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Abstract: In this review I focus on what we need to know to make decisions relevant to land-use planning.
I discuss four questions: What information about the distribution of biodiversity is available to decision
makers? What sort of information is required at a local scale? Can we use species-distribution modeling to
compensate for the lack of empirical information at larger scales? Can we use surrogates based on remote
sensing for all our decisions? To be effective, biodiversity information needs to be based on standardized
sampling with data made available during the initial planning phases of infrastructure projects, which are
now based only on engineering or social considerations and occur several decades before construction
starts. The RAPELD method is now being used in many environmental-impact studies to generate
standardized data, but there is presently no mechanism to include biodiversity information in the initial
phases of decision making, and this has unfavorable consequences for economic development and the
environment.
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The title of this paper is obviously so encompassing
that it would be impossible to treat the subject in a
single publication. Therefore, I will concentrate on
what we need to know to make decisions relevant
to land-use planning. Almost all decisions about
management of biodiversity require spatially-
explicit information, and that is lacking for most
species and areas throughout Brazil.

[ will present case studies from Brazil, but most
of the considerations apply to other South American
countries. I will discuss four questions: What
information about the distribution of biodiversity
is available to decision makers? What sort of
information is required at a local scale? Can we use
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species-distribution modeling to compensate for
the lack of empirical information at larger scales?
Can we use surrogates based on remote sensing for
all our decisions?

Before considering these questions, it is
important to emphasize that the type of data
required for land-use decisions is different from
most data being collected by biologists (Mazor et
al. 2018). Land-use decisions require information
on biotic complementarity: that is, which elements
of biodiversity occurring in one area do not occur
in another. This is the concept behind all systematic
conservation planning (Margules and Pressey
2000), which basically follows economic theory.
A resource that is widely available will have less
value, and hence less weight in decision-making,
than a resource that has a restricted distribution.
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Information on biodiversity is strongly
concentrated near major human population centers.
This information is frequently historical as little
biodiversity remains there today, and recovering it
would be prohibitively expensive. This produces
what Magnusson et al. (2016) described as a
veil line, with most of the areas with the highest
biodiversity being under sampled. Worse still, they
show that most of the investments in biodiversity
research are being concentrated in areas where we
know the most, because those are the areas in which
most professional biologists reside. Although it
could be argued that easy access promotes long-
term studies, the ratio of long-term to one-off
studies is no greater in the regions close to large
population centers.

Systematic conservation planning requires
systematically-collected data, but many researchers
claim that citizen science or historical collections
can replace field sampling, which is difficult and
not fashionable in a highly technological society.
Unfortunately, museum data has many limitations
(Gaiji et al. 2013). Also, when false absences due
to under sampling are common, which is the case
for most biological groups in most parts of South
America, the standard techniques for conservation
planning based on complementarity give priority to
areas with greater sampling intensity (Magnusson
et al. 2013). This results in more resources
being invested in the areas that have been most
studied. That is fortunate for biologists who live
in major population centers and do not have time
to travel long distances, but may be insidious for
biodiversity conservation in areas where more
people are dependent on biodiversity for economic
sustainability (Magnusson et al. 2016).

Evaluations of environmental impacts in
Brazil have traditionally been couched in terms
of ecological statistics, such as species richness or
compound indices of diversity. However, these have
very little use in systematic conservation planning
(Magnusson et al. 2013), and the RAPELD method
for spatial standardization is now required in many
environmental-impact studies. Graphs that show the
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spatial distribution of biodiversity, such as Figure 2
in the paper by Carneiro et al. (2016), are necessary
to identify species at risk locally due to infrastructure
projects. However they are of limited use for
planning once the location of the intervention has
been determined. In many cases, complementarity
of species assemblages may not be adequate and
there also needs to be analysis of complementarity
of species interactions, such as facilitation,
competition and predation. To be effective, such
information needs to be available during the initial
planning phases, which are currently mainly based
on engineering or social considerations, and usually
occur several decades before the evaluation of
impacts on biodiversity is undertaken.

Large infrastructure projects almost always
result in the complete elimination of the original
biological assemblages in at least part of the
affected area. Therefore, asking whether there will
be an effect is trivial. The question is whether the
project will result in the loss of a large proportion
of elements of the country’s biodiversity, such
as species or unique assemblages. For that, it
is necessary to have information on biodiversity
outside the impact area, which is generally not
required in impact assessments. If all studies of
environmental impacts included some standardized
sampling, and the data were made freely available,
the huge data deficit beyond the veil line could be
greatly reduced (Costa and Magnusson 2010).

Itis frequently claimed that species-distribution
models can be used to substitute systematic
sampling. This may be true for some biological
groups that have been extensively studied, such
as birds and large mammals. However, most of
the species identified as at risk in environmental-
impact assessments are likely to have few data
available from museum collections, or represent
undescribed species whose distributions outside
the impact area are entirely unknown (Carneiro et
al. 2016). Therefore, species-distribution modeling
should not be considered an end in itself, but as a
tool to show where standardized sampling should
be undertaken for validation and calibration.
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The coarsest form of species-distribution
modeling involves the use of large-scale landscape
categories as surrogates for species distributions.
These are often phyto-physiognomies, ecoregions
or, in the case of Amazonia, endemism areas.
These supposed boundaries of species distributions
are often based on flimsy evidence, and should
be validated by systematic sampling across their
borders (Magnusson 2004). Centers of endemism
(Cracraft 1985, Ribas et al. 2011) are often used
for conservation planning in the Amazon (Silva et
al. 2005). While they may have validity for a few
taxonomic groups, they are largely irrelevant for
more than 99% of animal species (Santorelli et al.
2018) and probably a much larger percentage of
plant species.

Environmental-impact studies have the
potential to generate a huge amount of data that can
be used in academic studies (e.g. Fraga et al. 2017,
Oliveira et al. 2018). Perhaps more importantly,
standardized sampling in academic studies could
be used to complement impact studies and allow
systematic conservation planning across the
entire continent. Cuts to the Brazilian science
budget have stopped or eliminated important
biodiversity monitoring initiatives (Fernandes et
al. 2017, Magnusson et al. 2018). This short-term
planning by government will have large costs for
the environment and the Brazilian economy in the
coming years.
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