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PREFACE 

This book is an outgrowth of many years of research aimed at studying the 
problems of accurately modeling complex living ecosystems, particularly 
aquatic systems. Over the past decade, much of this work was done at the 
Smithsonian Institution's Marine Systems Laboratory, where one of us 
(Adey) directed and worked with other scientists in developing new ap-
proaches to a growing field with applications extending broadly across 
modern society. 

Today we can build model ecosystems at many scales that are suffi-
ciently similar to their wild counterparts that they allow the dynamic 
processes that are vital to the survival of hundreds of species, and the 
ecosystems as a whole. We can construct these working "machines" with 
modifications of our engineering expertise and with biological and eco-
logical raw material of the wild. We can tinker with them and conduct 
sophisticated experiments with them to demonstrate what is vital not 
only to the individual organisms contained in the systems, but also, and 
perhaps of greater importance, to the operation of the systems as a whole. 
For it is our ability to work in community with our biosphere that will 
ultimately determine the quality of our lives. This book provides scien-
tists and professional and amateur aquarists with the opportunity to fur-
ther their understanding of how to more closely approximate natural eco-
systems in artificial environments. We hope it will increase interest in a 
growing field that needs a high level of research activity. 

With our Smithsonian and National Museum of Natural History 
base, we inevitably have had a core role in public display and education. 

xiii 



PREFACE 

Many of our model ecosystems were built at least partly for this function. 
This taught us that our broader public still has a biological understanding 
and conservation interest that is strongly directed toward selected species 
and the exceptional performance or appearance (in human eyes) of some 
species. Yet, the primary problem with loss of biodiversity today is rarely 
direct impact on an individual species. Mostly, it is habitat destruction 
and ecosystem disruption. Only when a broad public appreciates the 
surrounding world as a collection of functioning ecosystems with hun-
dreds of species of plants, animals, and microbes that support human 
populations in many ways can we hope to make progress in limiting the 
degradation of our biosphere. No longer do aquarists have to present indi-
vidual organisms as captives in totally artificial environments. Function-
ing ecosystems can be "exhibited" to a public that by and large craves to 
understand how to be ecologically oriented. 

Museum, zoological park and public aquaria are extremely impor-
tant elements in this ecological educational equation. However, with 
more than 20 million aquarium hobbyists in the United States alone, the 
development of hobbist orientation to ecosystems rather than individ-
ual species must be a crucial element to public understanding of our 
biosphere. 

The book is divided into four broad sections each containing four to 
seven chapters. Most chapters begin with a review of the subject matter 
relative to the bigger picture of ecology, ecosystems, and the earth's bio-
sphere as a whole. Part of our appreciation of the complexities of smaller 
ecosystems comes from understanding the more universal context in 
which all ecosystems operate. The remainder of each chapter deals with 
the building of microcosms and mesocosms of ecosystems for research or 
public display. Where appropriate, each chapter closes with examples 
directed to the unique aspects of small home aquarium systems. 

Part I discusses the physical environment, elements of which at the 
ecosystem level have often been greatly misunderstood by the scientist 
and ignored by aquarists and hobbyists. We discuss our new understand-
ing about the shapes, material, and construction of the envelope that will 
hold various size aquaria; the temperature, water composition, and mo-
tion; solar energy; and the substrate, or rock, mud, and sand that make up 
the floor of the system and in part provide for all-critical geological 
storage. 

In Part II on the biochemical environment we discuss the mecha-
nisms of gas and nutrient exchange as well as the management of animal 
wastes in small models. We particularly examine "ecosystem metabo-
lism" contrasting the functions of plants with animals needed for the 
successful operation of these dynamic ecosystems. We introduce a new 
means for biochemical management of model ecosystems, using con-
trolled communities of algae, to achieve the simulation of larger volumes 
of open water and where appropriate, export to other communities or 
geological storage. 



Preface X V 

The biological structure section (Part III) stresses the importance of 
the role of diversity in creating stability in the system. While theoreticians 
argue as to the why and how of this equation, those of us who work daily 
with ecosystem models know that greater diversity generally means great-
er stability. We also introduce a core concept of ecology to aquarium 
science—the food web. We discuss some of the problems that arise with 
the compression of community structure and food web dynamics into 
limited space. 

In Part IV we present various case studies of microcosms, meso-
cosms, and aquaria, including the coral reef mesocosm of the Great Barrier 
Reef Marine Park in Australia, the Chesapeake Bay and Estuary wetlands, 
and the Everglades model at the Smithsonian. We also discuss our experi-
ence in modeling salt, brackish, and fresh water ecosystems at the aquar-
ium sizes of 7 0 - 1 3 0 gallons. 

Finally, in Part V, we present a series of principles for establishing 
and operating living ecosystems. This is where the real scientific learning 
process begins, in reducing our endeavors to core concepts each one of 
which we strive to better understand in the framework of the ecological 
function of the natural world. This is also where we truly begin to under-
stand how we human beings can become a vital part of our ecosystems. 

As we near the twenty-first century, and our technological horizons 
continue to expand, we are confronted with new considerations involving 
the vital interdependency of water and life. As the human race heads off 
on its greatest adventure yet, the exploration and colonization of space, 
being able to understand and recreate the earth's ecosystems beyond the 
confines of our planet is probably a precondition to our ultimate success. 
The information presented here is perhaps only a step in the realization of 
this larger dream, but we believe it is a vital link. Artificial habitats in 
which we choose, for efficiency, only those few elements that we feel 
comfortable with in an engineering sense, will not likely provide long 
term, stable life support. For we must look at ecosystems, including those 
we create, as essential to higher life. 

Finally, this book is dedicated to the aquarists of zoological parks 
and public aquaria around the world. Your efforts in continuing to bring 
an ever deeper understanding of ecosystems and our biosphere to the 
broader public can be crucial to the ultimate survival of the human race 
on this planet. 

Walter Adey 
Karen Loveland 
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CHAPTER 1 

INTRODUCTION 

On the surface, water may not appear to be a topic worthy of much discus-
sion. Water is—well, just water. However, on planet Earth there is an 
tremendous amount of this liquid, and it comprises one of the major 
spheres that make up our natural world: the hydrosphere (mostly ocean), 
along with the lithosphère (the rocks and the minerals of the earth's crust), 
the biosphere (organisms), and the atmosphere (the earth's gaseous enve-
lope). All these concentric envelopes interact with one another. Today 
most scientists believe that our atmosphere derives its oxygen-rich and 
low carbon dioxide characteristics directly from plant photosynthesis, 
and that the hydrosphere, biosphere, and atmosphere are even more inex-
tricably and uniquely intertwined. Indeed, even much of the solid earth's 
crust was formed or influenced by the activity of water and organisms. 

In addition, chemically, water is a most unusual material. By accept-
ed rules, under normal pressures one would expect this ubiquitous com-
pound to exist only as a solid or as a gas, depending on temperature. 
However, due largely to the peculiar polarization of individual water 
molecules and the tendency of this compound to form a "semicrystalline" 
liquid at moderate temperatures, water appears in its most familiar liquid 
form over a relatively wide temperature range. At the same time, it be-
comes a "universal" solvent. Almost every chemical element that occurs 
in the earth's crust dissolves in water, ultimately finding its way into the 
sea. Here, in the earth's great mixing basin, the potential for the interac-
tion of a wide variety of chemical elements, and the almost infinite 
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2 1. INTRODUCTION 

number of possible chemical combinations, is significantly increased. The 
ocean, the ultimate collector of everything washed off the exposed litho-
sphère and rained out of the atmosphere, becomes very much a chemical 
soup. One might expect a potential for something very unusual indeed 
from this infinite number of possible chemical combinations. 

Water also has one of the highest capacities of any compound for 
storing and exchanging heat, and it has great surface tension. Thus, this 
almost miraculous material is a basic stabilizing element, resisting tem-
perature variations, and tending to become "cellular" by forming internal 
and external membrane-like surfaces. Given the presence of an additional 
common chemical element such as carbon, with its great ability to com-
bine with many other elements, the occurrence of liquid water virtually 
preordains the potential for a chemical complexity that is orders of magni-
tude above that provided by the basic physical structure of the universe. 

Biogenic compounds as complex as amino acids have been identi-
fied in interstellar dust and gas clouds, and these may be involved in the 
collapse that leads to stars and potential solar systems. Nevertheless, 
without the existence of liquid water, which requires highly specialized 
conditions (e.g., the right distance from a star or sun, the right planet size, 
and perhaps even the recycling action of plate tectonics), life cannot de-
velop and continue to evolve (National Research Council, 1990). Wherev-
er liquid water is to be found in the universe in any abundance, life, with 
its unique ability to store information in a genetic code and to use an 
energy source for ordering, building, and changing everything with which 
it comes into contact, is surely to be found. Perhaps somewhere in the 
vastness of space even more sophisticated life than what we know here on 
earth occurs. 

Billions of years before plants and animals were able to live on land, 
the first living material formed, evolved, and became ever more complex, 
as sea organisms. Eventually, along ocean shores and lagoons, perhaps up 
the numerous rivers, lakes, and wet flats leading to the sea, plants began 
their first tenuous land existence. Later there followed specially adapted 
fish capable of crawling on land. As they gradually made the transition to 
living in an atmosphere rather than floating in the hydrosphere, and as 
they evolved ways to preserve the crucial water in their bodies from 
evaporation, plants and animals began to conquer the land. Yet 9 0 % of the 
time during which life has been on earth has been spent only in the water. 
And most life that has left the watery environment must conserve and 
limit its loss of water or die. 

Water is the largest component of living matter. While many land 
plants have developed a form of "suspended" life as nearly dry seeds, at 
the appropriate time these embryos spring to life as germinating seed-
lings, but only if water is available. Every animal begins life surrounded 
by an envelope of fluid. Even land animals, when young, lie in a watery 
tissue or fluid, protected from the drying air by an encasing shell or by the 



mother's body. Some scientists believe that the blood that courses through 
our veins and those of all higher animals is, with some modification, 
chemically speaking, the equivalent of the ancient sea water that simpler 
animals used to bring oxygen and food to their cells. 

While human adaptation to the terrestrial environment is so com-
plete that living in or even on the ocean has required considerable devel-
opment of the intellect, we remain fascinated with water and the sea, and 
constantly strive to truly return to our ancestral home with a new com-
mand of that environment. Our engineering accomplishments in this re-
gard are impressive. 

The beauty and mystery of lakes, rivers, and oceans have inspired 
poets and naturalists alike to describe them. But to capture them! That has 
proven more elusive. For centuries, man has attempted to "bring it back 
alive"—"it" being a few animals species or occasionally a plant of striking 
beauty or character. But re-creating the aquatic world, especially the salt-
water realm, that would keep those extraordinary creatures alive has often 
proven difficult. 

Communities of organisms residing in freshwater environments are 
generally less complex than those of the more ancient oceans, making a 
successful freshwater aquarium considerably easier to achieve. Equally 
important, those plants and animals are adapted to major and rapid 
changes in their aquatic piece of the terrestrial world, and therefore are 
more adaptable to less-than-perfect aquarium environments. Even so, 
freshwater tanks are a step away from disaster for the unwary who would 
try to make nature in the small container more than it is in that small 
piece of the river or lake from which it came, or have failed to provide 
sufficient elements of wild habitat. 

Most home hobbyists and scientists have suffered frustration and 
often failure in their efforts to establish and maintain marine aquaria. 
"Witchcraft mixed with a little science" is the way in which one well-
known professional aquarist described the difficulties of keeping marine 
life alive in captivity (Spotte, 1979). An earlier colleague defined the 
problem as due to the "instability of sea water and its organic constitu-
ents, when confined in aquaria or circulatory systems, and to the charac-
teristic inability of marine organisms to adjust to changes in their environ-
ment." He listed the necessary components of a proper environment as "a 
chemically inert water system, a low ratio of animal life to volume of 
water, the control of bacteria, and the elimination of metabolic waste 
products" through "aeration, filtration, storage in the dark, and treatment 
with alkalizers, ultraviolet light and antibiotics" (Atz, 1964). 

The concept of the "balanced aquarium" comes to mind as the goal 
to achieve. Yet, it is curious that the very same concept as applied to wild 
nature is hardly accepted and has been extensively debated in this cen-
tury (Egerton, 1973). More recently, "balanced nature" at the species and 
population level has been replaced not only by a concept of balance but by 
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one of increasing ecological stability with time (extreme physical factors 
excluded). However, the balance we now find is at the biosphere level 
(Lovelock, 1979, 1986). In this book we seek the balanced mesocosm, 
microcosm, or aquarium. However, the balance is at the ecosystem level. 
Populations may or may not fluctuate in the long term, and because of the 
relatively small ecosystem sizes involved, human intervention in crop-
ping or replacement of individual organisms is occasionally required to 
provide the population stability that in the wild is provided by large area. 

Over the past few decades, scientists in a variety of laboratories 
around the world have been making significant advances in keeping ma-
rine, estuarine, and aquatic organisms in aquaria-like simulations of real 
marine environments—model ecosystems, or microcosms. Some of these 
become quite large, and when they exceed 5 0 0 0 - 1 0 , 0 0 0 gallons in water 
volume, they are sometimes called mesocosms. There is no sharp line 
between the microcosm and the aquarium. Perhaps it is best to draw the 
line at the point where the desire for strict ecosystem simulation is re-
laxed because of size, and more artificial methods of population or species 
maintenance, especially human intervention, are undertaken. Living eco-
systems in captivity or enclosures have been repeatedly used to answer 
scientific questions. We will not attempt to develop an historical review 
but will simply refer to several general works that can lead to the scattered 
literature for those interested. 

In 1984, Eugene Odum called for more mesocosm research, citing 
overspecialization and fragmentation in ecological research. This paper 
had been preceded and followed by several compilations of research on 
aquatic models (Grice and Reeve, 1982), marine and aquatic microcosms 
(Giesy, 1980), and marine microcosms (Adey, 1987). In the United States, 
the Marine Ecosystems Research Laboratory at the University of Rhode 
Island has concentrated on problems of estuarine ecology, especially the 
fates of pollutants, using a series of cylindrical water towers and a slow 
flow-through from Narragansett Bay (e.g., Perez et αϊ., 1977; Nixon et αϊ., 
1984). More recently, attempts have been made to standardize microcosms 
as general testing systems for toxic compounds (Gearing, 1989; Taub, 
1989). H. T. Odum and R. J. Beyers (1991) review the development and 
present status of microcosms in scientific research. 

Many of these efforts have led to notable scientific insights perhaps 
unattainable from theoretical or field studies. Although it is not marine or 
aquatic, but is so exceptional in its accomplishment, we particularly cite 
microcosm research by Van Voris et αϊ. (1980) on an old field community. 
In this case, the first successful demonstration of an old and very contro-
versial ecological problem, stability versus complexity, was carried out 
using microcosm techniques. In some cases new organisms of consider-
able scientific importance have been recognized for the first time in micro-
cosms (e.g., Brawley and Sears, 1981). Indeed, the simplest multicellular 
animal, Trichoplax adhaerens, was first discovered in a marine aquarium 



and has subsequently become the sole member of a subkingdom of the 
Kingdom Animalia (Barnes, 1987; Parker, 1982). 

In an aquarium context, we have built on the work of Eng (1961) and 
Risely (1971) as well as many others whose "natural systems" recognize 
the benefits of a wide diversity of organisms, especially microorganisms, 
in the marine aquarium. Carlson (1987) undertook a historical review of 
those aquarists who have sought to develop aquaria capable of keeping 
stony corals. However, we also draw on the more recent European ap-
proaches in freshwater aquaria of including a rich assemblage of plants. 
We have also attempted to gain a deeper understanding of the processes 
involved to discover the principles affecting balance in the aquarium as 
compared to the wild and to formulate the physical, engineering, and 
biological elements that would lead to successful ecosystem establish-
ment in captivity. Most of the systems we describe, aquatic, estuarine, and 
marine, are a departure from traditional aquaria in which many important 
environmental characteristics are omitted and limited numbers of organ-
isms are utilized. Our focus in this book is not on organisms per se, but 
rather on ecosystem simulation. 

There are three basic philosophies of approach used in the manage-
ment of water quality in closed aquaria and aquatic models. One is abio-
logical, using chemical methods such as ozonation, and physical methods 
such as physical filtration, protein skimming, and ultraviolet radiation to 
offset the effects of a basically poor water quality. These methods are 
almost always used with the second, more generalized technology of bac-
teriological filtration, which is employed in various forms and has been 
used in virtually all closed systems of the past 30 years. 

The bacteriological (or biological) filter is a device of almost infinite 
variety used to maximize surfaces with bacterial cultures in close contact 
with flowing water of the system being managed. The purpose is three-
fold: (1) the trapping and breakdown of organic particulates; (2) the degra-
dation of the universal waste products urea and highly toxic ammonia to 
less toxic nitrite and thence to least toxic nitrate; and (3) more recently, 
either in special anaerobic chambers or in open aerated trickle systems, 
the denitrification of nitrate nitrogen to atmospheric gas. Either separately 
or in conjunction with the above systems, oxygen input into the aquarium 
and carbon dioxide release from the aquarium are maximized to support 
not only the organisms being maintained, but the essential respiration 
activity of the bacteria. The intense respiration of the bacteria in these 
filters releases considerable carbon dioxide, which tends to dangerously 
acidify the culture. Thus, buffering with calcium carbonate of a wide vari-
ety of forms must be used. Moe (1989) provides an excellent summary of 
modern aquarium methods. In most cases, these methods are sufficient to 
maintain many organisms. However, rarely do they achieve the quality of 
unpolluted wild waters. In most cases, the highest quality aquarium water 
would not meet national minimum standards for wild waters. 
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The proponents of the basic principles of bacteriological filtration 
assume that microbes have been the dominant force controlling water 
quality in the wild. However, this is likely incorrect, since far more 
organic material is stored in soils and geological sediments than exists in 
the biosphere. In addition, the earth's atmosphere is rich in oxygen, and 
prior to human involvement was very poor in carbon dioxide. Plants and 
algae have created far more organic matter than microbes have degraded, 
with a concomitant production of oxygen and removal of carbon dioxide 
from the biosphere. Thus, plants have been and (until humans started 
burning coal and oil) remain the dominant force controlling earth's chem-
istry and particularly the needs of higher animals. It is a general tendency 
of humans to assume that lack of raw materials to maximize production is 
a basic need that must be managed. In this case, it has been assumed that 
the primary requirement is rapid breakdown of all organics to basic min-
eral elements (carbon, nitrogen, phosphorus, sulfur, silica, etc.). We dis-
agree with this concept. While productivity is sometimes limited by the 
lack of "nutrients," this is not necessarily a bad condition. Excess nutri-
ents usually result in unstable (bloom) conditions in the wild. Farming 
and aquaculture almost invariably add nutrients so as to drive productivi-
ty of a single organism. However, the result is either unstable or semi-
stable, requiring continuous careful management to avoid a variety of 
"crash" scenarios. Biospheric and ultimately ecosystem stability must lie 
not in the rapid breakdown of organics but rather in emphasis on their 
storage as either plant biomass or geological materials. Stability in the 
biosphere, in most wild ecosystems, and in microcosms, mesocosms, and 
aquaria must lie in competition for scarce resources including carbon 
and nutrients. 

The third philosophy of approach assumes that the primary desire in 
model ecosystems and aquaria is stability and an environment that is 
close to that of the wild community being simulated (or at least that from 
which most of the organisms were drawn). In this case, health of the 
organisms as a whole rather than maximum productivity of one or a few 
species is paramount. This approach uses plants, rather than microbes, as 
the dominant biological controlling element. Since plant photosynthesis 
and production dominate over animal, bacterial, and plant respiration in 
this process, nutrients are minimal, controlling and stabilizing, and oxy-
gen is high, often above saturation. In addition, pH is also typically high. 
It is assumed in systems using plant control of model ecosystem param-
eters that microbe activity is normal for the ecosystem and that no special 
approaches are required to increase such activity. Depending on the eco-
system being simulated, the "locking up" of organic reactants (carbon and 
nutrients) by sedimentation processes may also be a critical element. 

Over the past decade we have designed, constructed, and operated 
microcosm, mesocosm, and aquarium ecosystems in settings as diverse as 
our home, the laboratories of the Marine Systems Laboratory of the 



Smithsonian Institution, and the Great Barrier Reef Marine Park Authority 
in Townsville, Australia. They have ranged in size from 30 to 750,000 
gallons. Some have simulated tropical reefs and lagoons, others subarctic 
rocky and muddy shore environments, and finally estuaries and rivers. 
Most have contained hundreds of species. We are now designing a 
one-million-gallon tropical complex of aquatic ecosystems for a space 
biosphere, "Biosphere II," in Tucson, Arizona. 

The techniques described in this book have enabled us to place 
complex marine and aquatic microcosms in stable operation in the labora-
tory as well as the public aquarium. However, many of these systems have 
also been housed in homemade tanks of plywood, glass, and fiberglass— 
built on a limited budget, using readily available equipment and mate-
rials. More recently, we have developed a series of standard home-size 
ecological aquaria, 3 0 - 1 5 0 gallons, some of which are described below. 

These approaches have been monitored by sophisticated electronic 
equipment, and some of the results are described herein. However, exten-
sive instrumentation is not required to construct and operate ecological 
models once a basic understanding of the system has been acquired. Ques-
tions can generally be answered with a few simple measurements or 
observational techniques. Our home aquaria were purposely developed 
using the tools available to the home aquarist. 

Improved aquarium maintenance and performance through modern 
techniques can help reduce the enormous losses of organisms in the com-
mercial aquarium trade. The suffering of the animals is deplorable, and 
there exists the very real possibility that intensive collection will deplete 
the environment and upset the balance of natural communities. While 
large numbers of plants and animals may die in the wild during environ-
mental extremes, human impacts in general are becoming severe enough to 
shift the delicate survival balance negatively for many species and even for 
ecosystems. For recreation and education purposes, we cannot accept 
subjecting organisms to stressful conditions beyond their normal environ-
mental range. Even for research purposes, it is crucial that scientists be 
far more sensitive to the health of the organisms involved and to the poten-
tial negative impacts of collecting. The concentration on tropical "reef 
systems" should cease, and only when the accomplished aquarist has 
achieved considerable success with less endangered (and equally exciting) 
ecosystems should a reef community be approached. By adopting eco-
system techniques, distributors, dealers, and hobbyists can maintain func-
tioning systems and reduce losses dramatically. Indeed, experimental eco-
systems and their organisms can be maintained separate from wild 
ecosystems and endangered organisms can be nurtured for return to the 
wild. Zoological parks have strongly entered into this arena in recent 
decades, and now public aquaria, with sufficient financial and scientific 
expertise, can do likewise. Many freshwater fish have been bred in aquaria, 
and in the past decade increasing numbers of marine species of fish are 
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being added to the list. Because of our success in breeding hundreds of 
species of aquatic invertebrates and plants in our ecosystem tanks, the 
prognosis for greatly reducing wild collecting is encouraging. 

In the following chapters, we plot an orderly approach to planning 
and developing microcosms and aquaria. In Part I we first discuss meth-
ods of creating the physical environment. Part II treats the chemical en-
vironment, which is inseparable from the organisms as physiological ele-
ments. The core of the book, Part III, deals with the organisms themselves. 
They are presented in a food chain or food web format, since the ultimate 
difficulty in synthetic ecosystems is scaling, a basic problem that is ex-
pressed in the way in which food chains are handled. In Part IV we 
discuss a wide variety of synthetic ecosystems that we have built, or been 
heavily involved in, ranging from large mesocosms to home aquaria. Fi-
nally, in Part V, as a summary, we attempt to express the major elements of 
the book as a series of steps or principles of synthetic ecology. 

We have attempted to direct this book to the professional aquarist 
and the advanced hobbyist. Hopefully, it will also be of value both for 
scientists wishing to undertake mesocosm development and for the less 
advanced but more dedicated hobbyist. There is an extraordinarily large 
literature for home aquarium management. Much of it is weak and simply 
a rehash of traditional methodology. A few modern treatments are quite 
good, in general, though still largely wedded to traditional methods of 
water treatment. Several of these, particularly Moe, 1989; Hunnam, 1981; 
Mills, 1986; and Riehl, 1987, are listed among the references given below. 
This was an old and almost fossilized field that has come alive with new 
ideas in the past 5 - 1 0 years. Some of the best ideas are still in the maga-
zine literature such as Freshwater and Marine Aquarium (FAMA) and 
Today's Aquarist. The scientific literature for marine and aquatic meso-
cosms is likewise extensive, though rather limited in scope. In recent 
decades, the scientific work has tended toward using ecosystem models 
for testing the fates of toxic compounds. Several references are listed that 
can lead to the broader literature. We have specifically tried to avoid 
extensive literature citation that would reduce the readability of the text. 
Where material of other authors is used it is cited. When we feel that a 
particular matter of interest is sufficiently controversial, literature citation 
is also provided. 

Our understanding of the evolutionary relationships of living orga-
nisms has been growing by leaps and bounds in the last twenty-five years. 
To provide some uniformity in a rapidly changing field, we have tried to 
order all of our taxonomic materials in accordance with Sybil Parker's 
(1983) Synopsis and Classification of Living Organisms. For the reader 
without a biological background or whose courses in biology predate 
1980, we strongly recommend reading Five Kingdoms by Margulis and 
Schwartz (1988). 
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PART I 

Physical Environment 
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CHAPTER 2 

THE ENVELOPE 

Shapes, Materials, and Construction 

Given ideal environmental conditions, ecosystems require a certain 
amount of space to fully develop, though quantitatively how much space 
is a very debatable matter. For example, today, as highways begin to criss-
cross the Amazon and its tropical rain forests are rapidly being cleared, 
we worry that we are rapidly heading toward the lower limits of area that 
will allow those rain forests and their streams and rivers to continue to 
exist as complete ecosystems. The remaining more or less wild and pro-
tected Florida Everglades occupies over 2000 square miles. Yet it seems 
clear that it will no longer support a viable population of Florida pan-
thers. The reduced feeding area and perhaps the human disturbance that 
remains, even under park and reserve protection, keeps the panther from 
maintaining a population that is large enough to overcome the normal 
vicissitudes of life. Also, we have known for many decades that the 
number of plant and animal species that can occur on an island is, to a 
large extent, a function of island area as well as distance and direction 
from the nearest source of plant and animal immigration and climate. 

Generally, to place an ecosystem in a very large aquarium, terrarium, 
or other container is not a major ecological problem, though it might well 
be a considerable engineering endeavor. The difficulty arises when one 
wishes to scale that ecosystem down and include many components in a 
much smaller space than that in which they normally occur in the wild. 
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Thus, to miniaturize an ecosystem, to put it into a small space for 
pleasure, observation, education, or research, one is immediately faced 
with a major consideration—how to scale the miniature so that it can still 
function as a reasonable facsimile of the wild ecosystem. When the model 
differs from its wild analog, preferably one knows what the differences 
are. This question is so intimately related to the entire problem of how we 
affect our wild environments and how we restore them, as well as how we 
construct our aquaria and terraria, that it requires all the backup discus-
sion of the entire book to approach it properly. This chapter deals pri-
marily with shape and mechanics—how to achieve the physical en-
closure once one has decided what the size will be. In the last chapter 
(Chapter 25), we will return to summarize the questions of how to achieve 
a functioning ecosystem of some complexity in limited space. 

Shape of the Model Ecosystem 

There is little biological reason for the traditional box-like aquarium 
shape. It results primarily from mechanical and esthetic convenience, that 
is, ease of construction and placement in a room or laboratory. For many 
scientists and aquarists the ease of purchase and setting up of a ready-
made tank outweighs all other factors when a water-based ecosystem is 
desired. However, to go to the other extreme, if one wished to simulate an 
accurate planktonic ecosystem in microcosm or mesocosm, the presence 
of tank walls that would support benthic or bottom communities or would 
allow excessive lateral daylight or night light would be undesirable. In 
that case, a weakly translucent cylindrical tank to minimize attachment 
surface for a given volume, with a continuous, rotating, wiping mecha-
nism, to keep that surface free of settlement, would be a possibility. Such a 
tank would have to be lighted from the top in such a way that the portion 
of the photic zone desired would have its appropriate light range over 
depth in the tank. 

For the hobbyist, aquarist, or scientist who wishes to construct a 
model ecosystem, the materials are now available to do so in any shape. In 
most cases it is important to set aside the box convention and think first of 
the ecosystem that one wishes to model. Only after determining the ideal 
shape for simulation of the desired system should one become concerned 
about esthetics, viewing, and construction problems. Those concerns may 
then result in a modification of the ideal shape to a variant of the tradi-
tional form. 

The modern aquarium tank is typically a box-shaped glass or plastic 
container with a height of about one-half the length and a width of about 
one-quarter of the length. A recent tendency is to reduce tank width for 
improved viewing, or to develop unusual shapes for purely esthetic rea-
sons. Such steps should be carefully considered on an ecological basis, 


