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PROJECT SUMMARY

The main goal of our research was to determine and understand the major
processes governing the abundance, distribution, composition and eventual fate of zoo-
plankton on the southeastern shelf of the U.S. in relation to water circulation. Over
much of the shelf circulation is dominated by the Gulf Stream and/or atmospheric forc-
ing. Most of our studies concentrated on processes on the middle and outer shelf. On
the latter, pronounced biologicai production occurs year-round at frequent intervals and
is due to Gulf Stream eddies which move by at an average frequency of one every
week. These eddies are rich in nutrients which, when upwelled into the euphotic zone,

lead to pronounced primary production which then triggers zooplankton production.

During summer when shelf waters become less dense upwelled Gulf Stream water
can intrude onto the continental shelf if the following conditions occur simultaneously:
a frontal eddy passing at the shelf break, the Gulf Stream being close to the shelf
break, and wind siress being north-to-eastward. If these conditions prevail for more
than one week most of the continental shelf can be flooded by upwelled water, some-
times covering in excess of 10,000 km?, on occasion reaching the shore. Depending
on the species, concentration and spatial extent of seed populations of phyto- and zoo-
plankton, these can develop into blooms usually resulting in exhaustion of nutrients by
phytoplankton within 2 weeks, much of the phytoplankton being c¢onsumed by
developing zooplankton populations which are either smaller copepods or rapidly
growing tunicates. Copepod populations can increase as rapidly as 9% per day, and
tunicates (salps) as fast as 50% per day, the latter being able to outgrow and contain

developing phytoplankton populations. Only large phytoplankton cells remain
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ungrazed and can continue to exist in dense patches. The longer intruded Gulf Stream
- water remains on the middle to inner shelf the higher the probability of the phyto-
plankton being consumed by zooplankton. Longer residence times of mid shelf water
are observed during summer because of weak winds and only intermittent effects of
the Gulf Stream. Therefore, the probability is high that most of the primary produc-
tion is consumed or decomposed, and part of the herbivorous-omnivorous zooplankton
is consumed by carnivores including vertebrates before this water leaves the inner and

middle part of the continental shelf.

During winter, the water on the continental shelf is of higher density (cooler), not
permitting nutrient-rich, upwelled water to advance far shoreward, usually not advanc-
ing farther shoreward than the 30 m isobath. On- or offshore displacement of water is
mainly due to intermittently occurring atmospheric forcing supported by Gulf Stream
forcing at the shelf break. Gulf Stream eddies, or part of them, are repeatedly dis-
placed onto the outer, and occasionally middle shelf; they are characterized by
developing or advanced phytoplankton blooms, and quite often by tunicates which, like
in summer, have the potential to consume much, if not most of that primary produc-
tion. This implies, that even during winter, not only considerably high primary but
also secondary (zooplankton) production is observed 6n the middle and outer shelf.
Temperatures in these productive waters usually exceed 16°C. Residence times of
water on the shelf are shorter than in summer which implies that, unless tunicates pre-
vail much of the primary production leaves the shelf without being consumed. Thus,

export of organic matter from the shelf can be pronounced.

During spring, meteorological conditions strongly affect processes of the middle
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and inner shelf waters. Direction and strength of wind stress as well as periods of uni-
- directional forcing largely determine the extent of water displacement. Strong forcing
and extended periods of wind stress towards offshore, in conjunction with pronounced
runoff, can result in displacement of inshore water to the outer shelf, displacing at the
same time offshore water of higher density towards shore. Weaker forcing with short
periods of wind forcing in one direction increases the residence time of water in each
respective shelf region and does not allow for much cross-shelf exchange. Secondary
production under the first regime appears to be much more pronounced than under the

second one.

These observations were only possible because of the interdisciplinary nature of
DOE’s Southeastern Continental Shelf Program, and the fact that virtually all partici-
pants shared shiptime and data and contributed to manuscripts in a truly cooperative

manner.

A list of publications and manuscripts in press/accepted for publication, and of

talks acknowledging DOE grants follows.
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