig-
nated PHYTO TYPE 1 and 2, respectively, in Table 2.

The PHYTO TYPE 1 scrics was collected for subse-
quent species identifications, cell counts, and spatial and
temporal distributior:s. Unfiltered surface water (1-m
depth Niskin bottle) sampies of 500 ml were taken at ali
stations and preserved witi, two-percent buffered formalin
in polyethylene bottles. In 1987 (DL8701), this procedure
was changed and samples were taken from even-numbered
stations. Sample analyses were done ashore according to
procedures described by Marshall and Cohn (1981).

The PHYTO TYPE 2 serics of phytoplankton samples
was collected to quantify the vertical distribution of the
dinoflagellate Ceratium tripos in the euphotic layer. Atthe
morning primary productivity station, 1 | of seawater from
each of the light depths sampled was gravity filtered
through a separate 20-um filter disc. The filtration funnel
was rinsed with filtered seawater (0.45 um) and the filter
disc placed in a vial and preserved with approximately two-
percent buffered formalin. This PHYTO TYPE 2 sampling
routine was modified for cruise DL8501 in that 1-1 water
samples were also collected from those hydrographic depths
sampled for chlorophyll a and phacopigment measure-
ments on transects A, B, and C 1o identify an carly spring
bloom. All samples were analyzed at Rutgers University,
New Brunswick, New Jersey.

BENTHIC SAMPLES

On cruise DL8607, benthic samples were taken at se-
lected stations with a 0.1-m? Smith-McIntyre stainless stecl
grab. Methods followed in the collection and processing of
grab samples are described by Reid er al (1982). The
bottom trip bottle (see Hydrography section) was used on
hydrographic casts at grab stations to collect water samples
for dissolved oxygen and salinity determinations.
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Table 2. Summary of MARMAL survey operations, 1984-87.

CRVISE name of vessel, year, and cruise number.

TR transect letter designation.

STA = consecutive station number by cruise. (Stations with a leading asterisk were deleted when
forming a survey from one or more cruises.)

DATE = sampling datc (ycar, month, day) in Greenwich Mean Time (GMT).

LAT and LONG = station coordinates to the nearest whole minute. (Coordinates listed for each station may
vary from coordinates used in other publications due to vessel drift and the use of exact starting
coordinates for each activity on station.)

DEPT ! = waler depth in meters at the start of the 0.61-m bongo tow.

0.61-M START TIME = time the 0.61-m bongo began sampling: GMT = Grecnwich Mcan Time;

Local = local mean time.

DNT = day, night, and twilight. [The DNT designation is based on light levels at the start time of the
plankton tow. If no plankton tow was made, then the time of the principal observation (i.e.,
messcnger or XBT drop) was used. Twilight is defined as that pan of the day which occurs
within one hour of sunrise and sunset, respectively.]

0.20-M BONGO PAIR: 5:3= 0.505- and 0.333-mm mesh nets; 2:1 = 0.253- and 0.165-mm mesh nets; 1:0 =
0.165- and0.053-mm mesh nets.

OTHBON = (.40-m bongo with paired 0.085-mm mesh nets.

NEU

= 1/2 x 1-m neuston net.
HAE = Haedrich neuston net.
XBT = expendable bathythermograph.
CTD = conductivity, temperature, depth instrument.

HYDRO MES TIME = GMT time of messenger release on bottle cast.

TEMP = temperature from reversing thermometers on water bottle..
SAL = salinity.

i o) = samples for measuring H,'*O/H,'*O isotope.

CHL = chlorophyli a and phacopigments.

DD = dissolved oxygen.

NUT = nulrient.

SEC = Secchi disc.

“c = primary productivity.

PHYTO TYPE 1, 2 = phytoplankton samples.
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