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Abstract The compilation of all the available taxonomic and distributional information
on the species present in a territory frequently generates a biased picture of the distribution
of biodiversity due to the uneven distribution of the sampling eVort performed. Thus, quality protocol assessments such as those proposed by Hortal et al. (Conservation Biology
21:853–863, 2007) must be done before using this kind of information for basic and
applied purposes. The discrimination of localities that can be considered relatively wellsurveyed from those not surveyed enough is a key Wrst step in this protocol and can be
attained by the previous deWnition of a sampling eVort surrogate and the calculation of survey completeness using diVerent estimators. Recently it has been suggested that records
from exhaustive databases can be used as a sampling-eVort surrogate to recognize probable
well-surveyed localities. In this paper, we use an Iberian dung beetle database to identify
the 50 £ 50 km UTM cells that appear to be reliably inventoried, using both data derived
from standardized sampling protocols and database records as a surrogate for sampling
eVort. Observed and predicted species richness values in the shared cells deWned as wellsurveyed by both methods suggest that the use of database records provides higher species
richness values, which are proportionally greater in the richest localities by the inclusion of
rare species.
Keywords Biodiversity databases · Sampling eVort assessment · Database records ·
Survey completeness · Species accumulation curves

Introduction
Reliable site-related taxonomic information is needed for the study of spatial biodiversity
variation, as well as for conservation purposes (Neldner et al. 1995; Ferrier 2002; Brooks
et al. 2004; Guralnick et al. 2007). Unfortunately, the compilation of the available information
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on species distribution can be seen to reveal a pattern of spatial bias and incompleteness,
mainly in hyperdiverse groups such as invertebrates and/or in countries without a long naturalist tradition (Dennis and Hardy 1999; Dennis et al. 1999; Soberón et al. 2000; Hortal
et al. 2007; Lobo et al. 2007). Site accessibility, distance from the residence of the collecting taxonomist, or degree of interest to the naturalist are all key parameters able to explain
the current location of the available species presence data (Nelson et al. 1990; Peterson
et al. 1998; Dennis and Hardy 1999; Dennis et al. 1999; Dennis and Thomas 2000; Zaniewski et al. 2002; Anderson 2003; Parnell et al. 2003; Reddy and Dávalos 2003; Reutter et al.
2003; Graham et al. 2004; Soberón and Peterson 2004; Martínez-Meyer 2005; Dennis et al.
2006; Romo et al. 2006). The pervasive occurrence of these biases across diVerent taxonomic groups would deeply aVect our knowledge on distribution of biodiversity and the
design of useful conservation strategies (Nelson et al. 1990; Faith 2002; Williams et al.
2002).
Both nonparametric estimators and collector’s curves have been widely used to estimate
the “true” number of species present in a site (Colwell and Coddington 1994; Gotelli and
Colwell 2001; Hortal et al. 2006; Soberón et al. 2007). The former require the use of species abundance data, while the latter, based on the increase of the accumulated number of
species with the sampling eVort, require species presence data along with a measure of
sampling eVort. Such a sampling eVort measure can be expressed in units as the number of
collector-days or trap-days (Soberón and Llorente 1993). Species distribution databases
that compile all available distributional information from heterogeneous sources (scientiWc
publications with diVerent aims, together with natural history museums and private collections) do not contain a homogeneous and comparable sampling eVort unit. Thus, it does not
seem possible to carry out the identiWcation of adequately inventoried territories using collector’s curves when such sampling eVort units are lacking. However, the number of
records of exhaustively compiled databases has been used on some occasions as a surrogate
for the sampling eVort (see Hortal et al. 2001; Lobo and Martín-Piera 2002; Martín-Piera
and Lobo 2003; Romo and García-Barros 2005; Romo et al. 2006), and it was recently
demonstrated that their use provides results as good as those obtained using other measures
more directly related to the sampling eVort (Hortal et al. 2006). In this paper, I show that
the use of biodiversity databases coming from unstandardized surveys is not only possible,
but can also help in providing the most accurate picture of biodiversity useful for conservation and biogeographical purposes. Observed and predicted species richness values coming
from standardized surveys (abundance data) and database records (presence data) are compared, showing that such databases are able to provide supplementary biological information that is diYcult to obtain using temporally restricted standardized survey data.

Materials and methods
An exhaustive Iberian dung beetle (Coleoptera, Scarabaeidae) database (BANDASCA)
was used for this study. Its 15,740 database records include all distribution information
available on 101,996 individuals of the 53 species present in the Iberian Peninsula (MartínPiera 2000), mainly from such a variety of sources as museums and private collections,
published or unpublished biogeographic or faunistic works, and standardized ecological
studies. The compiled information involves more than a century of surveys from 1,872 to
2,004. Each record of this specimen-based database is a pool of specimens from a single
species with identical information in the following Welds: location, altitude, date of capture,
type of habitat, food resource and collector.
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This information was used to calculate the number of species accumulated with the
increase in the number of database records for each of 255 Iberian 50 £ 50 km Universal
Transverse Mercator grid cells (UTM) with more than 15% of land surface. This accumulated species number was estimated after randomizing the order of entrance of the species
in the inventory 100 times to smooth the curve of species richness increase with the number
of database records (Colwell 2000). This smoothed, randomized accumulation curve was
Wtted to the recommended Clench function (Colwell and Coddington 1994; Peterson and
Slade 1998; Soberon and Llorente 1993) in order to estimate the asymptotic value (i.e. the
estimated total richness score for an unlimited number of samples). The estimations
derived from the Clench function seem to perform better than other asymptotic estimators
(Hortal et al. 2006). The adequately inventoried UTM cells were deWned as those with
observed species richness scores of 80% or more of the asymptotic predicted scores. The
identiWcation of adequately inventoried UTM cells by using database records is called
“database-data” in the following.
In the next step, all data from studies carried out with standardized sampling methods, such
as baited pitfall traps or dung pats, were taken into account in the calculation of observed
species richness, and in the compilation of species abundance data for each UTM cell. Total
richness was estimated from the species abundance through the abundance-based coverage
estimator (ACE) proposed by Chazdon et al. (1998), a modiWed version of Chao and Lee's
estimator (Colwell and Coddington 1994), designed to compensate for the consistent overestimation of species richness by the latter. The comparative eYciency of ACE estimations has
been recently established (Hortal et al. 2006). Adequately inventoried UTM cells were also
deWned as those with observed species richness scores equal to, or higher than, 80% of the
total species richness estimated by ACE, called “standardized-data” in the following. Species
richness estimates were calculated using the EstimateS package (Colwell 2000).
Adequately inventoried UTM cells identiWed by both methods (n = 18) were used to
exemplify the diVerences in species richness that can be obtained when diVerent types of
sources of biological data are used to derive biodiversity values. Of course, inventory completeness can be measured using diVerent estimators, which can provide diVerent richness
estimations that in turn depend on the sampling eVort; sampling success estimations vary as
sampling eVort increases (Chiarucci et al. 2001; Hortal et al. 2006). In this paper, the selection of estimators was carried out only to choose a subgroup of probable well-prospected
UTM cells according to the two sampling eVort measures (individuals and records). The
use of other estimators or other methods to assess the degree of completeness (see Hortal
and Lobo 2005) slightly vary the number of probable common well-surveyed cells but not
the obvious result: that the use of biological data coming from heterogeneous sources
allows us to add supplementary biodiversity information.

Results
Taking the record data into account, 89 Iberian UTM cells were observed to have species
richness scores higher than 80% of the values predicted by the Clench function. Of these,
only 18 cells were observed to have species richness scores higher than, or equal to, 80% of
the corresponding scores predicted by ACE using standardized-data (Table 1, Fig. 1). In
these 18 UTM cells, the predicted mean number of species does not diVer signiWcantly
from that observed, taken from either the database-data (F(1,34) = 0.72; ns) or from the standardized-data (F(1,34) = 0.18; ns). However, the observed mean number of species derived
from standardized-data diVers signiWcantly from that derived from database-data
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Table 1 Abundance (N), species richness (S) and number of database records (R) for the 18 Iberian
50 £ 50 km UTM cells with more than 80% species richness as estimated by both methods. SACE is the Abundance-Based Coverage Estimator species richness score (Chazdon et al. 1998) taking into account the species
distribution of the number of individuals collected by standardized methods. SCLE is the asymptotic species
richness, estimated by adjusting the Clench function to a smoothed rarefaction curve, a plot of the accumulated number of species as a function of the number of database records for each UTM cell. Non-ecological
data are the number of species and records of the database without considering the standardized-data
UTM code

30TUK3
29SQA2
30TVL2
30TUK1
29TQF2
30SWG4
30SVG4
29SQB2
30TUN1
30SUG4
30TVL4
30SWG1
30TTM4
30SUG3
30SWF3
30SXH3
30SUG1
30SUH4

Abundance-based estimation

Database-based estimation

Non-ecological data

N

S

SACE

%

R

S

SCLE

%

R

S

4,010
3,637
7,140
3,701
10,182
1,377
852
8,682
4,719
2,107
735
2,025
1,138
669
1,091
527
1,938
885

26
26
24
23
19
19
18
17
16
15
15
13
12
12
10
8
6
6

26.3
27.3
29.4
24
19.5
20.9
18.5
17.2
16.4
15
17.4
13
12.6
13.2
10
9.1
6
6

99
95
82
96
97
91
97
99
98
100
86
100
95
91
100
88
100
100

728
400
814
340
459
161
222
300
364
168
135
125
209
154
86
39
126
80

33
29
37
31
24
25
27
22
19
18
29
26
13
20
17
9
20
15

35.2
30.4
42.1
32.9
28.2
26.7
28.5
23.1
20.5
18.8
36.3
26.9
13.6
24.5
17.4
10
22.5
16.7

94
95
88
94
85
94
95
95
93
96
80
97
96
82
98
90
89
90

338
37
489
152
435
106
106
73
75
77
81
57
2
85
66
15
111
53

33
19
34
30
23
21
24
22
14
18
26
18
1
20
14
6
20
14

Fig. 1 Iberian location of the eighteen 50 £ 50 UTM km cells with observed species richness scores equal
to, or higher than, 80% of both the estimated scores predicted: by Wtting the Clench function to the number
of species vs. the number of database records (database-data approximation); and by the abundance-based
coverage estimator (ACE), considering the abundance of species (standardized-data approximation)
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Fig. 2 (a) Relationship between standardized-data and database-data species richness values for the wellsurveyed Iberian UTM cells; observed (squares) and predicted (circles) scores. Species richness predicted using abundance values and the Abundance-Based Coverage Estimator (ACE), and database values Wtted to a
Clench function after smoothing the curve in which the accumulated number of species is plotted against the
number of database records. Broken lines are the Wtted straight lines with slopes signiWcantly diVerent from
0 both for observed (t(16) = 5.65, P < 0.001) and predicted data (t(16) = 5.33, P < 0.001), but not signiWcantly
diVerent between them (0.701 and 0.667 respectively; F(1,33) = 0.19, ns). (b) Variation in observed (open circles) and predicted (black circles) number of species from database records; and in observed (open triangles)
and predicted (black triangles) number of species from standardized surveys. Fitted straight lines for observed
scores (broken) and predicted scores (solid) have signiWcantly diVerent slopes (P < 0.001) between both
methods (F(1,33) = 36.7 and 38.0, respectively). Predicted scores calculated using the Abundance-Based Coverage Estimator from standardized ecological studies data, and using the asymptotic species richness obtained
by Wtting the Clench function to a smoothed accumulation curve in which the increase in number of species
is plotted against the number of database records. The 18 UTM cells are plotted in order of increasing species
richness, according to the observed database records

(F(1,34) = 9.84; P = 0.003). This number is larger when derived from all the information
available in the database (23.0 § 1.7; mean § SE), and smaller when derived from standardized-data (15.8 § 1.5). Clench-Wtted species richness scores (25.2 § 2.0) also diVer
from ACE (16.8 § 1.6) (F(1,34) = 10.89; P = 0.002). Thus, although both estimations are
positively and signiWcantly correlated, the species richness scores derived from the database records are clearly higher than those from standardized-data (Fig. 2a). This diVerence
is greater in those cells with greater species richness values (Fig. 2b); database data allows
inclusion of around four or Wve more species in the poorer grid cells, and between 10 and
12 more species in the richer grid cells.
A comparison of the survey data species richness values against those coming from the
remaining information shows that the median percentage of species collected by the standardized-data for total species (75%) also signiWcantly diVers from the median percentage
of species coming from non-standardized-data (91%; Mann-Whitney U test: U = 73.5,
N1 = N2 = 18, P = 0.005).

Discussion
Both observed and predicted species richness values are higher when all the available information is considered. Why this should be so is intimately linked with the question of
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whether a species list in Wnished form can actually be associated with a particular site.
Standardized surveys are an important source of biodiversity information. However, they
are frequently temporally limited, being generally designed to obtain standardized inventories able to generate between site comparisons. Thus, as most of these studies do not aim to
inventory the complete species list of a territory, biological data from non-standardized
studies are necessary to include some supplementary species. Such an increase in the number of species when non-standardized studies are used may be due to the incorporation of
species with a low detectability, due to the inclusion of vagrant species incapable of producing viable descendants in the site (Pulliam 1988; Gaston 1994), or even due to the metapopulational character of many species and the relevance of dispersal limitation processes
that cause a species to possibly be absent from suitable sites (Pulliam 2000). In our study,
the number of species from standardized survey data is even lower than the number of species in the remaining non-standardized data, and the estimated number of species from the
complete database is higher even though the method used to derive species richness estimations from records (Clench asymptotic functions) frequently underestimate the “true” species richness (Hortal et al. 2006). Hence, the incorporation of faunistic data compiled along
a wide temporal period allows an increase in the number of species of a locality, and this
increase is even higher in cells with the greatest species richness probably because the environment, history and geography of these sites have allowed the survival of a greater number of geographically restricted species (Lamoreux et al. 2005). The species inventory of a
site varies with time, as does the species-area relationship (Adler and Laurenroth 2003),
depending substantially on the regional species pool because local and regional diversity
are intimately connected (Ricklefs and Schluter 1993). Thus, at a given time, one can never
be sure if the species inventory of a site is complete. Collector’s curves are not always
asymptotic, and estimations depend on the survey eVort (Chiarucci et al. 2001). Repeated
sampling of some very mobile groups can produce the addition of new species seemingly
indeWnitely (Dennis 2001; Gotelli and Colwell 2001). Some authors hold that these rare
species added to inventories by increased sampling, not belonging to a stable population,
should not be added to species richness estimates (Dennis and Hardy 1999; Dennis 2001).
However, it seems reasonable that these species should be considered members of the
potential group that may inhabit a site and that they may help to guarantee the stability of
ecosystem functions (Adler and Lauenroth 2003; Lyons et al. 2005). Hence, the probable
contributions of these species are better reXected when exhaustive databases are used that
oVer higher richness scores more closely related to the group of species that, over a period
of time, are able to inhabit a site and, therefore, form part of the biodiversity contributing to
the functioning of the ecosystem.
Previous studies suggest that exhaustive faunistic information compiled from all available sources can be used to identify well-surveyed inventories if database records are used
as a sampling eVort surrogate (see also Hortal et al. 2001; Lobo and Martín-Piera 2002;
Martín-Piera and Lobo 2003; Romo and García-Barros 2005; Hortal et al. 2006; Romo
et al. 2006). In this paper, we also use the database records as a sampling eVort surrogate,
showing that the obtained estimations are correlated with those provided by the use of measures more directly related to the sampling eVort. Furthermore and importantly, the use of
all the biodiversity information available can achieve a better determination of the sites
with the greatest species richness by the inclusion of some rare species that are diYcult to
detect. The use of database records as a sampling eVort surrogate can be an opportunity to
use the taxonomic and biogeographic information stored in multi-sourced databases
(Soberón et al. 1996; GBIF 2003; Graham et al. 2004; Guralnick et al. 2007) for basic and
applied purposes. As Hortal et al. (2007) propose, such databases should be built in an
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exhaustive way and be used to: (i) discriminate probable well-surveyed localities; (ii)
examine if these localities represent the environmental and spatial heterogeneity of the analyzed territory; and (iii) identify the location of future sampling sites able to optimize the
coverage of data on biodiversity patterns. Only the previous accomplishment of a quality
data assessment protocol like this can allow us to guarantee the success of alternative strategies such as those suggested by the use of predictive modelling techniques (Guisan and
Zimmermann 2000) because the inaccuracy of absences, a consequence of spatially biased
sampling, leads one to suppose that the resulting distributions obtained by such methods
suVer from the same or greater biases than those in the information from which they are
derived (Ferrier 2002; Hortal and Lobo 2005; Gu and Swihart 2004; Kadmon et al. 2004;
Funk et al. 2005; Lobo 2008).
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