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Palmer et al. (2008) begin their article by pointing out that diversity numbers
“should mean something”. Clearly, it is futile to try to understand diversity patterns
if we do not know what the patterns really are. Thus, the first steps in studying
geographic diversity patterns are to decide how to generate quantitative estimates,
followed by an evaluation of their robustness, if possible. Unfortunately, as the other
papers in this forum clearly demonstrate, this is more easily said than done.
There are currently three methods to generate diversity patterns over large
geographical areas. The most widely used to date is to overlay distribution (range)
maps and sum the maps that overlap a predefined point or grid system. The resultant
maps are referred to as either richness maps or, more properly, range overlap maps
(LaSorte and Hawkins 2007). Alternatively, richness maps are generated using
broadly based systematic surveys that actually record the species observed in sites,
transects or grids. Such surveys have historically been very limited over large scales,
but the recent interest in climate change and biological conservation has led to the
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development of continental surveys for a wide range of plant and animal groups
encompassing Europe, North America and Australia (e.g., Jalas and Suominen
1972–1996; Kudrna 2002; Barrett et al. 2003; USGS Patuxent Wildlife Research
Center 2006). Regionally based surveys are also common (e.g., Lewis and Pomeroy
1989; Bons and Geniez 1996; Preston et al. 2002; Martí and del Moral 2003; Loffler
and Loffler 2005; El Din 2006). Thus, we can expect more large-scale diversity
analyses to be based on survey data in the future. The final method used to generate
diversity data is that employed by Palmer et al. (2008) in their first data set, the
vascular floras of North America. In this case, multiple, independently generated
data sources are combined to generate an overall picture of diversity. Palmer et al.
(2008) discuss issues associated with this method, and we do not pursue it further here.
Rather, we focus on the two most widely used methods and attempt an evaluation of
what range maps and surveys tell us about broad-scale patterns of diversity.
The advantages and disadvantages of survey-based and map-based data have been
repeatedly discussed in the diversity literature (Freitag and Van Jaarsveld 1995;
Hurlbert and White 2005; Hurlbert and Jetz 2007), but what is clear is that neither
method is perfect, as surveys will invariably differ in sample intensity both spatially
and temporally and may miss rare species (generating false negatives), whereas
range maps, by filling in gaps between records, can record species being present in
places where they are not (generating false positives). These contrasting properties
have led to the conclusion that map-based data are inherently more coarse grained,
whereas survey data are relatively more fine grained (Hurlbert and White 2005).
This is almost certainly true. It has also been argued that map-based data are less
reliable than survey data and contain less information, especially at finer scales
(Hurlbert and Jetz 2007). But underlying this latter conclusion is the assumption that
survey data are less error prone and thus are ‘truer’ than distribution maps, which
must also be true at some scale (e.g., range maps would undoubtedly overestimate
richness in hectare sized plots). On the other hand, given that undersampling is
known to be important in even intense sample regimes (e.g. Soria-Auza and Kessler
2008) and in the best studied parts of the world (e.g. Prendergast and Eversham
1995), it may be that neither method should be relied on uncritically.
In this paper we explore this issue, focusing on three questions: (1) how do
geographic richness patterns differ between survey- and map-based data, (2) at what
grain, if any, do any differing patterns converge, and (3) are map-based diversity
estimates necessarily inflated? Our approach generally follows that used by Hurlbert
and Jetz (2007) in their evaluation of these questions for South African and
Australian birds, except our geographical focus is on western and central Europe,
where sampling intensity and distribution data are very good relative to the rest of
the world. We also agree with Freitag and Van Jaarsveld (1995) that survey data
suffer from undersampling problems that may also generate misleading diversity
patterns. We note that our data are for animals rather than plants, but the issues
involved are general and should be considered in all studies of diversity patterns.
Our database comprises all non-marine herptiles (47 amphibian plus 78 reptile
species) and mammals (139 species) native to continental western Europe and Great
Britain (all other islands were excluded). Herptile range and survey distribution
maps were obtained from Arnold (2002) and Gasc et al. (1997), respectively. For
mammals, range maps were extracted from the European Mammal Assessment
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database (IUCN 2007), and survey maps from Mitchell-Jones et al. (1999). Eastern
European areas (i.e., Belarus, Russia and Ukraine) were excluded because of
obviously poor sampling in the case of the herptile survey data (Gasc et al. 1997),
and because this region was not covered by the mammal survey (Mitchell-Jones et
al. 1999). In all cases, we digitized the maps in ArcGIS 9.2 to generate the herptile
and mammal species richness data in three grids of differing grain, all comprising
nearly square cells. The smallest grain coincided with the survey map sources,
consisting of UTM cells of an average area of 2,500 km2 (∼50 km grain) (for details
see Gasc et al. 1997 and Mitchell-Jones et al. 1999). The intermediate and large
grains comprised cells of average areas of 10,000 km2 (∼100 km grain), and
22,500 km2 (∼150 km grain), generated by joining four adjacent cells of the original
UTM grid in the first case, and nine adjacent cells in the second case. However, we
increased the numbers of joined cells around coasts and major lakes for both grids so
that these cells had similar areas to inland cells when possible. Once the grids were
generated, any coastal cells containing less than 50% of the land mass of inland cells
were excluded from the analysis, leaving 1,920, 513 and 263 cells, respectively.
Evaluation of the data first comprised mapping the cell richness values for each
group and grain size to picture the resulting geographical patterns. We then
correlated the cell map- vs. survey-based richness values for each group and grain to
determine how closely coupled the values were for the alternative methods used to
estimate diversity. Finally, we mapped the differences in the richness values for
herptiles and mammals obtained using maps vs. surveys to examine the spatial
structure of any lack of congruence in the data sets. This final method was used only
for the ∼50 km grain data due to strong congruence of patterns at the larger grains.
We found very similar patterns for both herptiles and mammals. Most striking is
that five of the six maps for both groups reveal very similar spatial patterns (Fig. 1b–f
for herptiles, and Fig. 2b–f for mammals); central Europe is characterized by smooth
gradients of richness increasing to the south, whereas in the west richness increases to
the south and then reverses in Iberia and to a lesser extent in Italy. The only noncongruent patterns are found in the survey data at the ∼50 km grain (Figs. 1a and 2a),
in which gradients are generally more erratic and with strong reversals in the
southeast. Because the spatial patterns are very similar across all data at larger grains,
it is not surprising that survey estimates and map estimates are also very strongly
correlated at both ∼100 and ∼150 km grains (Fig. 3b–c for herptiles and 3e–f for
mammals), despite the existence of outliers in a few cells at the eastern edges of the
grid systems where undersampling during the surveys is likely to be an issue. It is also
notable that the absolute richness estimates derived from surveys and maps are very
similar, and cell richness estimated by maps is usually close to those found during the
surveys. In contrast, as expected from Figs. 1a,d and 2a,d, the correlations between
map and survey estimates are much noisier at the smallest grain (Fig. 3a,d), and
estimates based on the maps are very often much higher than the survey data. We also
found strong spatial structure in those cells where survey estimates were substantially
lower than map estimates, with the strongest underestimates located in the
Mediterranean region and Balkans (Fig. 4).
Our results are close to those recently reported by Hurlbert and Jetz (2007),
with the difference being that they found that map and survey data generated
similar patterns at a minimum grain size of 220 km, whereas we found almost
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Fig. 1 Species richness maps for European herptiles (reptiles and amphibians) based on survey data (a, b,
c) and range maps (d, e, f), at three grain sizes
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Fig. 2 Species richness maps for European mammals based on survey data (a, b, c) and range maps (d, e,
f), at three grain sizes
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Fig. 3 Scatterplots of cell richness values for survey data versus range map data for herptiles (a, b, c) and
mammals (d, e, f) at three grain sizes

identical patterns at 100 km. Although this slight difference may not appear to be
serious, we believe it is key to understanding the relationship between survey and
map data.
The obvious challenge to all grid-based surveys is to sample at least one site in
every cell, and to sample all cells intensively enough to record the presence of
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Fig. 4 Geographic distribution
of differences between richness
estimates derived from range
maps and estimates derived from
the continental surveys at the
∼50 km grain size for (a) herptiles and (b) mammals. Negative
values indicate that range maps
underestimate the number of
species found in cells during the
surveys, whereas positive values
indicate that the maps predict
more species than actually
observed

(ideally) all resident species. Unfortunately, this is essentially impossible to do in
practice; even the surveys of Great Britain, which has the best documented fauna
and flora in the world, have not adequately sampled all survey cells covering the
island, complicating attempts to identify diversity hotspots and evaluate responses of
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plants and animals to climate change and human disturbance (Prendergast and
Eversham 1995). This is also true for Europe in general. For example, the survey
sources we use here report undersampling in both the Mediterranean region and the
Balkans, which probably accounts for the apparent drop in both herptile and
mammal richness to the southeast in the original UTM data (see Figs. 1 and 2) and
the strong differences between the map-based and survey-based data in the south
(see Fig. 4). Clearly, if undersampling is a problem in parts of the world with very
dense road networks and a large pool of workers to conduct surveys over many
years, it is even more serious an issue in regions with sparse roads, relatively few
survey teams or surveys conducted for only a few years. Thus, given the inevitability
of sampling problems in geographically extensive surveys, it would be unwise to
accept the validity of patterns derived from surveys without careful evaluation. On
the other hand, map-based data also clearly have problems as well, so the key
question becomes, is there a way to resolve the dilemma of which diversity patterns
to believe? The results of Hurlbert and Jetz (2007) and ours provide a tentative
answer to this question.
Both analyses find that at larger grains map-based and survey-based geographic
patterns are very similar, the difference being the grain at which patterns become
congruent. Hurlbert and Jetz (2007) found that grains of at least 220 km were
necessary, whereas we find strong similarity at 100 km. One possible reason for this
difference is that they were concerned with birds, whereas we analyze the less
mobile herptiles and mammals, and perhaps the various groups have different
occupancy patterns, with birds being more patchily distributed. However, an
alternative explanation is related to relative sampling problems when comparing
Europe with South Africa and Australia. Western and central Europe is without
doubt much better sampled than Africa and Australia, and the survey data are
relatively more complete, with fewer gaps in coverage. Thus, with the increase in the
quality of the survey data, the grain at which map and survey data converge
decreases. This also means that not only are richness estimates based on range maps
very robust at large grains (200+ km), but they are also accurate at moderate grains
(100 km), and apparent discrepancies in patterns at moderate scales could be due to
survey error rather than map error. Thus, based on the results currently available, it
appears that at coarse grains map and survey data can be used interchangeably in
most parts of the world, but in regions where surveys are likely to be incomplete,
maps can generate more accurate patterns at moderate grains than do surveys.
In the absence of error-free survey data it is not possible to determine the grain at
which map-based patterns lose accuracy, but it may be at something less than 50 km,
where in the well-sampled parts of northern and western Europe the finest grained
map and survey data do not strongly differ (see Fig. 4). On the other hand, we can be
certain that the map-derived data are accurate at 100 km, since the survey and map
data are very similar even in undersampled regions (see Figs. 1 and 2). It could be
argued that the map data are not in fact accurate at 50 km, given the differences in
the patterns we find within Europe, but this does not mean that the survey data can
be taken at face value at the smallest grain either, and other papers in this forum
address the range of issues with finer-scale diversity data and how to deal with
sampling problems. Irrespective, if the goal of an analysis is to document broadscale patterns at moderate to large grains, map data can be as reliable as survey data
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and in some cases they may be even more reliable. Simulation analyses have also
shown that range-map data can generate very accurate geographical diversity
patterns, and it is possible to assess probable error rates under different ecological
conditions (LaSorte and Hawkins 2007).
If the comparisons of survey and map data conducted to date are generally
applicable, this represents a boon to biodiversity analyses. Given the extreme
difficulty for surveys to quantify accurately the diversity of any major taxonomic
group even in very well known parts of the world, it is obvious that we must be very
cautious about using survey data from less well studied regions. It is of course these
latter areas where diversity data are most urgently needed, as they include the hyperrich tropics under threat from human impacts and climate change. In other words, if
we have to wait until complete survey data are available for a continental grid
system in Africa or South America to know how diversity hotspots arise and are
maintained, it will be too late, despite our best efforts to overcome gaps in our
knowledge. But recent advances in converting occurrence records into distribution
maps, which can then be used to study broad-scale diversity patterns, provide a
shortcut that will allow us to document diversity sooner rather than later. The
realization that gaps in knowledge of species’ distributions can be filled using
‘bioclimatic envelopes’ and ‘niche modeling’ has lead to a very active research
community (Guisan and Zimmermann 2000; Pearson and Dawson 2003; Pearson et
al. 2006; Araújo and New 2007; Guisan et al. 2007) dedicated to generating range
maps in both extra-tropical and tropical regions (e.g., Buckland and Elston 1993;
Peterson et al. 2002; Thuiller et al. 2003; Chefaoui et al. 2005). As these maps
become available, they can be converted into richness data and subject to the full
range of biodiversity analyses (see e.g., Williams et al. 2003). Of course, the maps
have to be at least as reliable as maps generated by other currently used methods
(poor quality maps cannot be expected to generate high quality richness data), and
the grain of the analysis cannot be too small. But, current evidence suggests that
broad-scale patterns derived from range maps are not strongly affected by the details
of the maps used, even in the tropics (Mathias et al. 2004), so if diversity patterns
generated by maps are as robust as they appear to be, regional, continental and
global-scale diversity analyses for a wide range of taxonomic groups for which
survey data do not exist will soon be possible. We strongly endorse this approach as
a solution to the problem of understanding diversity in the face of imperfect
knowledge.
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