Ecosystem services:
Agriculture produces food,
but reduces water quality
and carbon storage.
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community composition but not
necessarily biodiversity decline in
remnant natural habitats.
even distribution of firs
and maples

Local biodiversity loss
occurs in crop fields and
urban areas.

balsam fir

Novel habitats and
increased landscape
heterogeneity support
biodiversity.
Biodiversity gain via anthropogenic
introduction and spread of
non-native species (such as weeds
and ornamental plants).

Human development can make a land scape more heterogeneous and provide unique ecosystem services at the same time that it imposes
environmental costs, all of which must be weighed by a society to decide what land to conserve, what land to use, and how to use it. Biodiversity may increase, decrease, or not change depending on the spatial scale and habitat, and thus may not be the best metric for reflecting these
societal values about land.

example, in a forest of eastern North
America, one might expect climate
warming to increase local plant diversity (forests to the south have higher
diversity than those to the north), while
anthropogenic nitrogen deposition
strongly favors competitive dominance
of one or a few species, thus causing
local biodiversity to decline. Short of
deliberately simplifying an ecosystem
via the creation of a com field or a strip
mall, anthropogenically driven environmental change can push local and
regional biodiversity in either direction.
The Trouble with Biodiversity
It is unsettling to have one's view of
the world called into question-in this
case I had to face evidence that is contrary to the conventional wisdom in
conservation biology imparted to me
in the 1990s. Biodiversity is not generally declining at all spatial scales: Declines at the global scale are not generally seen at the regional scale and occur
only in particular scenarios at the local
scale. Human activities are not always
to the detriment of biodiversity: Sometimes they are (for example, conversion
of forest to crops), but sometimes they
are not (for example, nonnative species
100

less even distribution of
fi rs and maples

doubling the numbers of plant species
in New Zealand and on other islands).
And nonnative species are not always
the enemy, contributing sometimes in
important ways to local and regional
biodiversity as well as ecosystem services such as food and fiber p roduction. The grasses and legumes that
feed livestock in North America were
mostly introduced from other continents (primarily Europe and Asia), as
were the livestock themselves.
Returning to the biodiversity conservation paradox, I now think that
perhaps its ultimate resolution lies in
the fact that scientific definitions of
biodiversity fail to capture what people really value about nature. If biodiversity is quantified in an objective
way as some aspect of variety in an
ecological community, then biodiversity can be high in a place that would
be assigned low conservation value.
On a visit to Hawaii, I recall seeing
many kinds of birds in the lowlands,
including northern cardinals, mourning doves, and house finches, all familiar species from my backyard in
Canada, and all introduced to Hawaii
from elsewhere, making them part of
the local conservation problem. But
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if biodiversity is defined as whatever
people value about nature, then science has nothing to contribute to the
question of whether and how biodiversity has value. The definition provides a built-in answer.
To be clear, the argument here is not
that all is well with the ecology of planet Earth. Even if biodiversity loss is
found not in itself to be a major cause
of compromised ecosystem services,
there are plenty of serious ecological
threats. The number of people on the
planet and our per capita consumption
of resources combine to make it highly
uncertain that future generations will
be able to enjoy the same level of wellbeing we enjoy today. This problem is
clear after observing statistics on renewable and nonrenewable resources,
and it is reflected in the eye-popping
human impacts visible in images of
the Earth taken from space. The temperature of the planet is rising, increasing the likelihood of detrimental heat
waves, droughts, and coastal flooding. Many of the consequences of such
changes for people flow through the
biosphere in the form of altered crop
production, fisheries yields, or natural
water filtering.

red maple

the scale-dependence of biodiversity
change. Species are being transported
and introduced to new places around
the world, so that regional diversity
often increases, even as global diversity declines.
The net result of human activities in
recent centuries thus appears on average to have been an increase, or at least
no change, in species richness at the reent have been introduced and have showed a comparable increase of 20 gional scale. If biodiversity is good, this
established populations, thus doubling to 25 percent for plants in European news ought to be good, but one would
the original total. The species richness countries over the past 500 years. be hard-pressed to find an ecologist
of freshwater fishes shows even more Since regional extinctions in these who would say that. So, at the local or
dramatic growth, with a fourfold in- mainland areas very rarely represent regional scale, perhaps it is not really
crease over time on oceanic islands (see global extinctions, we cannot reconcile biodiversity per se that we value.
the figure at right). Ecologists are ac- this manifestation of the biodiversity
Personally, I find value in the natutively debating and studying whether conservation paradox by invoking ralness of a given ecosystem, flora, or
these results imply a steadyfauna, with the benchmark for
state carrying capacity for some
natural being the absence or at
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general "openness" to coloniinfluence. I also have a love of
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birds, and a 20 percent increase
for humanity, but regardless of
Species richness of plants and fishes has increased especially
for both plants and fishes, on on oceanic islands (yellow bars) since the arrival of humans whether biodiversity is the key
average (see the figure at right). in the past few thousand years, and also in continental re- ingredient in the maintenance
A 2009 study by Marten Win- gions (green bars) since European colonization. For birds, the of ecosystem services, I support
ter, now of the German Centre number of species has not changed much. Overall, there has its conservation because I want
for Integrative Biodiversity not been a loss in biodiversity at the regional scale. (Adapted others to have opportunities to
Research, and his colleagues from Sax and Gaines 2003.)
experience the sense of wonder
Biodiversity can be measured in different ways: the total number of species, how evenly distributed the abundances of those species are, and how closely related the species are. In the
above example forests, all of them have the same number of species (two), but the forest on the
far left clearly looks more diverse than the other two. That is because the middle forest has two
closely related species of conifer tree that look more similar, share more of the same genes, and
may share more functional roles. So, the middle forest has low phylogenetic and functional
diversity. The far right forest has the same phylogenetic diversity and number of species as the
one on the left, but the abundances of the two species in the lefthand forest are more evenly
distributed. The lefthand forest has higher evenness, even though it has the same number of
species, or species richness.
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