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Abstract. To determine the degree of completion of Western Palaearctic dung beetle species inventory,
as well as to ascertain some of the main geographical and morphological characteristics associated with
the probability of new species description, the available taxonomic and biogeographic information of the
three Scarabaeoidea families that are associated with dung was analyzed. An asymptotic fit of the
cumulative number of described species is used to estimate the approximate number of species not yet
described. Variation partitioning and hierarchical decomposition techniques were used to explore the
influence of body size, geographical range size and geographical location variables on the process of
species description. Results indicate that the inventories of Western Palaearctic Scarabaeidae and
Geotrupidae species are almost complete, but that around 16% of Aphodiidae species have yet to be
described. As the joint effect of geographical distribution and location is the main determinant of the
species description rate in this family, it was predicted that new dung beetle species would be found in
smaller areas of the southern and eastern Western Palaearctic region. The species body size accounted for
a negligible fraction in the variation of the year of description. Both the geographical range size and the
geographical location are essential variables negatively correlated with the year of species description,
whose pure and combined effect can account for high percentages in the year of description variation
(from 41 to 56%). The location of most of the taxonomic workforce in areas where broader-ranged
generalist species prevail in the assemblages is the probable reason for this pattern.
Abbreviations: a – pure effect of body size variation; AIC – Akaike information criterion, b – pure
effect of geographic range size, BS – body size, c – pure effect of geographic location, d – combined
variation due to the joint effect of body size and geographic range size components, e – combined
variation due to the joint effect of body size and geographical location components, f – combined
variation due to the joint effect of geographical range size and geographic location components, g –
combined variation due to the joint effect of the three variables, GL – geographic location; GLM –
Generalized Linear Models, GRS – geographic range size, U – variation not explained by independent
variables included in the analysis.

Introduction
During the last few centuries and particularly more recently, the Earth’s biota has
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been suffering the hitherto unsuspected repercussions of the uses and abuses of man,
culminating in the extinction of various species (Illies 1983; Gaston 1991a; Gaston
and Mound 1993; Mayr 1993). The reality of these repercussions has been
demonstrated (Heywood 1995; Lawton and May 1995; Hughes et al. 1997; Heard
and Mooers 2000; Purvis et al. 2000), although we are still ignorant about their
extent (Gaston 1991a). Time and again, when faced with particular biodiversity
crises, human beings have responded (Mayr 1993), although the struggle to
inventory all species has proved futile (Patterson 1994) since many of them
disappeared before being described.
Species description is an advantageous task, both to increase the knowledge of
species (May 1988) and to aid in their conservation (Sutton and Collins 1991).
However, knowledge would still be lacking, especially in the case of insects, not
only on the number of species still to be discovered in a given region, but also on the
factors that might govern the species description process. Another equally important
problem is the decrease in resources assigned to systematics (Cotterill 1995) and the
subsequent fall from the status of ‘good’ science (Krell 2000), precluding any
guarantee of the reliability of conservation decisions (Barrowclough 1992). In order
for their work to be efficiently conducted and their results cost effective, taxonomists must make it a priority to search for new species in less thoroughly prospected
regions and develop new tactics in these times of crisis (Hammond 1992; Gaston
1993), since there is neither adequate time nor resources for a traditional approach to
this enormous effort (Gaston 1991a).
Determining the degree of completion of species inventories in a region and
estimating the geographical and morphological characteristics associated with the
probability of species description can aid in establishing both efficient strategies for
the discovery and location of species yet to be described. The approximate total
number of species of a group and the amount of descriptive work yet to be done can
be estimated by examining the growth over time of the cumulative species number
as a function of the year of description (Steyskal 1965; Arnett 1967; White 1975,
´ and Soberon
´
1979; Frank and Curtis 1979; O’Brien and Wibmer 1979; Medellın
1999).
On the other hand, the influence on the process of species description of body
size, geographical range size and geographical location of species has been explored
(Gaston 1991b, 1993, 1994, 1996; Hammond 1992; Gaston and Mound 1993;
Gaston and Blackburn 1994; Patterson 1994; Blackburn and Gaston 1995; Gaston et
al. 1995a; Allsopp 1997). Evidently, several other variables might influence the
probability of species description (shine, coloration, population size, habitat preference, etc.) but probably have not been considered because of the greater difficulty in
quantifying them. The first species attribute examined was body size (Gaston 1991b;
Gaston and Blackburn 1994; Patterson 1994; Blackburn and Gaston 1995; Gaston et
al. 1995a; Allsopp 1997). Assuming that there is a positive correlation between
body size and the detectability of species, larger species would tend to be described
before smaller species on some occasions (Gaston 1991b; Gaston et al. 1995a);
newly described species would thus tend to be physically smaller than expected
(Gaston and Blackburn 1994). Subsequently, species’ geographical range size or
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their geographical location as determinants of the probability of species description
were also studied (Gaston 1993; Patterson 1994; Blackburn and Gaston 1995;
Gaston et al. 1995a, b; Allsop 1997). Species with large geographic ranges tend to
be described earlier; geographical range size is frequently a better predictor of the
date of discovery than body size. As the rate of species description generally varies
throughout the territory considered due to the concentration of faunistic exploration
near taxonomists’ places of residence, geographical location of species also seems
to be an important variable related to the probability of species description
(Patterson 1994; Allsopp 1997). However, this factor has never been thoroughly
studied beyond the consideration of species’ occurrence in one supposed region or
another, whose borders are not always clear or properly defined (e.g. latitude or
longitude have not yet been used).
Estimating the influence of these variables on the process of species description is
hindered by their frequent collinearity. Thus, the studies that have been carried out
have been unable to quantify the true influence of these variables or the importance
of their combined effects (Gaston and Blackburn 1994; Blackburn and Gaston
1995). We confront these drawbacks by applying the techniques of variation
˚
partitioning (Borcard et al. 1992; Qinghong and Brakenhielm
1995; Anderson and
Gribble 1998; Legendre and Legendre 1998) and hierarchical decomposition
(MacNally 2000) in order to estimate how much of the variation of the response
variable can be exclusively attributed to one independent variable, and to calculate
the fraction of the variation accounted for by the joint effect of two or three of the
variables considered.
The present paper analyses how the species description process has been carried
out in the Western Palaearctic region for a taxonomically well-known dung beetle
group (Coleoptera, Scarabaeoidea), in which three families have traditionally been
included: Aphodiidae, Scarabaeidae, and Geotrupidae. Even though this is a rather
well-studied species group, the total number of species included in these families is
unknown. Thus, we would like to know: how many species have yet to be
discovered in the Western Palaearctic region; what would be the probable characteristics of these as yet undescribed species; and where they could most likely be
located within this region. Answers to these questions may facilitate a better design
of the taxonomic work still to be accomplished.

Material and methods
Data collection
Taking into account the exhaustive taxonomic information on the Palaearctic
species of the three Scarabaeoidea families (Baraud 1985, 1992; Dellacasa 1988a, b,
´
´ 1995; Hollande and Therond
´
c, 1991, 1995; Lopez-Colon
1998), together with some
´ and Olexa 1996;
additional data (see references in Dellacasa 1990, 1992; Kral
´
´ 1997), a
Lumaret and Lobo 1996; Pittino 1996; Chikatunov and Pavlıcek
1997; Kral
total of 629 species were considered: 395 from the Aphodiidae, 162 from the
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Scarabaeidae and 72 from Geotrupidae. Ignoring synonyms, only species that were
currently recognized as valid taxa were considered. As the three families are
considered monophyletic groups (Scholtz 1990), each one has been analysed
independently in order to increase the predictive power of extrapolations (Gaston et
al. 1995a). The information covers all the species described from 1758 to 1990 in the
Western Palaearctic region. This region comprises North Africa from Morocco to
Sinai, and Europe from the Atlantic Ocean to the Ural Mountains, including the
Caspian Sea to the South and the western boundaries of Kazakhstan. Nine variables
were summarized for each species: the year of description (dependent variable),
body size (BS; length in mm), geographic range size (GRS), mean, maximum and
minimum latitude and longitude of each species’ geographical range. The last six
variables allow us to quantify the geographic location (GL) of species.
The mean body size of species was provided by Lumaret and Kirk (1987), Lobo
(1993) and Baraud (1992). However, for 12 species whose body size had not been
specified in the literature, this was estimated as the mathematical mean of the body
size of the species of the same genus or subgenus. Geographical range size scores
are the six endemism classes defined by Lumaret and Lobo (1996) as the percentage
that supposes the distribution area of each species in the entire Western Palaearctic
region (12 3 10 6 km 2 ; i.e. class 1, species with a distribution area less than or equal
to 0.1% of the Western Palaearctic area; class 2, between 0.1 and 0.5%; class 3,
between 0.5 and 1%; class 4, between 1 and 5%; class 5, between 5 and 10%; and
class 6, species distribution area greater than 10% of the total area of the region
considered). Geographic location variables were estimated within an approximate
2.58 margin of error by examining a map of the localities and countries where the
presence of the species was verified by the previously mentioned bibliographical
references and other data from regional faunistic studies (Mackauer 1958; Carpaneto 1976, 1979, 1980, 1985; Dellacasa and Poggi 1981; Hanski and Kuusela
´
1983; Dellacasa 1987; Palmer et al. 1988; Lumaret 1990; Skidmore 1991; Martın´
Piera and Lobo 1992; Arnone and Massa 1993; Lobo and Martın-Piera
1993;
Arnone et al. 1995; Carpaneto and Piattella 1995a, b; Lumaret et al. 1996;
Carpaneto et al. 1997; Ziani 1997a, b). Both maximum and minimum latitude or
longitude indicates the distributional boundaries of each species. Mean latitude and
mean longitude are defined as the mathematical means of these extreme values.

Statistical analysis
To estimate the number of species not yet discovered in each family, we used the
logarithm of the cumulative number of species described in the successive years
from 1758 to 1990. The use of cumulative curves presupposes that: (i) a finite
number of species exist on Earth (Steyskal 1965; O’Brien and Wibmer 1979); (ii)
the evolution of new species since Linnaeus is impossible (Frank and Curtis 1979);
(iii) it is possible to approach a state in which all species are known, although new
species become difficult to discover (Steyskal 1965; Arnett 1967; White 1975;
Frank and Curtis 1979; Diamond 1985); and (iv) the majority of extant species have
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been described, so that the species description rate falls gradually towards zero as
´ and Soberon
´ 1999). The
the total number is approached (White 1979; Medellın
logarithm of the cumulative number of described species was plotted against the
year and the curve fitted to the Beta–p function selected as the best fit (Mielke and
Johnson 1974), after trying to fit different types of species-accumulation functions
´ and Llorente 1993; Flather 1996). The curvilinear function was fitted
(see Soberon
by the Quasi-Newton method using Statistica software (StatSoft Inc. 1999). The
value of the asymptote determined by iteration is used to estimate the number of
species of each family still not described. Between the different candidate asymptotic functions, the Beta–p model adequately represents this type of relationship
described as:
y5as12[11sx /cd d ] 2bd.
To explore the multiple relationships between the year of description and the
explanatory variables considered, generalized linear models (GLM; McCullagh and
Nelder 1989; Crawley 1993) were used. In GLM, one dependent variable (not
necessarily normally distributed) is linearly or non-linearly related to multiple
independent variables via a link function that specifies the needed transformation of
the predicted values. To find the best predictive model for each family, a backward
stepwise procedure was employed in which both the forward entry and the backward
removal of variables are used (Legendre and Legendre 1998). The resulting
stepwise procedure model may not be unique, and often many similar models with
equal or greater predictive power can be found (Daniel and Wood 1980; Copas
1983; Derksen and Keselman 1992; MacNally 2000). Thus, all possible 2 k regression models based on the k independent variables were computed, selecting the most
appropriate models according to the Akaike information criterion (AIC; Akaike
1983; MacNally 2000). These models are compared with the stepwise regression
solution in order to select the most representative final model for each family (Neter
et al. 1985). Finally, the possible curvilinear relationship between the year of
description and the statistically significant variables was explored in order to
determine if either a linear, quadratic or cubic function of each selected variable
increases the explanatory capacity of the model. The goodness of fit of the models
obtained was measured by the deviance statistic, the change in deviance F-ratio
tested and the reduction in deviance compared with that of a full model in which the
number of parameters is equal to the total number of observations (McCullagh and
Nelder 1989; Dobson 1999). The percentage of deviance explained has also been
calculated for each model (see Dobson 1999). The adequacy of the derived final
models was determined by detecting outliers that disproportionately influence the fit
of the model, examining standard errors of coefficients, plotting residuals against the
fitted values, and by plotting residuals in a normal probability plot (Nicholls 1989;
Dobson 1999).
The independent variables selected for the regression analysis were further
analysed to verify if they most likely influence the variation in the date of species
description. Thus, the comparative importance of each explanatory variable, as well
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as that of their complex inter-relationships, was measured by examining the
variation partitioning among explanatory variables in the set of data. Firstly, the
percentage of explained deviance for each one of the possible 2 k functions was
calculated and the impact of each independent variable was estimated as the average
effect of including this variable in all possible models built with the remaining
variables (MacNally 2000). Subsequently, the total variation within the date of
species description was decomposed among the three types of explanatory variables
(i.e. BS, GRS and GL) and the percentage of explained deviance was calculated for
eight different components (Figure 1): pure effect of body size variation (a), pure
effect of the GRS (b), pure effect of the GL (c), combined variation due to the joint
effect of body size and GRS components (d), combined variation due to the joint
effect of body size and GL components (e), combined variation due to the joint
effect of GRS and GL components ( f ), combined variation due to the joint effect of
the three variables ( g), and variation not explained by the independent variables
included in the analysis (U). The decomposition of the variation in the date of
species description among the three sets of explanatory variables was carried out by
partial regression analysis (see Legendre and Legendre 1998). As explanatory
variables were not mutually independent, this approach can aid in determining the
amount of variation overlap and in clarifying the influence of the variables
˚
considered (Borcard et al. 1992; Qinghong and Brakenhielm
1995; Anderson and
Gribble 1998). In the process of variation decomposition, the date of species
description ( y) was regressed with the three types of variables together (BS, GRS
and GL), which represent the total explained variation in the data set (a 1 b 1 c 1 d
1 e 1 f 1 g in Figure 1). Regressing y with each one of the explanatory variables
yields the variation separately attributable to BS (a 1 d 1 e 1 g), GRS (b 1 d 1 f
1 g), and GL (c 1 e 1 f 1 g). Subsequently, residuals of the regression of BS with
GRS 1 GL variables were calculated, and y was regressed with these residuals in
order to estimate the pure effect of BS variation (a). Fractions b and c were
estimated in the same way after computing the regression residuals of GRS with BS
1 GL, and the regression residuals of GL with GRS 1 BS, respectively. The
remaining variation fractions were computed according to two sets of equations
˚
(Borcard et al. 1992; Qinghong and Brakenhielm
1995; Anderson and Gribble
1998), where:
d1e1g5BS2a
d1f 1g5GRS2b
e1f 1g5GL2c
and
d5sBS1GRSd2se1f 1gd2sa1bd
e5sBS1GLd2sd1f 1gd2sa1cd
f5sGRS1GLd2sd1e1gd2sb1cd
g5sd1e1gd2d2e5sd1f 1gd2d2f5se1f 1gd2e2f.
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Figure 1. Diagram showing the variation in the dependent variable (the year of species description) due
to three explanatory variables: BS (body size), GRS (geographic range size) and GL (geographic
location). U is the unexplained variation; a, b and c are the pure effects of body size, geographic range,
and location variation, respectively; while d, e and f are the combined variation due to the joint effect of
body size and geographical range size, the joint effect of body size and geographic location, and the joint
effect of geographical range size and geographic location, respectively; g is the combined variation due
to the joint effect of the three variables.
Table 1. Descriptive statistics for each dung beetle family and results of the curvilinear fit of the
logarithm of the cumulative number of described species against the year of description according to the
Beta–p function (Mielke and Johnson 1974; Flather 1996).

Number of species
Described species per year (6SE)
Years without descriptions (%)
Years with more than two species described (%)
Variance explained (R 2 3 100) by the asymptotic model (%)
Total species predicted by the asymptote
Estimated percent of current described species
Date to describe 50% of predicted species
Date to describe 90% of predicted species

Scarabaeidae Aphodiidae

Geotrupidae

162
0.70 6 0.09
66
8
98.72
160
(100
1838
1938

72
0.31 6 0.05
79
2
98.51
76
95
1860
1979

395
1.70 6 0.19
45
23
98.74
473
84
1902
2066

Results
How many species are yet to be discovered?
The number of species descriptions per year differs significantly between dung
beetle families (Mann Whitney U-test, Z 5 2.71, P , 0.01; Z 5 4.93, P , 0.001; Z
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5 7.42, P , 0.001 for Scarabaeidae–Geotrupidae, Scarabaeidae–Aphodiidae and
Aphodiidae–Geotrupidae comparisons, respectively). The number of Aphodiidae
species described per year (1.70) is greater than the number of Scarabaeidae (0.70),
which in turn is greater than that of Geotrupidae (0.31). Within the period
considered, no Aphodiidae species was described in half of those years, and in
approximately one-quarter of the years, more than two species were described
(Table 1). Only within one-third of the years considered was a new Scarabaeidae
species described, while a new Geotrupidae species was described in only one-fifth
of all the years. Seldom were more than two new species of these families described
within the same year (Table 1, Figure 2).
The asymptotic fit of the relationships by the Beta–p function accounts for more
than 98% of variance in the cumulative number of described species for the three
families (Table 1, Figure 2). The total number of Geotrupidae species currently
known is slightly lower than the number predicted by the asymptote. The opposite is
the case with Scarabaeidae. However, for Aphodiidae, the known number of species
is approximately 84% of the predicted total number of species. Half of the total
predicted Scarabaeidae and Geotrupidae species had been described by the middle
of the 19th century, while half of the total Aphodiidae species were described almost
50 years later (Table 1). For both Scarabaeidae and Geotrupidae, the rate of species
description per year before 1850 (0.97 and 0.37, respectively) is higher than after
1850 (0.52 and 0.27), but the differences are not statistically significant for
Geotrupidae (Mann Whitney U-test, Z 5 1.03, P 5 0.30) or Scarabaeidae (Z 5
1.40, P 5 0.16). To the contrary, the rate of Aphodiidae species description per year
is significantly lower before 1850 (1.34) than after 1850 (1.93) (Z 5 2.21, P 5
0.03).
Modelling the description year
Both the backward selection procedure and the exhaustive search of multiple
regression models for Scarabaeidae yield a function with GRS, maximum latitude
and maximum longitude as significant variables. The Akaike information criterion
score for this model (AIC 5 1700.2) is the second lowest; 42.8% of total deviance is
explained (Table 2). GRS is negatively and linearly related to the year of
Scarabaeidae species description (Figure 3A). To the contrary, the negative relationships between the year of species description and maximum latitude and longitude
are cubic and quadratic, respectively (Figure 3B and C). The cubic function of
maximum latitude explains 18.7% of total deviance in the date of description (as
compared with 16.1% for the linear function, Table 2), while the quadratic function
of maximum longitude explains 22.1% of total deviance (as compared with 19.9%
for the linear function). A final non-linear function model increases the total
explained deviance only slightly (44.6 vs. 42.8%).
Both the backward selection procedure and exhaustive search agree on the
significance of GRS, maximum latitude and maximum longitude variables in
Aphodiidae (AIC 5 4073.9; 56.9% of total deviance; Table 2). The relationships
between year of description and BS and GRS are linear and negative (Figure 3D and
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Figure 2. Number of described species (bars) and temporal variation in the logarithm of the cumulative
number of described dung beetle species (s) from 1758 to 1990 in the Western Palaearctic region, taking
into account the exhaustive taxonomic information about the Palaearctic species of the three
Scarabaeoidea families: Scarabaeidae (162 species), Aphodiidae (395 species), and Geotrupidae (72
species). The cumulative curves were fitted (continuous line) by the Beta–p function (Mielke and
Johnson 1974) using the Quasi-Newton method.

Figure 3. Scatterplots between the date and the statistically significant variables related to year of species description of the three dung beetle families considered (Table
2). (A–C) Statistically significant explanatory variables related to the year of Scarabaeidae species description. (D–G) Plots of the significant explanatory variables
related to the year of Aphodiidae species description. (H, I) Plots of the two variables that significantly explain the variation in the year of Geotrupidae species
description. The continuous line represents the selected linear, quadratic or cubic function of the variable considered that significantly increases the explanatory capacity
of the model.
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Table 2. Regression coefficients of statistically significant variables related to the year of species
description of the three considered dung beetle families, and percentage of the total explained deviance
(see Dobson 1999) when each variable is tested separately applying GLM regressions.
Parameter estimates Standard error Wald statistic a P
Scarabaeidae
GRS
218.90
Maximum latitude 20.97
Maximum longitude 21.02
Aphodiidae
BS
24.83
GRS
214.07
Maximum latitude 21.90
Maximum longitude 20.58
Geotrupidae
GRS
221.96
Mean latitude
22.99

Explained deviance (%)

3.23
0.32
0.18

34.27
8.89
30.68

,0.001 27.3
0.003 16.1
,0.001 19.9

1.23
1.56
0.20
0.11

15.43
81.77
91.83
26.15

,0.001 2.5
,0.001 39.0
,0.001 43.2
,0.001 10.9

3.04
0.65

52.37
21.43

,0.001 42.1
,0.001 23.0

a

The Wald statistic is a test of the significance of the regression coefficient, based on maximum likelihood
estimates.

E). However, maximum latitude and longitude are negatively and curvilinearly
related to the year of species description (Figure 3F and G). The coefficients of the
three terms of a cubic function of maximum latitude are significant; the explained
deviance is increased from 43.2% (linear function) to 45.0%. The quadratic function
of maximum longitude increases the total explained deviance from 10.9% (linear
function) to 16.0%. The final curvilinear function model increases the explained
deviance to 58.8%.
Exhaustive search and the backward stepwise procedures coincide in yielding the
same Geotrupidae regression model (AIC 5 746.1; 55.4% of total deviance) with
GRS and mean latitude as significant variables (Table 2). The relationship between
the year of Geotrupidae species description and GRS is linear and negative, while
the relationship with mean latitude is negative but parabolic (Figure 3H and I). The
quadratic function of mean latitude explains 33.6% of total deviance, and the final
quadratic function model slightly increases the deviance explained to 55.6%.
Comparative importance of explanatory variables
The average effect of the incorporation of BS into all possible models is almost
negligible (2.2, 1.8 and 0.9% of total deviance for Scarabaeidae, Aphodiidae and
Geotrupidae, respectively). To the contrary, the contribution of GRS is decisive in
explaining variation in the date of species description for the three families (17.6,
22.6 and 37.9%, respectively). The two main, significant GL variables (maximum or
mean latitude and longitude) play different roles in the taxonomic groups. Maximum
latitude explains comparatively less for Scarabaeidae (8.5%), but more for
Aphodiidae (22.8% of total deviance). For Geotrupidae species, mean latitude is the
GL variable that offers the most explanation (17.5%). Maximum longitude offers a
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high level of explanation for Scarabaeidae (14.8%), but less for Aphodiidae (5.5%)
and a negligible amount for Geotrupidae (0.5%).
The partitioning of variation among explanatory variables in Scarabaeidae
(Figure 4A) corroborates that pure effects of GL and GRS variables account for a
substantial part of the explained variation (16.1% 1 9.9% 5 26%), and that the joint
effect of these two types of variables explains 14.9% of the deviance. For
Aphodiidae, the pure influence of GL and GRS is not very high (14.1% and 8.9%,
respectively); the greater part of the explained variation is accounted for by the
combined effect of both variables (31.4%; Figure 4B). The joint effect of GL and
GRS is mainly due to the combined influence of latitude and GRS (Figure 5),
because the most recently described species tend to have southern distribution limits
and smaller range size areas (i.e. being a southern species and having a small
distribution area are associated characteristics). Lastly, the pure effect of GL for
Geotrupidae is similar to its effect for the other families (12.2%), but the pure effect
of GRS is much greater (33.2%); the joint effect of GL and GRS is intermediate
(10.1%; Figure 4C).

Discussion
The asymptotic fit of the cumulative number of species descriptions yields models
that explain a high percentage of the variation of the date of species description
(.98%). Although the total number of species predicted by the asymptote must be
considered an approximation, the results indicate that the inventories of Western
Palaearctic Scarabaeidae and Geotrupidae species are almost complete and that only
a fraction of the species of these families have yet to be described. However,
approximately 70–80 Aphodiidae species have not yet been discovered in the
Western Palaearctic region. This implies that almost 16% of the total number of
species comprising the Aphodiidae family have yet to be discovered.
As has been shown on other occasions (Allsopp 1997), the rate of species
description is family-specific. The rate of species description in Aphodiidae has
been more irregular (there is a greater variance in the number of species described
per year), but also more constant over time (meanwhile, there are more years with
new descriptions), as well as more rapid after 1850. Aphodiidae is the richest family
in species among Palaearctic dung beetles (63% of total), possesses the smallest
species’ BS (approximate body length of 5 mm or less) and is the most difficult to
identify. It is also significant that some species pertaining to the three studied
families are not exclusively coprophagous in their adult stage (saprophagous or
phytophagous habits are possible, for example) and Aphodiidae is precisely the
family that comprises the larger group of these non-exclusive dung feeders, so these
species could have been more tedious to locate. We suggest that taxonomic work
probably would have turned to the Aphodiidae species once the description of new
species in the other families had become more difficult.
For British beetles, body size offers more explanation (16%; Gaston 1991b).
However, as in the Australian scarab beetles (Allsopp 1997), the species’ BS
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Figure 4. Variation partitioning in the year of species description of Scarabaeidae (A), Aphodiidae (B)
and Geotrupidae (C) between the three considered explanatory variables: BS, GRS and GL. The
decomposition of the variation has been carried out by partial regression analysis (Legendre and
Legendre 1998; see Figure 1) using Generalized Linear Models (Crawley 1993) and the percentage of
total explained deviance as the measure of explained variation.
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Figure 5. Contour plots of the year of species description for Aphodiidae (A) and Geotrupidae (B) in the
space delimited by the scores of the GRS and maximum or medium latitude of their respective species. In
both plots, it is clear that the most recently described species tend to have southern distribution limits and
smaller range size areas.

accounted for a negligible fraction in the variation of the year of description for any
of the three families (,2%). Our result might be an outcome of the family-specific
analysis of the data, but also the consequence of the greater chance of discovery of
new Scarabaeoidea species because they normally live in restricted habitats where
they are usually sought (e.g. cattle excrement).
To the contrary, the GRS and the GL are essential variables negatively correlated
with the year of species description, which together can account for high percentages in the year of description variation (from 41 to 56%). GRS has traditionally
been considered an important factor linearly related to year of description, as it has
been confirmed that broad-range species in a variety of groups are somewhat prone
to being discovered before species with narrower ranges; for example, South
American oscine passerine birds (Blackburn and Gaston 1995), North American
butterflies (Gaston et al. 1995a), Neotropical mammals (Patterson 1994, 2000), or
Australian scarab beetles (Allsopp 1997). GL has also been considered an important
factor related to the probability of species description (Gaston 1993; Patterson 1994;
Gaston et al. 1995b; Allsopp 1997). Its relationship with the date of our studied
species description is curvilinear at all times. Species with distributions reaching the
northern and western limits of the Palaearctic region are described first, but from
approximately 1850 on, the distribution limits of the greater part of the species
described are between 308–508 latitude and 108–308 eastern longitude.
However, geographical variables influence the families differently. For
Scarabaeidae, the GRS and the GL variables combined, as well as the pure effect of
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range size primarily determine the year of species description. The pure effect of GL
variables is also important; both maximum distributional range, longitude and
latitude strongly influence the year in which species were described. For Aphodiidae
species, GRS combined with GL (principally, species maximum latitude) primarily
determine the description of new species; wide geographical range species also
capable of inhabiting high latitudes and eastern longitudes are the first to be
discovered. For Geotrupidae, the pure effect of range size undoubtedly best predicts
species description.
Why have variables such as range size, maximum latitude or maximum longitude
so decisively influenced the description of new species in the Western Palaearctic
region? As is the case with many other groups, both Nearctic and Western
Palaearctic dung beetle assemblages decrease significantly in species richness with
latitude (Hanski 1986, 1991; Lobo 2000); dung beetle species with narrow geographical ranges are more abundant in Southern Palaearctic areas (Lumaret and
Lobo 1996). These regions, refuges during glaciations, would have supplied
colonizers for northern areas (Bennett et al. 1991; Hewitt 1996; Taberlet et al.
1998). Thus, only some generalist species, with broader distribution ranges at
present, would have managed to colonize northern areas of the West Palaearctic
region. Taxonomists are not homogeneously distributed across regions either
(Gaston and May 1992; Gaston 1994). Western and northern countries in the West
Palaearctic region have, throughout history, been home to established taxonomy.
Hence, taxonomists often first described northwestern and broader-ranged generalist
species, because the more a species’ geographical distribution overlaps the taxonomists’ location, the greater its chance for early description.
In summary, the search for new Western Palaearctic dung beetle species must be
directed towards the Aphodiidae family. Extrapolation of accumulation curves
(which should be treated with caution) indicates that if description continues at its
present rate, it would take as long as 400 years to discover the total number of
Aphodiidae species. The current information could identify the features of species
not yet discovered and where to find them. As geographical distribution and location
combined are so important for this family, new species should be found to the south
and east in the Western Palaearctic region in very small areas. The best areas to
search for new Western Palaearctic dung beetle species should be in north and
northeast Africa, southeast Europe, Turkey, Caucasus, Caspian regions, and Iran.
These possibly new, not-yet-described species could be easterly species shared with
the Eastern Palaearctic region. The geographical distribution of Western Palaearctic
region species described since 1991 (Zoological Record database) corroborates
these patterns. During the 1991–2000 period, a total of 13 new species were
described; six Aphodiidae (in north Africa, eastern Europe, Turkey and Near East,
and Iran) and seven Geotrupidae species (see Figure 6). Three of these new
Geotrupidae species come from the Iberian Peninsula, but were obtained when
newer taxonomic tools and technological advances were applied to previously
described species; three more from the Trans-Caspian region, shared with the
Eastern Palaearctic fauna; and one from north Africa.
Finally, variation partitioning is proposed as a useful procedure to study the
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Figure 6. Western Palaearctic map showing type localities of newly described species from 1990 to the
present. Geotrupidae: j; Aphodiidae: d.

contribution of different variables that may influence the rate of species description
for any taxonomic group, allowing us to discern the pure effects of the combined
contribution of these variables so that future inventory efforts could be planned
more efficiently.
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