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INTRODUCTION

Phytoplankton primary productivity was measured during three
cooperative U.S.-U.S.S.ﬁ. MARMAP surveys of coastal wafers between
Cape Hatteras and Nova Scotia aboard the R. V. Belogorsk (78-01, 78-03,
78-04). Table 1 gives the dates of the three surveys and the number of
stations where primary productivity was measured. Figures 1, 2, and
3 depict the cruise tracks and locations of stations sampled during
these surveys. During the first survey (1 August - 4 September 1978,
Belogorsk 78-01), primary production was measured at.44 statiqns
extending from Nova Scotia south to Cape Hatteras. On the second
survey (6 October - 1 November 1978, Belogorsk 78-03), primary production
was measured aé 42 stations from the Gulf of Maine to just south of
Delaware Bay. The third survey (16 Novehber - 2§ November 1978,
Belogorsk 78-04) was abbreviated.A Productivity was measured at.24
stations from the Guif of Maine to the eastern tip of Long Island.

Measurements of phytoplankton productivity were made in
conjuriction with measurements of chlorophy11 a (Evans et al., 1979),
nutrients (Draxler et al., 1979), temperature, salinity, dissolved
oxygen, water transparency (Secchi disc and submersible photometer);

daily photosynthetically active radiation, and collections of zooplankton,

ichthyoplankton and phytoplankton.




METHODS

The details of the method used to measure primary productivity
are given in a separate report.(O'Rei1]y and Thomas, 1979) which
describes submersible photometry, water sampling, 14C incubations,
filter fractionation, and calculations of daily rates of primary
productivity.(gC/mZ/d). Six to seven depths were sampled throughout
the euphotic layer. During Belogorsk surveys 78-03 and 78-04 a |
submersible quantum photometer was used to determine the vertical
extinction of photosynthetically active radiation (400-700 nanometers)
as well as sampling depths corresponding to 100%, 69%, 46%, 25%, 10%,
3%, and 1% of subsurface light intensity. During the August survey
(78-01) the submersible photometer did not operate properly. Con-
sequently, Secchi disc disappearance-depths were ‘used with the
equation: (K = 1.7/Secchi depth) to estimate sampling depths.

Duplicate "light bottles” and one "dark bottle" were filled
with seawater from each sampling depth. Zooplankton larger than
300 microns were rembvéd fgdm produptivity bottles during fi]]ing.
Approximately 15 uCi-14C were added to each productivity sample.
A1ka1inity'and pH were measured ét surface and at the 10% 1ight-depth.

Measurements of primary productivity were usually made at two
stations each day of the cruise. Incubations lasted five hours with
morning stations ending and afternoon stations commencing at

approximately 1200 Eastern Standard Time (~ local solar noon).
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Following incubation under ambient light, the organic 14¢
activity in productivity samples was filter-fractionated into net-
piankton (>20 micrbns); nannoplankton (<20 microns) and dissolved
organic matter (<0.45 micron) released by phytoplankton. Rates of
production for each size fraction (mgC/m3/d) and daily integral rates
of production (mgC/m2/d) were calculated using our computer program
PP1074 (0'Reilly and Thomas, 1979).

RESULTS

.Average daily rates (mgC/m3/d) of netplankton productivity,
| nannoplankton productivity, release of dissolved organic matter (DOM),
and total productivity are given according to date, station, sampling
depth, and percent 1ight intensity in Tables 2, 3, ;nd 4 (78-01, 78-03,
78-04, respectively). The percent of toia1 carbén production by
naﬁnop]ankton, netplankton and percent of released DOM is also inen
in these tables. -Tables 2, 3, and 4 represent the output ("Section D")
from our computer program ?P1074 (0'Reilly and Thomas, 1979). Vertical
profiles of productivity versus depth {percent light intensity) can be
derived from these tables. |

Many of the vertical profiles of total productivity in August
(31 of 44) and October (37 of 42) indicate considerably less production
at 100% light intensity than at 69% intensity, and may reflect "sunlight
inhibition" of surface water productivity. During October, water
samples for both the 100% and 69% sunlight incubations were frequently
taken from the surface (1 m) Niskin bottle. Even though biomass was

identical in both treatments, in 24 of 29 cases, considerably less




total productivity was measured at 100% intensity than at 69% intensity.

During August and October, maximum total production frequently occurred

~at depths corresponding to 46% and 25% of surface light intensity

(Table 2, Table 3). During the November survey, rates of total
production progressively decreased with decreasing Tight intensity
(Table 4). Maximum production usua11y occurred at 100% or 69% light
inteﬁsity. '

Daily integral rates of productivity (mgC/mzlday)'measured during
the three surveys are given in Tables 5, 6, and 7 according to sampling
date and station number. Secchi depth, pércent light-depths, euphotic
depth, incubation time, daily photosynthetically active radiation
(Einsteins/m2/d), PAR factor, and percent of total daily carbon

production in netplankton, nannoplankton and DOM size fractions are

-also given in Tables 5, 6, and 7. Thesé tables represent the output

{"Section E") from our computer program PP1074.

-The distribution of integral total daily productivity (gC/mZ/d),
euphotic depth, percent of particu]éte production by nannoplankton,

and euphotic percent extracellular release of DOM are depicted for

each. cruise in Figures 4, 5, 6, 7, 8, and 9. A

‘In August, rates of total daily primary production (gC/mé/d)
were relatively high throughout the entire survey area. Daily
production ranged between 0.6 and 3.7 gC/mZId. Productivity was
greater than 1 9C/m2/day at 37 of 44 stations. Values were
uniformly higher than lgC/mZ/day from Nova Scotia to southern
Delaware Bay, whereas south of Delaware, in waters off Maryland,

Virginia and North Carolina, production was lowest with all values




less than 1gC/m2/day. Total daily primary production exceeded 3gC/m2/ day
at three stations: one at the eastern tip of Ldng Island, a second

south of Nantucket approaching the 200 m contour, and the third in the
mid-western area of Georges Bank (Figure 4).

During October, total daily production throughout the survey
area was also relatively high. Dai1j production ranged between 0.9
and 4.2 -gt/mZ/d with maxima of 4.1 and 4.2 gC/m2/day recorded at
stations in thé New York Bight and the eastern half of Georges Bank
(Figure 6). Productivity was greater than 1 gC/m2/d at 40 of the
42 stations and greater than 2gC/m2/d at 17 of the 42 stations.

During the November survey, productivity was relatively Tow.
Daily production-ranged between 0.2 and 2.3 gC/m2/d (Figure 8). Only
5 of the 24 stations surveyed produced more than 1gC/m2/d (Figure 8).
Highest producfion was observed over Georges Bank (>2gC/m2/d).

Nannoplankton (less than 20 microns) were responsible for the
majority of carbon produced during the August (78-01), October (78-03)
and November (78-04) surveys {Figures 5, 7, and 9).

In August, netplankton species (greater than 20 microns) dominated
over nannoplankton at only 2 stations (off the Delaware and Chesapeake
estuaries)}. During the October survey, netplankton outproduced nanno-

*plankton at only 9 of the 42 stations (off'the New Jersey coast, on
the central portion of Georges Bank, and in the northern portions'
of the Gulf of Maine) (Figure 7). In November (78-04), nannoplankton

were the dominant photosynthesizers at 19 of 24 stations (Figure 9).




The dissolved organic carbon compounds (DOM) released by phyto-
plankton during photosynthesis are usually not measured when emp]o&ing
the 14¢ method to measure proddctivity. Consequently, 14¢ measurements
reflect only particulate synthesis and are underestimates of total
carbon photoassimilation. Our three MARMAP surveys of coastal waters
demonstrate that the DOM fraction represents a significant portion
of total production, and should be routine]y measured. Euphotic'percent
extracel]ular release of DOM (EPER = Integral DOM release, mgC/mz/d
= integral total productivity, mgC/m2/d) during August ranged between
5% and 44% of total production and averaged 19% {Figure 5).

In October, EPER ranged between l’and 35% and averaged 9%

.(Figure 7). In November, EPER ranged between 4% and 33% and averaged
12% of total daily carbon productivity (Figure 9).

Our observations confirm earlier descriptions of Georges Bank
and the New York Bight as regions of hiQh productivity. Our observations
also indicate that primary productivity of the Northwest Atlantic
Continental Shelf miy beAhigher than expected.
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Table 1. Dates of MARMAP Surveys

: # of Productivity
Cruise ~ Dates Stations

Belogorsk 78-01 Aug. 11-Sept. 4, 1978 44
 Belogorsk 78-03 Oct. 6-Nov. 1, 1978 ' 42

Belogorsk 78-04 Nov. 16-Nov. 29, 1978 24
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