
Drilling Program cores, also from the eastern equa-
torial PaciRc, revealed the presence of vast ancient
deposits of the diatom Thalassiothrix longissima,
a needle-shaped diatom that grows up to 4mm in
length and also forms tangled masses or mats (Fig-
ure 1). These layers that extend along the equator
for '2000km record ancient surface concentra-
tions of giant diatoms that settled to the seaSoor
between 4 and 15Ma.

The ‘Fall Dump’

As a result of sediment trap studies and work on
ancient laminated marine sediments (the tree-rings of
the oceans) a further explanation for mass Sux for
large and mat-forming diatoms has recently emerged
(Figure 2). Most diatom production and Sux was
previously thought to be generated by small, rapidly
growing diatoms in a spring bloom or upwelling
pulse. However, a review of sediment trap studies
and evidence from laminated sediments shows that
large or mat-forming diatoms that grow in stratiRed
waters in the summer and sediment massively when
autumn or winter storms disrupt the water column
may contribute as much or greater Sux to the sea-
Soor than the spring bloom. Ancient examples of this
process are the Mediterranean sapropels, black
layers whose high organic carbon content may be
explained by the contribution from diatom Sux.

See also

Carbon Cycle. Primary Production Distribution.
Primary Production Methods. Primary Production
Processes.
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Controlled experiments are the basis of the scientiRc
method. There are obvious difRculties in using this
technique when dealing with natural communities
or ecosystems, given the great spatial and temporal
variability of their environment. On land the
standard method is to divide an area of ground,
say a Reld, into a large number of equal plots. Then
with a randomized treatment, such as nutrient addi-
tion, it is possible to replicate growth of plants and
animals over a season.

It is apparent that this approach is not possible
in the open sea because of continuous advection
and dispersion of water and the organisms in it.
Bottom-living organisms are an exception, especially
these living near shore, so there have been a wide
range of experiments on rocky shores, salt marshes,
and sea grasses. But even there, the critical repro-
ductive period for most animals involves dispersion
of the larvae in a pelagic phase. Also these experi-
ments require continuous exchange of sea water.
For the completely pelagic plants and animals,

short-term experiments } usually a few days } on
single species are used to study physiological
responses. There can be 24-hour experimental
measurements of the rates of grazing of copepods
on phytoplankton in liter bottles. But for studies of
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Figure 1 The design of a mesocosm used in Loch Ewe, Scotland for studies of the dynamics of plankton communities and of fish
larval growth and mortality (adapted from Davies and Gamble, 1979).

longer-term interactions, much larger volumes of
water are necessary, to contain whole communities
and to minimize wall effects of the containers.
To this end ‘mesocosms’ } containers much larger

than can Rt into the normal laboratory } have been
used in a variety of designs and for a diversity of
purposes. The Rrst choice is whether to construct
these on land, at the sea’s edge, or to immerse them
in the sea. The former has advantages in durability,
ease of access, and re-use. There are constraints on
the volumes that can be contained, difRculties in
temperature control, and, especially, problems in
transferring representative marine communities
from the sea to the tanks. This approach was used
originally in tall relatively narrow tanks to study
populations of copepods and Rsh larvae; in particu-
lar to experiment on factors such as light that
control vertical migration. Another use of such large
tanks is to study the effect of pollutants on commu-
nities of pelagic and benthic organisms.
These shore-based tanks are limited by the weight

of water, usually to volumes of 10}30m3. Enclos-

ures immersed in the sea do not have this constraint.
Instead the problems concern the strength of the
Sexible materials used for the walls in relation to
currents and, especially, wind-induced waves. For
this reason, such enclosures are placed in sheltered
semienclosed places such as Rords. Nylon-
reinforced polythene or vinyl reinforced with fabric
have been used for these large ‘test-tubes’ containing
300}3000m3 (Figure 1). A column of water contain-
ing the natural plankton is captured by drawing up
the bag from the bottom and fastening it in a rigid
frame. The water and plankton can then be sampled
by normal oceanographic methods.
It is possible to maintain at least three trophic

levels } phytoplankton, copepods, and Rsh larvae
} for 100 days or more. The only necessary treat-
ment is addition of nutrients to replace those in the
organic matter that sinks out. Such mesocosms can
also be used for study of the fates and effects of
pollutants.
These mesocosms have the obvious advantages

associated with their large volumes } numerous
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animals for sampling, minimal wall effects. Temper-
ature is regulated by exchange of heat through the
walls. But they have various drawbacks. Not only is
advection suppressed but vertical mixing decreases
so that the outside physical conditions are not
reproduced. The greatest disadvantage, however, is
lack of adequate replication. There have been only
three to six of these mesocosms available for any
experiment and pairs did not often agree closely.
Thus each tube represents an ecosystem on its own
rather than a replicate of a larger community.
The need for experimental results at the commun-

ity level represents an unresolved problem in
biological oceanography. There are smaller-scale
experiments continuing. Open mesh containers
through which water and plankton pass can be a
compromise for the study of small Rsh and Rsh
larvae. It is now possible to mark a body of water
with very sensitive tracers and follow the effects on
plankton of the addition of nutrients, speciRcally
iron, for several weeks. The concatenation of these
results may have to depend on computer simulations.

See also

Copepods. Fish Larvae. Iron Fertilization. Popula-
tion Dynamics Models.
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Introduction

Marine policy is an academic Reld in which ap-
proaches from social science disciplines are applied
to problems arising out of the human use of the
oceans. Usually, human actions affecting ocean re-
sources take place within an institutional context:
laws establish a system of enforceable property
rights, and goods and services are exchanged
through markets. Most marine policy problems in-
volve institutional imperfections or ‘failures.’ Gover-
nance failures include ill-deRned property rights, the
incomplete integration of the actions of public
agencies operating under separate authorities, and
wasteful ‘rent seeking’ on the part of stakeholders.
Market imperfections include oil spills, nutrient
runoffs leading to eutrophication in coastal seas,
and overexploitation of commercial Rsh stocks,
among others. Even in the absence of technically
deRned institutional failures, problems may arise

when decisions allocating marine resources are
perceived to be unfair.
Most marine policy issues are subsets of broader

policy areas. Some examples are presented in Table
1. Marine policy can be distinguished from these
more general policy areas because legal property
rights in the ocean often differ from those found on
land. One reason for this difference is the relatively
high cost of monitoring and enforcing private prop-
erty rights in a remote and sometimes hostile envi-
ronment. Other reasons include the fugitive nature
of biological resources and the ease with which
nutrients and pollutants are dispersed by currents
and other physical processes.
The existence of these characteristics argues for

collective action (i.e., the exercise of public author-
ity) as a means of optimizing human uses and
managing conSicts among users. The nature of col-
lective action covers a spectrum from a centralized
system of government ‘command and control’ to the
implementation of decentralized ‘market-based ap-
proaches.’ The goal of marine policy analysis is to
identify alternative courses of action for addressing
a problem of ocean resource use and to inform
public and private decision makers about the likely
consequences. Consequences include physical, eco-
logical, economic, and distributional (equity) effects.
In any particular situation, the universe of policy
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