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Conclusions
The strength of this workshop was in the
exchange it promoted between new theory
and new data. Both are allowing us not
only to ask new questions, but also to return to old ones using tools that were not
available to the contempories of Fisher,
Haldane and Wright. It seems probable
that progress in population genetics will
continue apace with the rapid accumulation of sequence data, which contain a
wealth of genealogical information amenable to analysis by coalescent theory1.
Much of these data will no doubt continue
to come from research on the human genome. Indeed, as one contributor to the
workshop commented, this avalanche of
molecular data from Homo sapiens is
turning our species into an unexpectedly
good model organism for the study of
other systems such as Drosophila.
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The calculus of biodiversity:
integrating phylogeny and conservation

R

ecently, several algorithms – a ‘calculus of biodiversity’1 – have been
proposed to provide a more objective,
phylogenetic basis for conservation decisions2–4. But, do such quantitative
approaches yield the purported objectivity or can the conservation value of species and areas be measured using phylogenetic information? To answer these,
and similar, questions, John Gittleman
(University of Virginia, Charlottesville,
USA) and Michael McKinney (University of Tennessee, Knoxville, USA) established a ‘Phylogeny and Conservation’ working group sponsored by
the National Center for Ecological Analysis and Synthesis (NCEAS) in Santa
Barbara, CA, USA. The first of three annual meetings last August represented
a collaborative effort among ecologists,
evolutionary biologists, paleontologists,
systematists and conservation biologists from the USA, Canada, Australia and
England.
The first two days laid the groundwork for the rest of the week. Paul Williams
(Natural History Museum, London, UK)
impressed the participants with a demonstration of his WORLDMAP software
program (http://www.nhm.ac.uk/science/
projects/worldmap) for exploring geographical patterns in biodiversity, rarity
and conservation priorities. Quick introductions to the online ‘Tree of Life’ project
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(http://phylogeny.arizona.edu/tree/
phylogeny.html) and the TreeBASE archive (http://www.herbaria.harvard.edu/
TreeBASE) as potential sources of phylogenetic trees also were provided.
Initial discussion centered on two
recent publications by Nee and May5,
and Warwick and Clarke6. Both papers
represent important attempts to integrate phylogenetics and conservation
biology. The former demonstrated that
surprising amounts of phylogenetic diversity might remain even under high
rates of (random) extinction. The latter
suggested that recent extinction events
(e.g. owing to pollution), at least in the
marine environment, could be detected
through missing phylogenetic diversity.
Discussions about both articles prompted
the creation of two subgroups. One subgroup extended previous work examining the issues of quantifying the distribution of traits, such as extinction risk,
across taxonomic groups (‘taxonomic
selectivity’)7–9. A second subgroup explored the phylogenetic and conservation implications of geographic concentrations of biodiversity (‘hotspots’). The
remaining members of the working group
formed a third subgroup, which examined the value of the evolutionarily significant unit (ESU) concept10 for designating
units for conservation action below the
species level.
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Taxonomic selectivity or random
extinctions?
A fundamental assumption made in Nee
and May’s simulation study was that extinction was random with respect to phylogeny. Recent studies, many by members
of the working group, indicate that this is
not realistic; within taxonomic groups as
diverse as mammals8, birds8,9 and plants11,
extinctions and invasions were highly
clumped and were not distributed randomly. However, these studies used different measures of the ‘clumpiness’ of the
desired traits (‘taxonomic selectivity’),
which complicates comparisons across
studies and taxonomic groups. Furthermore, the measures used in the studies
probably are influenced by various characteristics of the underlying phylogenies
or taxonomies. Recognizing these limitations, the ‘selectivity subgroup’ sought
to discover a statistic that could detect
taxonomic selectivity independent of tree
size (i.e. number of species), tree shape
(i.e. degree of balance of the tree) or
prevalence of the desired trait (e.g. proportion of all species that are endangered
or invasive). Moran’s I, adapted as a measure of phylogenetic autocorrelation12,
received the most attention as a likely
candidate statistic.
The rest of the meeting was devoted to
testing the performance of Moran’s I at
detecting selectivity. The subgroup simulated trees in which tree balance, tree size
and the degree of clumpiness of a trait
were manipulated to study the degree of
dependence of the I statistic on these characteristics. Preliminary results were promising; Moran’s I seems to accurately detect
selectivity, regardless of tree size or shape.
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Once the performance of Moran’s I
and alternative statistics have been tested
sufficiently, the subgroup plans to propose one statistic that will allow standardized comparisons of the selectivity of
extinctions, rarity and invasions among
different real data sets. This will allow the
subgroup to address several questions,
including: how selectivity varies across
a wide variety of taxonomic groups; how
selectivity varies across geographical
regions; how selectivity varies between
‘higher’ and ‘lower’ taxonomic units; and
how selectivity for extinction is related to
selectivity for invasion within taxonomic
groups. By developing a suitable statistic, the subgroup hopes to provide an
important fundamental tool for evaluating hypotheses about the causes and the
consequences of taxonomic selectivity in
extinctions and in invasions.

Hotspots
Scientists use many criteria to determine
the relative conservation value of different areas (e.g. whether the areas hold
many species, many threatened species,
many endemic species or large numbers
of species across different groups). Following these criteria, many quantitative
methods have been proposed to choose
important areas to protect with accountability; however, few methods incorporate
phylogenetic information. When constrained to choose only a limited number
of areas for conservation, the combination
of areas containing more ‘phylogenetic
diversity’ (PD)2 is an appropriate choice
because it should represent the most biodiversity value in the form of different
genes, characters or ‘features’2,3.
The ‘hotspots’ subgroup is extending
earlier explorations of the link between PD
and the spatial distribution of biodiversity.
What is the utility of phylogenetic information for selecting appropriate areas for
conservation action? Within a given taxonomic group, what are the phylogenetic
consequences of losing all the species in
a particular geographic location or all the
currently threatened species? If hotspots
of species richness and PD do not coincide, this might drastically change how
candidate conservation areas are chosen.
The subgroup looked at comparing
the additional PD gained for two different
taxonomic groups when adding a protected area to an existing network. This
problem is linked to the general problem
of surrogate evaluation13. Realistic planning methods that trade-off costs and biodiversity require surrogate information
that predicts marginal gains (‘complementarity values’) for areas. If the gains are
not comparable in size, two taxa cannot
indicate one another’s, or the complete,
PD in that particular region. A protocol
TREE vol. 15, no. 3 March 2000

was developed for assessing complementarity predictions for surrogates and this
was implemented in WORLDMAP. Preliminary results showed good prediction of
complementarity patterns between taxonomic groups.
A second project extends the first subgroup’s findings of taxonomically nonrandom extinction risk by comparing the
spatial distribution of PD both before and
after projected extinction given present
threat scenarios. A third project examines whether phylogenetic patterns of
threat could predict the amount of ecological disturbance in an area, following
on from Warwick and Clarke6.
In the future, the hotspots subgroup
will expand their work to other regions
and other taxonomic groups. Another
goal is to examine those species that provide additional PD. Perhaps these species
also provide many unique features (sensu
Faith2). Part of this problem involves how
best to calculate branch lengths for PD
(Ref. 3). The subgroup will explore this
issue by simulation and by selected real
taxonomic data sets with both morphological and molecular character data.

Below the species level
The final subgroup originated from a desire of Robert Wayne (University of California, Los Angeles, USA) and Georgina
Mace (Zoological Society of London,
London, UK) to examine the long-standing
problem of how to designate conservation
units below the species level. Although
the ESU is the accepted standard in this
regard [together with management units
(MUs)], members of the subgroup felt
that the concept is hampered by an overemphasis on genetic information that can
lead to the designation of too many small,
and isolated, subunits. A survey of the
recent literature revealed that most studies follow the guidelines of Moritz14, which
advocate a purely genetic definition of
ESUs. However, a large fraction of papers
based conservation decisions on both
genetic and ecological evidence, in keeping with the original description of the
ESU (Refs 10,15).
Discussions within the subgroup revolved around how to improve the ESU
concept or whether to scrap it entirely.
This was done using a diverse set of difficult case studies [e.g. red wolf (Canis
rufus), dusky seaside sparrow (Ammodramus maritimus nigrescens), Florida panther
(Puma concolor coryi) and Gila topminnow
(Poeciliopsis occidentalis occidentalis)] to
pinpoint limitations. It was agreed that decisions should be based on both genetic
and ecological evidence, in the context of
ecological and genetic exchangeability.
Together with an examination of recent
and historical processes, this provides a

more fine-grained and, therefore, more
flexible categorization than the current
system. Future topics the subgroup hopes
to address include how hybrids should be
managed and how well ESU-like concepts
might apply above the species level.

Prospects
The ‘Phylogeny and Conservation’ working
group provided an invaluable opportunity
for a diverse group of biologists to agree on
what was important and to merge various
solutions, all with a view to integrating phylogeny and conservation through quantitative analysis. However, the integration
was done with a critical eye. Although it was
agreed that phylogenetic information
should play a larger role in most areas of
conservation biology (e.g. selectivity and
hotspots), it was also felt that it had played
too large a role in others (e.g. designating
ESUs). The key point is that phylogenetic
information is another important tool for
decision making in conservation biology,
along with ecology and numerous human
or political considerations. To date, phylogeny generally has been vastly underutilized in conservation biology; but, like
any tool, there are times when its use is
more or less appropriate.
Pending renewal of the NCEAS award
from the National Science Foundation
(NSF) early this year, the working group
is slated to meet annually for another two
years. Future meetings will build on the
work already begun and will probably
move in new directions with the invitation
of new participants. Information about
the working group – including a full participant list, links to related websites and
information about future meetings – can
be found at the NCEAS website (http:
//www.nceas.ucsb.edu) under ‘Research
Projects’ (look for Gittleman and McKinney).
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