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Foreword

A century from now humanity will live in a managed � or mismanaged � global garden.

We are debating the need to preserve tropical forests, Varming of the sea is providing an
increasing part of our fish supply. We are beginning to control atmospheric emissions. In a
hundred years these separate aspects will need to be integrated into a single management
system. We shall use novel farming practices and genetic engineering of bacteria to inanip-
ulate the methane production of rice fields world-wide. The continental shelf, especially ofT
Asia, will be developed to provide food, energy and, probably, living space. The capture of
any remaining wild marine animals v ill be regulated like deer hunting.

To make such intensive management possible will require massive improvements in data
collection, analysis and especially in our concepts.

A century hence we will live on a wired earth. Like the weather stations which form a
network over the land's surface, the oceans of the next century will have a three dirnensionaJ
lattice of sensing stations. The crust of the earth will also receive the same compreherisive
monitoring now devoted to weather. Thus earth, air and sea. will be continuously sensed and
their interactions modelled in order to anticipate inajor events such as El Nino, hurricanes,
earthquakes, volcanoes and climatic fluctuations.

As the peoples of Asia�Latin America and Africa approach the levels of wealth of Europe
and North America, environmental fatalism and modest demands for food will be replaced
by impatience with the accidents of nature and intolerance with mismanagement of the
environment � particularly the living resources which are the focus of our material aiid
altruistic concerns. The need for careful global management will become irresistible. Our
control of physical perturhations and chemical inputs to the environment will be judged
by the consequences to living organisms as individual species and as interacting systems.
Above all, our hiirnan ability to aKect life in all sectors, aquatic or terrestrial, brings these
aspects together.

The problem addressed by this ivorksliop is: How can we provide the factual and the-
oretical foundation needed to begin to inove from our piesent fragmented knowledge and
limited abilities to a managed, wired --- and beautiful global garden a century from now?



1 Summary

We have entered a period where the study of the earth as a total system is withiii
the reach of our technical and scientific capabilities. Further, an understanding of the
interactions of earth, sea. and air is a practical social necessity. These interactions encompass
pliysical, cheinical and biological factors. The biological or ecological components are critical
not only as parts of these processes but as a major and direct impact on man of the
consequences of global changes in the system. Yet, t,he possible nature and direction of
ecological change is the most diKcult aspect to predict and to relate to the other. physical
and chemical, processes.

So far the terrestrial and marine sectors' have been considered separately. There can
be good reasons for this lack of integration. The practical logistics  ships versus jeeps! are
one reason for this separation. The organization of research institutes and of the federal
funding exacerbates the dichotomy. But the critical question is whether the science itself
requires this division. The purpose of the workshop was to address this question specifically
and, as appropriate, propose measures to bring the components together.

The need for such a. meeting was evident from the discussions. The participants agreed
that they all acquired new and useful ideas from the exchange of information and concepts.
Thus, the meeting was considered a success as a, specific scientific event. More significantly,
these discussions revealed many topics which required and would benefit from more detailed
and extensive consideration. The time for this meeting was too short both to educate all
the participants and to make detailed plans for further progress,

The scientific interests and excitement of generalizing across sectors was the dominant
theme. For example, is the correct comparison between the longest lived components�
trees and fish � rather than at the same trophic level? We were also aware of the societal
importance of understanding the very different consequences of human disturbance. Thus,
assessments of waste disposal options in each sector of the environment and at local, regional
or global scales demand comparative study. Especially we were conscious that any real
convergence in ideas and integrations of'theories would be a long-term process involving the
removal of institutional and funding barriers.

At this first, preliminary, meeting we sketched some major topics for comparative stud-
ies,  food web structure, patchiness, biodiversity, etc.! and inethods for promoting conver-
gent evolution  workshops, summer schools, paired collaboration, production of texts, etc.!
We must work out more specific plans and determine funding sources,

There was no doubt, however, that the perceived need to view our world as a, single
system requires ecological theory and practice to achieve a, strong common basis.

2 Present Status

General concepts such as Global Geoscience presuppose some ability to integrate ideas
and research in the aquatic, terrestrial and atmospheric sciences, Thus, the physics of
the atmosphere, the ocean and even the interior of' the earth come together under the

iIt is recognised that freshwater coastal estuarine environments are of intrinsic importance and partic-
ularly significant in these comparisons. In the following text "terrestrial and marine" is often used as a
shorthand for the complete rantte of systeins,



2 PRESElVT STAT US

auspice» of geophysical fliiid dynamic»; even though the research programs and facilities
are quite separate and <listinct, Programs are iiudrrway to study tire fluxes of carbon,
Mtrogcli And otlier elements throrigh thc atmosphere, ocean and 1and interfaces. I hcsc
fluxes involve intcract,ions which cnconipass physical, chemical and biological factors. In
particular, various flux rates are determined by ecological conditions. But the ecological
components of these global studies are critical not only as part of these processes but also
because they are seen as direct inipacts on oiir own economic or aesthetic values.

Changes in plant and animal distribution and abundance are scen az the consequence
of our large-scale interventions, and these perceived changes provide the basis for societal
concerns and actioris. Yct, the underlying processes which cause ecological changes are the
most di5cult to identify and to relate to physical and chemical changes on land, in the
atmosphere and in the ocean.

Considering the urgcricy of the global problems, there is distressingly poor communica-
tion anioiig ecologists. I',ven scientists studying the same habitat from different perspectives

e<'osystern or population biology �,.rsk diffcrcnt questions in different languages. For
cxamp!e. a. populatioii biologist might study crabs or birds and have no interest in the ni-
trogeri cycliiig which is fun<lamental to thc local existence of the animals. A worse division
separates "pure" and "applied" ecologists. The former carefiilly avoid situations influenced
by inan althoiigh agricirltural aud fishcrics biologists ask similar questions of their systems.
As a. r< sirlt they have diff<>cut profcssioiial societic» and journa!».

Bur nowhere are diffcrcirccs greater than those existing bet<veen terrestrial ecologists
and biological oceanngraphers. They bciong to diA'crcrit professional societies, There is less
than 10'7< overlap bctivceri the nicnibcrships of tlic Fcological Society of America and the
American Society of Limnology and Oceanography. Certainly their systems are diferent and
so are their questions a»d niethods of stiidy. For example most marine ecologists have no
grasp of the ecological diversity of insect species, or the»biquitoiis coevolutionary relations
of terrestrial systems. Feiv terrestrial ccologists have any appreciation of the intricate and
dynamic relations between physical and biological factors in oceanic systems.

Rcccntiy there has bren evidence of better conimiinication between ecologists working
in the same general habitats. Ilowcvcr, tire terrestrial and rnarinc fields seem to bc growing
further apart, Thc organization of rescarcli and its funding exacerbates this dichotomy. Are
there also conceptual reasons for this separation?

Altliough the atmospher'e and ocean are governed by thc sanie dynamics, the processes
opcrat<' at fundamentally different space and tiine s< ales, Probably the most important
con»equence is that marine adaptations have evolved in situations where the populations
are closely dependent on pliysical features. Pelagic marine populations are faced with
ever changing pliy»i< al liabitat» aud arc motile aiid usually capable of rapid reproductive
responses. Tlii» contrasts with terrcstriaI adaptations wliich often respond to much longer
time scales and deal davit!r atmosp1ieric variability as short terni iioise,

Hoiv can s»ch diff'crenc< s be bridged? It is critical that the scieutific community become
aware of thc different perspectives and. tlie various strengths and weakiiesses of the several
disciplines. As a result of discus»io»s at the incctirig, thc folio>ving examples crncrged of
strcngtlis in one discipline ivhich could be in>ported into anotlici.



l. Terrestrial ecologists have long been very effective in developing evolutionary para-
digms. Marine systems liave equally fascinating but very different evolutionary pat-
terns which could be exploited profitably with theories and methods developed for
terrestrial systems.

2. Marine ecologists have developed sophisticated methods to study and analyze physical
and biological coupling across space, time and size scales, These approaches might
contribute to a hetter understanding ol atmospheric/biotic relations of dispersal and
behavior at boundaries.

3. Terrestrial and freshwater ecologists have a considerable body of knowledge and theory
about foraging behavior and biology. This has led to increased understanding of the
role of specialists and generalists in food web dynamics. Marine research could apply
some of these theories to the foraging of higher order predators.

4. Marine studies of patch dynamics as a mix of physical processes and biological be-
havior are well developed. Many of these concepts would be appropriate to problems
in the terrestrial realm on large time or space scales � especially cliniate related
phenomena.

5, Terrestrial workers have a. long history of controlled  or intrusive! field experiments.
Manipulations of intertidal situations have been undertaken for 50 years but only
recently have been applied to benthic populations. Experimental control of pelagic
systems is very diflicult but can be used to test carefully posed hypotheses.

6. Freshwater processes are intensively studied. These aquatic ecosystems are capable
of controlled  and uncontrolled! manipulation. Although questions of mobility and of
scale appear to separate them from marine and terrestrial systems, freshwater studies
should provide opportunities for conceptual and technical links.

Finally, we need to be reminded that there are ma,ny common issues and questions,
Cross-system comparisons include: boundary layer communities in different fluids; main-
tenance of pattern at different temporal and spatial scales and the role of disturbance,
ecotones, succession etc,

3 Major Themes of the Meeting

3.1 Why are marine and terrestrial ecology different?

Marine and terrestrial researchers function in different institutional and granting sit-
uations. But their divergent approaches appear to rise from perceived differences in the
physical environments and in tlie manner these aftect organisms and biological interactions.
Biological oceanographers, in particular, view the physical characteristics of the marine
environment as primarily responsible for pattern in biological communities, relegating the
intrinsic pattern-generating capacities of biological systems to a minor role. Terrestrial
ecologists, while recognizing the dependence on the physical background, emphasize that
dynamical properties of populations and communities generate pattern within ecological
systems independently of the physical environment.



3 Af:"t JOii 'i liI':AfKS OF THF, MEET11VG

Bio]ogica] interactions i» tlte occa», such as prcdatio», arc viewed as important but
the major dctcrtnina»ts of spatial and tctnporal variation in biological populations and
processes are usually co»sidcrc<l to bc imposed by corresponding patterns in the physical
system, especially variations in ter»peratttrc, salinity, light and nutrients. In particular,
the spatial and temporal sca]es depc»d on the pertinent scales of variation in the physics,
Most of the energy in thc marine environment is stor<d in phvsical forms temperature
gradients and water tnovcment, Thus, fluid and thermal properties of water dotninate these
biological systems.

Terrcstria] ccologists stress t]t<. storage of energy in biomass and organic detritus and
so decouplc biological and physical contponents to some degree. The influence of the attno-
sphere on temporal patterns is moderated by the storage of biomass. Furthermore, spatial
variation is under primary control of topography and soil whose temporal variation  without
human influcnce! is ol very long scale conti>a>cd to both atmospheric and marine processes
of similar spatial scale. It is»sually assumed that the dynamics are mainly demographic
interactions betwcctt popttlations. For example, time lags in the response of populations to
environmental ch»ngcs can initiate popttlation cycles but their periods and amplitudes de-
pend on biological <'ltaractcristics. Fin»]]y, terrestrial systems are considered to b< strongly
organized by evolutionary i»teractiotts. IIost spccializatioti, mutt>a]ism, mimicry complexes
and otltcr evolved arrattg< ttt< nts at»ong speci< s are tlt<>»ght to bc far r»ore prevalent in ter-
restria] than in marine systems iv]tcrc co»stt»ters arc scen as more generalized  algal-coral
symbioses»otwitltsta»di»g!. I;:vo]tt tionary ecology is prcdominatttly a, terrestrial discipline.

IVhi]e biological components of marittc at>d terrestrial systertts are subject to the same
gctteral processes, tltc expressions of t.hcs< pr<><esses, cspccially as a function of space and
time scales, differs greatly duc to the pltysical nature of each environment. This fact has
reinforced thc separation of ecosystem studies but also offers tlte potential for evaluating and
testing general theories of ecosystem processes that could predict these major differences
between ecological sectors.

3.2 Dimensions for Comparisons

No single "axis" catt bring tog<'tlter the contrasts among marittc, terrestrial and freshwa-
ter ecosystems that ~vere apparent to the tvot.kshop participants. For example, the contrasts
br tween syste»>s dominate<] by s<ssi]e a»d ntobilc organisms arc «t least as mar]<ed as those
between terrestrial and aq«atic tegir»es, The two dit»ettsio»a] strncture of sessile systems
is detertttincd maittly by topogr»p]ty wttilc mobile systet»s are sttbjcct to the three spatial
dimcnsiotts ol' ltydrodynarrtics.

"Pelagic" organisnts in air or water are influ<.nccd by the temporal scales in each medium.
At all spatial sea]<s tcr»pora] el<a»g< is s]oivct in the or<a» than i» the attnosphcrc. In par-
tic»lar the major eddy systct»s resl>o»sible for much of tlte. variability in each environment
have very different scales. Atmospheric ed<]ies  ]tigh and ]otv pressure systems! are about
1,000 ] m in diatnetcr art<] move a distattce equal to their diameter in 2 or 3 days, Ocean
eddies are t»uch smallet  ca, 100 ];m! and can move this distance in about 30 days. Conse-
que»tlv the weather fluctuations of the ttvo <.nvironments difler by an order of magnitude
in both temporal and spatial s<alc.



Parallel distinctions exist. for major biotic processes. ln mobile systenis patterns ar<
set by passive advectioii and active migration and the use of these alternative mechanisms
depends on the relation betwen> biological and physical scales in each environment.

In the sessile components of systems or of life cycles, spatial pattern depends lieavily
on biogeographic ranges and on in situ competitive, predatory and mutualistic interac-
tions. Succession sets the tempo of community variation. Thus, the mobile-sessile axis
in the context of environmental scales can integrate seemingly disparate features of differ-
ent environments. This axis miist include what the workshop defined as "boundary layer"
communities whose patterns are determined by both topography and hydrodynamics.

Studies in freshwater ecology provide remarkably clear examples of the perspectives that
derive from pelagic and benthic ecology. Recently two parallel workshops  supported by
NSF! were convened to assess progress in lake and stream ecology. In the lake workshop
report, predator-prey interactions and temporal variability were the inajor issues with only
one chapter dealing mainly with spatial patterns. At the stream workshop, disturbance,
spatial heterogeneity and biogeography were dominant topics and only two chapters dealt
with interspecific interactions.

Another "axis" received significant attention at the present workshop the scales of
body size, turnover time and trophic status. In aquatic systems, the size of organisms
and population turnover time increase up the food chain while unit growth rate  Rmax!
decreases. In terrestrial systems, body size and turnover time often decline up the food
chain while Rmax increases. Compare phytoplankton and trees. These opposite trends
have important implications for stability and temporal variability, They are especially
relevant to the degree and manner of coupling or decoupling between physical and biological
processes, Thus in aquatic systems nutrient enrichment will have an immediate eR'ect but
the temporal pattern of subsequent community response can depend on predator turnover
time. In contrast the quasi-cycles of spruce budworm outbreaks appear to be set by the rate
of recovery of the forest canopy between outbreaks. Thus, cycling rates are often governed
by large biota having slow turnover times but with very diferent trophic status  forests or
fishes! in different systems. The general implications of opposite trends in turnover time
with trophic position are worthy of future study in non-linear food chain models.

These "dimensions" �   I! space/time scales of physical processes, �! mobile/sessile life
styles, and �! size/growth rate/trophic position � provide systematic methods to define
the differences between the marine terrestrial and freshwater sectors. The participants
consider that they form a basis not only for qualitative comparisons of observations but
also for more detailed future conceptual integration,

3.3 Common Issues

During the discussion many specific questions were raised which occur in aquatic and
terrestrial research and where some common definition of the concepts, or comparisons of
data sets would be useful. Thus one way to illustrate the need for more interaction is to list
brieIly common issues faced in the study of ocean, terrestrial and freshwater ecosystems.
This list is not intended to be comprehensive.

Cross-system parameters: What varia.bles should be used to make possible comparisons
among different ecosystems?
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Biodiversity: How many differe»t species or phyla are there on land and in the sea. Is
biodiversity best described by Linnean taxonomy or would other functional concepts,
such as body size. be equally or more useful?

Disturbance: What roles do anthropogenic and natural disturbance play in changing the
diversity in different ecosystems?

Dispersal: What is thc nature and importance of the movement of organisms across ecosys-
tem boundaries?

Coevolutiorr: What is the importance of coevolution in difTerent environments?

Food websr At what level of detail are the trophic structure of marine and terrestrial food
webs similar � or difTerent?

Patchiness: What are the mccha»isriis uiidcrlyi»g spatial patterns and what are their
predictable or storhastic conseq»cnccs?

Energetic and rIraterial balances: liow are the dy»amies of energy and material flow
related to ecosvstrm structure?

System aggregation: What are the tradcoA's iri describing ecosystems at various levels of
aggregation '.

Remote sensing: Ilow can wc assimilate the dense data sets from satellites. How do we
combine them with irr sitii observations?

Long-term data: W]rat liuman and natural records are available from aquatic and ter-
restrial systems and how da we compare them?

Boundary layers: Wliat are the special fluid dynamic conditions that charact.erizc com-
rnunities living at the iirtcrfaccs and utilizing the solid and fluid media?

Scale dyrranrics: A very general qiicstion. How should dynamic» on widely different scales
be linked in theory or in numerical models?

4 Present Programs

'I'he previous scctio»s have illiistratcd the wide range of comr»on issues and also the
difference in scales at which aqirati< and terrestrial systcrns respond. If we are to study the
interactions across ti»>c scales then larig-terirr data sets are necessary. At geological time
scales pollen analyses on land show the trends in forest and grassland distribution since the
last ice-age. In the sea., oxygen isotope analyses of ca]careo»s shells in deep ocean cores
demonstrate the temperatiire changes si»ce the last icc age  and earlier!. It is assumed that
at the very long periods, we are observirig the response of a globally coupled system.

At historical time scales the lo»g-term data sets are »carly all associated with and
afl'ected by hurna» activity � forestry or viticulture on laird, flsheries in the sea. Can
we cornparc tree-ring data a»d fisheries statistics? Are the loriger lived components the
main determinants of ccasystcrn structure? We req»ire long-ter»i st»dies at the commuriity



or ecosystem level. Sonic of these exist, There are the IIubbard Brook Forest Program
�0 years!, for example, and tlie Californian Current Surveys �5 years! which provide bath
space and time coverage. Can these be compared in terins of ecological processes, scales of
variability, response to environmental change?

Far terrestrial and freshwater systems, the l,ong-Term Ecological Research  LTER! net-
work, supported by NSI', is an emerging source of data and ideas for cross-system compar-
isons. Studies across LTER sites are underway focussing on the identification of parameters
and processes which can be used for quantitative comparisons. At the workshop there was
substantial interest in expanding such cross-system studies to include sites that are not
part of the present LTER network, It was considered that a major advance would be the
inclusion of marine systems in this expansion. There have been comparative reviews, par-
ticularly of fishery systems, but a more systematic progress is required, One program an
global marine ecosystems  GLOHEC! is being developed with the aim of defining the phys-
ical/ecological relations that affect population dynamics for a wide range of scales and a.
diversity of species. Thus assessment of previous marine data sets and af pending prograrus
in the context of the terrestrial studies would close the information gap between marine,
terrestrial and fresh water systems.

5 Options for Action

At the workshop four subgroups were asked to choase topics requiring active collabo-
ration by researchers in terrestrial and aquatic ecology. After discussion in plenary the
fallowing set was se]ected. It is not exhaustive but represents the range of subjects where
significant benefits to science wauld result from eflective interaction of active researchers.

5.1 I ong-term Data Sets

A primary requirement is for the different research communities to appreciate the nature
of the data available iii other sectors; the way in which observations are made; methods of
analysis; the underlying hypotheses or conceptual models, and the future plans. This must
be the basis for cross-system comparisons of global ideas or specific theories. The LTER
network provides timely examples and growing experience with the types of comparison that
are needed. It is essential to broaden these efforts by combining them with relevant and
appropriate marine studies. Sustained comparisons of marine, terrestrial and freshwater
ecosystems are a major recornrnendation of the workshop.

5.2 Body Size, Trophic Structure and Community Dynamics

Numerous observers of aquatic food chains have pointed out the steady increase in body
size from phytoplanktan through herbivorous zooplankton to carnivares. Other observers,
at least since Elton in 1927, have remarked that many terrestrial food chains, or portions of
these, proceed from very lang-lived primary producers such as trees or shrubs to short-lived
organisms such as insects and their parasites. Coupled with these patterns of increasing
or decreasing body size are maiiy other physiological or ecological variables such as rate of
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growth and length of life. These divergent. patterns are often cited as the basis for the very
diFerent dynamics of each system.

At the same time, patterns in the topological structure of food webs have been discovered
iii recent decades that seem to transcend these distinctions between aquatic and terrestrial
ecosystems. For example, the fractions of top, intermediate and basal species appear to be
indepe»dent of total species nunibers. These fractions do not seem to differ significantly
between the two kinds of systems.

How is topological structure invariant for systems with very diFerent dynamics and scale
relatio»s? Do food webs with increasing body size respond to perturbations differently
from those with decreasing body size'? These questions are of considerable theoretical
interest. They are also of practical importance in view of our co»cerns about anthropogenic
perturbations at global a»d local scales,

5.3 Methods of Analysis of Community Structure

General comparisons are very depc»dent on the methods for collecting data on com-
munity structure a»d ori techniqiies of analysis. The geographical extent of a community
and the position of its boundaries are difficult to define because the species inhabiting a
particular place extend or contract tlieir a»ibit at a wide range of scales from the diurnal
to seasonal, to successional, to evoliitionary periods. The underlying processes are very
diFerent in each environment i»cludiiig passive dispersal patterns determined by physical
dynamics, active migratio» and alteration of the environme»t as well as adaptation to it.
The common usage of terms such as population, commu»ity and ecosystem for descriptions
in the different sectors can conceal significant differences implicit in underlying concepts,

A workshop would usefully focus on tec!i»iq»es for measuring scale-relatio»s, defining
the dimensions of populatioiis a»d th< coiipli»g and exchange between communities. These
couplings have practical consequences in ter»is of the definition of fish stocks, the design of
nature reserves and the ide»tificatio» of "damage" from pollution and other disturbances to
natural systems. Tliey arc also importaiit to our understanding ol the role of evolutionary
dynamics and speciation in mari»c and terrestrial syster»s.

The products of the workshop wo»ld deal with comparisoiis of analytical techniques,
examples of analyzed systci»s, scales for definition of community structure and the conse-
quences for community development a»d evolutionary processes.

5.4 Experimental Manipulation of Ecosystems

Large-scale experiments have been remarkably successful in resolving controversy and
achieving insights that would take far longer through observatio»al. or laboratory scale ex-
perimental studies, KVhole lake manipulations are a good example. Evolving statistical a»d
modelling techniques can provide a rigorous fou»datio» for detecting change in large unrepli-
cated experiments. Freshwater a»d terrrstrial habitats provide virtually all the examples of
such  ontrolled large-scale experir»e»tatioii, I» the open sea such direct experiine»ts are not
practical, The co»seq»e»ccs of extrei»e ovcr-fishiiig can be viewed as very large exclusion
experiments and provide valuable irisights into co»imu»ity responses, But overfishing obvi-
ously does not allow rigoroiis definition of caiise-effect relations particularly in the context
of natural variability.



5,5 Disturbance

Partial manipulation in fjords lias been carried out, Mesocosrns  enclosed volumes up to
3,000 m' ! have been used, but the value of this approach and the interpretation af results
have been controversial.

It would be valuable to have comparisons of the opportunities for, and limitations on,
inanipulations at various scales, methods of analysis, and interpretation of results from these
different "experimental" approaches. The potential for future work would be considered.
For example, whole estuary experiments may be both feasible and critically important for
predicting impact on near-shore regions both land and sea,.

5.5 Disturbance

The general role of disturbance is of very great interest. The term is di6cult to define
exactly. Disturbances include coarse grained inlrequent events such as hurricanes, landslides
and fires; as well as finer scale events such as tree falls, ant mounds and badger diggings,
Predation in a very broad sense can be an important disturbance by changing the size and
age frequency of the prey or by altering the spatial mosaic. The effects of disturbance have
become an important component in the study of terrestrial, freshwater and benthic systems.
While these effects on the patch dynamics of two-dimensional systems are dramatic and
ubiquitous, there may not be a, comparable effect on ocean planktonic systems. Extreme
alterations by man in density of fish stocks have no detectable link to observed fluctuations
at lower trophic levels. Are these differences a. matter of definition of "disturbance"; of the
data. sets, or of different ways in which each system responds to irregular forcing? This
topic � the modes of response to disturbance would be a valuable focus of comparative
and collaborative workshops.

5.6 Origin and Maintenance of Diversity

A workshop would address the differing patterns of diversity in marine and terrestrial
environments. It has been suggested that diversity at the species level is generally greater
on land but at the phylum level is larger in the sea. Such divergent patterns, if confirme,
require examination of the process responsible for their origin and maintenance. Major
issues include the degree to which local diversity is determined within the context of the
local physical environment,, as contrasted with rates of species production resulting from
migration of populations between regions. Another important issue is the relationship
between local and regional species diversities which are coupled by the turnover of species
between habitats  beta diversity!. If marine communities are delimited primarily by physical
processes and terrestrial  and benthic! communities exhibit greater influence of species
movement and habitat selection, one might expect to find different patterns of beta diversity
and perhaps differences in the influences of various processes and local and regional diversity.

Such comparisons would likely reveal gaps in our understanding of diversity and elucidate
general patterns and the processes responsible for them. The inclusion of paleontologists
wouM contribute an important historical perspective.
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5.7 Patch Dyriarnics

In all environments it is recognized that spatial and temporal variability � patches and
population outbursts � are not merely noise but essential features of the food web dynamics
ensuring adequate feeding rates and reproduction. However, methods of observation and
analysis differ significantly betweeii environments, ln the sea continuous spatial records
are obtained from ships and spectral analysis is used to define the biological patterns and
compare them with physical observations. Moored recording systems provide comparable
temporal data. SateHite data now extend the scales and display the complex interactions of
physical and biological dynamics, For obvious logistic reasons such methods cannot be used
on land and in turn different methods of analysis and description are used. As with other
aspects, the primary focus in the open sea is on the physical forcing whereas on land the
ecological interactions are considered most important. Freshwater and benthic communities
provide significant examples with alternative and sometimes conflicting explanations.

Aggregations of organisms imply that, locally, the system is far from a general equilib-
rium state. The behavioral mechanisms by which aggregations are formed and the conse-
quences for the dynamics of the populations are important topics. At present terrestrial
and marine studies of these phenomena are conducted independently. The theoretical de-
scriptions are quite separate, This is a, major topic where useful comparisons can be made.

5.8 Bounclary-layer Communities

Exploring ecological processes may be most meaningful if contrasts are made among
communities that reside within similar physical settings. !n a moving fluid  water or air!,
the "bounda.ry layer" is that region adjacent to the boundary  e.g., seafloor or forest floor!
where there is a gradient in velocity perpendicular to the boundary due to the drag of
the surface on the flow. All bouiidary layers are similar in structure but differ in their
thickness, the shape of the velocity profile  the shear!, and the mixing characteristics, all
of which are functions of the flow velocity. Ruid viscosity and, in some flows, the roughness
of the boundary. Communities residing within a bou»dary-layer may be defined at several
spatial scales. In the ocean, for example, a relatively thick boundary layer forms over the
seafloor, due to steady, large-scale ocean circulations, thinner boundary layers form over
local features, such as a rack ledge iii a otherwise sandy bottom, and even thinner boundary
layers form over organisms  e.g., kelp blades and mussel beds! that come into direct contact
with the flow. Similar scale changes occur for desert, grassland or forest systems.

Organisms residing within boundary layers in air or in water have many common prob-
lems; for example, erect plants and animals must be able to withstand fluid drag without
being damaged, attached organisms may have spores or larvae that disperse in the fluid
and must somehow make it back down to the surface again, and organisms that feed on
suspended material must live in fluid regio»s with a high suspended food flux, The spe-
cifi adaptations of organisms on land or on the seabed will difTer because of the much
lower fluid viscosity of air versus water. Fliiid velocities tend to be much larger and mix-
ing processes inuch faster i» air tlian in water. Contrasting the ecology of boundary-layer
communities living in different fluids should provide meaningful insights into the coupling
between physical and biological processes in the evolution of population and community
characteristics.
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5.9 Scaling Up and Scaling Down

The prohlen! of scale interactions is now a central theme in ecology, 'I'hc advent of
satellite observations has enlarged the range of spat.ial scales over which ecologists caii
describe their systems. Oii land this has iiicreased the scales at which patterns are observed.
In the ocearis the reverse is triie. We now see coinplex patterns at 1 � 100 km scales where
previously we assumed relative uniformity. Thiis, one of thc dichotomies separating land
and sea studies is removed. One problem in both regimes is to assimilate the small scale
heterogeneities into descriptions of larger systems. The patchiness in the observations and
the non-linearities in the processes do not permit simple averaging. Are there emergent
properties? Can the fine structure of ecological processes be parameterized into the larger
biochemical relations reqiiired by regional, or even global studies of Aux dynamics? What
are the corresponding time scale changes?

Once again, tl!e general questions are similar even though the detailed methodologies
differ, If wc are to have a coinparative discipline permitting us to appreciate the effects of
change at different scales from short-term episodic events to decadal dimate trends; then we
need to understand the range of responses available in the biosphere and especially the ways
in which these responses occur at quite difTerent scales from those of the forcing processes.

6 Mechanisms for Action

Fostering new perspectives tliat integrate marine and terrestrial points of view wiH
require a breaking down of traditional intellectual and iiistitutional barriers. To sornc degree
this may be accomplished by enlightened scientists and innovative funding. But major shifts
in any discipline are more likely when students are encouraged to pursue new directions,
We require the establishment of specific iiiechanisms involving faculty and students from
both marin and terrestrial backgrounds.

The specific topics and options discussed in previous sections deal with very diverse
aspects of ecology where there are overlaps or, more frequently, gaps in our understanding
of common feat,urcs in different environments. The topics cover the need for systematic
data comparisons and availabilitv of different analytical methods as well as theoretical or
conceptual issues. Various mechanisms for achieving a more integrated view will be required.
There was, liowever, consensus both on thc need for such integration and on certain criteria
for options.

First, the conduct of field research is best carried out by the groups or institutes special-
izing in each sector. Thus, we do not recommend new field programs. This does not mean
that such research groups or individuals will not benefit from interaction with colleagues in
the other sectors. Quite the opposite. We have noted that such interactions are notoriously
absent, restricting the sources of ideas for analysis and for generalization.

Secondly, these deficits are long standing, being based on the separate organization
and funding of research in each sector. Integration will not be achieved by a single large
conference or syinposium. Such large meetings tend to exacerbate rather than remove the
separation of interests. So the need is to briiig together relatively small groups over a
relatively long period of time allowing continued interaction.
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A third consensus was that progress in increasing the dialogue should involve those near
the start of their careers as well as the more senior researchers, The latter may be the
generalists but they are also often set in their separate ways.

Lastly, the federal agencies should be brought in, not only because their funding is
the basis for action, but also because their present structures are significant factors in
maintaining the separate directions, The need for restructuring is recognized in the emerging
patterns of inter-agency support for global change research, An involveinent of program
managers would be very helpful in ordering specilic project developments to take account
of cross-system integration,

The discussion at the workshop reviewed mechanisms at diferent levels; a program for
collaboration between individuals in distiiict fields, workshops on topics outlined in the
previous sections; summer schools over a period of years, an institute devoted to cross-
sectoral syntheses.

 a! Support for interdiscipliiiary progranis is always diHicult. It is likely that, from the
projected workshops, more detailed comparative projects will arise for data analyses
and theoretical studies. A fun<ting mechanism for such collaboration should be an
integral part of the longer term ivorkshop sequence.

 b! As a preliminarv proposal we could envisage a series of two workshops per year
for five years. The options suggested in the previous section could form a basis for
such a proposal subject to mare discussion and definition than was possible at this
preliminary meeting.

 c! These topics could be formulated in terms of a, series of summer schools lasting
5-10 weeks with at least 10 "stafF" and 10 "students". Some of the stafF and also
visiting lecturers could stay for shorter periods. The core activities would include
extended lecture/semiiiar series oii, say, two topics with a leading speaker for each
series. A major output coiild he research reports from students. The lectures cou]d
be published as reports � � or more lormally, since there is a need for texts dealing
explicitly with these intersectora! comparisons.

 d! The concept of an "ecological institute" is bei»g considered elsewhere. The ideas
developed at this worksliop could �. and should � form a. central theme in such
di scussio»s,
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