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INTRODUCTION

From October 1977 to December 1978 water samples for chlorophyll

analysis were collected between Cape Hatteras and Nova Scotia extending

from 3 miles off the coast eastward to the edge of the continental shelf.

The area was sampled eight times during the above time interval with

cruises scheduled approximately every other month (Table 1). Cblorophylls

were measured aboard MARMAP surveys in conjunction with measurements of

zooplankton and ichthyoplankton abundance. At selected stations nutrients,

primary productivity, water temperature, salinity, and dissolved oxygen

were also measured.

Standard MARMAP station locations are presented in Figure 1.

Stations were selected from a stratified random distribution to provide

even coverage of the study area. Additional stations were located along

transects off the mouths of estuaries (A, B, C, and D) and across the

Gulf of Maine and Georges Bank (E, F, and G) to provide more intensive

sampling in these areas.

Chlorophyll was measured at 6 to 12 stations each day. At each

station, chlorophyll samples were taken at 1, 5, 10, 15, 20, 25, 30, 35,

50, and 75 meters. Exceptions to this were Argus 77-01 where chlorophyll

was sampled at 1, 5, 10,20, 30, 50, 75, 100,200,250,300, and 500

meters, and Argus 78-04, Belogorsk 78-01, 7~-03, and 78-04 where chlorophyll

at one to two stations per day was measured at depths corresponding to

those sampled for primary productivity.



During the Argus survey (78-04),samp1es for primary productivity

were collected at one station each day at approximately 0930 hrs Eastern

Standard Time (EST). At these stations,samp1es for chlorophyll and

productivity were taken at 100, 60, 26, 15, and 1% light levels as

detennined with a submersible photometer or Secchi disc. "

On Be10gorsk 78-01, 78-03, and 78-04 samples for primary productivity

and chlorophyll were taken at two stations each day at approximately 0700

hrs and 1100 hrs. EST. Depths sampled ·at these stations corresponded to

100, 69, 46, 25, 10, 3, and 1% incident light intensity. Additional

depths were sampled below 1% light intensity to 75 meters. Light intensity

was measured with a quantum submarine photometer or a Secchi disc when

conditions were too rough to use the photometer.

Netp1ankton chlorophyll ~ (>20 microns) and nannoplankton chlorophyll a

«20 microns) were detennined by size-fractionation of whole water samples.

Chlorophyll i!, phaeophytin, and Fo/Fa (acidification ratio) detenninations

were made for net- and nanno-plankton at each depth sampled on all cruises.

The resu1.ting chlorophyll estimates were summed to give total chlorophyll a

and total phaeophytin for each depth. Total community Fo/Fa was also

calculated.

METHODS

Water was collected using PVC Niskin bottles with the exception of

Argus 77-01 and Mt. Mitchell 77-11 when metal Nansen bottles were used.

Immediately after bottles were brought on board ship, water for chlorophyll



analysis was filtered through a 300 micron mesh nylon filter into an

opaque PVC bottle. The 300 micron filter removed the larger zooplankton

from chlorophyll samples.

Between 100-500 ml of seawater was then size-fractionated into

netplankton and nannoplankton. During all cruises a 20 micron mesh

(25 mm diameter nylon Nitex filter) was used to filter netplankton.

Millipore filters (0.45 micron, 25 mm diameter HAWP) were used to filter

nannoplankton during Argus 77-01, Mt. Mitche11/Ke1ez 77-11, Argus 78-04,

Delaware 78-02, and Albatross 78-07. Whatman GF/F glass fiber filters

(25 mm diameter) were used for nannoplankton filtration during Belogorsk

78-01. 78-03. and 78-04.

After filtration,samp1es were either frozen in the presence of

silica gel dessicant and returned to land for processing (about one

half of Argus 77-01 and Mt. Mitche11/Kelez 77-11; all of Delaware 7B-02,

Argus 78-04, and Albatross 78-07) or were processed aboard ship (about

one half of Argus 77-01 and Mt. Mitchel1/Kelez 77-11; all of Belogorsk

78-01. 7&-03. and 78-04).

Samples processed aboard ship were removed from the filter holder

and immediately placed in grinding vessels with 2-3 ml 90% SpectrAr

grade acetone. Filter and plankton were ground for one minute with a

teflon-tip grinding rod attached to an electric hand drill. The volume

of acetone was brought to 10 ml in the grinding vessel and the vessel

was stoppered and shaken. The particulate material was then separated

from the chlorophyll-acetone extract by filtration through a 25 mm GF/A



glass fiber filter or by centrifugation for 5 minutes. The fluorescence

of the particulate-free chlorophyll extract was read on a Turner Designs

Fluorometer. After the initial reading, 2 drops of 5% HCl were added to

the sample and a second reading was taken. When samples were frozen,

filters were removed from filtration holders, folded in half and placed

in glassine envelopes and frozen. Frozen samples were returned to land

and processed in the laboratory following the same procedure used to

process samples at sea.

Chlorophyll ~, phaeophytin, and Fo/Fa were determined using the

readings before and after acidification, predetermined calibration

factors and the following formulas:

mg Ch1a/143 = F( T ) (Rb-Ra) (m1 acetone) (. 1. )
- r:T 10 11ters fl1 tered

mg Phaeom3 = F( T ) (TxRa-Rb) (m1 acetone) (. 1. )
r:T 10 llters flltered

F /F = Rbo a Ra

F -- predetermined calibration factor

T -- predetermined calibration factor

Rb -- fluorometer reading before calibration

Ra -- fluorometer reading after calibration

m1 acetone -- number of milliliters used for chlorophyll extraction

liters filtered -- number of liters of seawater filtered for pigment
determinations

The fluorometer was calibrated using the spectrophotometric method for

"corrected" chlorophyll a according to Lorenzen's equations (Limnology and



Oceanography 1967) given by Strickland and Parsons (1972). A pure

culture of Skeletonemacostatum was used as the chlorophyll a source

in calibration.

The average concentration of total chlorophyll ~ (mg Chl~m3) in

the upper 75 meters of the water column (or to the bottom, whichever

was shallower) was computed for each station by arithmetically integrating

total chlorophyll a over depth and dividing the integral by depth.

RESULTS

Station location, sampling dates and cruise tracks for the 8 surveys

are presented in Figures 2-9.

Concentrations of netplankton, nannoplankton, and total chlorophyll a

(mg/m3) as well as phaeopigment concentrations and acidification ratios

for each size fraction are presented in Table 2; according to sampling

date and station number. See Table 1 for cruise dates. Distributions

of total chlorophyll a during each of these eight surveys are presented

in Figures 10-17. The values depicted represent the mean total

chlorophyll ~ concentration (mg/m3) from surface to 75 meters or bottom,

whichever was shallower.

Generally, chlorophyll a concentrations in the Gulf of Maine were

low throughout the year, though at times, small pockets of higher

values occurred near shore.

Relatively high chlorophyll concentrations were found over Georges

Bank throughout most of the year. Chlorophyll ~ mg/m3 values decreased

proceeding toward the perimeter of the bank. Chlorophyll a concentrations



during the April-May and June-July cruises were uniformly low throughout

Georges Bank.

Highest concentrations of chlorophyll ~ were found consistently

in the New York Bight off the coast of New Jersey. Generally, during

the eight surveys, chlorophyll a mg/mJ decreased seaward from the coast

to the edge of the continental shelf.
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Figure 6. Cruise track and station location sampled during Albatross IV 78-07, June 23
July 16, 1978.
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TABLE 1. MARMAP cruises October 1977-December 1978.

Cruise
Date Ship Number

October 17-November 9, 1977 Argus 77-01

November 13-December 13, 1977 Mt. Mitchell/Ke1ez 77-11

February 16-March 16, 1978 Delaware II 78-02·

Apri 1 18-May 22, 1978 Argus 78-04

June 23-July 16, 1978 Albatross IV 78-07

August ll-September 4, 1978 Belogorsk 78-01

October 6-November 1, 1978. Belogorsk 78-03

November 16-November 29, 1978 Belogorsk 78-04



TABLE 2. Concentrations of netplankton, nannoplankton, and total

mg chlorophyll ~m3, phaeopigment and acidification

ratios.
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