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Abstract. 1. Assessing the factors that govern the probability of a species (i)
being discovered and (ii) being described under different names can help to
improve the efficiency of future taxonomic efforts.

2. Here, we assess whether species body size, extent of distribution and geo-
graphical position affect the probabilities of discovery and redundant descrip-
tion of European Chrysomelidae (Coleoptera).

3. The probability of description of European Chrysomelidae is determined
mostly by the characteristics of the species distribution but not by body size;
species with broad and northern distributions have been described before.

4. The probability of redundant description is mainly related to the year of
description; species with a higher number of synonyms were described earlier
and have broader distributions.

5. The extrapolation of the observed trends suggests that undescribed species
of Chrysomelidae have narrow distributions and live in southern Europe and
that recently described species have a low number of synonyms because the effi-
ciency of leaf beetle taxonomy has increased over time.

Key words. Chrysomelidae, Coleoptera, probability of description, synonyms,

taxonomy.

Introduction

Biodiversity faces strong pressure and high species extinc-
tion rates similar to those observed during major extinction
events in the past (Pimm ez al., 1995). While a precise
knowledge on global biodiversity is fundamental for con-
servation, only a fraction of the biodiversity of the planet is
known. This lack of knowledge has been termed as the Lin-
naean shortfall (Brown & Lomolino, 1998; Whittaker et al.,
2005; Brito, 2010), and its magnitude is unknown (Hortal
et al., 2015). Although estimates of global diversity vary
widely, conservative estimates suggest that the total number
of species is approximately 5-10 million (e.g. Odegaard,
2000), although only approximately 1.6 million have been
named (May, 1988; Hammond, 1992). Curiously, even for
mammals, one of the most studied groups, almost 5000
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species have been described, but some studies estimate the
total number of species to be approximately 8000 (Morell,
1996; Medellin & Soberén, 1999). This scenario is even
more precarious for other groups, such as invertebrates
(Stork, 1997), which comprise at least 90% of the total
number of species on Earth. For arthropods, two third of
all arthropod species remain to be discovered and described
(May, 2010). Therefore, the Linnaean shortfall is a serious
challenge for insects, since most species have not been
described yet (Diniz-Filho et al., 2010). Taxonomists are
tasked with finding and describing new species. Taxonomy,
that is, species discovery and morphology-based descrip-
tion, however, is a time-consuming, highly demanding pro-
cess. The efficiency of taxonomy depends on several factors
such as the selection of sampling areas, the need for well-
trained professionals (Gaston & May, 1992; Cracraft,
1996), the amount of resources assigned to systematics
(Gaston & May, 1992; Cotterill, 1995) and the taxon-speci-
fic factors that govern the probability of discovery (Patter-
son, 1994; Cabrero-Sanudo & Lobo, 2003). Recent
advances provided by molecular techniques (e.g. Hebert
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et al., 2003; Pons et al., 2006; Gémez-Rodriguez et al.,
2015) do not seem to resolve these issues. Due to the afore-
mentioned impediments to taxonomic research, already
described species are a non-random subset (Gaston et al.,
1995a,b), so our current perspective of biodiversity is quite
biased. In addition to the existence of ‘unknown’ species,
the generation of synonyms (i.e. species redundantly
described under different names) also increases the magni-
tude of the Linnean shortfall. In some studies, 20% or more
species names within a taxonomic group have been shown
to be synonyms (Gaston & Mound, 1993). For example, a
ratio of more than 11 names per species has been observed
in bumblebees (Williams, 1998).

Multiple reasons can explain the biases and gaps in taxo-
nomic knowledge. Spatial biases arise because the intensity
of taxonomic effort is uneven across the world. In some
areas, such as central and northern Europe, a long natural-
ist tradition has ensured that most of their species have
been already described. Temporal biases occur when sur-
veys are intensely conducted, but lack coordination, thus
yielding a large amount of taxonomic and distributional
data that are scattered through time in different bibliogra-
phy and natural history collections (Sastre & Lobo, 2009).
In particular, the oldest records have been generally inac-
cessible to many researchers, leading to taxonomic errors
and redundant work. Although this problem appears diffi-
cult to solve, we can optimise our future efforts by analys-
ing how the taxonomic process occurred in the past. First,
we can assess the factors that might govern the species
description process (i.e. alpha taxonomy, Mayr, 1969). Spe-
cies that have been described earlier share biogeographical
and morphological attributes compared to species that were
described later. Therefore, we can anticipate the character-
istics of species yet-to-be-described to guide our search for
them (Gaston & Blackburn, 1994; Diniz-Filho et al., 2005).
Second, we can assess the factors that influence whether
species are prone to be independently (and mistakenly)
described under different names. The refinement of tax-
onomies, such as by removing synonyms, usually occurs
during the second stage of the taxonomic process (i.e. beta
taxonomy, Mayr, 1969) when entire taxonomic groups are
subject to revisions. This stage can be optimised by assess-
ing the characteristics of a species that influence the proba-
bility of generating synonyms, potentially allowing to
allocate more beta taxonomic effort in particular subsets.
To our knowledge, assessment of species characteristics
that affect the probability of redundant description (i.e.
generating synonyms) has only been performed for a wasp
family (Baselga et al., 2010), so it is very difficult to make
generalisations about the process. Therefore, new studies
on this topic are needed in order to optimise our beta-taxo-
nomic effort.

The large number of potential factors and complexity of
their interactions makes it difficult to predict the probabil-
ity that a given species is discovered (Jiménez-Valverde &
Ortuno, 2007). Nevertheless, it seems that species described
earlier may share the following characteristics: conspicu-
ousness (Gaston, 1991; Gaston & Blackburn, 1994; Collen

et al., 2004; Diniz-Filho et al., 2005); have a diurnal nature
(Collen et al., 2004); live in accessible sites, for example,
near human populations (Diniz-Filho et al., 2005), tax-
onomists’ homes (Dennis & Thomas, 2000) or research
centres (Sanchez-Fernandez et al., 2008); and have wide
distributions (Cabrero-Sanudo & Lobo, 2003; Collen et al.,
2004; Gibbons et al., 2005; Guil & Cabrero-Sanudo, 2007).
Regarding the probability of being redundantly described,
species described earlier and with widespread ranges seem
to have more synonyms, as shown among eupelmid wasps
(Baselga et al., 2010), but the scarcity of studies on this
topic precludes making any general statements. Even
regarding the cited paper (Baselga et al., 2010), it must be
clarified whether the relationship between the number of
synonyms and the year of description is the result of an
increment of taxonomic accuracy with time or the mere
effect of available time to accumulate synonyms under a
constant rate of taxonomic errors. Therefore, if we want to
improve the efficiency of the taxonomic process to inven-
tory biodiversity, we must identify the regions where future
surveys should be conducted and the characteristics of
undetected synonyms that hamper taxonomic knowledge.

Here, we aimed to study the historical patterns in taxon-
omy of Chrysomelidae (Coleoptera) in Continental Europe.
The Palearctic beetles in this region have been compara-
tively more studied by professional and amateur entomolo-
gists than those in other parts of the World. Current
knowledge on Palaearctic beetles, however, is still lagging
behind other groups, such as vertebrates and plants (Lobl
& Smetana, 2010). The family Chrysomelidae is a hyperdi-
verse group with more than 2000 genera (Seeno & Wilcox,
1982) and more than 37 000 described species (Jolivet &
Hawkeswood, 1995) distributed across all continents. The
number of the European Chrysomelidae already described
is above 2000 species according to Fauna Europaea (Audi-
sio, 2013).

We analysed which species’ characteristics are related to
their probability of discovery and probability of redun-
dant description. To estimate these probabilities, we use
the year of first description and the number of synonyms
of the species as proxies, assuming that the higher the
probability of description, the earlier the species has been
described and, independently, the higher the probability
of being redundantly described as a synonym, the larger
the number of synonyms. These proxies were regressed
against a set of species characteristics that could poten-
tially account for their variation: (i) spatial variables
describing the species range, (ii) distribution extent, (iii)
beetle size, and (iv) year of description (only for the mod-
els with number of synonyms as response variable).

Methods
Data

The list of European Chrysomelidae species and sub-
species was obtained from Fauna Europaea (n = 2249).
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This list details the name, year of description and distribu-
tion (presence/absence) of the species in European coun-
tries or territories (e.g. European Russia is divided into
three separate territories: northern, central and southern;
the Republics of Serbia and Montenegro are included as a
single unit; and only the European portion of Turkey is
considered). For this study, only continental Europe is
considered and Bruchinae were discarded because they
have been traditionally included in a different family
based on their specialised ecology (seed predators) and
morphology. Bruchinae have been traditionally studied by
different specialists, and their descriptions and taxonomic
revisions have been subject to a historical process that is
unique to this subfamily. Thus, the total number of spe-
cies used for this study is 1599 (Table 1).

The number of synonyms of each species was retrieved
from monographic revisions and catalogues of the group
(Doguet, 1994; Gruev & Doberl, 1997; Lobl & Smetana,
2010). Average body length of the species was computed
from the range of values (minimum and maximum size)
available in the literature (e.g. Doguet, 1994; Petitpierre,
2000; Warchalowski, 2003; Konstantinov ez al., 2011) as
the arithmetic mean of the range of values. For species
with no information on their body size, the mean body
size of the species within the same genus was used to
avoid reducing the data set. This was only conducted
in genera with data available for more than 50% of the
species.

Species maximum and minimum latitudes and longi-
tudes were estimated from the boundaries of the Euro-
pean territories where they are present. The latitudinal
and longitudinal ranges were computed as the maximum
minus the minimum latitudes and longitudes respectively.
Mean latitude and longitude were computed as the arith-
metic mean of the corresponding maximum and minimum
values. The area of the species distribution, that is, the
sum of the areas of the countries where the species are
present, was computed using 1:110 m Cultural Vectors
from www.naturalearthdata.com in R (R Core Team,
2015).

Statistical analyses

To assess the probability of a species being: (i) discov-
ered or (ii) redundantly described, we used two proxies:

Table 1. Total number of studied species, valid names with asso-
ciated synonyms and total number of synonyms for the full study
period (1758-2008) and for the first half (1758-1883) of the study
period.

Full study period 1758-1883 (%)

Total species 1599 998 (62.4)

Valid species names with 826 (51.7%) 709 (71.0)
associate synonyms

Total synonyms 2752 1784 (64.8)
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the year of description and the number of synonyms
respectively. Therefore, we built regression models
wherein the (i) year of description and (ii) number of syn-
onyms [normalised as log;o(n + 1)] were used as response
variables. Several variable sets were used as potential pre-
dictors: spatial variables (maximum, minimum and mean
latitude and longitude), distribution extent (area and lati-
tudinal and longitudinal ranges) and beetle size (body
length). Additionally, in the regression of the number of
synonyms, the year of description was used as a predictor,
and we also assessed whether the relationship between the
number of synonyms and the year of description changes
over time. To do this, we extracted subsets of the data set
by removing the species described in the last 50, 75 and
100 years and conducted an independent regression on
each subset. We sought to understand whether the
observed relationship might be driven by an improved
taxonomic efficiency over time (i.e. removing recent spe-
cies would not change the relationship) or, alternatively,
by the fact that recent species have not been subject to
monographic revisions (beta taxonomy). In this case, the
number of synonyms in species subject to revisions would
be roughly constant and the non-revised species, with no
synonyms, would drive the negative relationship (which
would disappear after removing the species described in
the most recent years).

Some assumptions of linear models may be violated if
data points are not independent. If the residuals of the
linear models show phylogenetic signals, then they are
correlated. To account for this, we performed phyloge-
netic generalised least-squares regressions (PGLS; Freckle-
ton et al., 2002) using the function gls in R package NLME
(Pinheiro et al., 2016) and providing a correlation struc-
ture obtained using the function corPagel in package APE
(Paradis er al., 2004) and estimating the lambda parame-
ter by maximum likelihood. We constructed a phylogeny
of Chrysomelidae using a published phylogeny of Iberian
leaf beetles (Gomez-Rodriguez et al., 2015, appendix S2b
in their supplementary material) as a base, and including
species and subspecies for which genetic data were not
available by using R package pasTis (Thomas et al., 2013)
and MrBayes (Ronquist et al., 2012). We only added spe-
cies and subspecies belonging to genera already present in
the tree, resulting in 1409 species and subspecies being
included in subsequent analyses.

To identify significant variables, univariate regression
models were computed for each predictor variable. Within
each variable set (spatial position, extent, size and, in the
case of the model for number of synonyms, the year of
description), significant predictors in univariate regres-
sions were subject to a variable selection forward proce-
dure based on Akaike’s information criterion in order to
obtain the most parsimonious regression model. In the
case of the spatial variables, we excluded latitudinal and
longitudinal means from the set because they are linearly
related to the maxima and minima and that would cause
problems when fitting the PGLS models. Final models for
each variable set were used in a variance partitioning
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analysis in order to identify the unique and joint contribu-
tions of each set of variables.

Results
Overall patterns

The Fauna Europaea list comprises 2249 species, of
which 1599 were used in our analyses. In this subset, the
year of description ranges from 1758, when 55 species
were described, to 2008, when Cryptocephalus (Crypto-
cephalus) halleri Costesséque was described (Fig. la). The
rate of description was highest between 1840 and 1900,
with maximum values observed in the 1850s. Notably, a
reduction in the description rate is observed during the
period of the Second World War and in recent years
(Fig. 1a). Body length ranged between 1.05 mm (Aph-
thona venustula attica Weise, 1890) and 17.5 mm (Timar-
cha pimeloides Herrich-Schiffer, 1838). Approximately
52% of valid species names had associated synonyms
(Table 1), which are more numerous in species described
during the first half of the study period (Fig. 1b). In 1883
(mid-way of our study period), the total described species
was 998, which was more than half of the total, and 709
of them have associated synonyms (Table 1; Fig. 1b).
Therefore, more than 85% of species names that have
associated synonyms were described before 1883.

Year of description

All predictors showed a statistically significant relation-
ship with the year of description of a species, except for
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body length and mean longitude (Table 2). Area of distri-
bution had a negative relationship with the year of
description of a species, and it explained the largest
amount of variance in the PGLS models (pseudo
R?>=0.34, P <0.001). Among the statistically significant
predictors, the lowest value of explained variance was
observed for minimum latitude (R>= 0.04, P < 0.001;
Table 2).

The spatial model, after a forward selection of vari-
ables, included maximum and minimum longitude, and
maximum latitude (R* = 0.36, P < 0.001). The distribu-
tion extent model (area) explained a similar amount of
variation (R?= 0.34, P < 0.001). The final model, used
for variance partitioning, explained 36% (Table 2) of the
variance in the year of description. The unique effect of
each variable set was thus almost negligible (<3%), as
most of the variability was jointly explained by both the
spatial and extent variable sets (34%, see Fig. 2).

Number of synonyms

For the year of description, all predictors showed a sta-
tistically significant relationship with the number of syn-
onyms, except for body length (Table 3). Year of
description had a negative relationship and explained the
largest amount of variance in PGLS models (pseudo
R?=0.43, P <0.001). Among significant predictors, the
minimum value of explained variance was observed for
mean longitude (pseudo R* = 0.003, P = 0.0211; Table 3).

The spatial model included maximum and minimum
latitude (pseudo R? = 0.28, P < 0.001). The distribution
extent model (area) had a similar explanatory power
(pseudo R* =0.29, P < 0.001). The final model explained
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Fig. 1. Histograms representing the number of valid species described during the study period (a) and the total number of synonyms asso-

ciated with all species described in each year during the study period (b).
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Table 2. Phylogenetic  generalised least-squares — regressions
between the year of description of valid names and the predictor
variables used in this study.

Pscudo R*> P-value

Univariate models
Spatial variables

Maximum latitude 0.2727 <0.001
Minimum latitude 0.0389 <0.001
Mean latitude 0.1841 <0.001
Maximum longitude 0.1338 <0.001
Minimum longitude 0.0928 <0.001
Mean longitude 0.0003 0.2354
Distribution extent
Area of distribution 0.3383 <0.001
Latitudinal range 0.3286 <0.001
Longitudinal range 0.3461 <0.001
Beetle size
Body length 0.0006 0.1723
Multivariate models
Spatial variables Maximum 0.3643 <0.001

latitude + maximum
longitude + minimum

longitude
Distribution Area 0.3381 <0.001
extent
Final model Maximum 0.3638 <0.001

latitude + maximum
longitude + minimum
longitude + area

46% of the variance in the number of synonyms
(Table 3). The year of description showed the largest
unique effect (17%), whereas the unique effect of distribu-
tion extent and spatial variables was almost negligible
(<1% in both cases). Most of the variability was jointly
explained by the three variable sets (24%, see Fig. 2).

The relationship between the number of synonyms and
the year of description was similar after removing the last
years of the study, that is, explained variance decreases
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from 43% (full data set) to 40%, 37% and 33%
(P < 0.001 in all cases) when the last 50, 75 and 100 years
were removed respectively (Table 4).

Discussion

Our results show that the probability of description of
European Chrysomelidae is determined mostly by the
characteristics of the species distributions, but not by their
body size, unlike other groups (Gaston, 1991; Gaston &
Blackburn, 1994; Medellin & Soberén, 1999). In short, we
found that species with wide distributions and living in
northern Europe have been described before. Addition-
ally, in leaf beetle species the probability of being redun-
dantly described is mainly related to the year of
description, and to the location and distribution extent,
but it is not related to the body size. Hence, species with
more synonyms were described earlier and have broader
distributions. An extrapolation of these trends into the
future suggests that the species of Chrysomelidae that are
still undescribed have narrow distributions and live in
southern Europe. Regarding synonyms, our results sug-
gest that the error rate in alpha-taxonomic studies for
generating redundant descriptions has regularly decreased
over time.

Probability of description

The relevance of species distributions’ attributes in
determining the probability of describing good species in
leaf beetles is similar to that of other taxa. In turn, body
size was a poor predictor in European Chrysomelidae,
despite being a relevant predictor of the probability of
description in other groups, such as British beetles (Gas-
ton, 1991), birds worldwide (Gaston & Blackburn, 1994),
North American butterflies (Gaston et al., 1995a,b), anu-
rans in Brazilian Cerrado (Diniz-Filho et al., 2005) and

Fig. 2. Unique and shared variance explained in multiple regression models by spatial variables (S), extent of distribution area (A) and
year of description (Y). Results are shown for the year of description (a) and number of synonyms as response variables (b). [Colour figure

can be viewed at wileyonlinelibrary.com]
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Table 3. Phylogenetic generalised least-squares regressions between the number of synonyms and the predictor variables used in this

study.

R? P-value

Univariate models
Spatial variables
Maximum latitude
Minimum latitude
Mean latitude
Maximum longitude
Minimum longitude
Mean longitude
Distribution extent
Area of distribution
Latitudinal range
Longitudinal range
Beetle size
Body length
Year of description
Year of description
Multivariate models
Spatial variables
Distribution extent Area
Year of description Year of description

0.2260 <0.001
0.0345 <0.001
0.1508 <0.001
0.1340 <0.001
0.0650 <0.001
0.0031 0.0211

0.2914 <0.001

0.2741 <0.001

0.2934 <0.001
—0.0005 0.6205

0.4256 <0.001

Maximum latitude + minimum latitude 0.2793 <0.001

0.2914 <0.001
0.4258 <0.001

Spatial variables + year of description Maximum latitude + minimum latitude + year of description 0.4596 <0.001
Spatial variables + distribution extent Maximum latitude + minimum latitude + area 0.2920 <0.001
Year of description + distribution extent Year of description + area 0.4643 <0.001

Final model

Maximum latitude + minimum latitude + area + year of description 0.4637 <0.001

birds, butterflies and orchids in the Western Ghats (Ara-
vind et al., 2007). In this study, the observed lack of
explanatory power of body size may be related to the
sampling method used for leaf beetles, which is normally
unspecific (often sweeping host plants to collect all the
leaf beetles present). As a result, leaf beetles are caught
independent of conspicuousness. This same lack of rele-
vance for body size in determining the probability of
description has also been observed in other taxa, such as
American oscine passerine birds (Blackburn & Gaston,
1995), Australian scarab beetles (Allsopp, 1997), herpeto-
fauna of North America (Reed & Boback, 2002), dung
beetle species (Cabrero-Sanudo & Lobo, 2003) and Wes-
tern Palaearctic Aphthona species (Baselga et al., 2007).
The cited studies do not discuss the reasons for this lack

Table 4. Phylogenetic  generalised least-squares  regressions
between the number of synonyms and the year of description.

Pseudo R’ P-value
Years removed
No year removed (full data set) 0.4256 <0.001
Last 50 years 0.3953 <0.001
Last 75 years 0.3670 <0.001
Last 100 years 0.3346 <0.001

Results are provided for the full data set (full range of the year
of description) and for subsets of this data set where some
periods have been removed (the last 50 years, the last 75 years
and the last 100 years).

of relationship between body size and probability of
description, but we can speculate that, as discussed previ-
ously for European leaf beetles, body size is not important
in determining the probability of description when the
same sampling method is used for all species in the anal-
ysed group. For example, all dung beetles are sampled
using traps baited with excrements, so even if large body
size differences exist, it does not impact the probability of
detection. In contrast, when all beetle families have been
assessed together (as in Gaston, 1991), because different
sampling methods are applied for different families and
body size differences among families exist, body size does
affect the probability of description.

Among the geographical characteristics of the distribu-
tion, the size of the distribution area is a major determi-
nant of the probability of description. In other words,
widely distributed species were described earlier and have
more synonyms than species with restricted distributions.
The size of the distribution area is a significant predictor
of the likelihood of description for many groups (Black-
burn & Gaston, 1995; Allsopp, 1997; Cabrero-Sanudo &
Lobo, 2003; Collen et al., 2004), showing that widespread
and common species are more likely to be found and,
thus, discovered first. Our measure of range size is in fact
a surrogate (i.e. the sum of areas of countries where the
species are present) and not an accurate quantification of
the area occupied by the species. The latter information is
not available for the vast majority of the species, but our
surrogate measure should capture the major trends in the

© 2017 The Royal Entomological Society, Insect Conservation and Diversity, 10, 439-447



data. An alternative surrogate (i.e. the number of coun-
tries where a species is present) is tightly correlated with
the one we used (2= 0.92), so our results should be
robust to using this alternative measure of range size. The
effect of area on the probability of description also shows
a geographically structured pattern. Species with restricted
distributions in Europe are usually found in the southern
latitudes (Lumaret & Lobo, 1996; Baselga, 2008). The
southern latitudes have often been refuges during glacia-
tions, while northern zoological assemblages are mainly
composed of postglacial colonisers (Taberlet er al., 1998;
Schmitt & Krauss, 2004; Sommer & Benecke, 2005).
Thus, species with northern distributions usually have
broader distributions than southern species (Boucher-
Lalonde et al., 2016). Nevertheless, given that species are
described by people, the geographical pattern in the prob-
ability of description might be related not only to the spe-
cies’ biogeography, but also to anthropogenic factors.
Taxonomists have traditionally lived in countries of
Northern Europe (Cabrero-Sanudo & Lobo, 2003), so it
is expected that northern and broad-ranging species were
described first, as we have shown.

Probability of accumulating synonyms

Regarding the probability of redundant descriptions,
our results show that body size was not a good predictor.
The probability of being redundantly described increases
with the increment of encounters between the species and
the specialists. Thus, as for the probability of description,
species with larger distribution ranges that include the
northern latitudes tend to accumulate more synonyms.
This pattern is also related to time. We stress that the
trends in the accumulation of synonyms and hence, in the
efficiency of taxonomy, have been rarely studied. Gaston
et al. (1995a) reported a correlation between the number
of synonyms and the year of description, but the only pre-
vious detailed study showing that several factors affect
the probability of redundant descriptions was, to our
knowledge, devoted to eupelmid wasps (Baselga et al.,
2010). Therefore, it is difficult to establish generalities yet,
although our results also show that the probability of
being redundantly described is related to the year of
description, as we found that species with more synonyms
were described before the 19th century (85% of species
with associated synonyms accumulated during the first
half of the studied time range; Table 1; Fig. 2). This can
be interpreted in two ways. On the one hand, it could be
argued that communication between researchers in the
past was less efficient (compared with today’s flux of
information), increasing the probability that more than
one name was given to a species (i.e. the effectiveness of
alpha taxonomy could be worse in the past, Baselga et al.,
2010). Therefore, present species descriptions should be
more accurate currently, and we should not expect current
descriptions to be synonymised in the future. An alterna-
tive interpretation would imply that an imperfect
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taxonomic accuracy might remain constant over time, so
that species described earlier have more synonyms just
because more time elapsed, allowing the detection of syn-
onyms in subsequent taxonomic revisions (beta taxon-
omy). This would imply that taxonomic descriptions are
not more accurate today. Instead, we would not be detect-
ing redundant descriptions of recently described species
simply because recent species have not been included in
taxonomic revisions yet (i.e. lack of beta taxonomy for
recently described species, Baselga et al., 2010). Here, we
assessed the likelihood of these two scenarios (higher error
rate in the past vs. undetected synonyms in recent years)
for the first time by analysing whether the relationship
between the number of synonyms and the year of descrip-
tion remains the same over time (i.e. we removed the last
50, 75 and 100 years of the study for the statistical analy-
ses). If the relationship was driven by the undetected syn-
onyms of recent species, we would expect a strong
decrease in the R” of this relationship when removing the
last years (because the 100-year-old species would have
had enough time to accumulate synonyms through subse-
quent taxonomic revisions). Although R> does decrease,
the differences are small, suggesting that the larger num-
ber of synonyms in the past is largely due to a higher
error rate in the first years of the taxonomic process. In
other words, the scarcity of synonyms in recent years is
apparently due to an increase in the accuracy of alpha
taxonomy, although we cannot discard the existence of a
fraction of undetected synonyms that may be detected by
future beta-taxonomic efforts.

Current knowledge on the biodiversity of European
Chrysomelidae is incomplete, as new species are routinely
described. It is also likely that some synonyms remain to be
detected in the future. This implies that biodiversity pat-
terns and our inferences might not be perfectly accurate
(Hortal et al., 2015). In this sense, identifying biases and
gaps in the taxonomic knowledge could facilitate and stim-
ulate taxonomic research (Brulé & Touroult, 2014). In
European leaf beetles, broadly distributed and northern
species have been described before, so they accumulate
more synonyms. The extrapolation of past taxonomic
trends to the future allows us to make recommendations
about where to the allocate alpha- and beta-taxonomy
efforts. Alpha-taxonomy (i.e. the search for new species)
should be reinforced in Southern Europe, particularly in
isolated habitats where new small-ranging species could still
be discovered. In turn, regarding beta-taxonomy, our
results suggest that although it seems likely that most
redundant descriptions of leaf beetle species have already
been detected, future beta-taxonomic efforts (i.e. taxonomic
revisions) could still detect new synonyms (i.e. junior names
that correspond to older, widespread species).
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