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recommendation, or favoring by the United States Government or any
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Abstract

The application of.biochemical tests to implicate
specific limiting factors has shown that for'most of the
érowing season (spring through fali), nitrogen limits
phytoplaﬁkton growth and‘moreAspecifiCally COntrdls the’

size of the blooms of phytoplankton in New England coastal

waters. In light of recent emphasis a nitrogen metabolism

of phytoplankton is not a surprlslng flndlng, however,‘but
iiﬁiration 6f'the-siie of the sprlng and fall blooms
suggests that zooplankton grazing pressure ‘does not over-

whelm growth, and .perhaps sinking is the dominant mechanism

Afor removal of cells'from the water column.

The seasonal sequence of phytoplankton appears to be
a composite of ﬁwo_major blooms and numerous ehaller out;
bursts of growth. .The latter seem to be related to verti-
cal turbulance which re—enriches the euphotic zone with_
ﬁutrients. The cause or source of this turbulance is>not:

clearly identified.

~

-"This report was prepared as an account of Government-spon-

sored work. Neither the United States, nor the Energy Re-

search and Development Administration nor any person acting

on behalf of the Comm1551on _ .

A. Makes any warranty or representation, expressed or im-
plied, with respect to the accuracy, completeness, or
usefulness of the information contained in this report,
or that the use of any information, apparatus, method or
process disclosed in this report may not infringe prl—
vately owned rights; or
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B. Assumes any'liabilitiés with respect to the use of, or
for damages resulting from the use of, any information,
apparatus, method, or process dlsclosed in this report.

As used in the above, 'person acting on behalf of the Commls—
sion' includes any employee or contractor of the Administra-
tion or employee of such contractor, to the extent that such
employee or contractor of the Administration or employee of
such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Admlnlstratlon, or his employment with such con-
tractor. : .
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Progress Report for 1976

In the course of study of the seasonal sequences of

Aphytoplankton, the appearance of pulses of growth commonly

‘known as "blooms" occuples a spe01al place of intereSt to

the biological’ oceanographer, it is reasoned that durlng
bloom periods, crltlcal factors for growth appear in some’
optimal configuration. Traditionalists argue that the

seasonal sequence would be composed of two major blooms;

.early spring and late summer. AArguments'for the cause

~of these include combinations and interactiohs of  light,

temperature, nutrients, trace metal/chelators, aud:vertical

mixing. of the water column., One factor consistent with all

argument 1nvolves nutrlents.

To more fully understand the causative factors we have
employed an observational program at a single station in

the Gulflof Maine about 10 miles from Boothbay Harbor. This

station has. been occupied once a week throughout the year.

In cooperation with other programs in this laboratory supported

by National Science Foundation,'NASA and the Food and Drug

Administration, several coastal cruises between Cape Ann,

Mass., and Grand Manan Island have extended our observations
throughout the Gulf of Maine and onto Georges Banks. Ship-
board measurements 1nclude vertlcal proflles of temperature,
salinity, nltrogen,'phosphorous,'silica, chlorophyll,

chelation capacity, carbon fixation and»downwellihg irradiance.
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In addition, experiments to assess tﬁe factors limiting
photosynthetic rate are carried out whilé(at éea. These

. experiments formlthe basis for our preseﬁt conclusionAthat
blooms'and their'magnitude are governed by the availability
of nitrogen in the water column. In'cqntrast,Lexperimenﬁs'
concerning the role of indrganic phosphate show that it‘
is_ne&er is limifing. o

It is clear from aUr.population stock data (chlorophyll)

- that the bloom sequence is a cqmposite of two large aﬁd‘

many smalier puises of growth. The large biooms during
~early spring and fall are associated with the major climatic
features aSsociated with the formation'of destruction bf the
thermocline. The occu%rénce of smaller pulses during the
summerlappear to be related to turbulent vertical mixiné.-
AThe sources. of these enérgies needed to overcome the’
stratificatiqn of the water column are not clearly‘id¢ntified;
‘local upwelling, internal waves, tides and near shore circula-
tioﬁ are likely candidates.' |

The-original goals of the proposed research:. "To pinpoipt

the cause of the onset of the spring bloom", naw'séem more
difficult éhan previouély supposed. 'Invan attempt to re-
‘canstruct the seasonal sequences we.have reviewed the earlier
ideas associated with verticai mixing and phytoplankton
growth (cfitical depth). In-a‘genefal manner thesé have

been applied to New England Coastal waters as an attempt



at a first order estimate of the importance of critical
mixing depths. The wéakest aspeét,of_the approach is the
use of temperature-density as'aﬁ index of vertiéal mixiné
and the lack of precise measuremerits of respifatioh.
ﬁowever;'with "reasonable" estimates of these parameters
vértical mixing appears ﬁo be very‘critiéal to coastal.
‘popuiations especially in shallow turbid Waters. The
rate of vertical mixiné in the spring bloom sequence is
fu;ther cbmﬁlicated by the intrusion of freshwater into
the coastél waters.  This is at a maximﬁm during fhe period
of the bioom° The freshwater from this system has a dual
role éonsisting of 1) nutrient addition‘and 2) water column
stabilig;tién. Of the two, the nutrient problem appears
to be the minimal Qne while the increased stability
induced by freshwater.can'greatly restriét'the vertical
 transport of phytoplankton'in the water coluﬁn. This
-allows the ceils of the population to receiyé a larger share
of the light energy in the watér column, which‘aécelerates
" growth. | | |

The fall pulse clearly-reflecté the bréakdown of the
summer thermocline - with»water‘temperaturevstill high énd
abundant light energy - vertical mixiﬁg allows the eﬁphotic
zone to bé replenished with nutriénts. Thus, the impoveriéhed
-population experiences accelerated growth;

One of the sﬁrprising things about these blooms is their

rapid decline. This rate equals the rate of growth. It is



- difficult to'argue'high rates of grazing by'zooplankton
vespecially early during the season When Se few}aﬁimals are:
present. lt would.appeaf‘that the decliﬁe'is attributed‘
more to rapid sihking than grazing which‘again points to'
nitrogen limitation Wthh causes the cells to 1ose buoyancy.
Gy | | If this 1s true, then the New England Loastal Ecosystem
o appears to be one composed‘of a water column primary -

producers with secondary consumers .confined to the benthos.
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Meetings

At the society of Limnology and Oceanography,
Charles Yentsch presented a paper on the'meésurement of
PhOtosYnthetic radiation. Dr. Yentsch has been elected.by
'NASA to the NIMBUS team concerned with Coéstél Ocean Cdlor

detection.
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Part 4. b. - Equipﬁent

Amount.chargedytd equipment account'was pértial
paymeht‘on a refrigeration unit/fréezer which was purchased
jointly onvan equally shared basis with funds:we received

from the State of Maine.

Part 4. e.

Costs consist of chemicals, glassWare, and filters

-cohsisting of approximately $2,998.31 while the reméining

$646.28 consists of minor electrical wiring'which was

required for the initiation of the experiments performed as

~well as one seagoing lab bench (cost of $175.00) which we

- consider expendable due to the fact its life expectancy is

less than one year.




