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Abstract

We analysed the status of the taxonomical knowledge on Afrotropical and Palaearctic Eupelmidae (Hymenoptera, Chalcidoidea), by assessing the
historical accumulation of valid new species and synonyms through time, as well as the factors that have determined the process of description of
good species and synonyms in these regions. The species accumulation curves for valid species names show that a significant proportion of the
taxa remains to be described in both areas. On the contrary, the historical accumulation of synonymic names seems to reach an asymptote in both
areas, although the proportion of synonyms compared with the total number of names is higher in the Palaearctic region. We assessed factors
influencing the probability of a species being discovered and the probability of being described several times under different names. Both
probabilities seem to be affected by the same factors. Distribution range size and geographical location of taxa affect both the processes of
discovering good species and producing synonyms in either region. Models using all these predictors explain (1) 36% and 40% of the variance in
the year of description of valid names for the Afrotropical and Palaearctic regions respectively, and (2) 56% and 40% of the variation in the
number of synonyms per valid species in these two areas. For the species with available information, trophic specialization is also a significant
determinant of these probabilities. However, its effect is also accounted for by geographical range size, which can thus be used as a surrogate of
the ecological correlates of discovery and redundant description probabilities. In general, the ecologically generalist, widely distributed and early
described taxa living in northern and western areas of both regions have been subject of redundant description more times. Further, taxonomical
effort is needed in the south and east of the Palaearctic, as well as in the whole of the Afrotropics, where additional effort in a revision of Eupelmid
systematics is needed.

Key words: Eupelmidae — Chalcidoidea — synonymy determinants — Afrotropical — Palaearctic — geographical location — distribution range size —
trophic range — year of description — hierarchical partitioning

Introduction

A well established taxonomical knowledge is the necessary
foundation of any biodiversity research. Thus, the so-called
Linnaean shortfall arises as one of the main problems for
conservation biogeography (Brown and Lomolino 1998;
Whittaker et al. 2005): our knowledge of most of the extant
biodiversity is scarce and patchy (May 1988; Colwell and
Coddington 1994; Pimm et al. 1995; Stork 1997). The magni-
tude of this shortfall is not homogeneous, varying between
groups of organisms and regions of the world (Gaston 1993;
Brown and Lomolino 1998). Because of this, assessing the
current state of biotic inventories is a necessary first step to
study the patterns of biodiversity, to detect biases in our
knowledge and optimize future taxonomical effort (Baselga
et al. 2007; Lobo et al. 2007; Hortal et al. 2007, 2008).

Mayr (1969) defined the two initial stages in the historical
development of the taxonomical process as alpha taxonomy,
which is the discovering and naming of new species; and beta
taxonomy, or the study of the relationships between the already
described taxa, through systematical revisionary work of higher
taxa. Such monographical revisions allow detecting the species
that were redundantly described under different names (i.e.
synonyms). Hence, both the historical accumulation of valid
species and synonyms and the relationship between both kinds
of descriptions could provide information about the status of
the taxonomical knowledge in a given group (Fig. 1). Indeed,
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any effective assessment of the state of taxonomical knowledge
should take into account the degree of development of both
stages: a regional inventory can be considered complete only
when all the species have been discovered (a/pha taxonomy) and
taxa have been revised as well so that no synonyms remain
undetected (beta taxonomy). Therefore, the status of the
taxonomical process in a given group can be assessed by
studying (1) the growth through time of the cumulative number
of valid names (Medellin and Soberon 1999; Cabrero-Sanudo
and Lobo 2003; Baselga and Novoa 2006; Hortal et al. 2008), (2)
the growth of the cumulative number of invalid names
(synonyms) and (3) the temporal trends in the proportion of
synonyms (see, ¢.g. Solow et al. 1995 or Alroy 2002).

Apart from the general lack of completeness, historical
surveys also suffer from a number of biases related to species-
specific characteristics. As a result, different species have
different probabilities of being discovered according, e.g. to
distribution range size, location, trophic range, showiness, etc.
These effects have been described for a number of groups (e.g.
Gaston and Blackburn 1994; Blackburn and Gaston 1995;
Gastonet al. 1995a,b; Allsopp 1997; Cabrero-Safiudo and Lobo
2003; De Grave 2003; Collen et al. 2004; Diniz-Filho et al. 2005;
Gibbons et al. 2005; Baselga et al. 2007; Jiménez-Valverde and
Ortuiio 2007; Guil and Cabrero-Safiudo 2007). In contrast with
the probability of species discovery, the impact of these biases in
the probability of being redundantly described under different
names remains unknown, although it is commonly acknowl-
edged that undetected synonyms are one of the major sources of
bias in taxonomical knowledge (see, e.g. Gaston and Mound
1993). Here we explore for the first time some species charac-
teristics that have an influence on this probability.
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Fig. 1. Conceptual framework showing four hypothetical states in a
taxonomical process, inferred from the relative behaviour of the
cumulative curves of valid names (VAL) and synonyms (SYN). (a) The
number of valid species and synonyms increases with time, implying
respectively, that both alpha and beta taxonomies are still active. (b)
Both curves are asymptotic, suggesting that both alpha and beta tax-
onomy have been active in the past but not in the present. (c) The
discovery of valid species (alpha taxonomy) has already finished in the
past, whereas synonyms described later were identified and invalided,
implying the existence of a strong beta taxonomical activity. (d) New
species are still being described (alpha taxonomy) whereas no syn-
onyms are currently being described, implying either a lack of beta
taxonomy (i.e. redundant descriptions are still considered valid
because of the reduced revisionary work) or an excellent efficiency of
alpha taxonomy (i.e. all new species are valid and none is redundantly
described)

To exemplify these historical trends in taxonomical knowl-
edge we focussed on Eupelmidae, which is one of the largest
families of Chalcidoidea (Hymenoptera, ‘Parasitica’), with 907
recognized species distributed in all world regions (Gibson
1995; Noyes 2003). The vast majority of eupelmid wasps are
ectoparasitoids and facultative hyperparasitoids on the imma-
ture stages of other insects, with hosts recorded in Lepidop-
tera, Homoptera, Hymenoptera, Coleoptera, Neuroptera and
Orthoptera (Noyes 2003). In spite of Eupelmidae being one of
the insect groups hardest to identify, partly because of their
small size, there is a significant amount of taxonomical work
already available for this family. After the seminal monograph
of Gibson (1995), several papers have been published adding
new taxa and information onto the eupelmids, as well as
establishing new synonymies (Yang 1996; Sheng et al. 1997;
Sheng 1998; Askew and Nieves-Aldrey 2000, 2004, 2006;
Delvare 2001; Anitha 2004; Askew 2005).

In this study we analyse the status of taxonomical knowl-
edge on eupelmid wasps in two different biogeographical
regions (Palaearctic and Afrotropics), which should a priori
differ in the level of alpha and beta taxonomy as mirrored in
current catalogues. We considered two biogeographical
regions with different status of taxonomical knowledge to
discern how much of these effects are general for all
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taxonomical processes, and how much can be attributed to
the peculiarities of each regional fauna. In sum, our specific
aims are: (1) to analyse the degree of completeness and the
reliability of the Afrotropical and Palaearctic inventories of
Eupelmidae; (2) to describe the temporal trends in description
of valid species and synonyms in either region; (3) to assess the
relative importance of several characteristics of eupelmid
species as determinants of the probability to discover new
species and of a species being redundantly described several
times under different names. We use these results to identify
the regions where future surveys should be located, as well
as to forecast the characteristics of currently undetected
synonyms.

Data and methods

Taxonomical data

One hundred and fifty-four eupelmidae species have been described from
the Afrotropical region and 192 from the Palaearctic, including the more
recent systematical revisions (Kalina 1981, 1988; Boucek 1988; Gibson
1995; Askew and Nieves-Aldrey 2000, 2004, 2006; Noyes 2003). The
boundaries of the biogeographical regions were defined according to
Vigna Taglianti et al. (1992) and Cox (2001). Herein, we refer to the
species names currently considered as being good species as valid names,
and to those names that are now considered invalid as synonyms.
Taxonomical and world geographical information for all the species
currently considered as valid follows Gibson (1995) and Noyes (2003).

Historical accumulation curves of valid names and synonyms

We extracted the year of description of all valid names (herein, VAL),
as well as the year of description of the names that are currently
considered synonyms (herein, SYN). We also measured the temporal
variation in the raxonomical efficiency through time as the proportion
of the cumulative total number of names described until a given year
that are now regarded as synonyms (%SYN). We plotted against the
year the accumulated number of valid names and synonyms, as well as
%SYN, to examine the temporal trends in the names that become
accepted or unaccepted (cf. Medellin and Soberon 1999). The
cumulative number of species was plotted against the year and
different types of species-accumulation functions were used without
success to fit the resultant curve (Flather 1996). Finally, we arbitrarily
divided the data into periods of similar description trends, after
examining the historical accumulation of valid names and synonyms
(see also Hortal et al. 2008).

Temporal trends in alpha and beta taxonomy

We evaluate the variation in the effectiveness of the taxonomical work
and the completeness of the checklist of each region by comparing (1)
the rate of description of valid species, measured as the accumulation
of valid names per time period (herein, RVAL); (2) the rate of
description of invalid names, measured as the accumulation of
synonyms per time period (herein, RSYN); and (3) taxonomical
efficiency, measured as %SYN. We also use %SYN as a measure of
the relationship between descriptive (alpha) and revisionary (beta)
taxonomy. Our assumption is that, the more taxonomical revisions are
carried out, the higher is the probability for a given species name to be
synonymized. Given that the synonyms are allocated to the date when
the name was first introduced, rather than the date when it was
synonymized, %SYN will unavoidably show a diminishing trend with
time, as newly described species will have had less time to be reviewed
and eventually synonymized. Irrespective of that, the steepness of the
decay of this percentage through time can help us to measure the
quality of currently valid names. We used linear regressions to relate
RVAL and RSYN to the year, to characterize trends in a/pha and beta
taxonomy. We compared the slopes of these regressions (%95%
confidence interval) between the two biogeographical regions, as well
as between the arbitrarily defined time intervals.
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Determinants of the probability of discovery and redundant
description

We explored the effects of several variables (1) on the temporal
variations in the probability to describe a new valid species
(measured as VAL) in each region, as well as (2) on the probability
of redundant description of species (measured as number of
synonyms per valid species, NSYN). Five predictors were used to
model VAL: distribution range size, maximum longitude, minimum
longitude, maximum latitude and minimum latitude. These five
variables plus the year of description were used to model NSYN.
Year of description was extracted from the published literature and
Noyes (2003); maximum and minimum latitude and longitude were
estimated using the available distribution data for each species
(Gibson 1995; Noyes 2003); a crude measure of area (i.e. distribution
range size) was calculated in a GIS as the number of terrestrial
geographical degree cells comprised within the bounds provided by
the maximum and minimum latitude and longitude (excluding cells
with less than 15% land surface).

The relationships between VAL, NSYN and the abovementioned
predictors were analysed using General Linear Models (GLM;
Legendre and Legendre 1998) in R (R Development Core Team
2006). The possibility of complex relationships between these predic-
tors and both response variables was explored by means of hierarchical
partitioning analyses (Chevan and Sutherland 1991; Mac Nally 2002).
Here, the explanatory variables identified as significant in the former
analyses were explored to identify the portions of the variation in the
dependent variable that are accounted for by the independent and
shared effects of the predictors. We used the hierarchical partitioning
algorithm of Chevan and Sutherland (1991), which considers all
possible models (i.e. combinations of variables) in a multiple regression
framework to estimate the independent fraction of variability
accounted for by each predictor. Such fraction is calculated as the
average model fit (measured in our case as R®) generated by the
inclusion of each predictor in all the possible models in which it
appears (Mac Nally 2000, 2002; Mac Nally and Horrocks 2002; Quinn
and Keough 2002). The result of this analysis is an estimate of the
independent (i) contribution of each predictor, as well as its joint (j)
contribution with the rest of predictor variables (i.e. the shared
variability between two or more predictors that can not be attributed
unequivocally to none of them). The statistical significance of the
different fractions was calculated by means of the Z score (igpserved —
Lrandomized” SDirandomized); Observed scores above the upper 95% level of
a standard normal distribution were accepted as significant. Hierar-
chical partitioning analyses were carried out using the HIER.PART
package version 1.0-1 (Walsh and Mac Nally 2005) in R (R
Development Core Team 2006).

We also conducted a complementary analysis to assess the ecological
correlates of the probabilities of discovery and redundant description.
This analysis was independent of the former because here we were
limited by the low number of species for which reliable ecological
information is available (41 in the Afrotropical and 100 in the
Palaearctic region). The trophic specialization (i.e. host specificity) of
these species was estimated following data extracted from Noyes
(2003). We classified the species into two categories of trophic range:
stenophagous (species with one host or several hosts belonging to the

same insect order) and polyphagous (species with more than two hosts
belonging to different insect orders). We used GLM to assess the effect
of trophic range in the probability of discovery and redundant species
description. As geographical variables can incorporate the effects of
ecological traits we have also carried out a backward stepwise selection
procedure to estimate the shared variability accounted for by trophic
and geographical variables.

Results
Historical processes of description of good species and synonyms

The Afrotropical Eupelmidae constitute approximately 17%
of the world species of the family, including 16 species (10.3%)
which extend their ranges out of this region (see Noyes 2003).
A total of 198 names were employed between 1784 and 2004 to
name the eupelmid species from this region. A total of 154
names are currently considered as valid names, described at a
rate of 0.79 species per year (see Table 1 and Fig. 2). The 44
names that have been synonymized were erroneously described
at a rate of 0.26 species per year, a significantly lower rate than
RVAL (see Table 1). Palaearctic eupelmids include 20.8% of
the total number of known species (Noyes 2003), of which 25
(13.2%) have been also reported from other regions. A total of
283 names were given to eupelmid taxa from the Palaearctic
region between 1783 and 2004. Of these names, 192 are
currently valid names, described at a rate of 0.83 species by
year (Table 1 and Fig. 2). The 91 names that have been
synonymized were described at a significantly higher rate (0.52
species per year) than in the Afrotropics. Nevertheless, while
the rate of description of valid species is similar in both
regions, the percentage of all used names that were synony-
mized is slightly higher (32%) in the Palaearctic region
(Table 1).

The mean year of description (£ 95% confidence interval)
of the names that were later synonymized is 1914 + 11 for the
Afrotropical region and 1899 + 9 for the Palaearctic. Half of
the names synonymized in the Afrotropics were proposed
before 1863, and 90% before 1952. Redundant descriptions
occurred earlier in the Palaearctic, where half of the synonyms
were proposed before 1860, and 90% before 1922. As the vast
majority of Afrotropical species was described after 1900
(Fig. 2), we have used the historical process of accumulation of
valid and synonymized names in that region to define three
time spans that correspond to periods of roughly homogenous
taxonomical work (Table 1 and Fig 2): (1) until 1905 the rate
of description of valid species (RVAL) is low and the
proportion of synonyms (%SYN) is high (65%); (2) from
1906 to 1960 RVAL is highest and %SYN diminishes
drastically, as only 18% of the species described during this

Until 1905 1906-1960

Afrotropical

% synonyms 65 18 13
0.62 (0.48-0.76)
0.10 (0.08-0.12)

Rate valid names

Rate synonyms
Palaearctic

% synonyms 43 39

Rate valid names 0.42 (0.41-0.43) 1.35 (1.25-1.45)

Rate synonyms 0.39 (0.37-0.41) 1.01 (0.94-1.08)

0.06 (0.05-0.06)
0.12 (0.11-0.13)

2.02 (1.80-2.24)
0.51 (0.47-0.55)

1961-2004

1.29 (1.19-1.39)
0.05 (0.04-0.06)

Table 1. Percentage of synonyms

on the total number of names, and

rates of description (number of
22 species by year) of valid names

0.79 (0.73-0.85)  and synonyms

0.26 (0.25-0.27)

Total

32
0.83 (0.81-0.85)
0.52 (0.50-0.54)

Results are shown for the two biogeographical regions analysed in the three periods studied, as well as for
the total taxonomical process carried out between 1748 and 2004 (see text). Rates were calculated as the
linear regression between the year and the cumulative number of valid names and synonyms respectively,
in each region and/or period. The 95% confidence interval of all estimates is given in brackets.
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Fig. 2. Historical process of accumulation of valid names (dark
squares) and synonyms (dark circles) in the Afrotropical and Palae-
arctic Eupelmidae, according to the date of their description. The
percentage of synonyms over the total number of names (%SYN) is
also shown (open circles)

period have been synonymized; (3) from 1961 to present day
(2004) both rates decay to their lowest levels. In the Palaearctic
region the taxonomical process follows a similar general
temporal trend, although with a higher rate of description of
valid names both in recent and in past times, and a higher rate
of description of synonyms (RSYN) until 1905 (see Fig. 2 and
Table 1). No asymptotic function could be satisfactorily
adjusted to the cumulative number of valid names (not
shown), suggesting that knowledge on eupelmid diversity is
far from being complete in both regions.

Determinants of the probability of discovery and redundant
description

Most of the analysed predictors were significantly related to
the year of first description of species under their valid
names (Table 2, Fig. 3). The larger the species distribution
range, and the higher its maximum latitude and the lower its
minimum longitude (i.e. the more western the species is
located), the earlier the species was described in both
biogeographical regions. In the Palaearctic region minimum
latitude was positively related to VAL (later descriptions at
southern localities), whereas in the Afrotropics the maximum
longitude was negatively related to VAL (earlier descriptions
at westernmost localities). The partition of VAL variation
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among the predictors (Table 3) showed that most of the
variability accounted for in the Afrotropics is contributed by
several variables, being all independent fractions lower than
10%, except for distribution range size, which shows a
remarkable independent effect (15%). In the Palaearctic, the
results are similar, although in this case maximum latitude is
the most remarkable predictor, explaining nearly a fifth of
total variability (20%). Models including all significant
variables accounted for 56% of total variability in VAL
for Afrotropical species, 40% in the case of the Palaearctic
(Table 2).

The majority of the predictors analysed were also signif-
icantly related to the number of synonyms per valid species
(Table 4, Fig. 4). Here, the larger the size of the distribution
range of a species, the earlier it was described, and the
higher its maximum latitude and longitude and the lower its
minimum longitude, the higher is NSYN in both biogeo-
graphical areas. Minimum latitude is also negatively related
to the number of synonyms in the Palaearctic. Most
variation in NSYN explained by any of the predictors in
the Afrotropics is shared with other variables (Table 3), the
most relevant independent effect being that of distribution
range size (22%). In the Palaearctic, both this variable and
the year of description stand out as important independent
predictors of NSYN (Table 3). Models including all signif-
icant variables were able to explain 56% of the variability of
NSYN in the Afrotropical region, 40% in the Palaearctic
(Table 4).

The assessment of the ecological correlates of the probabil-
ities of discovery and redundant description showed that
polyphagous species were described significantly earlier than
stenophagous ones both in the Afrotropical (F 39 = 11.10,
p = 0.0019) and the Palaearctic region (F; o5 = 16.40,
p = 0.0001). Polyphagous species also have a significantly
higher number of synonyms than stenophagous ones
(Fy, 30 = 5.52, p =0.0239 for the Afrotropical and
Fy 9g = 12.97, p = 0.0005 for the Palaearctic region). More-
over, the variation in the year of description and number of
synonyms explained by trophic range is also accounted for
by distribution range size. In both regions, models with

Table 2. Relationship between several predictor variables and the year
of description of valid names (VAL) in the two biogeographical
regions studied

Variable %Expl.Var. F d.f.

Afrotropical species
Distribution range size 33.8 77.49% 1, 152
Maximum longitude 154 27.62%* 1, 152
Minimum longitude 13.9 24.47* 1, 152
Maximum latitude 21.8 42.31* 1, 152
Minimum latitude 0.002 0.37 1, 152
Whole Model (all predictors) 35.6 20.56* 4, 149

Palaearctic species
Distribution range size 20.6 49 .37* 1, 190
Maximum longitude 0.01 1.96 1, 190
Minimum longitude 24.6 61.84* 1, 190
Maximum latitude 34.1 98.09* 1, 190
Minimum latitude 7.4 15.25% 1, 190
Whole model (all predictors) 40.0 31.15% 4, 187

%Expl.Var. is the percentage of explained variance (R%); F is the F
statistic (*means significant at a p < 0.0001 level) and d.f. is the
number of degrees of freedom. All relationships identified are linear.
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significantly more variability than models with distribution
range size only; the two variables explain 36% of variation in
the year of description for the Afrotropical region and 22% for
the Palaearctic (compared to 33% and 21% respectively,
explained by distribution range size alone); and 54% of
variation in the number of synonyms for the Afrotropical and
35% for the Palaearctic region (compared with 53% and 33%
respectively, explained by distribution range size alone). Thus,
trophic range drops from all the models when a backward
stepwise procedure is used with these two variables, and it can
be assumed that the independent contribution of this variable
is negligible.
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Our results point out that the Eupelmidae inventory is far from
being complete in both the Afrotropical and Palaearctic
regions. Although the cumulative curve of valid names from
the Afrotropics seems to reach an asymptotic shape in its last
time interval, this observed trend is likely caused by sampling
and taxonomical deficiencies. The accumulation of taxonom-
ical work carried out in this region is based on monographs
concentrated in short periods, separated by long intervals
without active work on eupelmid systematics. Thus, the
apparently asymptotic trend in the rate of species description
is more likely to be an artefact than a sign of the completeness
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Table 3. Hierarchical partitioning of the determinants of valid and
redundant description for both regions

Variable i ] VA

Afrotropical species (VAL)

Distribution range size 15.2 18.6 8.97
Maximum longitude 7.0 8.4 7.68
Minimum longitude 4.9 9.0 4.77
Maximum latitude 8.5 13.2 8.52
Palaearctic species (VAL)
Distribution range size 7.5 13.1 9.34
Minimum longitude 9.2 154 10.26
Maximum latitude 19.6 14.4 24.72
Minimum latitude 3.6 3.8 4.24
Afrotropical species (NSYN)
Year of description 6.5 16.5 4.99
Distribution range size 21.6 324 6.79
Maximum longitude 10.4 14.2 4.69
Minimum longitude 10.3 18.4 9.55
Maximum latitude 7.1 18.5 7.37
Palaearctic species (NSYN)
Year of description 10.2 14.4 10.38
Distribution range size 10.6 22.0 21.87
Maximum longitude 2.5 5.0 2.08
Minimum longitude 5.1 14.0 6.59
Maximum latitude 5.7 14.9 7.90
Minimum latitude 6.0 133 9.19

Percentage of variability accounted for by independent (i) and joint (j)
contributions of the predictors formerly identified as significant
predictors of the year of description of valid names (VAL) and the
number of synonyms per valid species (NSYN). Z is the Z score used
to assess significance of the independent effects; all terms were
significant at a p < 0.02 level.

Table 4. Relationships between several predictor variables and the
number of synonyms per valid species (NSYN) in the two biogeo-
graphical regions studied

Variable % Expl.Var. F d.f.

Afrotropical species
Year of description 23.0 45.31* 1, 152
Distribution range size 54.0 178.4* 1, 152
Maximum longitude 24.6 49.65* 1, 152
Minimum longitude 28.7 61.18* 1, 152
Maximum latitude 25.6 52.32% 1, 152
Minimum latitude 0.1 0.202 1, 152
Whole Model (all predictors) 55.9 37.50% 5, 148

Palaearctic species
Year of description 24.5 61.62* 1, 190
Distribution range size 325 91.63* 1, 190
Maximum longitude 7.5 15.42* 1, 190
Minimum longitude 19.2 44.99* 1, 190
Maximum latitude 20.6 49.33* 1,190
Minimum latitude 19.4 45.62% 1, 190
Whole Model (all predictors) 40.1 20.67% 6, 185

%Expl.Var. is the percentage of explained variance (R%); F is the F
statistic (*significant at a p < 0.001 level) and d.f. is the number of
degrees of freedom. All relationships identified are linear.

of the inventory. On the contrary, the curve of valid species
from the Palaearctic is not asymptotic because of the high
number of species that have been described and/or recorded in
recent years. In spite of the higher level of taxonomical
knowledge for this region, it is evident that the process of
inventory is not yet complete here either.

Regarding the historical evolution of alpha taxonomy in
either region, three clear periods can be distinguished in the
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Afrotropics, where the rate of description of valid species was
very low until the early 20th century, high between 1905 and
1960, and low again from 1960 to present (2004) (Fig. 2). On
the contrary, alpha taxonomical activity is quite uniform
across time in the Palaearctic region (Fig. 2). This difference
may be related to the intensive sampling effort in some areas of
Europe because of the proximity of recorders’ home ranges
(Dennis and Thomas 2000) and the general lack of local
taxonomists in the Afrotropics after the decolonization of
African countries.

The historical trends in the rate of description of synonyms
inform at the same time about the effectiveness of alpha
taxonomical work and the existence of beta taxonomical
activity. This is because the number of synonyms in a given
year depends both on the errors of alpha taxonomy in that
year, and on the subsequent identification of this errors
through revisionary work (beta taxonomy). For this reason,
the stabilization of the number of synonyms in either region
during the later period could be interpreted both as an
increment in the effectiveness of alpha taxonomy or as the lack
of beta taxonomical activity (see Fig. 1d). In the Afrotropics
the proportion of synonyms decayed much earlier (about 1900)
compared with the Palaearctic region (about 1950). If the
effectiveness of alpha taxonomy was similar in both regions
within the same historical period, such difference between
trends in the proportion of synonyms Palaearctic and Afro-
tropical regions would suggest that the early decay in the
Afrotropics is mostly because of the lack of beta taxonomical
effort.

Our results can also help identifying the characteristics of
the eupelmid species yet to be discovered (see e.g. Gaston et al.
1995a,b; Allsopp 1997; Cabrero-Saiiudo and Lobo 2003;
Collen et al. 2004; Gibbons et al. 2005; Baselga et al. 2007).
Among the geographical factors, the size of the distribution
range stands out as a determinant of the probability of
description. Widely distributed Eupelmidae species were
described before than restricted ones. This factor appears
recurrently as a significant predictor of the rates of species
discovery of many groups (Gaston et al. 1995a,b; Allsopp
1997; Cabrero-Saniudo and Lobo 2003; Collen et al. 2004;
Gibbons et al. 2005; Baselga et al. 2007; Jiménez-Valverde and
Ortuiio 2007), evidencing the apparently naive fact that
widespread and common species are the easiest to inventory,
hence they have been the first being discovered.

Apart from range size, the probability of description
presents some consistent geographical patterns, probably
caused by both the geographically biased allocation of the
available taxonomical resources, and the unequal distribution
of species. Here, we argue that (1) the historical distribution of
taxonomists, traditionally concentrated in northwestern tem-
perate countries, and to a lesser extent (2) the asymmetries in
the spatial location of the biomes in both regions, are
responsible for the geographical patterns in the historical,
taxonomical process evidenced by our results. The concentra-
tion of taxonomists in Northern Europe implied that the
species reaching northernmost regions were described first in
the Palaearctic region (Fig. 3g) but also in the Afrotropics
(Fig. 3d). In the latter, the species living in Africa but also
present in Europe were described first, and exclusively Afro-
tropical species reaching latitudes closer to Europe were
described earlier than those living more south. Regarding the
spatial disposition of biomes, tropical biomes placed out of the
Afrotropical region are situated both eastwards (SE Asia,
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Fig. 4. Relationship between the number of synonymized names per valid name and the statistically significant predictors (see Table 3) in the

Afrotropical (a—e) and Palaearctic (f—k) regions

Australia) and westwards (South America), whereas the
Palacarctic has only a westwards temperate counterpart
(North America). For this reason, minimum longitude is a
relevant predictor in both regions (Fig. 3c, f), because Afro-
tropical species also living in South America and Palaearctic
species also living in North America were described first,
pinpointing the influence of American taxonomists on the
European systematics of this group. In contrast, maximum
longitude was an important predictor of the year of description
in the Afrotropics (Fig. 3b) but not in the Palacarctic, also
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because of the relative position of land masses. Afrotropical
species reaching SE Asia, Australia or the islands of the Indian
Ocean were described first independently of the size of their
ranges, because these regions have received more taxonomical
effort than the African continent. Another asymmetry derives
from the fact that the Palaearctic region has a temperate
counterpart in the Southern hemisphere, whereas tropical
biomes are concentrated near the equator. Thus, minimum
latitude is only a significant predictor in the Palaearctic region,
because species living in the Palaearctic but also in the
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temperate regions of the southern hemisphere were described
first. Finally, although the effect of range size on the
probability of discovery is fairly similar in both continents,
the independent relevance of the geographical location (max-
imum latitude especially) is higher in the Palaearctic. This
result suggests that the influence of the proximity of the species
to the taxonomist’s home site in the description of valid species
names is higher in the Palaearctic; species living in areas with
higher concentrations of taxonomists are described earlier
independently of range size.

Perhaps the most enlightening of our results is that
geographical location and distribution range size of the species
are related not only to their probability of being described, but
also to the probability of being redundantly described. In other
words, the same factors that increase the chance of a species of
being discovered by a given taxonomist also increase its chance
of being independently ‘discovered’ by another taxonomist.
This fact points out that eupelmid taxonomy is still in a
primary stage in which alpha taxonomy is much more active
than beta taxonomy: the lack of general revisions is the main
factor preventing taxonomists from recognizing already
described species, thus increasing the probability of repeatedly
describing a species under different names. In both regions, the
distribution range size appears as the main determinant of the
probability of a species being redundantly described. Finally,
the most important difference between the two regions is the
independent effect of the year of description on the chance of
having received synonyms. Since the year of description
covariates with the range size and geographical location, the
shared fractions could be attributed to any of these variables.
However, the independent effect of the year of description
would be indicating the unavoidable role of time in increasing
the probability of receiving synonyms (i.e. species recently
described could not have had the chance of receiving
synonyms yet), regardless of any other characteristic of the
species. However, to generate this purely temporal trend, beta
taxonomy should have been active, allocating synonyms to
their senior names. Thus, the larger independent fraction of the
variation in the number of synonyms explained by the year of
description in the Palaearctic region suggests that beta
taxonomical processes have been more effective in the Palae-
arctic than in the Afrotropics. Combining this conclusion with
the higher proportion of synonyms in the Palaearctic region
(Table 1) and the early stabilization of the synonyms’ curve in
the Afrotropics, it seems clear that further beta taxonomical
work is still needed in the latter region.

Our assessment of the ecological (i.e. trophic) correlates
confirms the relevance of taxonomical biases from an ecological
or evolutionary point of view. Our results show that generalist
species have higher probabilities to be discovered and to become
the subject of redundant descriptions than specialist species in
either region, and, importantly, that simple geographical
variables (as distribution range size) are good surrogates of
these ecological characteristics. Therefore, in any taxonomical
group with deficient taxonomy (which is the rule for most
invertebrate taxa) an a priori hypothesis should be made that
any inferred evolutionary or ecological pattern could be biased.
Hence, any large-scale analysis should first rule out the
possibility that the studied ecological traits have determined
the probability of discovery and/or redundant description of
the species, or at least quantify the extent of these biases.

In the light of these results, it is evident that an important
effort on alpha and beta taxonomy is yet needed to improve the
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quality of the current taxonomical knowledge on the eupel-
mids in particular, and hyperdiverse and poorly known groups
in general. In the case of alpha taxonomy, the lack of
asymptotic trends in the cumulative curves of valid names
shows that a number of species remain to be discovered, even
in the ‘well-known’ Palaearctic region. In the case of beta
taxonomy, it remains clear that the results of alpha taxonom-
ical studies should be evaluated in the future, and that species
characteristics influence the probability of being redundantly
described. As synonyms appear mainly within the species
described in early times, ecologically and morphologically
similar species that were described long time ago in different
regions and/or by different taxonomists should be prioritized
for the reassessment of their taxonomical status. Undetected
synonymy could have severe implications in conservation
biogeography and biodiversity studies, as estimations on the
number of species of some taxa can be artificially inflated
(Solow et al. 1995; May 1990), and the measures of rarity and
species replacement can be dramatically flawed. Therefore,
additional effort in alpha and beta taxonomy should be
encouraged and funded.
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Resumen

Evaluacion de la taxonomia alfa y beta en eupélmidos: determinantes de
la probabilidad de descripcion de buenas especies y sinénimos

Se analiza el estado del conocimiento taxonomico sobre los Eupel-
midae (Hymenoptera, Chalcidoidea) afrotropicales y palearticos,
mediante la evaluacion de la acumulacion historica de nuevas
especies validas y sinonimos (descripciones redundantes de taxones
previamente conocidos), asi como los factores que han determinado
el proceso de descripcion de buenas especies y sinonimos en ambas
regiones. Las curvas historicas de acumulacion de especies validas
muestran que una proporcion significativa de especies permanece sin
describir en ambas areas. Por el contrario, la acumulacion historica
de sindnimos parece haber alcanzado una asintota en las dos
regiones, aunque la proporcion de sindénimos sobre el total de
nombres utilizados es mayor en la region paleartica. Se analizan
también los factores que influyen en la probabilidad de que una
especie sea descubierta y en la probabilidad de que sea redundant-
emente descrita varias veces, produciendo sinonimos. Ambas prob-
abilidades parecen estar afectadas por los mismos factores. El
tamafio del area de distribucion y la localizacion geografica de las
taxones afecta tanto al proceso de descubrimiento de especies validas
como a la produccion de sindonimos en ambas regiones. Los modelos
construidos usando las citadas variables predictoras explican (i) el 36
y 40% de la varianza en el afo de descripcion de nombres validos en
las regiones afrotropical y paleartica, respectivamente, y (ii) el 56 y
40% de la varianza en el nimero de sinébnimos por especie valida en
esas dos regiones. Para las especies con informacion disponible, el
grado de especializacion trofica es también un determinante signifi-
cativo de dichas probabilidades. Sin embargo, el tamano del rango de
distribucion da cuenta del efecto de estas variables, por lo que puede
ser utilizado como un indicador de los determinantes ecologicos de
las tasas de descripcion. En general, las especies generalistas, de
amplia distribucion y descritas mas antiguamente que viven en las
regiones mas septentrionales y occidentales de ambas regiones han
sido objeto de descripciones redundantes mas numerosas (por tanto,
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poseen mas sindnimos). Es necesario un mayor esfuerzo taxonémico
en el Sur y Este de la region paleartica, asi como en toda la region
afrotropical, donde se necesita ademas un esfuerzo adicional en la
revision sistematica de los Eupelmidae.
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