
 
 
Editorial 

 
 
 

From Unity and Diversity to Consistency in Life 
 

 
For almost a century, the International Union of Biological Sciences has provided an important service to 
biology, biologists and societies. Exchanges between scientists and freedom in Science are the founding 
principles of its activities, and through successive phases of influence and retreat the Union has initiated 
major scientific developments (Toward a Theoretical Biology, International Biology Programme, The 
Decade of the Tropics, DIVERSITAS), fostered the growth and independence of specific disciplines 
(Physiology, Neurosciences,...) and accommodated and welcomed movements born in other "cenacles" 
(molecular biology or molecular genetics). From its establishment, the role of biology within society is an 
issue that has been fully recognised and consistently addressed by the Union and this in turn has led to  
strong positions, suggestions, and actions in the field of education. This aspect of IUBS activity is 
presently the object of renewed interest. The pressing calls and needs of societies for advancing 
knowledge and prospective management of the living world revitalize the efforts placed on education. 
They also open new fields of research and negotiation with biotechnology and bioethics. 
 
 
In the last fifteen years the reputation of IUBS, from a scientific and social perspective, has grown 
considerably through its leading involvement in the creation and development of the Decade of the 
Tropics and Biological Diversity Programs. Through the foregoing programs, IUBS was the forerunner in 
recognising the importance of the relationship between living organisms and their environment. Then, in 
light of social developments, the growing awareness in public and government attitudes, and in spite of 
many controversies and assessment differences, the recognition that more "science" was needed in the 
future has progressed, and this in turn has led to the establishment and evolution of DIVERSITAS- An 
International Program of Biodiversity Science.  
 
 
Challenges for biology and biologists are greater than ever. Societies ask precise questions and expect 
rapid responses in return. Because of increasing costs of modern technologies and a general scale-up of 
research, public and private institutions try to control costly investments and to develop pressing 
scientific policies. In doing so they select specific objectives and refrain from the traditional academic 
freedom in initiatives. In brief, the role of IUBS is rapidly evolving and the Union is now entering a new 
period of its history. 
 
 
IUBS has many strengths, however I believe its most important is twofold: On the one hand, it provides a 
forum for scientific exchange between members which allows the development of bottom up initiatives 
within an environment free from institutional restraints and on the other hand, it has at its disposal a large 
pool of scientists of different intellectual interests and expertise. 
 
 
Questions are addressed at all levels of biological organizations (from molecules to communities), time 
scales (from catalysis to evolution) and spacescales (from micro environment to the biosphere). In brief 
IUBS science has been and continues to be concerned with biological unity (the fundamental laws of life) 
and diversity (the results of evolution), both of which are inextricably linked. Nevertheless, because of 
opportunities available to the Union over the past fifteen years, focus has been placed on environmental 
and diversity issues. Science advances from patterns to processes and ultimately ends in a coherent and 
synthetic knowledge that allows progress in societies through engineering innovations and prospective 
managements. With new intellectual tools, the time has come for IUBS scientists, carrying out research 



on unity and diversity, to engage in an effort towards a renewed understanding of consistency in life and 
in the relationships between living organisms and societies. 
 
 
This perspective was developed by the 26th General Assembly. Prolonged and thorough efforts on unity 
and diversity within IUBS's ongoing activities are necessary and simultaneous integration of these 
capacities and contributions of external partners should be sought and encouraged so as to promote 
knowledge on consistency in life. The Reproductive Biology and Aquaculture program is a specific 
example of such future opportunities. The 26th General Assembly asks to go one step further and to 
implement a full-scale new programme: Towards an Integrative Biology. 
 
 
Towards an Integrative Biology offers a framework to develop biological science over frontiers or 
structures and to initiate collaborations with other unions of the ICSU family or any national or 
international institutions. It provides an opportunity to place biology within society by integrating science 
within the areas of  education,  policy,  management and production. 
 
 
The IUBS community is entering an exciting phase of debates to elaborate this future. Debates are never 
better than when they are nourished by experiments and data of diverse origins. Before IUBS celebrates 
its centenary we should be able to take up the challenge set by the 26th General Assembly. 
 

Jean-Claude Mounolou 
President, IUBS 

Centre de Génétique Moléculaire, CNRS 
Avenue de la Terrasse 

91198 Gif-sur-Yvette Cedex, France 
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Abstract 
 
Biological diversity can be quantitatively expressed from different perspectives depending on 
the aspect (or function) of biodiversity under study and on the spatial and temporal scales at 
which the study is carried out.  In this article I propose that the study of species diversity be 
done at the landscape or mesoscale level.  I feel that the consequences of human activities 
(community modification and fragmentation) are most evident at this level.  These 
consequences may appear disproportionate in analyses carried out from an ecological 
perspective (α diversity).  
 
I propose concrete actions to achieve the defined objectives; that is, a strategy that seeks to 
generate results that are comparable and that permits one to draw general conclusions.  The 
goal of this strategy is to express alpha, beta and gamma diversity together on the scale of 
landscape through the use of indicator groups.  I specify the requirements that the 
implementation of the strategy must meet and some of the applications of the latter. 
 

Introduction 
 
The numerous proposals for measuring biodiversity is in itself proof of the complexity of the 
problem and of the difficulties in designing strategies that can be carried out in a reasonable 
amount of time and with a sensible investment in resources (for a recent synthesis of 
proposals and associated difficulties see Hawksworth, 1995; Humphries et al., 1995).  
Reflecting on whether the study of biodiversity is something new, or just a new way of 
presenting old ideas, Harper and Hawksworth (1995) indicate « ... most especially, it seems 
sensible to ask whether biodiversity is a property that can be measured and if so what is the 
most appropriate form that such measurement should take ». 
 
If the conservation of biodiversity has a cost, and this cost should be covered by society, it is 
difficult to convince the decision-makers of any proposed measure if we are not capable of 
quantitatively expressing the values of biodiversity in such a way that they can be compared 
and the relative importance of these data evaluated.  As such, I feel that one of the most 
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urgent tasks for the scientific community is that of formulating a group of strategies for 
measuring the most relevant aspects of biodiversity.  My position on this matter concurs with 
the objectives of the international DIVERSITAS program. 
 
The quantitative expression of biological diversity can be carried out from varying 
perspectives according to which aspect or function of biodiversity we wish to study, in 
addition to the spatial and temporal scales at which the study is carried out.  Working with 
species is as logical as working with more basic phylogenetic levels or at the molecular-
genetic level, but is much more practical.  In working with species, that is, with the 
« organismal diversity » of Harper and Hawksworth (1995), the focus for approaching the 
complex problem of measuring biodiversity depends on the location of the study area on two 
scales: one that is structured in terms of space and the other in terms of time.  So, studies 
carried out from an ecological perspective are done within limited areas, with local samples 
of the community and on a time scale of days or years.  Studies that follow this type of 
perspective, in which one seeks to determine the degree of dominance, equity or the number 
of rare species, provide an estimate of the structure and function of these communities.  At 
the other extreme of the spatial and temporal scales, also using species as the study unit, 
research carried out from the biogeographical perspective deals with regions or continents 
over periods of time that stretch to millenia.  At the intermediate scales, the mesoscale 
perspective, as it is called by Ricklefs and Schluter (1993) or the landscape scale, research 
deals with a type of study unit that varies in size between the local and regional spatial scales 
and on a time scales that ranges from decades to centuries (for a review of the concept of 
scale in ecology, see Schneider, 1994). 
 
In ecology, the term landscape refers to a unit of space with geographic limits and climatic 
and geomorphological characteristics.  Internally, the landscape might be more or less 
heterogeneous since it is comprised of different communities.  The landscape, just like its 
geographic and biological components, has a history.  This cannot be ignored as is the usual 
practice in the ecological analysis of local diversity (see Forman and Godron, 1986).  Both 
the composition of the fauna and flora of a landscape and the number of species therein are 
affected by the random events that have occurred in that landscape=s biogeographical 
history.  This history (as for all biological phenomena that occur in time) does not follow a 
linear progression, but rather is a choppy tide of events, the importance of each moderated by 
the ecological circumstances of the moment.  Ecological effects that are dominant at the local 
level and historical effects (biogeographical and evolutionary) that are dominant on broader 
scales, register at the landscape scale.  Furthermore, it is in landscapes where the 
consequences of human activities such as deterioration, ecosystem modification and 
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fragmentation as well as pollution are most dramatic; and these consequences often escape 
the scrutiny of local ecological analyses.  It is from the landscape perspective that we can 
best analyze the diversity of species not only as a function of the heterogeneity of the 
physical and biological environment, but also as a function of human activity (see Noss, 
1983; Franklin, 1993).  On the landscape scale, a series of heterogeneity characteristics such 
as patch size and shape, connections between them and ecotone extension best show their 
relationships to the diversity of species (for an analysis of the relationships between diversity 
at the local and landscape levels, see Caley and Schluter, 1997). 
 
The study of biodiversity at the landscape level is situated between ecology and historical 
biogeography.  It is the study of biodiversity per se, identified by other authors as Aspecies 
richness per se@ or Aspecies richness assay@. 
 
For several years I have been working with a group of collaborators at the Instituto de 
Ecología that includes Mario Enrique Favila, Lucrecia Arellano, Claudia Moreno and Rafael 
Sánchez, in addition to Edith García Real of the University of Guadalajara, on the application 
of several of the existing biodiversity indices in order to solve clearly defined problems and 
to design strategies for measuring biodiversity and addressing different objectives.  In this 
paper I present what, in some aspects, is a synthesis of previous studies (see, for example, 
Favila & Halffter, 1997) and possible strategy for the analysis of biodiversity at the landscape 
level. 
 
Why do we need a strategy?   
 
A strategy is required to address concrete issues and achieve defined objectives.  In order for 
the strategy to be useful for the objectives outlined below, it must produce results that are 
comparable; results that allow us to draw general conclusions and to generate models. 
In spite of the notable increase in the number of publications on biodiversity, beyond 
indicating its role in the structure and functioning of the community it is difficult to proceed 
with comparative analyses.  For example, in the recent and excellent book edited by Ilkka 
Hanski and Ives Cambefort (1991), « Dung Beetles Ecology », Appendix B presents the most 
complete list of copro-necrophagous Scarabaeoidea from different locations that I know of.  
Nevertheless, this and other information available in the literature are only comparable in a 
general way, since it is not clear when a given author is referring to local or alpha diversity 
and when the focus is on landscape or gamma diversity.  It is even more difficult to 
determine whether the richness of the species lists is a direct reflection of a high degree of 
diversity or whether it results from landscape heterogeneity and its consequent effect of 
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increasing beta diversity.  The problem does not lie with Hanski and Cambefort, nor does it 
originate with the authors whose data they have compiled.  The reality is that we are very 
imprecise when we refer to biological diversity and this lack of precision often makes the 
rigorous comparison of data from different publications impossible. 
 

A Mesoscale Strategy 
 
There are two ways to estimate species diversity on the landscape level.  The first is to try to 
take an inventory of all the species of extant organisms.  This allows us the possibility of 
generalizing about the total diversity based on the inventories of the most studied groups and 
to consider concepts such as megadiversity.  The departure point for the second approach is 
accepting that it is impossible to completely inventory the vast majority of landscapes, and so 
it is necessary to estimate total richness based on a series of samples or to compare different 
situations and monitor changes in the biological diversity over time. 
For this second approach, we will have to sample one or several indicator groups (taxonomic 
or functional).  The use of indicator groups is both the tremendous advantage and 
disadvantage of this method.  The positive side is that we can plan studies with concrete 
objectives, and that these can be attained over reasonable periods of time and with a modest  
investment in materials.  The disadvantage is that, even though our deductions will be solid, 
they will only refer to those indicator groups that have been selected for the study.  In order 
to generalize about other organisms we must keep in mind that the relationship between 
different hierarchical units (for example, Subfamily Scarabaeinae, Order Coleoptera, all 
insects) can vary markedly from one site to another. 
 
With this second strategy we can use parametric or nonparametric models to estimate 
biodiversity (see Colwell & Coddington, 1994, 1995).  Parametric models require that, when 
sampling, not only do we determine the identity of species in samples, but that we also 
determine the frequency of occurrence of each species.  This requirement, which implies 
additional costs and time for our study, is not necessary when we intend to work with 
nonparametric models or if we adopt the strategy which I propose in this paper. 
 
It is reasonable to suppose that, within a few years, inventories will be available from most 
countries - even at the landscape level - for vertebrate species, and perhaps for flowering 
plants and some of the other well studied groups such as diurnal butterflies.  Presentely, 
however, for many groups and regions this information is incomplete, especially for the 
tropics and the subtropics.  It is important to remember that the species which we can 
inventory with relative ease do not include hyperdiverse groups such as insects, especially 
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Coleoptera, or microorganisms.  The available information does not allow us to assume that 
the  geographic variation of diversity in these hyperdiverse groups follows the same patterns 
as it does in vertebrates.  For these reasons, we will have to resort to the study of indicator 
groups.  It is for these pivotal and urgent reasons that I believe it is essential to develop a 
strategy for expressing alpha, beta and gamma diversity together, using indicator groups at 
the landscape level.  Whittaker (1972), in a truly seminal article, was the first to deal with the 
importance of the interactions between alpha, beta and gamma diversities. 
 
In order for the proposed strategy to provide results, it is necessary to meet four 
requirements. First, the limits of the geographic unit being analyzed must be determined.  
These limits may be very obvious, however this is not so in all cases.   When the limits are 
not known, prior studies are necessary in order to ensure that what we are calling a landscape 
does indeed share the same biogeographic history and a certain ecological homogeneity.   
Second, the indicator group (or groups) must  be selected.  This selection is very important, 
requiring not only knowledge about the group and previous experience with it, but also 
knowledge about sampling techniques that are appropriate for the group.  Third, the results 
must be expressed in terms of alpha or local diversity, gamma or total diversity for the 
landscape unit and beta diversity (i.e. a measure of the species substitution between different 
communities).  Only the joint expression of these three values will allow us to find out how 
much of the observed diversity is a result of the intrinsic complexity of the dominant 
ecosystems and how much results from landscape heterogeneity, that is, to re-exchange.  
Finally, the strategy must be designed to produce comparable data.  
 
As indicated, when geographic limits are not evident, the spatial limits that correspond to the 
landscape under study must be determined.  For example, using Scarabaeinae, Geotrupinae 
and Silphidae (Insecta: Coleoptera) my colleagues and I are working along an altitudinal 
transect in the state of Veracruz on the Gulf slope from sea level to the highest point the 
mountain range at 4,250 masl.  Under these conditions, where are the limits of the landscape 
unit?  The matter is further complicated because we are in a biogeographical transition zone 
where marked altitudinal bands correspond to different biogeographical historical affinities.  
As such, at low altitudes only elements of tropical affinity are found and in the high range 
northern elements predominate, and there is an intermediate transition zone where overlap 
occurs.  Considering the entire range as a single landscape ignores historical and 
geographical information.  We have used an indirect method of ordenation (principal 
components analysis) with which species-site ordenation is carried out and, independently, 
environmental variables-site ordenation.  Both are integrated in the next level of 
interpretation.  Groups obtained in this way have been compared to their phylogenetic 
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affinities (Halffter et al., 1995) and these studies have led us to believe that there are three 
distinct landscapes within the study area.  These landscapes correlate very well to the 
physiognomy of the vegetation and the distribution of environmental variables. 
 
When we began our work in Veracruz, Colwell and Coddington (1994, 1995) had not yet 
published their ideas on the concept of complementarity.  This concept is very useful for 
solving the problem of limits as described above.  Not only because of its statistical 
simplicity, but also because the concept itself is an eloquent estimate of reality.  In a case 
such as the one I have described, by considering the species richness of the entire altitudinal 
range and that of each of the supposed altitudinal bands on their own, we can easily 
determine the complementarity (difference or lack of similarity) between them.  The greater 
the complementarity, the more reason to consider each part as a distinct landscape. 
 
No all groups of organisms can be used as indicator groups.  A group that is useful for a 
given type of landscape, is not necessarily appropriate for other types.  The required 
characteristics of the indicator group are presented in the next section. 
 

Characteristics of the Indicator Group 
 
In collaboration with M.E. Favila I have presented the characteristics of the indicator groups 
in detail, using the Scarabaeinae (Insecta: Coleoptera) as an example of an appropriate group 
for the study of tropical forests and derived ecosystems (see Favila & Halffter, 1997; Halffter 
& Favila, 1997; Halffter & Favila, 1993; Halffter et al., 1992).  Citing characteristics very 
similar to those we have proposed for indicator groups, Hammond proposes the use of Afocal 
groups@ (see Hammond, 1995) and several authors speak of Aindicator groups or 
assemblages@ (Brown, 1991; di Castri et al., 1992; Pearson & Cassola, 1992; Kremen, 1992; 
Prendergast et al., 1993; Kremen et al., 1993; Pearson, 1994, 1995; Margules et al., 1994; 
Faith & Walker, 1993, 1996). 
 
Briefly, the characteristics of an appropriate indicator group according to Halffter & Favila 
(op. cit.) are: 
 
1. It must be made up of a group of organisms that comprise a rich, well defined guild in 

the type of landscape in which one wishes to study diversity.  The guild should be 
important to the structure and functioning of the ecosystems of the study area.  The 
selected taxonomical group should also be important  in terms of its biogeographical 
history for the region in which the studied landscape is located.  This will allow the 



 
 Page 7 of  28 

researcher to work with a sufficient number of species and will thus facilitate 
comparative studies. 

 
2. There must be sufficient information available about the natural history and taxonomy 

of the proposed indicator group in order to avoid confusion regarding the 
identification of species and ecological interpretation. 

 
3. The organisms that belong to the indicator group must be easy to capture. Capture 

methods must be standardizable and it must be possible to make captures according to 
a preestablished schedule.  This will make it possible to compare results obtained 
from different geographic locations within the same ecosystem, from areas of 
differing dimensions or degrees of disturbance or from areas that are 
biogeographically very different.  It is important to remember that the value of the 
indicator group lies in the possibility of being able to compare the data obtained and, 
as such, making diagnoses and predictions. 

 
4. The group must be such that specimen collection and other activities necessary for the 

study will not put the conservation of the group at risk. 
 
5. The indicator group should provide information not only about the intact community, 

but should also be useful for measuring the reduction in its biodiversity as a result of 
different causes, such as reduction of the area owing to human activities or 
environmental changes, differing degrees of disturbance, management or other 
anthropogenic activities. 

 
6. To those cited in previous studies (op cit.) I add a sixth feature that must be 

considered: how quicky one can arrive at the asymptote for the accumulation of 
species using the indicator group and the capture methods required.  Pearson and 
Cassola (1992) provide an illustrative example.  In Tambopata (Madre de Dios, Peru), 
50 hours of field work was sufficient to find 93% of the Cicindelidae (Insecta: 
Coleoptera) fauna, while capturing 90% of the butterfly species required 1,000 hours 
of work  and for birds several years were needed. 

 
Measuring total richness by carrying out a complete census is only possible, for terrestrial 
studies, for plants and possibly some of the more conspicuous and philopatric mammals.  
Therefore, it is of the utmost importance to establish a sampling program appropriate to the 
group of organisms that one wishes to use as an indicator group, and that the program be 
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feasible in the type of community under study.  Coddington et al. (1991) recommend serious 
consideration of these points before beginning capture efforts.  
 
A central problem for any sampling based study is that of estimating to what degree the 
values obtained from sampling represent reality.  Colwell & Coddington (1994, 1995) 
present different types of estimates for real species richness based on values obtained from 
sampling.  Their lucid texts are recommended to the reader.  For a strategy such as that which 
we are proposing for the measurement of biodiversity per se in landscapes, it is necessary to 
use estimates based on presence-absence data for species in the samples collected, with the 
exception of species represented by only one or two specimens (i.e. singles and doubles).  To 
the contrary, the frequency with which each species is represented will be indispensible for 
any study of biodiversity with an ecological focus. 
 
The lack of information about species frequency prevents us from using parametric tests for 
calculating « real » species richness.  Nevertheless, we do have the species accumulation 
curve and several nonparametric tests and these are very useful when we have a good number 
of samples, as would be expected for a study carried out in a landscape.   « ... ‘species 
accumulation curve’ or ‘collector’s curve’, is a plot of the cumulative number of species 
discovered, s (n), within a defined area, as a function of some measure of n of the effort 
expended to find them. » (Colwell & Coddington, 1995: 105). 
 
Colwell & Coddington (1994, 1995) speak of the « species accumulation curve » when 
referring, in a broad sense, to the data from an area or habitat that is uniform in spatial and 
temporal terms.  They reserve the term « species-area curves » for larger scale patterns that 
explicitly include heterogeneous areas. 
 
If the species accumulation curve reaches and maintains an obvious asymptote, no statistical 
treatment of the data is required to obtain an estimate of the real number of species present.  
In order to avoid unnecessary replications when sampling and to obtain an estimate of 
species richness with less effort, Colwell & Coddington (1994, 1995) propose the use of 
nonparametric estimates such as Chao 2 and « second-order jacknife » (also see Palmer, 
1990). 
 
 

Alpha Diversity 
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« The most generally appropriate measure of diversity is simply s, the number of species per 
unit area as represented in some kind of standard sample ». Whittaker, 1972: 222 (see the 
discussion on the expression of alpha in the cited text). 
For the comparison of different locations we must take into account that the value of alpha 
expressed as the number of species is not independent of sample size, or, put another way, is 
dependent on the time dedicated to collecting.  It is not possible to carry out a rarefaction 
exercise since we are not considering the frequencies of different species in our indicator 
group.  A species accumulation curve should be established (or the corresponding 
nonparametric estimates that require species for which there are only one or two specimens 
per sample to be counted) for each particular location type that corresponds to a precise class 
of community in a given geographic area.  Once we know the capture effort necessary to 
arrive at the asymptote value for the real diversity, we can apply this same effort to all similar 
locations within our landscape. 
 
The alpha diversity of any location is a balance between the actions of local biotic and abiotic 
elements (among the former, competition and predation) and immigration from other 
locations.  We cannot expect absolutely stable values.  From this arises the interest in 
working with average alpha values that correspond to different captures withing the same 
type of community in a given landscape. 
 
 

Gamma Diversity 
 
AThe total or gamma diversity of a landscape, or geographic area, is a product of the alpha 
diversity of its communities and the degree of beta differentiation among them.@  Whittaker, 
1972: 214. 
 
While the number of species in a given place depends mainly on ecological conditions, the 
species richness of a large area (landscape or region) depends primarily on historical 
processes.  This was established by McArthur in 1969.  A landscape has more or less species 
as a result of its history, its isolation in relation to new colonizers and extinction processes.  
For this reason, the expression of alpha diversities in relation to a landscape tells us little if it 
is not accompanied by information about gamma diversity and, in order to explain the latter, 
by beta diversity.  Only in this way will the relationships between and relative importance of 
regional and local diversity, and between historical and ecological phenomena be combined 
and highlighted. 
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Gamma diversity corresponds to the species richness of an extensive and heterogenous 
spatial unit - in principle, a landscape.  Gamma diversity can be expressed by the number of 
species found in a landscape.  If we use the formula presented below, the value obtained will 
depend on the landscape=s heterogeneity and on the number of sampling points that have 
been established to estimate alpha diversity.  It is fine to express simple gamma diversity as 
the total number of species found in the landscape and also as dependent on the values of 
alpha and beta diversity.  In fact, the values will be very close.  We remain however, with the 
the doubt as to how closely these values represent reality.  Just as in the case with alpha 
diversity, in order to obtain an estimate of the real value from sampling, we can use the 
species accumulation curve or nonparametric estimators (see Colwell & Coddington, 1994, 
1995). 
 
Landscape units each have their history and this manifests as the taxa found within the 
landscape.  This history includes the unique events and geographic circumstances that 
occurred during the formation of the landscape.  Historical occurrences also influence 
diversity at the local level, however their effect is much more important in landscapes.  In 
principle, alpha diversities are directly related to the structure and availability of community 
resources even though, for historical reasons, the organisms that can take advantage of those 
resources may not be found in the landscape.  In addition, gamma diversity is determined by 
the spatial configuration of the different communities that make up the landscape and this 
configuration depends on the geographical and geological topology of the landscape, and on 
the vagility and dispersal properties of the organisms found. 
 
According to Schluter & Ricklefs (1993), gamma can be calculated as follows: 

γ = α x β x the total number of habitats or sample sites 
α and β are average values for a landscape unit 

It is evident in this equation that γ diversity can increase while α diversity remains constant if 
species exchange increases or, in other words, as the total habitats shared by a given species 
decreases. 
 

Beta Diversity 
 
Beta diversity is a measure of the replacement of species between different types of 
community or habitat.  As such, it corresponds to the spatial contiguity of different 
communities or habitats (Halffter & Ezcurra, 1992; Cody, 1993). 
Beta is expressed as: 

β = 1/ mean number of habitats occupied by a given species 
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For the comparison of two habitats or contiguous communities the following formula can be 
used (Cody, 1993): 

β = 1 - C (T1 + T2) / T1T2 
where  T1 and T2 correspond the the number of species in sampling sites 1 and 2, 
respectively; C is the number of species that are shared by locales 1 and 2. 

Beta diversity can be determined for different habitats, but also as an element dependent on 
the distance between sampling sites within formations that are apparently uniform.  Under 
these circumstances, beta reflects the allopatric distribution of equivalent taxa. 
 
If we compare two contiguous areas, the value of beta can be very sensitive to the inclusion 
or exclusion of rare species when sampling; especially that of Atourist@ species, those for 
which a single individual is captured in one of the samples, but does not appear in any of the 
other samples.  This occurs in more cases than we might suppose a priori and the problem is 
reduced by working with mean values. 
 
Harrison et al. (1992) indicate that, unlike alpha diversity and those studies derived from it 
(e.g. the comparison of the number of species on islands or the number of species on 
altitudinal gradients), there are few studies that specifically focus on beta diversity.  These 
authors measure beta diversity in Great Britain along two gradients (north-south and east-
west) using eight groups of animals and seven groups of plants.  The principle hypotheses 
are: beta values should be greater for those taxa with very restricted areas of distribution; 
within each group beta should increase with increasing ecological differences between sites; 
beta diversity should be greater in groups with organisms of limited vagility; and finally, 
within each taxonomic group, beta diversity will increase with increasing distance between 
the sites being compared.  The results obtained were not those expected.  The most sessile 
groups had lower beta values than the vagile groups.  Species exchange as a function of 
distance turned out to be of little importance in terms of regional diversity.  The authors 
conclude that in Great Britain it is difficult to demonstrate the degree of influence that beta 
diversity has as a determinant of  regional diversity.  I know of no similar study done under 
tropical conditions (see comments in Whittaker, 1972: 243), however studies currently 
underway (such as  our study of Coleoptera in Veracruz) lead me to think that the proposals 
of Harrison et al. would be true under tropical conditions.  However, even though beta 
diversity is a very important component of regional biodiversity for Scarabaeidae, it does not 
appear that the same is true for Chiroptera, for example (Claudia Moreno, pers. com.). 
 

Ways to use the Strategy 
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What problems can this strategy be used to solve? 
 
1. The most notable use of the strategy proposed is related to the possibily of measuring 

and predicting the effects of alterations resulting from human activity in landscapes; 
whether these are modifications resulting in the fragmentation of ecosystems or from 
changes to them.  The usual analyses of biodiversity in ecology do not provide a good 
estimate for measuring the effects of fragmentation in landscapes.  Several authors 
have warned against the risk of automatically applying conclusions obtained for a 
particular scale to another.  That is, from the local scale to landscapes.  An example:  
according to the conventional perspective: all anthropogenic modifications to pristine 
communities results in a loss of species richness.  This can occur at the local level 
(alpha diversity), but may produce the opposite effect over a landscape (gamma 
diversity).  This is particularly true under tropical conditions where it appears that a 
certain degree of fragmentation results in an increase in the total diversity on the 
landscape scale (but see also Murphy, 1989 and Santos Filho, 1995; doubtless, the 
observed effects of fragmentation in landscapes will vary depending on the type of 
organism used for the analysis of the consequences of said fragmentation).  Schluter 
and Ricklefs (1993: 2) note « . . . Thus, the entire mosaic, which is part of a larger 
regional equilibrium, contains more species than any individual patch.  This 
observation is the basis of the ‘intermediate disturbance hypothesis’ (Connell, 1975), 
in which disturbance is regarded as a stress that precludes species at high levels and 
fails to prevent competitive exclusion by a few superior competitors at low levels 
(Paine, 1966; Connell, 1978; Huston, 1979; Keough, 1984), resulting in the greatest 
species diversity at an intermediate level of disturbance ». 

 Several interesting questions arise with respect to the effects of human activities in 
landscapes.  At which level of fragmentation does the greatest gamma diversity 
occur?  How do different types of changes affect this diversity?  It is to be expected 
that, on the landscape scale, anthropogenic modifications that are followed by 
abandonment and the development of secondary formations will not have the same 
effect as tranformations that tend to be permanent.  These questions can be answered 
by comparing the values for different types of diversity in landscapes that originally 
had the same types of communities, but which have different degrees of 
fragmentation. 
It is important to note that the few studies that have been carried out with the intent of 
measuring biodiversity in tropical and subtropical fragmented landscapes have 
focussed on the resulting reduction in alpha diversity as a function of decreasing 
fragment size (for studies of arthropods, see Klein 1989; Shure & Phillips, 1991; 
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Brown, 1991; Holloway & Stork, 1991; Holloway et al., 1992; Majer & Beeston, 
1996).  The possible enrichment of diversity in landscapes resulting from the 
introduction of new conditions (including those caused by human activity) has not 
been examined, nor on which spatial and temporal scales of the fragmentation process 
this enrichment occurs; or whether the contrary is true and diversity is reduced, 
relative to continuous  natural landscapes (see Halffter et al., 1992; on the 
fragmentation of Brazilian rainforest and the possible species extinction see Brown & 
Brown, 1992). 

 
2. A second line of research that can benefit from this strategy is related to fragment size 

and shape rather than the degree of fragmentation of the entire landscape addressed in 
the previous point.  One can ask: What is the relationship between the alpha, beta and 
gamma values and the size and shape of the patches that remain after a landscape has 
been fragmented? 

 
Answering this question leads us to express the existing relationship between the 
landscape=s topology and biodiversity.  These relationships can serve as the basis for 
monitoring programs or can even be used for the creation of predictive models. 
In this line of research, as in the first, the results will produce a much closer estimate 
of reality when repeated with different indicator groups.  Given the current state of 
knowledge in this field it is reasonable to suppose, although not without some doubt, 
that the diversity of different groups of organisms might vary in a similar way. 

 
Under tropical conditions we do not really know whether this happens or not.  
Therefore, working with different indicator groups is a good way to obtain results 
with a certain degree of general validity. 

 
3. A third line of research or questioning, addresses the conservation of biodiversity in 

protected areas.  The majority of the analyses  carried out on the shape and dimension 
of protected areas treat these areas as Aislands@, that is, with an alpha focus on 
biodiversity.  Precisely now, when the insular image of protected areas is emphasized 
as the area surrounding it is transformed, an interesting series of questions can be 
answered by following the proposed strategy: If in a given landscape there is a strong 
occurrence of species replacement (a high beta value) as a function of distance, what 
proportion of the global diversity of that landscape can be conserved by a protected 
area? 

 



 
 Page 14 of  28 

According to the proposals of Colwell and Coddington (1994, 1995), this same 
question can be formulated in the following way: Considering the diversity of a 
landscape as total (gamma diversity) how complementary is the diversity that resides 
in the protected area in relation to the distinct diversities that occur outside of the area 
under protection?  Without a doubt, as complementarity increases, the possibilities 
that the protected area on its own can ensure the conservation of the landscape=s 
diversity decrease. 
If the answer is that the complementarity is high (which does not appear to occur in 
temperate conditions, although it possibly occurs in the tropics) then an entire policy 
based on ensuring the long term conservation of biodiversity with protected areas for 
landscape types (or even biogeographical provinces), is faced with serious 
shortcomings.  Not because the conservation of protected areas is in itself a bad 
strategy, but because from the start such efforts fall short of their defined objective. 

 
There are several possible ways of dealing with the dilemma that a protected area is 
not a sufficient sample of a landscape, and is even less so for a biotic province.  
Among these is that of increasing the corridors between areas. However, what is 
required is essentially a dual policy that, in addition to maintaining large protected 
areas, also favors conservation efforts outside of these areas. 

 
For the same line of research, experiments that apply the strategy that we suggest 
would shed new light on the discussion of what is preferable for the conservation of 
landscape biodiversity:  a single large protected area or several smaller interconnected 
areas.  Once again, traditionally this discussion has centered around an exclusively 
ecological (alpha) perspective  of biodiversity.  What is still lacking is what an 
analysis of biodiversity per se at the landscape scale can tell us.  This is the scale that 
truly counts, since in the majority of cases the objective is not to describe and protect 
local diversity, but rather to obtain the richest and most representative sample 
possible for the global diversity of the landscape or biogeographical province under 
study. 

 
In order to design a conservation policy with a solid scientific base we must be able to 
answer the following question for different ecological and biogeographical 
conditions:  What is the principle component of gamma diversity:  a high alpha 
diversity in the dominant community or a high degree of exchage as revealed by high 
beta values? 
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A preliminary examination of the literature would appear to indicate that under 
temperate conditions the relationship between alpha and gamma diversity is not the 
same as in the tropics.  There may be high local alpha diversity in temperate zones, 
but the same species are found throughout the landscape if general conditions remain 
constant.  On the other hand, species exchange in the tropics, even in the absence of 
serious modifications in the type of community, appears to be much higher (for a 
study of diversity within apparently homogeneous units see Erwin, 1988). 

 
 
4. Interesting information can be obtained using the same indicator group for the 

comparison of ecologically similar landscapes from areas that are biogeografically 
different.  This comparison will tell us much about the importance of historical 
elements in the shaping of biodiversity at the landscape scale (see Ricklefs, 1987; 
Ricklefs & Schluter, 1993b; for a proposal based on Scarabaeinae see Halffter, 1991). 

 
If on the other hand, we use the same indicator group for two landscapes that are 
ecologically different but occur within the same biogeographical region, the 
information that we obtain will indicate the importance of ecological elements in the 
observed biodiversity. 

 
Both of these comparison exercises will bring us closer to a question that is central to 
understanding biodiversity:  What is the relative importance of ecological elements as 
compared to historical elements? 
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Diversitas and Integrated Biology. The general field of Stress Biology easily 
integrates with both of them without any "stress"! 
There are several possible ways through which the IUBS may facilitate and promote 
substantial progress in this important field of Integrated Biology: 
* With its global network of affiliating institutions in nearly all countries, the IUBS 
may encourage this field to be considered as the priority or thrust area in individual 
countries' scientific programs. 
* Since the IUBS also sponsors a large number of Workshops and Conferences, those 
dealing with this general area may be increasingly supported. It is suggested that 
instead of the developed countries hosting such workshops/conferences etc., these 
should be organized in different developing countries. Meetings of this kind in 
developing countries would promote the field of study in more widespread 
geographical areas so that more diverse groups of organisms are studied rather than 
the studies on stress response remaining confined to a few model organisms, as is 
more likely to happen in the developed countries. Holding of such 
meetings/workshops. in developing countries would also be more economical and at 
the same time promote wider international collaborations and concerted programs. 
* The IUBS may help establish a Stress Forum as part of the BioMedNet network. 
This Forum would be a versatile medium for very meaningful communications. 
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The International Association for Plant Taxonomy (IAPT) announces: 
Registration of Plant Names 

 
 
Test and Trial Phase (1998-1999) 
 
 
Introduction 
 
Subject to ratification by the XVI International Botanical Congress (St Louis, 1999) of a rule 
already included in the International code of botanical nomenclature (Art. 32.1-2 of the Tokyo 
Code), new names of plants and fungi will have to be registered in order to be validly published 
after the 1st of January 2000. To demonstrate feasibility of a registration system, the International 
Association for Plant Taxonomy (IAPT) undertakes a trial of registration, on a non-mandatory 
basis, for a two-years period starting 1 January 1998. The co-ordinating centre will be the 
Secretariat of IAPT, currently at the Botanic Garden and Botanical Museum Berlin-Dahlem, 
Germany. Co-ordination with present indexing centres for major groups of plants is being sought, 
in view of their possible active involvement at the implementation stage. The International 
Mycological Institute in Egham, U. K., has already accepted to act as associate registration centre 
for the whole of fungi, including fossil fungi. 
 
 
Registration procedure 
 
The co-ordinating registration centre (IAPT Secretariat), and any associated centre operating under 
its auspices, will register and make available all names of new taxa, all new combinations or rank 
transfers that are brought to their attention in one of the following ways: 
� by being published in an accredited journal or serial;  
� by being submitted for registration (normally by the author or one of the authors), either 

directly or through a national registration office; or 
� (for the non-mandatory trial phase only) as a result of scanning of other published information 

by the registration centres’ own staff.  
 
 
Registration by way of publication in accredited journals or serials 
 
For a journal or serial to be accredited, its publishers must commit themselves, by a signed 
agreement with the IAPT, to 
� point out any nomenclatural novelties in each individual issue of their journal or serial, either 

by including a separate index of novelties or in another suitable, previously agreed way; 
� submit each individual issue, as soon as published and by the most rapid way, to a pre-defined 

registration office or centre.  
 
Accredited journals and serials will be entitled, and even encouraged, to mention that accreditation 
on their cover, title page or in their impressum. 
 
A permanently updated list of accredited journals and serials is being placed on the World Wide 
Web (http://www.bgbm.fu-berlin.de/iapt/registration/journals.htm). This list will be published 
annually in the journal Taxon. 
 
 
Registration by way of submission to registration offices 
 
Authors of botanical nomenclatural novelties that do not appear in an accredited journal or serial 
(but e.g. in a monograph, pamphlet, or non-accredited periodical publication) are strongly 
encouraged to submit their names for registration – and will be required to do so once registration 
becomes mandatory – in the following way: 
� all names to be registered are to be listed on an appropriate registration form, using a separate 

form for each separate publication; 
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� the form (in triplicate) must be submitted together with two copies of the publication itself, 
either to a national registration office (see below) or, optionally, directly to the appropriate 
registration centre. Reprints of articles from books or non-accredited periodicals are acceptable, 
provided their source is stated accurately and in full; 

� one dated copy of each form will be sent back to the submitting author in acknowledgement of 
effected registration. 

 
Registration forms can be obtained free of charge (a) by sending a request to any registration office 
or centre, by letter, fax or e-mail, or (b), preferably, by printing and copying the form as available 
on the World Wide Web (http://www.bgbm.fu-berlin.de/iapt/registration/regform.htm). 
 
Registration offices are presently being arranged for in as many different countries as possible. 
They will serve (a) as mailboxes and forwarding agencies for registration submissions and (b) as 
national repositories for printed matter in which new names published locally appear. 
 
A permanently updated address list of all functioning national registration offices is being placed 
on the World Wide Web (http://www.bgbm.fu-berlin.de/iapt/registration/offices.htm). This list will 
also be published annually in the journal Taxon. 
 
 
Registration date 
 
The date of registration, as here defined, will be the date of receipt of the registration submission at 
any national registration office or appropriate registration centre. For accredited journals or serials 
(and, for the duration of the trial phase, for publications scanned at the registration centres), it will 
be the date of receipt of the publication at the location of the registration centre (or national office, 
if so agreed). 
 
For the duration of the trial phase, i.e. as long as registration is non-mandatory, the date of a name 
will, just as before, be the date of effective publication of the printed matter in which it is validated, 
irrespective of the date of registration. Nevertheless, the registration date will be recorded, for the 
following reasons: 
� to make clear that the name was published on or before that date, in cases when the date of 

effective publication is not specified in the printed matter;  
� to assess the time difference between the (effective or stated) date of the printed matter and that 

of registration, since it is envisaged that the date of registration be accepted as the date of 
names published on or after 1 January 2000.  

 
It is therefore in the interest of every author to submit nomenclatural novelties for registration 
without any delay, and by the most rapid means available. 
 
 
Access to registration data 
 
Information on registered names will be made publicly available as soon as feasible, (a) by placing 
them on the World Wide Web without delay in a searchable database (http://www.bgbm.fu-
berlin.de/iapt/registration/regdata.htm), (b) by publishing non-cumulative lists biannually, and (c), 
hopefully, by issuing cumulative updates on a CD-ROM-type, fully searchable data medium at 
similar intervals. 
 
[Liv Borgen, Oslo; Werner Greuter, Berlin; David L. Hawksworth, Egham; John McNeill, Toronto; 
Dan H. Nicolson, Washington; Officers of the IAPT, c/o Botanbischer Garten & Botanisches 
Museum Berlin-Dahlem, Koenigin-Luise-Str. 6-8, D-14191 Berlin, Germany.] 
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Registration as a positive step 
 
 Registration of nomenclatural novelties seems to me a natural way to go, heading into the 21st Century. It 
will enable us to find quickly what new names have been published, and to be sure that we have not missed any 
new name hidden in the paper mountain of botanical literature that comes out each year around the globe. This is 
particularly important for one-off publications (floras, field guides, etc.), which are notorious for `hiding' new 
names. 

Some people seem to think that registration implies censorship, but this is wrong. As in the current Index 
kewensis all names will be listed, and without comment as to status, and as soon as received at one of the 
registration centres. My only caution to those looking at the mechanisms for making registration effective is that 
they should ensure there is a large network of registration centres or offices spread evenly around the world. 
This is necessary to make it easy to submit novelties for registration, given the apparently worsening state of 
mail services in all areas.  
 
[Karen L. Wilson, Royal Botanic Gardens, Mrs Macquaries Road, Sydney, N.S.W. 2000, Australia.] 
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